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PREFACE 

This manual provides the reader with an in-depth technical reference on the VLSI Technology, 
Inc. families of computer product chip sets and devices. In the body of the text all devices are 
treated as individuals so that the electrical characteristics of each can be clearly defined. A 
"Selector Guide" in the front of this manual defines which devices should be selected to form a 
chip set that meets his or her system performance specifications. If the system designer requires 
performance or functions not included in this manual, he or she should contact their local VLSI 
Technology Design Center or Sales office. Most of the devices in this manual were designed 
with VLSI's tools, and are available for ASIC designs if the designer wishes to design derivative 
product. 

in addition to a detailed hardware description of each device, this manual also contains PC/AT
compatible system schematics to demonstrate a typical system implementation. Since computer 
technology is extremely fast-moving, it is planned that VLSI's Logic Products Division will revise, 
update, and publish this manual often. This will allow rapid publication of data on new products, 
as well as improvements on existing ones. The most current information may also be obtained 
from your local VLSI Technology, Inc. Sales Office, Representative, or the Logic Products Divi
sion in Tempe, Arizona. 

Readers are encouraged to send their comments, corrections, or suggestions to: 

Manager, Technical Communications 
VLSI Technology, Inc. 

8375 South River Parkway 
Tempe, AZ 85284 
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COMPUTER PRODUCTS DATA MANUAL 
GENERAL 
The primary business objective of VLSI 
Technology, Inc., (VLSI) is to provide 
systems designers with total applica
tion-specific integrated circuit (ASIC) 
solutions. To accomplish this, it has 
created a unique blend of expert design 
tools, leading-edge process technolo
gies, state-of-the-art fabrication 
facilities, and a wide range of products, 
including a variety of "catalog" devices. 

The Logic Products Division of VLSI 
Technology is responsible for the 
manufacture and marketing of a diverse 
logic-based product line that encom
passes both innovative and proven, well 
established cataiog devices. This iine 
includes microprocessors and 
coprocessors, peripheral circuits, and 
products for data communications and 
telecomm unications applications. 

Unlike other suppliers of such devices, 
however, VLSI is also a recognized 
leader in ASICs. As such, it not only 
possesses the design, process, and 
fabrication capabilities necessary to 
produce the highest-quality off-the-shelf 
components, but is also able to treat its 
logic products as an integral part of a 
complete solution. The primary 

vehicles for accomplishing this are the 
megacell and cores; many of the 
functions represented by individual 
devices are implemented as megacells 
in VLSI's software libraries and used for 
semicustom circuit design and functions 
developed as megacells for specific 
applications can be turned into catalog 
products. Most other functions are 
available as high integration cores 
which can be utilized by VLS; to create 
variations of these standard products 
for specific customer requirements. 

MEGACELLS 
The megacell is a relatively new 
concept in the world of IC and system 
design. As such ASIC companies as 
VLSI offer better tools for IC design, 
simulation, and testing, it becomes 
necessary for systems manufacturers to 
design custom ICs to keep up with their 
competition. Megacells help decrease 
design time by providing large building 
blocks that are equivalents of standard 
off-the-shelf products. By using meg
acells and VLSI's design tools, manu
facturers can have a custom IC design 
capability without all of the normal 
custom development costs. 

INTRODUCTION 

The VLSI Technology family of meg- I 
ace lis represents commonly used 
peripherals that are good candidates for 
integration as parts of customer-driven 
designs, which can be either customer-
specific or market-specific. In cus
tomer-specific designs, it is possible, for 
example, to combine these integration 
elements with other megacells and logic 
to become single-chip equivalents of 
computer systems that are aiready in 
production. This increased level of 
integration provides cost and space 
reduction that can keep the system 
designs competitive. In a market-
specific design, upward-compatible 
enhancements that meet the needs of 
many customers can be added and the 
device offered as a new standard 
product. 

VLSI's megacells are designed to have 
a fixed height and variable widths, 
offering the best trade-off between 
unusable internal space and placement 
ease. As shown in Figure 1, they can 
be configured to make a very dense 
final design with a minimum of wasted 
silicon real estate. 

FIGURE 1. VLSI TECHNOLOGY MEGA CELLS ARE OF A FIXED HEIGHT, WITH VARIABLE WIDTHS. 
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Of equal importance with the physical 
layout format of the cells is the structure 
of the interconnect bus. This bus must 
be generic enough to allow a wide 
variety of functions to be connected 
uniformly and efficiently, and must be 
fast enough to not itself become a 
limiting factor as system performance 
increases. 

The internal structure of the bus created 
by VLSI for use with its meg ace lis 
contains an m-bit data bus and an n-bit 
address bus, both of which are expand
able in width to accommodate changes 
in system requirements. The bus 
operates synchronously at a rate of '3 
million transfers a second, which is 
equivalent to the performance of a 10 
MHz 8086 or 12 MHz 68000 micropro
cessor. The bus definition allows for 
internal access times of 50 ns and cycle 
times in the 200 ns range. With 
standard pad drivers, external loads 
can be driven while supporting a 3 MHz 
bus frequency; faster speeds can be 
obtained by using faster pad drivers. 
To create a standard product from a 
megacell, an interface circuit is incorpo
rated that exactly matches the slower 
timing of the external bus to the internal 
bus. 

MEGACELL-BASED DESIGN 
RATIONALE 
There are many reasons why megacells 
make sense for new designs, including 
reduced board space, lower power, 
increased reliability and reduced design 
times. 

Typical applications that can benefit 
from the use of megacells are those 
that contain three or four LSI compo
nents and a handful of "glue" compo
nents. All of these components can be 
combined into a single component if the 
functions can be partitioned into logical 
groups with a reasonable number of 1/0 
pins. In this type of application, the 
total pin count might be reduced from 
300 pins for a discrete solution to less 
than 100 pins, and the circuit board 
area reduced from approximately 20 
square inches to 2 square inches. 

The power consumption of megacell 
designs can be very small in compari
son with the HMOS designs they 
replace, since all of the VLSI Technol
ogy megacell family is implemented in 

high speed, low power, two-micron and 
1.5-micron CMOS technology. In 
addition, because several functions can 
be put on one piece of silicon, the 
interconnect capacitance and induc
tances are minimized, thereby reducing 
the power to a fraction of what was 
needed in previous designs. 

The reliability of a megacell-based 
design is typically better than the 
collection of discrete components it 
replaces because there are fewer pins, 
fewer bonding wires and lower total 
power consumption. In most systems, 
the largest contributor to reliability 
problems is Ie pin connections. with 
such other factors as die temperature 
and die size being secondary. The 
more functional blocks that can be 
combined on a single piece of silicon, 
the fewer the number of interconnec
tions that have to be bonded to pack
age pins, resulting in higher overall 
reliability of the component and system 
using it. 

Since megacells can be used as high 
level building blocks, overall design 
times can be reduced significantly by 
taking existing designs using standard 
products and integrating additional 
support logic directly onto the chip. An 
example of this technique would be the 
integration of a VL68C45 CRT control
ler with a memory interface and video 
shift registers to form a single-chip 
video adapter. An additional option 
might be to include character ROMs or 
RAM arrays, although the addition of 
these commodity components is not 
always cost effective. 

CURRENT FAMILY OF MEGACELLS 
Megacells are designed by very 
carefully studying the data sheets and 
systems implementations of the original 
part vendors, but an important part of 
validating a megacell design is to 
subject it to many different hardware 
and software environments. Only after 
a part has been tested in several 
applications can a vendor feel confident 
that the megacell exactly emulates the 
original function, including all of the 
undocumented ''features''. The VLSI 
Technology philosophy is to offer 
members of the megacell family as 
standard products as well as cells so 
that this validation can take place very 
quickly after the introduction of the 
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standard product. Since customer
specific design times typically take from 
two to four months, megacell designs 
can be started before the standard 
product validation has been done. This 
lead time allows customers to get a 
head start introducing designs. 

DESIGNING A CIRCUIT USING 
MEGACELLS 
The design process is started by using 
a megacell schematic "icon" as part of 
the schematic entry of the user"s 
design. Provided with the megacell 
icon is a data sheet detailing the 
internal timing requirements of the 
megacell. The designer works from this 
data sheet as if using an off-the-shelf 
standard product, except that the logic 
and timing of the bus are somewhat 
easier to use. 

ADDITIONAL LOGIC FOR TEST 
SIMPLIFICA 11 ON 
In all cases, some additional logic will 
be necessary to facilitate testing the 
megacells. This additional logic 
consists of multiplexers on pins to allow 
all of the connections of the megacell to 
be accessed from the periphery of the 
circuit. This dictates that all designs be 
contained in packages having at least 
as many pins as the most pin-intensive 
megacell used internally. To enable the 
test mode, an illegal condition on the 
interface is often used, such as Read 
Strobe and Write Strobe being asserted 
together while the chip is selected. This 
would normally never occur in an 
application, so it is a safe combination 
to use. When enabled, the 110 pads of 
a specific megacell aro connected to 
the 1/0 pins of the component, and the 
standard product test program run to 
verify the functionality of the core. 

TEST PROGRAM DEVELOPMENT 
Test vectors are provided for all 
megacells with high fault coverage. 
These test programs can be integrated 
with the rest of the chip's test program 
using VLSlvector. VLSI provides these 
"canned" test programs with each 
megacell so that it will not be necessary 
to spend time trying to develop a test 
for megacells used in the design. 
These test programs ensure that he 
megacells have been fabricated 
correctly and are functioning within their 
specifications. They are developed with 
a focus on very high fault coverage. 
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In fact, there is no need to simulate 
these test programs, except for a final 
verification that the test isolation 
circuitry has been properly connected. 
Instead designers can devote additional 
design verification time to the non
megacell portions of the circuit and the 
interfaces between the megacell and 
the rest of the circuit. 

COMPLETING THE DESIGN 
When simulation is compiete and the 
design works satisfactorily, the layout 
process can begin. In most cases, 
designers are interested in minimizing 
design time and associated costs, so 
they pick standard cells for the addi
tional blocks of logic that will surround 
the megacell cores. Cells are individu
ally compiled, placed and routed to 
create blocks of logic until the entire 
non-megacell portion of the design is 
complete. For the best layout effi
ciency, the additional logic is either put 
into a block having the same height as 
a megacell, or it is put around the 
megacells to fill in the voids. When 
each portion of the design is completed, 
these blocks can be placed and 

interconnected using a tool called Chip 
Compiler, which is an automated 
arbitrary block place and route system. 
This editor assists in interconnecting 
blocks of cells and optimizing both the 
placement and interconnection of cells. 
The overall goal of placing blocks to 
form the chip is to get the ratio of the X 
and Y dimensions (the aspect ratio) as 
close to 1:1 as possible. The resulting 
square die gives the packaging 
engineer the most flexibility in package 
selection. 

When the entire layout process is 
complete, a netlist of interconnections is 
extracted from the physical data base to 
allow comparison of what was intended 
to be with what actually was imple
mented. Once the extraction is 
complete and the netlist comparison 
between schematic and layout is 
successful, the device can be resimu
lated in software with more accuracy, 
since values of expected capacitance 
are extracted along with the connectiv
ity information. Finally, the layout is 
checked for design rule violations using 
the design rule checker (ORC) program. 
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When all of this has been successfully 
completed, the data base is sent to a 
design center, where the actual 
physical layout of the megacells is 
included in the data base. When 
everything checks out properly, a mask 
set is created and silicon is started. 
From this point, the fabrication time 
typically takes eight weeks for the first 
pass prototypes. 

SUMMARY 
Megacells offer a way to quickly design 
chips that replace today's board level 
function, while at the same time offering 
competitive costs, increased reliability, 
increased performance and reduced 
board space. The design process 
requires a wide range of design tools, 
including standard cells, cell compilers, 
simulators, routers, test program 
generators, and libraries of designs. 
VLSI Technology, Inc. specializes in 
offering these kinds of tools in addition 
to complete wafer services to provide a 
total solution to systems designers. 

II 
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ORDERING AND PACKAGING INFORMATION 

GENERAL 
VLSi Technoiogy, inc., Logic Products devices are avaiiable in a variety of plastic packages - inciuding flatpacks, chip carriers, 
and pin grid arrays - and in different temperature ranges. Specific information on the packages and temperature ranges for 
particular devices is coded into the part number portion of the order information included in each data sheet. 

The information is organized as follows: 

Corporate Code 

"Logic" Products 

Package Codes: 

V L 9999999 BB P T 

J I T r ,,-----I L 
---------~I I ~I--------------------

Base Part Number 

C - Sidebrazed Ceramic 
F - Plastic Flatpack 
G - Pin Grid Array 
L - Leadless Ceramic Chip Carrier 
P - Plastic Dual In-Line 
Q - Plastic Leaded Chip Carrier 

Temperature Codes: A - Automotive (-40°C to +85°C) 
C - Commercial (O°C to +70°C) 
I - Industrial (refer to spec.) 
M - Military (-55°C to + 125°C) 
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Temperature Code 

Package Code 

Speed Code (Optional) 
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ORDERING AND PACKAGING INFORMATION 
PACKAGE CONSIDERATIONS 
DUAL IN-LINE PACKAGES 
The dual in-line package (DIP) has 
been in high-volume production for 
nearly twenty years, and is estimated 
to have been the package of choice 
for over 800/0 of all integrated circuits 
shipped in 1985. Some 1986 usage 
estimates are as high as 18 billion 
units worldwide. Generally, devices 
in DIPs can be purchased in two 
types of ceramic (cerdip and side
brazed) and in the very-familiar 
molded plastic package. Over 850/0 

of all DIPs, or over 12 billion, sold 
worldwide in 1985 were plastic. 

The ceramic side-brazed package is 
relatively expensive and is frequently 
imported. It has excellent mechani
cal characteristics, including the 
ability to survive extreme tempera
tures, salt water, and corrosive 
atmospheres. However, as the cost 
of the integrated circuit it houses 
becomes less and less expensive, 
the relative cost of the ceramic DIP 
becomes a major concern. In a large 
number of applications, this package 
is several times more expensive than 
the chip within it. As would be 
expected, this package is very 
popular in military electronics and in 
other potentially harsh mechanical 
environments. The side-brazed 
package, while representing less 
than 20/0 of all DIP packages ship
ped in 1985, represents a higher 
percentage of DIP revenue, due to 
its comparatively high average 
selling price (ASP). 

The cerdip is a "sandwich" of two 
ceramic parts that are jOined 
together by a cement-like epoxy. The 
die itself is mounted on a lead 
frame, and enjoys many of the cost 
economies associated with this 
approach. The cerdip has some of 
the mechanical advantages of the 
side-brazed ceramic at a lower cost. 
The cerdip represented about 140/0 

of all DIP shipments in 1985. 

The plastic DIP has been the cata
lyst for the computer revolution. The 
dramatic reduction in the cost of 
microprocessors, microprocessor 
peripherals, communications 
devices, and memories has been 
passed along to the manufacturers 
and the final users because plastic 

packaging has remained extremely 
inexpensive. In addition, reliable 
automated 16-pin and 14-pin DIP 
insertion equipment has dramatically 
reduced manual "board stuffing" 
costs of DIPs. The plastic DIP itself 
is easy to manufacture. The die is 
mounted on a copper-alloy lead 
frame and the plastic material is 
molded around it. It is usually 
branded by a printing method with 
an epoxy-based ink but, recently, 
laser-scribing the number into the 
plastic body is gaining popularity, 
reducing costs even further. 

Mechanically, the DIP has proven to 
be an extremely utilitarian package 
in most applications. Its short, stiff 
leads on 2.54 mm (0.1 inch, or 
100 mil) centers allow reasonably 
easy insertion for both test and 
production by both manual and 
automatic techniques. While more 
expensive DIPs are placed in 
sockets, the overwhelming majority 
are soldered directly into the printed 
circuit board. The 64-pin DIP, the 
largest DIP in high-volume produc
tion, is used to house VLSI's VL2010 
and VL2044 Multiplier/Accumulators. 
DIP configurations with higher pin 
counts tend to exhibit unacceptable 
mechanical problems, such as 
extremely high insertion and extrac
tion forces. 

DIPs are available, in even-pin-count 
steps, in packages as low as two 
pins. A variation of the DIP that has 
gained some acceptance is the SIP, 
or single in-line package. The SIP, 
mounted lying on its edge, uses very 
little printed circuit board space and 
frequently contains a number of 
memory die in high-density memory 
applications. However, as desirable 
as the SIP may seem, it is not the 
major evolutionary path of the DIP. 
The SIP allows little air circulation for 
cooling, is hard to handle, and is not 
generally accepted as a standard. 
The DIP evolution lies in surface 
mounting the device. 

SMALL-OUTLINE 
INTEGRATED CIRCUITS 
The small-outline integrated circuit 
(SOIC) is a descendant of the DIP. 
Sometimes called the "Swiss" out
line integrated circuit in honor of its 
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country of origin, this package solves 
many of the problems of the DIP, 
while retaining many of its advan
tages. The gull-wing lead rests on 
top of the printed circuit board rather 
than going through it. For most 
types, its leads are exactly half the 
length that the DIP's are, and it 
maintains the same basic rectan
gular package aspect ratio of the 
DIP. This, however, becomes a 
disadvantage in high-pin-count 
applications. For more than 28 pins, 
many designers prefer the square 
aspect of the plastic leaded chip 
carrier (PLCC) to the SOIC. The 
small package mass of the sOle 
does not allow the same thermal 
dissipation that can be expected in 
a standard DIP, which becomes a 
minor problem as more chips are 
made in the generally lower power 
consuming CMOS process. Most 
importantly, the SOIC consumes 
only about 300/0 of the real estate 
consumed by the standard DIP. It is 
estimated that nearly 1.5 billion 
SOIC units will be shipped in 1986. 

CHIP CARRIERS 
Chip carriers have been around for 
several years in various forms, and 
are just now coming into widespread 
usage. Generally, the terminal 
spacing of chip carriers is 1.27 mm 
(50 mils), but several special types 
have 1.0 mm (40 mil) spacing for use 
by companies engaged in the pocket 
pager business. Some variations are 
available in 0.64 mm (25 mils) also. 
The ceramic versions of chip carriers 
have become very popular in military 
applications for the same reason the 
ceramic side-brazed DIP has: their 
mechanical ruggedness. Frequently, 
ceramic lead less chip carriers 
(LCCs) are soldered in; others use 
connectors, while still others have 
their own leads and are inserted as 
a leaded device. Due to the 
dissimilar coefficient of expansion of 
materials (package alumina and 
printed circuit board fiberglass) and 
the lack of pins on the lead less 
versions to provide flexibility or 
compliance, the ceramic lead less 
chip carriers should be soldered to a 
material that has the same thermal 
expansion characteristics as they 
have. This has become very popular 
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in military applications where weight 
and space are at a premium and, 
generally, cost is not the primary 
consideration. 

The plastic leaded chip carrier 
(PLCC) has very quickly become the 
most popular of all the chip carriers. 
The PLCC represented about 610;0 
of the chip carriers shipped in 1985 
(approximately 400 million units). 
Although there is debate on the 
issue of board space consumption, 
the PLCC and SOIC consume about 
ihe same amount of board space in 
the 24- to 28-pin configurations. In 
lower pin count applications, the 
SOIC seems to be more space
effective; when over 24 pins or so, 
the PLCC seems to have the edge in 
most applications. In applications 
over 28 pins, the PLCC is the surface
mount package of choice. Its square 
aspect ratio allows many chip 
placements that the highly rectan
gular package of the SOIC does not. 
In addition, there are rectangular 
PLCCs to accommodate such rec
tangular die, such as memories. 

CHIP-ON-BOARD MOUNTING 
The ultimate in low-cost chip 
mounting is achieved by the chip-on
board (COB) technology, in which no 
discrete package is actually 
employed. The die is soldered onto a 
copper pad on a printed ciicuit 
board. Bonding wires connect the 
die to smaller bonding pads around 
the die. The die and wires are then 
covered by a dollop of epoxy. This 
technique, while inexpensive, is not 

generally accepted in industrial or 
business equipment. It has been 
extensively employed in video game 
cartridges, and seems to work quite 
well there. 

PIN GRID ARRAY 
The pin grid array (PGA), or "bed of 
nails," has only been around for ten 
years, but had a usage of about 
5 million in 1985, and its popularity 
is growing rapidly. This major 
package variation allows very high 
pin counts in relatively small spaces 
with excellent mechanical and 
thermal characteristics. The 149-pin 
VL82C389 Message Passing Co
processor (MPC) for Multibus® /I 
systems is a prime example of PGA 
high-density trends. The major disad
vantage of the PGA is its high cost. 
Virtually all of the 5 million PGA 
units shipped in 1985 were ceramic. 
Plastic pin grid arrays are well along 
in development, and will provide 
reliable, inexpensive packaging for 
the many high-pin-count ASIC, 
memory, and other circuits coming 
into wide usage. 

FLATPACK 
The flatpack holds less than 1 % of 
the IC package market. True to its 
name, it is flat, small, and has flat 
leads usually in the same plane as 
the package body. !t is generally 
harder to handle and test than the 
other package types, but provides a 
surface mounting alternative to the 
pin grid array in very-high-pin-count 
applications. it is usuaily surface 

mounted, "socketed," or suspended 
through a cut-out hole in the printed 
circuit board. 

SYSTEM CONSIDERATIONS 
In the extremely competitive com
puter market that now exists, every 
repetitive cost, no matter how small, 
comes under close scrutiny. Drilling 
a hole in a printed circuit board 11 
costs about $0.001, a fairly small 
amount until ii is multiplied by the 
thous~nds of holes that frequently 
occur In each board. This becomes a 
significant consideration at the 
system level. Even though re-tooling 
costs are high, many companies are 
converting (some at least partially) to 
surface-mounting equipment. Sur-
face mounting a!!ows more chips in 
a much smaller area, but not all 
functions are yet available in 
surface-mount packages. Some com-
panies have solved this problem by 
designing both through-the-board 
and surface-mount devices onto the 
same board. Others continue to use 
the older technology until they can 
re-tool for 1000/0 surface mount. 

Application-specific integrated 
circuits (ASICs) and their support 
devices are requiring packages with 
ever-increasing pin counts. The pin 
count domain diagram graphically 
depicts the typical domain of pin 
counts for five basic package types. 
While there is a good deal of overlap, 
chip carriers and pin grid arrays will 
become the package of choice in 
future systems containing devices of 
high pin count. Since the PGA device 

PiN COUNT DOMAiN I PIN GRID ARRAY 

11 ....... It-------------

/ .. FLAT PACK 

CHIP CARRIER 

I .. 
SOIC 

-, 

\.. DIP .1 
I I I III I I I I I I I II I I I I I I I I I I I II I I I I I I I I I I I I I 
o 25 50 75 100 125 150 175 200 

NUMBER OF PiNS 

EMultibus is a registered trademark of Intel Corporation. 
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does not support surface-mount 
technology, chip carriers or flatpack 
technology will have to be imple
mented as pin counts exceed 170 
using surface-mount systems. 

CONCLUSION 
There will be no panacea package 
that will exclude the use of all others 
in the future. While there are several 
criteria for the system designer, 

THERMAL CONSIDERATIONS 
The devices in this data book have 
undergone thorough evaluation and 
characterization to ensure their 
operation over the specified temper
ature ranges. While safety margins 
are used for all parametric tests over 
the temperature range, the designer 
should not exceed the temperature 
limits, even for extremely short 
intervals. The following notes are 
presented to ensure a reliable, long
lived system using VLSl's products: 

Table 1 examines some of the 
characteristics of packages that will 
probably occupy the overwhelming 
majority of printed circuit boards in 
the future. Leadless chip carriers will 
be especially popular in military and 
harsh industrial applications. The 
DIP, with many billions already in 
use, will not disappear, but its 
percentage of market will decrease 
steadily. Pin grid arrays will remain 

and increase in popularity as very 
large devices become more popular 
and plastic PGAs become readily 
available. Surface mounting is 
definitely a wave of the future for 
many systems. SOIC packaging will 
increase rapidly for devices of 
28 terminals and under, while the 
mid-range and higher terminal count 
devices will be housed in PLCCs or 
flatpacks. 

1. While few designs subject devices to extreme cold, such conditions may 
cause the devices to operate outside of their normal specified ranges. 
Therefore, the minimum operating temperature specification must be 
observed as well as the maximum operating temperature. 

2. The ambient temperature (TA) specification refers to the air on the surface 
of the device. The printed circuit board design should be open enough to 
permit free air flow around the devices. 

3. Avoid layouts that place NMOS, HMOS, or CMOS devices near such heat 
sources as power regulators and devices requiring heat sinks. If the design 
demands such proximity, ensure that the specified temperature range is not 
exceeded. 

4. Ensure that the power supply voltage is within the specified range. Both low 
and high voltages beyond the specified limits may cause device 
overheating. 

TABLE 1. PACKAGE CHARACTERISTICS 

JEDEC Leadless Chip Carriers DIP 
: 

! 

Feature A B C Ceramic I Plastic SOIC PLCC PGA 

Uses Socket or Connector Yes Yes No Yes Yes No Yes Yes 

Directly Solderable No No Yes Yes Yes Yes Yes Yes 

Minimum Usual Terminal Count 14 I 14 I 14 6 I 6 8 16 40 

Maximum Usual Terminal Count 156 I 156 156 64 I 64 28 156 225 

Pin Spacing mm 1.27 1.27 1.27 2.5 2.5 1.27/1.0 1.27/1.0 2.5 
(mils) (50) (50) (50) (100) (100) (50/40) (50/40) (100) 

Relative Cost (1 = Most Costly) 3 4 5 2 8 7 6 1 
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VLSI'S POPULAR 12 MHz CHIP SET 

VL82CPCAT-QC (12 MHz 0/1 WS) SEE SCHEMATIC, PAGE 7-9 

VL82C100-QC I I VL82C101B-QC I I VL82C102A-QC 

VL82C103A-QC I I VL82C104-QC 

FEATURES 
• 1 00% PCI AT-Compatible 

• 1 ws/120 ns DRAM, 0 ws/80 ns 
DRAM 

• 8 MHz Backplane with External Clock 
Modulation PAL 

VLSI'S FASTER 16 MHz CHIP SET 

VL82CPCAT -16QC (16 MHz, 0/1 WS) SEE SCHEMATIC, PAGE 7-27 , 386SXl387SX INTERFACE, PAGE 7-3 

I VL82C100-QC I I VL82C201-16QC I I VL82C202-16QC I 
II VL82C203-16QC I I VL82C204·16QC I 
FEATURES 
• 100% PC/AT-Compatible 

• 1 ws/80 ns DRAM, 0 ws/60 ns DRAM 

• Shadow RAM Feature 

• 8 MHz Backplane 110 Operation 

• On-board EMS 4.0 Memory 

3-3 
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VLSI'S FASTER ENHANCED 16 MHz CHIP SET 

VL82CPCPM-16QC (16 MHz, PAGE-MODE) SEE 386SXl387SX INTERFACE, PAGE 7-3 

I VL82C100-QC I I VL82C201-16QC I I VL82C202-16QC I 
I VL82C203-16QC I I VL82C204-16QC I I VL82C205-16QC I 

FEATURES 
• 100% PCI AT-Compatible 

• Page-mode 0.6 ws with 100 ns 
DRAM 

• Shadow RAM Feature 

• 8 MHz Backplane 1/0 Operation 

• On-board EMS 4.0 Memory 

VLSI'S HIGH-SPEED 20 MHz CHIP SET 

VL82CPCAT -20QC (20 MHz, 0/1 WS) SEE 386SXI387SX INTERFACE, PAGE 7-3 

I VL82C100-20QC I I VL82C201-20QC I I VL82C202-20QC I 
I VL82C203-20QC I I VL82C204-20QC I 

FEATURES 
• 1 00% PCI AT -Compatible 

• 1 ws/80 ns DRAM 

• Shadow RAM Feature 

• 1 0 MHz Backplane 110 Operation 

• On-board EMS 4.0 Operation 
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VLSI'S HIGH-SPEED ENHANCED 20 MHz CHIP SET 

Vl82CPCPM-20QC (20 MHz, PAGE-MODE) SEE 386SXi387SX iNTERFACE, PAGE 7-3 

I VL82C100-20QC I I VL82C201-20QC I I VL82C202-20QC I 
I VL82C203-20QC I I VL82C204-20QC I VL82C205-20QC I 

FEATURES 
• 100% PC/AT-Compatible 

• 0.6 ws/SO ns DRAM 

• Shadow RAM Feature 

• 1 0 MHz Backpiane 110 Operation 

• On-board EMS 4.0 Operation 

VLSI'S HIGH-INTEGRATION PC/AT-COMPATIBLE DEVICES 

COMBO 
(RTC, KEYBOARD CONTROLLER, 
DUAL UART, CENTRONICS, IDE 
INTERFACE) PAGE 6-89 

VL82C106-QC 

UART PAGE 6-3 

I I VL 16C450-QC 

PAGE 6-63 

VL 16C550-QC 

UART/CENTRONICS PAGE 6-23 

I I VL 16C451-QC 

PAGE 6-43 

I VL 16C452-QC 

PAGE 6-85 

I Vl16C552-QC 

Note: In addition to the commercial (QC) temperature range, TA = O°C to +70°C, the 16 MHz and 20 MHz PCAT -compatible 
chip sets are also available in the industrial (QI) temperature range of TA = -40°C to +S5°C. 
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FEATURES 
• Fully compatible with IBM PC/AT-type 

designs 

.. Replaces 19 logic devices 

• Supports up to 20 MHz system clock 

• Device is available as "cores" for 
user-specific designs 

• Seven DMA channels 

• 14 external interrupt requests 

• Three timer/counter channels 

• Designed in CMOS for low power 
consumption 
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SELECT 
-MAST ER-t DECODES I--

l-

I 
l. 

,j~XA5-

HLDA 

XA9 / 2 . XIOR 
'XAO 

... XIOW 

8259A 

INT 

... XDO-XD7 .... INTERRUPT 

IRQ1, 
IRQ3-IR 

DRQO
DRQ3 

-IN 

IRQ8-
IRa15 

Q7 

TA 

DRQ5-
DRQ7 

MHZ 119 

-XIOR, 
-XIOW, 
-XMEMFl 
-XMEMW ,-
SYSCLK 

XAo-X 

XDo-X 

AS .. .110 
~ '.18 

D7 .... 

RESET 
IOCHR DY 

... .... 

I I 

.. .... 

I 
I.J 
IP 

• 

P 

- CONTROLLER 1 

--.:. 

INT 

/ 2 .. XIOR 
8259A 

- XIOW XAO 
XDO-XD7. INTERRUPT 

: CONTROLLER 2 
~I 

8254 

12 .. XIOR 
XAo-XA1 ~ XIOW 

XDo-XD7 - COUNTER - TIMER 

.J 
-..J READY 

-I CONTROL 

ORDER INFORMATION 
Clock 

VL82C100 
PC/AT-COMPATIBLE PERIPHERAL CONTROLLER 

DESCRiPTION 
The VL82Cl00 PC/AT-Compatible 
Peripheral Controller replaces two 
82C37 A Direct Memory Access 
Controllers, two 82C59A Interrupt 
Controllers, an 82C54 Programmable 
Counter, a 74LS612 AT Memory 
Mapper, two 74ALS573 Octal Three
State Latches, a 74ALS 138 3-to-8 
Decoder, and five other less-complex 
integrated circuits. Using this internal 
functionality, the VL82Cl 00 provides all 
24 address bits for 16M bits of DMA 
address space. It also interfaces 
directly to the CPU to handle all 
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by the VL82Cl00. 

The device is manufactured with VLSl's 
advanced high-performance CMOS 
process and is available in JEDEC
standard 84-pin plastic leaded chip 
carrier (PLCC) package. The 
VL82Cl00 is part of the PC/AT-compat
ible chip sets available from VLSI. 
Please refer to the Selector Guide in the 
front of this manual. 
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Part Number Freq. Package 

VL82Cl00-QC 
12116 MHz VL82Cl00-QI 

VL82Cl00-20QC 
20 MHz VL82Cl00-20QI 

Plastic Leaded Chip Carrier (PLCC) 

Plastic Leaded Chip Carrier (PLCC) 
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Note: Operating temperature range: 
QC = O°C to + 70°C 
QI = -40°C to +85°C. 
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PIN DIAGRAM 
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SIGNAL DESCRIPTIONS 
Signal 
Name 

SYSCLK 

RESET 

XDO-XD7 

XAO-XA9 

XA10, XA11 
XA12-XA16 

A17-A21 
A22,A23 

-X lOW 

-XIOR 

-XMEMW 

-XMEMR 

Pin 
Number 

23 

24 

34-27 

47-56 

57,58 
60-64 

72-68 
66,65 

37 

38 

36 

35 

IR01,IR03-IR07 14,13-9, 
IR08-IROi5 81-74 

INTR 

-INTA 

DRQO-DRQ3 
DR05-DR07 

46 

6 

21-18 
17-15 

Signal 
Type 

1/0 

1/0 

o 

o 

1/0 

1/0 

1/0 

o 

o 

-DACKO- -DACK3 1, 83, 84, 82, 0 
-DACK5- -DACK7 2-4 

Signal 
Description 

VL82C100 

System Clock Input - This pin is divided by two internally to generate 
DMACLK for the 8237 DMA controllers. It is also used in the hold request 
arbiter. SYSCLK can be driven at a frequency of up to 20 MHz. 

Reset - An active high input used to clear the DMA controller megacells 
and hold request arbiter. 

Peripheral Data Bus Bits 0-7 - These lines are three-state bidirectional 
signals connected to the peripheral data bus. (X data bus in PC/AT-type 
designs.) 

Peripheral Address Bus Bits 0-9 - The ten least significant address bits on 
the XA bus are bidirectional. They are outputs during DMA cycles and are 
inputs all other times. As inputs they are used to generate chip selects for 
the megacells and address internal registers within each megacell. 

Peripheral Address Bus Bits 10-16 - The seven most significant address 
bits on the XA bus are three-state outputs only. They actively drive the XA 
bus during DMA cycles. 

CPU Address Bus ~its 17-23 - These address bits are connected to the 
CPU's address bus and are driven from the LS612 memory mapper any 
time CPUHLDA is active (high) and -MASTER is inactive (high). They are 
in a three-state condition during all other times. 

1/0 Write - This is a bidirectional active low three-state line. It is an output 
during a DMA cycle and will be an input at all other times. 

110 Read - This is a bidirectional active low three-state line. It is an output 
during a DMA cycle and will be an input at all other times. 

Memory Write - This is a bidirectional active low three-state line. It is an 
output during a DMA cycle and will be an input at all other times. In the 
input mode -XMEMW is used to enable the hold request arbiter after an 
interrupt acknowledge cycle. 

Memory Read - This is a three-state output which will be active during a 
DMA cycle. 

Interrupt Request Bits 1,3-7,8-15 - These are asynchronous inputs and 
are the interrupt request inputs to the 8259 megacells. IR02 and IROO are 
not available as inputs to the chip. IR02 is used to cascade the two 8259's 
together and IROO is connected to the output of the 8254 counter o. 
Interrupt Request - iNTR is an output used to interrupt the CPU and is 
generated whenever a valid IRO is received. 

Interrupt Acknowledge - This input is used to enable the 8259 interrupt 
controllers to vector data onto the data bus by a sequence of interrupt 
acknowledge pulses issued by the CPU. 

DMA Request Bits 0-3,5-7 - These input signals are the individual 
asynchronous requests for DMA service connected to the 8237 megacells. 
DROO through DR03 support transfers from 8 bit 1/0 adapters tolfrom 8 or 
16 bit system memory. DR05 through DR07 support transfers from 16 bit 
110 adapters tolfrom 16 bit system memory. DR04 is not available as it is 
used to cascade the two DMA controllers together. 

DMA Acknowledge Bits 0-3, 5-7 - These output signals are the 
acknowledge signals for the corresponding DMA requests. The active 
polarity of these lines is programmable and is set to active low on reset. 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal 
Name 

CPUHRO 

CPUHLDA 

-AEN1 

-AEN2 

T/C 

-MASTER 

10CHRDY 

MHZ119 

OUT2 

-REFRESH 

VDD 

VSS 

Pin 
Number 

40 

44 

8 

7 

39 

45 

73 

41 

42 

25 

5,43 

22,26,59,67 

Signal 
Type 

a 

a 

a 

a 

I 

a 
I/O 

FUNCTIONAL DESCRIPTION 
The VL82C1 00 Peripheral Controller 
integrates two 8237 DMA controllers, 
two 8259 interrupt controllers, one 8254 
counterltimer and a 74LS612 equivalent 
along with support logic onto a single 
chip. The peripheral controller will 
replace all the logic on the X bus of an 
AT-compatible design except the 
keyboard controller and real time clock. 

The VL82C1 00 is broken up into five 
major subsections. The megacell chip 
select subsection consists of decodes 
of the Signals -MASTER, CPUHLDA, 
and the address bus XAO-XA9. This 
decode is used to generate the chip 
select signals to each of the megacells 
within the VL82C1 00. 

Signal 
Description 

VL82C100 

CPU Hold Request - This output is the hold request to the CPU and is used 
to request control of the system bus. It can be issued by a request from 
the DMA controllers or the timer when it is time for a refresh cycle. 

CPU Hold Acknowledge - This input from the CPU indicates that it is 
acknowledging the hold request and is no longer driving the system bus. It 
indicates that the VL82C100 can now drive the address and control buses. 

Address Enable 1 - This active low signal indicates when DMA Controller 1 
is enabling addresses onto the peripheral address bus for a DMA transfer. 

Address Enable 2 - This active low signal indicates when DMA Controller 2 
is enab!lng addresses onto the peripher~1 ~ddress bus for a DMA transfer. 

Terminal Count - Indicates one of the DMA channels terminal count has 
been reached. 

Master - An external device will pull this input low to disable the DMA 
controllers and get access to the system bus. It indicates an I/O channel 
controls the system buses. 

I/O Channel Ready - An input used to extend the memory read and write 
pulses from the 8237 to accommodate slow devices. 

This is the 1.19 MHz clock input for the 8254 counter. 

Out 2 - The output of counter 2 in the 8254 megacell. 

Refresh - This I/O signal will be pulled low by the VL82C1 00 whenever the 
8254 counter 1 issues a CPUHRO to the CPU and a hold acknowledge is 
received from the CPU. It is used internally to select a location in the 
memory mapper which drives the upper address bus A 17-A23. 
-REFRESH can also be used as an input if the refresh timing is to come 
from a source other than the 8254 channel 1 counter. -REFRESH is an 
open drain output capable of sinking 20 mA and requires an external pull
up resistor. 

System Power: 5 V 

System Ground 

The DMA subsection consists of two 
8237 megacells, two 8 bit latches to 
hold the middle range address bits 
during a DMA cycle and a 74LS612 
equivalent megacell to generate the 
upper range address bits during a DMA 
operation. The DMA subsection also 
has logic to force all DMA cycles to 
have one wait state inserted and some 
logic to delay the leading edge of the 
-XMEMR signal for one DMA clock 
cycle. These groups of logic are used 
to maintain AT -compatibility. The DMA 
subsection provides a total of seven 
external DMA channels. Four of these 
channels are used for 8 bit I/O adapters 
and the other three are used for 16 bit 
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I/O adapters. All channels are capable 
of addressing all memory locations in a 
16 megabyte address space. 

The interrupt controller subsection 
consists of two 8259 megacells 
cascaded together to allow for 15 
possible interrupt sources. One of 
these interrupt request lines is used 
internally, so there are a total of 14 
possible external interrupts. 

The counterltimer subsection contains a 
single 8254 megacell. This megacell 
has three internal counters. All of the 
counters run off a common clock input. 
The output of Counter 0 is routed to the 
interrupt controller subsection to be 
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TABLE 1. ADDRESS DECODE FOR CHIP SELECTS 
I I i I 

XA9 XA8 XA7 XA6 XA5 

0 0 0 0 0 

0 0 0 0 1 

0 0 0 1 0 

0 0 0 1 1 

0 0 1 0 0 

" 0 1 0 1 u 

0 0 1 1 0 

used as interrupt request O. The output 
from Counter 1 is routed to the hold 
request arbiter to initiate refresh cycles. 
Counter 2's output is available as an 
external pin. The counterltimer 
subsection also contains a flip-flop 
which can be written to with an -XIOW 
command to control the gate input to 
Counter 2. 

The hold request arbiter and refresh 
subsection is used to arbitrate between 
a possible hold request from the DMA 
subsection or Counter 2 of the counterl 
timer subsection. This block of logic 
also controls the -REFRESH output 
signal. 

MEGACELL CHIP SELECTS 
Address bits XAO-XA9 are used to 
generate chip selects for each of the 
individual megacells. A map of the 
address decode is shown in Table 1. 

For all the address decodes shown the 
ch ip selects are disabled if both 
CPUHLDA and -MASTER are high. 

The address decode at address 061 
hex goes to a single flip-flop used to 
clock in the value of TMGAT2 in an AT
compatible design. This flip-flop will 
clock in the value on XDO on the rising 
edge of -XIOW whenever that address 
decode is valid. The output of the flip
flop is used to gate counter 2 in the 
8254 megacell on and off. This is the 
only bit of Port B in the VL82C100 and it 
cannot be read externally. The entire 
Port B is located in the Memory 
Controller Device of the chip set. Bit 0 
is duplicated in the VL82C100 only to 
save an input pin. 

I I I , , 

XA4 XA3 XA2 XA1 XAO 

X X X X X 

X X X X X 

X X X X X 

0 X X X 1 

X X X X X 

X X X X X 

X X X X X 

DMA SUBSECTION 
The DMA subsection controls DMA 
transfers between an VO channel and 
on-board or off-board memory. It 
generates a hold request to the CPU 
when an 1/0 channel requests a DMA 
operation. Once the hold has been 
acknowledged the DMA controller will 
drive all 24 address bits for a total 
addressing capability of 24 megabytes, 
and drive the appropriate bus command 
signals depending on whether the DMA 
is a memory read or write. The DMA 
controllers are 8237 compatible, internal 
latches are provided for latching the 
middle address bits output by the 8237 
megacells on the data bus, and the 
function of a 74LS612 memory mapper 
is provided to generate the upper 
address bits. 

DMA CONTROLLERS 
The VL82C1 00 supports seven DMA 
channels using two 8237 equivalent 
megacells capable of running at a 10 
MHz DMA clock (20 MHz SYSCLK) 
rate. DMA Controller 1 contains 
channels 0 through 3. These channels 
support 8 bit 1/0 adapters. Channels 0 
through 3 are used to transfer data 
between 8 bit peripherals and 8 or 16 
bit memory. A full 24 bit address is 
output for each channel so they can ali 
transfer data throughout the entire 16 
megabyte system address space. Each 
channel can transfer data in 64 kilobyte 
pages. 

DMA Controller 2 contains channels 4 
through 7. Channel 4 is used to 
cascade DMA Controller 1 , so it is not 
available externally. Channels 5 
through 7 support 16 bit 1/0 adapters to 
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Address Chip Select 
Range Generated 

000-01F DMA Controller 1 (8237) 

020-03F Int. Controller 2 (8259) 

040-05F CounterlTimer (8254) 

061 Port B (TMGAT2) 

080-09F DMA Page Reg. (74LS612) 

OAO-OBF Int. Controller 2 (8259) 

OCO-ODF DMA Controller 2 (8237) 

transfer data between 16 bit 1/0 
adapters and; 6 bit system memory. A 
full 24 bit address is output for each 
channel so they can all transfer data 
throughout the entire 16 megabyte 
system address space. Each channel 
can transfer data in 128 kilobyte pages. 
Channels 5, 6, and 7 are meant to 
transfer 16 bit words only and cannot 
address single bytes in system memory. 

DMA CONTROLLER REGISTERS 
The 8237 megacells can be pro
grammed any time CPUHLDA is 
inactive. Table 2 lists the addresses of 
all registers which can be read or 
written in the 8237 megacells. Ad
dresses under DMA 2 are for the 16 bit 
DMA channels and DMA 1 corresponds 
to the 8 bit channels. When writing to a 
channel's address or word count 
register the data is written into both the 
base register and current register 
simultaneously. When reading a 
channel's address or word count 
register only the current address or 
word count can be read. The base 
address and base word count are not 
accessible for reading. 

The address and word count registers 
for each channel are 16 bit registers. 
The value on the data bus is written into 
the upper byte or lower byte depending 
on the state of the internal addressing 
flip-flop. This flip-flop can be cleared by 
the Clear Byte Pointer Flip-Flop 
command. After this command the first 
readlwrite to an address or word count 
register will readlwrite to the low byte of 
the 16 bit register and the byte pointer 
flip-flop will toggle to a one. The next 
readlwrite to an address or word count 

II 
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FIGURE 1. DMA SUBSECTION 
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TABLE 2. DMA CONTROLLER REGISTERS ADDRE8-SES 
i 

Hex Address 

DMA2 DMA1 Register Function 

OCO 000 Channel 0 Base and Current Address Register 

OC2 001 Channel 0 Base and Current Word Count Register 

OC4 002 Channel 1 Base and Current Address Register 

OC6 003 Channel 1 Base and Current Word Count Register 

OC8 004 Channel 2 Base and Current Address Register 

DCA 005 Channel 2 Base and Current Word Count Register 

OCC 006 Channel 3 Base and Current Address Register 

OCE 007 Channel 3 Base and Current Word Count Register 

000 008 Read Status Register/Write Command Register 

002 009 Write Request Register 

004 OOA Write Single Mask Register Bit 

006 OOB I Write Mode Register 

008 DOC Clear Byte Pointer Flip-Flop 

OOA 000 Read Temporary RegisterlWrite Master Clear 

DOC ODE Clear Mask Register 

ODE OOF Write All Mask Register Bits 

register will readlwrite to the high byte 
of the 16 bit register and the byte 
pointer flip-flop will toggle back to a 
zero. Refer to the 8237 data sheet for 
more information on programming the 
8237 megacell. 

The 8237 OMA controller megace/ls 
allow the user to program the active 
level (low or high) of the ORO and 
-DACK signals. Since the two meg
ace lis are cascaded together internally 
on the chip, these signals should 
always be programmed with the ORO 
signals active high and the -OACK 
signals active low. 

When programming the 16 bit channeis 
(channels 5, 6, and 7) the address 
which is written to the base address 
register must be the real address 
divided by two. Also, the base word 
count for the 16 bit channels is the 
number of 16 bit words to be trans
ferred, not the number of bytes as is the 
case for the 8 bit channels. 

It is recommended that all internal 
locations. esoeciallv the mode reaisters_ 
in the 8237 ~egac~lIs be loaded ~it" -, 
some valid value. This should be done 
even if the channels are not used. 

MIDDLE ADDRESS BIT LATCHES 
The middle address bits of the 24 bit 
address range are held in two sets of 8 
bit registers, one register for each OMA 
controijer. The DMA controller will drive 
the value to be loaded onto the data 
bus and then issue an address strobe 
signal to latch the data bus value into 
these registers. An address strobe is 
issued at the beginning of a OMA cycle 
and any time the lower 8 bit address 
increments across the 8 bit subpage 
boundary during block transfers. These 
registers cannot be written to or read 
externally. They are loaded only from 
the address strobe signals from the 
megacells and the outputs go only to 
the XA8-XA16 pins. 
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PAGE REGISTERS 
The equivalent of a 74LS612 is used in 
the VL82C100 to generate the page 
registers for each DMA channel. The 
page registers provide the upper 
address bits during a OMA cycle. OMA 
addresses do not increment or decre
ment across page boundaries. Page 
boundaries for the 8 bit channels 
(channels 0 through 3) are every 64 
kilobytes and page boundaries for the 
16 bit channels (channels 5, 6, and 7) 
are every 128 kilobytes. There are a 
total of 16 eight bit registers in the 
74LS612 megacell. The page registers 
are in the 1/0 address space as shown. 

Page Register Hex 1/0 Address 
OMA channel 0 087 
OMA channel 1 083 
OMA channel 2 081 
OMA channel 3 082 
DMA channel 5 08B 
OMA channel 6 089 
OMA channel 7 08A 
Refresh 08F 

These registers must be written to 
select the correct page for each OMA 
channel before any OMA operations are 
performed. The other address locations 
between 080 and 08F that are not 
shown, are not used by the OMA 
channels but can be read or written to 
by the CPU. Address 08F is used to 
drive a value onto the upper address 
bits A17-A23 of the CPU's address bus 
during a refresh cycle. 

ADDRESS GENERA nON 
The OMA addresses are setup such 
that there is an upper address portion, 
used to seiect a specific page, a middle 
address portion, used to select a block 
within the page, and a lower address 
portion. 

The upper address portion is generated 
by the page registers, in the 74LS612 
equivalent megacell. The page 
registers for each channel must be 
setup by the CPU before a OMA 
operation. OMA addresses do not 
increment or decrement across page 
boundaries. Page sizes are 64 kilo
bytes for 8 bit channels (channels 0 
through 3) and 128 kilobytes for 16 bit 
channels (channels 5, 6, and 7). The 

II 
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TABLE3. ADDRESSSOURCEGENERATION 
Outputs from 74LS612 Page Registers 

Outputs from Middle Address Latches 

Address Outputs from 8237 

8 Bit OMA Address Bits 

16 Bit OMA Address Bits 

M7 A23 A23 

M6 A22 A22 

M5 A21 A21 

M4 A20 A20 

M3 A19 A19 

M2 A18 A18 

M1 A17 A17 

MO XA16 

07 XA15 XA16 

06 XA14 XA15 

05 XA13 XA14 

04 XA12 XA13 

03 XA11 XA12 

02 XA10 XA11 

01 XA9 XA10 

00 XA8 XA9 

A7 XA7 XA8 

A6 XA6 XA7 

A5 XA5 XA6 

A4 XA4 XA5 

A3 XA3 XA4 

A2 XA2 XA3 

A1 XA1 XA2 

AO XAO XA1 

VSS XAO 
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OMA page register values are output on 
A17-A23 and XA16 for 8 bit channels, 
and A 17 -A23 for 16 bit channels. 

The middle address portion, used to 
select a block within the page, is 
generated by the 8237 megacells at the 
beginning of a OMA operation and any 
time the OMA address increments or 
decrements through a block boundary. 
Block sizes are 256 bytes for 8 bit 
channels (channels 0 through 3) and 
512 bytes for 16 bit channels (channels 
5, 6, and 7). This middle address 
po!'tion is output by thq 8?~7 megacells 
onto the data bus during state S1. The 
internal middle address bit latches will 
latch in this value. The middle address 
bit latches are output on XA8-XA 15 for 
8 bit channels, and XA9-XA16 for 16 bit 
channels. 

The lower address portion is generated 
directly by the 8237 megacells during 
OMA operations. The lower address 
bits are output on XAO-XA7 for 8 bit 
channels, and XA 1-XA8 for 16 bit chan
nels. XAO is forced low during 16 bit 
OMA operations. 

Table 3 is shown to illustrate the source 
for all address bits during both 8 and 16 
bit transfers. 

READY CONTROL 
The ready input to each of the 8237 
megacells is driven from the same 
source within the ready control logic. 
To maintain an AT-compatible design, 
the VL82C100 ready control logic forces 
one wait state on every OMA transfer. 
The external signal lOCH ROY goes into 
the ready contro! logic to extend 
transfer cycles to longer than one wait 
state if needed. To add extra wait 
states, an external device should pull 
lOCH ROY low within the setup time 
before the second phase of the internal 
OMA clock during the forced wait state. 
The current OMA cycle will then be 
extended by inserting wait states until 
IOCHROY is returned high. lOCH ROY 
going high must meet the setup time 
before the second phase of a wait state 
cycle or an extra wait state will be 
inserted before the OMA controller 
transitions to state S4 (see timing 
diagrams). 
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XMEMR DELAY 
To maintain an AT-compatible design, 
the VL82C1 00 inserts a DMA clock 
cycle delay in the falling edge of the 
-XMEMR signal. -XMEMR will go low 
one DMA clock (two SYSCLK's) later 
than the -MEMR signal coming out of 
the 8237 megacell. The rising edge is 
not altered and will go high at the same 
time the -MEMR signal from the 
megacell goes high. 

EXTERNAL CASCADING 
An external DMA controller or bus 
master can be attached to an AT
compatible design through the 
VL82C100's DMA controllers. To add 
an external DMA controller, one of the 
seven available DMA channels must be 
programmed in cascade mode. That 
channel's DRQ signal should then be 
connected to the external DMA 
controller's HRQ output. The corre
sponding -DACK signal for that channel 
should be connected to the external 

DMA controller's H LDA input. When 
one of the VL82C1 ~O's seven channels 
is programmed in cascade mode and 
that channel is acknowledged the 
VL82C100 will not drive the data bus, 
the command signals, or the XA 
address bus. However, the upper 
address bits A 17 -A23 will be driven with 
the value programmed into the page 
register for the channel programmed in 
cascade mode. 

An external device can become a bus 
master and control the system address, 
data, and command buses in much the 
same manner. One of the DMA chan
nels must be programmed in cascade 
mode. The external device then asserts 
the DRQ line for that channel. When 
that channel's -DACK iine goes active, 
the external device can then pull the 
-MASTER signal low to force the 
system buses to a high impedance 
state. As in the DMA controller cascad
ing, the VL82C1 00 will not drive the X 

VL82C100 

buses while the cascaded channels 
-DACK signal is active. A!so, the 
VL82C100 will force the upper address 
bits A 17 -A23 to a high impedance state 
while -MASTER is held low. 

INTERRUPT CONTROLLER 
SUBSECTION 
The interrupt controller subsection is 
made up of two 8259 megacells with 
eight interrupt request lines each for a 
total of 16 interrupts. The two meg
ace lis are cascaded internally on the 
VL82C100 and one of the interrupt 
request inputs is internally connected to 
an output of the 8254 counterltimer 
megacell. This allows a total of 14 
external interrupt requests. 

A typical interrupt sequence would be 
as follows. Any unmasked interrupt will 
generate the INTR signal to the CPU. 
The interrupt controller megacells will 
then respond to the -INTA pulses from 
the CPU. On the first -INTA cycle the 

FIGURE 2. INTERRUPT CONTROLLER SUBSECTION 
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TABLE 4. WRITE OPERATIONS 

Hex Address 

INT1 INT2 XD4 XD3 Register Function 

020 OAO 1 X Write ICW1 

021 OA1 X X Write ICW2 

021 OA1 X X Write ICW3 

021 OA1 X X Write ICW4 (If Needed) 

021 OA1 X X WriteOCW1 

020 OAO 0 0 WriteOCW2 

020 OAO 0 1 WriteOCW3 
---

TABLE 5. READ OPERATIONS 
Hex Address 

INT1 INT2 Register Function 

020 OAO Interrupt Request Reg., In-Service Reg., or Poll Command 

021 OA1 Interrupt Mask Register 

cascading priority is resolved to deter
mine which of the two 8259 megacells 
will output the interrupt vector onto the 
data bus. On the second -INTA cycle 
the appropriate 8259 megacell will drive 
the data bus with the correct interrupt 
vector for the highest priority interrupt. 

Because the two megacells are cas
caded internally on the VL82C100, they 

should never be programmed to 
operate in the buffered mode. 

INTERRUPT CONTROLLER 
INTERNAL REGISTERS 
The internal registers of the 8259 
megacells are written to in the same 
way as in the standard part. Table 4 
shows the correct addressing for each 
of the 8259 registers. 

FIGURE 3. TIMER/COUNTER SUBSECTION 
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Before normal operation can begin, 
each 8259 megacell must follow an ini
tialization sequence. The sequence is 
started by writing Initialization Com
mand Word 1 (ICW1). After ICW1 has 
been written the 8259 megacell expects 
the next writes to follow in the sequence 
ICW2, ICW3, and ICW4 if it is needed. 
The Operation Control Words (OCW) 
can be written at any time after initiali
zation. 

In the standard 8259 megacell ICW3 is 
optional. But since the two 8259's in 
this chip are cascaded together, they 
should always be programmed in 
cascade mode and ICW3 will always be 
needed. Refer to the 8259 data sheet 
for more information on programming 
the 8259 megacell. 

When reading at address 020 or OAO 
hex, the register read will depend on 
how Operation Control Word 3 was 
setup prior to the read. 

TIMER/COUNTER SUBSECTION 
The timer subsection consists of one 
8254 counterltimer megacell configured 
as shown in the diagram. The clocks 
for each of the three internal counters 
are tied to the single input pin MHZ119. 
The gate inputs of Counters 0 and 1 are 
tied high to enable those Counters at all 
times. The gate input of Counter 2 is 
tied to the output of a flip-flop inside the 

.... .. 

... ... 

... ... 

TO INTERRUPT 
CONTROLLER 

TO HOLD 
ARBITER 

OUT2 
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TABLE 6. TIMER/COUNTER REGISTERS 

Hex Address -XIOR -XIOW Register Function 

040 1 0 Write Initial Count to Counter 0 

040 0 1 Read Latched Count or Status from Counter 0 

041 1 0 Write Initial Count to Counter 1 

041 0 1 Read Latched Count or Status from Counter 1 

042 I 1 0 Write Initial Count to Counter 2 

042 I 0 1 Read Latched Count or Status from Counter 2 

043 1 0 

043 0 1 

VL82C100. This flip-flop will clock in 
the value on XDO during an 1/0 write to 
Port B. The output of the flip-flop is 
used to gate Counter 2 in the 8254 
megacell on and off. 

Only one of the 8254 megacell counter 
outputs is directly available at an 
external pin. Counter O's output is 
connected to the IRQO input of interrupt 
controller 1. Counter 1's output goes to 
the hold request arbiter and refresh 
subsection to initiate a refresh cycle. 
Finally, Counter 2's output goes directly 
to the output pin OUT2. 

TIMER/COUNTER INTERNAL 
REGISTERS 
The internal registers of the 8254 
counterltimer megacell are written to in 
the same way as in the standard part. 
Table 6 shows the correct addressing 
for each of the 8254 registers. 

The write control word at address 043 
hex could also be the counter latch 
command or read back command 
depending on the values on the data 
bus. Refer to the 8254 data sheet for 
more information on programming the 
8254 megacell. 

HOLD REQUEST ARBITER AND 
REFRESH SUBSECTION 
The hold request arbiter and refresh 
s'Jbsection is used to select between 
the two possible sources for a hold 
request to the CPU. A hold request can 
be generated when DMA Controller 2 

Write Control Word 

No Operation 

issues a hold request or when the 
output of counter 1 in the 8254 meg
acell makes a low to high transition. To 
provide equal weight to these two 
possible sources for a hold request, the 
hold request from the DMA controller is 
sampled on the rising edge of the 
internal DMA clock and the request 
from the counterltimer is sampled on 
the falling edge of the internal DMA 
clock. The request which is clocked in 
first will be granted by the arbiter and 
the other request inhibited until the first 
request is finished. 

At the end of a hold request from either 
source the arbiter checks to see if the 
other source is still requesting a hold. If 
it is, the arbiter will give an acknowl
edge signal to that source and leave the 
CPUHRQ line active. This will continue 
as long as one of the two sources is 
requesting a hold. Only if neither 
source is requesting a hold will the 
arbiter negate the CPUHRQ signal and 
return control back to the CPU. 

In the case of the DMA controller's hold 
request winning in the arbiter, the 
arbiter will assert the CPUHRQ output 
and wait for a CPUHLDA signal back 
from the CPU. The assertion of 
CPUHLDA will cause a hold acknowl
edge to be sent to the DMA controller. 
When the DMA controller is finished it 
will negate its hold request signal to the 
arbiter. Th~ arbiter will then switch to a 
-REFRESH cycle, if a hold request is 
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pending from the 8254 counterltimer, or 4 
negate the CPUHRQ line and return 
control to the CPU. 

In the case of a refresh cycle winning 
the arbitration, the CPUHRQ output will 
be asserted and the arbiter subsection 
will wait for a CPUHLDA signal back 
from the CPU. The assertion of 
CPUHLDA will cause the VL82C1 00 to 
pull the -REFRESH pin low. 
-REFRESH will remain low for four 
SYSCLK rising edges. On the fourth 
rising edge of SYSCLK the -REFRESH 
pin will go to a high impedance state 
enabling it to be pulled up by an 
external resistor, and the CPUHRQ 
signal will be negated. If the hold 
request arbiter has a hold request from 
the DMA controller pending on the 
fourth rising edge of SYSCLK, the 
-REFRESH cycle is extended for one 
more SYSCLK cycle {see waveforms}. 
The hold request arbiter will then 
acknowledge the hold request of the 
DMA controller. 

Refresh cycles can be extended by an 
external source by forcing the 
10CHRDY input Iowa setup time before 
the third rising edge of SYSCLK. 
-REFRESH will remain low until 
lOCH ROY is returned high. 

The pin -REFRESH is a bidirectionai 
open drain VO pin and requires an 
external pull-up. It can also be used as 
an input if a refresh cycle is to be 
initiated from an external source. 
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AC CHARACTERISTICS: TA = QC: O°C to +70°C, QI: -40°C to +85°C, VDD = 5 V ±5%, VSS = 0 V 

READ/WRITE MODE TIMING 

12/16 MHz 20 MHz 

Symbol Parameter Min Max Min Max Unit Condition 

tPW1 -XIOR or -XIOW Pulse Width Low 180 150 ns 

tSU2 
XA Address Valid to -XIOR or -XIOW 

30 25 Low Setup Time ns 

tH3 
XA Address from -XIOR or -XIOW 

15 15 High Hold Time ns 

tD4 XD Data Valid Delay from -XIOR Low 120 110 ns 

tD5 XD Data Float Delay from -XIOR High 0 80 0 75 ns 

tSU6 
XD Data Valid to -XIOW High 

110 100 ns Setup Time 

tH7 
XD Data Valid from -XIOW High 

15 15 ns 
Hold Time 

tPW8 RESET Pulse Width High 250 250 ns 

t9 
RESET Inactive to first -XIOR or 

4 4 TCY 
-XIOW Command 

tD10 
Command Recovery Time Between 

250 200 ns 
Successive -XIOR or -XIOW Pulses 

READ TIMING WAVEFORM 

-XIOR 
~------tPW1------~ ------------------------

tSU2 

XABUS 

XDBUS __________________________ tD_4_~--~ ______________ tD_5_~~~--------------
WRITE TIMING WAVEFORM 

-XIOW 
~------tPW1------~ ------------------------

tSU2 tH3 

XABUS 

XDBUS ______________________ ~~ tSU6 ----tl.~I~ tH7 1"-_____ _ 
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COMMAND AND RESET TIMING WAVEFORM 

tPW8 

RESET 

-XIOR, 
-XIOv'! 

t9 --1.~\~:_-_t_P_W_1 ~:/~I~"I- 110 .\ 

INTERRUPT MODE TIMING 

12116 MHz 

Symbol Parameter 

tPW11 Interrupt Request Pulse Width Low 

tD12 Interrupt Output Delay 

tPW13 -INTA Pulse Width Low 

t14 
End of -INTA Pulse to next -INTA 
Pulse 

tD15 XD Data Valid Delay from -INTA Low 

tD16 XD Data Float Delay from -INTA High 

INTERRUPT TIMING WAVEFORM 

iRQ3-iRQ15, 
IRQ1 

iNTR __________________ ~~I 

-INTA 

XDO-XD7 

Min 

90 

130 

180 

180 

0 

Notes: 1. IRQ must remain active until first -INTA pulse. 
2. Cascade priority is resolved on this -INTA cycle. 

Max 

120 

50 

NOTE 1 

4-15 

20 MHz 

Min Max 

90 

130 

180 

180 

110 

0 45 
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1PW17 

Unit Condition 

ns 

ns I 
ns 

ns 

ns 

ns 

tD16 
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TIMER/COUNTER TIMING 

12/16 MHz 20 MHz 

Symbol Parameter Min Max Min Max Unit Condition 

tPW11 MHZ119 Clock Pulse Width High 55 55 ns 

tPW18 MHZ119 Clock Pulse Width Low 55 55 ns 

t19 MHZ119 Clock Cycle Time 180 180 ns 

t20 MHZ119 Clock Rise/Fall Time 20 20 ns 

OUT2 Valid from -XIOW High Delay 
t021 Time when writing to Counter 2 Mode 100 100 ns 

Register or TMGATE2 in Port B 

t022 
OUT2 Valid from MHZ119 Low 

100 100 Delay Time ns 

TIMER/COUNTER TIMING WAVEFORM 

-XIOW 

tPW17_~~ 

MHZ119 

t20 

..... -t021 

OUT2 
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DMA MODE TIMING 

Symbol 

tSU23 

tD24 

tSU25 

I 
tD26 

tD27 

tD28 

t030 

tD31 J 
tD32 I 

tD33 

tD34 I 

tD35 

tD36 I 

tD37 

tD38 

tD39 

Parameter 

ORO to SYSCLK High Setup Time 

CPUHRO Valid from SYSCLK High 
Delay Time 

CPUHLDA to SYSCLK High Setup Time 

i -AEN I Valid from SYSCLK High 
Delay Time 

-DACK Valid from SYSCLK High 
Delay Time 

XD Bus Valid from SYSCLK High 
Delay Time 

A17-A23 Float from CPUHLDA High 
Delay Time 

Upper Address Btts Valid from SYSCLK I 
High Delay Time 

A17-A23 Float from CPUHLDA Low I 
Delay Time I 
Middle Address Bits Valid from I SYSCLK High Delay Time 

Lower Address Bits Valid from i , 
SYSCLK High Delay Time 

XA Address Bus Float from SYSCLK 
High Delay Time 

-READ and -WRITE Active from 
SYSCLK High Delay Time I 
-READ and -WRITE Valid from 
SYSCLK High Delay Time 

-READ and -WRITE Float from 
SYSCLK High Delay Time 

I 

TIC Valid from SYSCLK High 
Delay Time 

12116 MHz 20 MHz 

Min Max Min Max Unit CondHion 

0 0 ns Note 1 

70 70 ns 

25 25 ns 

80 I 80 I ns 

100 100 ns 

110 110 ns 

1 40 1 40 ns 

I 130 I 115 ns I Note 2 

1 
I 

25 
I 

1 25 
I 

I I ns I 
I 125 I 115 I Note 3 i ns 

i 
i i I I 90 

, 
90 Note 4 ns 

1 70 1 70 ns 8 Bit Cycles Only 

I 
85 I 80 I I I ns 

90 85 ns 

1 70 1 70 ns 8 Bit Cycles Only 
I I I I 

90 85 ns 8 Bit Cycles Only 

Notes: 1. The DRO signals are asynchronous inputs. Setup times are shown to assure recognition at a specific clock edge for 
testing. 

2. Upper address bits are defined as A 17 -A23 for 16 bit DMA cycles, and A 17 -A23 plus XA 16 for 8 bit DMA cycles. 

3. Middle address bits are defined as XA9-XA 16 for 16 bit DMA cycles and XA8-XA 15 for 8 bit DMA cycles. 

4. Lower address bits are defined as XAO-XA8 for 16 bit DMA cycles and XAO-XA7 for 8 bit DMA cycles. 
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VL82C100 

DMA MODE TIMING (Cont.) 

12/16 MHz 20 MHz 

Symbol Parameter Min Max Min Max Unit Condition 

tH40 
XA Address from -READ or -WRITE 2TCY 2TCY TCY = SYSClK Cycle 
High Hold Time -50 -50 ns Time 

tD41 
-AEN2 low from SYSClK High 

80 80 ns Delay Time 

tD42 -AEN2 High From SYSClK High 150 150 ns 

tD43 
XA Address Bus Float from SYSClK 

140 140 16 Bit DMA Cycles Only High Delay Time ns 

tD44 
-READ or -WRITE Float from SYSClK 

140 140 16 Bit DMA Cycles Only High Delay Time ns 

t45 
-READ or -WRITE Float from -READ 

5 5 16 Bit DMA Cycles Only or -WRITE High at end of DMA Cycle ns 

tSU46 
lOCH ROY Valid to SYSClK High 

25 20 ns Setup Time 

tH47 
lOCH ROY from SYSClK High Hold 

10 10 ns Time 

tD48 
A 17 -A23 Float from -MASTER low 

1 25 1 25 Delay Time ns 

tD49 
A17-A23 Float from -MASTER High 

1 40 1 40 ns Delay Time 

tD50 
-REFRESH low from CPUHlDA High 

70 60 ns Delay Time 

tD51 
-REFRESH Inactive from SYSClK 

50 50 Note 5 High Delay Time ns 

tSU52 
-REFRESH low to SYSClK High 

25 25 ns Note 6 Setup Time 

tD53 
A17-A23 Valid from -REFRESH 

80 80 Valid Delay Time ns 

t54 SYSClK Cycle Time 62 50 ns 

tPW55 SYSClK Pulse Width low 25 20 ns 

tPW56 SYSClK Pulse Width High 25 20 ns 

t57 SYSClK RiselFall Time 10 7 ns 

Notes: 5. -REFRESH is an open drain output. This specification is the time until the output is in an inactive state. Rise time of 
the external signal will depend on the external pull-up value and capacitive load. 

6. When used as an input, -REFRESH is an asynchronous signal. Setup times are shown to assure recognition at a 
specific clock edge for testing. 
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8 BIT DMA TIMING WAVEFORM 

SYSCLK 

DMACLK 

DRQO
DRQ3 

CPUHRQ 

-AEN1 

-DACKO-
-DACK3 

XDO-XD7 

A17-A23, 
XA16 

XAI3-XA15 

;' 

VL82C100 

--------------~;~~--------------~~i_--~~~~~--~~~i_------~--~----J 

XAO-XA7 
----------------~//----------------~~ 

~+_--_+--------_r~~-J 

tD36 

-XIOR 
----------------~,~~----------------~ 

tD36 

-XIOW, --------------~,'l~------------------~ 
-XMEMW, 
-XMEMR 

TIC 

Notes: 1. 

2. 

3. 

;' 

ORO should be held active until -OACK is returned. 

The falling edge of CPUHRO could occur one clock cycle earlier or later depending on how many bytes are trans
ferred. 

The first high to low transition shown here is for extended -XIOW and -XMEMW. The second high to low transition 
shown is for -XMEMR and late write on -XIOW and -XMEMW. 
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VL82C100 

16 BIT DMA TIMING WAVEFORM 

SYSCLK 

DMACLK 

DR05-
DR07 

CPUHRO 

CPUHLDA 

-AEN2 

-DACKS-
-DACK7 

XDO-XD7 

A17-A23 

XA9-XA16 

XAO-XAB 

-XI OR 

-X'0W, 
-XMEMW, 
-XMEMR 

TIC 

Notes: 

----------------~;~~--------~--~ 
~----~--------~ __ --~--_+----------~--J 

-----------------7;/r--------------

1. 

2. 

ORO should be held active until -DACK is returned. 

The first high to low transition shown here is for extended -X lOW and -XMEMW. The second high to low transition 
shown is for -XMEMR and late write on -XIOW and -XMEMW. 
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VL82C100 

IOCHRDY TIMING WAVEFORM 

SYSCLK 

DMACLK 

-XIOR 

-XIOW, 
-XMEMW, 
-XMEMR 

IOCHRDY 
~~~=t_S_U_46 __________ __ 

Note: The first wait state is inserted by internal circuitry in the VL82C1 00 for all DMA cycles. Any additional wait states must be 
inserted using IOCHRDY. 
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-MASTER TIMING WAVEFORM 

SYSCLK 

DMACLK 

DRQS
DRQ7 

CPUHRQ 

CPUHLDA 

-DACKS-
-DACK7 

-MASTER 

A 17-AZ3 
tD30 t'= 

-----------------« 

VL82C100 

'048 /4= 1049 r--
>->-------« 

tD32 ~ 

Notes: 1. The DMA channel used for requesting control of the bus by a new bus master must be programmed in cascade 
mode. The new master should not pull -MASTER low until it has received the corresponding -DACK signal. 

2. The timing shown is assuming one of the 16 bit DMA channels is used. There will be extra cycles between DRO and 
CPUHRO before and after the request cycle when using an 8 bit DMA channel. These extra cycles are caused by 
the cascade delay from the slave 8237 through the master 8237. 

-REFRESH TIMING WAVEFORM 

SYSCLK 

CPUHRQ 

CPUHLDA 

-REFRESH tD51 

tSU46 NOTE 1 
lOCH ROY 

tD32 
tD30 

A17-A23 ADDRESS VALID 

Notes: 1. A refresh pulse is normally three SYSCLK cycles long (with no wait states). Refresh pulses will be four SYSCLK 
cycles if a hold request is pending from the DMA controllers. 

2. -REFRESH cycles can be extended by inserting wait states using IOCHRDY. 
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AC TESTING -INPUT, OUTPUT WAVEFORM 

INPUT ~ 

3.5 V 

0.2 V 

OUTPUT ~ 

~---AC TEST POINTS--..... 

VL82C100 

1.5 V 

AC testing inputs are driven at 3.5 V for a logic 1 and 0.2 V for a logic O. Clock inputs SYSCLK and MHZ119 are driven at 
4.3 V and 0.2 V. Timing measurements are made at 1.5 V for both a logic 1 and O. 

AC TESTING - LOAD CIRCUIT +5.0 V 

r- DEVICE UNDER TEST R1 

CL* 

* Includes scope and jig capacitance. 

AC TESTING - LOAD VALUES 

Test Pin CL (pF) R 1 (n) 

-REFRESH 100 1K 

All -DACKs, TIC 100 

All Other 1/0 and Output Pins 50 
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ABSOLUTE MAXIMUM RATINGS 
Ambient Operating 
Temperature OC = O°C to +70°C 

01 = -40°C to +85°C 

Storage Temperature -65°C to + 150°C 

Supply Voltage to 
Ground Potential -0.5 V to +7.0 V 

Applied Input 
Voltage 

Power Dissipation 

-0.5 V to +7.0 V 

500mW 

Stresses above those listed may cause 
permanent damage to the device. 
These are stress ratings only. Func
tional operation of this device at these 
or any other conditions above those 
indicated 

VL82C100 

in this data sheet is not implied. Expo
sure to absolute maximum rating 
conditions for extended periods may 
affect device reliability. 

DC CHARACTERISTICS: TA = QC: O°C to +70°C, QI: -40°C to +85°C, VDD = 5 V ±5%, VSS = 0 V 

Symbol Parameter Min Max Unit Condition 

VOH Output High Voltage 2.4 V IOH = -400 JlA 

VOL1 Output Low Voltage 0.45 V IOL = 20 mA, -REFRESH 

VOL2 Output Low Voltage 0.45 V IOL = 2 mA, All Other Pins 

VIH Input High Voltage 2.0 VDD + 0.5 V TTL 

VIL Input Low Voltage -0.5 0.8 V TTL 

VIHC Input High Voltage 3.8 VDD + 0.5 V RESET, SYSCLK, MHZ119 

VILC Input Low Voltage -0.5 0.6 V RESET,SYSCLK,MHZ119 

CO Output Capacitance 8 pF 

CI Input Capacitance 8 pF 

CIO Input/Output Capacitance 16 pF 

ILOL Three-state Leakage Current -100 100 JlA 

IF Input Leakage Current -0.5 mA VIN = 0.45 V, All IRO & ORO Inputs 

III Input Leakage Current -10 10 JlA All Other Inputs 

ICC Power Supply Current 30 mA Note 

Note: VIN = VOO or GND, VOO = 5.25 V, outputs unloaded. 
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VL82C1018 

FEATURES 

PC/AT·COMPATIBLE SYSTEM CONTROLLER 

DESCRiPTION 
• Fully compatible with IBM PC/AT-type 

designs 

• Replaces 36 integrated circuits on the 
PC/AT-type board 

• Supports up to 12 MHz system clock 

• Device is available as "cores" for 
user-specific designs 

• Sink 20 mA on slot driver outputs 

• Designed in CMOS for low power 
consumption 

BLOCK DIAGRAM 

RC 
XTAL 1(1) 
XTAL 1(2) 
XTAL2(1) 
XTAL2(2) 

~ 

8284 
82284 

CLOCK 
GENERATION 
AND READY 
CONTROL 

The VL82C101 B PC/AT-Compatible 
System Controller replaces an 82C284 
Clock Controller and 82C288 Bus 
Controller (both are used in '286-based 
systems), an 82C84A Clock Generator 
and Driver, two PAL 16L8 devices (used 
for memory decode), and approximately 
31 other less complex integrated 
circuits used as Wait State logic. When 
used in 12 MHz systems utilizing 80 ns 
DRAMs, the device provides the 
required one wait state for a "write" 
operation, and zero wait states for a 
"read" operation. A 12 MHz system 
using 120 ns DRAMs wi" be provided 
with one wait state for "write" and one 

RESCPU 

.. POWERGOOD} 

... 
READY .. 

RESET 
-READY 
PROCCLK 
SYSCLK 
PCLK 
-PCLK 
OSC 
MHZ119 
-ENAS 

-SO} -S1 
AO-A1 

__ ... ~:I? l 
lo't"UHLUA J FASTMODE 

-ERROR 
-BUSY287 

-LMEGCS 

-WSO} -
ROMWTST 
RAMWTST 

-ROMeS 

-REFRESH} 
IOCHRDY 

-MEMCS16 

. ~ -

I 

I ARDYEN 

~ WAIT ~ STATE -.- LOGIC 
I 

-
REFRESH .-.- CONTROL 

.. 

BUS 
82288 CONTROL 

--Il1o. 

BUS 
CONTROL BUS 

.. f ~i~~~ 
ALE 
RAS 
-BUSY286 

• COMMANDS ENDRAS 

I 0 
L 

RAMALE 

. .' • r=~lR 1 -MEMW 
~ L -INTA 

1 I r -SMEMR 
-SMEMW 

BUFFER ~.l-XMEMR 
-XMEMW 
-XIOR 
-X lOW .. 

I Q1 
I 

-MEMR ./ 

• I , 
DATA I 

CONVERSION 
I 

.. 

--. 

-REFEN 

{ 

DIR245 
GATE245 
CNTLOFF 
SAO 

-K)C~~: } 
-MASTER 

-AEN2 _I 
-AEN1 I 

DMA 
CONTROL 

I 

~-------------.+I------.. -OMAAEN 

XAO,XA3, 
XA5-XA9 

....... _-_ ...... .. I 287 AND ~ t( RESET287 _____________________ ....... _ PERIPHERAL -NPCS 
CONTROL -PPICS 

XDATADIR 

4-25 

wait state for "read". The device 
accepts both the 24 MHz crystal to 
control the system clock as well as the 
14.318 MHz crystal to control the video 
clock. It also supplies reset and clock 
signals to the I/O slots. 

The device is manufactured with VLSI's 
advanced high-performance CMOS 
process and is available in a JEDEC
standard 84-pin piastic ieaded chip 
carrier (PLCC) package. The 
VL82C101B is part of the PC/AT
compatible chip sets available from 
VLSI. Please refer to the Selector 
Guide in the front of this manual. 

ORDER INFORMATION 
Part 
Number Package 

VL82C 101 B-QC Plastic Leaded Chip 
Carrier (PLCC) 

Note: Operating temperature is 
O°C to + 70°C . 
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VL82C101B 

PIN DIAGRAM 

10 XTAL XTAL 
A1 M/-IO -81 CHRDY 1(2) 2(2) VDD XAO XA5 XA7 

-I?~S \ RC \ ~o \ ~~D~ \ ~T~L \ VSS \ ~T~L \p~~1 XA3\ XAS \ XAS 

-WSO 

-ROMCS 

F16 

AO 

FASTMODE 

ROMWTST 

RAMWTST 

-BUSY287 

OSC 

MHZ119 

-XBHE 

-NPCS 

RESET287 

-DENHI 

-DENLO 

VSS 

DT/-R 

ALE 

RAS 

-DMAAEN 

VDD 

73 

72 

71 

70 

69 

VL82C1018 68 

67 

TOP VIEW 
66 

65 

64 

63 

62 

61 

60 

59 

58 

57 

56 

55 

54 
34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 

RES I-XMEMI -x I-MEM I lOW I-BUSY I RE I SYS I SAO I-8MEMI PCLK CPU R lOR W - 286 SET eLK R 

-XMEM -x VSS -MEM -lOR -INTA PROC VSS -8MEM -PCLK 
W lOW R CLK W 
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XA9 

-AEN1 

-AEN2 

-REFRESH 

-LMEGCS 

-MEMCS16 

-MASTER 

-ERROR 

ENDRAS 

-READY 

RAMALE 

-PPICS 

XDATADIR 

CNTLOFF 

GATE245 

VSS 

DIR245 

Q1 

-REFEN 

-ENAS 

VDD 
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SIGNAL DESCRIPTIONS 

Signai 
Name 

XTAL 1 (2) 

XTAL 1 (1) 

lOCH ROY 

CPUHLOA 

-S1 

-so 

M/-IO 

RC 

A1 

-IOCS16 

-WSO 

-ROMCS 

F16 

AO 

FASTMOOE 

Pin 
Number 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Signai 
Type 

o 

Signai 
Description 

VL82C1018 

Crystal 1 Output 2 - A parallel resonant fundamental mode crystal should 
be attached across XTAL 1 (1) and XTAL 1 (2). This is the crystal output. 

Crystal 1 Input 1 - A parallel resonant fundamental mode crystal should be 
attached across XTAL 1 (1) and XTAL 1 (2). This input drives the internal 
oscillator and determines the frequency of OSC. 

110 Channel Ready - This input is generated by an 1/0 device. When low, it 
indicates a not ready condition. This is used to extend memory or 1/0 
accesses by inserting wait states. When high, this signal allows normal 
completion of a memory or 1/0 access by an 1/0 device. 

CPU Hold Acknowledge - This input indicates ownership of the local CPU 
bus. When high, this signal indicates that the CPU has three-stated its bus 
drivers in response to a hold request. When low, it indicates that the CPU 
bus drivers are active" 

Status 1 - An active low input/pull-up from the CPU in combination with -SO 
and M/-IO determine which type of bus cycle to initiate. -S1 going active 
indicates a read cycle unless -SO also goes active. Both status inputs 
active indicate an interrupt acknowledge cycle or halt/shutdown operation. 

Status 0 - An active low input/pull-up from the CPU in combination with -S1 
and M/-IO determine which type of bus cycle to initiate. -SO going active 
indicates a write cycle unless -81 also goes active. Both status inputs 
active indicate an interrupt acknowledge cycle or a haltlshutdown opera
tion. 

Memory or 110 Select - This input indicates the type of bus cycle to be 
performed. If high, a memory cycle or halt/shutdown cycle is started. If 
low, then an 110 cycle or an interrupt acknowledge cycle will be initiated. 

This active low input signal will force a CPU reset when active. It is 
generated by the keyboard controller. 

CPU Address Bus Bit 1 - This input is used to determine when to initiate a 
shutdown operation. A shutdown will be started when A1 is low, M/-IO is 
high, and both -SO and -81 go low. 

110 Chip Select 16 - This active low input is generated by an 110 device for 
a 16-bit data bus access. 

Wait State 0 - This active low input signal should have an external pull-up. 
A peripheral device can pull this signal low to force a zero wait state cycle. 

ROM Chip Select - This active low input is a signal generated from 
-LCSOROM and -lCS1 ROM and is used to indicate a ROM memory 
access. 

This input indicates a word memory access. It is used to inhibit command 
delays during a 16 bit memory access. 

CPU Address Bus Bit 0 - This input is used to generate enable signals for 
the data bus transceivers. 

This active high input enables the generation of an early ALE signal, called 
RAMALE, from the edge of -MEMR or -MEMW. If FASTMOOE is desired, 
this pin must be held low until after the first memory read cycle. RAMALE 
is equal to ALE when FA8TMOOE is inactive. 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal 
Name 

ROMWTST 

RAMWTST 

-BUSY287 

OSC 

MHZ119 

-XBHE 

-NPCS 

RESET287 

-OENHI 

-OENLO 

OT/-R 

ALE 

RAS 

-OMAAEN 

RES CPU 

-XMEMW 

-XMEMR 

-X lOW 

Pin 
Number 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

28 

29 

30 

31 

33 

34 

35 

36 

Signal 
Type 

o 
o 

110 

o 

o 

o 

o 

o 

o 

o 

o 

o 

1/0 

1/0 

1/0 

Signal 
Description 

VL82C1018 

ROM Wait State - This input is used to select the desired number of ROM 
access wait states. ROMWTST = 0 indicates two waits while RAMWTST = 
1 indicates one wait state. If two wait state mode is required, this pin must 
be set high when CPUHLOA (pin 5) is high. 

RAM Wait State - This input is used to select the desired number of RAM 
access wait states. RAMWTST = 0 indicates zero waits while RAMWTST 
= 1 indicates one wait state. 

Busy 287 - A busy status input that is asserted by the 80287 to indicate 
that it is currently executing a command. 

This is the buffered output of XTAL1 oscillator. 

This output is the OSC output clock divided by 12. It is used by the 
Peripheral Controller device for the timer controller. 

Transfer Byte High Enable - This active low 1/0 is used to allow the upper 
data byte of be passed through the data bus transceivers. 

Numerical Processor Chip Select - This active low output is the chip select 
for the 80287 numerical processor. 

Reset 287 - This active high output is used to reset the 80287 numerical 
processor. 

Oata Bus Enable High - This active low output is used to enable the data 
bus transceiver on the high byte of the data bus. 

Oata Bus Enable Low - This active low output is used to enable the data 
bus latch byte accesses. 

Oata Transmit/Receive - An output that determines the data direction to 
and from the local data bus. A high indicates a write bus cycle and a low 
indicates a read bus cycle. OT/-R is high when no bus cycle is active. 
-OENLO and -OENHI are always inactive when OT/-R changes state. 

Address Latch Enable - A positive edge output that controls the address 
latches which hold the address during a bus cycle. ALE is not issued for a 
halt bus cycle. 

This output will go active anytime a memory read or memory write com
mand is issued. 

OMA Address Enable - An active low output that is active whenever an 110 
device is making a OMA access to the system memory. 

Reset CPU - This is the active high output system reset for the CPU. It is 
generated from POWERGOOO, RC or when a shut down status is gener
ated by the CPU. 

Peripheral Bus Memory Write - An active low 110 that is the memory write 
command to and from the peripheral bus. This pin is configured as an 
output when -OMAAEN is high and an input when -OMAAEN is low. 

Peripheral Bus Memory Read - An active low 1/0 that is the memory read 
command to and from the peripheral bus. This pin is configured as an 
output when -OMAAEN is high and an input when -OMAAEN is low. 

Peripheral Bus InputlOutput Write - This active low 1/0 is the read com
mand to and from the peripheral bus. This pin is configured as an output 
when -OMAAEN is high and an input when -OMAAEN is low. 
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VL82C1018 

SIGNAL DESCRIPTIONS (Cont.) 

Signai Pin Signal Signal 
Name Number Type Description 

-XIOR 37 1/0 Peripheral Bus InputlOutput Read - This active low 1/0 is the read com-
mand to and from the peripheral bus. This pin is configured as an output 
when -DMAAEN is high and an input when -DMMEN is low. 

-MEMW 39 1/0 Memory Write - This active low 1/0 is the memory write command from the 
bus controller portion of the chip. It will be three-stated when CPUHLDA is 
asserted and CNTLOFF is inactive. 

-MEMR 40 1/0 Memory Read - This active low 1/0 is the memory read command from the 
bus controller portion of the chip. It will be three-stated when CPUHLDA is 
asserted and CNTLOFF is inactive. -MEMR is also active during a refresh 
cycle. 

-lOW 41 1/0 Input/Output Write - This is the active low 1/0 write command from the bus 
controller portion of the chip. It will be three-stated when CPUHLDA is 
asserted and CNTLOFF is inactive. 

-lOR 42 1/0 Input/Output Read - This is the active low 1/0 read command from the bus 
controller portion of the chip. It will be three-stated when CPUHLDA is 

II asserted and CNTLOFF is inactive. 

-BUSY286 43 0 Processor 286 Extension Busy - This output goes to the -BUSY input of 
the 80286. If pulled low, this signal stops the 80286 program execution on 
all WAIT and some ESC instructions until it returns inactive (high). 

-INTA 44 0 Interrupt Acknowledge - This active low output that is three-stated, is the 
interrupt acknowledge command from the bus controller portion of the chip. 
It will be three-stated when CPUHLDA is asserted and CNTLOFF is 
inactive. 

RESET 45 0 Reset - This active high output signal is the system reset generated from a 
POWERGOOD. It is synchronized to PROCCLK. 

PROCCLK 46 0 Processor Clock - This output is the processor clock for the CPU and 
coprocessor. !t is equal to the crystal frequency on crystal oscil!ator input 
XTAL2. 

SYSCLK 47 0 System Clock - This output is the main system clock. It is equal to half the 
PROCCLK frequency and is synchronized to the processor's T-states. 

SAO 49 0 System Address Bus Bit 0 - A three-stated output. 

-SMEMW 50 0 Memory Write - An active low three-stated output that is the memory write 
command to the expansion bus. Drives when -LMEGCS is low. 

-SMEMR 51 0 Memory Read - An active low three-stated output that is the memory read 
command to the expansion bus. 

-PCLK 52 0 Peripheral Clock Complement Phase - This output is the complement 
phase of the peripheral clock. It is equal to half the PROCCLK frequency 
and is used for clocking peripheral devices. 

PCLK 53 0 Peripheral Clock True Phase - This output is the true phase of the periph-
eral clock. It is equal to half the PROCCLK frequency and is used for 
clocking peripheral devices. 

-ENAS 55 0 Enable Address Strobe - This active low output is used to enable the 
address strobe on the real time clock. It will go low the first time -SO is 
asserted after a system reset. 

-REFEN 56 0 Refresh Enable - An active low output. It will be asserted when a refresh 
cycle is needed for the DRAMs. It is used to clock a refresh counter which 
provides addresses during the refresh cycle. 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal 
Name 

Q1 

DIR245 

GATE245 

CNTLOFF 

XDATADIR 

-PPICS 

RAMALE 

-READY 

ENDRAS 

-ERROR 

-MASTER 

-MEMCS16 

-LMEGCS 

-REFRESH 

-AEN2 

-AEN1 

XA5-XA9 

XA3 

XAO 

POWERGOOD 

Pin 
Number 

57 

58 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

78-74 

79 

80 

81 

Signal 
Type 

o 

o 

o 

o 

o 

o 

o 

o 

o 
I 

Signal 
Description 

VL82C101B 

This active high output will go active during the second phase of a CPU 
bus cycle following the T-state. It is used by other devices to generate the 
address strobe for the real time clock. 

Direction 245 - This output determines the direction of the data bus 
transceiver which does conversions from high to low byte or low to high 
byte for 8-bit peripherals. 

Gate 245 - This output enables the data bus transceiver which does 
conversions from high to low byte or low to high byte for 8-bit peripherals. 

Control Off - This output is used to enable the lower byte data bus latch 
during byte accesses. 

Transfer Data Direction - This output controls the direction of data flow 
through the transceiver between -the X data bus and the lower byte of the S 
data bus. A high indicates data flow from the S bus to the X bus. A low 
indicates data flow from the X bus to the S bus. 

Programmable Peripheral Interface Chip Select - This active low output is 
used to generate the chip select for the keyboard controller. 

RAM Address Latch Enable - This output is used in the FASTMODE of 
operation. When FASTMODE is inactive RAMALE is equal to ALE. 

Ready - When active, indicates that the current bus cycle is to be com
pleted. -READY is an open drain output requiring an external pull-up 
resistor. 

An output that is used to complete a memory read/write cycle. 

Error - An error status input from the 80287. This reflects the ES bit of the 
80287 status word and indicates that an unmashed error condition exists. 

Master - This active low input is asserted low by devices on the expansion 
bus. A low indicates that another device is active. 

Memory Chip Select 16 - A low on this pin indicates that the off-board 
memory is 16-bits wide. 

Lower Megabyte Chip Select - This input indicates that the lower memory 
address space (0-1 megabyte) is selected. When low, it enables the three
state drivers on -SMEMR and -SMEMW. 

Refresh - This active low input is used to initiate a refresh cycle for the 
dynamic RAMs. 

Address Enable 2 - This active low input is from the DMA controllers and is 
used to enable the address latches for 16 bit data transfers. 

Address Enable 1- This active low input is from the DMA controllers and is 
used to enable the address latches for 8 bit data transfers. 

Peripheral Address Bus Bits 5-9 - These inputs are used to decode chip 
select and reset signals for the coprocessor. 

Peripheral Address Bus Bit 3 - This input is used in control of the 
coprocessor reset and chip select signals. 

Peripheral Address bus bit 0 - This input is used in control of the coproces
sor and 8/16-bit data conversions. 

System Power-on Reset - This input signal indicates that power to the 
board is stable. A Schmitt-trigger input is used so the input can be 
connected directly to an RC network. 
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SIGNAL DESCRIPTlONS (Cont.) 

Signal Pin Signal 
Name Number Type 

XTAL2(1) 83 

XTAL2(2) 84 0 

VDD 32,54,82 

VSS 1,27,38, 
48,59 

FUNCTIONAL DESCRIPTION 

Signal 
Description 

VL82C1018 

Crystal 2 Input 1- A parallel resonant fundamental mode crystal should be 
attached across XTAL2(1) and XTAL2(2). This input drives the internal 
oscillator and determines the frequency for PROCCLK. 

Crystal 2 Output 2 - A parallel resonant fundamental mode crystal should 
be attached across XTAL2(1) and XTAL2(2), This is the crystal output. 

System Power: 5 V 

System Ground 

The VL82C1 01 8 chip generates all the FIGURE 1. OSCILLATOR CIRCUIT 
major clocks for an AT -compatible 
system design along with the command 
and control signals for both the system 
and peripheral buses. It interfaces with 
the CPU to determine the type of bus 
cycle to execute and generates the 
-READY signal to indicate that the 
current bus cycle can be terminated. It 
also contains logic to make conversions 
between 16 bit and 8 bit data accesses. 
Finally, it generates some of the control 
signals necessary for the 80287 
Numerical Processor. 

CLOCK GENERA nON 
The VL82C1 01 8 contains two oscilla
tors to generate the clocks for an AT
compatible design. 80th oscillators are 
designed to use an external, parallel 
resonant fundamental mode crystal. 
The first oscillator is used to generate 
the video clock output (OSC) and 
MHZ119 which is the clock for the 8254 
timer in the Peripheral Controller 
device. A 14.318 MHz crystal should 
be used on this oscillator to maintain 
compatibility. The OSC output is 
generated directly from this oscillator for 
the system bus and the MHZ119 output 
is derived from the OSC output divided 
by 12. To guarantee sufficient drive 
and a clean signal on the slots it is 
recommended that the OSC output be 
buffered before driving the expansion 
connectors. 

The second oscillator is used to 
generate the system clocks. The 
crystal frequency for this oscillator 
should be twice the operating frequency 
of the CPU. For a 12 MHz system, a 24 
MHz oscillator should be used. This 

--
30 PF

T 

--L-

30 PF

T 
I ....... 

11 
5-50 

pFVAR 

20124 MHz 

I 

14.318 MHz 

,I, 

oscillator is used to generate four clock 
outputs. PROCCLK is generated 
directly from the oscillator and will have 
the same frequency as the crystal input. 
This output is connected directly to the 
CPU and Numerical Processors clock 
inputs. PCLK and -PCLK are used to 
clock the keyboard controller. These 
outputs are free running clock signals 
with a frequency of half the PROCCLK 
frequency. The last clock output is 
SYSCLK. This clock is also at half the 
PROCCLK frequency, but it will be held 
low during RESET and will not begin 
running until the first bus cycle is 
initiated by the CPU. It will then make 
its first low to high transition on the 
falling edge of PROCCLK during the 
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~ 
XTAL2(2) 

T 
10 pF 

XTAL1 (1) 

I 
XTAL 1 (2) 

T 
10 pF 

start of the first TC cycle (see timing 
waveforms). This synchronization is 
done to ensure that the system clock is 
synchronized with the 80286 internal 
system clock. The SYSCLK output is 
used to drive the Peripheral Controller 
device directly and should be buffered 
externally before driving the expansion 
connectors to guarantee sufficient drive 
and a clean signal on the slots. 

RESET AND READY CONTROL 
The 82284 megacell along with some 
support logic is used to control the 
system reset signals and -READY 
signal for the CPU. Two basic reset 
signals are generated for the system. 
RESET is the system reset out of the 
82284 megacell and is synchronized to 

I 



• VLSI TECHNOLOGY, INC. 

PROCCLK. It is generated from the 
POWERGOOD input signal. RESCPU, 
the other reset output, is connected to 
the input on the 80286 processor. 
RESCPU will be active anytime RESET 
is active. It can also be generated from 
two other possible sources. The first is 
the RC input from the keyboard 
controller. RESCPU will go active 
within 4 to 18 PROCCLK cycles after 
RC is asserted and will go inactive 16 
PROCCLK cycles later or 16 
PROCCLK cycles after RC is negated. 
RESCPU will also be generated if a 
shutdown command cycle is decoded 
from the CPU. As with the RC input, 
RESPCU will go active within 4 to 18 
PROCCLK cycles of detecting the 
shutdown command and will be 
negated 16 PROCCLK cycles later. 
The POWERGOOD pin has a Schmitt
trigger input so that an RC network can 
be used to generate the reset signals. 

The -READY output is synchronized 
and controlled by the 82284 megacell. 
-READY is an open drain output 
connected directly to the CPU and 
requires an external pull-up resistor. A 
resistor value of 700 Q is recom
mended for 10 or 12 MHz operation. 
Bus cycle length is controlled by the 
-READY output. Bus cycles are 
lengthened and shortened internally by 
the VL82C1 01 B depending on the type 
of bus cycle being executed. The 
length of a bus cycle can be shortened 
externally by pulling the -WSO input 
low or lengthened by pulling the 
IOCHRDY input low. H IOCHRDY is 
pulled low the bus cycle will not be 
terminated until IOCHRDY is returned 
high. 

COMMAND AND BUS CONTROL 
The VL82C1 01 B contains an 82288 
bus controller megacell to generate all 
the bus command and control signals. 
The 82288 megacell generates the 
-MEMR, -MEMW, -lOR and -lOW 
command signals and the DT/-R 
control signal. The DEN output from 
the megacell is split into -DENLO and 
-DENHI for enables on the upper and 
lower bytes of the data bus. Internal 
circuitry is used to insert one 
PROCCLK cycle of command delay for 
all VO cycles and off-board 8 bit 
memory cycles. Refer to the 82288 

data sheet for complete operation of 
the 82288 megacell. 

OPERATING MODES 
The VL82C1 01 B operates in four basic 
modes. First, and most common, is the 
CPU mode. This mode is active any 
time the input CPUHLDA is low. While 
in CPU mode the VL82C1 01 B will drive 
both the CMD (-MEMR, -MEMW, 
-lOR, -lOW) bus and XCMD 
(-XMEMR, -XMEMW, -XIOR, -XIOW) 
bus. 

The other modes can only be active 
when CPUHLDA is high. Then the 
VL82C1 01 B can be in DMA mode, 
-MASTER mode, or -REFRESH 
mode. H the inputs -AEN1 or -AEN2 
are active, the VL82C1 01 B is in DMA 
mode and the CMD bus is driven from 
the inputs on the XCMD bus. If the 
-MASTER input is active, the 
VL82C101B is in -MASTER mode and 
the XCMD bus is driven from the inputs 
on the CMD bus. When the 
-REFRESH mode is active the -MEMR 
output will be driven to generate the 
refresh for the DRAMs but -MEMW, 
-lOR and -lOW will be in a high imped
ance state. The XCMD pins will be 
configured as outputs driving whatever 
value is on the CMD pins. 

SYSTEM BOARD MEMORY 
CONTROL 
Memory control on the system board is 
accomplished with three Signals, 
RAMALE, RAS, and ENDRAS. 

The system board memory controls can 
operate in two different modes. While 
in CPU mode with the FASTMODE 
input set low or in non-CPU mode, 
RAMALE will look the same as ALE 
and RAS will be generated from 
-MEMR and -MEMW. In this mode 
the memory timing will look the same 
as an AT-compatible design. H the 
FASTMODE input is set high, the 
RAMALE and RAS signals are 
changed during CPU mode accesses 
to allow for more DRAM access time. 

RAMALE is used by both the Memory 
Controller and Address Buffer devices 
to latch in current address values to 
generate both address and enable 
signals for the DRAMs. In FASTMODE 
the RAMALE signal is changed so that 
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it will only go low when a memory read 
or write command is active. This 
guarantees that the memory address 
and chip select signals will remain valid 
during the entire memory cycle and 
allows RAMALE to return high as soon 
as possible to transmit through the new 
address for the next cycle. 

The RAS output is changed in 
FASTMODE so that it will go active one 
PROCCLK cycle sooner during a 
memory read cycle to allow more read 
access time. The RAS output will look 
the same as non-FASTMODE timing for 
write cycles. This was done to allow for 
zero wait state cycles on memory 
reads. RAS could not be moved up on 
memory writes because the data from 
the CPU would not be valid in time to 
be written into the DRAMs. 

ENDRAS is used to terminate the RAS 
signals to the DRAMs without terminat
ing the memory access. This allows for 
the required RAS precharge time before 
the next memory access. It will 
normally be high and make a high to 
low transition to terminate the RAS 
signals to the DRAMs on the third 
PROCCLK after RAS goes active. 
ENDRAS will then remain low until RAS 
returns low, which will cause ENDRAS 
to return high. The exception to this 
timing is for a zero wait state RAM read. 
In this case, ENDRAS will make the 
high to low transition two PROCCLK 
cycles after RAS instead of three. 

WAIT STATE LOGIC 
Wait states can be controlled from a 
number of different sources within the 
VL82C101 B. It is internally pro
grammed to generate the wait states 
shown in Table 1 based on the appro
priate input signals. 

Any of these programmed values can 
be overridden by the inputs IOCHRDY 
and -WSO. IOCHRDY can be used to 
extend any bus cycle. When IOCHRDY 
is pulled low the current bus cycle will 
be maintained until it is returned high. 
A Iowan -WSO will terminate the 
current bus cycle as soon as it is 
recognized by the VL82C1 01 B. These 
inputs need only be pulled low to modify 
the values shown in Table 1. 
IOCHRDY and -WSO are mutually 
exclusive and only one of them should 
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be pulled low within a given bus cycle. 
Refer to the timing diagrams for setup 
and hold requirements. 

REFRESH CONTROL 
The VL82C1 01 B contains circuitry to 
control a refresh cycle in an AT -compat
ible design. When the input 
-REFRESH is pulled low the 
VL82C101 B will issue -REFEN to clock 
the refresh counter and enable the 
refresh addresses onto the memory 
address bus. It will also issue a 
-MEMR command. For correct opera
tion -REFRESH should not be pulled 
low unless CPUHLDA is active. 

DATA CONVERSION 
A state machine for controlling the 
conversion between 16 bit data ac
cesses from the CPU and 8 bit periph
erals is contained in the VL82C1 01 B. 
This state machine will generate the 

TABLE 1. WAIT STATES 

Access Type RAMWTST 

INTA Cycles X 

8 Bit 1/0 X 

16 Bit 1/0 X 

Off-board 8-Bit Memory X 

Off-board 16-Bit Memory X 

On-board ROM Read X 

On-board ROM Read X 

On-board RAM Write X 

On-board RAM Read 1 

On-board RAM Read o 

control signals OI-R245, GATE245, and 
CNTLOFF to the Data Buffer chip to 
route the data correctly for both read 
and write conversions. The conversion 
logic will signal the wait state logic to 
hold the CPU and start the readlwrite of 
the low data byte. It will then latch the 
low byte for a read operation, negate 
the bus control signals, switch SAO to a 
high, and then perform the readlwrite 
operation for the high data byte. The 
VL82C101 B also uses the DIR245 and 
GATE245 during a-bit DMA cycles to 
route the lower byte on the system data 
bus to or from the high or low byte of 
on-board memory. 

NUMERICAL PROCESSOR AND 
PERIPHERAL CONTROL 
The VL82C1 01 B generates a RESET 
signal and chip select signal for the 
80287 Numerical Processor. The signal 

ROMWTST F16 -MEMCS16 

X X X 

X X X 

X X X 

X 0 1 

X 0 0 

1 1 X 

0 1 X 

X 1 X 

X 1 X 

x X 
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RESET287 is us-ad to reset the 80287 
and can be activated by a system reset 
or an 1/0 write to address OF1 hex. 
-NPCS is used as a chip select for the 
80287 and is decoded at addresses 
OF8-0FF hex. 

The VL82C1 01 B also controls the 
-BUSY286 signal sent to the 80286 
from the Numerical Processor. The 
80287 will assert -BUSY287 whenever 
it is performing a task. This signal is 
passed to the 80286 by asserting the 
-BUSY286 output. Normally 
-BUSY286 will follow -BUSY287. 
However, if the -ERROR signal is 
asserted while the -BUSY287 signal is 
active, the -BUSY286 output will be 
latched low and will remain active until 
cleared by an 1/0 write cycle to address 
OFO hex or OF1 hex. 

-IOCS16 Number of Waits 

X 4 

1 4 

0 1 

X 4 

X 1 

X 1 

X 2 

X 1 

X 1 

X o 

I 
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AC CHARACTERISTICS: TA = O°Cto +70°C, VDD = 5 V ±5%, VSS = 0 V 

PROCCLK MODE TIMING 

Symbol Parameter Min Max Unit 

t1 PROCCLK Period 42 250 ns 

t2 PROCCLK High Time 14 239 ns 

t3 PROCCLK Low Time 12 237 ns 

t4 PROCCLK Rise Time 8 ns 

t5 PROCCLK Fall Time 8 ns 

PROCCLK TIMING WAVEFORMS 

PROCCLK 

AC measurement characteristics from PROCCLK going low: 

4.0V 

PROCCLK 
(OUTPUT) ~

3.6V / 

1.0V /n Ar:: 
----------' 0.45 V 

VL82C101B 

Condition 

24 MHz Crystal Oscillator 

1.0 V to 3.6 V, CL = 150 pF 

3.6 V to 1.0 V, CL = 150 pF 

4.0V 

The PROCCLK (from '284 Megacell) is the main reference point for most of the AC signals. PROCCLK has a guaranteed VOH of 
4.0 V and a VOL of 0.45 V. However, all AC measurements referenced to PROCCLK going low are from the 1.0 V point. At 24 
MHz the transition time from 3.6 V to 1.0 V (and 1.0 V to 3.6 V) is guaranteed to be 8 ns or less. 
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VL82C1018 

CPU MODE TlMlNG 

Symbol Parameter Min Max Unit Condition 

tSU6 POWERGOOD to PROCCLK Setup Time 20 ns Note 1 

tH7 POWERGOOD from PROCCLK Hold Time 10 ns Note 1 

tD8 RESET from PROCCLK Delay 25 ns 

tD9 SYSCLK, PCLK, -PCLK from PROCCLK Delay 25 ns 

tD10 i RESCPU from PROCCLK Delay ; 24 ns 

tSU11 M/-IO, A 1 to -SO, -S 1 Setup Time 22 ns 

t12 OSC Rise/Fall Time 8 ns CL = 100 pF 

t13 MHZ119 Rise/Fall Time 8 ns CL = 100 pF 

tD14 MHZ119 from OSC Delay 20 ns 

tSU15 -SO, -81 to PROCCLK Setup Time 24 ns 

tH16 I 
-SO, -81 from PROCCLK Hold Time 3 I I ns 

tD17 ALE Valid from PROCCLK Delay 19 ns 

tD18 I DT/-R Low from PROCCLK Delay 28 I ns i 

tD19 DTI-R High from PROCCLK Delay 45 ns 

tD20 DT/-R High from -DENHI, -DENLO High Delay 3 I ns I 

tD21 -DENLO, -DENHI Active from PROCCLK Delay 35 ns 

tD22 -DENLO, -DENHllnactive from PROCCLK Delay 35 ns 

tD23 -READY Active from PROCCLK Delay 20 ns 

tD24 -READY Inactive from PROCCLK Delay 3 ns Note 2 

tD25 -iOR, -XiOR Vaiid from PROCCLK Delay 40 ns 

tD26 -lOW, -XIOW Valid from PROCCLK Delay 40 ns 

tD27 XDATADIR Valid from PROCCLK Delay 40 ns 

tSU28 -IOCS16 PROCCLK Setup lime 30 ns 

tH29 -IOCS16 PROCCLK Hold Time 10 ns 

t~u~n I IOr.HRDY t PROCCLK S t Ti .. '-" '-- 'oJ a e up Ime 2~ I ;.) ns 

tD31 -ENAS Valid from PROCCLK Delay 30 ns 

tD32 RAMALE Valid from PROCCLK Delay 24 ns 

Notes: 1. POWERGOOD is an asynchronous input This specification is given for testing purposes only, to assure recognition 
at a specific PROCCLK edge. 

2. -READY is an open drain output and requires a pull-up resistor that pulls the signal high within two PROCCLK 
cycles. We recommend 700 Q for the pull-up resistor for 10 MHz and 12 MHz systems. 
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CPU MODE TIMING (Cont.) 

Symbol Parameter Min Max 

tD33 RAS High from PROCCLK Delay 18 

tD34 RAS High from PROCCLK Delay 15 

tD35 RAS Low from PROCCLK Delay 28 

tD36 ENDRAS Low from PROCCLK Delay 25 

tD37 ENDRAS High from PROCCLK Low Delay 55 

tD38 ENDRAS High from RAS Low Delay 3 

tD39 
-MEMR, -XMEMR, -SMEMR Valid from 

40 
PROCCLK Delay 

tD40 
-MEMW, -XMEMW, -SMEMW Valid from 

40 
PROCCLK Delay 

tSU41 -WSO to PROCCLK Setup Time 22 

tH42 -WSO from PROCCLK Hold Time 1 

tSU43 F16 to PROCCLK Setup Time 30 

tH44 F16 from PROCCLK Hold Time 10 

tSU45 -MEMCS16 to PROCCLK Setup Time 32 

tH46 -MEMCS16 from PROCCLK Hold Time 5 

tSU47 AO to PROCCLK Setup Time 38 

tD48 SAO from PROCCLK Delay Time 35 

tSU49 -XBHE to PROCCLK Setup Time 30 

tD50 Q1 from PROCCLK Delay Time 35 

tD51 CNTLOFF from PROCCLK Delay Time 25 

tD52 DIR245 from PROCCLK Delay Time 45 

tD53 GATE245 from PROCCLK Delay Time 55 

tD54 -INTA Valid from PROCCLK Delay Time 42 

Notes: 3. FASTMODE = 1, MEM write only. FASTMODE = 0, MEM read only. 

4. DIR245 goes low for a write cycle. It will remain high for read cycles. 
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Unit Condition 

ns Note 3 

ns 
FASTMODE = 1, MEM 
Read Only 

ns 

ns 

ns 

ns 

ns 
--... "" .. ""------,.-~.~--"""='" 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns Note 4 

ns 

ns 

ns 
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VL82C1018 

RESET AND CLOCK TIMING WAVEFORMS 

PROCCLK 
tH7-

POWERGOOO 
NOTE 

RESET 

A1, M/-IO 

-S1, -SO 

-ENAS 

SYSCLK 

RESCPU 

PCLK 

-PCLK 

OSC 

/ / V\...F\JL// / ~ 

~~~--~~--~-----// // 

----~--+-~~-------//--------------//~----

tSU15 
//--+---

--------------//~----

~~~~~---------------//--------~~I ~ 
t09 

t09 

MHZl19 $f-__ t_:<_: _________ --' 

Note: POWERGOOO is an asynchronous input. This specification is given for testing purposes only, to assure 
recognition at a specific PROCCLK edge. 

A_'27 

I 
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1/0 TIMING WAVEFORM 

PROCCLK 

-so, -S1 

ALE 

OT/-R 

-OENLO, 
-OENHI 

-REAOY 

-lOR, XIOR 

-IOW,XIOW t026 t026 

XOATAOIR 

tH29 

--t1 
-IOCS16 

IOCHROY 

4TW 
CYCLES 

// 

VL82C1018 

TWFROM 

~+--+----//---+--~--~------

~r-~---//---+---+--~-----

~--+----//---+--~--~~ 

// 

// 

t025 t025 

// 

// 
t027 t027 

~ 
// 

// 

tSU30 ~ /J tSU30 

\ 

Note: -READY is an open drain output and requires a pull-up resistor that pulls the signal high within two PROCCLK cycles. 
We recommend 700 Q for the pull-up resistor for 10 MHz and 12 MHz systems. 
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VL82C1018 

MEMORY TIMING WAVEFORM 

~ WRITE READ--~~~-------------

2TW I.- TS --.... - CYCLES 

PROCCLK // 

-so, -S1 ~-----r----//------==~---J---

ALE 

RAM ALE 
FASTMODE =0 

RAMALE 
FASTMOOE = 1 

RAS 
FASTMOOE =0 

t034 

RAS 
FASTMOOE = 1 

ENORAS 

OT/-R 

-OENLO, 
-OENHI 

-MEMR. 
-XMEMR. 
-SMEMR 

-MEMW. 
-XMEMW. 
-SMEMW 

-wso 

F16 

-MEMCS16 

t021 

t039 

// 

// 

// 

// 

// 

t036 t038 

// 

// I I 
td22 --.J 

// 

// 

,. tD40 

// I 
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CONVERSION TIMING WAVEFORM 

PROCCLK 

ALE 

AO 

SAO 

-XBHE 

-lOR, 
-lOW, 
-MEMR, 
-MEMW 

Q1 

CNTLOFF 

01R245 

t050 

t052 
---~---t-, - --NOTE ----

3TW 
CYCLES 

// 

VL82C1018 

tD50 

GATE245 
14- t053 \4-

-----+--+---~/-----------------~~//-~------_I 

-WSO 

F16 

/( ~ ,~LL ______________ ~" 
-IOCS16 ~V 

Note: DIR245 goes low for a write eye e. . I It will remain high for read cycles. 
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INTA TIMING WAVEFORM 

PROCCLK 

I I 

I \ 
I 

/ ALE 

I 
t054--.J ~ 

1 
~t054 

) -iNTA 

I 
\ 

I I \ / 
OTl-R 

I 

I I 
I I 

I I 
-OENLO 

I \ / 
I i 

~ ,.- t027 t027 ~ r- I 
XOATAOIR 
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DMA MODE TIMING 

Symbol Parameter Min Max Unit Condition 

tD55 -DMAAEN Delay 20 ns Note 1 

tD56 XDATADIR Delay 27 ns From -XIOR 

tD57 -lOR, -lOW Delay 40 ns 

tD5S -XBHE Delay 35 ns Note 2 

tD59 DIR245 Delay 35 ns 

tD60 -MEMW, -MEMR, -SMEMW, -SMEMR Delay 40 ns 

tD61 RAS Delay 35 ns 

tD62 GATE245 Delay 40 ns -AEN10nly 
-----~-.....,-"""--, 

Notes: 1. Either -AEN1 or -AEN2 forces -DMAAEN low. 
2. During -AEN2, -XBHE is low; during -AEN1, -XHBE follows XAO inverted. 

DMA MODE TIMING WAVEFORMS 

-AEN1, 
-AEN2 

-DMAAEN 

-XIOR, 
-XIOW 

tD56 

XDATADIR 

-lOR, 
-lOW \ 
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DMA MODE TIMING WAVEFORMS (Cont.) 

1.tD5~ ).tD5~ XAO 

. \ ' ) -XBHE 

-XMEMW, 
-XMEMR 

DIR245 

-MEMW, ____________________ ~----~ 
-MEMR, '---+ __ _ 
-SMEMW, 
-SMEMR 

I 

RAS 

-XMEMW, 
-XMEMR 
-XIOR \\..-------

~tD62~ 
GATE245 ----------~\~-------------

4-43 



• VLSI TECHNOLOGY, INC 
VL82C1018 

BUS MASTER MODE TIMING 

Symbol Parameter Min Max Unit Condition 

tD63 -XMEMR, -XMEMW from -MEMR, -MEMW Delay 250 ns 

tD64 -SMEMR, -SMEMW from -MEMR, -MEMW Delay 239 ns 

tD6S RAS from -MEMR, -MEMW Delay 237 ns 

tD66 -XIOR, -XIOW from -lOR, -lOW Delay 8 ns 

tD67 XDATADIR from -lOR, -lOW Delay 8 ns 

BUS MASTER MODE TIMING WAVEFORM 

-MEMR, 
-MEMW 

-XMEMR, 
tD63 tD63 

-XMEMW 

-SMEMR, 
tD64 tD64 

-SMEMW 

tD6S 

RAS 

-lOR, 
-lOW 

tD66 
-XIOR, 
-XIOW 

XDATADIR tD67 

Note: XDATADIR goes low only for -lOR when XA9, XA8 are low and -NPCS is not active. 
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REFRESH TIMING 
I I I Unit I Condition Min Max I Symboi I Parameter 

-
tSU68 REFRESH to PROCCLK Setup Time 20 ns 

-
t069 REFEN from PROCCLK Oelay Time 35 ns 

-

I 
XMEMR, SMEMR from PROCCLK 

I I 60 I ns 

-
MEMR, 

t070 I OelayTime 

REFRESH TIMING WAVEFORM 

PROCCLK 

SYSCLK 

-REFRESH 

II 
tD69 

-REFEN 

-MEMR, 
-XMEMR, 
-SMEMR 

~tD70 ~tD70 
----------------,\L ________________ , 
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VL82C101B 

NUMERICAL PROCESSOR INTERFACE TIMING 

Symbol Parameter Min Max Unit Condition 

tD71 -BUSY286 from -BUSY287 Delay 35 ns 

tH72 -ERROR from -BUSY287 Hold Time 15 ns 

tSU73 -ERROR to -BUSY287 Setup Time 20 ns 

tD74 -BUSY286 from -lOW Delay 35 ns 

tD75 RESET287 from -lOW Delay 35 ns 

tSU76 XA Inputs to -lOW Setup Time 25 ns 

tH77 XA Inputs from -lOW Hold Time 20 ns 

tD78 XA Inputs to -NPCS Delay 35 ns 

tD79 XA Inputs to -PPICS Delay 35 ns 

NUMERICAL PROCESSOR INTERFACE TIMING WAVEFORM 

-BUSY287 ~ -J \\----,..11 

~RROR t~~H72==t ~ '~ ______________ ~/ __ --------------------------

tD71 tD71 

-BUSY286 __ ~_-.I ~ 

-lOW 

XAS-9, 
XA3,XAO 

RESET287 

-NPCS 

-PPICS 

tD74 
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AC TESTING -lNPtlT, OUTPUT WAVEFORM 

INPUT ~ OUTPUT~ 

0.2 V 
_----t'b(10S V *,---1.5 V_ 

f.---AC TEST POINT~ 

3.5 V 

AC TESTING - LOAD CIRCUIT 

+ DEVICE UNDER TEST 

*Includes scope and jig capacitance. 

AC TESTING - LOAD VALUES 

Test Pin CL (pF) 

49 200 

39-42,46,50,51,65 150 

20-22,31,34-37,45,47, 100 

29 60 

All Others 50 
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ABSOLUTE MAXIMUM RATINGS 
Ambient Operating 
Temperature O°C to +70°C 

Storage Temperature -65°Cto + 150°C 

Supply Voltage to 
Ground Potential -0.5 V to +7.0 V 

Applied Input 
Voltage 

Power Dissipation 

-0.5 Vto + 7.0 V 

500mW 

Stresses above those listed may cause 
permanent damage to the device. 
These are stress ratings only. Func
tional operation of this device at these 
or any other conditions above those 

VL82C1018 

indicated in this data sheet is not 
implied. Exposure to absolute maxi
mum rating conditions for extended 
periods may affect device reliability. 

DC CHARACTERISTICS: TA = O°C to +70°C, VDD = 5.0 V ±5%, VSS = 0 V 

s ymDol Parameter Min I I I Max Unit Condition 

VOH Output High Voltage 2.4 V IOH =-3.3 mA 

VOl1 Output low Voltage 0.45 V IOl = 20 mA, Note 1 

VOL2 Output low Voltage 0.45 V tOl = 8 mA, Note 2 

VOl3 Output low Voltage 0.45 IOl = 2 mA, All Other Pins 

VIH Input High Voltage 2.0 VDD + 0.5 V Except POWERGOOD 

Vil Input low Voltage -0.5 0.8 V 

VIHS Input High Voltage 4.0 VDD + 0.5 V POWERGOOD, Schmitt-trigger 

CO Output Capacitance 8 pF 

CI Input Capacitance 8 pF 

Cta Input/Output Capacitance 16 pF 

IlOl Three-state leakage Current -100 100 ~ 

III Input leakage Current -10 10 JlA Except -SO, -S1, XTAl1 (2), XTAL2(2) 

IllS Input leakage Current -0.5 0.01 JlA -SO, -S1, Note 3 

ILIX Input leakage Current 50 50 JlA XTAl1 (2), XT AL2(2) 

ICC Power Supply Current 20 mA Note 4 

Notes: 1. Pins 39-42 and 49-51. 
2. Pins 20-22,31,34-37,45-47 and 65. 
3. -S1 and -SO have small pull-up resistors to VDD and source up to 0.5 mA when pulled low. 
4. Inputs = VSS or VDD, outputs not loaded. 
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FEATURES 

PCI AT-COMPATIBLE MEMORY CONTROLLER 
DESCRIPTION 

• Fully compatible with IBM PC/AT-type 
designs 

The VL82C102A PC/AT-Compatible 
Memory Controller generates the row 
and column decodes necessary to 
support the dynamic RAMs used in PC/ 
AT-type systems. In addition, the 
device allows five motherboard memory 
options for the user, up to a full 4M-byte 
system. Four of the five options allow a 
full 640k-bytes user area to support the 
disk operating system (DOS). In 
addition, the VL82C102A provides the 
upper addresses to the VO slots, the 
chip select for the ROM and RAM 

• Completely periorms memory control 
function in IBM PC/AT-compatible 
systems 

• Replaces 20 integrated circuits on 
PC/AT-type motherboard 

• Support 12 MHz system clock 

• Device is avaiiabie as "cores" for 
user-specific designs 

• Designed in CMOS for low power 
consumption 

BLOCK DIAGRAM 

-OMAAEN 

XAO .... ·f------------..r~:FFERI .... ~I-------·· 
I I .--

A 17-A23 .. -+ 
BUFFER 

CPUA20 

A20GATE 
CPUHLDA 

--+ 
--+ MUX A20r::: 

--< ENABLE 

----.r-< OE 

ALE 

-MASTER 

RAMALE 

RAMSELO ") 
RAMSEL1 ~ 

RAMSEL2 }' 
-REFRESH 
ADDRSEL 

REFBIT9 
RESET 
OUT2 

XDO-XD7 

-IOCHCK} 
-XMEMR 

-PARERROR 

XA16. XA4} -PPICS 
-ENAS 

Q1 
-XIOR 
-X lOW 

T 
4~ 
~R:> 

D-

... NMI .. LOGIC 
NMICS r 

l 
... 110 .. 

DECODE 

t" ~ LATCH 

~ GATE f--

ENABLE 

~ rllll,...r-r-n ourren 

r--+ DIR 

BUFFER .. ..... 

I .. r:r LATCH L=: MEMORY 

~ 

L~ .1- DECODE 
.. LATCH 
I -

~ ~ LATCH ... PORTB -
PORTBRD 

.--- t--

1 
ENRAMPCK 
ENIOCK 

W 
PORTBWR I--
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... 

.... 

... .. 

.. 

.. 

.. 

.. 

SAO 

SA17-SA19 

AEN 

LA17-LA23 

MAS-MA9 

F16 

I§r 
lCAS1 

{

-LMEGCS 
-LCSOROM 
-LCS1ROM 
-MDBEN 

SPKRDATA 

NMf 

{

-CS8042 
RTCDS 
RTCAS 
RTCR/-W 

memory, and drives the system's 
speaker. 

The device is manufactured with VLSI's 
advanced high-performance CMOS 
process and is available in a JEDEC
standard 84-pin plastic leaded chip 
carrier (PLCC) package. The 
VL82C102A is part of the PC/AT
compatible chip sets available from 
VLSI. Please refer to the Selector 
Guide in the front of this manual. 

ORDER INFORMATION 
Part 
Number Package 

Plastic Leaded Chip 
Carrier (PLCC) 

Note: Operating temperature range is 
O°C to + 70°C. 
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PIN DIAGRAM 

CPUHLOA 

CPUA20 

-MASTER 

RAMALE 

RAMSEL2 

VSS 

F16 

RASO 

RAS1 

CASO 

CAS1 

-LMEGCS 

-LCSOROM 

-MDBEN 

VSS 

SAO 

XAO 

AEN 

VSS 

VOD 

XDO 

-10 RE RAM -X -P -E 
CHCK SET ALE VDD NC SELO MEMR PICS -XIOW NAS 

A2.0 DMA -RE -PAR RAM 
GATE OUT2 -AEN FRESH ERROR VSS SEL1 XA4 -XIOR Q1 

ADDR 
SEL 

e 
73 

72 

71 

70 

69 

VL82C102A 68 

67 

TOP VIEW 
66 

65 

64 

63 

62 

61 

60 

59 

58 

57 

56 

55 

54 
34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 

XD1 I XD3 I XD5 I XD7 I A23 I A21 I A19 I A17 d VDD IPARENI XA16 

-L S1 
XD2 XD4 XD6 VSS A2.2 A2.0 A18 ROM SA17 VSS 
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REFBIT9 

RTCAS 

RTCDS 

RTCR/-W 

-CS8042 

VSS 

NMI 

SPKRDATA 

MA9 

MA8 

VSS 

LA23 

LA2.2 

LA21 

LA20 

LA19 

VSS 

LA18 

LA17 

SA19 

SA18 
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SIGNAL DESCRIPTIONS 

Signal Pin Signal 
Name Number Type 

NC 2 

-PARERROR 3 

-REFRESH 5 

ALE 6 

-DMAAEN 7 

RESET 8 

OUT2 9 

-IOCHCK 10 

A20GATE 11 

CPUHLDA 12 

CPUA20 13 

-MASTER 14 

RAMALE 15 

RAMSEL2 16 

F16 18 0 

RASO 19 0 

RAS1 20 0 

CASO 21 0 

CAS1 22 0 

-LMEGCS 23 0 

-LCSOROM 24 0 

Signal 
Description 

No Connect 

VL82C102A 

Parity Error - A low true input used to indicate that a memory parity error 
has occurred. 

Refresh - An active low input used to initiate a refresh cycle for the dynamic 
RAMs. 

Address Latch Enable - This is a positive edge input that controls the 
address latches which hold the address during a bus cycle. ALE is not 
issued for a halt bus cycle. 

DMA Address Enable - This is an active low input. It is active whenever an 
110 device is making a DMA access to the system memory. 

Reset - This active high input signal is the system reset generated from a 
POWERGOOD. It is synchronized to PROCCLK. 

Out 2 - The output of the timer controller. ,It can be read by the CPU on 
Port B. 

VO Channel Check - This active low input is asserted by devices on the 
expansion bus. It will generate a non-maskabie interrupt if NMI is enabied. 
-IOCHCK can be read by the CPU on Port B. 

A20GATE - Used to select the proper value for address bit 20. CPUA20 is 
transmitted out as A20 if A2OG.ATE is high, otherwise A20 is forced low. 

CPU Bus Hold Acknowledge - This input indicates ownership of the local 
CPU bus. When high, this signal indicates that the CPU has three-stated 
its bus drivers in response to a hold request. When low, it indicates that 
the CPU bus drivers are active. 

CPU Address Bus Bit 20 - It is transmitted out as A20 if A20GATE is high. 

Mastei - An active low input. It is asserted low by devices on the expan
sion bus. A low indicates that another device is active. 

RAM Address Latch Enable - Used in the FASTMODE of operation. When 
FASTMODE is inactive RAMALE is equal to ALE 

RAM Select 2 - Used with RAMSELO and RAMSEL 1 to select the system 
RAM configuration .. 

An output that indicates a word memory access. It is used to inhibit 
command delays during a 16 bit memory access. 

RAM Address Select 0 - An active high output that is the select signal for 
the lower address bank of RAM. 

RAM Address Select 1 - An active high output that is the select signal for 
the upper address bank of RAM. 

An active high output that is the select signal for the lower bank of RAM. 

An active high output that is the select signal for the upper bank of RAM. 

Lower Megabyte Chip Select - An active low output that indicates that the 
lower memory address space (0-1 megabyte) is selected. 

Latched Chip Select 0 for ROM - An active low output that is the latched 
chip select for the ROM address space. 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal 
Name 

-MOBEN 

SAO 

XAO 

AEN 

XDO-XD3 

XD4-XD6 

XD7 

A17-A23 

-LCS1ROM 

PAREN 

SA17-SA19 

XA16 

LA17, LA18, 
LA19-LA23 

MA8, MA9 

SPKRDATA 

NMI 

-CS8042 

Pin 
Number 

25 

27 

28 

29 

32-35 

36-38 

39 

47-41 

48 

51 

50,54,55 

53 

56,57 
59-63 

65,66 

67 

71 

70 

Signal 
Type 

o 

VO 

VO 

0 

VO 

0 

VO 

VO 

0 

0 

0 

VO 

o 

o 

o 

o 

Signal 
Description 

VL82C102A 

Memory Bus Enable - An active low output that controls the direction of 
data flow between the system and memory data buses. When -MOBEN is 
high data flows from memory to system. When low, data flows from 
system to memory. 

System Address Bus Bit 0 - This signal will be an output with the value of 
XAO when -OMAAEN is low. It will be an input and drive XAO when 
-OMAAEN = 1. 

Peripheral Address Bus Bit 0 - This signal is an output driven by SAO when 
-OMAAEN = 1, and an input driving SAO when -OMAAEN = O. 

Address Enable - This is an output signai for the expansion bus. It wiii go 
low when master is active or HLOA is inactive. 

Peripheral Oata Bus Bits 0-3 - These are data bits for the peripheral bus. 
They are outputs when Port B is being read; otherwise they are inputs. 

Peripheral Oata Bus Bits 4-6 - These are data bits for the peripheral bus. 
They are driven as outputs when Port B is being read, otherwise three
stated. 

Peripheral Data Bus Bit 7 - An output when Port B is read, and an input 
which enables NMI during an NMICS. 

CPU Bus Bits 17-23 - These are the upper bits of the CPU address bus. 
Outputs when -MASTER is low, inputs when -MASTER is high. 

Latched Chip Select 1 for ROM - The active low latched chip select output 
for the high ROM address space. 

Parity check Enabled - Logical OR of CASO and CAS1, indicates a memory 
access so parity check is enabled. 

System Address Bus Bits 17-19 - A 17 -A 19 are latched by ALE and trans
mitted out on these outputs when CPUHLDA is inactive. They are driven 
directly by A17-A19 when CPUHLDA is active and -MASTER is inactive. 
They are three-stated when -MASTER is active. 

Peripheral Address Bus Bit 16 - This switches between -LCSOROM and 
-LCS1ROM. 

System Address Bus Bits 17-23 - These are the upper bits of the system 
address bus to the expansion slots. These pins are configured as outputs 
when -MASTER is high, and as inputs when -MASTER is low. 

DRAM Memory Address Bus Bits 8-9 - These outputs are the 8th and 9th 
bit of the DRAM memory address. They are located on the VL82C102A to 
allow system address mapping. REFBIT9 is multiplexed into MA8 during a 
refresh cycle. 

Speaker Data - Output to be buffered by the 75477 and sent to the 
speaker. 

Non-maskable Interrupt - This output is the non-maskable interrupt Signal 
for the CPU. 

Chip Select signal for the Keyboard Controller - This active low output is 
the chip select signal for the keyboard controller programmable interface 
device. 
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SIGNALDESCRlPT10NS {Cent.} 

Signal 
Name 

-RTCRIW 

RTCDS 

RTCAS 

REFBIT9 

ADDRSEL 

-ENAS 

Q1 

-X lOW 

-XIOR 

-PPICS 

XA4 

-XMEMR 

RAMSEL1 

RAMSELO 

VDD 

VSS 

Pin 
Number 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

4,31,49 

1,17,26,30, 
40, 52, 58, 64, 
69 

Signal 
Type 

o 

o 

o 

Signal 
Description 

VL82C102A 

Real Time Clock Signal for ReadlWrite - This is the read/write select output 
signai for the real time clock. A high indicates a read operation and a low 
write operation. 

Real Time Clock Data Strobe - This is the data strobe for the real time 
clock. 

Real Time Clock Address Strobe - This is the address strobe for the real 
time clock. 

Refresh Bit 9 - The carry out of the refresh counter. It is used to generate 
a refresh for 1 M DRAMs. It is multiplexed out as MA8 when -REFRESH is 
active. 

Address Select - This input is a multiplex row/column select for the Memory 
Address Bus drivers. 

Enable Address Strobe - This active low input is used to enable the 
address strobe on the real time clock. It will go low the first time -SO is 
asserted after a system reset. 

Goes active during the second phase of a CPU bus cycle following the TS 
state. It is used by the VL82C1 02A chip to generate the address strobe for 
the real time clock. 

Input/Output Write - The active low input command to and from the 
peripheral bus. Used to generate selects for the keyboard controller, real 
time clock, and Port B. 

Input/Output Read - The active low input command to and from the 
peripheral bus. Used to generate selects for the keyboard controller, real 
time clock, and Port B. 

Programmable Peripheral Interface Chip Select - An active low input used 
to generate the chip select for the keyboard controller. 

Peripheral Address Bus Bit 4 - An input used to generate selects for the 
keyboard controller, real time clock, and Port B. 

Memory Read - An active low input command to and from the peripheral 
bus. This pin is used to determine the direction of data on the memory 
data bus and to clock in parity check results. 

RAM Select 1 - This input is used with RAMSELO to designate the system 
RAM configuration. 

RAM Select 0 - This input is used with RAMSEL 1 to designate the system 
RAM configuration. 

System Power: 5 V 

System Ground 
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FUNCTIONAL DESCRIPTION 
The VL82C102A Memory Controller 
provides address buffering for the upper 
address bits on the system and CPU 
address buses. It generates chip selects 
for the two possible RAM banks and the 
two possible ROM banks. The 
VL82C102A also contains the Port B 
register logic to control the Non-Mas
kable Interrupt signal and the speaker. It 
also generates chip select decodes for 
the keyboard controller and real time 
clock. 

MEMORY DECODES 
The upper address bits A 17 -A23 and 
XA 16 are used to decode chip selects for 
all on-board memory. The three option 
inputs RAMSEL2, RAMSEL 1, and 
RAMSELO are used to select one of five 
possible memory mapping options. 
Refer to Figure 1. 

RAM SELECTS 
The memory mapping options shown in 
Figure 1 are used to generate the enable 
signals for the RAS and CAS pulses to 
the DRAMs. RASO and CASO are the 
enables for Bank O. RAS1 and CAS1 
are the enables for Bank 1. These 
signals will be active anytime the decode 
on address bits A 17-A23 fall in the 
ranges shown in the memory maps. The 
signals are latched by the input signal 
RAMALE. The latches will be transpar
ent while RAM ALE is high and hold the 
value in the latch while RAMALE is low. 
The latch clocks will also be forced high 
when CPUHLDA is active making the 
latches transparent during all hold 
acknowledge operations. 

When -REFRESH is active, address bits 
A 17 -A23 are ignored and both RASO and 
RAS1 are forced active (high) while 
CASO and CAS 1 are forced inactive 
(low). 

MA8 AND MA9 
A 17 -A23 are also used to generate four 
address bits for the upper address bits of 
the DRAM memory space. These 
address bits are also latched by the 
combination of RAMALE and CPUHLDA 
as described for the RAM selects. The 
four latched address bits are then 

multiplexed out on MA8 and MA9. MA9 
is needed only if a memory mapping 
option using 1 M-bit DRAMs is selected. 
REFBIT9 is multiplexed out onto MA8 
during refresh cycles. 

ROM SELECTS 
The ROM address space is decoded 
from A 17 -A23 and latched by ALE. 
These latches are also forced transpar
ent when CPUHLDA is active in the 
same manner as the latches for the RAM 
chip selects. This latched value is then 
split into the two signals -LCSOROM and 
-LCS 1 ROM using the XA 16 input. H two 
banks of 32K by 16-bit words of ROM 
are used, the XA 16 input must by tied to 
the XA16 signal on the system board to 
select the proper bank based on the 
value on XA16. If XA16 is low, 
-LCSOROM will go active any time the 
ROM address space is decoded. H 
XA16 is high, -LCS1ROM is decoded. 
In this configuration -LCSOROM selects 
the address space from OE 0000 to OE 
FFFF while -LCS1 ROM selects the 
address space OF 0000 to OF FFFF. 
When only using one bank of 16K, 32K, 
or 64K by 16-bit words of ROM, the 
XA 16 input can be tied high and 
-LCS1 ROM used to select the bank. In 
this configuration -LCSOROM will always 
remain inactive while -LCS1 ROM 
selects the address space OE 0000 to OF 
FFFF. 

The ROM address space is duplicated at 
FE 0000 to FF FFFF and the chip selects 
will go active in the same manner as 
described above in this address space. 

UPPER ADDRESS BUFFERS 
The VL82C102A provides buffer drive 
capability to drive the card slots on the 
1/0 Signals LA 17 -LA23 and SA 17 -SA 19. 
The values on A 17 -A23 are passed 
directly through to the LA 17 -LA23 
outputs if -MASTER is high. H 
-MASTER is low LA 17 -LA23 become 
inputs and pass the value on those pins 
to the A 17 -A23 bus. 

A 17 -A 19 are latched by ALE and driven 
onto the SA 17 -SA 19 bus whenever 
CPUHLDA is low. When CPUHLDA is 
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high and -MASTER is high, the latch is 
bypassed and A 17 -A 19 is driven directly 
to SA17-SA19. SA17-SA19 will be left 
floating when CPUHLDA is high and 
-MASTER is low. 

ADDRESS BIT 20 
Address bit 20 is handled differently than 
the other address bits. The A20 signal 
will be generated directly from CPUA20 
(which should be connected to A20 on 
the 80286 CPU) if the input A20GATE is 
high. If A20GATE is low, the A20 signal 
is forced low. 

ADDRESS BIT 0 
A buffer transceiver between XAO and 
SAO is also provided on the VL82C 1 02A. 
H the input -DMAAEN is high, signal flow 
is from SAO to XAO. H -DMAAEN is low, 
signal flow is from XAO to SAO. 

PORTB 
The Port B register in an AT -compatible 
design is located on the VL82C1 02A. It· 
can be read or written to with an 1/0 
command to address 61 hex. Port B is 
used to control the speaker and mask 
out NMI sources. It can be read to find 
status of -REFRESH, speaker data, and 
possible sources of NMI. 

1/0 DECODES 
The VL82C1 02A provides the chip select 
signals for the on-board 1/0 peripherals 
(keyboard controller and real time clock). 

NMI LOGIC 
The logic necessary to control the Non
Maskable Interrupt (NMI) signal to the 
processor is contained in the 
VL82C102A. An NMI can be caused by 
a parity error from the system board 
DRAM or if an va adapter pulls the input 
10CHCK low. These two possible 
sources can be individually enabled to 
cause an NMI by setting the appropriate 
bits in the Port B register. At power-up 
time, the NMI signal is masked off. NMI 
can be masked on by writing to 1/0 
address 070 hex with bit 7 low, or 
masked off by writing to 1/0 address 070 
hex with bit 7 high. 
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FIGURE 1.ME-MORY MAP OPTIONS-

03 FF 

OA 00001 
OB FFFR~=====! 
OC 00001 

aD FFFR;:::. ==~ 
OE 00001 
OF FFFFI~. ==~ 

10 0000 It-----! 

FE 00001 
FF FFFF...... __ -----I 

18 X 256K 

000 

18 X 256K 
18 X 64K 

001 

15 FFFF 

18 X 256K 
18 X 256K 

010 

18X 1M 

011 
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18 X 1M 
18X 1M 

VL82C102A 

128K BYTES 

SYSTEM BOARD RAM 512K 

SYSTEM EXPAN. TO 640K 

GRAPHICS DISPLAY BUFFER 

1/0 ADAPTERS ROM 

SYSTEM BOARD ROM 

25 FFFF 

DUPLICATE ASSIGNMENT 
FOR SYSTEM BOARD ROM 

BANK a J:}:/::J 
BANK1-

100 RAMSEL2, RAMSEL 1 J RAMSELO 
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AC CHARACTERISTICS: TA = O°C to +70°C, vee = 5 V ± 5%, VSS = 0 v 

PERIPHERAL CONTROL TIMING 

Symbol Parameter 

t01 SPKROATA Output Delay 

t02 NMI Output Delay 

t03 RTCOS, -RTCRIW, -CS8042 Output Delays 

t04 RTCAS Output Delay 

PERIPHERAL CONTROL TIMING WAVEFORMS 

OUT2 
-ENAS 
Q1 
-PPICS 
XA4,XAO 
-XIOW 
-XIOR 

RTCOS 
-RTCRIW 
-CS8042 

RTCAS 

SPKROATA 

-PARERROR 

\ / 
I \ 

... ..... 

... ..... 

.... -

t03 

t04 

tD1 

Min Max 

40 

40 

35 

40 

... -
\ / 
J\ 

... -
\ V 
J 1\ 

.. I 

VL82C102A 

Unit Condition 

ns CL = 50 pF 

ns CL = 100 pF 

ns CL= 50 pF 

ns CL= 50 pF 

-X lOW t 
-I/OCHCK 

~~~~~~~~~~_I4_~~~-t_02~~ __ ~:'*-1 -:_ -_ -_ -_-_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_-_ 
NMI 
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XD BUS TIMING 
I Symboi I Parameter 

tD5 XD Bus Delay 

tH6 XD Bus Hold Time 

tSU7 XD Bus Setup Time 

tH8 XD Bus Hold Time 

XD BUS TIMING WAVEFORMS 
Output 

-XIOR 
XA4 
-PPICS 

I 
Min 

6 

20 

12 

VL82C102A 

I Max I 
Unit] Condition 

40 ns XD Output 

ns XD Output 

XD input 

I I 
ns 

I ns XD -Input 

XD BUS 
(OUTPUT) 

tH6_ .... ~ ____________ t_D_5====jt__________________________ ..... __ H_IG_H_Z __ _ 
VALID DATA OUT . HIGHZ 

1"", •• + n • ..., ..... 

-X lOW 
XA4 
-PPICS 

----tSU7-------,~~~--

XD BUS VALID DATA IN ___ _ 
(INPUT) 
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VL82C102A 

ADDRESS CONTROL TIMING 

Symbol Parameter Min Max Unit Condition 

tOg F16 Output Delay 40 ns CL = 50 pF 

tD10 RASO/1, CASO/1 Delay from A 17 -A23 45 ns CL = 50 pF, RAMALE High 

tD11 RASO/1, CASOn Delay from RAMALE 24 ns 

tD12 -LMEGCS Delay from ALE 30 ns CL= 50pF 

tD13 -LCS1 ROM, -LCSOROM Delay from ALE 35 ns CL = 50 pF 

tD14 -LCS 1 ROM, -LCSOROM Delay from A 16 20 ns CL= 50 pF 

tD15 MDBEN Output Delay 30 ns CL = 50 pF 

tD16 AEN Output Delay 35 ns CL = 150 pF 

Note: RAMSELO, RAMSEL 1, and RAMSEL2 are assumed setup one processor clock before the user generates any memory 
control signals. These inputs are normally strapped to VDD or VSS in a system. 

ADDRESS CONTROL TIMING WAVEFORMS 

A17-A23 
-REFRESH 

F16 

x~ 
~ .... tOg ....... ... 

~~ ... ~ 

RASOn .... tD10---"'~ ~----------1.... i 
CASO/1 -------------------
(WITH RAMALE 
HIGH) 

RAMALE 

RASO/1 
CASO/1 

~----tD11 • 
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ADDRESS CONTROL TIMING WAVEFORMS (Cont.) 

ALE 

-LMEGCS 

-LCSOROM 
-LCS1ROM 

XA16 

-LCSOROM 
-LCS1ROM 

-XMEMR 

-MOBEN 

CPUHLOA 
-MASTER 

AEN 

-{i4-d -- tD12_\ ---r-.I 

~ 1 __ ----------____________ __ 

\}L~----/~t ___ ~i·----------------- I 

'141.L----------- t013-----==-.. --..:1-________ _ 

~-- tD14--.r1L _________________ _ 
----------------~ 

~~===tD===='1:1 1015--1 

....... -- t016---...,L ___________________ _ 
---------------~------~ 
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ADDRESS BUS TIMING 

Symbol Parameter Min Max Unit Condition 

tD17 MA8, MA9 Delay from RAMALE 24 ns CL = 150 pF 

tD18 MA8, MA9, Delay from ADDRSEL 6 17 ns Note, CL = 150 pF 

tD19 MA8 Delay from REFBIT9 27 ns -REFRESH = 0 

tSU20 A 17 -A23 Setup to ALE, RAMALE 45 ns 

tH21 A 17 -A23 Hold 10 ns 

tD22 XAO/SAO Delay 35 ns CL = 50 pF SAO, CL -100 pF XAO 

tD23 SA17-SA19 Delay 40 ns CL = 200 pF, CPUHLDA = 1, -MASTER = 1 

tD24 SA 17 -SA 19 Delay from ALE 35 ns CL = 200 pF, CPUHLDA = 0 

tD25 LA 17 -LA23 Delay 40 CL = 200 pF, -MASTER = 1 

tD26 A 17 -A23 Delay 40 CL = 50 pF, -MASTER = 0 

Note: tD18 delay may be derated by a factor of .04 ns/pF for heavier loads. 

ADDRESS BUS TIMING WAVEFORMS 

RAMALE 

REFBIT9~ ____ _ 

(-REFRESH = 0) 

MA8 

Note: tSU20 is specified with respect to the falling edge of RAMALE to guarantee the correct address decodes will be latched 
in. tSU20 is shown with respect to the rising edge of RAMALE to show time required for address decodes such that 
propagation delays tD17 and tD11 will be valid. The time does not have to be met with respect to the rising edge for 
correct functionality. 
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ADDRESS BUS TIMING WAVEFORMS (Cont.) I 

XAO ~~----------....:......----- ~V_A_L1_D _____ _ 
(OUTPUT~) ___________ ~ ____ _ 

-----------------
~~~UT) -------------
(-DMAAE:N~=~O~) __________ ..:...-___ _ 

SAO 

(OUTPUT:2) _______ --======~~===~=---------
VALID 

A17-A19 

I 
SA17-SA19 VALID 

ALE 

SA17-SA19 

tD24~ 

>K ____ __ -------------

A17-A23 

(!NPUT)------- * 
(-MASTER = 1) ~- tD25 

-------------- VALID ADDRESS 
LA17-LA,~23~ ______ -:-____ _ 

LA17-LA23 
(INPUT)------- ___ _ 
(-MASTER = 0) tD26 

A17-A23 _____________ _ VALID ADDRESS 
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ADDRESS BUS TIMING WAVEFORMS (Cont.) 

LA17-LA23 
(INPUT) -------
(-MASTER = 0) ~-- tD26 ---I" 

A17-A23 VALID ADDRESS 

MISCELLANEOUS INPUT TIMING 

Symbol Parameter Min Max Unit Condition 

t27 Min High (Active) Time on RESET 100 ns 

t28 Min Low time for -XMEMR 40 ns 

MISCELLANeOUS INPUT TIMING WAVEFORMS 

RESET -----------I ..... -----t27 ------t~ .. '_ _______ _ 

-XMEMR~ _____ ~~~~_-_-_-~_t2_8~~~_-_-~_~_~~~--------------_________ _ 
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AC TESTING -INPUT, OUTPUT WAVEFORM 

INPUT ~ OUTPUT~ 

0.2 V 
~1.5 V *"-----1,5 V 

----~I. AC TEST POINTS~ 

3.5 V 

AC TESTING - LOAD CIRCUIT 

DEVICE UNDER TEST 

I 

CL* 

* Includes scope and jig capacitance. 

AC TESTING - LOAD VALUES 

Test Pin CL (pF) 

27,29,50,54-57,59-63 200 

65,66 150 

28,32-39 100 

All Others 50 
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ABSOLUTE MAXIMUM RATINGS 
Ambient Operating 
Temperature 

Storage Temperature 

Supply Voltage to 
Ground Potential 

Applied Input 
Voltage 

Power Dissipation 

0°Cto+70°C 

-65°C to + 150°C 

-0.5 V to 7.0 V 

-0.5 V to +7.0 V 

500mW 

Stresses above those listed may cause 
permanent damage to the device. 
These are stress ratings only. Func
tional operation of this device at these 
or any other conditions above those 

DC CHARACTERISTICS: TA = O°C to +70°C, VDD = 5V ±5%, VSS = 0 V 

Symbol Parameter Min Max Unit 

VOH Output High Voltage 2.4 V 

VOL1 Output Low Voltage 0.45 V 

VOL2 Output Low Voltage 0.45 V 

VOL3 Output Low Voltage 0.45 V 

VIH Input High Voltage 2.0 VDO + 0.5 V 

VIL Input Low Voltage -0.5 O.S V 

VIHS Input High Voltage 3.5 VDD + 0.5 V 

VILS Input Low Voltage -0.5 0.6 V 

CO Output Capacitance 16 pF 

CI Input Capacitance S pF 

CIO Input/Output Capacitance 16 pF 

ILOL Three-state Leakage Current -100 100 JlA 
III Input Leakage Current -10 10 JlA 
ICC Power Supply Current 25 mA 

Note: Inputs = VSS or VDD, outputs are not loaded. 
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indicated in this data sheet is not 
implied. Exposure to absolute maximum 
rating conditions for extended periods 
may affect device reliability. 

Condition 

IOH =-3.3 mA 

SAO, SA17-SA19, AEN, LA17-LA23, 
IOL=20mA 

MAS, MA9, F16, XAO, XDO-XD7, 
IOL=SmA 

All Other Pins, IOL = 2 rnA 

Except -REFRESH 

Except -REFRESH 

-REFRESH, Schmitt-trigger 

-REFRESH, Schmitt-trigger 

Note 
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FEATURES 

PC/AT-COMPATIBLE ADDRESS BUFFER 
DESCRIPTION 

• Fully compatible with IBM PC/AT-type 
designs 

• Completely performs address buffer 
function in IBM PC/AT -compatible 
systems 

• Replaces several buffers, latches and 
other logic devices 

• Supports up to 12 MHz system clock 

Device is available as "COies" for 
user-specific designs 

• Designed in CMOS for low power 
consumption 

BLOCK DIAGRAM 

A1-A16 D 0 

LATCH 
A1-16 

ALE GATE 

CPUHLDA ENABLE 

-DMAAEN 

The VL82C103A PC/AT-Compatible 
Address Buffer provides the system 
with a 16-bit address bus input from the 
CPU to 41 buffered drivers. The 
buffered drivers consist of 17 bidirec
tional system bus drivers, each capable 
of sinking 20 rnA (50 'LS loads) of 
current and driving 200 pF of capaci
tance on the backplane; 16 bidirectional 
peripheral bus drivers, each capable of 
sinking 8 rnA (20 'LS loads) of current; 
and eight memory bus drivers, also 
capable of sinking 8 rnA of current. On
chip refresh circuitry supports both 

SAO-SA16 

XA1-XA16 

SAO-SA8 

RESET --+--+-+-+---+ CLR o I-----I~I 

9 BIT 
COUNTER 

-REFEN -+-+-+-___ ---0 ENABLE 

GATE BIT9 
MUX 

ADDRSEL -+-+-+-+---------1-1----+ ...... SELO 

-REFRESH SEL 1 
L...I-4--t~1 D LATCH o ENABLE 

MAO-MA7 

RAMALE _-+-1---1 G A1-16 '--f--+------~ REFBIT9 

~ti ---_D}----_ -____ --,1--+ 1-~ .. BALE 

-BHE D 01 .--...... ----+---1 

LATCH 

GATE2 
ENABLE 

-XBHE 

-8BHE 

-B~~;~~R ________ ...s~ DECODE I~ ______ ... IR013 
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256K-bit and 1 M-bit DRAMs. The 
VL82C103A provides addressing for the 
I/O slots as well as the system. 

The device is manufactured with VLS!'s 
advanced high-performance CMOS 
process and is available in a JEDEC
standard 84-pin plastic leaded chip 
carrier (PLCC) package. The 
VL82C103A is part of the PC/AT
compatible chip sets available fiOm 
VLSI. Please refer to the Selector 
Guide in the front of this manual. 

ORDER INFORMATION 
Part 
Number Package 

VL82C103A-QC Plastic Leaded Chip 
Carrier (PLCC) 

Note: Operating temperature range is 
O°C to + 70°C. 

II 
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PIN DIAGRAM 

-BHE 

A8 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

VSS 

ALE 

CPUHLDA 

-DMAAEN 

-REFRESH 

-REFEN 

ADDRSEL 

RESET 

-ERROR 

REFBIT9 

VDD 

-SBHE 

A12 A14 A16 IRQ13 XA2 XA4 XA6 XA8 RAMALE A10 

-BUSY \ 
287 A9 A11 A13 I A15 \ VDD I XA1 I XA3 I XA5 I XA7 I VSS 

74 

73 

72 

71 

70 

69 

VL82C103A 68 

67 

TOP VIEW 
66 

65 

64 

63 

62 

61 

60 

59 

58 

57 

56 

55 

54 
34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 

VSS I SA15 I SA13 I VSS I SA10 I SA8 I SA7 I SA5 I VSS I SA2 I SAO 

SA16 SA14 SA12 SA11 SA9 VDD SA6 SA4 SA3 SA1 
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XA9 

XA10 

XA11 

XA12 

XA13 

XA14 

XA15 

XA16 

-XBHE 

VSS 

MA7 

MA6 

MA5 

MA4 

MA3 

MA2 

MA1 

MAO 

VDD 

BALE 

VSS 
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SIGNAL DESCRIPTIONS 

Signal Pin Signal Signal 
Name Number Type Description 

Ai-A8, 20-13 CPU Address Bus Bits 1-16 - The lower 16 bits of the CPU address 
A9-A16 9-2 bits. These are muitiplexed to the System Address Bus for the slots SA 1-

SA16, the Memory Address Bus MAO-MA7 and the Peripheral Address Bus 
XA1-XA16. 

RAMALE 10 RAM Address Latch Enable - This positive edge input controls the address 
latch for the Memory Address bus outputs (MAO-MA7). When used with 
the System Controller Chip, in FASTMODE, RAMALE wi!! open the 
memory address latches at the same time a -MEMR or a -MEMW is 
generated. If FASTMODE is not used, RAMALE is the same as ALE. The 
memory address latches are open when RAMALE is in the high state. 

-BUSY287 11 Busy 287 - A busy status input that is asserted by the 80287 to indicate 
that it is currently executing a command. 

-BHE 12 Bus High Enable - This is the active low input signal from the 80286 micro-
processor which is used to indicate a transfer of data on the upper byte on 
the data bus, D8-D15. I ALE 22 Address Latch Enable - This positive edge input controls the address 
latches which hold the address during a bus cycle. ALE is not issued for a 
halt bus cycle. All latches are open when ALE is in the high state. 

CPUHLDA 23 CPU Hold Acknowledge - This active high input indicates ownership of the 
local CPU bus. When high, this signal indicates that the CPU has three-
stated its bus drivers in response to a hold request. When low, it indicates 
that the CPU bus drivers are active. 

-DMAAEN 24 DMA Address Enable - This is an active low input which is active whenever 
an 1/0 device is making a DMA access to the system memory. 

-REFRESH 25 Refresh - An active low input which is used to initiate a refresh cycle for the 
dynamic RAMs. It is used to clock a refresh counter which provides 
addresses during the refresh cycle. 

-REFEN 26 Refresh Enable - An active low input that will be asserted when a refresh 
cycle is needed for the DRAMs. 

ADDRSEL 27 Address Select - This is a multiplex select for the Memory Address Bus 
drivers. When ADDRSEL is low, the lower order address bits are selected. 
When high, the high order address bits are selected. 

RESET 28 Reset - This active high input signal is the system reset generated from a 
POWERGOOD. It is synchronized to PROCCLK and used to reset the 
refresh counter. 

-ERROR 29 Error - This is an active low input which indicates an error has occurred 
within the 80287 coprocessor. 

REFBIT9 30 0 Refresh Bit 9 - This is the MSB of the refresh counter. When used with the 
Memory Controller chip a refresh address will be generated for 1 M byte 
DRAMs. 

-SBHE 32 110 System Bus High Enable - This is the system 110 signal used to indicate 
transfer of local data on the upper byte on the local data bus, D3-D15. 
-SBHE is active low and will be in input mode during bus hold acknowl-
edge. 

SAO-SA16 53-50, 48-45 0 System Address Bus Bits 0-16 - SAO will be active only during a 
43-40, 38-34 refresh cycle otherwise it will be three-stated (input mode). 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal 
Name 

BALE 

MAO-MA7 

XA1-XA16 

-XBHE 

IR013 

VDD 

VSS 

Pin 
Number 

55 

57-64 

83-76, 74-67 

66 

84 

1,31,44,56 

21, 33, 39, 49, 
54,65,75 

Signal 
Type 

o 

0 

110 

110 

0 

FUNCTIONAL DESCRIPTION 
The VL82C1 03A is part of a five chip 
set which together perform all of the on
board logic required to construct an IBM 
PC/AT-compatible system. The PC/AT
Compatible Address Buffer replaces 
several bus transceivers and address 
data latches located within the PC/AT
type system. The DRAM refresh 
circuitry is also located on this device. 

The primary function of the Address 
Buffer is to multiplex the 80286 micro
processor address lines (A 1-A 16) to the 
system address bus (SA 1-SA 16), the 
peripheral address bus (XA 1-XA 16), 
and the memory address bus (MAO
MA7). This is accomplished through 
two sets of 16-bit wide, positive .edge 
triggered latches and a group of data 
multiplexors. The two groups of latches 
can be seen in the block diagram of the 
device. One set of latches have their 
output enabled with CPUHLDA and are 
gated with ALE. This set of latches 
drive the SA and XA bus outputs. 
Another parallel set of latches are 
multiplexed into the MA lines and are 
gated with RAMALE. RAMALE is an 
early ALE signal which is generated 

Signal 
Description 

VL82C103A 

Buffered Address Latch Enable - An active high output that is used to latch 
valid addresses and memory decodes from the 80286. System addresses 
SAO-SA 16 are latched on the falling edge of BALE. During a DMA cycle 
bale is forced active high. 

DRAM Memory Address Bus Bits 0-7 - This 8-bit output is multiplexed 
using ADDRSEL to give a full 16-bit address. 

Peripheral Address Bus Bits 1-16 - These I/Os are used to control the 
coprocessor, keyboard, ROM memory and the DMA controllers. 

Transfer Byte High Enable - This is an active low 110 used to allow the 
upper data byte to be transferred through the bus transceivers. 

This is an active high output which indicates an error has occurred within 
the 80287 coprocessor. 

System Supply: 5 V 

System Ground 

inside the System Controller chip. 
When FASTMODE is enabled, 
RAMALE becomes active as soon as a 
-MEMR or -MEMW signal is generated 
(typically one PROCCLK earlier than 
ALE). This allows more setup time for 
the address to be multiplexed to the 
DRAMs. If FASTMODE is not enabled, 
RAMALE and ALE are identical signals. 
H the VL82C1 03A is not used in 
conjunction with the other PC/AT
devices, RAMALE and ALE should be 
wired together to provide maximum 
PC/AT-compatibility . 

The device also provides for address 
flow between the SA, XA, and MA 
buses and the -XBHE and -SBHE 
signals. This control flow is arbitrated 
with the CPUHLDA, -DMAAEN, and 
-REFEN inputs and is shown in 
Table1. 

Memory addresses are multiplexed 
from the SA and A bus sources and are 
controlled via the CPUHLDA, 
-REFRESH, and ADDRSEL inputs. 
The mapping and control is shown in 
Table 2. 
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A 9-bit refresh counter is provided on 
this device. This allows support for 
DRAMs of up to 1 M-bit in size. The 
refresh counter is clocked on the rising 
edge of the -REFRESH input. A 
latched register inside the counter 
latches in the current state of the 
counter on the falling edge of -REFEN 
and transfers this value to the internal 
bus which routes to the SA and MA bus 
outputs. The SAO output is provided 
only for refresh purposes and is driven 
only during this time. During a refresh 
the SA and MA bus outputs are driven 
from the output of the refresh counter 
latch 00-08. Refer to Table 3 for the 
mapping of the refresh counter to the 
bus lines. 

Note that all SA bus lines are driven 
during a refresh cycle. ADDRSEL is not 
normally toggled during a refresh cycle 
but is shown in Table 3 for complete
ness of the logic implementation. The 
REFBIT9 signal is the 08 output of the 
refresh counter. This is output to the 
Memory Controller chip which controls 
the upper MA address lines. This is 
required only for the refresh of 1 M-bit 
DRAMs. 
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TABLE 1. INTERNAL BUS CONTROL DECODE 
CPUHLDA 

0 

1 

1 

1 

I = Input Mode 
o = Output Mode 

-DMAAEN I 

1 

0 

1 

1 

-REFEN I A SA 

1 I 0 

1 I 0 

0 I 0 

1 I I 

TABLE 2. MEMORY ADDRESS MAPPING 

XA MA -XBHE 

0 0 0 

I 0 i 

0 0 0 

0 0 0 

Mux Control Input MABus 

CPUHLDA -REFRESH ADDRSEL MA7 MAO-MAS 

1 0 0 SA8 SA1-SA7 

1 0 1 SA16 SA9-SA15 

0 X 0 A8 A1-A7 

0 X 1 A16 A9-A15 

X = Don't Care 

TABLE 3. REFRESH ADDRESS MAPPING 
Mux Control Input MABus SA Bus 

CPU -REF ADDR MAO- SAg. SAO-
HLDA EN SEL MA7 MA6 SA15 SAS 

~ - - o 00-08 u o 00 

o o o 00-08 

AC CHARACTERISTICS: TA = O°C to +70°C, VDD = 5 V ± 5%, VSS = 0 V 

CPU MODE TIMING 

Symbol Parameter Min Max 

t1 CPUHLDA to SA Bus from High Z to Valid Add Out 35 

t2 CPUHLDA to SA Bus High Z State 35 

t3 CPUHLDA to -SBHE from High Z to Valid Output 35 

t4 CPUHLDA to -SBHE High Z State 35 

t5 ALE to SA Bus Valid Address 40 

t6 ALE to XA Bus Valid Address 40 

t7 ALE to -SBHE Bus Valid Address 40 

VL82C103A 

-SBHE 

0 

0 

I 

I 

II 

Unit Condition 

ns 

ns 

ns 

ns 

ns CL = 200 pF 

ns CL = 100 pF 

ns CL = 150 pF 
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CPU MODE TIMING WAVEFORMS 

CPUHLDA 

~--t1 ----I .. ...--t2--.t 

SA BUS HIGHZ VALID ADDRESS HIGHZ 

...... --t3 ----I~ ...... -t4-~ 

-SBHE HIGHZ VALID OUTPUT HIGHZ 

-f-

ALE ~ 
... t5 ... -- -

SA BUS 
\ I VALID ADDRESS 
/ \ ... t6 ... 

I 
..... '\ -

\ I VALID ADDRESS 
/ \ XABUS 

-SBHE ___ I~.~~~~~~~~_t7_-_-_-_-_-_-_~~~~J _______________________________ _ A\ VALID OUTPUT 

SYSTEM BUS MODE TIMING 

Symbol Parameter Min Max Unit Condition 

t8 SA Bus In to XA Bus Out 40 ns CL = 100 pF 

t9 SA Bus In to MA Bus Out 40 ns CL = 150 pF 

SYSTEM BUS MODE TIMING WAVEFORM 

SA BUS ~ / 
---.I , 

... t8 ... -- ...... 

XABUS \ V 
J i\ 

I. t9 

~ MABUS 
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DMA MODE TIMING 

Symbol Parameter Min Max Unit Condition 

t10 -OMAAEN to XA Bus High Z State I 35 I ns 

t11 -OMAAEN to XA Bus from High Z to Valid Add Out 35 ns 

t12 -DMMEN to -XBHE High Z State 35 ns 

t13 -OMAAEN to -XBHE from High Z to Valid Output 35 ns 

t14 I XA Bus to SA Bus Out I 40 ns I CL= 200 pF 

t15 XA Bus In to MA Bus Out 40 ns CL= 150 pF 

t16 -XBHE In to -SBHE Out 40 ns CL = 150 pF 

DMA MODE TIMING WAVEFORMS 

1 
-DMAAEN 

t10 t11 II 
VALID XABUS VALID OUTPUT INPUT (HIGH Z) 
OUTPUT 

t12 t13 

-XBHE VALID OUTPUT INPUT (HIGH Z) VALID 
OUTPUT 

XABUS ~ I 
---.I 

.....-Ill t14 .. -- ... 

SA BUS 
\ V 
/ 1\ 

~ t15 

~ I 

MABUS 

-XBHE =i t16 

l -SBHE 
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REFRESH TIMING 

Symbol Parameter Min Max Unit Condition 

t17 -REFEN to XA Bus Valid Add Out 35 ns CL = 100 pF 

t18 -REFEN to SA Bus Valid Add Out 35 ns CL = 200 pF 

t19 -REFEN to MA Bus Valid Add Out 35 ns CL = 150 pF 

t20 -REFEN to SA Bus from High Z to Valid Add Out 35 ns 

t21 -REFEN to SA Bus High Z Out 35 ns 

REFRESH TIMING WAVEFORMS 

-REFEN \~ 
... t17 ... ..... ... 

XABUS 
\ 
K J 

...... t18 ... 
...... -

\ V 
/ r\ SA BUS 

I. t19 

~ MABUS 

1 t -REFEN 

t20 f ~1j 
SA BUS HIGHZ VALID ADDRESS HIGHZ 
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ADDRESS TlMlNG 

Symbol I Parameter Min Max 1 Un it I Condition 

t22 I ADDRSEL to MA Bus Out 6 17 1 ns I CL = 150 pF 

Note: t22 delay may be derated by a factor of .04 ns/pF for heavier loads. 

ADDRESS TIMING WAVEFORM 

I 

ADDRSEL~~ __________________________________________________ ___ 

- ~ .... -_---t22 -----1~ .. 

MAO-7 
--~~-------

SETUP & HOLD TIMING 

Symbol Parameter 

tSU23 A Bus to RAMALE and -BHE to ALE Setup Timing 

tH24 A Bus to RAMALE and -SHE to ALE Hold Timing 

SETUP & HOLD TIMING WAVEFORM 

RAMALE, 
ALE 

A BUS, 
-BHE 

____ --J/ 

4-7~ 

Min Max Unit Condition 

10 ns 

10 ns 

II 
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RAMALE, BALE & IRQ13 TIMING 

Symbol Parameter Min Max Unit Condition 

t25 RAMALE to MA Bus Out 24 ns CL = 150 pF 

t26 ALE, CPUHLDA to BALE Out 25 ns CL = 200 pF 

t27 -ERROR, -BUSY287 to IRQ13 Out 25 ns CL = 50 pF 

t28 -XBHE Valid from ALE 22 ns CL = 100 pF 

RAMALE TIMING WAVEFORM 

RAMALE 

MAO-7 _______ ~~t_25~~~~--------------
BALE TIMING WAVEFORM 

ALE, =t CPUHLDA ~ __________________________________________________ _ 

.t-----t26---~ .. ~ __________ _ 
BALE 

IRQ13 TIMING WAVEFORM 

-ERROR~ -BUSY287 ~ __________________________________________________ _ 

.~-----t27-----~~~ ~ ____________________________ __ 
IRQ13 

-XBHE TIMING WAVEFORM 

ALE 

-XBHE __________ ' •• ~~~~~~_t2_8_-~_-_~_~~ ~ _______________________________ _ 
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AC TESTING -INPUT, OUTPUT WAVEFORM 

INPUT ~ OUTPUT~ 

3.5 V 

~,----1.5V _>k_1.5V -------y,. AC TEST POINTS ~ 
0.2V 

AC TESTING - LOAD CIRCUIT r- DEVICE UNDER TEST I 

CL* 

* Includes scope and jig capacitance. 

AC TESTING - LOAD VALUES 

Test Pin CL (pF) 

32, 34-38, 40-43, 45-48, 50-53, 55 200 

57-64,66 150 

67-74, 76-83 100 

75 

84,30 
I 

50 
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ABSOLUTE MAXIMUM RATINGS 
Ambient Operating 
Temperature O°C to +70°C 

Storage Temperature -65°C to + 150°C 

Supply Voltage to 
Ground Potential -0.5 V to 7.0 V 

Applied Input 
Voltage 

Power Dissipation 

-0.5 V to +7.0 V 

500mW 

Stresses above those listed may cause 
permanent damage to the device. 
These are stress ratings only. func
tional operation of this device at these 
or any other conditions above those 

DC CHARACTERISTICS: TA = O°C to +70°C, VOD = 5 V ± 5%, VSS = 0 V 

Symbol Parameter Min Max Unit 

VOH Output High Voltage 2.4 V 

VOL1 Output low Voltage 0.45 V 

VOl2 Output low Voltage 0.45 V 

VIH Input High Voltage 2.0 VDD + 0.5 V 

Vil Input low Voltage -0.5 0.8 V 

VIHC Input High Voltage 3.8 VDD + 0.5 V 

VllC Input low Voltage -0.5 0.6 V 

CO Output Capacitance 8 pF 

CI Input Capacitance 8 pF 

CIO Input/Output Capacitance 16 pF 

IlOl Three-state leakage Current -100 100 IlA 

III Input leakage Current -10 10 IlA 

ICC Power Supply Current 20 mA 

Notes: 1. Pins 57-64, 66-74, and 76-83. 
2. Pins 32, 34-38, 40-43, 45-48, and 50-53, 55. 

VL82C103A 

indicated in this data sheet is not 
implied. Exposure to absolute maxi
mum rating conditions for extended 
periods may affect device reliability. 

Condition 

IOH =-3.3 mA 

IOl = 8 mA, Notes 1 & 3 

IOl = 20 mA, Notes 2 & 3 

ALE, RAMAlE 

ALE, RAMAlE 

3. Output low current on all other outputs not mentioned in Note 1 or 2 have IOl (max) = 2 mAo 
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VL82C104 

PIN DIAGRAM 

013 012 VSS 03 02 01 DO X07 X05 X03 

06 I 05 I 04 I 011 I 010 09 I 08 I VOO I X06 I X04 I X02 

014 e X01 

07 73 XOO 

015 72 VSS 

-XMEMR 71 M015 

CNTLOFF 70 M014 

-OENLO 69 M013 

-OENHI VL 82C104 68 M012 

01R245 67 M011 

GATE245 66 M010 

OT/-R TOP VIEW 65 M09 

-MOBEN 64 M08 

-PARERROR 63 VSS 

XAO 62 M07 

-XBHE 61 M06 

MOPOUTO 60 M05 

MOPOUT1 59 M04 

MOPINO 58 M03 

MOPIN1 57 M02 

XOATAOIR 56 M01 

AEN 55 MOO 

PAREN 54 VOO 
34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 

S07 SOO S08 S015 
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SIGNAL DESCRIPTIONS 

Signal 
Name 

CNTLOFF 

DT/-R 

-DENLO 

XAO 

-MDBEN 

XDATAD!R 

AEN 

DIR245 

GATE245 

-DENHI 

-XBHE 

-XMEMR 

MDPOUTO 

MDPOUT1 

MDPINO 

Pin 
Number 

16 

21 

i7 ., 

24 

22 

30 

31 

19 

20 

18 

25 

15 

26 

27 

28 

Signal 
Type 

o 

Signal 
Description 

VL82C104 

CNTLOFF - This input is used as a clock to latch the current data on the 
low byte of the system data bus. Data is latched on the rising edge of 
CNTLOFF and is independent of the status of DT/-R, XAO, or -DENLO. 

Data Transmit (high)/Receive (low) - This input is a signal from the 
82C288. It establishes the direction of data flow to or from the system data 
bus. 

Data Enable Low - An active low input that enables a low byte data transfer 
on the CPU data bus low byte transceiver. 

Peripheral Address Bus Bit 0 - This is the LSB of the peripheral address 
bus. The signal is used throughout the system to indicate low or high byte 
data transfers. It is used to enable the low byte memory data transceiver 
and to select latched or im mediate data out of the CPU low byte bus 
transceiver. It is also used to enable low byte parity checking. 

Memory Data Bus Enable - An active low input that is used to set the 
direction of the memory data bus transceiver. -MDBEN = 0 indicates a 
memory write cycle while -MDBEN = 1 is a memory read cycle. 

Transceiver Data Direction - This input is used to select the direction of the 
peripheral data bus transceiver. XDATADIR = 0 indicates a DMA write to 
the system data bus while XDATADIR = 1 is used for a DMA read from the 
system data bus. 

Address Enable - An active high input that is used to disable the DMA data 
bus transceiver while the DMA controller is using the peripheral data bus 
for address information. 

Direction 245 - An input control signal used to set the direction of the high/ 
low system data bus transceiver. This is used for high to low, or low to 
high data byte moves. 

Gate 245 - An active low input that enables the highllow system data 
transceiver. 

Data Enable High - An active low input that enables a high byte data 
transfer on the CPU data bus high byte transceiver. 

Transfer Bus High Enable - An active low that indicates a transfer of data 
on the upper byte of the memory data bus. It is used to enable the high 
byte memory data tranceiver and to enable high byte parity checking. 

Memory Read Enable - An active low input signal that indicates when a 
memory read cycle is occurring. It is used to disable the MDPOUTx 
signals during a memory write and to latch in the detected parity error 
signal during a memory read. 

Memory Data Parity Out 0 - An active high input that is the output of the 
stored memory parity data. It is checked for parity errors with the low byte 
of data read from memory. 

Memory Data Parity Out 1 - An active high input that is the output of the 
stored memory parity data. It is checked for parity errors with the high byte 
of data read from memory. 

Memory Data Parity In 0 - An active high output that is the parity input to 
the system board memory. It is generated from the current low byte data 
on the memory data bus. 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal 
Name 

MDPIN1 

PAREN 

-PARERROR 

MDO-MD15 

XDO-XD7 

00-015 

SDO-SD15 

VDD 

VSS 

Pin 
Number 

29 

32 

23 

55-62, 64-71 

73-80 

82,84,2,4, 
7,9,11,13 
83,1,3,5,8 
10,12,14 

42-39, 37-34 
44-47, 49-52 

43,54,81 

6,33,38,48 
53,63,72 

Signal 
Type 

o 

o 

1/0 

110 

110 

110 

FUNCTIONAL DESCRIPnON 
The VL82C104 is part of a five chip set 
which together perform all of the on
board logic required to construct an IBM 
PC/AT-compatible system. The PC/A1-
Compatible Data Buffer replaces 
several bus transceivers and a CPU 
lower byte data latch located within the 
PC/AT-type system. 

The primary function of the Data Buffer 
is to multiplex the 80286 microproces
sor data lines 00-015 to the system 
data bus SDO-SD15, the peripheral data 
bus XD-XD17 and the memory data bus 
MDO-MD15. This is accomplished 
through six sets of 8-bit wide data 
multiplexors. The lower data byte of the 
CPU data bus transceiver has a byte 
wide register which is clocked by the 
rising edge of CNTLOFF. The data is 
latched in the direction from the System 
Data Bus to the CPU Data bus only. 
XAO is used to control data flow to the 

Signal 
Description 

VL82C104 

Memory Data Parity In 1 - An active high output that is the parity input to 
the system board memory. It is generated from the current high byte data 
on the memory data bus. 

Parity Enable - This active high input is used to enable the parity data latch. 
It is used to prevent false parity errors when ROM memory access occur. 

Parity Error - An active low output that is used to indicate that a memory 
parity error has occurred. This signal is latched by -XMEMR and is valid 
until the next memory access. 

DRAM Memory Data bus bits 0-15 - These are 110 signals. 

Peripheral Data Bus Bits 0-7 -I/O's used to control the coprocessor, key
board, ROM memory and the DMA controllers. 

CPU Data Bus Bits 0-15 - This is a bidirectional bus controlled by the 
DT/-R input. 

System Data Bus Bits 0-15 - These are 1/0 signals. 

System Power: 5 V 

System Ground 

CPU Data Bus. When XAO = 0, real 
time data is passed to the CPU data 
bus. When XAO = 1, latched data is 
passed to the CPU Data Bus. The six 
groups of transceivers can be seen in 
the block diagram of the device. The 
data parity encoderldecoder logic is 
also located within this device. All data 
present upon the memory data bus 
passes through the parity logic. The 
outputs of the parity encoderldecoders, 
MDPINO and MDPIN1, are enabled via 
PAREN to prevent decoding a ROM 
access and are gated with -XMEMR. 
The -PARERROR signal is fed back to 
the Memory Controller chip where it is 
gated with other logic to produce the 
NMI signal for the 80286. 

The logic controlling the bus transceiv
ers has been optimized for speed and 
as such there are no provisions to 
prevent internal bus collisions. In a 
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standard PC/AT type application using 
the full VL82CPCAT chip set this is not 
a problem as the control signals which 
enable the transceivers are decoded in 
such a fashion as to prevent this from 
happening. In the case where only the 
VL82C104 is used care must be taken 
as to ensure that the control signals will 
not cause an internal bus collision. 
From the block diagram it can be seen 
that every bus transceiver has an A and 
B 1/0 port. The DIR input to the 
transceiver controls the direction of data 
flow through the transceiver. A high (1) 
input into the DIR pin causes data to 
flow from A to B. A low (0) causes data 
to flow from B to A. All transceiver 
enables are low true causing the output 
of the particular transceiver to be active. 
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AC CHARACTERISTICS: TA = O°C to +70°C, VDD = 5 V ±5%, VSS = 0 V 
DATA BUS 1/0 MODE TIMING 

Symbol Parameter Min Max Unit 

t1 SD Bus In to MD Bus Out 40 ns 

t2 SO Bus In to 0 Bus Out 40 ns 

t3 SD Bus In to XD Bus Out 40 ns 

t4 SD Bus In to MDPINO and MDPIN1 Out 55 ns 

t5 D Bus In to MD Bus Out 30 ns 

t6 D Bus In to SD Bus Out 35 ns 

t7 D Bus In to XD Bus Out 30 ns 

t8 D Bus In to MDPINO and MDPIN1 Out 55 ns 

t9 MD Bus In to D Bus Out 19 ns 

t10 MD Bus In to SD Bus Out 35 ns 

t11 MD Bus In to XD Bus Out 30 ns 

t12 I XD Bus In to D Bus Out 50 ns 

t13 XD Bus In to SD Bus Out 50 ns 

t14 XD Bus In to MD Bus Out 50 ns 

Condition 

CL = 100 pF 

CL = 50 pF 

CL = 100 pF 

CL = 50 pF 

CL = 100 pF 

CL = 200 pF 

CL = 100 pF 

CL = 50 pF 

CL = 50 pF 

CL = 200 pF 

CL = 100 pF 

CL = 50 pF 

i CL = 200 pF 

CL = 100 pF 

t15 I XD Bus In to MDPINO, MDPIN1 Out 45 I ns I CL = 50 pF, Note 

VL82C104 

Note: This function is not available in a standard PC/AT system. It is specified here because the system can be configured to 
accommodate this function, although it is not tested for. 

DATA BUS I/O MODE TIMING WAVEFORMS 

System Data Bus Timing Waveform 

SO BUS 

MDBUS 

DBUS 

XOBUS 

MDPINO 
MDPIN1 
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J\ 
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DATA BUS 1/0 MODE TIMING WAVEFORMS (Cont.) 

CPU Data Bus Input Timing Waveform 
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DATA BUSUOMOOE TIMJNG·WAVEFORMS (Com.) 

Peripheral Data Bus Input Timing Waveform 
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VL82C104 

NOTE 

Note: This function is not available in a standard PC/AT system. It is specified here because the system can be configured to 
accommodate this function, although it is not tested for. 

LOW BYTE TO HIGH BYTE CONVERSION MODE TIMING 

Symbol Parameter Min 

t16 SD Low to SD High Data Out 

t17 SD Low to D Bus High Data Out 

t18 SD Low to MD Bus High Data Out 

LOW BYTE TO HIGH BYTE CONVERSION TIMING WAVEFORM 

SDBUS 
LOW 

SD BUS 
HIGH 

DBUS 

MDBUS 

~ 
-I 

I 
\ 
..... t16 ..... 

..... t17 ..... 

..... t18 ...... 

... ... 
\ I 
J ~ 
..... ... 
\ I 
J ~ 

...... ... 
\ I 
/ ~ 
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Max Unit Condition 

55 ns CL = 200 pF 

45 ns CL = 50 pF 

45 ns CL = 100 pF 

II 
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XAO BUS MODE TIMING 

Symbol Parameter 

t19 XAO to D Bus Data Out 

t20 XAO to MD Bus Low Byte Out to High Z 

t21 XAO to MD Bus Low Byte Out from High Z 

XAO BUS TIMING WAVEFORM 

XAO 

DBUS 

MDBUS 
LOW BYTE 

XAO 

'I 
~~ 

----.l 
• 

.... ... 

\ 
-~ 

~ 

t19 JiIIo.. ... 

\ / 
/ \ 

t20 ... ... 
\ 
/ 

VL82C104 

Min Max Unit Condition 

30 ns CL = 50 pF 

35 ns 

35 ns 

LOW BYTE 

HIGHZ 

I

• MD BUS ---.;-f----- HIGH Z 
LOW BYTE 

t21 

~<'-------
MEMORY READ MODE 1lMING 

Symbol Parameter Min Max Unit Condition 

t22 -XMEMR High to -PARERROR Out 25 ns CL = 50 pF 

tSU23 Setup PAREN to -XMEMR High 15 ns 

MEMORY READ MODE 1lMING WAVEFORM 

'( 

-XMEMR ~~ 
~~.-____ t22 ______ ~~~ 

-PARERROR 

PAREN 

-XMEMR 

--~---
_______________________________ ~~~_-___ -_-_t_S_U2_-3~_-_-~~~~1 
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VL82C104 

AC TESTING -INPUT, OUTPUT WAVEFORM 

INPUT ~ OUTPUT~ 

0.2V 
~ * _______ 1.5 V 

-------rj.---AC TEST POINTS~ 

3.5V 

AC TESTING· LOAD CIRCUIT 

DEVICE UNDER TEST 

II 

~ 
CL* 

*Includes scope and jig capacitance. 

AC TESTING· LOAD VALUES 

Test Pin CL (pF) 

34-37, 39-42. 44-47. 49-52 200 

55-62.64-71, 73-80 100 

1-5,7-14,23,28-29 50 
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ABSOLUTE MAXIMUM RATINGS 
Ambient Operating 
Temperature O°C to +70°C 

Storage Temperature -65°C to + 150°C 

Supply Voltage to 
Ground Potential -0.5 V to +7.0 V 

Applied Input 
Voltage 

Power Dissipation 

-0.5 V to +7.0 V 

500mW 

Stresses above those listed may cause 
permanent damage to the device. 
These are stress ratings only. Func
tional operation of this device at these 
or any other conditions above those 

DC CHARACTERISTICS: TA = O°C to +70°C, VDD = 5.0 V ±5%, VSS = 0 V 

Symbol Parameter Min Max Unit 

VOH Output High Voltage 2.4 V 

VOl1 Output low Voltage 0.45 V 

VOL2 Output low Voltage 0.45 V 

VIH Input High Voltage 
I i 2.0 VDD + 0.5 V 

Vil Input low Voltage -0.5 0.8 V 

VIHC Input High Voltage 3.8 VDD + 0.5 V 

VILC Input Low Voltage -0.5 0.6 V 

CO Output Capacitance 8 pF 

CI Input Capacitance 8 pF 

CIO Input/Output Capacitance 16 pF 

ILOL Three-state Leakage Current -100 100 JlA 

III Input Leakage Current -10 10 JlA 

ICC Power Supply Current 100 mA 

Notes: 1. Pins 55-62,64-71, and 73-80. 
2. Pins 34-37,39-42,44-47, and 49-52. 

VL82C104 

indicated in this data sheet is not 
implied. Exposure to absolute maximum 
rating conditions for extended periods 
may affect device reliability. 

Condition 

IOH =-3.3 mA 

IOl = 8 mA, Notes 1 & 3 

IOl = 20 mA, Notes 2 & 3 

CNTlOFF 

CNTLOFF 

3. Output low current on all other outputs not mentioned in Note 1 or 2 have IOL (max) = 2 mAo 
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FEATURES 
• Fully compatible with IBM PC/AT-type 

designs 

• Completely performs data buffer 
function in IBM PC/AT-compatible 
systems 

• Replaces several buffers, latches and 
other logic devices 

• Supports up to 12 MHz system clock 

• Device is available as "cores" for 
user-specific designs 

• Designed in CMOS for low power 
consumption 

BLOCK DIAGRAM 

00-07 

OT/-R 

-OENlO 

XAO 

CNTlOFF 

... .. A 

OIR 

ENABLE 

LATCH 
& 

BUFFER 

SEl 

ClK 

B'" 
~ 

~ 

-MOBEN 

MDPOUTO 

-XMEMR 

XOATAOIR 

AEN 

PAREN 

OlR245 

GATE245 

OS-015 

-OENHI 

-XBHE 

MOPOUT1 

.. -

.. 
I I I 

I ~ 

I 

.. A B ... 

t - OIR .. 
ENABLE 

VL82C104 
PC/AT-COMPATIBLE DATA BUFFER 

DESCRIPTION 
The VL82C104 PC/AT-Compatible Data 
Buffer provides a 16-bit CPU data bus 
va as well as 40 buffered drivers. The 
buffered drivers consist of 16 bidirec
tional system data bus drivers, each 
capable of sinking 20 mA (50 'LS loads) 
of current; eight bidirectional peripheral 
bus drivers, each capable of sinking 8 
mA (20 'LS loads) of current; and 16 
memory data bus drivers, each capable 
of sinking 8 mA (20 'LS loads) of 
current. The VL82C104 also generates 
the parity error signal for the system. 

.. SOO-S07 

B A .. - .. 
1 OIR 

ENABLE 

MOO-M07 

PAdr 
A B .. 

MOPINO 

XOO-X07 
OIR 
ENABLE 4~ PARITY 

ERROR ~ -PAR ERROR 

.. 
A 

B .. .. A ~~ 
p SOS-8015 

OlR 

ENABLE -

I 
B A ... i .. .. 
OIR I _t 

I 
~ .. 

ENABLE 

l PARITY 

MOS-M015 

MOPIN1 
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The device is manufactured with VLSI's 
advanced high-performance CMOS 
process and is available in a JEDEC
standard 84-pin plastic leaded chip 
carrier (PLCC) package. The 
VL82C104 is part of the PC/AT
compatible chip sets available from 
VLSI. Please refer to the Selector 
Guide in the front of this manual. 

ORDER INFORMATION 
Part 
Number 

VL82C104-QC 

Package 

Plastic Leaded Chip 
Carrier (PLCC) 

Note: Operating temperature range is 
O°C to +70°C. 
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VL82C201 

FEATURES 

PC/AT-COMPATIBLE SYSTEM CONTROLLER 

DESCRIPTION 
• Fully compatible with IBM PC/AT-type 

designs 

• Replaces 36 integrated circuits on the 
PC/AT-type board 

• Supports 20 MHz system clock 

• Device is available as "cores" for 
user-specific designs 

• Sink 24 rnA on slot driver outputs 

• Designed in CMOS for low power 
consumption 

The VL82C201 PC/AT-Compatible 
System Controller replaces an 82C284 
Clock Controller and an 82C288 Bus 
Controller (both are used in '286-based 
systems), an 82C84A Clock Generator 
and Driver, two PAL 16L8 devices (used 
for memory decode), and approximately 
30 other less complex integrated 
circuits used as wait state logic. The 
device accepts a user supplied 
PROCCLK or generates its own using 
an internal clock modulation circuit. It 

also accepts a 14.318 MHz crystal to 
control the video clock and supplies 
reset and clock signals to the 110 slots. 

The device is manufactured with VLSI's 
advanced high-performance CMOS 
process and is available in a JEDEC
standard 84-pin plastic leaded chip 
carrier (PLCC) package. The 
VL82C201 is part of the PC/AT
compatible chip sets available fiOm 
VLSI. Please refer to the Selector 
Guide in the front of this manual. 

BLOCK DIAGRAM ORDER INFORMATION 

FeLK } --------~1----,1---.. PROCCLK 
ENMODL MO~~O~~OR 

r 
RESCPU 

8284 RESET 

POWERGOOD l 
SWRST

J
' 

XTAL1(1) 
XTAL1(2) 

PROCCLKIN 

-so} 
-S1 

AO-A1 

MI-IO} CPUHLDA 
~OMCS 

-lMEGCS 

ROMWTST} 
RAMRDWT 
RAMWRWT 

-wso 

~EFRESH l 
10CHRDY J 

-IOC:1
1
; } 

-MEMCS16 
-MASTER 

-AEN2 } 
-AEN1 

XA3, } XA5-XA9 
-BUSY287 

-ERROR 

~~ ~~~ 
CLOCK ' SYSCLK 

j GENERATION 1 ~~ 
AND R~DY MHZ119 
CONTROL -ENAS 

I READY ... 

j 

- BUS 
82288 CONTROL . 
BUS 

CONTROL BUS 
COMMANDS 

I--

I 
1 I 

L 
ARDYEN 

BUFFER ... 

WAIT 
STATE 
LOGIC ... 

-y I 
-MEMR ... 

REFRESH 
CONTROL ... -

t 

DATA 
CONVERSION 

DMA 
--.. CONTROL 

287 AND 
... PERIPHERAL r+ 

CONTROL 

{
DT/~ 
-OENLO 
-OENHI 
ALE 
RAMALE 
RAS 
CAS 
-ERAMW 

r -lOR 
-lOW 

t-MEMR 
-MEMW 
-INTA 

{ ~~i~~ 
-XMEMW 
-X lOR 
-X lOW 

Q1 

~EFEN 

{ 

DIR245 
GATE245 
CNTLOFF 
SAO 

-OMMEN 
-XBHE 

{ 

RESET287 
-NPCS 
-PPICS 
XDATADIR 
-BUSY286 
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System 
Clock 

Part Number Freq. 

VL82C201-160C 
16 MHz 

VL82C201-16Q! . 

VL82C201-200C 
20 MHz 

VL82C201-2001 

Note: Operating temperature: 
OC = O°C to + lO°C 
01 = -40°C to +85°C. 

Package 

Plastic Leaded Chip 
Carrier (PLCC) 

Plastic Leaded Chip 
Carrier (PLCC) 

I 
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VL82C201 

PIN DIAGRAM 

10 XTAl PROC RAM 
A1 M/-IO -S1 CHRDY 1 (2) ClKIN VDD WRWT XA5 XA7 

-I~S 1 ~~ 1-80 1 S~D~ 1 ~1~L 1 VSS Ir;r~, Feu< 1 XA31 XA6 1 XAB 

-WSO e 74 XA9 

-ROMCS 73 -AEN1 

F16 72 -AEN2 

AO 71 -REFRESH 

ENMODl 70 -lMEGCS 

ROMWTST 69 -MEMCS16 

RAMRDWT VL82C201 68 -MASTER 

-BUSY287 67 -ERROR 

osc 
TOP VIEW 

66 -ERAMW 

MHZ119 65 RAS 

-XBHE 64 CAS 

-NPCS 63 -PPICS 

RESET287 62 XDATADIR 

-DENHI 61 CNTlOFF 

-DENlO 60 GATE245 

VSS 59 VSS 

DT/-R 58 DIR245 

ALE 57 Q1 

RAMAlE 56 -REFEN 

-DMAAEN 55 -ENAS 

VDD 54 VDD 
34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 

RES I-XMEMI -x I-MEM I-lOW I-BUSY I RE I SYS I SAO l-SMEMI MHZ7 
CPU R lOR W 286 SET ClK R 

-XMEM -x VSS -MEM -lOR -INTA PROC VSS -SMEM -READY 
W lOW R ClK W 
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SIGNAL DESCRIPTIONS 

Signal 
Name 

XTAL 1 (2) 

XTAL 1(1) 

10CHRDY 

CPUHLDA 

-S1 

-so 

M/-IO 

SWRST 

A1 

-IOCS16 

-WSO 

-ROMCS 

F16 

AO 

ENMODL 

Pin 
Number 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Signa! 
Type 

o 

Signal 
Description 

VL82C201 

Crystal 1 Output 2 - A parallel resonant fundamental mode crystal should 
be attached across XTAL 1 (1) and XTAL 1 (2). This is the crystal output. 
Typical load = 33 pF. 

Crystal 1 Input 1 - A parallel resonant fundamental mode crystal should be 
attached across XTAL 1 (1) and XTAL 1 (2). This input drives the internal 
oscillator and determines the frequency of OSC. Typical load = 33 pF. 

!lO Channel Ready - This inp!..'t is generated by an !/O devies. \A/hsn low, it 
indicates a not ready condition. This is used to extend memory or 110 
accesses by inserting wait states. When high, this signal allows normal 
completion of a memory or I/O access. 

CPU Bus Hold - This input indicates ownership of the local CPU bus. 
When high, this signal indicates that the CPU has three-stated its bus 
drivers in response to a hold request. When low, it indicates that the CPU 
bus drivers are active. 

Status 1 - An active low input/pull-up from the CPU in combination with -50 I 
and M/-IO determine which type 01 bus cycle to initiate. -51 going active • 
indicates a read cycle unless -so also goes active. Both status inputs 
active indicate an interrupt acknowledge cycle or halt/shutdown operation. 

Status 0 - An active low input/pull-up from the CPU in combination with -S1 
and M/-IO determine which type of bus cycle to initiate. -SO going active 
indicates a write cycle unless -51 also goes active. Both status inputs 
active indicate an interrupt acknowledge cycle or a halt/shutdown opera-
tion. 

Memory or 110 Select - This input indicates the type of bus cycle to be 
performed. If high, a memory cycle or halt/shutdown cycle is started. H 
low, then an 110 cycle or an interrupt acknowledge cycle will be initiated. 

This active high inpLIt signa! wi!! force a CPU reset when a low to high 
transition is detected. 

CPU Address Bus Bit 1 - This input is used to determine when to initiate a 
shutdown operation. A shutdown will be started when A 1 is low, M/-IO is 
high, and both -50 and -S1 go low. 

110 Chip Select 16 - This active low input is generated by an 110 device for 
a 16-bit data bus access. This signal is used to determine the number of 
wait states and whether data conversion is necessary for 1/0 accesses. 

Wait State 0 - This active low input signal should have an external pull-up. 
A peripheral device can pull this signal low to force a zero wait state cycle. 

ROM Chip Select - This active low input is a signal generated from 
-LCSOROM and -lCS1ROM and is used to indicate a ROM memory 
access. 

This input indicates an on-board memory access. It is used along with 
-ROMCS to determine whether a memory access is to ROM, on-board 
RAM or off-board RAM. It is also used to inhibit a command delay for 
memory accesses. 

CPU Address Bus Bit 0 - This input is used to generate enable signals for 
the data bus transceivers. 

Enable Modulation - Is an input used to control the clock modulator on the 
VL82C201. When this signal is high, normal clock modulation can occur. 
When ENMODL is low, clock modulation is disabled and PROCCLK is 
forced to 1/4 the frequency of FCLK. 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal 
Name 

ROMWTST 

RAMRDWT 

-BUSY287 

OSC 

MHZ119 

-XBHE 

-NPCS 

RESET287 

-DENHI 

-DENLO 

DT/-R 

ALE 

RAMALE 

-DMAAEN 

RESCPU 

-XMEMW 

-XMEMR 

Pin 
Number 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

28 

29 

30 

31 

33 

34 

35 

Signal 
Type 

o 
o 
110 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1/0 

1/0 

VL82C201 

Signal 
Description 

ROM Wait State - This input is used to select the desired number of ROM 
access wait states. ROMWTST low indicates two waits while ROMWTST 
high indicates three wait states. 

RAM Read Wait State - This input indicates the number of wait states to be 
used for on-board RAM read cycles. A high indicates one wait state reads 
while a low indicates zero wait state reads. RAMRDWT also controls the 
timing on RAS and CAS during memory read cycles. 

Busy - A busy status input that is asserted by the 80287 to indicate that it is 
currently executing a command. 

This is the buffered output of the XTAL 1 oscillator. 

This output is the OSC output clock divided by 12. 

Transfer Byte High Enable - This active low I/O is used to enable -DENHI 
and determine when a 16-bit to 8-bit data conversion is needed. -XBHE is 
driven as an output during all DMA cycles. It is forced low if -AEN2 is 
active and it is driven as the inversion of SAO if -AEN1 is active. 

Numerical Processor Chip Select - This active low output is the chip select 
for the 80287 numerical processor. 

Reset 287 - This active high output is used to reset the 80287 numerical 
processor. 

Data Bus Enable High - This active low output is used to enable the data 
bus transceiver on the high byte of the data bus. 

Data Bus Enable Low - This active low output is used to enable the data 
bus transceiver on the low byte of the data bus. 

Data Transmit/Receive - An output that determines the data direction to 
and from the local data bus. A high indicates a write bus cycle and a low 
indicates a read bus cycle. DT/-R is high when no bus cycle is active. 
-DENLO and -DENH I are always inactive when DT/-R changes state. 

Address Latch Enable - A positive edge output that controls the address 
latches which hold the address during a bus cycle. ALE is not issued for a 
halt bus cycle. 

RAMALE is used to latch RAM address buffers. It is forced high at the end 
of any bus cycle. This allows the address for the next bus cycle to be 
passed to the system memory sooner than the ALE signal. RAMALE will 
go back low at the end of the status cycle for any bus cycle to latch the 
memory address until the end of the bus cycle. 

DMA Address Enable - An active low output that is active whenever an I/O 
device is making a DMA access to the system memory. It will go low 
anytime -AEN1 or -AEN2 go low. 

Reset CPU - This is the active high output system reset for the CPU. It is 
generated from POWERGOOD, SWRST or when a shut down status is 
generated by the CPU. 

Peripheral Bus Memory Write - An active low I/O that is the memory write 
command to and from the peripheral bus. This pin is configured as an 
output when -OMAAEN is high and an input when -DMAAEN is low. 

Peripheral Bus Memory Read - An active low I/O that is the memory read 
command to and from the peripheral bus. This pin is configured as an 
output when -DMAAEN is high and an input when -DMAAEN is low. 
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SI~~AL DES_GR1PTIONS (ContJ 

Signai Pin Signal Signal 
Name Number Type Description 

-X lOW 36 110 Peripheral Bus Input/Output Write - This active low I/O is the read com-
mand to and from the peripheral bus. This pin is configured as an output 
when -DMAAEN is high and an input when -DMAAEN is low. 

-X lOR 37 I/O Peripheral Bus Input/Output Read - This active low I/O is the read com-
mand to and from the peripheral bus. This pin is configured as an output 
when -DMMEN is high and an input when -DMAAEN is iow. 

-MEMW 39 I/O Memory Write - This active low I/O is the memory write command from the 
bus controller portion of the chip. It will be three-stated when CPUHLDA is 
asserted and CNTLOFF is inactive. 

-MEMR 40 110 Memory Read - This active low I/O is the memory read command from the 
bus controller portion of the chip. It will be three-stated when CPUHLDA is 
asserted and CNTLOFF is inactive. -MEMR is also active during a refresh 
cycle. 

-lOW 41 110 Input/Output Write - This is the active low 110 write command from the bus 
controller portion of the chip. It will be three-stated when CPUHLDA is 

I asserted and CNTLOFF is inactive. 

-lOR 42 110 Input/Output Read - This is the active low I/O read command from the bus 
controller portion of the chip. It will be three-stated when CPUHLDA is 
asserted and CNTLOFF is inactive. 

-BUSY286 43 0 Processor Extension Busy - This output goes to the -BUSY input of the 
80286. H pulled low, this signal stops the 80286 program execution on all 
WAIT and some ESC instructions until it returns inactive (high). 

-INTA 44 0 Interrupt Acknowledge - This active low output that is three-stated is the 
interrupt acknowledge command from the bus controller portion of the chip. 
It will be three-stated when CPUHLDA is asserted and CNTLOFF is 
inactive. 

RESET 45 0 Reset - This active high output signa! is the system reset generated from a 
POWERGOOD. It is synchronized to PROCCLKIN. 

PROCCLK 46 0 Processor Clock - This is the output of the on-board clock modulator. 
When the clock modulator is enabled the frequency of PROCCLK will be 
FCLK12 except for 110 cycles, off-board memory cycles, and DMA cycles. 
The frequency of PROCCLK will switch to FCLKl4 during those cycles. 

SYSCLK 47 0 System Clock - This output is the main system clock. It is equal to half the 
PROCCLKIN frequency and is synchronized to the processor's T-states. 

SAO 49 110 System Address Bus Bit 0 - SAO is driven as an output anytime CPUHLDA 
is low, and will be an input at all other times. It is used internally to control 
the data bus enable signals and to determine the state of -XBHE during 8-
bit DMA cycles. 

-SMEMW 50 0 Memory Write - An active low three-stated output that is the memory write 
command to the expansion bus. Drives when -LMEGCS is low. 

-SMEMR 51 0 Memory Read - An active low three-stated output that is the memory read 
command to the expansion bus. Drives when -LMEGCS is low. 

-READY 52 0 Ready - When active, indicates that the current bus cycle is to be com-
pleted. -READY is an open drain output requiring an external pull-up 
resistor. 

MHZ7 53 0 This output is the OSC output divided by 2. It is generated to provide a 
fixed ciock frequency for the keyboard controller and 80287 coprocessor. 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal 
Name 

-ENAS 

-REFEN 

Q1 

DIR245 

GATE245 

CNTLOFF 

XDATADIR 

-PPICS 

CAS 

RAS 

-ERAMW 

-ERROR 

-MASTER 

-MEMCS16 

-LMEGCS 

-REFRESH 

Pin 
Number 

55 

56 

57 

58 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

Signal 
Type 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

Signal 
Description 

VL82C201 

Enable Address Strobe - This active low output is used to enable the 
address strobe on the real time clock device. It will go low the first time 
-SO is asserted after a system reset. 

Refresh Enable - An active low output. It will be asserted when a refresh 
cycle is needed for the DRAMs. It is used to clock a refresh counter which 
provides addresses during the refresh cycle. 

This active high output will go active during the second phase of a CPU 
bus cycle following the Ts state. 

Direction 245 - This output determines the direction of the data bus 
transceiver which does conversions from high to low byte or low to high 
byte for 8-bit peripherals. 

Gate 245 - This output enables the data bus transceiver which does 
conversions from high to low byte or low to high byte for 8-bit peripherals. 

Control Off - This output is used to latch the lower byte data bus during 
high byte to low byte conversions. 

Transfer Data Direction - This output controls the direction of data flow 
through the transceiver between the X data bus and the lower byte of the S 
data bus. A high indicates data flow from the S bus to the X bus. A low 
indicates data flow from the X bus to the S bus. 

Programmable Peripheral Interface Chip Select - This active low output is a 
decode of the XA bus. The decode is for address space 060 to 09F. 
-PPICS can only go active if CPUHLDA is low or -MASTER is low. 

This is the output used to control the timing of the CAS signal to the 
DRAMs. CAS will go active (high) one clock cycle after RAS if a zero wait 
state cycle is selected, or 1 112 clock cycles if a one wait state cycle is 
selected. CAS will go back low at the end of the bus cycle. 

This is the output used to control the timing of the row address strobe 
signal to the DRAMs. RAS will go high during the second phase of any 
memory status cycle. It will go back low two clock cycles later if a zero wait 
state cycle is selected or three clocks later if a one wait state cyde is 
selected. 

Early RAM Write - It is used to get an early write enable signal to the 
DRAMs to support zero wait state write cycles. It will go low during the 
second phase of any memory write status cycle. -ERAMW returns high at 
the end of the bus cycle. 

Error - An error status input from the 80287. This reflects the ES bit of the 
80287 status word and indicates that an unmasked error condition exists. 

Master - This active low input is asserted by devices on the expansion bus 
to get control of the bus. 

Memory Chip Select 16 - A low on this pin indicates that the off-board 
memory is 16-bits wide. 

Lower Megabyte Chip Select - This input indicates that the lower memory 
address space (0-1 megabyte) is selected. When low, it enables the three
state drivers on -SMEMR and -SMEMW. 

Refresh - This active low input is used to initiate a refresh cycie for the 
dynamic RAMs. 
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SI<;NAI-DESCRIPTIONS (C~nt.) 

Signal 
Name 

-AEN2 

-AEN1 

XA5-XA9 

XA3 

RAMWRWT 

FCLK 

POWERGOOD 

PROCCLKIN 

VDD 

VSS 

Pin 
Number 

72 

73 

78-74 

79 

80 

81 

83 

84 

32,54,82 

1,27,38, 
48,59 

Signal 
Type 

FUNCTIONAL DESCRIPTION 
The VL82C201 chip generates all the 
major clocks for an AT-compatible 
system design along with the command 
and control signals for both the system 
and peripheral buses. It interfaces with 
the CPU to determine the type of bus 
cycle to execute and generates the 
-READY signal to indicate that the 
current bus cycle can be terminated. It 
also contains logic to make conversions 
between 16-bit and 8-bit data accesses. 
Finally, it generates some of the control 
signals necessary for the 80287 
Numerical Processor. 

CLOCK GENERATION 
The VL82C201 contains a clock 
modulator to control the processor clock 
signal and an oscillator to generate the 
OSC, MHZ7 and MHZ119 signals. 

Signal 
Description 

VL82C201 

Address Enable 2 - This active low input is from the DMA controllers and is 
used to generate -DMAAEN, control -XBHE, and disable the clock 
modulator. 

Address Enable 1 - This active low input is from the DMA controllers and is 
used to generate -DMAAEN, control -XBHE, and disable the clock 
modulator. 

Peripheral Address Bus Bits 5-9 - These inputs are used to decode chip 
select and reset signals for the coprocessor. 

Peripheral Address Bus Bit 3 - This input is used in control of the coproces
sor reset and chip select signals. 

RAM Write Wait State - Indicates the number of wait states to be used for 
on-board RAM write cycles. A high indicates one wait state writes while a 
low indicates zero wait state writes. RAMWRWT also controls the timing 
on RAS and CAS during memory write cycles. 

This is the fast clock input to the clock modulator circuit. It should be 
driven from an external crystal oscillator at twice the frequency of the 
desired PROCCLK output. 

System Power-on Reset - This input signal indicates that power to the 
board is stable. A Schmitt-trigger input is used so the input can be 
connected directly to an RC network. 

This is the main clock input to the VL82C201 and should be connected to 
the signal that drives the 80286 CLK pin. It can be connected to the 
PROCCLK output (Pin 46) if the internal clock modulator is used or can be 
connected to an externally generated clock. 

System Power: 5 V 

System Ground 

The oscillator is designed to use an 
external parallel resonant fundamental 
mode crystal. A 14.318 MHz crystal 
should be used to maintain compatibility 
and connected as shown in Figure 1. 
The variable capacitor is optional. It is 
used to make slight adjustments to the 
output frequency. The OSC output is 
generated directly from this oscillator for 
the system bus. The MHZ7 output is 
the oscillator frequency divided by 2 
and can be used to drive the 8042 
keyboard controller. The MHZ119 
output is the oscillator frequency divided 
by 12 and is used by the Peripheral 
Controller chip. 

The clock modulator portion of the 
VL82C201 is designed to gracefully 
switch the speed of the processor clock 
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based on which type of bus cycle is 
going to be performed. The FCLK input 
to the modulator should be driven from 
an external crystal oscillator at a 
frequency that is two times the desired 
PROCCLK frequency. The clock 
modulator can be disabled by driving 
the input signal ENMODL low. When 
the clock modulator is disabled the 
PROCCLK output will be 1/4 the 
frequency of the FCLK input. 

The clock modulator circuit uses the 
CPU status signals -SO, -51, and 
M/-IO along with the signal F16 from 
the Memory Controller chip to deter
mine which type of bus cycle is needed. 
Normally the PROCCLK output will be 
running at 112 the frequency of FCLK. 
When the processor signals an 110 
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cycle, INTA cycle or off-board memory 
cycle the modulator will switch the 
processor clock to 1/4 the frequency of 
FCLK. The transition is made such that 
during the second phase of the status 
cycle PROCCLK will be three FCLK 
cycles long and all subsequent 
PROCCLK cycles will be four FCLK 
cycles long. H the bus cycle is an off
board memory access, the clock 
modulator will sample -READY to 
determine when to return PROCCLK to 
1/2 the frequency of FCLK. H the bus 
cycle is an I/O access, the clock 
modulator will remain at the slow rate 
until a memory cycle occurs. The clock 
modulator will then speed up when it 
samples -READY at the end of the 
memory cycle. 

The inputs -AEN 1 and -AEN2 are also 
sampled by the clock modulator and 
PROCCLK is slowed to FLCK/4 anytime 
either of these signals are active. 

To reduce clock skew and increase 
flexibility for the user the PROCCLKIN 
input is provided. This input should be 
connected to the same signal that is 
used to drive the CLK input of the 
processor. This guarantees that the 
VL82C201 is referenced to the same 
clock as the processor with no internal 
skews. The user can connect this input 
to the PROCCLK output if the clock 
modulator is to be used. PROCCLKIN 
can also be driven from a user supplied 
source if the clock modulator is not 
needed. 

The SYSCLK output is derived from the 
PROCCLKIN input and is 1/2 the 
frequency of PROCCLKIN. SYSCLK is 
held low during reset and will not begin 
running until the first bus cycle is 
initiated by the CPU. It will then make 
its first low to high transition on the 
falling edge of PROCCLKIN during the 
start of the first TC cycle (see timing 
waveforms). This synchronization is 
done to ensure that the system clock is 
synchronized with the 80286 internal 
system clock. 

RESET AND READY CONTROL 
The 82284 megacell along with some 
support logic is used to control the 
system reset signais and -READY 
signal for the CPU. Two basic reset 
signals are generated for the system. 

FIGURE 1. OSCILLATOR CIRCUIT 

30 pF 

T 
5-50 
pFVAR 

14.318 MHz 

I 
RESET is the system reset out of the 
82284 megacell and is synchronized to 
PROCCLK. It is generated from the 
POWERGOOD input signal. The 
POWERGOOD pin has a Schmitt
trigger input so that an RC network can 
be used to generate the reset signals. 
RESCPU, the other reset output, is 
connected to the input on the 80286 
processor. RESCPU will be active 
anytime RESET is active. It can also be 
generated from two other possible 
sources. The first is the SWRST input 
from the Memory Controller chip. A low 
to high transition is detected on this pin. 
When this occurs, RESCPU will go 
active after a minimum delay of 6.72 
microseconds. RESCPU will also be 
generated if a shutdown command is 
issued from the CPU. In either case, 
the RESCPU output will pulse high for 
16 PROCCLKIN cycles. 

The -READY output is synchronized 
and controlled by the 82284 megacell. 
-READY is an open drain output 
connected directly to the CPU and 
requires an external pull-up resistor. A 
resistor value of 330 Q is recom
mended. Bus cycle length is controlled 
by the -READY output. Bus cycles are 
lengthened and shortened internally by 
the VL82C201 depending on the type of 
bus cycle being executed. The length 
of a bus cycle can be shortened 
externally by pulling the -WSO input low 
or lengthened by pulling the 10CHRDY 
input low. If IOCHRDY is pulled low the 
bus cycle will not be terminated until 
10CHRDY is returned high. 

COMMAND AND BUS CONTROL 
The VL82C201 contains an 82288 bus 
controller megacell to generate all the 
bus command and control signals. The 
82288 megacell generates the -MEMR, 
-MEMW, -lOR, and -lOW command 
signals and the DT/-R control signal. 
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XTAL1(1) 

XTAL 1 (2) 

10 pF 

T 
The DEN output from the megacell is 
split into -DENLO and -DENHI for 
enables on the upper and lower bytes of 
the data bus. Internal circuitry is used 
to insert one PROCCLK cycle of 
command delay for all I/O cycles and 
off-board 8-bit memory cycles. Refer to 
the 82288 data sheet for complete op
eration of the 82288 megacell. 

OPERATING MODES 
The VL82C201 operates in four basic 
modes. First, and most common, is the 
CPU mode. This mode is active any 
time the input CPUHLDA is low. While 
in CPU mode the VL82C201 will drive 
both the CMD (-MEMR, -MEMW, 
-lOR, -lOW) bus and XCMD 
(-XMEMR, -XMEMW, -XIOR, -XIOW) 
bus. While in CPU mode, the outputs 
-MEMR, -MEMW, -SMEMR, and 
-SMEMW are disabled from going low 
for on-board memory accesses. They 
will go low for off-board memory cycles 
only. The outputs -XMEMR and 
-XMEMW will still go active for any 
memory cycle. 

The other modes can only be active 
when CPUHLDA is high. Then the 
VL82C201 can be in DMA mode, 
-MASTER mode, or REFRESH mode. 
H the inputs -AEN1 or -AEN2 are 
active, the VL82C201 is in DMA mode 
and the CMD bus is driven from the 
inputs on the XCMD bus. H the 
-MASTER input is active, the 
VL82C201 is in -MASTER mode and 
the XCMD bus is driven from the inputs 
on the CMD bus. When the 
-REFRESH mode is active the -MEMR 
output will be driven to generate the 
refresh for the DRAMs but -MEMW, 
-lOR, and -lOW will be in a high im-
__ .oJ ... "',.. ..... + ... +... Th", Vf'lAn ... inC! u,ill he) 
tJ"UClII\"O! ~LQLw::::::a:. I II'II:J' ""'IW'..., ,...,111"- •• 111 ...,""'" 

configured as outputs driving whatever 
value is on the CMD pins. 
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SYSTEM_BOARD MEMORY 
CONTROL 
Timing control for the system board 
memory is controlled by four signals: 
RAMALE, RAS, CAS, and -ERAMW. 

RAMALE is used by both the Memory 
Controller and Address Buffer chips to 
latch in current address values for 
generating address and chip select 
signals for the DRAMs. The RAMALE 
signal is forced high during reset to 
pass through the first address from the 
CPU. At the end of the first status cycle 
RAMALE will go low and will remain low 
until-READY is sampled low. After the 
first memory access RAMALE will 
always go high at the end of any bus 
cycle, when -READY is sampled low. 
RAMALE will go low latching in the 
current address at the end of any status 
cycle. This configuration will leave the 
RAMALE signal high during CPUHLDA 
cycles to allow addresses and chip 
salect decodes to pass diiactly to the 
DRAMs for DMA or -MASTER ac
cesses. 

The RAS signal is used to generate the 
timing control for the DRAMs. It is an 
active high signal and should be gated 
with the RASO and RAS 1 chip select 
signals out of the Memory Controller 
chip to generate the RAS signals to the 
DRAMs. The timing of RAS is con
trolled by the RAMWRWT. RAMRDWT. 
and CPUHLDA inputs. 

The VL82C201 samples RAMRDWT 
during memory read cycles and 
RAMWRWT during memory write 
cycles to determine whether the cycle 
should be a zero or one wait state 
access. A low on these inputs selects 
zero wait states, whiie a high wiii select 
one wait state. Whenever CPUHLDA is 
low (inactive) RAS will always go active 
during the second phase of any 
memory access status cycle. If the 
current memory access should be a 
zero wait state cycle, RAS will return 
low two PROCCLKIN cycles later. For 
a one wait state access, RAS will return 
low three PROCCLKIN cycles later. 
This is done to generate timing that will 
meet specifications for the slower 
DRAMs typically used in one wait state 
designs. When CPUHLDA is high, the 
memory control logic samples the 
inputs on -XMEMR and -XMEMW for 

DMA cycles. or -MEMR and ~W 
for -MASTER cycles. RAS wil! go high 
on the first failing edge of PROCCLKiN 
when any memory read or write 
command is sampled active. RAS will 
return low two or three PROCCLKIN 
cycles later depending on the states of 
RAMRDWT and RAMWRWT as 
described above for the CPU accesses. 

The CAS signal is also used to gener
ate timing cOntrol for the DRAMs. It is 
an active high signal and should be 
gated with CASO and CAS1 chip select 
signals out of the Memory Controller 
chip to generate the CAS signals to the 
DRAMs. The timing of CAS is con
trolled by the RAMWRWT and 
RAMRDWT inputs. 

RAMRDWT and RAMWRWT function 
the same as described above for the 
RAS signal to determine whether the 
current memory access should be zero 
or one wait states. For a zero wait state 
access CAS will go active one 
PROCCLKIN clock cycle after RAS 
goes active. During a one wait state 
access CAS will go active 1 112 PROC
CLKIN clock cycles after RAS goes 
active. This is done to allow more row 
address hold time for the slower 
DRAMs that can be used in a one wait 
state system. CAS goes inactive (low) 
at the same time for both zero and one 
wait state accesses. When CPUHLDA 
is low, CAS will return inactive at the 
end of the bus cycle when -READY is 
sampled low. When CPUHLDA is high, 
CAS will return inactive on the falling 
edge of the first PROCCLKIN cycle 
when all the memory read and write 
commands are sampled inactive. 

-ERAMW is an eariy write signai for the 
DRAMs to make sure the write signal is 
present before CAS. It will go low 
during the second phase of any 
memory write status cycle. -ERAMW 
returns high at the end of the bus cycle. 

Note: Although RAMRDWT and 
RAMWRWT can be changed dynami
cally for each memory cycle, care must 
be taken to never allow RAMRDWT to 
be high and RAMWRWTto be low at 
the same time for more than SO ns. 
This results in zero wait state write 
cycles and one wait state read cycles. 
This was determined to be an unrealis
tic operating mode and is used to put 
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the Vl82C201lnto a test mode that will 
disrupt normal system operation. 

WAIT STATE LOGIC 
Wait states can be controlled from a 
number of different sources within the 
VL82C201. It is internally programmed 
to generate the wait states shown in 
Table 1 based on the appropriate input 
signals. 

Any of these programmed values can 
be overridden by the inputs IOCHRDY 
and =\A/SO. !OCHRDY can be used to 
extend any bus cycle. When 
IOCHRDY is pulled low the current bus 
cycle will be maintained until it is 
returned high. A Iowan -WSO will 
terminate the current bus cycle as soon 
as it is recognized by the VL82C201. 
These inputs need only be pulled low to 
modify the values shown in Table 1. 
IOCHRDYand -WSO are mutually 
exclusive and only one of them should 
be pulled low within a given bus cycle. 
Refer to the timing diagrams for setup 
and hold requirements. 

REFRESH CONTROL 
The VL82C201 contains circuitry to 
control a refresh cycle in an AT -compat
ible design. When the input 
-REFRESH is pulled low, the 
VL82C201 will issue -REFEN to clock 
the refresh counter and enable the 
refresh addresses onto the memory 
address bus. it wiii also issue a -iviEiviR 
command. For correct operation 
-REFRESH should not be pulled low 
unless CPUHLDA is active. 

DATA CONVERSION 
A state machine for controlling the 
conversion between 1S-bit data ac
cesses from the CPU and 8-bit periph
erals is contained in the VL82C201. 
This state machine will generate the 
control signals DIR245, GATE245, and 
CNTLOFF to the Data Buffer chip to 
route the data correctly for both read 
and write conversions. The conversion 
logic will signal the wait state logic to 
hold the CPU and start the read/write of 
the low data byte. It will then latch the 
low byte for a read operation, negat-q 
the bus control signals, switch SAO to a 
high, and then perform the read/write 
operation for the high data byte. The 
VL82C201 also uses the DIR245 and 
GATE245 during 8-bit DMA cycles to 
route the lower byte on the system data 
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bus to or from the high or low byte of 
on-board memory. 

NUMERICAL PROCESSOR AND 
PERIPHERAL CONTROL 
The VL82C201 generates a reset signal 
and chip select signal for the 80287 
Numerical Processor. The signal 
RESET287 is used to reset the 80287 
and can be activated by a system reset 

TABLE 1. WAIT STATES 
RAM 

Access Type RDWT 

INTA Cycles X 

8-Bit 110 X 

16-Bit 110 X 

Off-board 8-Bit Memory X 

Off-board 16-Bit Memory X 

On-board ROM Read X 

On-board ROM Read X 

On-board RAM Write 0 

On-board RAM Write X 

On-board RAM Read 0 

On-board RAM Read 1 

or an 110 write to address OF1 hex. 
-NPCS is used as a chip select for the 
80287 and is decoded at addresses 
OF8-0FF hex. 

The VL82C201 also controls the 
-BUSY286 signal sent to the 80286 
from the Numerical Processor. The 
80287 will assert -BUSY287 whenever 
it is performing a task. This signal is 

RAM ROM -MEM 
WRWT WTST F16 CS16 

X X X X 

X X X X 

X X X X 

X X 0 1 

X X 0 0 

X 1 1 X 

X 0 1 X 

0 X 1 X 

1 X 1 X 

X X 1 X 

1 X 1 X 
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passed to the 80286 by asserting the 
-BUSY286 output. Normally 
-BUSY286 will follow -BUSY287. 
However, if the -ERROR signal is 
asserted while the -BUSY287 signal is 
active, the -BUSY286 output will be 
latched low and will remain active until 
cleared by an 110 write cycle to address 
OFO hex or OF1 hex. 

-10 Number Command 
CS16 of Walts Delay 

X 4 Yes 

1 4 Yes 

0 1 Yes 

X 4 Yes 

X 1 No 

X 3 No 

X 2 No 

X 0 No 

X 1 No 

X 0 No 

X 1 No 
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VL82C201 

AC CHARACTERISTICS: TA-:QC: ooe to +70°C, QI: ~oc to +85°C, VOO = 5 V ±5-%, VSS = e V 

CPU MODE TIMIING 

16MHz 20 MHz 

Symbol Parameter Min Max Min Max Unit Condition 

t1 PROCCLKIN Period 31 25 ns 

t2 PROCCLKIN High Pulse Width 11 9 ns 

t3 PROCCLKIN Low Pulse Width -, 6 fiS I 

t4 PROCCLK Rise Time 5 4 ns 1.0 Vto 3.6 V, CL = 75 pF 

t5 PROCCLK Fall Time 4 4 ns 3.6 Vto 1.0 V, CL = 75 pF 

t6 FCLK Period 15 12 ns 

t7 FCLK High Pulse Width 6 5 ns 

t8 FCLK Low Pulse Width 6 5 ns 

t9 OSC RiselFa!! Time 15 15 ns 

tD10 MHZ7 from OSC Delay 15 15 ns 

tD11 MHZ119 from OSC Delay 20 20 ns i 

tD12 PROCCLK from FCLK Delay 20 17 ns 

tSU13 -SO, -81 to PROCCLKIN Setup Time 11 9 ns 

tH14 -SO, -81 from PROCCLKIN Hold Time 1 1 ns 

tSU15 M/-IO to PROCCLKIN Setup Time 20 20 ns 

tH16 M/-IO from PROCCLKIN Hold Time 3 3 ns 

tSU17 F16 to PROCCLKIN Setup Time 7 6 ns 

tH18 F16 from PROCCLKiN Haid Time 5 5 ns 

tSU19 
POWERGOOD to PROCCLKIN 

20 20 Note 1 
Setup Time 

ns 

tH20 
POWERGOOD to PROCCLKIN 

5 5 Note 1 
Hold Time 

ns 

tD21 RESET from PROCCLKIN Delay 24 24 ns 

tD22 I RESCPU from PROCCLKIN Delay I I 17 I 15 I ns I 

tD23 SYSCLK from PROCCLKIN Delay 26 23 ns 

tD24 -ENAS from PROCCLKIN Delay 26 26 ns 

tSU25 MI-IO, A1 to -SO, -S1 Setup Time 15 15 ns 

tSU26 SWRST to PROCCLKIN Setup Time 20 20 ns I Note 1 

t27 SWRST Pulse Width 60 60 ns 

tD28 ALE from PROCCLKIN Delay 18 16 ns 

Notes: 1. POWERGOOD and SWRST are asynchronous inputs. This specification is given for testing purposes only, to assure 
recognition at a specific PROCCLKIN edge. 
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VL82C201 

CPU MODE 11MING (Cont.) 

16MHz 20 MHz 

Symbol Parameter Min Max Min Max UnH Condition 

tD29 DT/-R Low from PROCCLKIN Delay 30 30 

tD30 DT/-R High from PROCCLKIN Delay 40 35 

tD31 
-DENLO, -DENHI Low from 

33 PROCCLKIN Delay 30 ns Write Cycles 

tD32 
-DENLO, -DENHI Low from 

40 PROCCLKIN Delay 35 ns Read Cycles 

tD33 
-DENLO, -DENHI High from 

33 30 ns Read and Write Cycles PROCCLKIN Delay 

tD34 
-READY Active from PROCCLKIN 

16 15 Delay ns 

tD35 
-READY Inactive from PROCCLKIN 

5 3 Note 2 Delay ns 

tD36 XDATADIR from PROCCLKIN Delay 35 35 

tSU37 -IOCS 16 to PROCCLKIN Setup Time 17 15 ns 

tH38 -IOCS 16 from PROCCLKIN Hold Time 2 2 ns 

tSU39 IOCHRDY to PROCCLKIN Setup Time 15 12 ns 

tH40 
IOCHRDY from PROCCLKIN Hold 

2 2 Time ns 

tD41 
-CMD, -XCMD, -SCMD from 

30 30 ns Note 3 PROCCLKIN Delay 

tSU42 -WSO to PROCCLKIN Setup Time 15 12 ns 

tH43 -WSO from PROCCLKIN Hold Time 3 3 ns 

tSU44 
-MEMCS 16 to PROCCLKIN Setup 

15 12 ns Time 

tH45 
-MEMCS16 from PROCCLKIN Hold 

4 4 Time ns 

tSU46 AO to PROCCLKIN Setup Time 20 20 ns 

tD47 SAO from PROCCLKIN Delay 30 25 

tSU48 -XBHE to PROCCLKIN Setup Time 20 15 

tD49 
-DENLO, -DENHI from PROCCLKIN 

45 40 Note 4 
Delay 

tD50 
-CMD, -XCMD, -SCMD from 

40 35 ns Note 4 
PROCCLKIN Delay 

tD51 Q1 from PROCCLKIN Delay 30 30 ns 

Notes: 2. -READY is an open drain output and requires a pull-up resistor that pulls the signal high within two PROCCLKIN 
cycles. A 330 n resistor is recommended. This specification for -READY inactive indicates when the VL82C201 
stops driving the output. It does not indicate that -READY has reached a certain voltage level. 

3. -CMD refers to the signal pins -MEMR, -MEMW, -lOR, and -lOW. -SCMD refers to the signal pins -SMEMR and 
-SMEMW. -XCMD refers to the signal pins -XMEMR, -XMEMW, -XIOR, and -XIOW. 

4. Caused by CNTLOFF during 16 to 8 bit conversions. 
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VL82C201 

CPU MODE- llMING (Cont.) 

1\1 
1 "" 

"0MH-"" "" 
Symbol Parameter Min Max Min Max Unit Condition 

tD52 CNTLOFF from PROCCLKIN Delay 30 30 ns 

tD53 DIR245 from PROCCLKIN Delay 45 45 ns 

tD54 GATE245 from PROCCLKIN Delay 45 45 ns 

tSU55 -ROMCS to PROCCLKiN Setup Time 15 12 ns 

tH56 -ROMCS from PROCCLKIN Hold Time 4 4 ns 

tSU57 ROMWTST to PROCCLKIN Setup Time 15 12 ns 

tH58 
ROMWTST from PROCCLKIN Hold 

8 8 J Time I ns I 
tSU59 I RAMRDWT, RAMWRWT to 

15 12 I ns I PROCCLKIN Setup Time 

RAMRDWT RAMWR~lT from 
tH60 

, I 

2 2 PROCCLKIN Hold Time ns 

tD61 RAMALE from PROCCLKIN Delay 18 16 ns 

tD62 -ERAMW from PROCCLKIN Delay i i 
18 16 

i 
ns I 

I 
tD63 RAS from PROCCLKIN Delay 18 16 ns 

tD64 CAS High from PROCCLKIN Low Delay i i 18 16 ns o Wait State Only 

CAS High from PROCCLKIN High 
I 

I I tD65 I 18 16 ns 1 Wait State Only Delay 

tD66 CAS Low from PROCCLKIN Low Delay 18 16 ns o and 1 Wait State 

tD67 -INTA from PROCCLKIN Delay I 30 30 ns 

tD68 -BUSY286 from -BUSY287 Deiay 
! 

20 20 ns 

tH69 -ERROR form -BUSY287 Hold Time 5 5 ns 

tSU70 -ERROR to -BUSY287 Setup Time 10 10 ns 

tD71 -BUSY286 from -lOW Delay 
I 

25 25 ns 

tD72 RESET287 from -lOW Delay 25 25 ns 

+SU73 I XA Input t'" lOW Set"p Time . , I I v~ U I 
-40 I I 

'41\ I 
IV II~ 

tH74 XA Inputs from -lOW Hold Time 5 5 ns 

tD75 XA Inputs to -NPCS Delay I 30 30 ns I 
I I 

tD76 XA Inputs to -PPICS Delay I 25 25 ns I 
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VL82C201 

DMA MODE TIMING 

16MHz 20 MHz 

Symbol Parameter Min Max Min Max Unit Condition 

tD79 -DMMEN from -AEN1, -AEN2 Delay 20 20 ns 

tD80 XDATADIR from -XIOR Delay 30 30 ns 

tD81 -CMD, -SCMD from -XCMD Delay 30 30 ns 

tD82 -XBHE from SAO Delay 30 30 ns Note 

tD83 DIR245 from -XMEMR Delay 30 30 ns 

tD84 
GATE245 from -XMEMR, -XMEMW, 

35 35 ns or -XIOR Delay 

Note: During -AEN2, -XBHE is low. During -AEN1 , -XBHE follows SAO inverted. 

BUS MASTER MODE TIMING 

16 MHz 20 MHz 

Symbol Parameter Min Max Min Max Unit Condition 

tD85 -XCMD ~rom -CMD Delay 25 25 ns 

tD86 -SCMD from -CMD Delay 30 30 ns 

tD87 XDATADIR from -lOR Delay 30 30 ns 

REFRESH MODE TIMING 

16 MHz 20 MHz 

Symbol Parameter Min Max Min Max Unit Condition 

tSU88 -REFRESH to PROCCLKIN Setup Time 20 20 ns 

tD89 -REFEN from PROCCLKIN Delay 30 30 ns 

tD90 
-MEMR, -XMEMR, -SMEMR from 

40 40 ns During -REFRESH PROCCLKIN Delay 

MEMORY CONTROL TIMING DURING DMA OR MASTER MODES 

16 MHz 20 MHz 

Symbol Parameter Min Max Min Max Unit Condition 

tSU91 
-MEMR, -XMEMR, -MEMW, 

17 17 ns 
-XMEMW to PROCCLKIN Setup Time 

tH92 
-MEMR, -XMEMR, -MEMW, 

2 2 ns 
-XMEMW to PROCCLKIN Hold Time 

tSU93 F16 to -MEMR, -XMEMR Setup Time 5 5 ns 

tH94 F16 from -MEMR, -XMEMR Hold Time 10 10 ns 

tD95 DT/-R from -MEMR, -XMEMR Delay 30 30 ns 

t096 -OENLO from SAO Delay 30 30 ns 

t097 -OENHI from -XBHE Delay 35 35 ns 
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VL82C201 

PROCCLK TIMING WAVEFORMS 

PROCCLKIN 

CLOCK MODULATION WAVEFORM 

FCLK 

PROCCLK 

FiG 

M/-IO 

-SO, -S1 

ALE 

-READY 
_______________ ~--------------t-D~--~--~r_~ __________________ __ 

Note: Timing is shown for an off-board memory cycle. The same clock transitions will occur if M/-IO is sampled low, regardless 
the state of F16. 

CRYSTAL DERIVED CLOCK WAVEFORMS 

OSC 

MHZ7 

MHZ119 

A .. ft" 

II 
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VL82C201 

1/0 TIMING WAVEFORM 

~ 16 BIT----4.~II4.I------- a BIT 

L.- TS-Itl.. TC .1.. TW .Le TS .1.- TC ""4- c~~s ... .1. .. TW FROM I..... TI 

(4 MIN) 

PROCCLKIN // 

-so, -S1 

ALE 

DT/-R 

-DENLO, 
-DENHI 

-READY 

-lOR, 
-XIOR 

-lOW, 
-XIOW 

XOATADIR 

-IOCS16 

IOCHROY 

tD31 

t041 
~ 

NOTE 2 

--+------+//---+--~--~==----

~r-----+//---+--_+--+_-----

~-----~//---+---4--~~ 

'-+-----+-/ / --+----1--1--' 

~~---+//--r---~ 

NOTE 1 tD41 t041 

-----+//--~------~ 
t041 

~-------+------+//---+------~------

tD36 t036 

~ ~ 
-----+//--~------~ 

~--------------+//---+--------------

Notes: 1. -READY is an open drain output and requires a pull-up resistor that pulls the signal high within two PROCCLK cycles. 
A 300 Q resistor is recommended. 

2. IOCHROY is sampled for the first time in the middle of the first wa~ state. H it is sampled high, 16-bit bus cycles will 
terminate with only one wait state. From then on lOCH ROY is sampled at the end of each wa~ state cycle. When 
IOCHROY is sampled high, the bus cycle will terminate one wait state cycle later. 

For a-bit bus cycles lOCH ROY is sampled for the first time at the end of the third wait state cycle. If it is sampled 
high, the bus cycle will terminate in four wa~ states. Otherwise, the bus cycle will be extended until IOCHROY is 
sampled high. 
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OFF-BOARD MEMORY lIMING WAV-Ef-ORM 

~--16 BIT--........ ------------8 BIT--~-~==~~ 

PROCCLKIN 

-so, -51 

ALE 

DT/-R 

-DENLO, 
-DENHI 

-MEMR, 
-XMEMR, 
-SMEMR 

-MEMW, 
-XMEMW, 
-SMEMW 

-wso 

F16 

-MEMCS16 

NOTE 1 
2TW 

CYCLES 

// 

t041 

Notes: 1. This 16-bit cycle is shown as zero wait states terminated by the -WSO input. Normal off-board memory cycles are 
one wait state. 

2. A command delay is shown on the a-bit write cycle. Command delays will exist for both reads and writes on the 8 bit 
cycles. A command delay is not generated for 16-bit reads or writes. 
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VL82C201 

CONVERSION TIMING WAVEFORM 

ALE //-

AO 

tD47 

I 
I 

SAO // 

-XBHE 

I 
-DENLO, -I-
-DENHI NOTE 3 --I 

NOTE 2 

IOR,IOW, 
MEMR, I // 
MEMW tD51 tD51 

// 
Q1 

CNTLOFF --------~--~~--//------------~ //--------~-------

DIR245 
L---//-__ ~~~~~~ 

GATE245 

-MEMCS16 

ISUI7 

F16 

-IOCS16 

Notes: 1. The first transition shown here is for write cycles. The -DEN signals will go active one PROCClKIN cycle later for 
read cycles. 

2. The first transition shown here is for read cycles. The -DEN signals will go inactive one PROCClKIN cycle later for 
write cycles. 

3. -DENlO will not go active during the second half of a conversion cycle for I/O write or memory write commands. 

4. DIR245 goes low for a write cycle. H will remain high for read cycles, 
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ON-BOARD MEMORY TIMING 

PROCCLKIN 

-SO, -S1 

Fi6 

-ROMCS 

ROMWTST 

RAMRDWT, 
RAMWRWT 
(NOTE) 

RAMALE 

-ERAMW 

RAS 

CAS 

I o WAIT RAM I 
~TS .' .. TC~TS 

tD63 

1 WAIT RAM 

ttJ4 TC .14 

VL82C201 

TW ~14 TS 

2 WAIT ROM 

TC ~14 TW_ .... -

DT/-R ---(VOH)~----r--r--~--------------+--+--~--4----------------------+---

-DENLO, 
tD33 

-DENHI 

-READY __ ---1/ ~---1/ \1....--

Note: Although RAMRDWT and RAMWRWT can be changed dynamically for each memory cycle, care must be taken to never 
allow RAMRDWT to be high and RAMWRWT to be low at the same time for more than 60 ns. This results in zero wait 
state write cycles and one wait state read cycles. This was determined to be an unrealistic operating mode and is used 
to put the VL82C201 into a test mode that will disrupt normal system operation. 
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INTA TIMING WAVEFORM 

r- TS 

PROCCLKIN~ 

ALE 

-!NTA 
~tD67 

DT/-R 

-DENLO 

XDATADIR ______ t_-D_36_~ ____ ~~~ __________ ~/tt= tD36 

NUMERICAL PROCESSOR INTERFACE TIMING WAVEFORM 

-BUSY286 -----.I 

-lOW 

XAS-9, 
XA3,XAO 

RESET287 

-NPCS 

-PPICS 

'---_~I 

\~-_____ ~I 
tD71 
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VL82C201 

DMA MODE TIMING WAVEFORMS 

-AEN1, 
-AEN2 

-OMMEN 

-XIOR, 
-XIOW 

t080 

XOATAOIR 

-lOR, 
10811 1081) 

" 
-lOW 

SAO 

-XBHE 

-XMEMW, 
-XMEMR 

0lR245 

t081..t -MEMW, _ I 
-MEMR, ___________ -----,\ 

-SMEMW, L... ___ _ 

-SMEMR 

-XMEMW, 
-XMEMR 
-XIOR 

GATE245 

\L _____ _ 

~10841 
--------------~\~-------------
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BUS MASTER MODE TIMING WAVEFORM 

-MEMR, 
-MEMW 

-XMEMR, 
-XMEMW 

-SMEMR, 
-SMEMW 

-lOR, 
-lOW 

-XIOR, 
-XIOW 

XOATAOIR 

tOSS tOSS 

t086 ~ ~ ~ ~ID86 
\----~/ 

tOSS 

i 

ID87 --.j t 
NOTE '----------' 

tOSS 

Note: XOATAOIR goes low only for -lOR when XA9, XAS are low and -NPCS is not active. 

REFRESH TIMING WAVEFORM 

PROCCLKIN 

SYSCLK 

-REFRESH 

-REFEN 

-MEMR, 
-XMEMR, 
-SMEMR 

---------t': t090 ~ t090 \L-______ ---', 
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VL82C201 

MEMORY CONTROL TIMING WAVEFORMS DURING DMA OR MASTER MODES 

PROCCLKIN 

-MEMR, 
-XMEMR 

-MEMW, 
-XMEMW 

RAMRDWT, 
RAMWRWT 

RAS 

CAS 

-ERAMW 

BUS CONTROL TIMING WAVEFORMS DURING DMA OR MASTER MODES 

F16 

-MEMR, 
-XMEMR 

DT/-R 

__ C_·· ·tSU9-----(31 . .UU U ··)....--rt-tH_94)_···· _ 

\\----------', 

______ ~_tD_95__'j ~ID951'__ __ 

SAO 

-DENLO 

\~--------------------------~~ 
____ ~_tD_96_1__4\ ~tD96j-

-XBHE 

-DENHI 

\\-~-tD-9-7 ~--------------i( ID97~ 
__ I ------1\ ~ J-
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VL82C201 

AC TESTING -INPUT,OUT~lJ!~A.VI:F()RM_ 

INPUT 
~ OUTPUT~ 

0.2 V 
-----f'~'-----1.5V *_1.sv 

14 AC TEST POINTS ., 

3.5 V 

AC TESTING - LOAD CIRCUIT 

r- DEVICE UNDER TEST 

*Includes scope and jig capacitance. 

AC TESTING - LOAD VALUES 

Test Pin CL (pF) 

20,39-42,45,47,49-51 200 

46,52 75 

21-26,28-31,33-37, 43, 50 
44,53,55-58,60-66 _ 

CL* 

4-111 

+5.0 V 

R1 

Test Pin 

71 

34-37,39-42,44, 
50,51 

R1 (0) 

600 

10K 

II 
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ABSOLUTE MAXIMUM RATINGS 
Ambient Operating 
Temperature OC = O°C to + 70°C 

01 = -40°C to +85°C 

Storage Temperature -65°C to + 150°C 

Supply Voltage to 
Ground Potential -0.5 V to +7.0 V 

Applied Input 
Voltage 

Power Dissipation 

-0.5 V to +7.0 V 

500mW 

Stresses above those listed may cause 
permanent damage to the device. 
These are stress ratings only. Func
tionai operation of this device at these 
or any other conditions above those 

VL82C201 

indicated in this data sheet is not 
implied. Exposure to absolute maximum 
rating conditions for extended periods 
_ ... " ""ff"",.t ..Io."i,.o. roli!!2hilitv 
IIIQI QII ..... "" .. \wIQ'I"IV'iIiJ' ."""11""""" .... 1. 

DC CHARACTERISTICS: TA = QC: O°C to +70°C,QI: -40°C to +85°C, VDD = 5 V ±5%, VSS = 0 V 

Symbol Parameter Min Max Unit Condition 

VOH Output High Voltage 2.4 V IOH =-3.3 rnA 

VOU Output Low Voltage 0.45 V IOL = 24 rnA, Note 1 

VOL2 Output Low Voltage 0.45 V IOL = 8 rnA, Note 2 

VIH Input High Voltage 2.0 VDD + 0.5 V Except POWERGOOD, PROCCLKIN 

VIL Input Low Voltage -0.5 0.8 V 

VIHS Input High Voltage 4.0 VDD + 0.5 V POWERGOOD, Schmitt-trigger 

VIHC Input High Voltage 3.8 VDD + 0.5 V PROCCLKIN 

VILC Input Low Voltage -0.5 0.6 V PROCCLKIN 

CO Output Capacitance 8 pF 

r.1 Inout ,.. 8 pF 

CIO Input/Output Capacitance 16 pF 

ILOL Three-state Leakage Current -100 100 ~ 

III Input Leakage Current -10 10 ~ Except -S1, -SO, XTAL 1 (1) 

IllS Input Leakage Current -0.5 0.01 ~ -S1, -SO, Note 3 

ILIX Input Leakage Current -40 40 )lA XTAL 1(1) 

ICC Power Supply Current 40 rnA Note 4 

Notes: 1. Pins 20, 39-42, 45, 47, 49-52. 
2. All other pins. 
3. -S1 and -SO have small pull-up resistors to VDD and source up to 0.5 rnA when pulled low. 
4. Inputs = VSS or VDD, outputs are not loaded. 
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FEATURES 
• Fully compatible with IBM PC/AT-type 

designs 

• Completely performs memory control 
function in IBM PC/AT -compatible 
systems 

• Replaces 20 integrated circuits on 
PC/AT-type motherboard 

• Supports up to 20 MHz system clock 

Davice is available as "cores" jor 
user-specific designs 

• Designed in CMOS for low power 
consumption 

BLOCK DIAGRAM 

VL82C202 
PC/AT-COMPATIBLE MEMORY CONTROLLER 

DESCRIPTION 
The VL82C202 PC/AT-Compatible 
Memory Controller generates the row 
and column decodes necessary to 
support the dynamic RAMs used in 
PC/AT-type systems. In addition, the 
device allows six motherboard memory 
options for the user, from 512K-bytes 
up to a full 8M-byte system. In addition, 
the VL82C202 provides the chip select 
for the ROM and RAM memory, and 
drives the system's speaker. The 
optional Shadow RAM feature allows up 
to 384K-bytes of memory space to be 

copied to and executed out of high 
speed DRAM instead of slower 
EPROM. 

The device is manufactured with VLSI's 
advanced high-performance CMOS 
process and is available in a JEDEC
standard 84-pin plastic leaded chip 
carrier (PLCC) package. The 
VL82C202 is part of the PC/AT
compatibie chip sets avaiiable from 
VLSI. Please refer to the Selector 
Guide in the front of this manual. 

ORDER INFORMATION 

System 
Clock 

Part Number Freq. Package 
-O~: 44---------.tr~:FFER 1 .... 4-----.. SAO 

A16-A23 - ... - -
-=- BUFFER 

CPUA20 MUX f-< ENABLE 

--+S If CPUHLDA 

ALE 

-MASTER 

RAMALE 

RAMSELO} RAMSEL1 
RAMSEL2 
--ERAMW 

SHDWRAMMAP 

-REFRESH} 
ADDRSEL 

REFBIT9 
RESET 
OUT2 

XDO-XD7 

A2OGA~} 
-IOCHCK} 
-XMEMR 

-PARERROR 

XA16 }' 
XA1-XAS 
-PPICS 
-ENAS 

Q1 
-XIOR 
-XIOW 

I 
I 

OE ~ LATCH 

~ l:=v GATE 
ENABLE 

-rf} -... BUFFER 

I : ME..,RY L DECODE 

r 
_ .... 

PORT 
A&B 

... 
~ 

NMI 
LOOIC 

NMICSr I ENRAMPCK 
ENIOCK 

.J 
PORTBWR 

... 110 - WRT 
DECODE 

-

... 

..-J LATCH 

'-: =:r LATCH 

I 
u~ ... 

--"'" r-

~ 
I 

SA17-
SA19 

VL82C202-16QC 
VL82C202-1601 

VL82C202-200C 
VL82C202-2001 

16 MHz 
Plastic Leaded Chip 
Carrier (PLCC) 

20 MHz 
Plastic Leaded Chip 
Carrier (PLCC) 

Note: Operating temperature range: 

AEN 

MA8,MA9 

F16 

{
~~N 
RAS1 
CASO 
CAS 1 

f -lMEGCS 

l
-lCSOROM 
-lCS1ROM 

FASTA20GATE 

-SPKRDATA 
SWRST 

NMI 

QC = O°C to + 70°C 
QI = -40°C to +85°C. 

~
-CS8042 
RTCDS 
RTCAS 

L RTCF\I-W 
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PIN DIAGRAM 

CPUHLDA 

CPUA20 

-MASTER 

RAM ALE 

RAMSEL2 

VSS 

F16 

RASO 

RAS1 

CASO 

CAS1 

-LMEGCS 

-LCSOROM 

FAST A20GATE 

VSS 

SAO 

XAO 

AEN 

VSS 

VDD 

XDO 

VL82C202 

-10 RE RAM -X -P -E 
CHCK SET ALE VDD -RC SELO MEMR PICS -XIOW NAS 

G~E I OUT21-f~NA I FR~~HIE:~RI VSS I ~t~ I ~I~ I-XIOR I Q1 I ~~LR 

- XA5 

73 XA4 

72 XA3 

71 XA2 

70 XA1 

69 SHDWRAMMAP 

VL82C202 68 A16 

67 -ERAMW 

TOP VIEW 
66 MA9 

65 MA8 

64- VSS 

63 SWRST 

62 RTCAS 

61 RTCDS 

60 RTCR/-W 

59 -CS8042 

58 VSS 
- - -- - --------

···----··~-57- -NMt 

56 

55 

54 
34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 

XD1 I XD3 I XD5 I XD7 I A23 I A21 I A19 I A17 I VDD IPARENI XA16 

-Lds1 
XD2 XD4 XD6 VSS A22 A20 A 18 ROM SA 17 VSS 
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VL82C202 

SIGNAb DESGRIPT-IONS- . 
Signal Pin Signal Signal 
Name Number Type Description 

-RC 2 This active low input signal will force a CPU reset when active. It is 
generated by the keyboard controller and its inverse is OR'ed with Port A 
bit 0 to form output signal SWRST (pin 63). 

-PARERROR 3 Parity Error - A low true input used to indicate that a memory parity error 
has occurred. 

-REFRESH 5 Refresh - An active low input used to initiate a refresh cycle for the dynamic 
RAMs. 

ALE 6 Address Latch Enable - This is a positive edge input that controls the 
address latches which hold the address during a bus cycle. ALE is not 
issued for a halt bus cycle. 

-DMAAEN 7 DMA Address Enable - This is an active low input. It is active whenever 
DMA is making an access to the system memory. 

RESET 8 Reset - This active high input signal is the system reset generated from a 
POWERGOOD. It is synchronized to PROCCLK. 

OUT2 9 Out 2 - The output of the timer controller. It can be read by the CPU on I Port B. 

-IOCHCK 10 110 Channel Check - This active low input is asserted by devices on the 
expansion bus. It will generate a non-maskable interrupt if NMI is enabled. 
-IOCHCK can be read by the CPU on Port B. 

A20GATE 11 A20 Gate - Used to select the proper value for address bit 20. CPUA20 is 
transmitted as A20 if A20GATE is high or Port A bit 1 is high, otherwise 
A20 is forced low. 

CPUHLDA 12 CPU Bus Hold Acknowledge - This input indicates ownership of the local 
CPU bus. When high, this signal indicates that the CPU has three-stated 
its bus drivers in response to a hold request. When low, it indicates that 
the CPU bus drivers are active. 

CPUA20 13 CPU Address Bus Bit 20 - It is transmitted out as A20 if A20GATE is high 
or if Port A, bit 1 is high. 

-MASTER 14 Master - An active low input. It is asserted low by devices on the expan-
sion bus. A low indicates that another device is active. 

RAMALE 15 RAMALE is used to latch RAM address buffers. It is forced high at the end 
of any bus cycle and will go back low at the end of the status cycle. 

RAMSEL2 16 RAM Select 2 - Used with RAMSELO and R.AMSEL 1 to select the system 
RAM configuration. 

F16 18 0 An output that indicates an access to on-board memory. 

RASO 19 0 An active high output used to enable the Row Address Strobe to DRAM 
banks 0 and 3. 

RAS1 20 0 An active high output used to enable the Row Address Strobe to DRAM 
banks 1 and 2. 

CASO 21 0 An active high output used to enable the Column Address Strobe to DRAM 
banks 0 and 2. 

CAS1 22 0 An active high output used to enable the Column Address Strobe to DRAM 
banks 1 and 3. 

-LMEGCS 23 0 Lower Megabyte Chip Select - An active low output that indicates that the 
lower memory address space (0-1 megabyte) is selected. 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal Pin 
Name Number 

-LCSOROM 24 

FASTA20GATE 25 

SAO 27 

XAO 28 

AEN 29 

XOO-X07 32-39 

A16-A19, 
A21-A23 

A20 

-LCS1ROM 

PAREN 

SA17-SA19 

. ----------_ •.. _- --

XA16 

-SPKROATA 

NMI 

-CS8042 

RTCR/-W 

RTCOS 

RTeAS 

SWRST 

68,47-45, 
43-41 

44 

48 

51 

50,54,55 

----_ .... _ .. _ ... _- . 

53 

56 

57 

59 

60 

61 

62 

63 

Signal 
Type 

o 

o 
1/0 

110 

o 

110 

110 

0 

0 

TSO 

0 

0 

0 

0 

0 

0 

0 

Signal 
Description 

VL82C202 

Latched Chip Select 0 for ROM - An active low output that is the latched 
chip select for the low 64K-bytes of ROM address space. 

This active high output is the OR of Port A bit 1 and input pin A2OGATE. 

System Address Bus Bit 0 - This signal will be an output with the value of 
XAO when -OMAAEN is low. It will be an input and drive XAO when 
-OMAAEN = 1. 

Peripheral Address Bus Bit 0 - This signal is an output driven by SAO when 
-OMAAEN = 1, and an input driving SAO when -OMAAEN = O. 

Address Enable - This is an output signal for the expansion bus. It will go 
low when -MASTER is active or CPUHLOA is inactive. 

Peripheral Data Bus Bits 0-7 - These are data bits for the peripheral bus. 
They are outputs when Port A or Port B is being read; otherwise they are 
inputs. 

CPU Bus Bits 16-19 and 21-23 - These are the upper bits of the CPU 
address bus. 

Address Bus Bit 20 - Normally an output driven by CPUA20 (see above), 
but is an input when CPUHLOA = 1 and -MASTER = 1. 

Latched Chip Select 1 for ROM - The active low latched chip select output 
for the high 64K-bytes of ROM address space. 

Parity Check Enabled - Logical OR of CASO and CAS1, indicates a RAM 
memory access so parity check is enabled. 

System Address Bus Bits 17-19 - A17-A19 are latched by ALE and trans
mitted out on these outputs when CPUHLOA is inactive. They are driven 
directly by A 17 -A 19 when CPUHLOA is active and -MASTER is inactive. 

. They are three-stated when -MASTER is active '~. ____ . __ _ 

Peripheral Address Bus Bit 16 - This selects between 64K blocks of 
memory when CPUHLOA is high. 

Speaker Data - Output to be buffered and sent to the speaker. 

Non-Maskable Interrupt - This output is the non-maskable interrupt signal 
for the CPU. 

Chip Select Signal for the Keyboard Controller - This active low output is 
the chip select signal for the keyboard controller programmable interface 
device. 

Real Time Clock Signal for ReadlWrite - This is the readlwrite select output 
signal for the real time clock. A high indicates a read operation and a low, 
a write operation. 

Real Time Clock Data Strobe - This is the data strobe for the real time 
clock. 

Real Time Clock Address Strobe - This is the address strobe for the real 
time clock. 

Software Reset - An active high output that goes to the System Controller 
chip, where it generates a reset pulse. SWRST is the logical OR of Port A 
bit 0 and the inverse of input -RC. 
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SIGNALDESCRIPTIONS-{Gento}-
Signal 
Name 

MAS, MA9 

Pin 
Number 

65,66 

-ERAMW 67 

A16 68 

SHDWRAMMAP 69 

XA1-XA5 70-74 

ADDRSEL 

-ENAS 

Q1 

-X lOW 

-X lOR 

-PPICS 

REFBIT9 

-XMEMR 

RAMSEL1 

RAMSELO 

VDD 

VSS 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

4,31,49 

1,17,26,30 
40,52,58,64 

Signal 
Type 

o 

Signal 
Description 

VL82C202 

DRAM Memory Address Bus Bits 8-9 - These outputs are the 8th and 9th 
bits of the DRAM memory address. They are located on the VL82C202 to 
allow system address mapping. REFBIT9 is multiplexed into MA8 during a 
refresh cycle. 

Early RAM Write - This active low input indicates a memory write com
mand. It is used primarily during the mapping of the ROM into tile Shadow 
RAM. 

CPU Address Bus Bit 16 - Used to select between 64K blocks when 
CPUHLDA is low. 

Shadow RAM Map - An active high input that selects the Shadow RAM 
Map option. Normally tied to VSS or VDD. 

Peripheral Address Bus Bits 1-5 - Inputs used to decode addresses for Port 
A and Port B, peripheral control signals for the keyboard controller and the 
real time clock. 

Address Select - This input is a multiplex row/column select for the Memory 
Address Bus drivers. 

Enable Address Strobe - This active low input is used to enable the 
address strobe on the real time clock. It will go low the first time -so is 
asserted after a system reset. 

Goes active during the second phase of a CPU bus cycle following the TS 
state. It is used by the VL82C202 chip to generate the address strobe for 
the real time clock. 

Input/Output Write - The active low input indicates an VO write command. 
Used to generate selects for the keyboard controller, real time clock, Port A 
and Port B. 

Input/Output Read - The active low input indicates an I/O read command. 
Used to generate selects for the 8042, 146818, Port A and Port B. 

Programmable Peripheral Interface Chip Select - An active low input used 
to generate the chip select for the keyboard coontroller. 

Refresh Bit 9 - The carry out of the refresh counter. It is used with the 
Address Buffer to generate a refresh for 1 M DRAMs. It is multiplexed out 
as MAS when -REFRESH is active. 

Memory Read - An active low input indicates a memory read command. 
This pin is used to determine the direction of data on the memory data bus 
and to clock in parity check results. 

RAM Select 1 - This input is used with RAMSELO and RAMSEL 2 to desig
nate the system RAM configuration. 

RAM Select 0 - This input is used with RAMSEL 1 and RAMSEL 2 to desig
nate the system RAM configuration. 

System Power: 5 V 

System Ground 
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FUNCTIONAL DESCRIPTION 
The VL82C202 Memory Controller 
provides address buffering for the upper 
address bits on the system and CPU 
address buses. It generates chip 
selects for the four possible RAM banks 
and the two possible ROM banks. The 
VL82C202 also contains Port A register 
bits 0 and 1 and the Port B register. It 
also generates chip select decodes for 
the keyboard controller and real time 
clock. 

MEMORY DECODES 
The upper address bits A 16-A23 and 
XA 16 are used to decode chip selects 
for all on-board memory. The three 
wire option inputs RAMSEL2, RAM
SEL 1, and RAMSELO are used to select 
one of six possible memory configura
tions. Refer to Figure 1. 

RAM SELECTS 
The memory mapping options shown in 
Figure 1 are used to generate the 
enable signals for the RAS and CAS 
pulses to the DRAMs. These signals 
will be active anytime the decode on 
address bits A16-A23 fall in the ranges 
shown in the memory maps. The 
signals are latched by the input signal 
RAMALE. The latches will be transpar
ent while RAMALE is high and hold the 
value in the latch while RAMALE is low. 
Ih~-'-atQh .~Iocl<s. wJll al§'QJ~~1Q~eQ .hi9.11 
when CPUHLDA is active making the 
latches transparent during all hold 
acknowledge operations. 

When -REFRESH is active address bits 
A 16-A23 are ignored and both RASO 
and RAS1 are forced active (high) while 
CASO and CAS 1 are forced inactive 
(low). 

MA8ANDMA9 
A 16-A23 are also used to generate the 
four address bits of the DRAM. These 
address bits are also latched by the 
combination of RAMALE and 
CPUHLDA as described for the RAM 
selects. The four latched address bits 
are then multiplexed out on MA8 and 
MA9. MA9 is needed only if a memory 
mapping option using 1 M-bit DRAMs is 
selected. REFBIT9 is multiplexed out 
onto MA8 during refresh cycles. 

ROM SELECTS 
The ROM address space is decoded 
from A 16-A23 and latched by ALE. 

These latches are also forced transpar
ent when CPUHLDA is active in the 
same manner as the latches for the 
RAM chip selects. This latched value is 
then split into the two signals 
-LCSOROM and -LCS1ROM using the 
A16 or XA16 inputs. If XA16 or A16 is 
low, -LCSOROM will go active any time 
the ROM address space is decoded. If 
XA16 or A16 is high, -LCS1ROM is 
decoded. In this configuration 
-LCSOROM selects the address space 
from OE 0000 to OE FFFF while 
-LCS1 ROM selects the address space 
OF 0000 to OF FFFF. 

The ROM address space is duplicated 
at FE 0000 to FF FFFF and the chip 
selects will go active in the same 
manner as described above in this 
address space. 

UPPER ADDRESS BUFFERS 
The VL82C202 provides buffer drive 
capability to drive the card slots on the 
signals SA17-SA19. 

A 17 -A 19 are latched by ALE and driven 
onto the SA17-SA19 bus whenever 
CPUHLDA is low. When CPUHLDA is 
high and -MASTER is high, the latch is 
bypassed and A 17 -A 19 is driven 
directly to SA 17 -SA 19. SA 17 -SA 19 will 
be left floating when CPUHLDA is high 
and--M:As=fER-is-k>w. . 

ADDRESS BIT 20 
Address bit 20 is handled differently 
than the other address bits. The A20 
signal will be generated directly from 
CPUA20 (which should be connected to 
A20 on the 80286 CPU) if the input 
A20GATE is high or if Port A, bit 1 is set 
high. If A20GATE is low and Port A, bit 
1 is low, the A20 signal is forced low. 

ADDRESS BIT 0 
A buffer transceiver between XAO and 
SAO is also provided on the VL82C202. 
H the input -OMAAEN is high, signal 
flow is from SAO to XAO. H -DMAAEN is 
low, signal flow is from XAO to SAO. 

PORTA 
The Port A register at address 92 hex 
contains two bits, bO and b1. Bit 0, 
when set high, causes output SWRST 
to go high. Bit 1 provides the alternate 
A20 function and when set high, input 
CPUA20 is transmitted out as A20. If 
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bit 1 and input A20GATE are both low, 
then output A20 is forced low. 

Both bits are cleared on reset. When 
this register is read bits 2-7 are always 
forced low. 

PORTB 
The Port B register in an AT -compatible 
design is located on the VL82C202. It 
can be read or written to with an I/O 
command to address 61 hex. Port B is 
used to control the speaker and mask 
out NMI sources. It can be read to find 
status of -REFRESH, speaker data, and 
possible sources of NMI. 

I/O DECODES 
The VL82C202 provides the chip select 
signals for the on-board I/O peripherals 
(keyboard controller and real time clock). 

NMI LOGIC 
The logic necessary to control the Non
Maskable Interrupt (NMI) signal to the 
processor is contained in the VL82C202. 
An NMI can be caused by a parity error 
from the system board DRAM or if an I/O 
adapter pulls the input -IOCHCK low. 
These two possible sources can be 
individually enabled to cause an NMI by 
setting the appropriate bits in the Port B 
register. At power-up time, the NMI 
signal is masked off. NMI can be 
masked on by writing to I/O address 070 
hex-with-b~-7Tow:Or masKeaolfDy' ..... . 

writing to I/O address 070 hex with bit 7 
high. 

SHADOW RAM 
In PC/AT-type memory systems, the 
memory space between OA OOOOh and 
OF FFFFh is reserved for the graphics 
display buffer, the 110 adapter ROM and 
the system board ROM. VLSl's 
Shadow RAM option allows the system 
designer to copy these blocks into fast 
RAM memory for higher performance. 
The 384K-bytes are partitioned into six 
64K blocks for maximum flexibility. 
When the memory is configured with 
Shadow RAM the selected blocks of 
64K-bytes of RAM co-reside over the 
64K-bytes of ROM or graphics buffer. 

The Shadow RAM option is controlled 
by two 6-bit configuration registers and 
is selected by input pin 69, SHDWRAM
MAP tied high. 
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Ihe~WD_configuration registers, the 
Read Enable Register (RER) and the 
Write Protect Register (WPR), define 
whether an access to a block is to be 
treated normally (-LCSROMx and 
-LMEGCS are generated) or directed to 
Shadow RAM (F16 and CASx are 
generated), and if the block is writeable. 

The two configuration registers are 
located at 110 address 09Fh. To 
prevent spurious access, eight con
secutive writes to this address are 
required to "unlock" the registers. The 
ninth write places the configuration data 
in the RER and the tenth places data in 
the WPR. 80th registers are cleared by 
RESET. A read of this address will 
access first the RER, then the WPR. 
See the text below for a complete 
description of these registers. 

As an example of how to implement this 
feature, assume we want to map the 
BIOS at OE OOOOh to OF FFFFh into 
Shadow Ram, define the blocks from 
OA OOOOh to 08 FFFFh as on-board 
RAM and leave blocks OC xxxxh and 
00 xxxxh as they are. First, read and 

TABLE 1. SHADOW RAM 

Read Write 

--writEtlhe-entireMdress-space~Ben 
OE ooaOh and OF FFFFh. Since the 
configuration registers are cieared by 
RESET, all reads are from ROM and all 
writes go to RAM (refer to Table 1). 
After the copying is complete with 
interrupts disabled, write eight times to 
09Fh to unlock the configuration 
registers, then write data 33h (RER) 
and write again data 30H (WPR) to 
enable the biocks correctly. Now reads 
to blocks OA xxxxh, 08 xxxxh, OE xxxxh, 
and OF xxxxh are from the RAM while 
accesses to blocks OC xxxxh and 00 
xxxxh are directed to the 110 channel. 
Writes to blocks OA xxxxh and 08 xxxxh 
are allowed and writes to blocks OE 
xxxxh and OF xxxxh do not access the 
Shadow HAM since the Write Protect 
bits for these blocks have been set. 

ACCESSING THE CONFIGURATION 
REGISTERS 
The Read Enable Register (RER) and 
Write Protect Register (WPR) are 
located at 110 address 09Fh. The first 
-lOR to 09Fh accesses the RER and 
the next -lOR to the same address 

Address = OA 0000 - OF FFFF 

Address = FE 0000 • FF FFFF 

-LCS 
Enable Protect ROM 

SHOW -ERAM Register Register F16 RAS CAS X -LMEG 
RAMMAP I W Bit Bit (Note 1) x x (Note 2) CS 

0 X X X 0 0 0 0 0 

1 0 0 0 0 1 1 1 0 

1 0 0 1 0 1 0 1 0 

1 0 1 0 1 1 1 1 1 

1 0 1 1 1 1 0 1 1 

1 1 0 0 0 1 0 0 0 

1 1 0 1 0 1 0 0 0 

1 1 1 0 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

VL82C202 

_ .accessaslheWPR..Additional reads._ 
follow this RER then WPR sequence. 
The bit that seiects the next accessed 
register is cleared by Reset or by any 
-lOW. 

Eight consecutive 1/0 writes to 09Fh are 
required to unlock the configuration 
registers. The ninth 110 write to 09Fh 
accesses the RER and the tenth the 
WPR. An internal counter keeps track 
of the number of I/O writes to address 
09Fh. This counter is cleared by an 
-lOW to any address except 09Fh, by 
any -lOR or by RESET. It also clears 
on the tenth consecutive 110 write to this 
address (Le., after both registers have 
been written). These registers are 
cleared on RESET (except for bits 6 
and 7, which are unused and always 
read out high). 

SYSTEM TESTING 
The VL82C202 offers a test mode that 
allows the system designer to three
state all output and 1/0 pins. Unused 
memory select options 000 or 100 force 
this mode. 

Comments 

Shadow Mode Not Selected, Normal Access 

Slow Shadow RAM Write 

Slow Shadow RAM Write (Protected) 

Fast Shadow RAM Write 

Fast Shadow RAM Write (Protected) 

Normal Read 

Normal Read 

Fast Shadow RAM Read 

Fast Shadow RAM Read 

Notes: 1. F16 is always generated by blocks OE 0000 - OF FFFF and FE 0000 - FF FFFF. 
2. -LCSROMx is active only for blocks OE 0000 - OF FFFF and FE 0000 - FE FFFF. 
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TABLE 2. SHADOW RAM CONFIGURATION REGISTERS 

I b7 b6 I bS b4 b3 I b2 I b1 bO 

Read Enable Register I 1 1 I F E 0 I c I B A 

Write Protect Register I 1 1 I F E D I c I B A 

L. .. ... 

I I : 
... ... ... ... 

FIGURE 1. SUPPORTED DRAM CONFIGURATIONS AND RAS/CAS GENERA nON 

TOTAL DRAM 512K BYTES 1M BYTES 2M BYTES 2M BYTES 

DRAM TYPE 256K 256K 256K 1M 

NO. OF DRAMS 18 36 72 18 

RAMSE~ (2, 1, 0) 000 001 010 (1 ) 011 100 101 

SHDWRAMMAP X 0 1 0 1 0 1 X 0 1 

00-07 RASO N/U RASO RASO RASO RASO 
CASO CASO CASO CASO CASO RASO RASO - - - - - - - -

08-09 RAS1 RAS1 RAS1 RAS1 CASO CASO 
CAS1 CAS1 CASO CASO 

VL82C202 

Selects Block OA xxxx 

Selects Block OB xxxx 

Selects Block OC xxxx 

Selects Block OD xxxx 

Selects Block OE xxxx, FE XXXX 

Selects Block OF xxxx, FF XXXX 

4K BYTES 8M BYTES 

1M 1M 

36 72 

110 111 

0 1 0 1 

RASO RASO RASO RASO 
CASO CASO CASO CASO 

en 
:::.::: o OA-OO RAS1* RAS1* RASO* RAS1* RAS1* 

9 
m 
:::.::: --e---
(/) 
(/) 
w 
a: 
c 
c 
<C 
> a: o 
:5 w 
:5 

CAS1 CAS 1 
OE-OF ROM ROM ROM 

._- _._--- -- ------------
10-13 

RAS1 RAS1 RAS1 

14-15 CAS1 CASO CASO 

w w 
Q - - - - Q 

16-10 0 RASO RASO 0 
~ CAS1 CAS1 

~ RASO .- - - - - .- CASO 
1E-1F en RAS1 en w w .- CAS1 .-
20-23 RAS1 

CAS1 

24-25 

26-3F 

40-45 

46-65 

66-7F 

SO-85 

"See Shadow RAM description. 

(1) This map is also useable for a 64K-byte map using a combination of 256K and 64K DRAMs. 
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CASO CAS1 CAS1 
ROM ROM 

----- .- -- ------ -

RASO RASO RASO RASO 
CASO CASO CASO CASO 

- - - - - - - -
RAS1 

RAS1 CAS1 RAS1 RAS1 
CAS1 CASO CASO 

- - - -
RASO RASO 
CASL CAS1 

RAS1 
CAS1 

RAS1 
CAS1 
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VL82C202 

AC-CHARACTERISTICS: +A--.z---QC: O-0-C-to +"1Q-0-G, -QI-: -4Q-°-G-to +85-Q-G, V-99-=- 5 V ±5%-, vss =-&V

PERIPHERAL CONTROL TIMING 

Symbol Parameter 

tSU1 -PPICS, XA Setup to -XIOW 

tD2 SPKRDATA Output Delay 

tD3 NMI Output Deiay 

tD4 RTCDS, RTCRI-W, -CS8042 Output Delay 

tD5 RTCAS Output Delay 

tD6 SWRST Delay 

PERIPHERAL CONTROL TIMING WAVEFORMS 

-PPICS, XAO-XA5 

OUT2, -ENAS, Q1 
-XIOW, -XIOR 

RTCDS, RTCR/-W, 
-CS8042 

RTCAS 

)( 
.... ... 

.. --

16 MHz 

Min Max 

8 

40 

40 

30 

35 

40 

tD4 

tD5 

20 MHz 

Min Max Unit Condition 

8 ns 

40 ns CL = 50 pF 

40 ns CL = 100 pF 

30 ns ~I "" ~n nl=' 
-- - -- r-" 

35 ns CL= 50 pF 

40 ns Cl=50 pF 
I I 

... .. 
) ,/ , 

--. 

) K 

-SPKRDATA ---4----~-• tD2 
I 

-XIOW, -PARERROR, '" I , 
-IOCHCK _______ ...J~'---_--_-------------

__________________________ ~I.========_tD_3=======:~~ __________ ___ NMI 

-XIOW 

RC 

SWRST _____________ ~~~~~~~~~~_tD_6~~~~~~_-_-~~~~-----------
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XD BUS TIMING 

I Symbol Parameter I 

tD7 XD Bus Delay 

tH8 XD Bus Hold Time 

tSU9 XD Bus Setup Time 

tH10 XD Bus Hold Time 

XD BUS TIMING WAVEFORMS 

Input 

I 
16 MHz 20 MHz 

Min Max I Min Max 

40 40 

6 6 

20 20 

12 12 

-XIOW "'-----------

UnH 

ns 

ns 

ns 

ns 

XD BUS (INPUT) _ _____________ ,~~~:~~==~_t_SU_9~~~~~~ ______ __ t- VALID DATA IN 

OUtput 

-XIOR, XA 1-XAS, 
-PPIGS 

XD BUS (OUTPUT) VALID DATA OUT 
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Condition 

XD = Output 

XD = Output 

XD = Input 

XD = Input 

HIGHZ 
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ADDRESS CONTROL TIMING 

I I 16 MHz I 20 MHz I 

Symbol Parameter Min Max Min Max Unit Condition 

tD11 F16 Output Delay 25 21 ns CL"" 50 pF 

tD12 CASO, CAS1 Delay from RAMALE 30 20 ns CL = 50 pF 

tD13 RASa, RAS1 Delay from RAMALE 18 18 ns CL = 50 pF 

tD14 -LMEGCS Delay from ALE 25 22 ns CL = 50 pF 

tD15 -LCS1 ROM, -LCSOROM Delay from ALE 25 25 ns CL = 50 pF 

tD16 AEN Output Delay 30 30 ns CL = 150 pF 

tD17 CAS Delay from -ERAMW in Shadow Mode 17 13 ns 

tD18 -LCSxROM Delay from -ERAMW I 28 28 ns 

Note: RAMSELO, RAMSEL I, and RAMSEL2 are assumed setup one processor clock before the user generates any memory 
control signals. If the test mode is not used, these pins are usually strapped to VDD or VSS. 

Input SHDWRAMMAP should be tied to VDD or VSS. 

ADDRESS CONTROL TIMING WAVEFORMS 

A 16-A23, -REFRESH 

---- tD11 --~ 
F16 

RAMALE ) " " .... tD13 .. 
-- -

RASa, RAS1 X~ 
t. tD12 

~ CASO, CAS1 
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ADDRESS CONTROL TIMING WAVEFORMS (Cont.) 

ALE I/---~" 
~- ~. ------------------------------
~1~~---tD14---~~1L---------------------------

~~~-------------------~----------
-LMEGCS 

-LCSOROM, -LCS1 ROM---..:..I .... I.~~~~.::.::~-t-D-15--.::---:----~~-Ic.L======================= 

AEN 

~UHW~~~~R 1-----------------------------
--====---------------~. ------------.... '-41------ tD16----,~III"""l~-----------

-ERAMW 

CASO, CAS1 
~- tD17---...-.L ____________ _ 

--------1-----~ 

-LCSxROM 
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ADDRESS BUS TIMING 

16 MHz 20 MHz 

Symbol I Parameter Min Max Min Max 

tD20 MA8, MA9 Delay from RAMALE 22 18 

tD21 MA8, MA9 Delay from ADDRSEL 17 17 

tD22 MA8 Delay from REFBIT9 25 25 

tSU23 A 16-A23 Setup to ALE, RAMALE 25 
i 

25 

tH24 A 16-A23 Hold 10 10 

tD25 XAOISAO Delay 35 35 

tD26 I SA17-SA19 35 

tD27 SA 17 -SA 19 Delay from ALE 35 30 

tD28 A20 Delay 35 30 

Note: t021 delay may be derated by a factor of .04 ns/pF for heavier loads. 

ADDRESS BUS TIMING WAVEFORMS 

RAMALE 

A16-A23 

__ ~tSU23-~ 
VALID 

Unit 

ns 

ns 

ns 

i 
ns i 

ns 

ns 

ns 

ns 

ns 

VL82C202 

Condition 

Note 

-REFRESH = 0 

CL = 200 pF SAO, 
CL = 100 pF XAO 

-CL - 200 pF SAO, 
CPUHLDA = 1, 
-MASTER = 1 

CPUHLDA = 0 

CL = 50 pF 

MAS, MAg 

tD20-.l 
-----------------------------------~----V-A-Li-D-A-D-D-R-E-S-S---------

ADDRSEL ,,~---
MA8, MA9 

------"~ 1021 ~ 
__________________ ~------V-A-L-ID--A-D-DR-E-S-S~~==~~==~==-===--

REFBIT9 (-REFRESH = 0) 1 
~-- t022 -----.t 

MA8 

Note: tSU23 is specified with respect to the falling edge of RAMALE to guarantee the correct address decodes will be latched 
in. tSU23 is shown with respect to the rising edge of RAMALE to show time required for address decodes such that 
propagation delays t020 and tD13 will be valid. The time does not have to be met with respect to the rising edge for 
correct functionality. 
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ADDRESS BUS TIMING WAVEFORMS (Cont.) 

SAO (INPUT) 
(-DMAAEN = 1) 

XAO (OUTPUT) -_=========~t_-=-~~tD-_25~-=--~-======:===== >K VALID 

XAO (INPUT) 
(-OMMEN = 0) 

SAO (OUTPUT) 

A17-A19 

SA17-SA19 

ALE 

SA17-SA19 

================t-~~-----tD-2-5--_~ _________ VA_L_ID ______ __ 

t t 
~ 

tD26 

~ 
tD26 

VALID 

A20GATE, CPUA20 ----------t 
(WITH CPUHLO = ~ 1028 5K A 

0) ___________ ~ __________ I. ___________ _ 
A20 (OUTPUT) 
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I 16MHz I 20 MHz I I 

Symbol I Parameter Min Max Min Max Unit Condition 

t26 Min High (Active) Time on RESET 100 100 ns 

t27 Min Low Time for -XMEMR 40 40 ns 

MISCELLANEOUS INPUT TIMING WAVEFORMS 

RESET 
t26 *--

f"----t27-r 
-XMEMR 

I 
FASTA20GATE TIMING 

16 MHz 20 MHz 

Symbol Parameter Min Max Min Max Unit Condition 

tD28 FASTA20GATE Delay from -XIOW 40 40 ns 
1/0 Write to Port A, 
CL = 50 pF 

tD29 FASTA20GATE Delay from A20GATE 35 35 ns CL = 50 pF 

FASTA20GATE TIMING WAVEFORMS 

-X lOW 

"---1:1028 ~ ___ _ 
FASTA20GATE 

A20GATE 
________ >f:1029~1 
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AC TESTING - INPUT, OUTPUT WAVEFORM 

INPUT OUTPUT ----.~ 

3.5 V 

1.5 V 1.5 V 

0.2 V 

..... --AC TEST POINTS 

AC TESTING - LOAD CIRCUIT 

+ DEVICE UNDER TEST 

CL* 

* Includes scope and jig capacitance. 

AC TESTING - LOAD VALUES 

Test Pin CL{pF) 

27,29,50,54,55 200 

65,66 150 

28,32-39 100 
-

All Others 50 
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ABSOLUTE MAXIMUM RATINGS 
Ambient Operating 
Temperature QC = ooe to + 70°C 

01 = -40°C to +85°C 

Storage Temperature -65°C to + 150°C 

Supply Voltage to 
Ground Potential -D.5 V to +7.0 V 
J 

Applied Input 
Voltage 

Power Oissipation 

-D.5 V to +7.0 V 

500mW 

Stresses above these iisted may cause 
permanent damage to the device. 
These are stress ratings only. Func
tional operation of this device at these 
or any other conditions above those 

VL82C202 

indicated in this data sheet is not 
implied. Exposure to absolute maximum 
rating conditions for extended periods 
may affect device reliability. 

DC CHARACTERISTICS: TA = QC: O°C to +70°C, QI: -40°C, to +85°C, VOO = 5 V ±5%, VSS = 0 V 

Symbol Parameter Min Max Unit Condition 

VOH Output High Voltage 2.4 V IOH =-3.3 mA 

VOL1 Output Low Voltage 0.45 V 
SAO, SA17-SA19, AEN, 
CL = 200 pF, IOl = 20 mA 

VOL2 Output Low Voltage 0.45 V MAS, MA9, CL = 150 pF, IOL = S mA 

VOL3 i Output Low Voitage 0.45 V 
F16; XAO, XDO-XD7, CL ~ 100 pF, 
IOL=SmA 

VOL4 Output Low Voltage 0.45 V All Other Pins, CL = 50 pF, IOL = 2 mA 

VIH Input High Voltage 3.S VOO + 0.5 V ALE, RAMALE 

VIL Input Low Voltage -D.5 0.6 V ALE, RAMALE 

VIHC Input High Voltage 2.0 VOO + 0.5 V A" Other Pins 

VILC Input Low Voltage -D.5 O.S V All Other Pins 

CO Output Capacitance 16 pF 

CI Input Capacitance S pF 

CIO Input/Output Capacitance 16 pF 

ILOL Three-state Leakage Current -100 100 JlA 

III Input Leakage Current -10 10 JlA 

ICC Power Supply Current 25 mA Note 

Note: Inputs = VSS or VOO, outputs are not loaded. 
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NOTES: 
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PC/AT-COMPATIBLE ADDRESS BUFFER 
FEATURES 
• Fully compatible with IBM PC/AT-type 

designs 

• Completely performs address buffer 
function in IBM PC/AT -compatible 
systems 

• Replaces several buffers, latches and 
other logic devices 

• Supports up to 20 MHz system clock 

• Device is avaiiabie as "cores" for 
user-specific designs 

• Designed in CMOS for low power 
consumption 

DESCRIPTION 
The VL82C203 PC/AT-Compatible 
Address Buffer provides the system 
with a 16-bit address bus input from the 
CPU to 41 buffered drivers. The 
buffered drivers consist of 17 bidirec
tional system bus drivers, each capable 
of sinking 24 rnA (60 'LS loads) of 
current and driving 200 pF of capaci
tance on the backplane; 16 bidirectional 
peripheral bus drivers, each capable of 
sinking 8 rnA (20 'LS loads) of current; 
and eight memory bus drivers, also 
capable of sinking 8 rnA of current. On
chip refresh circuitry supports both 

256K-bit and 1 M-bit DRAMs. The 
VL82C203 provides addressing for the 
I/O slots as well as the system. 

The device is manufactured with VLSI's 
advanced high-performance CMOS 
process and is available in a JEDEC
standard 84-pin plastic leaded chip 
carrier (PLCC) package. The 
VL82C203 is part of the PC/AT-
...... ~ ............. "..+a, ... I __ L..: ___ .. __ •• _:I~"'I_ , ... __ 
vVIIII-'C:UIUIIO' \,,;1111-' ~t:lL~ d.Vd.llaUlt:I JlVII. 

VLSI. Please refer to the Selector 
Guide in the front of this manual. 

BLOCK DIAGRAM ORDER INFORMATION 

A 1-A 16 ....---.. D Q f-------.-i 

LATCH 
A1-A16 

ALE -+-.---1 GATE 
CPUHLDA ENABLE 

-DMAAEN~~-----++---+.--e 

RESET -+-i-+---+--I CLR 

9 BIT 
COUNTER 

-REFEr~ --+--f---+----<ili~-<li E~~A8LE 

...---. SAO
SA16 

...---. XA1-
XA16 

MUX MAO-
MA7 

ADDRSEL~~~------~H---~SELO 

-REFRESH SEL 1 
ENABLE 

RAMALE -r-+-+---i 
'--~-~-... '--+--+-----~ REFBIT9 

>----+-+-------. BALE 

-BHE D 
LATCH 

GATE1 
GATE2 

-XBHE 

I ENABLE 

-TEST ~,------k> rp- -SBHE 

-BUSY287 ~ II 
-ERROR i DECODE • IRQ13 
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System 
Clock 

Part Number Freq. Package 

VL82C203-160C 
16 MHz 

Plastic Leaded Chip 
VL82C203-160 I Carrier (PLCC) 

VL82C203-200C 
20 MHz 

Plastic Leaded Chip 
VL82C203-2001 Carrier (PLCC) 

Note: Operating temperature range: 
OC = O°C to + 70°C 
01 = -40°C to +85°C. 

II 
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PIN DIAGRAM 

RAMALE A10 A12 A14 A16 IRQ13 XA2 XA4 XA6 XA8 
-BUSY I 

287 A9 A11 A13 I A15 I VOO I XA1 I XA3 I XA5 I XA7 I VSS 

-BHE e XA9 

A8 73 XA10 

A7 72 XA11 

A6 71 XA12 

AS 70 XA13 

A4 69 XA14 

A3 VL82C203 68 XA15 

A2 67 XA16 

A1 
TOP VIEW 

66 -XBHE 

VSS 65 VSS 

ALE 64 MA7 

CPUHLOA 63 MA6 

-OMAAEN 62 MAS 

-REFRESH 61 MA4 

-REFEN 60 MA3 

AODRSEL 59 MA2 

RESET 58 MA1 

-ERROR 57 MAO 

REFBIT9 56 VDD 

-TEST 55 BALE 

-SBHE 54 VSS 
34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 

VSS I SA15 I SA13 I VSS I SA10 I SA8 I SA7 I SA5 I VSS I SA2 I SAO 

SA16 SA14 SA12 SA11 SA9 VDD 8A6 SA4 SA3 SA1 
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SIGNAL DESCRIP+lGN-S 

Signa; 
Name 

A1-A16 

RAMALE 

-BUSY287 

-BHE 

ALE 

CPUHLDA 

-DMAAEN 

-REFRESH 

-REFEN 

ADDRSEL 

RESET 

-ERROR 

REFBIT9 

-TEST 

Pin 
Number 

20-13, 
9-2 

10 

11 

12 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Signal 
Type 

Signal 
Description 

VL82C203 

CPU Address Bus Bits 1-16 - The lower 16 bits of the CPU address 
bits. These are multiplexed to the system address bus for the slots SA 1-
SA 16, the memory address bus MAO-MA7, and the peripheral address bus 
XA1-XA16. 

RAM Address Latch Enable - RAMALE is used to latch RAM address 
buffers. It is forced high at the end of any bus cycle. This allows the 
address for the next bus cycle to be passed to the system memory sooner 
than the ALE signal. RAMALE will go back low at the end of the status 
cycle for any bus cycle to latch the memory address until the end of the bus 
cycle. The memory address latches are open when RAMALE is in the high 
state. 

Busy 287 - This active low input is asserted by the 80287 to indicate that it 
is currenty executing a command. 

Bus High Enable - This is the active low input signal from the 80286 micro-
processor which is used to indicate a transfer of data on the upper byte on 
the data bus, D8-D15. 

Address Latch Enable - This positive edge input controls the address 
latches which hold the address during a bus cycle. ALE is not issued for a 
halt bus cycle. All latches are open when ALE is in the high state. 

CPU Hold Acknowledge - This active high input indicates ownership of the 
local CPU bus. When high, this signal indicates that the CPU has three-
stated its bus drivers in response to a hold request. When low, it indicates 
that the CPU bus drivers are active. 

DMA Address Enable - This is an active low input which is active whenever 
an 110 device is making a DMA access to the system memory. 

Refresh - An active low input which is used to initiate a refresh cycle for the 
dynamic RAMs. It is used to clock a refresh countei which piOvides 
addresses during the refresh cycle. 

Refresh Enable - An active low input that will be asserted when a refresh 
cycle is needed for the DRAMs. 

Address Select - This is a multiplex select for the memory address bus 
drivers. When ADDRSEL is low, the lower order address bits are selected. 
When high, the high order address bits are selected. 

Reset - This active high input signa! is the system reset generated from a 
POWERGOOD. It is synchronized to PROCCLK and used to reset the 
refresh counter. 

Error - This is an active low input which indicates an error has occurred 
within the 80287 coprocessor. 

Refresh Bit 9 - This is the MSB of the refresh counter. When used with the 
Memory Controller chip a refresh address will be generated for 1 M byte 
DRAMs. 

Test - This is an active tow input which is used to three-state an outputs of 
the VL82C203 device. This is for system level test where it is necessary to 
overdrive the outputs of the VL82C203. When -TEST is low, all outputs 
and bidirectional pins of the VL82C203 will be three-stated. This pin 
should be pulled up via a 10K Q pull-up resistor in a standard system 
configuration. 

II 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal 
Name 

-SBHE 

SAO-SA16 

BALE 

MAO-MA7 

XA1-XA16 

-XBHE 

IRQ13 

VDD 

VSS 

Pin Signal 
Number Type 

32 I/O 

53=50,48-45 0 
43-40, 38-34 

55 0 

57-64 0 

83-76, 74-67 VO 

66 VO 

84 0 

1,44,56 

21,33,39 
49,54,65,75 

Signal 
Description 

VL82C203 

System Bus High Enable - This is the system VO signal used to indicate 
transfer of local data on the upper byte on the local data bus, 08-015. 
-SBHE is active low and will be in input mode during bus hold acknowl
edge. 

System Address Bus Bits 0-16 - SAO will be active only during a refresh 
cycle otherwise it will be three-stated (input mode). 

Buffered Address Latch Enable - An active high output that is used to latch 
valid addresses and memory decodes from the 80286. System addresses 
SAO-SA 16 are latched on the falling edge of BALE. During a DMA cycle 
BALE is forced active high. 

DRAM Memory Address Bus Bits 0-7 - This 8-bit output is multiplexed 
using ADDRSEL to give a full 16-bit address. 

Peripheral Address Bus Bits 1-16 - These I/Os are used to control the 
coprocessor, keyboard, ROM memory and the DMA controllers. 

Transfer Byte High Enable - This is an active low 1/0 used to allow the 
upper data byte to be transferred through the bus transceivers. 

This is an active high output which indicates an error has occurred within 
the 80287 coprocessor. 

System Supply: 5 V 

System Ground 

FUNCTIONAL DESCRIPTION TABLE 1. INTERNAL BUS CONTROL DECODE 
The-VLS2C203 .is-part of a five chip set_ 
which together perform all of the on
board logic required to construct an IBM 
PC/AT-compatible system. The PC/AT
Compatible Address Buffer replaces 
several bus transceivers and address 
data latches located within the PC/AT
type system. The DRAM refresh 
circuitry is also located on this device. 

The prima.ry function of the Address 
Buffer is to multiplex the 80286 micro
processor address lines (A 1-A 16) to the 
system address bus (SAO-SA 16), the 
peripheral address bus (XA1-XA16), 
and the memory address bus (MAO
MA7). This is accomplished through 
positive edge triggered latches and a 
group of data multiplexers. The two 
groups of latches can be seen in the 
block diagram of the device. One set of 
latches have their output enabled with 
CPUHLDA and are gated with ALE. 
This set of latches drive the SA and XA 
bus outputs. Another parallel set of 
latches are multiplexed into the MA 

- - CPU-- --
-DMA 

HLDA AEN 
0 X 

1 0 

1 1 

1 1 

I = Input Mode 
o = Output Mode 
X = Don't Care 

- -_ ... -
-REF 

EN A 
X I 

1 I 

0 I 

1 I 

lines and are gated with RAMALE. 
RAMALE is an early ALE signal. This 
allows more setup time for the address 
to be multiplexed to the DRAMs. If the 
VL82C203 is not used in conjunction 
with the other PC/AT -devices, RAMALE 
and ALE should be wired together to 
provide maximum PC/AT -compatibility. 
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-- -- -- -- I---- ----

SA XA MA -XBHE -SBHE 
0 0 0 0 0 

0 I 0 I 0 

0 0 0 0 I 

I 0 0 0 I 

The device also provides for address 
flow between the SA, XA, and MA 
buses and the -XBHE and -5BHE 
signals. The -XBHE signal is gated 
with the RAMALE input while the 
-SBHE is gated with the ALE input. 
This control flow is arbitrated with the 
CPUHLDA, -DMAAEN, and -REFEN 
inputs and is shown in Table 1. 
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Memory addresses are multiplexed 
from the SA and A bus sources and 
are controlled via the CPUHLDA, 
-REFRESH, and ADDRSEL inputs. 
The mapping and control is shown in 
Table 2. 

TABLE2. MEMORY ADDRESS MAPPING 
Mux Control Input MA Bus 

CPUHLDA -REFRESH ADDRSEL MA7 MAO-MA6 

1 0 0 SAa SA1-SA7 

1 0 1 SA16 SA9-SA15 

0 X 0 Aa A1-A7 

0 X 1 A16 A9-A15 

X = Don't Care 

A 9-bit refresh counter is provided on 
this device. This allows support for 
DRAMs of up to 1 M bit in size. The 
refresh counter is clocked on the rising 
edge of the -REFRESH input. A 
latched register inside the counter 
latches in the current state of the 
counter on the falling edge of -REFEN 
and transfers this value to the internal 
bus which routes to the SA and MA 
bus outputs. The SAO output is 
provided only for refresh purposes and 
is driven only during this time. During 
a refresh the SA and MA bus outputs 
are driven from the output of the 
refresh counter latch oo-oa. Refer to 
Table 3 for the mapping of the refresh 
counter to the bus lines. 

TABLE 3. REFRESH ADDRESS MAPPING 
Mux Control Input MABus SA Bus 

CPU -REF AD DR MAO- SAg. SAO-
HLDA EN SEL MA7 MAS SA15 SA8 

Note that all SA bus lines are driven 
during a refresh cycle. ADDRSEL is 
not normally toggled during a refresh 
cycle but is shown in Table 3 for com
pleteness of the logic implementation. 
The REFBIT9 signal is the oa output 
of the refresh counter. This is required 
only for the refresh of 1 M bit DRAMs. 

1 0 0 00 

1 0 1 
i 

0 

The -TEST pin has been added to 
enhance system level testing of the 
VLa2CPCAT -16/-20 chip sets. When 
this pin is active (0), all outputs and bidi
rectional pins are placed in three-state. 

01-07 0 oo-oa 

i 
0 0 

i 
00-08 

This allows a board level test system to 
overdrive outputs of the VLa2C203 
without damage to the device. When 
-TEST is active, the internal bus is 
driven to the state of the system 
address bus (SAO-SA 16). 

AC CHARACTERISTICS: TA = QC: O°C to +70°C, QI: -40°C to +85°C, VDD = 5 V ± 5%, VSS = 0 V 

CPU MODE TIMING 

I 16 MHz 20 MHz 

Symbol Parameter Min Max Min Max UnH Condition 

t1 CPUHLDA to SA Bus from High Z to Valid Add Out 35 35 ns 

t2 CPUHLDA to SA Bus High Z State 35 35 ns 

t3 CPUHLDA to -SBHE from High Z to Valid Out 35 35 ns 

t4 CPUHLDA to -SBHE High Z State 35 35 ns 

t5 ALE to SA Bus Valid Address 40 40 ns CL = 200 pF 

t6 ALE to XA Bus Valid Address 40 40 ns CL = 100 pF 

t7 ALE to -SBHE Bus Valid Address 40 40 ns CL = 200 pF 
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CPU MODE TIMING WAVEFORMS 

CPUHLDA , 
, , 

.... t1 ..... .... t2 ..... ..... .... ..... .... 

SA BUS HIGHZ \ V VALID ADDRESS 
\ / HIGHZ 

J 1\ / \ 
.... 

t3 .. .... t4 ..... ..... - .... ... 

HIGHZ \ V VALID OUTPUT \ / HIGHZ 
/ 1\ / \ 

-SBHE 

-'-
ALE ~ 

.... t5 .. ..... ... 
SA BUS 

\ I VALID ADDRESS 
/ \ 

.... t6 .. ..... .... 

\ / VALID ADDRESS 
J 1\ 

XABUS 

-SBHE ____ ~I_.~~~~~~~~_t_7~~~~~~~~~J ~ ____________________________ __ A VALID OUTPUT 

SYSTEM BUS MODE TIMING 

16 MHz 20 MHz 

Symbol Parameter Min Max Min Max Unit Condition 

t8 SA Bus I n to XA Bus Out 40 40 ns CL = 100 pF 

t9 SA Bus In to MA Bus Out 40 40 ns CL= 300 pF 

SYSTEM BUS MODE TIMING WAVEFORM 

SA BUS 
~ K .--I 

..... t8 ..... ...... ... 
XABUS \ / 

/ \. I. t9 

~ MABUS 
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16 MHz 20 MHz 

Symbol Parameter Min Max Min Max Unit Condition 

t10 -OMAAEN to XA Bus High Z State 35 35 ns 

t11 -OMAAEN to XA Bus from High Z to Valid Add Out 35 35 ns 

t12 -OMMEN to -XBHE High Z State 35 35 ns 

t13 -OMAAEN to -XBHE from High Z to Valid Output 35 35 ns 

t14 XA Bus to SA Bus Out 40 40 ns CL = 200 pF 

t15 XA Bus In to MA Bus Out 40 40 ns CL = 300 pF 

t16 -XBHE In to -SBHE Out 40 40 ns CL = 200 pF 

DMA MODE TIMING WAVEFORMS 

-OMMEN 

I 
t10 t11 

XABUS VALID OUTPUT INPUT (HIGH Z) VALID 
OUTPUT 

t12 t13 

-XBHE VALID OUTPUT INPUT (HIGH Z) VALID 
OUTPUT 

I 

XABUS => V 
1\ 
.... 

t14 
... 

~ -
SA BUS 

\ K I 

I. t15 1 MABUS 

=i -XBHE 

t16 

t -SBHE 
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ADDRESS TIMING 

r 16MHz 20 MHz 

Symbol I Parameter I Min Max I Min Max Unit Condition 

t22 I ADDRSEL to MA Bus Out 
! 

4 19 I 4 19 CL = 300 pF I ns 

t23 I A Bus to MA Bus Out I 25 I 25 ns CL =300 pF 

Note: 122 delay may be derated by a factor of .04 ns/pF for heavier loads. 

ADDRESS TIMING WAVEFORM 
I 

ADDRSEl=>K 

I· t22 

~ MAO-MA7 

~Ij 
ABUS 

-i t23 

~ MAO-MA7 

seTUP & HOLD TIMING 

16 MHz 20 MHz 

Symbol Parameter Min Max Min Max Unit Condition 

tSU24 A Bus to RAMALE and -BHE to ALE Setup Timing 10 10 ns 

tH25 A Bus to RAMALE and -BHE to ALE Hold Timing 10 10 ns 

SETUP & HOLD TIMING WAVEFORM 

RAMALE. 
ALE 

------..J/ ~tSU241-tH-25-~------
A BUS. 
-BHE --* *"------
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RAMALE, BALE & IRQ13 TIMING 

16 MHz 20 MHz 

Symbol Parameter Min Max Min Max Unit Condition 

t26 RAMALE to MA Bus Out 20 18 ns CL = 300 pF 

t27 ALE, CPUHLDA to BALE Out 25 25 ns CL = 200 pF 

t28 -ERROR to IR013 Out 30 30 ns CL=50pF 

t29 -BUSY287 to IR013 Out 30 30 ns CL=50pF 

t30 RAMALE to -XBHE 25 25 ns CL = 100 pF 

RAMALE TIMING WAVEFORM 

J
~F-

RAMALE ___ --I 

MAO-MA7 \V 
_______ ~----------J~~---------------------------

-XBHE __________________ :'.:~~~~~_t_30_-_-__ -_-_~~~ ~ _____________ _ 

BALE TIMING WAVEFORM 

ALE, q CPUHLDA ________________________________________________________ _ 

.~-----t27----~)k-1 ~ _____________________________________ ___ 
BALE 

IRQ13 TIMING WAVEFORM 

-BUSY28~K'__ ___________________ _ 

1~.~-----t29----~~~ 

-ERROR ~K'--______ _I__------------

IR013 

1~4~------~8---------~~~ 

----I----------------------~~---------------------------------
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AC TESTING -INPUT, OUTPUT WAVEFORM 

INPUT I 

• 
OUTPUT ~ 

3.5 V 

----f'~ ____ 1.5V *_1.sv 
f. AC TEST POINTS ~ 

0.2 V 

AC TESTING - LOAD CIRCUIT 

DEVICE UNDER TEST 

* Includes scope and jig capacitance. 

AC TESTING- LOAD VALUES 

Test Pin I CL (pF) 

32,34-38,40-43,45-48,50-53,551 200 

57-64 300 

66-74, 76-83 100 

84,30 50 
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ABSOLUTE MAXIMUM RATINGS 
Ambient Operating 
Temperature OC = O°C to +70°C 

01 = -40°C to +85°C 

Storage Temperature -65°C to + 150°C 

Supply Voltage to 
Ground Potential -0.5 V to +7.0 V 

Applied Input 
Voltage 

Power Dissipation 

-0.5 V to +7.0 V 

500mW 

Stresses above those listed may cause 
permanent damage to the device. 
These are stress ratings only. Func
tional operation of this device at these 
or any other conditions above those 

VL82C203 

indicated in this data sheet is not 
implied. Exposure to absolute maximum 
rating conditions for extended periods 
may affect device reliability. 

DC CHARACTERISTICS: TA = QC: O°C to +70°C, QI: -40°C to +85°C, vee = 5 V ± 5%, VSS = 0 v 
Symbol Parameter Min Max Unit Condition 

VOH Output High Voltage 2.4 V IOH =-3.3 mA 

VOL1 Output low Voltage 0.45 V IOl = 8 mA, Notes 1 & 3 

VOl2 Output low Voltage 0.45 V IOl = 24 mA, Notes 2 & 3 

VIH Input High Voltage 2.0 VDD + 0.5 V 

Vil Input low Voltage -0.5 0.8 V 

VIHC Input High Voltage 3.8 VDD + 0.5 V ALE, RAMAlE 

VllC Input low Voltage -0.5 0.6 V ALE, RAMAlE 

CO Output Capacitance 8 pF 

CI Input Capacitance 8 pF 

CIO Input/Output Capacitance 16 pF 

IlOl Three-state leakage Current -100 100 J.1A 

III Input leakage Current -10 10 J.1A 

ICC Power Supply Current 20 mA @ 1 MHz Test Rate 

Notes: 1. Pins 57-64, 66-74, and 76-83. 
2. Pins 32, 34-38, 40-43, 45-48, and 50-53, 55. 
3. Output low current on all other outputs not mentioned in Note 1 or 2 have IOl (max) = 2 mAo 

,j 
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FEATURES 
• Fully compatible with IBM PC/AT-type 

designs 

• Completely performs data buffer 
function in IBM PC/AT -compatible 
systems 

• Replaces several buffers, latches and 
other logic devices 

• Supports up to 20 MHz system clock 

• Device is available as "cores" for 
user-specific designs 

• Designed in CMOS for low power 
consumption 

BLOCK DIAGRAM 

00-07 

OT/-R 

-DENLO 

XAO 
CNTLOFF 

MOPOUTO 

-XMEMR 

I 

ENABLE 

LATCH 
& 

BUFFER 

SEL 

ClK 

I 
I 

.... 
XOATAOIR 

AEN 

PAREN 

0lR245 

GATE 245 

08-015 

-DENHI 

-XBHE 

MOPOUT1 

~ 

-

~ A B .... 

~ OIR 

i ENABLE 

I 

-TEST~ 

....... 

/8 
/ 

A 
OIR 

VL82C204 
PC/AT-COMPATIBLE DATA BUFFER 

DESCRIPTION 
The VL82C204 PC/AT-Compatible Data 
Buffer provides a 16-bit CPU data bus 
110 as well as 24 buffered drivers. The 
buffered drivers consist of 16 bidirec
tionai system data bus drivers, each 
capable of sinking 24 rnA (60 'LS loads) 
of current; eight bidirectional peripheral 
bus drivers, each capable of sinking 8 
rnA (20 'LS loads) of current. The 
VL82C204 also generates the parity 
error signal for the system. 

The device is manufactured with VLSl's 
advanced high-performance CMOS 
process and is available in a JEDEC
standard 68-pin plastic leaded chip 
carrier (PLCC) package. The 
VL82C204 is part of the PC/AT
compatible chip sets available from 
VLSL Please refer to the Selector 
Guide in the front of this manual. 

ORDER INFORMATION 

8 
/ 

/ 

~ 

XMEMR 

B .. 

ENABLE 
PARITY 

.SOO
S07 

~ MOPINO 

XOO-X07 

System 
Clock 

Part Number Freq. Package 

VL82C204-i sac 
16 MHz" 

Piastic Leaded Chip 
VL82C204-16al Carrier (PLCC) 

VL82C204-2OQC 
20 MHz 

Plastic Leaded Chip 
VL82C204-2OQI Carrier (PLCC) 

,Note: Operating temperature range: 
QC = O°C to + 70°C 
al = -40°C to +85°C. 

ENABLE r-
-PARERROR ~ PARITY ~ 

ERROR .. 
S08-S015 ~ ... 

A B ~~ 

OIR 

ENABLE 
I 

"---

~ MOPIN1 
L.....c 

PARITY 
... ENABLE -

t 
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VL82C204 

PIN DIAGRAM 

MDP 
IN1 D14 D12 D10 D5 

CNTLOFF 10 60 VDD 

DIR245 11 • 59 D3 

GATE245 12 58 D2 

DT/-R 13 57 D1 

-TEST 14 VL82C204 56 DO 

-PARERROR 15 55 MDPOUTO 

XAO 16 54 VSS 

-XBHE 17 TOP VIEW 53 XD7 

VDD 18 52 XD6 

-XMEMR t19 51 XD5 

-DENLO 20 50 XD4 

-DENHI 21 49 XD3 

XDATADIR 22 48 XD2 

AEN 23 47 XD1 

PAREN 24 46 XDO 

VSS 25 45 VSS 

SD7 26 44 SD15 

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 

SD5 VSS SD2 SDO SD8 SD10 VSS SD13 
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Signal 
Name 

CNTLOFF 

DT/-R 

-TEST 

-OENlO 

XAO 

XDATADIR 

AEN 

DIR245 

GATE245 

-DENHI 

-XBHE 

-XMEMR 

MDPOUTO 

MDPOUT1 

Pin 
Number 

10 

13 

14 

20 

16 

22 

23 

11 

12 

21 

17 

19 

55 

67 

Signal 
Type 

Signa! 
Description 

VL82C204 

This input is used as a clock to latch the current data on the low byte of the 
system or peripheral data bus. Data is latched and output to DO-D7 on the 
rising edge of CNTLOFF and is independent of the status of DT/-R, XAO, 
or-DENLO. 

Data Transmit (high)/Receive (low) - This input is a signal from the bus 
controller. It establishes the direction of data flow to or from the system 
data bus. 

Test - This is an active low input which is used to three-state all outputs of 
the VL82C204 device. This is for system level test where it is necessary to 
overdrive the outputs of the VL82C204. When -TEST is low, all outputs 
and bidirectional pins of the VL82C204 wiii be three-stated. This pin 
should be pulled up via a 10K n pull-up resistor in a standard system 
configuration. 

Data Enable Low - An active low input that enables a low byte data transfer 
on the CPU data bus low byte transceiver. When -DENLO is inactive, low 
byte parity is disabled. 

Peripheral Address Bus Bit 0 - This is the LSB of the peripheral address 
bus. The signal is used throughout the system to indicate low or high byte 
data transfers. It is used to select latched or immediate data out of the 
CPU low byte bus transceiver. It.also enables low byte parity checking. 

Transceiver Data Direction - This input is used to select the direction of the 
peripheral data bus transceiver. When XDATADIR is low, it indicates an 
I/O read from the XD bus or an interrupt acknowledge cycle. When 
XDATADIR is high, it indicates data on the SD bus should be placed on XD 
bus. 

Address Enable - An active high input that is used to disable the peripheral 
data bus transceiver while the DMA controller is using the peripheral data 
bus for address information. 

Direction 245 - An input control signal used to set the direction of the high/ 
low system data bus transceiver. This is used for high to low, or low to 
high data byte moves. 

Gate 245 - An active low input that enables the highllow system data 
transceiver. 

Data Enable High - An active low input that enables a high byte data 
transfer on the CPU data bus high brie transceiver. 'Nhen -DENHI is 
inactive, high byte parity is disabled. 

Transfer Bus High Enable - An active low that indicates a transfer of data 
on the upper byte of the memory data bus. It also enables high byte parity 
checking. 

Memory Read Enable - An active low input signal that indicates when a 
memory read cycle is occurring. It is used to disable the MDPOUTx 
signals during a memory write and to latch in the detected parity error 
signal during a memory read. 

Memory Data Parity Out 0 - An active high input that is the output of the 
stored memory parity data. It is checked for parity errors with the low byte 
of data read from memory. 

Memory Data Parity Out 1 - An active high input that is the output of the 
stored memory parity data. It is checked for parity errors with the high byte 
of data read from memory. 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal 
Name 

MDPINO 

MDPIN1 

PAREN 

-PARERROR 

XDO-XD7 

00-015 

SDO-SD15 

VDD 

VSS 

Pin 
Number 

65 

8 

24 

15 

46-53 

56-59, 61-64 
68, 1-7 

34-31,29-26, 
36-39,41-44 

18,35,60 

9, 25, 30, 40, 
45,54,66 

Signal 
Type 

o 

o 

o 

I/O 

VO 

VO 

FUNCTIONAL DESCRIPTION 
The VL82C204 is part of a five chip set 
which together perform all of the on
board logic required to construct an IBM 
PC/AT-compatible system. The PC/AT
Compatible Data Buffer replaces 
several bus transceivers and a CPU 
lower byte data latch located within a 
PC/AT-type system. 

The primary function of the Data Buffer 
is to multiplex the 80286 microproces
sor data lines 00-015 to the system 
data bus SDO-SD15 and the peripheral 
data bus XDO-XD7. This is accom
plished through four sets of 8-bit wide 
data multiplexors. The lower data byte 
of the CPU data bus transceiver has a 
byte wide register which is clocked by 
the rising edge of CNTLOFF. The data 
can be latched to the lower byte of the 
CPU data bus only. XAO is used to 
control data flow to the CPU data bus. 
When XAO = 0, real time data is passed 
to ths CPU data bus. When XAO "" 1, 
latched data is passed to the CPU data 

Signal 
Description 

VL82C204 

Memory Data Parity In 0 - An active high output that is the parity input to 
the system board memory. It is generated from the current low byte data 
on the memory data bus. 

Memory Data Parity In 1 - An active high output that is the parity input to 
the system board memory. It is generated from the current high byte data 
on the memory data bus. 

Parity Enable - This active high input is used to enable the parity data latch. 
It is used to prevent false parity errors when ROM memory access occurs. 

Parity Error - An active low output that is used to indicate that a memory 
parity error has occurred. This signal is latched by -XMEMR and is valid 
until the next memory access. 

Peripheral Data Bus Bits 0-7 - I/O's used to control the coprocessor, key
board, ROM memory, and the DMA controllers. 

CPU Data Bus Bits 0-15 - This is a bidirectional bus controlled by the 
DT/-R input. 

System Data Bus Bits 0-15 - These are I/O signals. 

System Power: 5 V 

System Ground 

bus. The four groups of transceivers 
can be seen in the block diagram of the 
device. The data parity encoder/ 
decoder logic is also located within this 
device. All data present upon the CPU 
data bus passes through the parity 
logic. The outputs of the parity en
coder/decoders, MDPINO and MDPIN1, 
are enabled via PAREN to prevent 
decoding a ROM access and are gated 
with -XMEMR. The -PARERROR 
signal is fed back to the Memory 
Controller where it is gated with other 
logic to produce the NMI signal for the 
80286. 

The logic controlling the bus transceiv
ers has been optimized for speed and 
as such there are no provisions to 
prevent internal bus collisions. In a 
standard PC/AT-type application using 
the full 16 or 20 MHz, the VL82CPCAT-
16/-20, chip sets this is not a problem 
as the control signals which enable the 
transceivers are decoded in such a 
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fashion as to prevent this from happen
ing. In the case where only the 
VL82C204 is used, care must be taken 
as to ensure that the control signals will 
not cause an internal bus collision. 
From the block diagram it can be seen 
that every bus transceiver has an A and 
B I/O port. The DIR input to the 
transceiver controls the direction of data 
flow through the transceiver. A high (1) 
input into the DIR pin causes data to 
flow from A to B. A low (0) causes data 
to flow from B to A. All transceiver 
enables are low true causing the output 
of the particular transceiver to be active. 

The VL82C204 should be used with 
either the VL82CPCAT -16 or 
VL82CPCAT-20 chip sets as it imple
ments a changed architecture from the 
original system. In order to speed up 
the memory access, the MD bus (mem
ory data) has been moved to the CPU 
Data Bus. The VL82C204 has been de
signed to accommodate this change. 
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Tb_EL-TESIp-in _has_beim_addedJo_ 
enhance system !eve! testing of the chip 
sets. vVhen this pin is active (0), aii 
outputs and bidirectional pins are 

placed ln1hree~~Ihisallows a 
board level test system to overdrive 
outputs of the VL82C204 without 
damage to the device. In addition to 

VL82C204 

truee-stating the outputs, -aU-bus-romml
inputs are ignored to prevent internal 
bus collisions and the internal bus 
follows the state of the system data bus 
(SDO-SD15). 

AC CHARACTER!ST!CS: TA ... QC: O°C to +70°C, QI: -40°C tu ... 8Soc, vee = 5 V ±5%, VSS = 0 v 
CPU DATA BUS 110 MODE TIMING 

Symbol Parameter 

t1 D Low Byte In to SD Low Byte Out 

t2 D Low Byte In to XD Bus Out 

t3 D High Byte In to SD High Byte Out 

t4 D High Byte In to SD Low Byte Out 

t5 D High Byte In to XD Bus Out 

CPU DATA BUS 110 MODE TIMING WAVEFORMS 

DLOW 
BYTE 

SDLOW 
BYTE 

XDBUS 

DHIGH 
BYTE 

SD HIGH 
BYTE 

SDLOW 
BYTE 

XD BUS 

I 

~ V 
~ \ 

.... --

.... 
~ 

=* .... ,.. 

• 
I 
.. 
~ 

t1 ... ... 
\ \ / 

t2 ... 

~ 

t3 ... ... 
\ / 
/ \ 

t4 ..... ... 

\ / 
J \ 

t5 .... .... 

\/ 
/\ 

16 MHz 20 MHz 

Min Max Min Max Unit Condition 

35 35 ns CL = 200 pF 

30 30 ns CL = 100 pF 

35 35 ns CL = 200 pF 

35 35 ns CL = 200 pF 

30 30 ns CL = 100 pF 
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SYSTEM LOW BYTE DATA BUS 1/0 MODE TIMING 

16 MHz 

Symbol Parameter Min Max 

t6 SO Low Byte In to 0 Low Byte Out 30 

t7 SO Low Byte In to 0 High Byte Out 35 

t8 SO Low Byte In to SO High Byte Out 35 

t9 SO Low Byte In to XO Bus Out 30 

SYSTEM LOW BYTE DATA BUS 1/0 MODE TIMING WAVEFORMS 

SOLOW 
BYTE 

o LOW 
BYTE 

o HIGH 
BYTE 

SO HIGH 
BYTE 

XO BUS 

~ 
~ 

I 
\ 
..... .... 

..... .... 

.. 

• 

t6 ... ,... 

\ 
K J 

t7 .... ,... 

\ 
K J 

t8 ... ... 

\ I 
J \ 

t9 ... ... 
\ / 
I \ 
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20 MHz 

Min Max Unit Condition 

30 ns CL = 120 pF 

35 ns CL = 120 pF 

35 ns CL = 200 pF 

30 ns CL = 100 pF 
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VL82C204 

SYSTEM HIGH BYTE DATA BUS 110 MODE TIMING 

16 MHz 20 MHz 

Symbol Parameter Min Max Min Max Unit I Condition 

t10 SD High Byte In to D High Byte Out 30 30 ns I CL = 120 pF 

t11 SD Hinh Bvte !n to SD Low B\lts Out 35 "lC: ns ! ,...., ",,,,, -~ 
VV VL. = uu r 1 

t12 SD High Byte In to XD Bus Out 30 30 ns CL = 100 pF 

SYSTEM HIGH BYTE DATA BUS 1/0 MODE TIMING WAVEFORMS 

SDHIGH ~ BYTE ~ ________________________________________________ ___ 

DHIGH 
BYTE 

SDLOW 
BYTE 

XD BUS 

I 

I 

• t10 

... t11 ... 

... t12 ......, 

... ... 
\ 
K J 

--... -
\ I 
/ i\ 
... -
\V 
J,~ 
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PERIPHERAL DATA BUS 1/0 MODE TMING 

16MHz 

Symbol Parameter Min Max 

t13 XD Bus In to D Low Byte Out 30 

t14 XD Bus In to 0 High Byte Out 30 

t15 XD Bus In to SD Low Byte Out 35 

t16 XDB~ln~SDH~hByteOut 35 

PERIPHERAL DATA BUS 1/0 MODE TIMING WAVEFORM 

XDBUS 

DLOW 
BYTE 

DHIGH 
BYTE 

SDLOW 
BYTE 

SO HIGH 
BYTE 

~ 
~ 

V 
1\ 

• t13 

...... t14 --

• t15 

...... t16 ... 

... .. 
\ 
K J .. .. 

\ K J 
... ... 
\ / 
J \ .. ... 

\V 
J 1\ 

4-150 

VL82C204 

20 MHz 

Min Max Unit Condition 

30 ns CL= 120 pF 

30 ns CL = 120 pF 

35 ns CL = 200 pF 

35 ns CL = 200 pF 
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VL82C204 

MEMORY WBlTEMODE TIMING 

I 
16 MHz 20 MHz 

UnH I Symbol Parameter Min Max Min Max Condition 

t17 I o Bus In to MOPINO, MOPIN1 Out 16 16 ns I CL = 50 pF 

t18 
! I so Bus In to MOPINO, MOPIN1 Out I 46 1 J 46 1 ns I CL= 50 pF 

t19 I XO Bus In to MOPINO, MOPIN1 Out 46 46 ns I CL= 50 pF 

MEMORY WRITE MODE TIMING WAVEFORM 

DBUS ~~ ____________________________________________ ___ 

~ 
MDPiNO, 
MOPIN1 

SO BUS 

MOPINO, 
MDPIN1 

t17~ -- >K,.------~ 

..... ---------t18--------------'I 

XDBUS --X ___________ _ 
_ ---J ____ ~~~~_-_-_-___ -_-_-_-_-_-_t_19 ___ -_-___ -_-__ -_-~~~ _ ____________________ _ MOPINO, 

MOPIN1 
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VL82C204 

MEMORY READ MODE TIMING 

16MHz 20 MHz 

Symbol Parameter Min Max Min Max Unit Condition 

tSU20 D Bus Setup to -XMEMR High 19 19 ns 

tH21 D Bus Hold to -XMEMR High -4 -4 ns 

tSU22 PAREN Setup to -XMEMR High 10 10 ns 

tH23 PAREN Hold to -XMEMR High 3 3 ns 

tSU24 XAO Setup to -XMEMR High 10 10 ns 

tH25 XAO Hold to -XMEMR High 3 3 ns 

tSU26 -XBHE Setup to -XMEMR High 10 10 ns 

tH27 -XBHE Hold to -XMEMR High 3 3 ns 

128 -XMEMR High to -PARERROR Out 25 25 ns CL = 50 pF 

MEMORY READ MODE TIMING WAVEFORM 

DBUS =i VALID 

~ tSU20 

/~ 
tH21 

-XMEMR 

PAREN / ..... tSU22 ... ........ tH23 ..... i\ ..... ... .... ... 

-XMEMR / 
\ 

..... tSU24 ..... ........ tH25 ... 
V .... - ..... ... XAO 

\ ..... tSU26 ..... ... tH27 ... V ..... ... ..... ... -XBHE 

........ 128 ..J ..... -, 
-PARERR OR 
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GPU-l.OW-B-VTE-DATA-BUSLA'!CH AND-SELECT TIMING 

-- ._ ... - 20 MHz 

Symbol 
i 

Parameter Min Max Min Max 

tSU29 SO Low Byte Setup to CNTLOFF High 20 20 

tH30 I SO Low Byte Hold to CNTLOFF High 10 ... " IV 

tSU31 XO Bus Setup to CNTLOFF High 20 20 

tH32 XO Bus Hold to CNTLOFF High 10 10 

t33 XAO to 0 Low Bus Out 30 30 

CPU LOW BYTE DATA BUS LATCH AND SELECT TIMING WAVEFORMS 

SOLOW 
BUS 

VALID 

Unit 

ns 

ns 

ns 

ns 

ns 

~------tSU29 -------1 ...... .._--tH30----II~ 

XDBUS VALID 

~-----tSU31 --------t ..... .---tH32 -. --....... 

CNTLOFF ______________________________ ~ 

~ 
XAO II· t33 

VL82C204 

Condition 

CL = 120 pF 

o BUS ~ LOW BYTE 
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VL82C204 

AC TESTING -INPUT, OUTPUT WAVEFORM 

INPUT ~ OUTPUT ~ 

3.5 V 

1.5V 

0.2 V 

~--AC TEST POINTS,---._, 

AC TESTING - LOAD CIRCUIT + DEVICE UNDER TEST 

CL* 

*Includes scope and jig capacitance. 

AC TESTING - LOAD VALUES 

Test Pin I CL (pF) 

26-29, 31-34, 36-39, 41-44 200 

1-7,56-59,61-64, 68 120 

46-53 100 

8,15,65 50 
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ABSOLUTE MAXIMUM RATINGS 
Ambient Operating 

('\f" _ no(' +'" • 7no'" 
"'...., -- v V LV T/V '\wi 

QI = -40°C to +85°C 

Storage Temperature -65°C to + 150°C 

Supply Voltage to 
Ground Potentiai -0.5 V to +7.0 V 

Applied Input 
Voltage 

Power Dissipation 

-0.5 V to +7.0 V 

500mW 

Stresses above those listed may cause 
peiman9nt damage to the device. 
These are stress ratings only. Func
tional operation of this device at these 
or any other conditions above those 

VL82C204 

indicated in this data sheet is net 
impiied. Exposure to absoiute maxi
mum rating conditions for extended 
periods may affect device reUability. 

DC CHARACTERISTICS: TA = QC: O°C to +70°C, QI: -40°C to +85°C, VDD = 5 V ±5%, VSS = 0 V 

Symboi Parameter Min Max Unit Condition 

VOH Output High Voltage 2.4 V IOH =-3.3 rnA 

VOL1 Output Low Voltage 0.45 V IOL = 8 rnA, Notes 1 & 3 

VOl2 Output Low Voltage 0.45 V IOL = 24 rnA, Notes 2 & 3 

VIH Input High Voltage 2.0 VDD + 0.5 V 

\/11 Input Low Voltage -0.5 0.8 V Y IL. 

VIHC Input High Voltage 3.8 VDD + 0.5 V CNTLOFF 

VILC Input Low Voltage -0.5 0.6 V CNTLOFF 

CO Output Capacitance 8 pF 

CI Input Capacitance 8 pF 

CIO Input/Output Capacitance 16 pF 

ILOL Three-state Leakage Current -100 100 J.1A 

III Input Leakage Current -10 10 J.LA 

ICC Power Supply Current 20 rnA @ 1 MHz Test Rate 

Notes: 1. Pins 1-7,46-53, 56-59, 61-64, 68. 
2. Pins 26-29, 31-34, 36-39, 41-44. 
3. Output low current on all other outputs not mentioned in Note 1 or 2 have IOL (max) = 2 rnA. 

APPLICATION NOTE 
In order to ensure correct function of 
bus transfers when using the VL82C204 
as a stand-alone part (not part of the 
chip set), the following conditions must 
be met: 

For SD high byte in to SD low byte out, 
ensure that either -DENHI = 1 or DT/-R 
=0. 

For SD low byte in to SD high byte out, 
ensure that either -DENLO = 1 or 
DT/-R = 0 and AEN = 1 or XDATADlR 
=1. 

4-155 

When using the VL82C204 along with 
the remaining chips in the chip set, 
these conditions are virtually excluded. 

I 
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NOTES: 
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VL82C205 
PAGE·MODE ACCESS CONTROLLER 

FEATURES 
• Supports 16 MHz 80286 operation 

with 1 00 ns DRAMs 

• Supports page-mode DRAM access 
for PC/AT -compatible systems 

• Speed upgrades to 20 MHz 

• Companion to VL82CPCAT-16 and 
VL82CPCAT-20, 16/20 MHz PC/AT
compatible chip sets 

• 13 chip PCiAT impiementation (non
memory chips) 

• 0.6 wait state operation during DRAM 
read accesses 

• Low power CMOS technology 

• Sa;:>in PLCC package 

DESCRIPTION 
The VL82C205 is a page-mode memory 
controllerforthe VLSI, VL82CPCAT-16 
and VL82CPCAT-20, 16/20 MHz PCI 
AT -compatible chip set. This chip in 
addition to the other five chips from the 

VLSI chip sets, allows page-mode 
memory cycles to be run, allowing a 16 
MHz processor to use standard 100 ns 
DRAMs and still have only 0.6 wait 
states during DRAM read accesses. 

When using page-mode, accesses that 
are within 512 words of the last access 
are performed with zero wait states, 
accesses that are outside that range 
are performed in two wait states. 

PIN DIAGRAM BLOCK DIAGRAM 

CPUHlDA 

-so 
-81 
MIlO 

-READY 

PROCClK 

vss 
RAMWRWT 

F16 

-MEMR 

-MEMW 

-REF 

CASO 
CAS1 
RASO 

RASi 

VDD 

A10 A12 A13 A15 A17 A19 A21 A22 

• 
TOP VIEW 

2728 29 30 31 32 33 34 35 36 3738 39 40 41 42 43 

ORDER INFORMATION 

Part Clock 
Number Free;. Package 

59 

58 

57 

56 

55 

54 

53 
52 
51 

50 

49 

48 
47 

46 

45 

RAMRDWT 

-RAMWA 

-RAMWB 

vss 
ADDSEL 

VDD 

-RASA 

-RASB 

VSS 

-RASC 

-RASD 

-CASOl 

-CASOH 
-CAS1l 
VSS 

-CAS1H 

44 NC 

VL82C205-160C 16 MHz Plastic Leaded Chip Carrier (PLCC) 

VL82C205-200C 20 MHz Plastic Leaded Chip Carrier (PLCC) 

Note: Operating temperature is O°C to +70°C. 
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A9-A2:J 
OSC PAGE 

RAS .....--_ .... COMPARATOR 

RAMWRWT 
RAMRQWT 

-80,-81 
-MEMR 
-MEMW 

MIlO 

-READY 
PROCCLI< 

F16 

-PAGE 

CPUHLDA 
XAO 

AD 
-XBHE 
~HE 

CA~,CAS1 

RA~, RAS1 
BANKSEL 

RESET 

-IROB 

[J~~~~-J~-+~~ 
~---I--+-~ IOCHRDY 

RAMALE 

RAS 

CAS 

CYCLE t--_~2 -+--I~ -RAMWx 
DECODE 

t-----+--I~ ADDSEL 

MEMORY BANK 4 AND -RASx 
HIGHILOW BYTE 4 

DECODES -CASxy 
AND DRIVERS 

t> ~ -RESET 

t> ~ IROB 

I 
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SIGNAL DESCRIPTIONS 

Signal 
Name 

A9-A23 

CPUHLDA 

-SO 

-Sl 

M/-IO 

-READY 

PROCCLK 

RAMWRWT 
RAMRDWT 

F16 

-MEMR 

-MEMW 

-REF 

CASO 

CAS1 

RASO 

RAS1 

Pin 
Number 

9-6,4-1, 
68-64, 
62, 61 

10 

11 

12 

13 

14 

15 

17 
60 

18 

19 

20 

21 

22 

23 

24 

25 

Signal 
Type 

Signal 
Description 

VL82C205 

Upper Address Bits from the CPU - These inputs are latched any time the 
-RASx signals go active. On any following memory reads the address 
bits are compared to the latched value to determine if a page hit has 
occurred. 

CPU Hold Acknowledge - This input is used to determine which signals are 
used to initiate and terminate memory cycles. When CPUHLDA is low, the 
status signals -SO, -S 1 and M/-IO along with -READY are used to control 
memory cycles. When CPUHLDA is high, the inputs -MEMR and -MEMW 
are used to generate the DRAM control signals. 

Status 0 - This input is used along with -Sl and M/-IO to determine which 
type of bus cycle is being requested by the CPU. 

Status 1 - This input is used along with -SO and M/-IO to determine which 
type of bus cycle is being requested by the CPU. 

Memory or I/O select - This input is used along with -SO and -S 1 to deter
rmine which type of bus cycle is being requested by the CPU. 

An input used to determine when to terminate the current memory access 
to the DRAMs. 

This is the main clock input to the VL82C205 and should be connected to 
the same signal that drives the 80286 CLK pin. 

The wait select inputs control the number of wait states to be used for 
memory accesses when the -PAGE input is high. H RAMRDWT is low, 
zero wait state read cycles are generated. H RAMWRWT is low, zero wait 
state write cycles are generated. H either signal is high, one wait state 
memory cycles are generated for the read or write. 

The F16 input comes from the memory controller chip and is used to 
indicate that the next address is in the on-board memory address space. 

Memory Read - An input which is used to determine when memory read 
accesses to the DRAMs should occur if CPUHLDA is high. 

Memory Write - An input which is used to determine when memory write 
accesses to the DRAMs should occur if CPUHLDA is high. 

The -REFRESH input is used by the VL82C205 to force the ADDSEL 
output low. 

CAS Enable Input for Bank 0 - This input is used along with CAS1, RASO, 
RAS1, and BANKSEL to determine which bank of DRAM should be 
accessed. 

CAS Enable Input for Bank 1 - This input is used along with CASO, RASO, 
RAS1, and BANKSEL to determine which bank of DRAM should be 
accessed. 

RAS Enable Input for Bank 0 - This input is used along with RAS1, CASO, 
CAS1, and BANKSEL to determine which bank of DRAM should be 
accessed. 

RAS Enable Input for Bank 1 - This input is used along with RASO, CASO, 
CAS1, and BANKSEL to determine which bank of DRAM should be 
accessed. 
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Signal 
Name 

Pin 
Number 

SHDWRAMMAP 27 

RESET 28 

-RESET 

AO 

-BHE 

XAO 

-XBHE 

OSC 

-IR08 

IR08 

-PAGE 

BANKSEL 

-TEST 

-WSO 

10CHROY 

NC 

-CAS1H 

38 

29 

30 

31 

32 

33 

34 

40 

35 

36 

37 

41 

43 

44 

45 

Signal 
Type 

o 
I 

o 

o 

o 

o 

Signal 
Description 

VL82C205 

Shadow RAM Map - An active high input that indicates the system is using 
the shadow mode (see the VL82C202 description for complete discussion 
of shadow mode). This signai is decoded with the addresses to generate 
RAS and CAS outputs while doing memory writes to address blocks OA 
XXXX to 00 XXXX during the copying of ROM into shadow RAM. This is 
needed because the F16 signal is inhibited during the writes to these 
blocks before the proper read enable register bits have been set on the 
VL82C202. 

This input is the main reset signal for the page-mode controller chip. 

This output is the logical inversion of the RESET input. 

AO is an input signal from the CPU. It is used when CPUHLDA is low to 
enable the appropriate low byte -CAS output during a memory cycle. 

Byte High Enabie - An input signai from the CPU. it is used when 
CPUHLOA is low to enable the appropriate high byte -CAS output during a 
memory cycle. 

XAO is sampled when CPUHLOA is high to enable the appropriate low byte 
-CAS output during a memory cycle. 

-XBHE is sampled when CPUHLOA is high to enable the appropriate high 
byte -CAS output during a memory cycle. 

The OSC clock input is used as a fixed frequency to determine when a 
RAS precharge is required. 

This input is the active low interrupt request from the real time clock. It is 
inverted and sent out as IROS. 

This output is the logical inversion of the -IR08 input. 

The -PAGE input controls the type of memory accesses to be performed 
for CPU requests. When -PAGE is low, the VL82C205 wi!! generate zero 
wait state page-mode accesses on page hits. When -PAGE is high, the 
VL82C205 will sample RAMWRWT or RAMROWT to generate normal zero 
or one wait state memory accesses. 

Bank Select - Used to determine whether the combination of signals on 
the inputs RASO, RAS1, CASO, and CAS1 are addressing a DRAM bank 
controlled by this VL82C205. 

An active low input which should be pulled high through an external pull-up 
resistor. When puiied iow, it wiii force the page-mode controiier to put aii 
output pins into a high impedance state to isolate it from other parts in the 
system. 

Wait State 0 - An active low output which is pulled low any time the page
mode controller wants the current bus cycle to be a zero wait state cycle. It 
requires an external 300 ohm pull-up resistor. 

110 Channel Ready - An output which is pulled low only during page hits. 
It requires an external 300 ohm pull-up resistor. 

No Connect. 

Column Address Strobe 1 High - This active low column address strobe 
should be connected directly to the DRAMs for the high byte of bank 1. It 
is enabled for memory accesses to bank 1 when -BHE is low in CPU mode 
or when -XBHE is low in non-CPU mode. 
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VL82C205 

SIGNAL DESCRIPTIONS (Con~) 
Signal Pin Signal Signal 
Name Number Type Description 

-CAS1L 47 0 Column Address Strobe 1 Low - This active low column address strobe 
should be connected directly to the DRAMs for the low byte of bank 1. It is 
enabled for memory accesses to bank 1 when AO is low in CPU mode or 
when XAO is low in non-CPU mode. 

-CASOH 48 0 Column Address Strobe 0 High - This active low column address strobe 
should be connected directly to the DRAMs for the high byte of bank O. It 
is enabled for memory accesses to bank 0 when -BHE is low in CPU mode 
or when -XBHE is low in non-CPU mode. 

-CASOL 49 0 Column Address Strobe 0 Low - This active low column address strobe 
should be connected directly to the DRAMs for the low byte of bank O. It is 
enabled for memory accesses to bank 0 when AO is low in CPU mode or 
when XAO is low in non-CPU mode. 

-RASx 54,53, 0 Row Address Strobes A, B, C, and D - These are the active low row 
51,50 address strobes to be connected directly to the DRAMs. RAS timing will 

vary depending on the operating mode. Refer to the functional description 
and AC timing diagrams for timing. All the -RASx outputs are functionally 
identical. Each output provides sufficient drive for a single 8 bit bank. 

ADDSEL 56 0 Address Select - An output used to switch from row to column addresses. 
It will always follow the -RASx outputs by half a PROCCLK cycle if in 
page-mode. In non page-mode, (-PAGE = 1, or CPUHLDA = 1) it follows 
the -RASx outputs by half a PROCCLK cycle unless zero wait state is 
selected. During zero wait state cycles ADDSEL follows -RASx on the 
same PROCCLK edge but is delayed 4 to 12 ns. ADDSEL is forced low 
during refresh cycles. 

-RAMWB 58 0 RAM Write B - Used to get an early write enable signal to the DRAMs to 
support page-mode timing and zero wait state write cycles. It will go low 
during the second phase of any memory write cycle. -RAMWB will return 
high at the end of the bus cycle when -READY is sampled low. -RAMWB 
is functionally identical to -RAMWA. Each output provides sufficient drive 
for a single 16 bit bank. 

-RAMWA 59 0 RAM Write A - Used to get an early write enable signal to the DRAMs to 
support page-mode timing and zero wait state write cycles. It will go low 
during the second phase of any memory write cycle. -RAMWA will return 
high at the end of the bus cycle when -READY is sampled low. -RAMWA 
is functionally identical to -RAMWB. Each output provides sufficient drive 
for a single 16 bit bank. 

VSS 16,39,46,52, System Ground 
57,63 

VDD 5,26,42,55 System Power: 5 V 
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FUtlC-nONALDESCBIPTJON 
The VL82C205 consists of severai 
major blocks, including the page hit 
detection logic, RAS and CAS genera
tion, RAS time-out detection, non
page-mode timing support, time base 
generation and glue-co!!ection. Fer a 
more detailed understanding of the 
VL82C205, refer to the block diagram. 

PAGE·MODE CONTROLLER 
In this discussion, the following terms 
are used: 

• Page refers to a block of 512 bytes, 
for which only the lower nine address 
bits may change. 

• Bank refers to the upper or lower half 
of a 16-bit word, selected by -XBHE 
if CPUHLDA = 1 and by -BHE if 
CPUHLDA = O. 

• Highllow Byte refers to the decoding 
of the address LSB, selected by XAO 
if CPUHLDA = 1 and by AO if 
CPUHLDA = O. 

The VL82C205 controller may be used 
in either page-mode or non page-mode, 
as chosen by input -PAGE. In page
mode, any read access within the same 
page of the previous memory access is 
performed with zero wait states. 
Internal latches track the successive 
address references, permitting the 
shorter cycles to be used automatically. 

For references on page, the DRAM row 
addresses do not change. Therefore, 
the RAS lines remain asserted continu
ously between DRAM cycles. (The 
DRAM column lines are effectively 
mapped to the lower nine bits of the 
address space.) 

An access outside of the 5; 2-byte page 
or a write operation forces two wait 
states. Under that condition, the RAS 
lines are de-asserted for the required 
precharge time. 

With the controller's page-mode opera
tion enabled, an average of 0.6 wait 
states is used. This assumes 16 MHz 
operation, with standard 100 ns 
DRAMs. 

RASICAS GENERATION 
The controller attempts to generate 
RAS at the earliest time possible. A 
number of conditions are monitored by 
the chip, which could preclude early 
RAS. The RAS precharge timing logic 
then generates RAS and CAS based on 
them. 

The four RAS outputs are identical. 
The same signal is brought out four 
times to supply suffcient drive for large 
memory arrays, without the need for off
chip buffering. 

The four CAS outputs are decoded 
separately as follows: 

-CAS1 H = en_cas1 • en_cashigh 

-CAS1 L = en_cas1 • en_caslow 

-CASOH = en_casO • en_cashigh 

-CASOL = en_casO • en_caslow 

Where: 

en_cas1: = (BANKSEL· CAS1 • RAS1) 
+ (IBANKSEL· CAS1 • RASO) 

en_casO: = (BANKSEL • CASO - RASO) 
+ (IBANKSEL • CASO - RAS1) 

FIGURE 1. IOCHRDY GENERA nON 

FLIP-FLOP 

VL82C205 

en_cashigh: = (/CPUHLDA -I-BHE) + 
(CPUHLDA - I-XBHE) 

en_caslow: == (/CPUHLDA -lAO) + 
(CPUHLDA - IXAO) 

This decoding allows up to eight banks 
of memory when used with the RAS 
and CAS signals from the VL82C202 
Memory Controller. 

RAS-ACTIVE llMEOUT WARNING 
An internal counter monitors Fl.AS to 
detect maximum RAS active time. After 
approximately 10 !ls, a RAS precharge 
is performed. 

Input OSC is used to monitor RAS. A 
maximum of 72 consecutive read 
operations at 16 MHz to the same page 
can take place before a false page miss 
is inserted to do the RAS precharge. 

WAIT STATE GENERAll0N 
IOCHRDY and -WSO are the outputs 
that indicate how many wait states are 
in the current cycle. -WSO is pulled low 
for all page hits. Other zero wait state 
cycles are handled by the VL82C201. 
Th is is an open d rain output and a 300 
ohm pull-up resistor is required for 16 
MHz operation. 

IOCHRDY is pulled low for all two wait 
state cycles. This is a three-state 
output. When IOCHRDY goes high 
(inactive), the VL82C205 drives the 
signal for half a PROCCLK cycle (15 
ns), then goes into three-state (see the 
logic below). A 300 ohm pull-up resistor 
is required to hold the signal high and to 
pull-up the other system open drain 
outputs connected to IOCHRDY. 

INTERNAL IOCHRDY 
Q~-----.---------------.--------~ IOCHRDYPAD 

PROCCLK 
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NON-CPU MODE 
When CPUHLDA = 1, the processor 
surrenders the bus for Master, DMA, or 
Refresh modes. In these three modes 
the -MEMW and -MEMR inputs signify 
whether memory reads or writes occur. 
Also, inputs XAO and -XBHE replace 
AO and -BHE in the decoding of the 
four -CASxy outputs. 

-MEMW and -MEMR can be asynchro
nous to PROCCLK. They are sampled 
by the falling edge of PROCCLK to 
synchronize them with the internal state 
machine. 

IOCHRDY is never driven active (low) in 
this mode since the read or write cycles 
can be extended by keeping -MEMR or 
-MEMW low (see the waveforms for 
non-CPU mode timing). Note that if 
inputs RAMRDWT or RAMWRWT are 
low, then ADDSEL and the -CASxy 
outputs go active off the falling edge of 
PROCCLK. 

USING TWO VL82C205s IN A 
SYSTEM 
The VL82C202 Memory Controller 
allows up to four system RAM banks. 
By using two VL82C205s a system can 
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have up to 4M bytes of fast RAM 
running at zero wait states in non page
mode. The jumpered input should be 
set as follows: 

• When the VL82C205 is controlling the 
page-mode banks, -PAGE = 0, 
RAMWRWT = 1, RAMRDWT = 1, 
BANKSEL= 1. 

• When the VL82C205 is controlling the 
normal mode banks, -PAGE = 1, 
BANKSEL = 0, RAMRDWT = same 
as pin 18 on the VL82C201 System 
Controller, RAMWRWT = same as 
pin 80 on the VL82C201. 
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AC CHA_RACTERI_STICS_: TA = O°Cto +70°C, VDD = 5 V ±5%. VSS = 0 V 

16 MHz 20 MHz 
I 

~- -- -- ------

I Symbol Parameter I Min Max Min Max Unit Condition 

tSU1 -SO, -S1 to PROCCLK Setup Time I 13 9 ns 

lAl_"°'\ An_AI')t:) An ,,_ O~" "I V I 
tSU2 

IYU IV, 1"\;:1 ~V,I"\V LV rnvCVL-n. 

Setup Time 
ns 33 24 

tSU3 F16 to PROCCLK Setup Time 8 6 ns 

tSU4 CASO, CAS1 to PROCCLK Setup Time 14 10 ns 

tSU5 RASO, RASi to PROCCLK Setup Time 26 20 ns 

tSU6 -MEMW to PROCCLK Setup Time 10 10 ns Note 1 
I I 

tSU'" MEMR to PROCCLK Set -p T 1- I 1- I I N t 1 I - u Ime i u i i u ns oe 

tSU8 -READY to PROCCLK Setup Time I 15 I I 10 ns 

tD9 - RASx Delay fro PROCCLK m 19 I 17 I ns 

tD10 
ADDSEL Delay from PROCCLK 

20 
Leading Edge 20 ns Note 2 

tD11 -CASxy Delay from PROCCLK 22 
I I 19 I Note 3 I ns 

tD12 lOCH ROY Delay from PROCCLK 20 20 ns 

tD13 I -WSO Active Delay from PROCCLK 20 20 ns 

tD14 -RAMWx Delay from PROCCLK 20 20 ns 

tD15 ADDSEL Delay from -RASx 4 12 4 12 ns o WS Non Page-mode 

tD16 
-RESET, -IRQ Delay from 

20 18 ns 
RESET,IRQ 

tD17 ADDSEL Delay from -REF 25 25 ns 

t18 PROCCLK Period 31 2.5 ns 

t19 PROCCLK High Pulse Width 11 9 ns Measured at 306 V 

t20 PROCCLK Low Pulse Width 7 6 ns 

t21 PROCCLK Fall Time 4 4 ns 3.6 Vto 1.0 V 

t22 PROCCLK Rise Time 5 4 ns 3.6 Vto 1.0 V 

tSU23 -BHE to PROCCLK Setup Time 12 10 ns 

tH24 -BHE Hold Time from PROCCLK 0 0 ns 

Notes: 1. -MEMR and -MEMW can be asynchronous to PROCCLK. They must meet the setup time to start the appropriate 
read or write cycle on the falling edge of PROCCLK. This spec is used in testing the parts. 

2. ADDSEL is clocked off the rising edge of PROCCLK during all page-mode cycles and during one wait state normal 
cycles. During zero wait state normal cycles ADDSEL is clocked off the trailing edge of PROCCLK (see spec tD15). 

3. -CASxy signals are clocked off different edges of PROCClK. AU transition from active to inactive (0-1) are clocked 
off the falling edge of PROCCLK. 

During all page-mode cycles and all normal mode one wait state cycles the inactive to active transition is clocked off 
the rising edge of PROCCLK. During zero wait state normal mode cycles the inactive to active transition is clocked 
off the falling edge of PROCCLK. 

4. Inputs -PAGE, BANKSEL, RAMWRWT and RAMRDWT should be strapped to VDD or VSS to define the proper 
mode for a specific design. 
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PROCCLK 

-S1 

A9-A23, 
M/-IO,AO 

-SHE 

F16 

CASO, 
CAS1 

RASO, 
RAS1 

-READY 

-RASx 

ADDSEL 

-CASxy 

IOCHRDY 

-wso 

PAGE MISS (2 WAIT STATES) READ CYCLE 

~TS .1 TC --"'J TW1 L TW2 " 

----1~ -~ e-- - -~ 
..-tSU1 

4 ~t~ U2 
VALID 

1 

~ ktSU2 tH24..., f+-
VALID 

I I 

~t U3 
\ 

1+ t~ U4 

I+tSU5 

+I 
I 

~ ~ tD9 ~ 1+ t09 
I 
~ f+- tD10 ~ 1+ tD10 

I ..\ -r tD11 tD11~ 

I 

~~tD12 ~ ~tD12 

~ I 

VL82C205 

PAGE HIT --" 

- TS J TC 

~~ u----t-

\ 

VALID 

+I ltSU23 + 1+ tH24 
VALID 

I I 

~tSU8 
I 

1+ ~ -r tD11 ~ I+t011 

11 11 I 

NOTE 
~ tD13 ~ ~I---__ F 

Note: -WSO is an open drain output. The rise time depends on the size of the pull-up resistor used externally. -WSO is re
leased by the VL82C20S on the indicated rising edge of PROCCLK. 
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VL82C205 

k PAGE MODE WRITE CYCLE TW2 I 

PROCCLK 

-1111 _ 
-SO \~ I II I I I I I 

:Jbl~U3 I I I I I I 

F16 I ~ I I I I I 
C~:; \ I I 1 iii I I 

R~~; \ I I II !!! I I 

M::: ~AU~ISU~ VA I 
-READY --

tD9 t09 

-RASx __ ----,-_ 

AOOSEL r- 1011 ~ 1011 

IOCHROY - ~ 1014 

-'NOTE ~ 

1014 tL-----1 -RAMWx 

Note: IOCHRDY is three-stated a .• er •. I... .....,0.; ft th'C! PR~CLK rising edge, 
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-RAMWRWT 

PROCCLK 

-so 

F16 

CASO, 
CAS 1 

RASO, 
RAS1 

AO, M/-IO, 
A9-A2.3 

-BHE 

-READY 

-RASx 

AOOSEL 

-CASxy 

-wso 

NON PAGE-MODE 
+-- 0 WAIT STATE WRITE .... 

" TS .. " TC ... 

U-~-L1LJ 
/ 

/ 

~ VALID &.~ ~'-" 

~////...w ~ VALID 

t09 ... ... t09 ... ~ 
\ / 

t015 f+ ~ NOTE 
... ~tD1 

\ / ... r t011 

I 

... :+- t014 t014 ... 

VL82C205 

NON PAGE-MODE 
J ONE WAIT STATE WRITE ... 

" TS ... " TC .. " TW ... 

--1_-_~ ~~ ~ 

\ 

\ 

...... ~"-Il VALID k ......... '-'-'-'-~ ~'\.. .............................. '-' ,,-,-,,,-,-~~ 

~~ ~ VALID .,"', ..... 
,'~"'~ A' ~""""""'I,; 

t09 ... 1-+ t09 ... ~ 

... t010 ... 1+ t010 

... t011 ... I+- t011 
V V 

1+ ... tD14 t014 ... 1+ 
-RAMW \~------------~I t'----_____ ~I 

Note: In this mode ADDSEL follows -RASx off the trailing edge of PROCCLK. The delay between -RASx and ADDSEL is a 
minimum of 4 ns and a maximum of 12 ns. 
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VL82C205 

1< 
NON PAGE-MODE ,.1 o WAIT STATE READ 

,.1 
I 

"1< 
TC 

1< 
TS 

I I I I I PROCCLK ~ 
I 

I 
I I 

I 

I 

1 
\1 I ~ 

-S1 

I I I I I 
\1 

I 

I 
F16 

I I I II I 

I 
I I I 

I 

CAsa, 

I II I 
CAS 1 

I I 
RAsa, 

I I I I RAS1 

Aa, M/-IO, 
I 

A9-A23 I 
-SHE VALID 

-READY 
tSU8 

tD9 

-RASx 

tD15 _ I tD15 _ 

ADDSEL 

tD11 

-CASxy 
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VL82C205 

MISCELLANEOUS TIMINGS 

RESET 

-RESET 

IRQ 

-IRQ 

-REF 

ADDSEL 
J f tD17 

PROCCLK 
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RAMRDWT, 
RAMVv'Ry"¥'T = 0 

PROCCLK 

-MEMW 

F16 

-RASx 

AOOSEL 

-CASxy 

-RAMWx 

RAMROWT, 
RAMWRWT=O 

PROCCLK 

-MEMR 

F16 

-RASx 

AOOSEL 

-CASxy 

VL82C205 

I NON-CP'.J MOOE WRiTE ~ kl<~------------------- ~ ~ 

Lr--, I 
. tSU6~ ~ I I I I I 
k- tSU3 

tOg tOg • ~14-~ __________ I __ _ 

I 1011 ,~ / 

I 'l-- 1014~ J.-~ __ 

--------------t-01-4-~_tl---------------------------------1 

NON-CPU MODE READ >1 

I<-

t01 t015 

f l011 t011 f 

4-1SQ 

I 



• VLSI TECHNOLOGY, INC. 

RAMRDWT, 
RAMWRWT= 1 

PROCCLK 

-MEMW 

F16 

-RASx 

ADDSEL 

-CASxy 

-RAMWx 

RAMRDWT, 
RAMWRWT= 1 

PROCCLK 

-MEMR 

F16 

-RASx 

ADDSEL 

-CASxy 

VL82C205 

~--------- NON-CPU MODE WRITE 

tD9 tD9 

~tD14 tD14 t I 

~--------- NON-CPU MODE READ 

tSU7 

tSU3 

tD9 tD9 

___________________________ ~~-tD-1-1--------~ 
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VL82C205 

AC TESTING -INPUT, OUTPUT WAVEFORM 

INPUT OUTPUT ~ 

0.2 V 
_---r~~1.5V-__ *""'---1.5V-

,. AC TEST POINTS ~ 

3.5V 

AC TESTING - LOAD CIRCUIT 

r- DEVICE UNDER TEST I 

CL* 

T 
~ 

*Includes scope and jig capacitance. 

AC TESTING - LOAD VALUES 

Test Pin CL (pF) 

41,43,58,59 200 

45,47-51,53,54 100 

All Others 50 
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ABSOLUTE MAXIMUM RATINGS 

Ambient Operating 
Temperature -10°C to + 70°C 

Storage Temperature -65°C to + 150°C 

Supply Voltage to Ground 
Potential -0.5 V to +0.3 V 

Applied Output 
Voltage 

Applied Input 
Voltage 

Power Dissipation 

-0.5 V to +0.3 V 

-0.5 V to +7.0 V 

500mW 

Stresses above those listed may cause 
permanent damage to the device. 
These are stress ratings only. Func
tional operation of this device at these 
or any other conditions above those 

DC CHARACTERISTICS: TA = O°C to +70°C, VDD = 5 V ± 5%, VSS = 0 V 

Symbol Parameter Min Max Unit 

VOH Output High Voltage 2.4 V 

VOL1 Output Low Voltage 0.45 V 

VOL2 Output Low Voltage 0.45 V 

VOL3 Output Low Voltage 0.45 V 

VOL4 Output Low Voltage 0.45 V 

VIH Input High Voltage 2.0 VDD + 0.5 V 

VIL Input Low Voltage -0.5 0.8 V 

VIHC Input High Voltage 3.6 VDD+0.5 V 

CO Output Capacitance 16 pF 

CI Input Capacitance 8 pF 

CIN Input Pin Capacitance 10 pF 

III Input Leakage Current -10 10 J.LA 

ICC Power Supply Current 25 rnA 

Note: Inputs = VSS or VDD, outputs are not loaded. 
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indicated in this data sheet is not 
implied. Exposure to absolute maxi
mum rating conditions for extended 
periods may affect device reliability. 

Condition 

IOH =-3.3 rnA 

-WSO, IOCHRDY, CL = 200 pF, 
IOL= 24 rnA 

-RAMWA, -RAMWB, CL = 200 pF, 
IOL=8mA 

-RASx, -CASxy, CL = 100 pF, 
IOL=8mA 

All Other Pins, CL = 50 pF, IOL = 8 rnA 

PROCCLK 

Note 
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SECTION 5 
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VL82C031 

FEATURES 

IBM PS/2® MODEL 3D-COMPATIBLE SYSTEM CONTROLLER 

DESCRIPTION 
• Supports 8086 or V30 CPU at 8 MHz 

or 10 MHz zero wait state using 
150 ns DRAMs 

• Generates programmable fast and 
normal timing for PC memory 

• Provides either DRAM or SRAM 
control 

• Supports up to 8M bytes of expanded 
memory 

• Supports 256K or 1 M bit DRAMs on 
EMS memory 

• Arbitrates the system bus among the 
CPU, DMA, math coprocessor, and 
DRAM memory refresh cycles 

• Provides four channels of 8 MHz DMA 
as well as burst mode 

• RAM pin available to select static or 
dynam ic memory interface 

• Power down mode for low power 
standby operation 

BLOCK DIAGRAM 
TIMER2 ----------t~~lANEOuiS1 

HDINS ----------tL....;~~~..J 

SADO
SAD19 

The VL82C031 provides the PSi2 
Model 30-compatible system with dual 
speed control, 8 MHz Of 10 MHz, to 
operate the system at peak perform
ance. The device also controls 
memory, I/O, parity, address paths, and 
data paths as well as handling four 
channels of direct memory access. The 
VL82C031 is available from VLSI 
Technology, Inc. in an industry
standard plastic 1 OO-pin flatpack. 

The CMOS VL82C031 is the System 
Controller device in the two-chip VLSI 
PS/2 Model 30-compatible chip set. 
The other device is the VL82C032 I/O 
Controller. 

The chip set integrates logic on PS/2 
Model 30-compatible systems to the 
point of reducing the printed circuit 
board device count by half when 
memories are excluded. Further, 
whiie offering compiete compatibility 

DMA 

"--r---,r---l '-,""""';;'-'i-'T:..=..--t cc;.~R~R 
DREOO- ___ --1-_--1 REGISTERS DACKO

DACK3 DREQ3 ----,----f 

TSTDMA -----+--1 

RAM256 -----t-t---f 

RSTIN 
PWRGOOD 

NPINT 
NPSUSY 

lOCK 
IOCHRDY 

INTR 
ROGTO 
ROGT1 

SHE 
RESET 
DACKE 
INTA 
NMI 
SRDY 

MWR 
lORD 
IOWR 

t-----... AEN 
L-____ -r------+TC 

MA1-MA10 
SRCSO-SRCS9 

RAS&ERAS 
SRA 14-SRA 19 

CASH,CASL 
SWEH,SWEL 

ROMes 
SRE 
PARO, PAR1 
AO 
MREF 
MRAS 

CLKINO --: CLOCK t--"+ SYSCLK 
CLKIN1 ~ GENERATOR r-+ CPUCLK 

with the PS/2 Mociei 30-compatible 
system, the VLSI chip set improves 
system performance by aHowing 10 
MHz operation with no "wait states" 
(using 150 ns DRAMS), supports an ad
ditional 8M bytes of memory using EMS 
(Expanded Memory Specification) 4.0, 
and controls system speed as neces
sary for optimum performance. 

The chip can be brought to a power
down mode to conserve power dissipa
tion when static RAM is used. The chip 
can then be woke up from power-down 
mode by an external interrupt. 

A third device, the VL82C037 VGA, 
Video Graphics Controller; is also used 
in the PS/2 Model 30-compatible 
system and provides high resolution 
graphics of up to 800 x 600 pixels with 
16 colors. Graphic capabilities with this 
resolution are usually found only on 
more expensive systems. 

ORDER INFORMATION 

Part 
Number 

VL82C031-FC 

Package 

Plastic Flat ack 
CO~~OL ~ ~~ 

CMDEN 
PCDIR 
PCENH Notes: Operating temperature range is O°C to + 70°C. 

E PCENL 
PCALE 

""'--_--' SELO, SEL1 

IBM PS/2GP is a registered trademark of IBM Corp. 
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PS/2 MODEL 3D-COMPATIBLE SYSTEM DIAGRAM 

PC DATA 
(8) BUS 

VIDEO OUTPUT ~----I 

X DATA 
(8) BUS 

SERIAL I/O ~----I 
PARALLEL I/O ~----I 

KEYBOARD ~----I 
MOUSE 4-----1 

IMSG 
171 

DISK DRIVE ...... ---"""" 1..--_----' 

PO-P7 
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VL82C031 
PIN DIAGRAM [When pin 55 (RAM) Is tied low, SRAM configuration.] 

VL82C031 

SYS CLK CLK ~~ 
S2 so ClK INO IN1 -RSTIN RESET SELO -CMDEN ROY 

NPINT I 51 I CPU 111M I C1K Ef2 G~D 1-H~N5 I tfo I-lNJA I 5E~1 1-l°ICK I 
-NPBUSY 

100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 
ALE 

1 80 
NMI 

2 79 
PCALE 

SRDY -PCENH 
3 78 

-PCENl SAD19 n 4 
SAD18 

5 76 
PCDIR 

SAD17 
6 75 

-MRAS 

SAD16 
74 

-DACK1 
7 

-DACK2 SAD15 
73 8 

-DACK3 SAD14 
9 72 

VCC 
71 

GND 
10 

TC SAD13 
70 11 

-MWR SAD12 
69 

SAD11 
12 

-MRD 
i 13 68 

-lORD SAD10 
14 TOP VIEW 67 

GND -IOWR 

SAD9 
15 66 

VCC 

SAD8 
16 65 

AEN 

SAD7 
17 64 

TSTDMA 

SADS 
18 63 

INTR 
VCC 

19 62 
DR01 

SAD5 
20 61 

DR02 
SAD4 

21 60 
DRQ3 

SAD3 
22 59 

GND 
SAD2 

23 58 
-ROMCS 

SAD1 
24 57 

-SRE 
SADO 

25 56 
RAM 

-RQ/GT1 
26 55 

27 54 
-MREF 

-RQ/GTO 
28 53 

PARO 
AO PAR1 

-BHE 
29 52 

-DACKE 
30 51 

SRA19 SRA17 SRA15 -SRCSO -SRCS2 -SRCS3 -SRCS5 -SRCS7 -SRCS9 -SWEH 
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VL82C031 
PIN DIAG RAM [When pin 55 (RAM) Is tied high, DRAM configuration.] 

-NPBUSY 
NMI 

SRDY 
SAD19 
SAD18 
SAD17 
SAD16 
SAD15 
SAD14 

VCC 
SAD13 
SAD12 
SAD11 
SAD10 

GND 
SAD9 
SAD8 
SAD7 
SAD6 

VCC 
SAD5 
SAD4 
SAD3 
SAD2 
SAD1 
SADO 

-AOIGT1 
-AOIGTO 

AO 
-BHE 

S2 

100 99 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
31 32 33 

so 

98 97 96 

34 35 

SYS 
ClK 

95 

36 37 

94 

MdlR -ER~S2 -ER~SO -Also 

38 

VL82C031 

ClK ClK lOCH 
INO IN1 -ASTIN RESET SElO -CMDEN RDY 

93 92 91 90 89 88 87 86 85 84 83 82 81 ALE 
80 
79 

PCAlE 

78 
-PCENH 
-pCENl n 
PCDIR 

76 
75 

-DACKO 

74 
-DACK1 
-DACK2 

73 
-DACK3 

72 
GND 

71 
70 

TC 
-MWR 

69 
-MRD 

68 -lORD 
TOP VIEW 

67 
66 

-IOWR 

65 
VCC 
AEN 

64 
TSTDMA 

63 

62 
DROO 
DR01 

61 
DR02 

60 
DR03 

59 
GND 

58 
-AOMCS 

57 
RAM256/1M 

56 
RAM 

55 
-MREF 

54 

53 
PARO 

52 
PAR1 

51 
-DACKE 

39 40 41 42 43 44 45 46 47 48 49 50 

~2 dND ~5 ~7 ~9 -clsH 

-ERAS3 -ERAS1 -RAS1 MA1 MA3 MA4 MA6 MA8 MA10 -CASl 
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VL82C031 
SIGNAL DESCRIPTIONS [WIth Pin 55 (RAM) tied to low, SRAM configuration) 

Signal 
Name 

-NPBUSY 

c· .In 

Number 

NMI 2 

SROY 3 

SA019-SA016 4-7 

SA015-SAOO 8,9,11-14, 

-RO/GT1 

-RO/GTO 

AO 

16-19, 
21-26 

27 

28 

29 

-BHE 30 

MOIR 31 

SRA 16-SRA 19 35-32 

SRA14, SRA15 37,36 

Signal 
Type 

o 

o 

I/O 

VO 

VO 

VO 

o 

VO 

o 

o 

o 

Signal 
Description 

Busy - Is an active low signal connected directly to the -BUSY signal of 
NP8087 which is normally connected to the -TEST signal of the 8086 
CPU. It is examined by the bus arbitrator logic internally to the VL82C031. 

Non Maskable Interrupt - Is an active high signal to the CPU that there is 
an exception caused by one of the following: 

- memory parity error, 
- 110 channel check signaled from the PC bus, 
- 8087 interrupts (an unmasked exception has occurred). 

System Ready - This is an active high signal that acknowledges to the 
CPU or 8087 at t3 or tW before t4 time that a data transfer fm either 
memory or VO is complete. 

Address Bus - These lines are the four most significant address lines for 
memory operation. They are input lines when the CPU or 8087 is in 
control. The chip starts driving these lines during OMA address time. 

Address and Data Bus - These lines are a time multiplexed address and 
data bus corresponding to the A015-AOO of 8086 and 8087 bus. The 
VL82C031 monitors these lines during the time the CPU or 8087 is in 
control of the bus. It will drive these lines during OMA address time. 

Request Grant Channel 1 - Is an active low pulse signal connected directly 
to -ROIGT1 of the 8087. This signal is used by the chip to request the bus 
from the 8087. If the 8087 is not controlling the bus at that time, the 
request will relay through -RO/GTO of the 8087 which is connected to 
-ROIGT1 of the CPU. ' 

Request Grant Channel 0 - Is an active low pulse signal connected directly 
to -ROIGTO of the CPU. This signal is used by the chip to request the bus 
from the CPU if there is no 8087, otherwise it is inactive. 

Address Line 0 - is the iatched version of address O. it is used along with 
-BHE signal to distinguish 8/16 bit and odd/even byte operation. 

-BHE 

o 
o 
1 
1 

AO 

o 
1 
o 
1 

Operation 

Word (015-00) 
Odd Byte (015-08) 
Even Byte (07-00) 
Not Used 

Byte High Enable - This is an active low signal used to enable data to the 
most significant half of the data bus (015-08). It is an input line when the 
CPU or 8087 is in control. The chip drives this signal during OMA time. 

Memory Direction - Controls memory write enable of memory devices and 
also the data direction of the transceiver between the CPU and system 
memory bus. 

SRAM Address Bits 16-19 - If RAM is low, these bits drive an SRAM 
address decoder for the Expanded Memory option. The combination of 
SRA 16-SRA 19 is capable of selecting one of 15 32K X 8 SRAM banks 
organized as a word wide for a total of 960K bytes (15 banks of 64K each). 
Expanded memory is not selected if SRA 16-SRA 19 are 1111. 

SRAM Address Bits 14, 15 - If RAM is low, these are the two most signifi
cant address bits of the 32K X 8 SRAM. 
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VL82C031 
SIGNAL DESCRIPTIONS (SRAM Configuration Cont.) 

Signal 
Name 

PIn 
Number 

-SRCSO- -SRCS9 38-40, 
42-48 

-SWEH, -SWEL 50, 49 

-DACKE 51 

PARO, PAR1 53,52 

-MREF 54 

RAM 55 

-SRE 56 

-ROMCS 57 

DR01-DR03 61-59 

INTR 62 

TSTDMA 63 

SIgnal 
Type 

o 

o 

o 

110 

o 

o 

o 

SIgnal 
Description 

Static RAM Chip Select Bits 0-9 - H RAM is low, these are Static RAM 
Memory Chip Selects (active low). Each signal selects a bank of two 32K 
X 8 SRAM chips for a total of 640K bytes of system memory. 

Signal 

-5RCSO 
-5RCS1 
-5RCS2 
-5RCS3 
-5RCS4 
-SRCS5 
-5RCS6 
-5RCS7 
-5RCSS 
-5RCS9 

Memory Space 

00000 - OFFFF 
10000 - 1 FFFF 
20000 - 2FFFF 
30000 - 3FFFF 
40000 - 4FFFF 
50000 - 5FFFF 
60000 - 6FFFF 
70000 - 7FFFF 
80000 - 8FFFF 
90000 - 9FFFF 

SRAM Write Enable (High & Low) - H RAM is low, these are active low 
write enable signals for SRAM: 

- -5WEH for odd byte, 
- -5WEL for even byte. 

OACK Enable - Is an active low control signal to enable either -DACK2 or 
-DACK3 to the on-board floppy and hard disk controllers respectively. This 
is a programmable signal based on the content of Chip Select Control Port 
0065 (hex). 

Parity Bits 0-1 - Are the memory parity bits (odd type) for even and odd 
bytes of memory bank. Each parity bit is generated and written during a 
memory write operation. Each parity bit is checked and errors are reported 
by NUl to the system at the end of each memory cycle. PARO is the 
memory parity bit for even bytes. PAR1 is the memory parity bit for odd 
bytes. 

Memory Refresh -Is an active low signal indication of the refresh cycle. It 
is inhibited when RAM is low. 

RAM Select -Is an input signal which indicates the memory type used in 
the system: 

- RAM:II: low = Static RAM, 
- RAM == high == Dynamic RAM. 

SRAM Read Enable - H RAM is low, it is an active low read enable signal 
for SRAM memory. 

ROM Chip Select - Is an active low signal used to enable the ROM BIOS to 
output data to the data bus. 

DMA Request Bits 1-3 - Are asynchronous active high channel request 
inputs used by peripheral devices to obtain DMA service. -DACK will 
acknowledge the recognition of ORO signals. These signals are compat
ible with the ORO signals of the 8237 DMA controller. 

Interrupt Signal - Is a positive edge signal to release the system from an 
idie state for power management. 

Test DMA Function - This signal is used for testing purposes of the internal 
DMA controller. It should be tied low. 
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VL82C031 
SIGNAL DESCRIPTIONS (SRAM Configuration Cont.) 

Signal Pin .. ,---."arne Number 

AEN 64 

-IOWR 66 

-lORD 67 

-MRD 68 

-MWR 69 

TC 70 

-DACK1- -DACK3 74-72 

-MRAS 75 

PCDIR 76 

-PCENl 77 

-PCENH 78 

PCAlE 79 

ALE 80 

IOCHRDY 81 

-lOCK 82 

-CMDEN 83 

SIgnal 
Type 

0 

0 

0 

0 

0 

110 

0 

0 

0 

o 

o 

o 

o 

o 

SIgnal 
Description 

Address Enable - Is an active high signal during the DMA cycle to disable 
any 110 devices from the 110 channel to allow DMA transfers to take place. 

110 Write Command -Is an active low signal to instruct an 110 device to 
read the data present on the data bus. 

110 Read Command - Is an active low signal to instruct an I/O device to 
drive its data on the data bus. 

Marner; Read Command - Is an adive iow signai to instruct the memory to 
drive its data on to the data bus. 

Memory Write Command - Is an active low signal to instruct the memory to 
store the data present on the data bus. 

Terminal Count - Is an active high pulse signal when any DMA transfer is 
completed. It can be driven from the va channel to terminate a current 
DMAcycle. 

DMA Acknowledge Bits 1-3 - Are active low signals to notify the requesting 
peripherals when one has been granted a DMA cycle. These signals are 
compatible with the DACK signals of the 8237 DMA controller. 

Memory Signal Timing - Is an active low controi signai to indicate a system 
memory cycle. 

PC Data Bus Direction -Is the direction signal to the data transceiver be
tween the CPU and PC data bus: 

- high means the CPU drives the PC data bus (write cycle), 
-low means the PC drives the CPU data bus (read cycle). 

PC Data Byte Low Bus Enable - Is the active low control signal to enable 
the data buffer (07 -DO) between the CPU and PC data bus. 

PC Data Byte High Bus Enable - Is the active low control signal to enable 
the data buffer (D15-D8) between the CPU and PC data bus. 

PC Address latch Enable - Is an active high pulse active during t1 of any 
bus cycle. It is similar to the ALE signal except that this signal is active 
high throughout the DMA cycle. 

Address latch Enable - Is an active high pulse active during t1 of any bus 
cycle including DMA and memory refresh cycles. The CPU address 
should be latched using the ALE falling edge. 

110 Channel Ready - Is an active high ready signal from an I/O channel. 
Memory or I/O devices can pull this signal low to lengthen memory or I/O 
cycles. For every system clock cycle this signal is low, one wait state is 
added. 

110 Channel Check - This signal should be pulled low for at least two 
system clock cycles to indicate an uncorrectable error on an VO channel. 
This signal causes a Non Maskable Interrupt if NMI is enabled. 

Command Enable - Is the active low control signal to enable the command 
buffer going to the 110 channel bus (PC Bus). It is used to prevent bus 
contention between the 110 devices that share the same address space in 
the X bus and in the I/O channel bus. 
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VL82C031 

SIGNAL DESCRIPTIONS (SRAM Configuration Cont.) 

Signal 
Name 

SELO,SEL1 

-INTA 

RESET 

PWRGOOD 

-RSTIN 

-HDINS 

CLKIN1 

CLKINO 

TIMER2 

SYSCLK 

CPUCLK 

S2-S0 

Pin 
Number 

85,84 

86 

87 

88 

89 

90 

91 

93 

94 

95 

96 

99-97 

Signal 
Type 

o 

o 

o 

o 

o 

SIgnal 
Description 

Select Function (0-1) - These are special select decoders for address 
range according to the following table: 

SEL1 

o 
o 
1 
1 

SELO 

o 
1 
o 
1 

Range 

Don't Care 
A15-A10 = 0 (110) 
ROM 
Video RAM 

Interrupt Acknowledge - This pin is an active low signal used to enable the 
interrupt controller's interrupt-vector data on to the data bus. 

Reset - Is an active high signal synchronized to the system clock to reset 
the CPU and system. 

Power Good - Is an active high signal (TTL level of 2.4 to 5.25 Vdc during 
normal operation, or an inactive level of 0.0 to 0.4 Vdc) coming from a 
power supply to indicate that power is stable. 

Reset Input - Is an active low signal which is used to generate the RESET 
signal. The VL82C031 provides a Schmitt Trigger input so that an RC 
connection can be used to establish the power on reset of proper duration. 

Hard Disk Installed - Is the status signal that the hard disk is installed on 
the system. This can be read at I/O port 62 bit 2. 

Clock Input 1 - Is a 30 MHz TTL clock input with 40/60% duty cycle. It is 
used for a system clock with the CPU running at 10 MHz. It should be 
pulled high if there is no clock source to this pin. 

Clock Input 0 - A 24 MHz TTL clock input with 40/60% duty cycle. It is 
used for the system clock with the CPU running at 8 MHz, internal DMA 
control, and memory refresh timing. 

Timer2 Status - Is the status signal on the 8253 Timer Channel 2 which 
comes from VL82C032. This is can be read at VO port 62 bit 5. 

System Clock - Is the MaS driven clock signal to the 8087 and system. It 
has a 33% duty cycle (67-low, 33-high). 

CPU Clock -Is a MOS driven clock signal to 8086 or NEC V30 CPU. The 
clock speed can be selected through a special register. The duty cycle of 
CPU clock is 33% (67-low, 33-high). 

System Status - These signals are used to decode different CPU or 8087 
operations. 

S2-S0 

000 
001 
010 
011 
100 
101 
110 
111 

5·10 

Operation 

Interrupt Acknowledge 
110 Read 
110 Write 
Halt 
Memory Read (fetch) 
Memory Read (data) 
Memory Write 
Passive 
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VL82C031 

SIGNAL DESCRIPTIONS (SRAM ConflQuration Cont.) 

Signal 
Name 

NPINT 

vee 
GND 

Pin 
Number 

100 

65,20,10 

92,71,41, 
58, 15 

Signal 
Type 

SIgnal 
Description 

8087 Numerical Processor Interrupt - An active high signal that indicates 
that an unmasked exception has occurred during numeric instruction 
execution when 8087 interrupt is enabled. 

Power - +5 V 

Ground 

SIGNAL DESCRIPTIONS [For pins which operate differently In DRAM configuration (Pin 55 tied high)] 

Signal Pin 
Name Number 

-ERASO- -ERAS3 35-32 

-RASO, -RAS 1 

MA1-MA10 

-CASH--CASL 

-MREF 

RAM 

RAM256/1M 

37,36 

38-40, 
42-48 

49,50 

54 

55 

56 

Signal 
Type 

o 

o 

o 

o 

o 

Signal 
Description 

EMS Row Address Strobe Bits 0-3 -If RAM is high, these are active low 
-RAS signals for Expanded Memory option to the system: 

ERAS 

Pin I Odd Even 

- 0 35 256K (1 j 256K (1 M) M 

-ERAS 1 34 256K (1 M) 256K (1M) 

-ERAS2 33 256K (1 M) 256K (1M) 

-ERAS3 32 256K (1 M) 256K (1M) 

Row Address Strobe Bits 0-1 - H RAM is high, these are active low control 
signals to the 640K byte DRAM system memory to inform the memory that 
a row address is present on the address bus. -RASO is for the first 128K 
and -RAS1 is for the next 512K of memory. 

Memory Address Bit 1-10 - If RAM is high, these are time multiplexed row 
and column memory address lines for 1 M memory chips (for 256K memory 
chips MA10 is not used.) 

Column Address Strobe (High & Low) - H RAM is high, these are active low 
control signals to the on-board DRAM system and EMS memory to signal 
that a column address is present on the address bus: 

= -CASH for odd byte [D{15-8)], 
- -CASL for even byte [0(7-0)]. 

Memory Refresh - Is the active low signal indication of the refresh cycle. It 
is inhibited when RAM is low. 

RAM Select - Is an input signal to tell the chip of the memory type used in 
the system: 

- RAM ... low ... Static RAM, 
- RAM ... high ... Dynamic RAM. 

256K or 1 M -H RAM js high, this is the signal which informs the chip of the 
memory type used in expanded memory: 

- low means 1 M chips, 
- high means 256K chips. 
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SIGNAL DESCRIPTIONS (DRAM Configuration Cont.) 

Signal 
Name 

Pin 
Number 

Signal 
Type 

Signal 
Description 

VL82C031 

o ROO-DR03 62-59 DMA Request Bits 0-3 - Are asynchronous active high channel request 
inputs used by peripheral devices to obtain DMA service. -DACK will 
acknowledge the recognition of ORO signals. These signals are compat
ible with the ORO Signals of the 8237 DMA controller. 

-DACKO- -DACK3 75-72 o DMA Acknowledge Bits 0-3 - Are active low signals to notify the requesting 
peripherals when one has been granted a DMA cycle. These signals are 
compatible with the DACK signals of the 8237 DMA controller. 

FUNCTIONAL DESCRIPTION 
SYSTEM MEMORY AND I/O MAP 
The 8086N30 supports 16 bit opera
tions with 20 bit addressing to directly 
access up to 1 M byte of memory space. 
The system memory and an On-board 
Expanded Memory (if it's enabled) are 
byte and/or word accessible. Memory 
is mapped in Table 1. 

MEMORY CONTROL UNIT 
VL82C031 offers either Dynamic or 
Static RAM memory control depending 
on the RAM input signal with zero wait 
states for 150 ns memory access. 

If the "RAM" pin is strapped high (to 
VCC), the VL82C031 will generate on
board DRAM memory control signals. It 
supports 640K bytes of system memory 
using 64K X 4 DRAM for the first 128K 
bytes and 256K X 1 DRAM for the next 
512K bytes of memory. In addition to 
640K bytes, the VL82C031 also 
supports EMS 4.0 which makes multi
tasking possible. The EMS logic will 

TABLE 1. FUNCTIONS 
Hex Address Description 

support either 256K or 1 M byte memory 
chips depending on how the RAM256/ 
1 M input signal is strapped. The EMS 
logic will control on-board memory up to 
2M bytes if 256K memory is used and 
up to 8M bytes if 1 M chips are used 
(see RAM256/1 M input definition in the 
VL82C031 Signal Descriptions). 

" the "RAM" pin is strapped low (to 
Ground), the VL82C031 will generate 
SRAM memory control. It supports 
640K bytes of system memory using 
32K X 8 SRAM chips. It also supports 
an EMS SRAM up to 960K (1 M minus 
64K) bytes of 32K X 8 type memory. It 
provides four address lines (SRA 16-
SRA 19) that can select one out of 15 
banks of memory (64K bytes each). 
When EMS SRAM is not accessed, 
SRA16-SRA19 will be all1's so only 15 
banks can be selected. 

00000 - 1 FFFF 
20000 - 2FFFF 
30000 - 3FFFF 
40000 - 4FFFF 
50000 - 5FFFF 
60000 - 6FFFF 
70000 - 7FFFF 
80000 - 8FFFF 
90000 - 9FFFF 
AOOOO - BFFFF 
COOOO - EFFFF 
FOOOO - FFFFF 

128K byte: 1 st bank #1 
64K byte: 2nd bank #2 
64K byte: 2nd bank #3 
64K byte: 2nd bank #4 
64K byte: 2nd bank #5 
64K byte: 2nd bank #6 
64K byte: 2nd bank #7 
64K byte: 2nd bank #8 

640K 
System 
Memory 

64K byte: 2nd bank #9..) 
64K byte: Video Buffer 

192K byte: Reserved for BIOS on 1/0 Channel. 
64K byte: System ROM 
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The Memory Control Unit has the 
following five functions: 

1. System Memory Control 
2. EMS Control 
3. Memory Refresh Control 
4. Memory Parity Check and Generator 
5. Rowand Column Address Generator 

SYSTEM MEMORY CONTROL 
FOR DRAM CONTROL: The system 
memory controller generates RAS 
signals for 640K of readlwrite memory: 

- -RASO is for the first 128K of 
memory, 

- -RAS1 is for the next 512K of 
memory. 

FOR SRAM CONTROL: The system 
memory controller generates 10 SRAM 
chip selects (-SRCSO-SRCS9) as 
shown in Table 2 and readlwrite control 
Signals (-SRE, -SWEH, -SWEL). 

TABLE 2. MEMORY 
Signal 

-SRCSO 
-SRCS1 
-SRCS2 
-SRCS3 
-SRCS4 
-SRCS5 
-SRCS6 
-SRCS7 
-SRCS8 
-SRCS9 

Memory Space 

00000 - OFFFF 
10000 - 1 FFFF 
20000 - 2FFFF 
30000 - 3FFFF 
40000 - 4FFFF 
50000 - 5FFFF 
60000 - 6FFFF 
70000 - 7FFFF 
80000 - 8FFFF 
90000 - 9FFFF 
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The controller can allocate system 
memory through- the·Pfanar-RAM 
Control Register at Port 0068. If the 
first 128K bytes of memory are not 
installed or bad, the system can remap 
the next 512K bytes over. Also, each 
64K block of the second bank (except 
the first two blocks) can be enabled Of 

disabled so the system can allocate 
memory between system memory and 
expanded memory. 

If bit 0 of the Planar RAM register is 0, 
-RASa or -SRCSO-SRCS1 wi!! be 
active at memory space 00000 - 1 FFFF 
(128K bytes), and -RAS1 or -SRCS2-
-SRCS9 will be active at memory space 
20000 - 9FFFF (512K byte) for 640K 
bytes of system memory . 

If bit 0 is 1, memory bank 0 is disabled 
(-RASO or-SRCSO- -SRCS1), and the 
physical memory at addresses 80000-
9FFFF will be mapped to memory 
space 00000 - 1 FFFF. Thus, -RAS1 or 
-SRCS2- -SRCS9 will be active in 
memory space 00000 - 7FFFF for 512K 
bytes of system memory. 

The format of the Planar RAM Controll 
Status Register is as follows: 

Planar RAM Control Register: 1/0 Port 
006B (hex) R1W: 

Bit Function 
7 Parity Check Pointer 

1 = lower 128K failed 
o = Upper 512K faiied 

6 DISIEN- RAM, 90000 - 9FFFF 
5 DISIEN- RAM, 80000 - 8FFFF 
4 D1SIEN- RAM, 70000 - 7FFFF 
3 DISIEN- RAM, 60000 - 6FFFF 
2 DISIEN- RAM, 50000 - 5FFFF 
1 DISIEN- RAM, 40000 - 4FFFF 
o MAP/UNMAP-low Memory 

At power-on or reset, this port 
is 00. 

parity error, bit 7 will be set. 
- If the current memory read cycle is in 

the next 512K memory and c..allsed 
a parity error, bit 7 will be cleared. 

- If there is no parity error, bit 7 will 
remain unchanged. 

- Writing a 1 to bit 7 of this port will 
reset this bit. Writing a 0 to this bit 
has no effect. 

This feature is primarily intended for use 
in memory testing and is not particularly 
useful for post-mortem diagnostics. 

EMS CONTROL 
The EMS Control consists of EMS 
Current Map, EMS Alternate Map, and 
the EMS RAS generator. 

The Current and Alternate Maps are 36 
word by 10 bit register files each 
containing an enable bit and the 
physical address bits 22-14 of the EMS 
memory. The memory space is 
logically broken down to 64 blocks of 
16K bytes each. However, the first 
256K of system memory (00000 -
3FFFF), Video memory (40000 -
BFFFF), and ROM BIOS (FOOOO -
FFFFF) are reserved. That leaves two 
areas of memory: 40000 - 9FFFF and 
COOOO - EFFFF mappable to EMS. 
Each block of 16K bytes can be 
mapped to any of n blocks of EMS 
memory. (If RAM256/1 M is high, n = 
128. If RAM256/1 M is low, n = 512.) 
EMS can access up to 2M or 8M bytes 
of DRAM depending on the state of 
RAM256/1M. 

If SRAM is used (i.e. Pin 55 is tied low) 
the maximum EMS memory will be 1 M 
minus 64K (960K) bytes of SRAM, that 
is n = 60. 

The EMS Current Map is a 36 word by 
10 bit register file that translates A 14-
A 19 during memory eycles to an EMS 
memory address. The EMS Current 

VL82C031 
Memory Map can be accessed through 
three 1/0 ports: 

CMPR - Current Map Pointer Register 
8-bit 1/0 RNJ 

CMDR - Current Map Data Register 
16-bit 1/0 RNJ 

The CPU performs an 1/0 write to 
CMPR with a pointer to the current 
map. After that, the CPU performs 1/0 
reads or writes to CMDR. 

The CMPR and CMDR formats are: 

CMPR: 1/0 Port 0011 R1W: 

Bit Function 
7,6 Not Used 
5-0 Current Map Ponter 

CMDR: 110 Port 0012 RIW word 
access only: 

Bit Function 
15-10 Not Used 
9 Map Address 22 for EMS 

Memory 
8 Map Address 21 for EMS 

Memory 
7 EN/DIS-
6 Map Address 20 for EMS 

Memory 
5 Map Address 19 for EMS 

Memory 
4 Map Address 18 for EMS 

Memory 
3 Map Address 17 for EMS 

Memory 
2 Map Address 16 for EMS 

Memory 
Map Address 15 for EMS 
Memory 

o Map Address 14 for EMS 
Memory 

The type of memory and map address 
bits used in EMS are determined by the 
RAM and RAM256/1 M input pins as 
shown in Table 3. 

If the EMS memory happens to be 
selected in the system memory space, 
-RASO and -RAS 1 or -SRCSO-
-SRCS9 will be blocked. 80th -RASa 

TABLE 3. MEMORY CONFIGURATION OPTIONS 

and -RAS1 will be asserted during RE
FRESH. REFRESH is inhibited if 
"RAM" is low. 

Bit 7 of Planar RAM Control Register 
will be set (1) or clear (0) according to 
the most recent parity bit error: 

- If the current memory read cycle is in 
the first 128K memory and caused a 

RAM 256/1M 

0 X 
1 0 
1 1 

x = Don't Care 

5-13 

Type of Memory Map Bits Used 

32KX8SRAM 14-19 

1M DRAM 14-22 

256K DRAM 14-20 

I 
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When RAM is low, and during EMS 
memory access, SRA 14-SRA 19 are 
identical to the map address. SRA 14-
SRA 19 are all high if the access is not 
in EMS memory. 

CMDR bit 7: ENID IS- is used to enable 
or disable mapping of the logical 
memory address space to the EMS 
memory area. If this bit is set to 1, it will 
use the map address 21-14 during the 
memory access time to map to the EMS 
memory, otherwise it will be unmapped 
and either system memory or memory 
on the I/O channel will be accessed. 

The EMS Alternate Map is a 36 word by 
10 bit register file that translates A 14-
A 19 during DMA memory cycles to the 
EMS memory. The EMS Alternate 
Memory Map can be accessed through 
three 1/0 ports: 

AMPR - Alternate Map Pointer Register 
8-bit 1/0 ANI 

AMDR - Alternate Map Data Register 
16-bit 1/0 ANI 

ThA CPU performs an 1/0 write to 
AMPR with a pointer to the alternate 
map. After that, the CPU performs 1/0 
reads or writes to AMDR. 

The AMPR and AMDR formats are: 

AMPR: I/O Port 0015 ANI: 

Bit Function 
7,6 Not Used 
5-0 Alternate Map Pointer 

AMDR: 1/0 Port 0016 ANI word 
access only: 

Bit 
15-10 
9 

8 

7 
6 

5 

4 

3 

2 

o 

Function 
Not Used 
Map Address 22 for EMS 
Memory 
Map Address 21 for EMS 
Memory 
EN/DIS-
Map Address 20 for EMS 
Memory 
Map Address 19 for EMS 
Memory 
Map Address 18 for EMS 
Memory 
Map Address 17 for EMS 
Memory 
Map Address 16 for EMS 
Memory 
Map Address 15 for EMS 
Memory 
Map Address 14 for EMS 
Memory 

The type of memory and map address 
bits used in EMS are determined by the 
same system as with the current map. 
See Table 3. 

The EMSEN I/O port enables or dis
ables the EMS Current or Alternate 
Memory Map during CPU or NPU 
accesses: 

EMSEN: 1/0 Port 0010 R!W: 

Bit Function 
7-2 Not Used 
1 ENID IS- Alternate Map 
o EN/DlS- Current Map 

Bit 0 and 1 of this port are Master EMS 
Enable bits used to enable or disable 
the EMS memory access function 
during the CPU or NPU memory access 
cycles. Writing a 1 to the EMSEN port 
bit 0 andlor bit 1 enables the EMS 
Current Map andlor Alternate Map to 

VL82C031 
function. Otherwise, the EMS memory 
is not accessible. However, the EMS 
Current and Alternate Memory Maps 
are always accessible. H both bit 0 and 
1 are set to 1 's, the Current Memory 
Map will be used. See Table 4. 

H one of the maps is selected but the 
EN/DIS- bit for the current page is 0, 
the memory access will go to CPU 
system memory, or the 110 channel if 
that address space is disabled through 
the Planar RAM Control Register. 

The EMS RAS Signals are always 
generated during memory refresh. At 
power-on or reset, bits 0 and 1 are O's. 

EMDMA is an 1/0 port used to tag any 
DMA channel to the Current or Alter
nate Map access during the DMA cycle: 

EMDMA I/O Port 0014 RIW: 

Bit Function 
7 EMCDMA3 : ENID IS- Current 

Map during DMA Channel 3. 
6 EMCDMA2: ENID IS- Current 

Map during DMA Channel 2. 
5 EMCDMA 1 : ENID IS- Current 

Map during DMA Channel 1. 
4 EMCDMAO : ENID IS- Current 

Map during DMA Channel o. 
3 EMADMA3 : ENID IS- Alternate 

Map during DMA Channel 3. 
2 EMADMA2 : ENID IS- Alternate 

Map during DMA Channel 2. 
EMADMA 1 : ENID IS- Alternate 
Map during DMA Channel 1. 

o EMADMAO : ENID IS- Alternate 
Map during DMA Channel o. 

There are four pairs of bits: 0,4; 1,5; 
2,6; 3,7 that are related directly to each 
channel of the DMA in map selection 

TABLE 4. GLOBAL EMS MAPPING TABLE 5. EMS DMA ASSIGNMENT 

EMSEN Bit 
1 0 

o 
o 
1 
1 

o 
1 
o 
1 

Map of EMS Memory Access 
During CPU or NPU Access cycles 

None 
Current Map 
Alternate Map 
Current Map 
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EMDMA Bits 
0,4; 1,5; 2,6; 3,7 

0,0 

1,0 
0, 1 
1, 1 

Map of Memory Access 
During DMA Cycles 

None (map to system 
memory or 1/0 channel) 
Alternate Map 
Current Map 
Alternate Map 

At power-on or reset, EMDMA = 00. 
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during each DMA cycle. The function of 
those bits are defined in Tabte 5. 

If one of the maps is selected but the 
ENID IS- bit for the current page is 0, 
the memory access wm go to CPU 
system memory, or the 110 channel if 
that address space is disabled through 
the Planar RAM Control Register. 

The EMS RAS Generator takes the 
content of CMDR or AM DR during 
memory access and generates the 
EMS RAS signals: 

- ERASO: For EMS Bank O. 
- ERAS 1 : For EMS Bank 1. 
- ERAS2: For EMS Bank 2. 
- ERAS3: For EMS Bank 3. 

EMST: The EMS Parity Status Port 
Register is an eight bit 1/0 read only 
port used to identify the source of EMS 
parity errors if the EMS function is 
enabled: 

EMST: 1/0 Port 0018 Read: 

Bit Function 
7 EMSERR: EMS memory 

parity error. 
6 Not Used 
5 ODDBYTE : Odd byte is bad, if 

EMS ERR is set. 
4 EVEN BYTE : Even byte is 

bad, if EMSERR is set. 
3 EMSBNK3 : EMS memory 

bank 3 is bad, if EMSERR is 
set. 

VL82C031 1/0 MAP 

1/0 Address Function 

0000 - OOOF DMA Controller 

2 EMSBNK2 : EMS memory 
bank 2 is bad, if EMSERR is 
set. 
EMSBNK1 : EMS memory 
bank 1 is bad, if EMS ERR is 
set. 

o EMSBNKO : EMS memory 
bank 0 is bad, if EMS ERR is 
set. 

EMST: 1/0 Port 0018 Write: 

Bit Function 
7 EN/DIS- : EMS memory parity 

error. 
6 Not Used 
5 EN/DIS- : Odd parity byte, if 

EMSERR is set. 
4 EN/DIS- : Even parity byte, if 

EMSERR is set. 
3 ENID IS- : EMS memory parity 

bank 3, if EMSERR is set. 
2 EN/DIS- : EMS memory parity 

bank 1, if EMS ERR is set. 
ENID IS- : EMS memory parity 
bank 1, if EMSERR is set. 

o EN/DIS- : EMS memory parity 
bank 0, if EMSERR is set. 

Writing 0 to these bits will reset the 
corresponding parity bits to O. 

At power-on or reset, EMST = 00. 

The mapping registers are implemented 
internally as static RAM register files, 
and can be disabled to reduce power 

Response 

RIW 

0010 - 001 F System Control and Status Group 1 RIW 

0068 Planar RAM Control RIW 

0081 - 0087 DMA Page Registers RIW 

On-Board 
0380 - 03DF Video System Decoder 
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consumption for applications such as 
taptop compUTers. This is done by 
writing a 1 to 110 Port IEh to enable the 
funtion, and then writing a 1 or 0 to lID 
Port 1 Ch to enable or disable the 
register banks, respectively. Reading II 
o Port 1 Ch at this point will disable the 
iegistei banks and stop the CPUCLK 
output. An active signal on the INTR 
input (pin 62) will then restart the CPU 
clock. During the shutdown period the 
SYSCLK output continues to run. 

CLOCK CONTROL 
The speed and duty cycle of the clock 
outputs can t '~ controlled through the 
Clock Control Register which resides at 
110 Port 19h. 

Clock Control: 1/0 Port 0019 RIW: 

Bit Function 
7-3 Not Used 
2 CPUCLK Duty Cycle - 0 = 

33%,1 = 50% 
Divider Select - 0 = +6, 1 = +3 

o Clock Select - 0 = CLKINO, 1 = 
CLKIN1 

Both of the clock outputs (CPUCLK and 
SYSCLK) are affected by clock input 
and clock divider selection. Only the 
CPUCLK is affected by duty cycle 
selection. 

I 
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FIGURE 1. EMS MAPPING REGISTERS 

CPU Address Space (1 M) 

12 
PAGES 
(192K) 

128K 

24 
PAGES 
(384K) 

FOOOO-FFFFF 

ECOOO-EFFFF 

I 

.... 1_6_K_P_a_ge __ -f C4000-C7FFF 

AOOOO-BFFFF 

9COOO-9FFFF 

I 
16K Page 48000-4BFFF 

16K Page 44000-47FFF 

40000-43FFF 

0-3FFFF 

Mapping Registers 
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Index 3B 

I 
Index 31 

Index 30 

Index 27 

Index 26 

Index 25 
I 

I 
Index 12 

Index 11 

Index 10 

EMS Memory (8M) 
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Page 1FF 

Page 1FE 

Page 1FD 

512 
Pages 

Page 001 

Page 000 
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MEMORY REFRESH CONTROL 
The Memory Refresn Timer generates a 
request every 15.6 ~s to the Refresh 
Controller. Once the Refresh Controller 
grants the cycle (-MREF is asserted). it 
outputs the ALE, PCAlE, and -MRD 
signals. The minimum refresh cycle is 
five system ciocks for a system running 
at 8 MHz or six system clocks for a 
system running at 10 MHz. 

The Memory Refresh Address Genera
tor drives all 20 address lines through 
the CPU bus during memory reiresh 
cycle time (-MREF is low). Address 0-
8 comes from a 9-bit binary counter 
(which will increment at the end of the 
cycle), and A9-A19 is driven low during 
the memory refresh cycle. 

TABLE 6. DMA CHANNELS 
Channel 

ChannelO: DRQO 
Channel1: DRQ1 
Channe!2: DRQ2 
Channel3: DRQ3 

ASSignment 

Reserved 
Not Used 
Diskette 
Fixed Disk 

OMACONTRQL 
DMA Control consists of two blocks: 

- 8237 -Compatible DMA Controller 
- DMA Page Registers 

The DMA Controller is a four channel 
DMA operating at 8 MHz which sup
ports byte (a-bits) transfer operations 
between memory and peripherals. Its 
function is equivalent to the 8237 DMA 
chip. The DMA channels are assigned 
as shown in Table 6. 

Each channei can transfer data 
throughout the 1 M byte system address 
space up to 64K bytes at a time. The 
following figure shows address genera
tion for the DMA channels. 

Source I DMA Page Reg~IB'" I Controller 

Address I A19. .. A16 A1S"AO 

Note: The addressing signal, 'byte high 
enable' (-BHE), is generated by 
inverting address line AO. 

VL82C031 

Three DMA channels (1, 2-> 3) are 
available on the 1/0 channel. The 8237 
DMA controller command code ad
dresses are shown in Table 8. 

OMA PAGE REGISTER 
DMA Page Registers can be accessed 
through feur 9=bit 110 ports. These 
ports are read/write and only data bits 
0-3 are significant. Table 7 shows the 
addresses for the page registers. 

Addresses for all DMA channels cannot 
increase or decrease through page 
boundaries (64K bytes). 

TABLE 7. PAGE REGISTERS 

Page Register 

DMA Channel a 
DMA Channel 1 
DMA Channel 2 
DMA Channel 3 

1/0 Address 
(In Hex) 

0087 
0083 
0081 
0082 

TABLE 8. DMA CONTROLLER REGISTER FUNCTIONS 
110 Address (In Hex) Register Function 

0000 
0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
OOOA 
OOOB 
OOOC 
0000 
OOOE 
OOOF 

Channel 0 Base and Current Address Register 
Channel 0 Base and Current Word Count 
Channel 1 Base and Current Address Register 
Channel 1 Base and Current Word Count 
Channel 2 Base and Current Address Register 
Channel 2 Base and Current Word Count 
Channel 3 Base and Current Address Register 
Channel 3 Base and Current Word Count 
Read Status RegisterlWrite Command Register 
Write Request Register 
Write Single Mask Register Bit 
Write Mode Register 
Clear Byte Pointer Flip-Flop 
Read Temporary RegisterlWrite Master Clear 
Clear Mask Register 
Write All Mask Register Bits 

5-17 
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VL82C031 

AC CHARACTERISTICS: TA = ooe to +7ooe, vee = 5 V ±5%, GND = 0 V 

Symbol Parameter Min Max Unit Condition 

tCYC SYSClK, CPUClK Cycle Time 100 ns 

tC1 ClKINO Cycle Time 42 ns 24 MHz 

tC2 ClKIN1 Cycle Time 33 ns 30 MHz 

tC3 SYSClK High Time 33 ns 33% Duty Cycle 

tC4 SYSClK low Time 60 ns 33% Duty Cycle 

33 ns 33% Duty Cycle 
tC5 CPUClK High Time 

47 ns 50% Duty Cycle 

60 ns 33% Duty Cycle 
tC6 CPUClK low Time 

47 ns 50% Duty Cycle 

t7 SYSClK to Command 25 ns 

t08 SYSClK low to ALE, PCAlE High 42 ns 

t09 SYSClK High to ALE, PCAlE low 30 ns 

t010 SYSClK to SROY 35 ns 

t011 SYSClK low to Address on I/O Channel 75 ns 

tSU12 Data Valid before t4 during Read 25 ns 

tH13 Data Invalid after End of t3 during Read 5 ns 

t014 Data from End of t1 during Write 75 ns 

t015 Memory Row Address Valid from SYSClK low 100 ns 

t016 Memory Column Address Valid from SYSClK low 43 ns 

t017 SYSClK to -RAS 20 ns 

t018 SYSClK to -CAS 20 ns 

t019 Memory Data Valid from -RAS 155 ns 

t020 Memory Data Valid from -CAS 75 ns 

tSU21 Memory Data Valid before t4 20 ns 

tH22 Memory Data Invalid after -CAS 20 ns 

t023 Memory Data Valid after SYSClK low during Write 75 ns 

tH24 Memory Oata.Hold Time after-CAS 20 ns 

t025 Request/Grant from SYSClK low 25 ns 

t026 Refresh after SYSClK low 40 ns 

t027 PCAlE after SYSClK High during Refresh 30 ns 

t028 Memory Refresh Address after PCAlE 25 ns 

t029 -RO/GT Request from ORO 2tCYC ns 

t30 ORO Hold Time after -OACK 0 ns 

tH31 peALE High from -RO/GT Grant 30 ns 

5-18 
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AC CHARACTERISTICS: (Cont.) 

Symbol I Parameter 

tH32 I Data Hoid Time from t4 SYSClK High during Write 

tD33 PCAlE Low from End of DMA Command 

+n/)A AEN High fiom -RQ/GT Grant LV,",,"" I 
tD35 AEN low from End of DMA Command 

tD36 -DACK low from AEN 

tD37 -DACK High from End of DMA Command 

tD38 DMA Address Valid from AEN 

tD39 -MRD, -lORD Active from AEN 

tD40 -MWR, -IOWR Active from -MRD, -lORD 

t41 -MWR, -IOWR Command Width 
I 

t42 -MRD, -lORD Command Width 

tD43 End of DMA Command to -RO/GT Release 

MAXIMUM OUTPUT CAPACITANCE LOADING 

Pinout 
Capacitance 
Loading (pF) Pinout 

CPUCLK 20 -MRD 

SYSClK 20 -lORD 

RESET 200 -IOWR 

-INTA 15 AEN 

SElO 30 -ROMCS 

SEl1 30 -MREF 

-CMDEN 15 PARO 

ALE 20 PAR1 

PCAlE 15 -DACKE 

-PCENH 15 -CASl 

-PCENl 15 -CASH 

PCDIR 20 MA1-MA10 

-DACK3- -DACKO 200 -RASO 

TC 15 -RAS1 

-MWR 25 -ERASO 
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Max 

I 
lIe. lUv T 

+35 

Unit 

VL82C031 

f Condition 
I 

ns I" tDCY =DMA Cycie Time 
. Min 125 ns 

ns I 

I 21/2 tDCY ns 
+35 

3tDCY ns 
+70 

1/2 tDCY ns 
+40 

3tDCY 
+30 

ns 

31/2 tDCY I ns 
+35 

2tDCY ns 

4tDCY ns 

6tDCY ns 

2tDCY ns 

Capacitance 
Loading (pF) Pinout 

Capacitance 
Loading (pF) 

25 -ERAS 1 20 

25 -ERAS2 20 

25 -ERAS3 20 

200 MDIR 15 

20 -SHE 15 

200 AD 11: 
''''' 

100 -RO/GTO 20 

100 -RO/GT1 20 

15 SAD19-SADO 40 

45 SRDY 35 

45 NMI 20 

20 

20 

20 

20 

I 
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TIMING CHARACTERISTICS 
FIGURE 2. CLOCK TIMING 

CLKINO/CLKIN1 

SYSCLK (+6) 

SYSCLK (+3) 

CPUCLK (+6, 33%) 

CPUCLK (+6, 50%) 

CPUCLK (+3, 33%) __ I 

CPUCLK (+3, 50%) 

tC6 

tC6 

VL82C031 

5-20 



• VLSI TECHNOLOGY, INC. 

VL82C031 
FIGURE 3. READ CYCLE TIMING DIAGRAM FOR I/O CHANNEL 
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VL82C031 
FIGURE 5. READ CYCLE TIMING DIAGRAM FOR ON-BOARD MEMORY (0 WAIT, 150 NS DRAM) 
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VL82C031 
FIGURE 7. MEMORY REFRESH CYCLE TIMING DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 
Ambient Operating 
Temperature -10°C to +70°C 

Storage Temperature ~5°C to + 150°C 

Supply Voltage to 
Ground Potential -0.5 V to VCC +0.3 V 

Stresses above those listed may cause 
permanent damage to the device. 
These are stress ratings only. Func
tional operation of this device at these 
or any other conditions above those 

Applied Output 
Voltage 

Applied Input 
Voltage 

-0.5 V to VCC +0.3 V 

-0.5 V to +7.0 V 

DC CHARACTERISTICS: TA = ooe to +7ooe, vee = 5 V ±5%, GND = 0 V 

Symbol Parameter Min Max 

VOH Output High Voltage 2.4 

VOL Output low Voltage 0.45 

VOL Output low Voltage 0.45 

VOL Output low Voltage 0.45 

VOL Output low Voltage 0.45 

VOL Output low Voltage 0.45 

VIH Input High Voltage 2.0 VCC+ 0.5 

Vil Input low Voltage -0.5 O.S 

CO Output Capacitance S 

CI Input Capacitance S 

CIO Input/Output Capacitance 16 

III Input leakage Current -10 10 

OLi Output leakage Current -10 10 

ICC Operating Supply Current 250 

Note 1: Output Current Driving Capabilities. 

IOH IOL VL82C031 Pins 

-3.3 mA 20mA RESET,-DACK1, -DACK3, AEN, -MREF 

-1 mA SmA PARO, PAR1 

-200J.lA 4mA CPUClK, SYSClK, MDIR, -ERAS3 - -ERASO, 
-RAS1, -RASO, -CASH, -CASl, MA1-MA10, 
SADO-SAD19, AO, ALE, -DACKO/-MRAS, -MWR, 
-MRD, -IOWR, -lORD, RAM256/1 M, -ROMCS 

-200J.lA 2mA -INTA, SElO, SEl1, -CMDEN, NMI, SRDY, 
-RQ/GTO, -RQ/GT1, -SHE, PCAlE, 
-PCENH, -PCENl, PCDIR, TC, -DACKE 
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indicated in this data sheet is not 
implied. Exposure to absolute maxi
mum rating conditions for extended 
periods may affect device reliability. 

Unit Condition 

V 10H =400 J.lA 

V 10l = 20 mA, Note 1 

V 10l = 12 mA, Note 1 

V 10l = SmA, Note 1 

V 10l = 4 mA, Note 1 

V 10l = 2 mA, Note 1 

V TTL 

V TTL 

pF 

pF 

pF 

J.lA 

J.lA 

mA 
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VL82C032 
IBM PS/2® MODEL 30-COMPATIBLE I/O CONTROLLER 

FEAT-YRE-S 
• Controls Model 3D-compatible system 

keyboard and mouse 
control of both the keyboard and the 
pointing device ("mouse"), control of 
two serial communication channels, a 
real-time clock, as well as controlling 
both the disk storage and display 
functions. it aiso provides the chip 
select logic for the functions it controls. 
The VL82C032 is available from VLSI 
Technology, Inc. in an industry
standard plastic 1 ~O-pin flatpack. 

by half, when memories are exciuded. 
Further, while offering complete com
patibnity with the PS/2 Model 30 

• Integ-rates the fotfowing functions on a 
single device: 

system, the VLSI chip set improves 
system performance by allowing 10 MHz 
operation with no ''wait states" (using 
150 ns DRAMS), supports an additional 
8M-bytes of memory using EMS (Ex
panded Memory Specification) 4.0, and 
controls system speed as necessary for 

-8253-compatible timer/counter 
-Dual 8250-compatible serial com-

munications controller 
-Bidirectional parallel port controller 
-8259-compatible interrupt controller 
-58167-compatible real-time clock 

• Decodes subsystems for floppy disk, 
hard disk, and video 

• Provides chip select logic for serial/ 
parallel ports, disk controllers, and 
real time clock. 

DESCRIPTION 
The VL82C032 provides the PS/2 
Model 3D-compatible system with 

BLOCK DIAGRAM 
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SADR9 

ADSELO. ADSEL 1 
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-SLCT 

The CMOS VL82C032 is the inputi 
Output Controller device in the two
chip VLSI PS/2 Model 30-compatible 
chip set. The other device is the 
VL82C031 System Controller. 

The chip set integrates logic and 
functions on PS/2 Model 3D-compat
ible systems to the point of reducing 
the printed circuit board device count 

nnti"" """ norf,..r ...... .,,~'''..,. 
'W"r'.UII,.,.111 t-''OII'''IIIIQI.VO. 

A third device, the VL82C037 VGA, 
Video Graphics Controller, is also used 
in the PS/2 Model 30-compatible system 
and provides high resolution graphics of 
up to 800 x 600 elements with 16 colors. 
Graphic capabiiities of this resoiution are 
usually found only on more expensive 
systems. 

ORDER INFORMATION 
-XBFRD 
-SELHDK 
-FLPCS 
-RD3FO 
-RE3Fl 
-PRE 
DRVTYPE 

INTR 

TIMEROUT2 
SPKOUT 

-RTSI 
-DTRl 
TXDl 

-RTS2 
-DTR2 
TXD2 

PDo-PD7 

-STROBE 
-INIT 
-AUTOFD 

Part 
Number 

VL82C032-FC 

Package 

Plastic Flatpack 

Notes: Operating temperature range is DoC to +70°C. 
IBM PS/2® is a registered trademark of IBM Corp. 

SADRO- ______ ----1 

SADR9 ______ ----, -X8FRO 

-BUSY r--9I.-_--r-- -SELIN 
ADSELO, ADSEL1 -------~ 

-XIORD -------~ 

-SELHDK 
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1/1--1'\..,---...,,--_ J1DATA 
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L-..:~";;""'''''''''- J2CLOCK 

-LED 

-RD3FO 
-XIOWR ADDRESS -RE3F1 

-XMEMRD DECODE -PRE 
-REFRESH -------~ DRVTYPE 

-DACK2 -------~ 
-DACK3 -------...... 

-HIGDNTY -------:1 
PCAEN -------~-. L--.. __ ~ 
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VL82C032 
PIN DIAGRAM 

VL82C032 
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VL82C032 
PS/2 MODEL 30·COMPATIBLE SYSTEM DIAGRAM 
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SIGNAL DESCRIPTIONS 
Signal 
Name 

-DACK2 

-DACK3 

-HIGDNTY 

-SELHDK 

-LED 

DATA7-DATAO 

J2DATA 

J2CLOCK 

J1DATA 

J1CLOCK 

SADR9-SADRO 

KEYLOCK 

RXD1 

-DCD1, -DCD2 

-RIN1, -RIN2 

-DSR1, -DSR2 

-CTS 1, -CTS2 

-RTS 1, -RTS2 

-DTR1, -DTR2 

TXD1 

RXD2 

TXD2 

OSC2 

RESET 

Pin 
Number 

2 

3 

4 

5 

6, 7 
9-14 

16 

17 

18 

19 

20-22 
24-30 

31 

32 

33,42 

34,43 

35,44 

36,45 

37,46 

38,47 

39 

41 

48 

49 

50 

Signal 
Type 

o 
o 

1/0 

VO 

VO 

VO 

VO 

o 

o 

o 
I 

o 

Signal 
Description 

VL82C032 

DMA Acknowledge 2 - Used to notify the floppy controller that it has been 
granted a DMA cycle. 

DMA Acknowledge 3 - Used to notify the on-board hard disk controller that 
it has been granted a DMA cycle. 

High Density - An active low signal that a high density floppy is being used. 

Hard Disk Select - Used to select on-board hard disk drive. 

LED Output - Turns on an LED and is programmable through 1/0 Port D7h 
BitO. 

Data Bus - Bidirectional data lines tolfrom the CPU or 110 channel. 

J2 Connector Data - A bidirectional data line for either a keyboard interface 
or pointing device. 

J2 Connector Clock - A bidirectional clock for either a keyboard interface or 
pointing device. 

J1 Connector Data - A bidirectional data line for either a keyboard interface 
or pointing device. 

J 1 Connector Clock - A bidirectional clock for either a keyboard interface or 
pointing device. 

Address Bus - From 1/0 channel. This determines which 1/0 device the 
CPU is accessing. 

Key Lock - Indicates whether the keyswitch has been locked or not. The 
state of this input can be read at Port 66h Bit 3. 

Receive Data 1 - Input pin for serial data to UART1. 

Carrier Detect - Notifies UART1 or UART2 that a carrier signal has been 
detected. 

Ring Indicator - Notifies UART1 or UART2 that a telephone ringing signal 
has been detected by a modem or data set. 

Data Set Ready - Handshake signal for UART1 and UART2, that the 
modem or data set is ready to transfer data. 

Clear To send - Handshake signal which notifies a modem or data set that 
UART1 or UART2 is ready to receive data. 

Request To Send - Handshake signal which notifies a modem or data set 
that UART1 or UART2 is ready to transmit data. 

Data Terminal Ready - Notifies a modem or data set that UART1 or UART2 
is ready to transfer characters. 

Transmit Data 1 - Output pin for serial data from UART1. 

Receive Data 2 - Input pin for serial data to UART2. 

Transmit Data 2 - Output pin for serial data from UART2. 

Oscillator 2 -Is a 14.318 MHz TTL level clock input signal used to generate 
the clock for the 8253 internally. 

Reset - An active high signal which is used to reset the internai iogic oi the 
VL82C032. 
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SIGNAL DESCRIPTIONS (Cont.) 

SignaJ 
Name 

-XIORD 

-X!O\AJR 

-XMEMRD 

VDDRTC 

RTCLKOUT 

RTCLKIN 

PWRGOOD 

-STROBE 

PTPERR 

-INIT 

PDO-PD7 

-ACK 

-AUTOFD 

-SELIN 

-ERROR 

-SLCT 

-BUSY 

-XBFRD 

PCAEN 

~REFRESH 

CHPTEST 

IRQ2-IRQ7 

-INTA 

Fill 
Number 

51 

52 

53 

54 

55 

56 

57 

59 

60 

61 

62-65 
67-70 

71 

72 

74 

75 

76 

77 

70 
10 

79 

80 

81 

82-87 

88 

Signal 
T\Ir\4I!II 
.~ .... -

o 

I 

o 

o 

1/0 

o 

o 

o 

VL82C032 

Signal 

I/O Read Command - Instructs the internal I/O device to drive its data on to 
the data bus. 

iiO Write Command - instructs the internal I/O device to read the data 
present on the data bus. 

Memory Read Command - Instructs the internal memory to drive its data 
on to the data bus. 

Real Time Clock Supply - Isolated power supply input for real time clock. 

Oscillator Output - 32.768 KHz real time clock output to crystal. 

Oscillator Input - 32.768 KHz real time clock crystal or oscillator input. 

Power Good - Indicates that power to the board is stable. 

Printer Strobe - This pin is the "strobe" signal to a printer. Programmable 
through iiO Port 37 Ah Bit o. 
Printer Paper End - Indicates that an end of paper has been detected. 
Readable at I/O Port 379h Bit 5. 

Printer Initialize - Initializes the printer. Programmable through I/O Port 
37Ah Bit 2. 

Parallel Port Data Bus - Bidirectional data lines to the parallel port device. 
When printer mode is selected, these lines are used as output lines. 
When input mode is selected, these lines are used as input lines. 

Printer Acknowledge - Indicates that data has been received by a printer. 
Readable at I/O Port 379h Bit 6. 

Printer Auto Feed - Causes a printer to generate a line feed automatically 
after each line is printed. Programmable through I/O Port 37Ah Bit 1. 

Printer Select In - Used to select the printer. Programmable through I/O 
Port 37 Ah Bit 3. 

Printer Error - Indicates that a printer error has occurred. Readable at I/O 
Port 379h Bit 3. 

Printer Select - Indicates that the printer has been selected. Readable at 
I/O Port 379h Bit 4. 

Printer Busy - This pin indicates whether the printer is able to receive data. 
Readable at I/O Port 379h Bit 7. 

Buffer Read - Controls the direction of an external data buffer. When this 
signal is low, data is read from the internal bus to the I/O channel. When 
this signal is high, data is written from the I/O channel to the internal bus. 

Address Enable - Disables 1/0 devices from the 1/0 channel to allow DMA 
transfers to take place. 

Memory Refresh Request - Indicates that the system is in a memory 
refresh cycle. 

Chip Test Mode - When this signal is high, the VL82C032 is in a test 
mode. During normal operation, this pin should be tied to ground. 

Interrupt Request Inputs - Asynchronous inputs which are the interrupt 
request signals to the internal 8259 interrupt controller. 

Interrupt Acknowledge - Enables the internal 8259 controller to vector data 
onto the data bus by a sequence of interrupt acknowledge pulses issued 
by the CPU. 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal 
Name 

INTR 

ADSELO, ADSEL 1 

TIMEROUT2 

OSC 

SPKOUT 

-FLPCS 

-RD3FO 

-RD3F1 

-PRE 

DRVTYPE 

GND 

VCC 

Pin 
Number 

89 

90,92 

93 

94 

95 

96 

97 

98 

99 

100 

8, 15,58, 
66, 91 

23,40,73 

Signal 
Type 

o 

0 

0 

0 

0 

0 

0 

0 

FUNCTIONAL DESCRIPTION 
SYSTEM MEMORY AND 1/0 MAP 

Signal 
Description 

VL82C032 

Interrupt Request - Interrupts the CPU. Generated whenever a valid IRQ 
is received. 

Address Select - Address range signals from the VL82C031, according to 
the following table: 

ADSEL1 ADSELO Range 

0 0 Don't Care 
0 1 A15-A1 0 -= 0 (1/0) 
1 0 ROM 
1 1 Video RAM 

Timer Channel 2 Output - Provides a precision timer tick to the VL82C031. 

OSC Input - A 24 MHz clock input. 

Speaker Data Output - Should be connected to a speaker driver to drive 
the speaker or beeper. 

Floppy Select - Chip select for a 765A floppy controller. 

Read Port A - A gate signal activated by a read from 1/0 Port 3FOh. 

Read Port B - A gate signal activated by a read from 1/0 Port 3F1 h. 

Precomp - Used to select whether write precompensation is enabled in the 
765A floppy controller. Programmable through 1/0 Port 3F7h Bit 2. 

Drive Type - Used to control the data rate for the floppy controller (765A). 

System Ground 

System Power: +5 V 

The 8086/V30 supports 16-bit opera
tions with 20-bit addressing to directly 
access up to 1 M byte of memory space. 
The system memory and an on-board 

expanded memory (if it's enabled) are 
byte andlor word accessible. Memory 
is mapped as follows: 

Hex Address 

00000 - 1 FFFF 
20000 - 2FFFF 
30000 - 3FFFF 
40000 - 4FFFF 
50000 - 5FFFF 
60000 - 6FFFF 
70000 - 7FFFF 
80000 - 8FFFF 
90000 - 9FFFF 
AOOOO - BFFFF 
COOOO - EFFFF 
FOOOO - FFFFF 

Description 

128K byte: 1 st bank #1 
64K byte: 2nd bank #2 
64K byte: 2nd bank #3 
64K byte: 2nd bank #4 
64K byte: 2nd bank #5 
64K byte: 2nd bank #6 
64K byte: 2nd bank #7 
64K byte: 2nd bank #8 
64K byte: 2nd bank #9 
64K bYte: Video Buffer 

640K 
System 
Memory 

192K byte: Reserved for BIOS on 1/0 Channel. 
64K byte: System ROM 
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VL82C032 

VL82C032 1/0 MAP 

PC Bus 
I/O Address Function Response Response 

0020 - 0021 Interrupt Control RIW None 

0040-0043 System Timer RIW None 

0060 System Data Port RIW None 

0061 System Control RIW None 

0062 System Status Register RIW None 

0063 Interrupt Control PilN I\.I~~~ 
• 'tV III;; 

0065 Chip Select Control RIW None 

0066 - 006A Interrupt Diagnostic RIW None 

OOAO - OOAF Interrupt Extended Status RIW None 

OOBO - OOBF I Reai Time Clock RIW None 

0000 - OODF System Control and Status Group 2 RIW None 

OOEO - OOEF Real Time Clock RIW None 

02F802FF - f'. + I I Senal Comm. ~:onLro, 2 RIW None 

0320 - 032F Fixed Disk Control RIW* RIW 

0378 - 037A I Parallel Port RIW None 

03FO - 03F7 Floppy Disk Control RIW* RIW 

03F8 - 03FF Serial Comm. Control 1 RIW None I 
*Note: The peripheral is external to the VL82C032. It can be enabled or disabled through the Chip Select Control Register Port. 

TABLE 1. INTERRUPT REQUEST LEVEL REGISTER 
Level VL82C032 Chip System Board 110 Channel 

IROO Timer Channel 0 Not Available Not Available 
IR01 Keyboard Interface Pointing Not Available 

I 
Not Available 

Device and Real Time Clock 
JRQ2 Not Used Video (VL82C037) 

f 
Available 

IR03 Serial Port 2 Not Used Available 
IR04 Serial Port 1 Not Used Available 
IR05 Not Used Fixed Disk Available 
IR06 Not Used 765A Floppy Controller Available 
IR07 Parallel Port Not Used Available 

I I 
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VL82C032 

TABLE 2. MODE FUNCTIONS 
Address W/R Functions 

*** Initialization Mode*** 
0020 W Initialization Command Word ICW1 
0021 W Initialization Command Word ICW2, ICW2, ICW3, ICW4 

W 
*** Operation Mode *** 

0021 Operation Control Word OCW1 
0020 W Operation Control Word OCW2, OCW3 

*** Read Status Register (Operation Mode) *** 
0021 R Interrupt Mask Register (IMR) 
0020 R Interrupt Request Register (IRR) and 

Interrupt Service Register (ISR), IRR and ISR is selected through bO and b1 in OCW3 

INTERRUPT CONTROL LOGIC 
The interrupt control logic includes one 
Intel 8259A-compatible interrupt 
controller, one interrupt vector register 
and two interrupt extension registers. 

The interrupt controller has eight levels 
of interrupt that are handled according 
to priority in the VL82C032 chip. Table 
1 shows the hardware interrupts and 
their availability to the VO channel (PC 
bus). 

The I/O address for each register in the 
interrupt controller is defined in Table 2. 

During initialization mode, when the 
vector address is written into ICW2 
register, the same vector address will 
be written into the interrupt vector 
register. The content of interrupt vector 
register can be read through an VO 
read from address 063h. In order to 
read this register, I/O Port 69h Bit 6 
must be set to 1. By writing to VO Port 
63h any of the IRQ lines can be 
activated or the NMIline as shown in 
the following table: 

I/O Port 63h (Write) 

Bit Function 
7 IRQ7 
6 IRQ6 
5 IRQ5 
4 IRQ4 
3 IRQ3 
2 IRQ2 
1 Not Used 
o NMI 

To write this port VO Port 69h Bit 7 must 
first be set to 1. You must set Port 69h 
Bit 2 to 1 to allow NMI activation. To 

start the initialization mode of the 
interrupt controller, a command is 
issued with Bit 4 =1 to I/O address 020h 
which it is interpreted as ICW1. The 
content of the interrupt vector register is 
reset to 0 after power-up reset. 

Regardless of the vector address initial
ized in ICW2, the vector address 
generated by interrupt IRQ1 is always 
hex 71. The interrupt acknowledge 
cycle only requires one wait state for 
8 MHz or 10 MHz CPU 8086. 

For detailed instructions on how to 
program the 8259A-compatible interrupt 
controller, see the VL82C59A data 
sheet. 

TIMER CONTROLLER 
This timer controller is compatible with 
the Intel 8253. It is a programmable 
interval timer/counter. The functions of 
the timer controller are to generate a 
constant system time and control the 
tone of the speaker. This controller 
contains three timer channels. Each 
channel is described as follows: 

Channel 0: 
This channel is a general purpose timer 
providing a constant time base for 
operating system. The input clock runs 
at 1 .19 MHz. The enable clock input is 
always enabled after power-up. The 
output of this channel is connected to 
interrupt channel 0 (IRQO) of the 
interrupt controller (8259A). 

Channei 1: 
This channel is for diagnostic purposes. 
During power-up test, the system BIOS 
will use this channel to check the 
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functions of the timer controller. The 
system BIOS also uses this channel to 
check the frequency of memory refresh. 
The input clock runs at 15.6 ~s per 
cycle. The enable clock input is always 
enabled after power-up. The output of 
this channel is not connected anywhere, 
so CLKOUT1 is not an available pin on 
the VL82C032. 

Channel 2: 
This channel is used to control the tone 
of the speaker. The input clock runs at 
1.19 MHz frequency. The enable clock 
input is turned on or off by bit 0 of 
system control register 061 h. When 
bit 0 of VO PORT 061 h is set to 1, the 
frequency of the tone is controlled by 
the number in counter register 2. The 
output of this channel is connected to 
the speaker driver. After power-up 
reset, bit 0 of I/O port 061 h is reset to O. 
More detailed information is available in 
the system control register 
section (061 h). 

The I/O address for each register in the 
timer controller is defined in Table 3. 

The contr:ol mode register is to select 
the operation mode for each channel in 
the timer controller. There are six 

TABLE 3. REGISTERS 
Address W/R Functions 

0040 W/R Counter Register 0 
0041 l&IIn ,..._ ..... +,... 0,..,.,.;"",.",. '" 

YYln vVUllLlI:I1 r~II:I~I;;JLgl I 

0042 W/R Counter Register 2 
0043 W Control Mode Register 



• VLSI TECHNOLOGY, INC. 

different modes that can be selected. 
They are listed as f6lfows: 

- mode 0: interrupt on terminal count 
- mode 1: programmable one-shot 
- mode 2: rate generator 
- mode 3: square wave rate generator 
- mode 4: software triggered strobe 
- mode 5: hardware triggered strobe 

REAL TIME CLOCK 
A real time clock is integrated in the 
VL82C032 chip. Its functions are fully 
compatible with the National 58167A 
real time clock. However, the 
VL82C032 is much faster than the 
58167A. It can complete a read or write 
cycle at normal I/O speed (four wait 
states) in a System 30, so it is not 
necessary to generate the 
10CHRDY to the va Channel. The 
functional block has an independent 
power (VDDRTC) pin which is isolated 
from the normal power (VCC) pin of the 
VL82C032 chip. 

This real time clock includes an 
addressable counter, eight bytes of 
RAM, and two interrupt outputs. A 
power-down input allows the real time 
clock to be powered from battery power 
and conti,nue its operation independ
ently during power-down mode. The 
time base is derived from a 32,768 Hz 
crystal oscillator. 

The PWRGOOD input will block the 
chip select signal and va read or write 
signals during power-up or hardware 
reset. It prevents any non-valid I/O 
access to the real time clock. 

The 1/0 address for each register and 
RAM in the real time clock is defined in 
Table 4. 

The interrupt from the rea! time clock is 
connected to IRQ1 of the interrupt 
controller. IRQ1 is also shared with the 
keyboard and pointing device interface. 
The interrupt from the real time clock 
can be reset by reading the interrupt 
status register (1/0 Port 80 hex). 

An auto reset will be generated in the 
internal logic of the real time clock when 
VCC switches from 0.0 V to operating 
voltage. This reset signal will reset the 
content of RAM and the content of the 
interrupt registers to o. 

CMOSSRAM 
There are1S-bytes of CMOS static 
RAM in the VL82C032, powered by the 
standby battery. This can be used for 
storing system configuration informa
tion. 

The RAM can be accessed by writing 
an index value (O-F) to VO Port D4h and 
then writing or reading 1/0 Port D5h. 

The PWRGOOD input will block the 
chip select signal and 110 read or write 
signals during power-up or hardware 
reset. It prevents any non valid 1/0 
access to the RAM. 

An auto reset will be generated when 
VCC switches from 0.0 V to 2.0 V, 
which will reset the content of the 
SRAMto o. 
SERIAL CONTROLLER 
The VL82C032 chip incorporates two 
serial communication controllers which 
are fully compatible with the NS8250A. 
A programmable baud-rate generator 
allows operation from 50 baud to 9600 
baud. These controllers support 5-,6-, 
7 - and a-bit characters with 1, 1.5 or 2 

TABLE 4. W/R FUNCTIONS 

Address W/R Functions 

VL82C032 

stop bits. A prioritized interrupt system 
confroTs fransmlt, reCeIVe,error, and 
line status as well as data-set interrupt. 
The clock applied to the serial controller 
is 1.84 MHz which is derived from the 
system clock. 

Each serial port will provide the 
following RS232 signals: 

- RXD: Receive Data 
- CTS: Clear To Send 
- DSR: Data Set Ready 
- DCD: Data Carry Detect 
- RI: Ring Indicator 
- TXD: Transmit Data 
- DTR: Data Terminal Ready 
- RTS: Request To Send 

The interrupt from serial controller 1 is 
connected to IRQ4 of the interrupt 
controller in the VL82C032. The 1/0 
address for each register in serial 
controller 1 is defined in Table 5. 

The interrupt from serial controller 2 is 
connected to IR03 of the interrupt 
controller in the VL82C032. The 1/0 
address for each register in serial 
controller 2 is defined in Table 6. 

0080 R Interrupt Status Register 
0081 W Interrupt Control Register 
00B2 W Counters Reset (Data = FFH) 
00B3 W RAM Reset (Data = FFH) 
00B4 R Status Bit, dO = 1, Counter Is Rippling 

The content of counters are invalid; reread. 
00B5 W Go Command (Data = XXH) 
00B6 W Standby Interrupt (1 = Enable, 0 = Disable) 
OOBF W Enable Test Mode 
OOEO W/R Counter - Ten Thousandths of Seconds 
00E1 W/R Counter - Hundredths and Tenths of Seconds 
00E2 W/R Counter - Seconds 
00E3 W/R Counter - Minutes 
00E4 W/R Counter - Hours 
00E5 W/R Counter - Day of Week 
00E6 W/R Counter - Day of Month 
00E7 W/R Counter - Month 
00E8 W/R RAM - Ten Thousandths of Seconds 
00E9 W/R RAM - Hundredths and Tenths of Seconds 
OOEA W/R RAM - Seconds 
OOEB W/R RAM - Minutes 
OOEC W/R RAM - Hours 
OOED W/R RAM - Day of Week 
OOEE W/R RAM - Day of Month 
OOEF W/R RAM - Month 
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PARALLEL PORT CONTROLLER 
The parallel port controller can be 
configured to be one of two modes. 
The first is "printer mode". The second 
is "input mode," which allows the 
parallel port to receive data from 
external devices. The input mode of the 
parallel port controller is selected by 
writing a 0 to bit 7 of the peripheral 
select control register 065h. 

There are two output ports and three 
input ports in the parallel port controller. 
The following is a detailed description of 
each port. 

Data Port: 378h 
The data port is an 8-bit port for both 
the printer mode and input mode. For 
the printer mode, a write operation to 
this port immediately presents data to 
the connector pins. A read operation 
from this port in the printer port pro
duces the data that was last written to 
it. 

In the input mode, a write operation to 
this port will not affect the output of the 
data port. A read operation in the input 
mode produces the current data on the 
connector pins from external devices. 

Status Port: 379h 
The status port is a read-only port for 
either mode. When an interrupt is 
pending the interrupt status bit is set to 
o. The following is the bit definition of 
the status port: 

Bit Function 
7 -BUSY: When this bit is 0, the 

printer is busy and cannot accept 
data. 

6 -ACK: When this bit is 0, the 
printer is ready to accept data. 

5 PE: When this bit is 1, the printer 
has detected the end of the paper. 

4 SLCT: When this bit is 1, the 
printer has been selected. 

3 -ERROR: When this bit is 0, the 
printer has detected an error 
condition. 

2 -IRQ: When this bit is 0, the 
printer has acknowledged the 
previous transfer using the "-ACK" 
signal. 

Output Control Port: 37 Ah 
The Output Control Port is a read or 
write port. The following shows the bit 
definition of the Output Control Port: 

Bit Function 
4 IRQEN: When this bit is set to 1, 

the interrupt logic is enabled. 
3 SLCTIN: This bit controls the 

-SELIN signal on the VL82C032 
pin 74. When this bit is set to 1, 
the printer is selected. 

2 -IN IT: This bit controls the "-INIT" 
signal on the VL82C032 pin 61. 
When this bit is set to 1, the printer 
starts. 
AUTOFD: This bit controls the 
"-AUTOFD" signal on the 
VL82C032 pin 72. When this bit is 
set to 1 , the printer will automati
cally line feed after each line is 
printed. 

o STROBE: This bit controls the 
"-STROBE" signal on the 
VL82C032 pin 59. When this bit is 
set to 1, data is pulse-clocked into 
the printer. 

The interrupt from the parallel port 
controller is connected to IRQ7 of the 
interrupt controller in the VL82C032. 
The I/O address for each register in the 
parallel port controller is defined in 
Table 7. 

VL82C032 

KEYBOARD INTERFACE AND 
POINTING DEVICE INTERFACE 
There are two interfaces (J 1 and J2) 
which can be used for either keyboard 
or pointing device. The keyboard 
interface is fully compatible with the 
enhanced AT keyboard, and is imple
mented as hardware logic instead of the 
8042 microcontroller. The pointing 
device interface is also fully compatible 
with IBM PS/2 mouse devices. The 
system BIOS will handle the following 
tasks: 

- initialization of the interface after 
power-up 

- define which device (keyboard or 
pointing device) has been connected 
to each interface (J1 and J2) 

- receive interrupt and parity errors 
- translation between keyboard scan 
code and ASCII code 

- transmission sequences 

The hardware will handle the following 
tasks: 

- initialize both interface registers to 
default varue after power-up reset 

- generate protocol sequences (data 
line and clock line) between system 
and keyboard or mouse 

- detect incoming data (start bit) from 
keyboard or mouse 

- generate the receive interrupt and 
check parity error 

- generate the parity bit during 
transmission 

- handle asynchronous conditions 
between transmit and receive 

There are two signal lines used for each 
interface. They are the data line and 
the clock line. During a receive or 
transmit cycle, the clock will be gener
ated by the keyboard or pointing device. 
The system only drives the clock line for 

TABLE 5. SERIAL CONTROLLER 1 
1/0 ADDRESSES 

TABLE 6. SERIAL CONTROLLER 2 
1/0 ADDRESSES 

Address 

03F8 
03F8 
03F9 
03FA 
03FB 
03FC 
03FD 
03FE 
03FF 

W/R 

W 
R 

W/R 
R 

W/R 
W/R 

R 
R 

W/R 

Functions 

Transmitter Holding Register 
Receive Buffer Register 
Interrupt Enable Register 
Interrupt Identification Register 
Line Control Register 
Modem Controi Register 
Line Status Register 
Modem Status Register 
Scratch Register 
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Address 

02F8 
02F8 
02F9 
02 FA 
02FB 
02FC 
02FD 
02FE 
02FF 

W/R 

W 
R 

W/R 
R 

W/R 
W/R 

R 
R 

W/R 

Functions 

Transmitter Holding Register 
Receive Buffer Register 
Interrupt Enable Register 
Interrupt Identification Register 
Line Control Register 
Modem Control Register 
Line Status Register 
Modem Status Register 
Scratch Register 
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handshake purposes. The protocols of 
harnrsnaK9 oefween the sysTem aria 
keyboard or pointing devices are 
described in Table 8. 

The definitions of each register for 
interface are described as follows. 

KEYBOARD/POINTING DEVICE 
DATA REGISTER (060h) RIW 
This register is for user interface 
(application) at the system BIOS level. 
It is a dummy register, and does not 
relate to the hardware logic on any 
particular interface. When information 
is to be transmited to the keyboard or 
pointing device, writing the data to this 
register and the system BIOS wiil take 
the content of this register and transmit 
it to the keyboard or pointing device. 
When either interface receives data 
from an external device (keyboard or 
pointing device), the system BIOS will 
check any parity error and copy the 
data from the receive register to this 
data register. 

This register will be reset to 0 at power
up reset. 

KEYBOARD/POINTING DEVICE 
TRANSMIT/RECEIVE REGISTERS 
(067h AND 068h) 
Register 067h is the transmit/receive 
register for interface J1. Register 068h 
is the transmit/receive register for 
interface J2. These are eight-bit 
registers. Reading these registers wiii 
not affect any logic state on the 
interfaces. These registers can be read 
at any time, and will return the data 
from the receive buffers for their 
respective interfaces. 

When writing to these registers, the 
data will be stored in the transmit 
buffers and generate a parity bit. 
Writing the data to these registers will 
not start the transmit sequence. To 
start the transmit sequence on interface 
J1, bit 3 of the transmit control register 
(069h) must be toggled (0-> 1->0) 
before writing the data to the transmit 
register (067h). To start the transmit 
sequence on interface J2, bit 4 of the 
transmit control register (069h) must be 
toggled (0-> 1->0) before writing the 
data to the transmit register (068h). 
The purpose of toggling bit 3 or bit 4 of 
the transmit control register is to ensure 
the clock line on the interface (J1 or J2) 
is in a quiescent state. 

The receive buffers and transmit buffers 
wnl be reset to 0 after power-up reset. 

Bit 3 of this register is for initializing the 
transmission logic for interface J1. Bit 4 
of this register is for initializing the 
transmission logic for interface J2. 
These two bits ensure the clock Hnes 
are in the quiescent state. If the 
external device (keyboard or pointing 
device) is sending data to the system 
before transmission starts, the transmit 
sequence will not be started until bit 4 
or bit 6 of the receive controi register 
(066h) is toggled (0->1->0). When 
either interface receives data from an 
external device the hardware logic will 
pull the clock line low to prevent 
contiguous data transmission by the 
external device. Toggling bit 4 of the 
receive control register (066h) will 
cause the clock line on interface J1 to 
become quiescent. Toggling bit 6 of the 
receive control register (066h) will 
cause the clock line on interface J2 to 
become quiescent. H the clock line is 
kept low for any reason, the transmit 
cycle should not be started until the 
clock line becomes quiescent. 

VL82C032 

The bit definiti()n~ Qf the transmit 
control register are shown in Table 9. 

Toggling bit 3 or bit 4 of the transmit 
control register will reset any parity 
error indication (bit 0 or bit 1 of the 
receive control register - 066h). 

Bit 7, bit 6 and bit 2 of the transmit 
control register are for interruptlNMI di
agnostics. These bits are described in 
the section covering the interrupt 
controller. 

Reading this register will not affect the 
hardware logic. These bits will be reset 
to 0 after power-up reset. 

KEYBOARD/POINTING DEVICE 
RECEIVE CONTROL REGISTER 
(066h) 
This register controls the receive logic 
for both interfaces. This register also 
indicates which interface (J2 or J2) has 
been connected to the keyboard, and if 
any parity error has occurred during a 
receive cycle. The bits are defined in 
Table 10. 

When bit 5 is set to 0, the clock line on 
interface J 1 will be forced to o. When 
bit 7 is set to 0, the clock line on 

TABLE 7. OUTPUT AND PRINTER REGISTER 
Address I W/R I Functions 

0378 W/R Data Output Register 
0379 R Printer Status Register 

037A WIR 

b7 = Printer Busy (1 = Not Busy, 0 = Busy) 
b6 = Printer Acknowledge (1 = No -ACK, 0 = -ACK) 
b5 = End of Paper (1 = No Paper, 0 = Paper ok) 
b4 = Printer Selected (1 = Selected, 0 = Not Selected) 
b3 = Printer Error (1 = No -ERROR, 0 = -ERROR) 
b2 - bO = Not Used 

Printer Control Register 
b7 - b5 = Not Used 
b4 = Enable/Disable Interrupt (1 = Enable, 0 = Disable) 
b3 = Select Printer Device (1 = Select, 0 = Not Select) 
b2 = Start Printer Device (1 = Stop, 0 = Start) 
b1 = Enable Line Feed (1 = Enable, 0 = Disable) 
bO = Data Strobe (1 = Data Valid, 0 = Data Invalid) 

TABLE 8. TRANSMIT DECODE 
Clock 
Line 

o 
1 
1 

Data 
Line Functions 

X No Transmit or Receive 
o System Transmit Data to Keyboard or Mouse 
1 Keyboard or Mouse Transmit Data to System 
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interface J2 will be forced to O. At 
power-up reset, these two bits are reset 
to O. External devices cannot send any 
data to the system until these two bits 
are set to 1. 

When bit 4 is set to 1, it clears the 
indication of parity errors and interrupts 
on interface J1. When bit 6 is set to 1, it 
clears the indication of parity errors and 
interrupts on interface J2. When these 
two bits are 1, the clock line will not be 
forced low after receiving data from an 
external device. Normally, these two 
bits should be set to O. After receiving 
data from an external device, bit 4 or bit 
6 should be toggled to clear any parity 
error or interrupt. These bits will be 
reset to 0 on power-up reset. 

Bit 3 indicates whether the keyboard 
has been connected to interface J1. 
The keyboard connection is not 
detected by the hardware logic on the 
the interface J 1. It is done by the 
system BIOS, so the system BIOS 
should set or reset this bit. When this 
bit is set to 1. the keyboard is con
nected to interface J 1. When this bit is 
0, the keyboard is connected to 
interface J2. This bit will be reset to 0 
at power-up reset. 

Bit 0 and bit 1 indicate parity errors. 
When bit 0 is set to 1, it indicates a 
parity error occurred on interface J1 
during a receive cycle. Bit 0 can be 
cleared by writing one to bit 4 of this 
register or bit 3 of the transmit control 
register (069h). Bit 1 can be cleared by 
writing 1 to bit 6 of this register or bit 4 
of the transmit control register (069h). 
These two bits are reset to 0 at power
up reset. 

Bit 2 indicates whether the system 
keyswitch has been locked or not. 
When this bit is 0, the system keyswitch 
is locked. 

KEYBOARD/POINTING DEVICE 
RECEIVE STATUS REGISTER (06Ah) 
Bit 5 and bit 2 of this register indicate 
whether data has been received from 
an external device or not for interface 
J1 and J2, respectively. When bit 5 is 
1, data has been received from 
interface J 1. Bit 5 can be cleared by 
setting bit 4 of the receive control 
register (066h) or bit 3 of the transmit 
control register (069h). When bit 2 is 1, 
data has been received from interface 
J2. Bit 2 can be cleared by setting bit 6 
of the receive control register (066h) or 
bit 4 of the transmit control register 

TABLE 9. TRANSMIT CONTROL REGISTER 
Address W/R 

0069 W/R 

Functions 

b7 = Enable Diagnostic Through Reg. 63h 
b6 = Blocks Reg. 63h Read 
b5 = Disable J1 and J2 Clock (1 = Disable) 
b4 = Toggle for System to Transmit Data Through J2 
b3 = Toggle for System to Transmit Data Through J1 
b2 = Enable NMI Diagnostic Through Reg. 63h 
b2 = Enable NMI Diagnostic Through Reg. 63h 
b1 = Not Used 
bO = Not Used 

TABLE 10. RECEIVE CONTROL REGISTER 
Address 

0066 

W/R 

W/R 
W/R 
W/R 
W/R 
W/R 

R 
R 
R 

Functions 

b 7 = System Drives the Clock on J2 
b6 = Toggle for System to Receive Data Through J2 
b5 ..: System Drives the Clock on J 1 
b4 = Toggle for System to Receive Data Through J1 
b3 = J1 Has Keyboard Connection 
b2 = Key lock (0 = Key Is Locked) 
b1 = J2 Parity Error Indication 
bO = J1 Parity Error Indication 
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(069h). After power-up reset, these bits 
are reset to O. 

The bits in this register are defined in 
Table 11. 

Bit 0 indicates what type of floppy disk 
drive has been connected to the 
system. When this bit is set to 0, a high 
density drive (1.44M bytes) has been 
selected. When this bit is set to 1, a low 
density drive (720K bytes) has been 
selected. This bit reflects the state of 
the -HIGDNTY input (pin 3) of the 
VL82C032. 

INTERRUPT EXTENDED CONTROL 
REGISTER (OA1h) 
The purposes of this register is to mask 
out incoming interrupts from the 
keyboard, pointing device or real time 
clock. The bit definitions for this 
register are described in Table 12. 

When bit 3 is set to 1, interrupts from 
interface J2 will be masked out. When 
bit 2 is set to 1, interrupts from interface 
J 1 will be masked out. When bit 0 is set 
to 1, interrupts from the real time clock 
wi! be masked out. 

Setting the bits in register OA 1 will not 
affect the indications on bit 2 and bit 3 
of the interrupt extended status register 
(OAOh) and bit 2 and bit 5 of the 
keyboard/pointing device receive status 
register (06Ah). These bits are reset to 
o at power-up reset. 

INTERRUPT EXTENDED STATUS 
REGISTER (OAOh) 
IRQ1 (hardware interrupt) of the 
interrupt controller is shared by three 
devices; real time clock, J1 interface 
and J2 interface. This register deter
mines which device generated the 
IRQ1. 

The bit functions of this register are 
described in Table 13. 

When bit 3 is 1, it indicates a pending 
interrupt from interface J2 (keyboard or 
pointing device). Bit 3 can be reset by 
toggling bit 6 of register 066h or bit 4 of 
register 069h. When bit 2 is 1, it 
indicates a pending interrupt from 
interface J1 (keyboard or pointing 
device). Bit 2 can be reset by toggling 
bit 4 of register 066h or bit 3 of register 
069h. When bit 0 is i, it indicates a 
pending interrupt from the real time 
clock. Bit 0 can be reset by reading the 
interrupt status register (OBOh) on the 
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interface J2 will be forced to o. At 
~--ttp-teSet,these-two-bits-are·TeSet 

to o. Externai devices cannot send any 
data to the system until these two bits 
are set to 1. 

When bit 4 is set to 1, it clears the 
indication of parity errors and interrupts 
on interface J 1. When bit 6 is set to 1, it 
clears the indication of parity errors and 
interrupts on interface J2. When these 
two bits are 1, the clock line will not be 
forced low after receiving data from an 
external device. Normally, these h-w'o 
bits should be set to o. After receiving 
data from an external device, bit 4 or bit 
6 should be toggled to clear any parity 
error or interrupt. These bits will be 
reset to 0 on power-up reset. 

Bit 3 indicates whether the keyboard 
has been connected to interface J1. 
The keyboard connection is not 
detected by the hardware logic on the 
the interface J1. It is done by the 
system BIOS, so the system BIOS 
should set or reset this bit. When this 
bit is set to 1, the keyboard is con
nected to interface J1. When this bit is 
0, the keyboard is connected to 
interface J2. This bit will be reset to 0 
at power-up reset. 

Bit 0 and bit 1 indicate parity errors. 
WHen blIO is s-e1 t() 1 ,it indicates a 
parity error occurred on interface J1 
during a receive cycle. Bit a can be 
cleared by writing one to bit 4 of this 
register or bit 3 of the transmit control 
register (069h). Bit 1 can be cleared by 
writing 1 to bit 6 of this register or bit 4 
of the transmit control register (069h). 
These two bits are reset to 0 at power
up reset. 

Bit 2 indicates whether the system 
keyswitch has been iocked or not. 
When this bit is 0, the system keyswitch 
is locked. 

KEYBOARD/POINTING DEViCE 
RECEIVE STATUS REGISTER (06Ah) 
Bit 5 and bit 2 of this register indicate 
whether data has been received from 
an external device or not for interface 
J1 and J2, respectively. When bit 5 is 
1 , data has been received from 
interface J 1. Bit 5 can be cleared by 
setting bit 4 of the receive contra! 
register (066h) or bit 3 of the transmit 
control register (069h). When bit 2 is 1, 
data has been received from interface 
J2. Bit 2 can be cleared by setting bit 6 
of the receive control register (066h) or 
bit 4 of the transmit control register 

TABLE 9. TRANSMIT CONTROL REGISTER 
Address W/R 

0069 W/R 

Functions 

b7 = Enable Diagnostic Through Reg. 63h 
b6 = Blocks Reg. 63h Read 
b5 = Disable J1 and J2 Clock (1 = Disable) 
b4 = Toggle for System to Transmit Data Through J2 
b3 = Toggle for System to Transmit Data Through J1 
b2 = Enable NMI Diagnostic Through Reg. 63h 
b2 = Enable NMI Diagnostic Through Reg. 63h 
b1 = Not Used 
bO = Not Used 

TABLE 10. RECEIVE CONTROL REGISTER 
Address 

0066 

W/R 

W/R 
W/R 
W/R 
W/R 
W/R 

R 
R 
R 

Functions 

b7 = System Drives the Clock on J2 
b6 = Toggle for System to Receive Data Through J2 
b5 = System Drives the Clock on J1 
b4 = Toggle for System to Receive Data Through J1 
b3 = J1 Has Keyboard Connection 
b2 = Key lock (0 = Key Is Locked) 
b1 = J2 Parity Error Indication 
bO = J1 Parity Error Indication 
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(069h). After power-up reset, these bits 
are reset to o. 
The bits in this register are defined in 
Table 11. 

Bit a indicates what type of floppy disk 
drive has been connected to the 
system. When this bit is set to 0, a high 
density drive (1.44M bytes) has been 
selected. When this bit is set to 1. a low 
density drive (720K bytes) has been 
selected. This bit reflects the state of 
the -HIGDNTY inpLJt (pin 3) of the 
VL82C032. 

INTERRUPT EXTENDED CONTROL 
REGISTER (OA1h) 
The purposes of this register is to mask 
out incoming interrupts from the 
keyboard, pointing device or real time 
clock. The bit definitions for this 
register are described in Table 12. 

When bit 3 is set to 1, interrupts from 
interface J2 will be masked out. When 
bit 2 is set to i, interrupts from interlace 
J 1 will be masked out. When bit a is set 
to 1, interrupts from the real time clock 
wil be masked out. 

Setting the bits in register OA1 will not • 
affect the indications on bit 2 and bit 3 • 
of the interrupt extended status register 
(OAOh) and bit 2 and bit 5 of the 
keyboard/pointing device receive status 
register (06Ah). These bits are reset to 
o at power-up reset. 

INTERRUPT EXTENDED STATUS 
REGISTER (OAOh) 
IRQ1 (hardware interrupt) of the 
interrupt controller is shared by three 
devices; real time clock, J1 interface 
and J2 interface. This register deter
mines which device generated the 
IRQ1. 

The bit functions of this register are 
described in Table 13. 

When bit 3 is 1, it indicates a pending 
interrupt from interface J2 (keyboard or 
pointing device). Bit 3 can be reset by 
toggling bit 6 of register 066h or bit 4 of 
register 069h. When bit 2 is 1, it 
indicates a pending interrupt from 
interface J1 (keyboard or pointing 
device). Bit 2 can be reset by toggling 
bit 4 of register 066h or bit 3 of register 
069h. When bit a is 1, it indicates a 
pending interrupt from the real time 
clock. Bit 0 can be reset by reading the 
interrupt status register (OBOh) on the 



• VLSI TECHNOLOGY, INC. 

real time clock. These bits are reset to 
o at power-up reset. 

SYSTEM CONTROL REGISTER 
The system control register (061 h) is 
used as speaker control, enables the 
parity check on the I/O Channel and 
memory parity check on the system 
board. This register is read/write. The 
bits in this register are defined in Table 
14. 

When bit 5 is set to 1, it stops 10CHCK 
from generating an NMI. When 
cleared, an NMI is generated when 
10CHCK goes active. 

When bit 4 is set to 1, it stops a 
memory parity from generating an NMI. 
When cleared, an NMI is generated 
whenever a memory parity error is 
sensed. 

Bit 1 is used as speaker data. This bit 
gates the output of timer 2. It is used to 
disable the timer's sound source or 
modify its output. When set to 1, it 
enables the output. When cleared, it 
forces the output to o. 
Bit 0 is routed to the timer input at 
GATE 2. When this bit is cleared, the 
timer operation is halted. This bit and 
bit 1 (speaker data) control the opera
tion of the sound source. 

At power-up reset, the contents of this 
register are reset to o. 
SYSTEM STATUS REGISTER (062h) 
This port returns status and configura
tion information about the planar card. 
The bits are defined in Table 15. 

TABLE 11. RECEIVE STATUS REGISTER 
Address W/R 

006A R 

Functions 

b7 = Not Used 
b6 = J2 Status (0 = Receive in Progress) 
b5 = J1 Receive Buffer Full (Interrupt Status) 
b4 = Not Used 
b3 = J1 Status (0 = Receive in Progress) 
b2 = J2 Receive Buffer Full (Interrupt Status) 
b1 = Not Used 
bO = High Density Floppy Media (0 = High Density) 

TABLE 12. INTERRUPT EXTENDED CONTROL REGISTER 
Address W/R 

00A1 W/R 

Functions 

b7 = Not Used 
b6 = Not Used 
b5 = Not Used 
b4 = Not Used 
b3 = Mask Out Interrupt from J2 
b2 = Mask Out Interrupt from J1 
b1 = Not Used 
bO = Mask Out Interrupt from Real Time Clock 

TABLE 13. INTERRUPT EXTENDED STATUS REGISTER 
Address W/R 

OOAO R 

Functions 

b7 = Not Used 
b6 = Not Used 
b5 = Not Used 
b4 = Not Used 
b3 = IRQ1 from J2 
b2 = IRQ1 from J1 
b1 = Not Used 
bO = IRQ1 from Real Time Clock 
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Bit 7 - Parity Error status bit, is used to 

indicate that a memory error has 
been detected. This bit is read 
only and is cleared by a reset. 

Bit 6 - 110 Channel Error status bit, is 
used to indicate the state of the 
10CHCK pin. This bit is read 
only and is cleared by a reset. 

Bit 5 - Timer 2 Output status bit, is 
used to reflect the current state 
of the output of timer channel 2. 
This bit is read only. 

Bit 4 - Reserved, read as 0, and should 
be written as o. 

Bit 3 - Reserved, read as 0, and should 
be written as o. 

Bit 2 - Hard Disk Installed status bit, 
when set (1) indicates the hard 
disk drive is missing, and when 
reset (0) the hard disk is 
installed. This bit is set by the 
BIOS and defaults to 1 on reset. 

Bit 1 - Coprocessor Installed status bit, 
when set (1) indicates that the 
coprocessor is installed, and 
when reset (0) indicates the 
coprocessor is missing. This bit 
is set by the BIOS. This bit 
defaults to 0 on reset. 

Bit 0 - Reserved, read as 0, and should 
be written as o. 

PERIPHERAL SELECT CONTROL 
REGISTER (06Sh) 
This register controls the following 
peripherals on the system board: 

- Serial Controllers 
- Floppy Controller 
- Video Controller 
- Parallel Controller 
- Fixed Disk Controller 

The bits in this register are defined in 
Table 16. 

When a bit is set to 1, that peripheral is 
enabled. When the peripheral is 
enabled, the chip select signal is 
generated to start a read or write 
operation, and the read or write Signal 
to the I/O channel is blocked. When the 
peripheral is disabled, the chip select 
signal is not generated and all read and 
write operations are directed to the I/O 
channel. See Table 16. 

After power-up reset, all the bits of this 
register are reset to o. 
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ADDRESS DECODE FOR FLOPPY 
eoNTROLt-ER-
VL82C032 has the capability to decode 
the I/O address for an on-board floppy 
controller and generates the select 
signal for the floppy controller. From 
the system point of view, the floppy 
contiOllei and its associated registers 
inside the VL82C032 are on the same 
bus (I/O extended bus). The VL82C032 
can control the data buffers between 
the I/O extended bus and the I/O 
channel during I/O cycles or DMA 
cycles for the floppy controller. 

Two latch enable signals (-RD3FO and 
-R03F1J are aecoCled Torthis purPose. 
The bits in these latches should be 
connected as shown in Table 17. 

ADDRESS DECODE FOR HARD DISK 
CONTROLLER 
VL82C032 has the capability to decode 
the I/O address for the on-board hard 
disk controller and generates the select 
signal for the controller. From the 
system point of view, the hard disk 

TABLE 14. SYSTEM CONTROL REGISTER 

Address W/R 

0061 W/R 

Functions 

b7 = Not Used (0). 
b6 = Not Used (0). 

VL82C032 

controller and its ass_ociated regi~t~rs 
resTde on the same bus (I/O extended 
bus) as the VL82C032. VL82C032 can 
control the data buffers between the I/O 
extended bus and the I/O channel 
during I/O cycles or DMA cycles for the 
hard disk controller. The I/O address 
range for the hard disk controller is 
between 320h and 32Fh. Accessing 
these addresses will activate the 
-SELHDK output (pin 4). It uses DMA 
channel 3 for DMA access. 

b5 = 10CHCK, PC-Bus Memory Parity Check (1 = Disable, 0 = Enable) 
b4 = On-Board Memory Parity Check (1 = Disable, 0 = Enable) 
b3 = Not Used (0). 
b2 = Not Used (0). 
b1 = Speaker Data, EnablelDisable Output of 8253-Timer 2 (1 = Enable, 0 = Disable) 
bO = Enable/Disable 8253-Timer 2 (1 = Enable, 0 = Disable) 

TABLE 15. SYSTEM STATUS REGISTER 

Bit Usage 

7 Parity Error 
6 I/O Channel Error 
5 Timer 2 Output 
4 Reserved 
3 Reserved 
2 No Hard Disk 

Coprocessor Installed 
o Reserved 

Default 

(RIO) 
(RIO) 
(RIO) 
o 
o 
1 
o 
o 

TABLE 16. PERIPHERAL SELECT CONTROL REGISTER 

Address I W/R I Functions 

065 W/R b7 = Parallel Port Output Enable 
b6 = Reserve (0) 
b5 = Reserve (O) 
b4 = Serial Port 1 Select 
b3 = Floppy Controller Select 
b2 = Video Select 
b1 = Parallel Port Select 
bO = Hard Disk Select 
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VL82C032 

TABLE 17. FLOPPY CONTROL LOGIC 1/0 ADDRESSES 
Address W/R Functions 

03FO R RAS A Port 
b7 = IR06 
b6 = DR02 
b5 = Step (Latched) 
b4 = Track 0 
b3 = Head 1 Select 
b2 = Index 
b1 = Write Protect 
bO = Direction 

03F1 R RAS B Port 
b7 = Not Used 
b6 = Drive Select 1 
b5 = Drive Select 0 
b4 = Write Data (Latched) 
b3 = Read Data (Latched 
b2 = Write Enable (Latched) 
b1 "" Drive Select 3 
bO = Drive Select 2 

AC CHARACTERISTICS: TA = ooe to +70oe, vee = 5 V ±5%, GND = 0 V 

Symbol Parameter Min Max Unit Condition 

tSU1 Address Setup Time before Command 50 ns 

tH2 Address Hold Time after Command 50 ns 

tSU3 ADSEL Setup Time before Command 30 ns 

tH4 ADSEL Hold Time after Command 50 ns 

tH5 Read Data Invalid from End of Read 5 ns 

tH6 Write Data Hold Time 20 ns 

tD7 Real Time Controller Data Valid from Read 160 ns 

tSU8 Real Time Controller Write Data Setup Time 100 ns 

tD9 Asynchronous Controller Data Valid from Read 140 ns 

tSU10 Asynchronous Controller Write Data Setup Time 160 ns 

tD11 Timer Controller Data Valid from Read 160 ns 

tD12 Timer Controller Data Valid from ADDR 260 ns 

tSU13 Timer Controller Write Data Setup Time 160 ns 

tD14 Internal Registers Data Valid from Read 110 ns 

tSU15 Internal Registers Write Data Setup Time 100 ns 

tD16 Interrupt Controller Data Valid from Read 150 ns 

tSU17 Interrupt Controller Write Data Setup Time 100 ns 

tD18 Interrupt Vector from Interrupt Acknowledge 150 ns 

t019 Interrupt Vector Invalid after Acknowledge 5 ns 
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FIGURE 1. *READ TIMING DIAGRAM FOR TIMER CONTROLLER (8253) 

SADR ~ VALID ADDRESS 

ADSELO.~'SUt~ 
ADSEL1 I ~ ~1 VALID SELECTS 

_v I 1"'\\ AI 0 
-"I,,",YYI1 

__ I_~tSU3" I 
tH4~ 

I -Ore t-'H5 tD11 .. I ,. 
DATA ! / VALID DATA /K 

I· tD12 --. 

FIGURE 2. *WRITE TIMING DIAGRAM FOR TIMER CONTROLLER (8253) 

ADSELO, 

VL82C032 

ADSEL1 ~ VAUDADDRESS =>r: 
SADR ~ 'SUt 1 C-tH_2~ ____ -

-XIOWR t-------------. 
1~.--tSU13 ~ tH6 

DATA =======================>K VALID DATA >K-------

FIGURE 3. *READ TIMING DIAGRAM FOR ASYNCHRONOUS SERIAL COMMUNICATIONS CONTROLLER (8250A) 

SADR VALID ADDRESS 

ADSELO, ----... I r----+--------=-V,....-A..,....,L1=-=D--:S=-=E:-:-L=-EC=-=T=S=--------!---"""'-1.,.------ADSEL1 ___ /I~_----! ______ ~~~==~~_~ __ --J~ ___ __ 

-XIOWR 
14----tD9 ----.t, 

DATA ----------------* 
~~ 

VALID DATb'=H=5=========== 

FIGURE 4. *WRITE TIMING DIAGRAM FOR ASYNCHRONOUS SERIAL COMMUNICATIONS CONTROLLER (8250A) 

SADR 

ADSELO, 
ADSEL1 

~ 
I)l( 

L 
I 

tSU1 

.. tSU3 

-'" 

*Note: Data Lines - Output Loading = 40 pF. 

VALID ADDRESS 

VALID SELECTS 
~tH2~ 

~tH4---

-: .... 

•• tH6 
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FIGURE 5. *READ TIMING DIAGRAM FOR INTERRUPT CONTROLLER (8259) 

SADR 

ADSELO, 
ADSEL1 

-XIORD 

DATA 

-----... 

=i=tSU1~ 
ltSU3 

I 

-, .. 

VALID ADDRESS 
I4-tH2~ 

VALID SELECTS 

f4-tH4----
..,IL 

tD16 .. ~ tHS 

!\. VALID DATA / 

FIGURE 6. *WRITE TIMING DIAGRAM FOR INTERRUPT CONTROLLER (8259) 

SADR 

ADSELO, 
ADSEL1 

-XIOWR 

DATA 

~ 
~tSU1~ 

_ tSU3 .. 

~ ..... 

VALID ADDRESS 
+-tH2~ 

VALID SELECTS 

4-tHS----
...,<-

htD17 J tH6 

* I VALID DATA 

FIGURE 7. *INTERRUPT ACKNOWLEDGE TIMING DIAGRAM FOR INTERRUPT CONTROLLER (8259) 

-INTA 

VL82C032 

t t= 
DATA _____ :~~~~_t_D_18_-_-_ -_ -_ -_ ""lvALIO VECTOR AooRESSl

t
_
D
_
1
_
9 
-----

FIGURE 8. *READ TIMING DIAGRAM FOR INTERNAL REGISTERS 

SADR 

ADSELO, 
ADSEL1 

-XIORD 

DATA 

~ 
~tSU1 .... 

)K 

L tSU3 .. 
I 

"""" ... tD14 

*Note: Data Lines - Output Loading = 40 pF. 

VALID ADDRESS 
+-tH2---+ 

VALID SELECTS " 
4-tHS----

~<-

.J ~tHS 
l VALID DATA ;K 
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VL82C032 
FIGURE 9. *WRITE TIMING DIAGRAM FOR INTERNAL REGISTERS 

VALID AnnRFS~ 

ADSELO,--~-----r--------~V~A~L~ID~S~E~L~E~C=T~S-------+------'I~---------
ADSEL1 

v.""-,au'""",, 
-I\IUVVM ------------------------~ 

• r-=--tSU15 -I- ~ tH6 

DATA =============================*= VALID DATA )k============= 

FIGURE 10. **TIMING DIAGRAM FOR FLOPPY OR HARD DISK CHIP SELECT 

SADR 

ADSELO, 
ADSEL1 

-FLPCS, 
-SELHDK 

VALID ADDRESS 

VALID SELECTS 

tSU3 

FIGURE 11. *READ TIMING DIAGRAM FOR REAL TIME CLOCK (58167A) 

SADR 

ADSELO, 
ADSEL1 

..... 

>t 
I 

VALID ADDRESS 
--.J tSU1 I 

VALID SELECTS 

~tSU3 

tH2 

tH4 

)K: 
... .. tH2 

)K. 
LA .. tH4 

-XIORD 
I t----t ~----tD7----~)k-------V~A~L~ID~D~A~T~A---===>k-H-5---------------DATA 

FIGURE 12. *WRITE TIMING DIAGRAM FOR REAL TIME CLOCK (58167A) 

SADR 

ADSELO, 
ADSEL1 

-XIOWR 

VALID ADDRESS 

VALID SELECTS 
tH2 

tH4 

DATA 
~tSU8~tH6 

=============================::C=VALID DATA >k============== 

*Note: Data Lines - Output Loading = 40 pF. 
**Note: FLPCSH - Output Loading = 20 pF. -SELHDK - Output Loading = 20 pF. 
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ABSOLUTE MAXIMUM RATINGS 
Ambient Operating 
Temperature -10°C to +70°C 

Storage Temperature --65°C to + 150°C 

Supply Voltage to 
Ground Potential -0.5 V to VCC +0.3 V 

Stresses above those listed may cause 
permanent damage to the device. 
These are stress ratings only. Func
tional operation of this device at these 
or any other conditions above those 

Applied Output 
Voltage -0.5 V to VCC +0.3 V 

Applied Input 
Voltage -0.5 V to +7.0 V 

DC CHARACTERISTICS: TA = O°C to +70°C, VCC = 5 V ±5%, GND = 0 V 

Symbol Parameter Min Max 

VOH Output High Voltage 2.4 

VOL Output Low Voltage 0.45 

VIH Input High Voltage 2.2 vec + 0.5 

VIH Input High Voltage 2.0 vcc + 0.5 

VIL Input Low Voltage -0.5 0.8 

eo Output Capacitance 8 

CI Input Capacitance 8 

CIO Input/Output Capacitance 16 

III Input Leakage Current -150 10 

III Input Leakage Current -10 10 

OLI Output Leakage Current -10 10 

ICC Operating Supply Current 40 

Note: Output Current Driving Capabilities for VOH and VOL DC Parameters 

IOH IOl VlS2C032 Pins 

-400 JlA 20 rnA -LED, PDO-PD7 

-400 JlA 16mA J1DATA, J2DATA, J1CLOCK, J2CLOCK 

-400 JlA 10 rnA -IN IT, -STROBE, -SELIN, -AUTOFD 

-400 JlA SmA XDO-XD7, KEYLOCK, -SELHDK 

VL82C032 

indicated in this data sheet is not 
implied. Exposure to absolute maxi
mum rating conditions for extended 
periods may affect device reliability. 

Unit Condition 

V Note 

V Note 

V Pins 16-19, 49, 94 

V All Other Inputs* 

V TTL 

pF 

pF 

pF 

JlA Pins 82-87 

JlA All Other Inputs· 

JlA 
rnA 

-400 JlA 4mA INTR, SPKOUT, -FLPCS, -XBFRD, TXD1, TXD2, -DTR 1, -DTR2, -RTS1, -RTS2 

-400 JlA 2mA DRVTYPE, -PRE, -RD3FO, -RD3F1, - TIMER2 

• RTCLKIN (Pin 56) is a crystal input and is not intended to conform to typical TTL input levels. For testing purposes it is driven 
to 4.0 V and 0.2 V for a logic high and low respectively. 
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VL82C037 

FEATURES 

iBM VGA®-COMPATiBLE VIDEO GRAPHICS CONTROLLER 

DESCRfpTION 
• Single-chip VGA video graphics 

device that is completely compatible 
in the following systems: 
-IBM PC/AT-compatible 
-IBM PCIXT-compatible 
-IBM PS/2-compatible 

• Fully compatible with IBM VGA in all 
modes 

• Provides 800 x 600 element high
resolution graphics '1Jith 16 colors 

• Flicker-free operation in all video 
modes 

• Supports 132-column text modes 

• Supports both digital and analog 
monitor 

PIN DIAGRAM 

The VL82C037 VGA-compatible Video 
Graphics Controller is a single-chip, 
high-integration, high resolution 
graphics device intended for use in 
IBM PS/2~ Model 30-compatible 
systems as well PC/AT- and PC/XT
compatible systems. It provides high 
resolution graphics up to 800 x 600 
elements with 16 colors. 

The VL82C037 is fully compatible with 
IBM VGA in all modes, as well as 

VL82C037 

DA3 DAS DA6 PCLK -DACW VSYNC PO 

100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 
-CRTINT 

RESET 

SWITCH ~ 
A8 
A9 4 

A10 5 
A11 6 

A12 ~ 
A13 
A14 9 
A15 10 

A16 ~~ 
ASEL 13 

-NMI 114 
GND 

CPURDY 

-VMWR 

vee 
-VMRD 

-IOWR 

-lORD 

15 

16 

17 
18 

19 

20 

21 
VCLK3 
VCLK2 I 22 

VCLK1 23 

VCLKO 
24 

EXCLK 
25 

-SWTR 
26 

-WE 
27 

-CAS 
28 

-OE 
29 

30 
31 32 33 34 35 36 37 38 39 

80 
P1 

79 
P2 

78 
P3 

P4 n 
P5 

76 
P6 

75 
P7 

74 

73 
MOO 

72 
GND 

MD1 
71 

MD2 
70 

MD3 
69 vee 
68 

67 I MD4 

MUS 
TOP VIEW 

66 
GND 

65 
MOO 

64 
MD7 

63 
MD8 

62 
GND 

61 
MD9 

60 
MD10 

59 
VCC 58j 

57 I 
MD11 

I MD12 
56! MD13 

551 MD14 

54 I MD15 
531 MD16 
52

1 MD17 
51 I 

50 I 40 41 42 43 44 45 46 47 48 49 
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being fully compatible with Hercules 
graphics. VL82C037 compatibility also 
extends to IBM EGA BIOS~ (basic 
input/output system), CGA and MDA. It 
is also flicker-free in all modes. It 
supports an external digital-to-analog 
look-up table. The VL82C037 is 
available from VLSI Technology, Inc. in 
an industry-standard plastic 1 aO-pin 
flatpack. 

ORDER INFORMATION 

Part 
Number Package 

VL82C037 -FC Plastic Flatpack 

Notes: Operating temperature range is 
O°C to + 70°C. 

IBM PS/2®, IBM VGA~, and IBM BIOS® 
are registered trademarks of IBM Corp. 

I 
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VL82C037 
SYSTEM BLOCK DIAGRAM 

MDO-MD31 r---, 

A EN -- -lORD -RASO 
-CAS 
-WE REFRESH -IOWR -

lOR -VMRD -OE 
BUS -

lOW -VMWR INTERFACE -
MEMR ASEL 

r 
-RAS1 

r- J 

SA8-SA16 

-EABUF 

I 
1 -RAS2 

SA~SA19 
244 t----1 

-RAS3 

SDO-SD7 DAO-DA7 
245 ---

DIR - - -
1 -EDBUF 

PO-P7 
VCLKO PCLK 
VC:"'K1 -BLANK 

VCLK2 -
VCLK3 

EXCLK 

-DACR 
-DACW 

VSYNC 
HSYNC 

RES ET 

-N MI 
SWI TCH CPUR DY -

DIR 

-CRT INT 

-SW TR 

- -RAS 
MDO-MD7 -CAS PLANE 0 

DATA ..., ... 
64K BYTE ..... -WE 

-OE ADDRESS 
--l - I MDO-MD7 -.J 

r- ---. 

- -RAS 
MD8-MD15 PLANE 1 -CAS 

DATA r 
4 

-WE 64K BYTE ,... 
~r- -OE ADDRESS 

MD8-MD15 
-

-RAS 
MD16-MD23 PLANE 2 -CAS 

DATA 
t,.-

64K BYTE ~t- -WE 
,... -OE ADDRESS 

MD16-MD23 
-

J -RAS 
-, 

MD24-MD31 PLANE 3 ...., -CAS 
DATA ..., 64K BYTE "'""- -WE 

L...-- -OE ADDRESS 
--1 L 

I MD24-MD31 .-J 

I 

~ --; 
I 

~ 
PO-P7 

RED 

GREEN TO 
DISPLAY .. - PCLK 

-BLANK ~UFI .... -
VIDEO 
DAC 

DAO-DA7 07-00 
ABO, AB1 A1,AO 

RD 

L 
WR 

J 
J BUFr---r .. 

..r --, -
y PO-P7 

"--- -BLANK 

~ L- PCLK 
l - HSYNC I - VSYNC 

=r:=~ ESVNC 
EDCLK 

j 1-- EVIDEO L - - GROUND 
J 

BLUE -

VS 
HS 

YNC 
YNC 

- OR AUXILIARY VIDEO CONNECT 
-
-
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SIGNAL DESCRiPTIONS 

S1gnsr
Name 

-CRTINT 

RESET 

SWITCH 

A8-A16 

ASEL 

-NMi 

CPU ROY 

-VMWR 

-VMRD 

-IOWR 

-lORD 

VCLK3 

VCLK2 

VCLK1 

VCLKO 

EXCLK 

-SWTR 

-WE 

-CAS 

-DE 

-RASO-RAS3 

MD31 

MD30 

MD29 

MD28 

MD27 

MD26 

MD25 

MD24 

Pin 
Number 

2 

3 

4-12 

13 

;4 

16 

17 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

32-35 

36 

37 

38 

39 

41 

42 

43 

44 

Signal 
Type 

o 
I 

o 
o 

o 

o 

o 
o 

o 
110 

!lO 

I/O 

110 

110 

110 

110 

110 

Signal 
Description 

VL82C037 

Display vertical retrace interrupt. An active low open collector. 

System reset signal, active high. 

Signal that detects the type of monitor. The state of this input can be read 
at Input Status Register 0 (Address 03C2) Bit 4. 

CPU address bus bits 8 through16. 

Active high, to select VGA address to decode. 

Non maskable interrupt. An active low open collector. 

An open collector active high output to signal processor that the VGA is 
ready for access. 

Active low, video memory write signal. 

Active low, video memory read signal. 

Active low, 110 write signal. 

Active low, 110 read signal. 

32.514 MHz input clock signal. 

Reserved 

28.322 MHz input clock signal. 

25.175 MHz input clock signal. 

External clock signal. 

Read DIP switch control signal. Active during 110 read from address 03DF 
(Index = 10). 

Video memory write enable for bank A (first 256K video memory). An 
active low signal. 

Column address strobe io aii pianes. An active iow signal. 

Output enable signal to memory bank A (first 256K video memory). It is 
active low. 

Row address strobe to planes 0-3. An active low signal. 

Display memory address/data time multiplexed bus line 7, interface to 
video memory plane 3. 

Display memory address/data time muiiipiexed bus iine 6, interface to 
video memory plane 3. 

Display memory address/data time multiplexed bus line 5, interface to 
video memory plane 3. 

Display memory address/data time multiplexed bus line 4, interface to 
video memory plane 3. 

Display memory address/data time multiplexed bus line 3, interface to 
video memory plane 3. 

Dispfay memory address/data time multiplexed bus line 2, interface to 
video memory plane 3. 

Display memory address/data time multiplexed bus line 1, interface to 
video memory plane 3. 

Display memory address/data time multiplexed bus line 0, interface to 
video memory plane 3. 
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VL82C037 
SIGNAL DESCRIPTIONS (Cont.) 

Signal Pin Signal Signal 
Name Number Type Description 

MD23 45 va Display memory address/data time multiplexed bus line 7, interface to 
video memory plane 2. 

MD22 46 va Display memory address/data time multiplexed bus line 6, interface to 
video memory plane 2. 

MD21 47 I/O Display memory address/data time multiplexed bus line 5, interface to 
video memory plane 2. 

MD20 48 va Display memory address/data time multiplexed bus line 4, interface to 
video memory plane 2. 

MD19 49 va Display memory address/data time multiplexed bus line 3, interface to 
video memory plane 2. 

MD18 50 va Display memory address/data time multiplexed bus line 2, interface to 
video memory plane 2. 

MD17 51 va Display memory address/data time multiplexed bus line 1, interface to 
video memory plane 2. 

MD16 52 va Display memory address/data time multiplexed bus line 0, interface to 
video memory plane 2. 

MD15 53 va Display memory address/data time multiplexed bus line 7, interface to 
video memory plane 1. 

MD14 54 va Display memory address/data time multiplexed bus line 6, interface to 
video memory plane 1. 

MD13 55 va Display memory address/data time multiplexed bus line 5, interface to 
video memory plane 1. 

MD12 56 va Display memory address/data time multiplexed bus line 4, interface to 
video memory plane 1. 

MD11 57 va Display memory address/data time multiplexed bus line 3, interface to 
video memory plane 1 . 

MD10 59 110 Display memory address/data time multiplexed bus line 2, interface to 
video memory plane 1. 

MD9 60 va Display memory address/data time multiplexed bus line 1, interface to 
video memory plane 1. 

MD8 62 va Display memory address/data time multiplexed bus line 0, interface to 
video memory plane 1. 

MD7 63 va Display memory address/data time multiplexed bus line 7, interface to 
video memory plane O. 

MD6 64 va Display memory address /data time multiplexed bus line 6, interface to 
video memory plane O. 

MD5 66 va Display memory address/data time multiplexed bus line 5, interface to 
video memory plane O. 

MD4 67 va Display memory address/data time multiplexed bus line 4, interface to 
video memory plane O. 

MD3 69 va Display memory address/data time multiplexed bus line 3, interface to 
video memory plane O. 

MD2 70 va Display memory address/data time multiplexed bus line 2, interface to 
video memory plane O. 
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SIGNAL DESCRiPTiONS (Cont.) 

SignaT·· _. ·-1'10--
Name Number 

MD1 71 

MDO 73 

P7-PO 74-81 

HSYNC 82 

VSYNC 83 

-BLANK 84 

-DACW 85 

-DACR 86 

PCLK 87 

DA7-DAO 88, 89 
91-94 
96,97 

-EABUF 98 

-EDBUF 99 

DIR 100 

VCC 18,58 

GND 

68,95 

15,31,40 
61,65,72 
90 

Signal 
Type 

110 

110 

o 
o 
o 
o 
o 

o 

o 
I/O 

o 
o 
o 

Signal 
Description 

VL82C037 

Display memory address/data time multiplexed bus line I, interface to video 
memory plane O. 

Display memory address/data time multiplexed bus line 0, interface to 
video memory plane O. 

Video color look up table address bits 7 through O. 

Horizontal SYNC signal for monitor. 

Vertical SYNC signal 1m monitor. 

An active low blanking signal to external palette chip. 

An active low I/O write signal for external palette chip (256 color look up 
table). 

An active low 110 read signal for external palette chip (256 color look up 
table). 

Pixel clock signal for external palette chip (256 color look up table). 

Multiplexed address/data bus bits 7 through O. 

Active low, enable external address buffer. 

Active low, enable external data buffer. 

Control signal for bidirectional data bus transceiver. 

System Power: +5 V 

System Ground 

5-49 



• VLSI TECHNOLOGY, INC. 

FUNCTIONAL DESCRIPTION 
INTRODUCTION 
The VGA single chip is a standard video 
controller for PS/2 line machines 
including Model 50, 60 and 80. With 
the same architecture, it can be used on 
Model 30 and PCIXT/AT systems too. 
Several new things supported by IBM 
VGA include higher resolution (640 x 
480), new video mode, 256 colors 
support for 320 x 200 graphics mode, 
up to 64 shades of grey display for 
monochrome monitor, and eight fonts 
loaded into video RAM simultaneously. 
In the VL82C037 chip, even more 
functions are added to gain perform
ance. 

The host can access both VGA regis
ters and video memory by setting up 
bus address and readlwrite commands 
to read or write 8-bit data. Video RAM 
and screen refresh activities occur 
concurrently and independently by 
assigning appropriate memory access 
cycles to each of them. 

Most registers are readable so that 
BIOS and driver software can determine 
the current state of video. In the basic 
configuration, 256K byte of memory is 
needed as the display buffer. Four 
planes of video memory are controlled 
by four different -RAS (Row Address 
Strobe) signals, one -CAS (Column 
Address Strobe), one -WE (Write 
Enable), and one -OE (Output Enable) 
signal. The video data bus is time 
multiplexed with the video address bus 
in a way that outputs -RAS and -CAS 
address early in the memory cycle and 
inputs 8-bit data for read or output for 
write late in the memory cycle. 

NMI (Non-Maskable Interrupt) is gener
ated by trapping accesses to certain 1/0 
ports so that backward compatibility can 
be achieved through software emula
tion. The VGA chip provides a 'DIRec
tional' signal to control data flow to the 
system data bus for CPU Read or 
Write. 

MAJOR COMPONENTS 
There are four major components of 
VL82C037 contained within a single 
100-pin plastic flatpack. They are 
described below: 

CRT CONTROLLER 
The VL82C037 CRT Controller provides 
synchronization control, timing genera
tion and supplies video memory 
addressing to display memory. Flexible 
timing configuration options are allowed 
by accessing 1/0 registers through 
software control. During the blanking 
period, an 8~bit refresh counter is 
placed on the memory address lines. A 
split screen feature is also provided to 
allow two windows. This is done using 
the Preset Row Scan Register, the Line 
Compare Register, and the Horizontal 
Panning Register to pan part of the 
screen while the rest remains station
ary. 

SEQUENCER 
The VL82C037 Sequencer takes care 
of basic memory timing for the display 
memory and the character clock for the 
control of memory fetches. 

The state machine in the sequencer 
automatically assigns appropriate 
memory access cycles to the CPU and 
CRT Controller during active display. 
The sequencer can also protect the 
entire memory plane by selectively 
masking out planes through the Mask 
register. 

GRAPHICS CONTROLLER 
The Graphics Controller provides a data 
path for both CPU ReadIWrite and CRT 
Read access to the display memory. 
For CRT access it directs data to the 
Attribute Controller while for CPU 
access it directs data to the system bus. 
It handles two basic modes which are 
alphanumeric and graphics. In alpha
numeric mode, data is sent in parallel 
directly to the Attribute Controller. In 
graphics mode memory data is shifted 
out serially to the Attribute Controller. 

TABLE 1. RESOLUTION REQUIREMENTS 
DRAM 

CLOCK 
RESOLUTION 

COLORS 

120 ns 
28 MHz 

720 x 400 
16 

120 ns 
25 MHz 

640 x 480 
16 

100 ns 
36 MHz 

800 x 600 
16 
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Data formatting and manipulation are 
implemented for the various modes. A 
color comparator is provided for fast 
color comparison in the application of 
color painting modes. Since the 
Graphics Controller can process 32-bit 
data (8-bits from each plane) at a time, 
a fast color presetting and area fill 
operations can be achieved. 

ATTRIBUTE CONTROLLER 
The VL82C037 Attribute Controller 
provides video shifting, attribute 
processing and an internal palette of 16 
colors selectable from a possible 64 
colors. Pixel panning is also provided 
for both graphics and text modes. 
Underline, cursor and blinking logic are 
interpreted and manipulated here. The 
final output of Attribute Controller is 8-
bit wide color data to be sent to the 
external color look-up table for final 
color mapping. 

MEMORY AND CLOCK 
CONSIDERATIONS 
In basic configuration, eight 64K x 4-bit 
dynamic RAM's should be used to 
configure 256K byte of video memory. 
The supported speed of DRAM and 
CLOCK are related to the graphics 
resolution as shown in Table 1. 

VGA REGISTERS 
All the registers in the VGA can be 
categorized into six groups for the 
different function blocks in the hard
ware. In the VL82C037 VGA chip, the 
system microprocessor data latches are 
readable for faster save and restore of 
the VGA state in the VGA BIOS. The 
VGA also provides the system micro
processor interface for the video DAC 
(external color pallete Chip). The DAC 
has one address register which can be 
accessed through address hex 03C7 for 
read, and hex 03C8 for write. Table 2 
lists the registers and the 1/0 address 
where they are located. It also lists 
whether or not they are readlwrite, 
read-only, or write-only. 

Note that the PEL Mask Register must 
not be written to by application code or 
destruction of the color look-up table 
data may occur. 

GENERAL REGISTERS 
This section describes the general 
registers. The (?) in some of the 
addresses is controlled by bit 0 of the 
Miscellaneous Output Register. 
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TABLE 2. VGA REGISTERS 

Register Group RIW 

General Registers 
Miscellaneous W 

R 
Input Status 0 RO 
Input Status 1 RO 
Feature Control W 

I 
R 

VGA Enable RW 
PEL Address (Write) RW 
PEL Address (Read) WO 
PEL Data Register RW 
PEL Mask RW 

Sequencer Registers 
Address Register RW 
Data Registers RW 

CRTC Registers 
Address Register RW 
Data Registers RW 

Graphics Registers 
Address Register RW 
Data Register RW 

Attribute Registers 
Address Register RW 
Data Registers W 

R 

Extended Registers 
Address Register RW 
Data Registers RW 

Miscellaneous Output Register 
Read-03CC Write-03C2 
Bit 7, 6 The Polarity of VerticaV 

Horizontal Sync is used to 
select the vertical size as 
shown in Table 4. 

Bit 5 Selects between two pages of 
memory when in the OddlEven 
modes (mode 0-5, 7). A 
logical 0 selects the low page 
of memory; a logical 1 selects 
the high page of memory. This 
bit is provided for diagnostic 
use. 

Bit 4 Reserved 

I 
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M ono I eo· lor Read Write 
Emulation Emulation Name Port Port 

Miscellaneous Output 03CC 03C2 

03C2 03C2 Input St~tus 0 03C2 -
03CC 03CC Input Status 1 03?A -
03C2 03C2 Feature Control 03CA 03?A 

03BA 03DA VGA Enable 03C3 03C3 

03BA 03DA DAC State 03C7 -
03CA 03CA 
03C3 03C3 
03C8 03ee 
03C7 03C7 
03C9 03C9 
03C6 03C6 

TABLE 4. VERTICAL SIZE REGISTER 
Bit 7 Bit 6 Vertical Size 

03C4 03C4 o 0 Reserved 

03C5 03C5 o 1 400 lines 
1 0 350 lines 
1 1 480 lines 

03B4 03D4 
03B5 03D5 

03CE 03CE TABLE 5. CLOCK REGISTERS 
03CF 03CF CSEL2 

0 
03CO 03CO 0 
03CO 03CO 0 
03C1 03C1 0 

1 
1 

03DE 03DE 
03DF 03DF 

Bit 3, 2 These two bits select the clock 
source. In VL82C037 VGA the 
third bit is defined in Extended 
Registers and used with these 
two bits to select a wider range 
of clock source for different 
video modes. See Table 5. 

Bit 1 A logical 0 disables Video 
RAM address decode from the 
system microprocessor; a 
logical 1 enables Video RAM 
to the system microprocessor. 

Bit 0 A logical 0 sets CRTC ad
dresses to Hex 03BX and 
Input Status Registei O's 
address to 03BA for Mono-
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CSEL1 CSELO CLOCK 

0 
0 
1 
1 
0 
0 

0 25.175 MHz 
1 28.322 MHz 
0 External Input Clock 
1 Reserved 
0 14.161 MHz 
1 16.257 MHz 
o Reserved 
1 32.514 MHz 

chrome emuiation. A iogicai 1 
sets CRTC addresses to Hex 
03DX and Input Status 
Register O's address to Hex 
03DA for color emulation. 

Input Status Register 0 
Read-Only Address = 03C2 
Bit 7 A logical 1 indicates a vertical 

retrace interrupt is pending. A 
logicaJ 0 indicates the vertical 
retrace interrupt is cleared. 

Bit 6, 5 Reserved 

Bit 4 This bit allows the power-on 
initialization to determine if a 
monochrome or color monitor 

II 
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is connected to the system. It 
reflects the state of the switch 
input. 

Bit 3-0 Reserved 

Input Status Register 1 
Read-Only Address = 03?A 
Bits 7,6 Reserved 

Bits 5, 4 These two bits are used for 
diagnostics. They are con
nected to two of the eight color 
outputs of the Attribute Con
troller. The two bits defined in 
the Color Plane Enable Regis
ter control the multiplexer for 
the color output wiring and are 
described in Table 6. 

Bit 3 A logical 1 occurs during a 
vertical retrace interval. A 
logical 0 shows that video in
formation is being displayed. 

Bits 2, 1 Reserved 

Bit 0 A logical 1 indicates a horizon
tal or vertical retrace interval. 
A logical 0 indicates that the 
internal Display Enable Signal 
is active. Some programs use 
this status bit to restrict screen 
updates to blanked display 
intervals. The VL82C037 has 
been designed to eliminate this 
software requirement, so 
display screen updates may be 
made at any time. 

Feature Control Register 
Read = 03CA Write = 03?A 
Bits 7-4 Reserved 

Bits 3 This bit should always be set 
to 0 to enable normal vertical 
sync output to the monitor; 
when bit 3 = 1, the ''vertical 
sync" output is the logical OR 
of "vertical sync" and ''vertical 
display enable". It is normally 
set to O. 

TABLE 6. REGISTER BITS 
Color Plane Input Status 1 

Register Register 
Bit 5 Bit 4 Bit 5 Bit 4 

0 0 P2 PO 
0 1 P5 P4 
1 0 P3 P1 
1 1 P7 P6 

Bits 2-0 Reserved 

Video Subsystem Enable Register 
Read-03C3 Write-03C3 
Bits 7-1 Reserved 
Bit 0 A logical 1 enables video 1/0 

and memory address decod
ing. A 0 disables the video 1/0 
and memory address decod
ing. 

SEQUENCER REGISTERS 
This section describes the registers in 
the Sequencer Control block. See 
Table 7. 

Sequencer Address Register 
Read-03C4 Wrlte-03C4 
Bits 7-3 Reserved 
Bits 2-0 A binary value pointing to the 

register where data is to be 
written or read. 

Reset Register 
Port = 03C5 
Bits 7-2 Reserved 

Index 0 

Bit 1 A logical 0 directs the se
quencer to synchronously 
clear and halt. Bits 1 and 0 
must be 1 to allow the se
quencer to operate. This bit 
must be set to 0 before 
changing either bit 3 or bit 0 of 
the Clocking Mode register, or 
bit 3 or bit 2 of the Miscellane
ous Output Register, or bit 5, 
bit 4 or bit 3 of the Bandwidth 
Control Register. 

Bit 0 A logical 0 directs the se
quencer to asychronously 
clear and halt. Bit 1 and 0 
must both be 1 to allow the 
sequencer to operate. Reset
ting the sequencer with this bit 
can cause data loss in the 
dynam ic video RAM. 

VL82C037 
Clocking Mode Register 
Port = 03C5 
Bits 7,6 Reserved 

Index 1 

Bit 5 When set to 1, turns off the 
video screen and assigns 
maximum memory bandwidth 
to the system CPU. A logical 0 
puts the screen into normal 
operation. Synchronization 
pulses are maintained during 
blanking. This bit can be used 
for fast full-screen updates. 

Bit 4 When set to 1, the internal shift 
registers are loaded every 
fourth character clock. When 
set to 0, they are loaded every 
character clock. When 32 bits 
are fetched each cycle and 
used together in the shift 
registers, this mode is useful. 

Bit 3 A logical 0 selects normal the 
dot clock directly from the se
quencer master clock input. A 
logical 1 will select master 
clock divided by two as dot 
clock. Normally, dot clock 
divided by two is used for 320 
and 360 horizontal resolution 
modes. 

Bit 2 When set to 1, the internal shift 
load registers are loaded every 
other character clock. When 
set to 0, and bit 4 is set to 0, 
the internal shift load registers 
are loaded every character 
clock. This mode is useful 
when 16 bits are fetched per 
cycle and chained together in 
the shift load registers. 

Bit 1 Reserved 

Bit 0 A logical 0 directs the se
quencer to generate nine dot 
wide character clocks. A 
logical 1 generates eight dot 
wide character clocks from the 

TABLE 7. SEQUENCER REGISTERS 
Register Name 110 Port Index 

Sequencer Address 03C4 -
Reset 03C5 00 
Clocking Mode 03C5 01 
Map Mask 03C5 02 
Character Map Select 03C5 03 
Memory Mode 03C5 04 
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TABLE 8. MAP SELECT (1) 
S't 5 I Bit 3 I B' 2 I M I - b' , I I it ap I a Ie Location 

0 0 0 0 1st 8K of Map 2 
0 0 1 1 3rd 8K of Map 2 
0 1 0 2 5th 8K of Map 2 
0 1 1 3 7th 8K of Map 2 
1 0 0 4 2nd 8K of Map 2 
1 0 1 5 4th 8K of Map 2 
1 1 0 6 6th 8K of Map 2 
1 1 1 ""7 8th 8K of Map 2 I i f 

TABLE 9. MAP SELECT (2) 
Bit 4 Bit 1 Bit 0 Map Table Location 

0 0 0 0 1st 8K of Map 2 
0 0 1 1 3rd 8K of Map 2 
0 1 0 2 5th 8K of Map 2 
0 1 1 3 7th 8K of Map 2 
1 0 0 4 2nd 8K of Map 2 
1 0 1 5 4th 8K of Map 2 
1 1 0 6 6th 8K of Map 2 
1 i 1 1 i 7 8th 8K of Map 2 

sequencer. Select nine dots 
for alphanumeric modes only. 
For nine dot modes, the ninth 
dot equals the eighth dot for 
ASCII codes CO through DF 
hex. Also, see the Line 
Graphics bit in the Mode 
Control Register in the 
Attribute Register section. 

Map Mask Register 
Port = 03C5 Index = 02 
Bits 7-4 Reserved 
Bits 3-0 A logical 1 enables the CPU to 

write to the corresponding 
memory map. These bits are 
used to write protect any 
memory map. V/hen all four 
bits are logical 1, a 32-bit write 
operation can be performed by 
the CPU with only one memory 
cycle. This is useful for 
intensive screen updates in 
graphics modes. For odd/even 
modes, maps 0 and 1, and 
maps 2 and 3 should have the 
same map mask value. When 
chain 4 mode is selected, all 
maps should be enabled. This 
is a read-modify-write opera
tion for CPU write. 

Character Map Select Register 
Port = 03C5 Index = 03 
Bits 7, 6 Reserved 

Bits 5,3,2 Selects font table from map 2 
according to Table 8 when 
attribute bit 3 is a 1 . 

Bits 4,1,0 Selects font table from map 2 
according to Tabie 9 when 
attribute bit 3 is a O. 

Note: Bit 3 of the attribute byte nor
mally controls the foreground intensity 
in text modes. This bit, however. may 
be redefined as a switch between 
character sets. For this feature to work, 
the value of Character Map Select A 
must not equal the value of Character 
Map Select B. 

Memory Mode Register 
Port = 03C5 Index = 04 
Bits 7-4 Reserved 

Bit 3 A logical 0 enables the CPU to 
access data sequentially within 
a bit map by use of the Map 
Mask Register. A logical 1 
causes two low-order address 
bits (AO, A1) to select the map 
that will be accessed accord
ing to Table 10. For read 
operation by the CPU, these 
two bits are also used to select 
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TABLE 10. MAP SELECT13l_ 
A1 I AO I Ma Se' I P lectea 

0 0 Map 0 
0 1 Map 1 
1 
1 

0 
1 

Map 2 
Map 3 

the map in the graphics 
section. 

Bit 2 A logical 0 directs even CPU 
addresses to access maps 0 
and 2, while odd CPU ad
dresses access maps 1 and 3. 
A logical 1 causes access to 
data within a bit map sequen
tially. 

Bit 1 A iogicai 1 shows that greater 
than 64K bytes of video 
memory is being used. This is 
set to perm it the VGA to use 
256K bytes of video memory. 
This also enables character 
map selection. (See Charac
ter Map Select Register.) 

Bit 0 Reserved 

CRT CONTROLLER REGISTERS 
This section describes the registers in 
the CRT Controller. See Table 11. 

CRT Controller Address Register 
Port = 0314 
Bits 7.6 Reserved 

Bit 5 Test bit, must remain O. 

Bit 4-0 Binary value programmed in 
these bits selects one of the 
CRT Controller registers where 
data is to be accessed. 

Note: All CRT Controller Registers are 
readlwrite registers. 

Horizontal Total Register 
Port = 0315 Index = 0 
In the CRT Controller, there is a 
horizontal character counter which 
counts character clock inputs generated 
by the Sequencer and compares this 
against the value of the Horizontal Total 
Register to provide horizontal timings. 
The horizontal total defines the total 
number of characters in the horizontal 
scan interval including the retrace time. 

I 
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TABLE 11. CRT CONTROLLER REGISTERS 
Register Name Port Index 

CRT Controller Address Register 03?4 -

Horizontal Total 03?5 00 

Horizontal Display Enable End 03?5 01 

Start Horizontal Blanking 03?5 02 

End Horizontal Blanking 03?5 03 

Start Horizontal Retrace 03?5 04 

End Horizontal Retrace 03?5 05 

Vertical Total 03?5 06 

Overflow 03?5 07 

Preset Row Scan 03?5 08 

Maximum Scan Line 03?5 09 

Cursor Start 03?5 OA 

Cursor End 03?5 OB 

Start Address High 03?5 OC 

Start Address Low 03?5 00 

Cursor Location High 03?5 OE 

Cursor Location Low 03?5 OF 

Start Vertical Retrace 03?5 10 

End Vertical Retrace 03?5 11 

Vertical Display Enable End 03?5 12 

Offset 03?5 13 

Underline Location 03?5 14 

Start Vertical Blank 03?5 15 

End Vertical Blank 03?5 16 

CRTC Mode Control 03?5 17 

Line Compare 03?5 18 

? = B or 0 in accordance with Bit 0 of Miscellaneous Output register. 

TABLE 12. SKEW 
Bit 6 Bit 5 Amount of Skew 

0 0 Zero Characters 
0 1 One Characters 
1 0 Two Characters 
1 1 Three Characters 
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Bits 7-0 The total number of characters 

minus 5. 

Horizontal Display Enable End 
Register 
Port = 03?5 Index = 01 
This register defines the length of the 
horizontal display enable signal. It 
determines the number of displayed 
character positions per horizontal line. 

Bits 7-0 Total number of displayed 
characters minus 1. 

Start Horizontal Blanking Register 
Port = 03?5 Index = 02 
Bit 7-0 This 8-bit value determines 

when to start the internal 
horizontal blanking output 
signal. When the internal 
character counter reaches this 
value, the horizontal blanking 
signal becomes active. 

End Horizontal Blanking Register 
Port = 03~5 Index = 03 
Bit 7 Test Bit 

Bits 6, 5 Bits 6 and 5 indicate the mag
nitude of display enable skew. 
Display enable skew control is 
necessary to give adequate 
time for the CRT Controller to 
interrogate the display buffer in 
order to obtain a character and 
attribute code. It must also 
access the character generator 
font and access the Horizontal 
PEL Panning register in the 
Attribute Controller. The 
display enable signal must be 
skewed one character clock 
unit for every access. This 
allows the video output to be in 
synchronization with the 
horizontal and vertical retrace 
signals. See Table 12. 

Bits 4-0 A binary value programmed in 
these bits is compared to the 
six least-significant bits of the 
horizontal character counter to 
determine the status of the 
horizontal blanking signal. 
When the values are equal the 
horizontal blanking signal 
becomes inactive. Use the 
following algorithm to calculate 
the value of the register: 

Value of Start Blanking register 
+ width of blanking signal in 
character clock units = 6-bit 
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result to be programmed into 
these bits. --s1rnumber S-rs-···
located in the End Horizontal 
Retrace register. 

Start Horizontal Retrace Register 
Port = 03?5 Index = 04 
Bits 7-0 This register is used to center 

the screen horizontally and to 
specify the character position 
at which the Horizontal 
Retrace Pulse becomes active. 
The value programmed is a 
binary count of the character 
position at which the signal 
becomes active. 

End Horizontal Retrace Register 
Port = 0315 Index = 05 
This register specifies the character 
position at which the Horizontal Retrace 
Pulse becomes inactive. 

Bit 7 This is bit number 5 of End 
Horizontal Blanking. The first 
four bits are located in the End 
Horizontal Blanking register 
(index hex 03). 

Bits 6, 5 These bits control the skew of 
the Horizontal Retrace signal. 
See Table 12. 

Bits 4-0 A value programmed here is 
compared to the five least
significant bits of the horizontal 
character counter. When they 
are equal, the horizontal 
retrace signal becomes 
inactive. Use the following 
algorithm to calculate the end 
of the retrace signal: 

Value of Start Horizontal 
Retrace Register + Width of 
Horizontal Retrace signal in 
character clock units = 5-bit 
result to be programmed into 
the End Horizontal Retrace 
Register. 

Vertical Total Register 
Port = 0315 Index = 06 
The a-bit binary value gives the number 
of horizontal scan lines on the CRT 
screen, minus 2, including vertical 
retrace. This is ths low-order 8-bits of a 
10-bit value. Bit a of this register is 
located in the CRT Controller Overflow 
register (index 07, bit 0). Bit 9 of this 
register is located in the CRT Controller 
Overflow register (index 07, bit 5). 

Bits 7-0 Total number of horizontal 
----scanlines;-mTnUs-2:··· ---

Overflow Register 
Port:: 03?5 Index:: 07 
Bit 7 Bit 9 of the Start Vertical 

Retrace register. 

Bit 6 Bit 9 of the Vertical Display 
Enable End Register. 

Bit 5 Bit 9 of the Vertical Total 
Register. 

Bit 4 Bit a of the Line Compare 
Register. 

Bit 3 Bit a of the Start Vertical 
Blanking Register. 

Bit 2 Bit a of the Start Vertical 
Retrace Register. 

Bit 1 Bit a of the Vertical Display 
Enable End Register. 

Bit 0 Bit a of the Vertical Total 
Register. 

Preset Row Scan Register 
Port = 0315 Index = 08 
Bit 7 Reserved 

Bits 6, 5 Bits 6 and 5 control byte 
panning when programmed as 
multiple shift modes. (This is 
currently not used.) The PEL 
Panning register in the 
attribute section allows 
panning of up to eight single 
PELs. When in single byte 
shift modes the CRT Controller 
start address is increased by 
one, while attribute panning is 
reset to O. This is done to pan 
the next higher PEL. When 
used for multiple shift modes, 
the byte pan bits are exten
sions to the Horizontal PEL 
Panning Register in the 
Attribute Controller. In this 
manner, panning across the 
width of the video output shift 
is achieved. In the 32-bit shift 
mode, the byte pan and PEL 
panning bits provide up to 31 
bits of panning capability. To 
pan from position 31 to 32, the 
CRT Controner start address 
is incremented and PEL and 
byte panning is reset to O. 
These bits should normally be 
set to O. 

Bits 4-0 A binary value to specify the 
starting row scan count after a 
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vertical retrace. The row scan 
counter increments each 
horizontal retrace time until a 
maximum row scan occurs. At 
maximum row scan compare 
time, the row scan is cleared 
(not preset). 

Maximum Scan Line Register 
Port = 0315 Index = 09 
Bit 7 A logical 1 causes the clock to 

the row scan counter to be 
divided by 2 and enables 200 
to 400 iine conversion. This 
allows the older 200-line 
modes to be displayed as 400 
lines on the display (Le. each 
line is displayed twice). When 
this bit is a 0, the clock to the 
row scan counter is equal to 
the horizontal scan rate. 

Bit 6 Bit 9 of the Line Compare 
Register. 

Bit 5 Bit 9 of the Start Vertical Blank 
Register. 

Bits 4-0 These bits specify the number 
of lines per character row. The 
number to be programmed is 
the maximum row scan 
number minus 1. 

Cursor Start Register 
Port = 0315 
Bits 7, 6 Reserved 

Index =OA 

Bit 5 A iogicai 1 turns off the cursor, 
a logical 0 turns on the cursor. 

Bits 4-0 The value of these five bits 
tells the row scan line of a 
character where cursor is to 
begin. 

Note that when Cursor Start is pro
grammed with a vaiue greater than the 
Cursor End, no cursor is generated. 

Cursor End Register 
Port = 0315 
Bit 7 Reserved 

Index = 08 

Bits 6, 5 These bits control the skew of 
the cursor signal. Cursor skew 
delays the cursor by the 
selected number of clocks. 
Each additional skew moves 
the cursor right one position on 
the screen. See Table 13. 

Bits 4-0 These bits specify the row 
scan line where the cursor is to 
end. 

I 
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TABLE 13. CLOCK SKEW 
Bit 6 Bit 5 Function 

o 0 Zero-character clock skew 
o 1 One-character clock skew 
1 0 Two-character clock skew 
1 1 Three-character clock skew 

Start Address High Register 
Port = 0315 Index = OC 
Bits 7-0 These are the high-order 8 bits 

of the start address. The 16-
bit value from the high-order 
and low-order Start Address 
Registers is the first address 
after the vertical retrace on 
each screen refresh. 

Start Address Low Register 
Port = 0315 Index = OD 
Bits 7-0 These are the low-order 8 bits 

of the start address. 

Cursor Location High Register 
Port = 0315 Index = OE 
Bits 7-0 These are the high-order 8 bits 

of the cursor location. 

Cursor Location Low Register 
Port = 0315 Index = OF 
Bits 7-0 These are the low-order 8 bits 

of the cursor location. 

Start Vertical Retrace Register 
Port = 0315 Index = 10 
Bits 7-0 These are the low-order 8 bits 

of the vertical retrace pulse 
start position in horizontal scan 
lines. Bit 8 and 9 are in the 
CRTC Overflow register. 

End Vertical Retrace Register 
Port = 0315 Index 11 
Bit 7 A logical 0 enables writing to 

CRTC registers 0-7. A logical 
1 disables writing to these 
registers. Note that the line 
compare bit 4 in register 07 is 
not protected. 

Bit 6 A logical 0 selects three 
refresh DRAM cycles. A 
logical 1 seleds five refresh 
cycles per horizontal line. Five 
refresh cycles are used for 
slow (15.75 KHz) sweep rate 
displays. 

Bit 5 A logical 0 enables a vertical 
retrace interrupt. This occurs 
on IRQ2. Since this may be a 

"shared" interrupt level, the 
Input Status register 0, bit 7, 
must be checked to determine 
if the VGA caused the interrupt 
to occur. 

Bit 4 A logical 0 clears a vertical 
retrace interrupt. An interrupt 
handler has to reset an internal 
flip-flop by writing a 0 to this 
bit, then setting the bit to 1 so 
that the flip-flop does not hold 
interrupts inadive. Note that 
you should not change the 
other bits in this register when 
changing this bit. Read this 
register first before resetting 
this flip-flop so that the value of 
the other bits can be pre
served. 

Bits 3-0 These bits determine the 
horizontal scan count value 
when the vertical retrace 
output signal becomes 
inactive. Use the following 
algorithm to calculate the 
vertical retrace signal end: 

Value of Start Vertical Retrace 
register + width of vertical 
retrace signal in horizontal 
scan line units = 4-bit result to 
be programmed into the End 
Vertical Retrace register. 

Vertical Display Enable End Register 
Port = 0315 Index = 12 
Bits 7-0 These are the low-order 8 bits 

of a 1 O-bit register that 
determ ines the vertical display 
enable end position. Bits 8 
and 9 of this register are 
contained in the CRT Control
ler Overflow register bits 1 and 
6 respectively. 

Offset Register 
Port = 0315 Index = 13 
Bits 7-0 This register defines the logical 

line width of the screen. 
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Starting memory address for 
the next charader row is larger 
than the current character row 
by a factor of 2X or 4X this 
value. A word or doubleword 
address may be used to 
program the Offset Register, 
depending on the method of 
clocking the CRT Controller. 

Underline Location Register 
Port = 0315 Index = 14 
Bit 7 Reserved 

Bit 6 A logical 1 enables doubleword 
mode for memory addresses. 
Also, see the description of the 
CRT Controller Mode Control 
register bit 6. 

Bit 5 When this bit is set to 1, the 
memory address counter is 
clocked with the character 
clock divided by 4. This bit is 
used when doubleword 
addresses are used. 

Bits 4-0 This register determines the 
horizontal row scan of a 
character row where an under
line occurs. The scan line 
number desired is one greater 
than the number programmed. 

Start Vertical Blanking Register 
Port = 0315 Index = 15 
Bits 7-0 These are the low-order 8 bits 

of a 10-bit register. The value 
of this register determines 
when the vertical blanking 
signal becomes active. Bit 8 is 
located in the CRT Controller 
Overflow register bit 3. Bit 9 is 
contained in the CRT Controller 
Maximum Scan Line register bit 
5. The horizontal scan line 
count (at which the vertical 
blanking signal becomes 
active) is one greater than the 
value of these 10 bits. 

End Vertical Blanking Register 
Port = 0315 Index = 16 
Bits 7-0 This register defines the hori-

zontal scan count value at the 
time the vertical blank output 
signal goes inactive. The 
register must be programmed 
in whole units of horizontal 
scan lines. Use the following 
algorithm to obtain the vertical 
blank signal end value: 
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(Value of Start Verticai Blank 
register----+},.-widtttcl-verticat 
blank signai in horizontai scan 
unit = 8-bit result to be pro
grammed into the End Vertical 
Blank register. 

CRTC Mode Control Register 
Port = 0315 Index =17 
Bit 7 A logical 0 clears horizontal 

and vertical retrace. A logical 
1 enables horizontal and 
vertical retrace. This bit does 
not reset any other registers or 
outputs. 

Bit 6 A logical 0 selects word 
address mode which shifts all 
memory address counter bits 
down one bit, and the most 
significant bit of the counter 
appears on the least significant 
bit of the memory address 
output. A logical 1 selects the 
byte address mode. Note that 
bit 6 of the Underline Location 
register also controls the 
addressing. When it is a 0, bit 

6 of this register has control. 
-Wherritis-a-t; trre--addressing 
is forced to be shifted by two 
bits. (See Table 14.) 

Bit 5 This bit selects the memory 
address counter bit MA13 or 
bit MA15, and it appears on 
the MAO output in the word 
address mode. A logical 1 
selects MA15. MA13 is 
selected for the case where 
only 64K memory is installed. 
Since 256K memory is 
normally installed for 
VL82C037, MA15 should be 
selected only in odd/even 
mode. 

Bit 4 

Bit 3 

Reserved 

A logical 0 causes the memory 
address counter to be clocked 
with the normal character clock 
input. A logical 1 clocks the 
memory address counter with 
the character clock input 
divided by 2. This bit is used 

TABLE 14. REGISTER MODES 
Memory Byte Word Doubleword 
Address Mode Mode Mode 

MAO/RFAO MAO MA15/MA13 MA12 

MA1/RFA1 MA1 MAO MA13 

MA2/RFA2 MA2 MA1 MAO 

MA3/RFA3 MA3 MA2 MA1 

MA4/RFA4 MA4 MA3 MA2 

MA5/RFA5 MA5 MA4 MA3 

MA6/RFA6 I MA6 MA5 MA4 

MA7/RFA7 MA7 MA6 MA5 

MA8/RFA8 MA8 MA7 MA6 

MAg MAg MA8 MA7 

MA10 
I 

MA10 MAg MA8 

MA11 MA11 MA10 MAg 

MA12 MA12 MA11 MA10 

MA13 MA13 MA12 MA11 

MA14 MA14 MA13 MA12 

MA15 MA15 MA14 MA13 
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to create either a byte or word 
refresn-aamess-rorlfieffis-pray 
buffer. 

Bit 2 A logical 0 selects normal 
horizontal retrace. A logical 1 
selects horizontal retrace 
divided by 2 as the clock that 
controls the vertical timing 
counter. This bit can be used 
to effectively double the 
vertical resolution capability of 
the CRT Controller. The 10-bit 

Bit 1 

Bit 0 

\1" .... :""o!"!I:l ""~I ..... +A. .. "' .... ~ .... ___ "': 
YOI LlvClI vVUIiLO. IICl-=» Cl II.ClA'-

mum of 1024 scan lines. If the 
vertical counter is clocked with 
the horizontal retrace divided 
by 2, then the vertical resolu
tion is doubled to 2048 
horizontal scan lines. 

A logical 0 selects row scan 
counter bit 1 for CRT memory 
address bit MA14. A logical 1 
selects MA 14 counter bit for 
CRT memory address bit 
MA14. 

When this bit is a logical 0, row 
scan address bit 0 is substi
tuted for memory address bit 
13 during active display time. 
This allows compatibility with 
the 6845 CRTC. A logical 1 
enables memory address bit 
13 to appear on the memory 
address output bit 13 of the 
CRT Controller. 

Line Compare Reg Ister 
Port = 0315 Index = 18 
Bits 7-0 This register is the lower byte 

of the 10-bit line compare 
target. When the vertical 
counter matches this value, 
the internal start of the line 
counter is reset. This causes 
an area of the screen not to be 
affected by scrolling. Bit g is in 
the Maximum Scan Line 
register. Bit 8 of this register is 
in the Overflow Register, 

GRAPHICS CONTROLLER 
REGISTERS 
This section describes the registers in 
the Graphics Controller. See Table 15. 

Graphics Address Register 
Port = 03CE 
Bits 7-4 Reserved 

I 
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VL82C037 
TABLE 15. GRAPHICS CONTROLLER REGISTERS TABLE 17. ROTATE FUNCTIONS 
Register Name Port Index Bit 2 Bit 1 Bit 0 Function 

Graphics Address 03CE - 0 0 0 No Rotate 
Set/Reset 03CF 00 0 0 1 Rotate 1 Position 
Enable Set/Reset 03CF 01 0 1 0 Rotate 2 Positions 
Color Compare 03CF 02 0 1 1 Rotate 3 Positions 
Data Rotate 03CF 03 1 0 0 Rotate 4 Positions 
Read Map Select 03CF 04 1 0 1 Rotate 5 Positions 
Graphics Mode 03CF 05 1 1 0 Rotate 6 Positions 
Miscellaneous 03CF 06 1 1 1 Rotate 7 Positions 
Color Don't Care 03CF 07 
Bit Mask 03CF 08 

TABLE 16. DATA FUNCTIONS TABLE 18. MAP DATA 
Bit 4 Blt3 Function MS1 

0 0 Data Unmodified 0 
0 1 Data ANDed with Latched Data 0 
1 0 Data ORed with Latched Data 
1 1 Data XORed with Latched Data 

Bits 3-0 A binary value in these bits 
selects the other registers in 
the Graphics Controller 
section. 

Set/Reset Register 
Port = 03CF 
Bits 7-4 Reserved 

Index = 00 

Bits 3-0 During CPU memory write with 
write mode 0, the value of 
these bits will be written to all 
eight bits of the respective 
memory map if SetlReset 
mode is enabled for the 
corresponding map. 

Enable Set/Reset Register 
Port = 03CF Index = 01 
Bits 7-4 Reserved 

Bits 3-0 These bits represent a 4-bit 
color value to be compared. H 
the system microprocessor 
sets read mode 1 and does a 
memory read, the data 
returned from the memory 
cycle will be a 1 in each bit 
position where the four maps 
equal the color compare 
register. 

The color compare bit is the 
value that all bits of the 
corresponding map's byte are 
compared with. Each of the 
eight bit positions of the 
selected byte are then com
pared across the four maps 
and a 1 is returned in each bit 
position where the bits of all 
four maps equal their respec
tive color compare values. 

1 
1 

Bits 3-0 A logical 1 enables the Set/ 
Reset function. When 
enabled, the respective 
memory map is written with the 
value of the SetlReset register 
if write mode 0 is selected. 
However, when write mode is 
o and SetlReset is not enabled 
on a map, that map is written 
with the value of the system 
microprocessor data. 

Data Rotate Register 
Port = 03CF Index = 03 

Color Compare Register 
Port = 03CF Index = 02 
Bits 7-4 Reserved 

Bits 7-5 Reserved 

Bits 4, 3 Data in the system micropro
cessor latches can operate 
logically with data written to 
memory. H rotate function is 
selected, it is applied before 
the logical function. See 
Table 16. 

Bits 2-0 These bits specify the number 
of positions to right-rotate the 
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MSO 

0 
1 
0 
1 

Function 

Read Data from Map 0 
Read Data from Map 1 
Read Data from Map 2 
Read Data from Map 3 

system microprocessor data 
bus during system micropro
cessor memory writes. This 
operation is done when the 
write mode is o. To write non
rotated data, the bits should be 
set to o. See Table 17. 

Read Map Select Register 
Port = 03CF Index = 04 
Bits 7-2 Reserved 

Bits 1, 0 These bits select the memory 
map number from which the 
system microprocessor reads 
data. This register has no 
effect on the color compare 
read mode. In odd/even 
modes the value may be 00 or 
01 (10 or 11) for chained maps 
0, 1 (2, 3). See Table 18. 

Graphics Mode Register 
Port = 03CF Index = 05 
Bit 7 Reserved 

Bit 6 A logical 0 permits bit 5 to 
handle the loading of the Shift 
Registers. A logical 1 supports 
the 256 color mode (only for 
320 x 200 resolution). 

Bit 5 A logical 1 instructs the Shift 
Registers in the graphic 
section to format the serial 
data with odd numbered bits 
from both of the odd numbered 
maps and even numbered bits 
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TABLE 19. FUNCTION DECODE 
Bit" I Bit 0 I Funct=on I = I ~ U 

0 0 The system microprocessor data is rotated by the number or 
counts in the Rotate Register that each memory map is written 
with, unless Set/Reset is enabled for the map. When the map 
Set/Reset is enabled, they are written with 8-bits of the value 
in the Set/Reset Register for that map. 

0 1 The contents of the system microprocessor latches are written 
to each memory map. A system read operation loads these 
latches. 

1 0 8-bits of the value of data bit n fills memory map n (0-3). 

1 1 The maps are written by the 8-bits contained in the SetlReset 
Register for that specific map (Enable SetlReset Register is a 
"don't care"). Rotated system microprocessor data is logically 
ANDed with Bit Mask Register data and forms an 8-bit value. 
This is the function that the Bit Mask Register performs in 
write modes 0 and 2. (See Bit Mask Register.) 

Note that the logic function specified by the Function Select register is applied 
to data being written to memory following modes 0, 2, and 3 described above. 

from both of the even num
bered maps. This bit is used 
in modes 4 and 5. 

Bit 4 A logical 1 enables the odd/ 
even addressing mode, which 
can emulate the IBM CGA. 
The value which should be 
programmed is the value of the 
Memory Mode register bit 2 of 
the Sequencer. 

Bit 3 A logical 0 causes the system 
microprocessor to read data 
from the memory map selected 
by the Read Map Select 
register, unless chain 4 (bit 3 
of the Sequencer Memory 
Mode Register) is set to 1. In 
this case the Read Map Select 
register has no effect. When 
this bit is a logical 1, the 
system microprocessor reads 
the results of the comparison 
of the four memory maps and 
the Color Compare register. 

Bit 2 Reserved 

Bits 1,0 Write Mode (See Table 19.) 

Miscellaneous Reg Ister 
Port = 03CF Index = 06 
Bits 7-4 Reserved 

Bits 3, 2 These bits control the mapping 
of the regenerative buffer into 
the CPU address space. The 
bit functions are defined in 
Table 20. 

Bit 1 When set to a logical 1 , this bit 
instructs the system micropro
cessor address bit 0 to be 
replaced by a higher-order bit. 
The odd/even maps will be 
selected with odd/even values 
of the system microprocessor 
AO bit, respectively. 

Bit 0 This is the text mode address
ing control. A logical 1 
enables the graphics mode. 
The character generator 
address latches are disabled 
when set to graphics mode. 

Color Don't Care Register 
Port = 03CF Index = 07 
Bits 7-4 Reserved 

Bit 3 1 - Do the color compare for 
map 3. 

o -Don't Care for map 3. 
Bit 2 1 - Do the color compare for 

map 2. 
o -Don't Care for map 2. 

Bit 1 1 - Do the color compare for 
map 1. 

o -Don't Care for map 1. 
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Bit 0 1 - Do the color compare for 
mapO. 

o -Don't Care for map o. 
Bit Mask Register 
Port = 03CF Index = 08 
Bits 7-0 Bits programmed to a 1 allow 

writes to the corresponding 
bits in the maps. A logical 0 
permits the corresponding bit n 
in each map to be locked at its 
current state, providing the 
location being written was the 
last location read by the s~'s
tem's microprocessor. 

Note that the bit mask applies 
to write modes 0 and 2, To 
preserve bits using the bit 
mask, data must be latched 
internally by reading the 
location. When data is written 
to preserve the bits, the most 
current data in the latches is 
written in those positions. The 
bit mask applies to all maps 
simultaneously. 

ATTRIBUTE CONTROLLER 
REGISTERS 
This section describes the registers in 
the Attribute Controller section. See 
Table 21. 

E 
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TABLE 20. BYTE SELECT 
Bit 3 Bit 2 Function 

VL82C037 
TABLE 21. ATTRIBUTE CONTROLLER 

REGISTERS 

o 
o 
1 
1 

o 
1 
o 
1 

Hex AOOOO for 128K Bytes 
Hex AOOOO for 64K Bytes 
Hex BOOOO for 32K Bytes 
Hex B8000 for 32K Bytes 

Register Name 

Address Register 
Palette Registers 
Attribute Mode Control Register 

Port Index 

03CO 
03CO OO-OF 
03CO 10 

Attribute Address Register 
Port = 03CO 
Bits 7, 6 Reserved 

Bit 5 Bit 5 must be written to 0 
before loading the Color 
Palette registers. Normal 
operation of the Attribute 
Controller requires that bit 5 be 
set to 1, which allows the video 
memory data to reach the 
palette registers. 

Bits 4-0 A binary value in these bits 
points to the Attribute Data 
register where data is to be 
written. 

The Address and Data 
registers can not be selected 
directly. An internal address 
flip-flop controls this selection. 
To initialize the flip-flop, an 110 
Read instruction must be sent 
to the Attribute Controller at 
address 03BA or 03DA. This 
clears the flip-flop, and then 
selects the Address register. 
The Address register is then 
loaded with an lID Write to 
03CO. The following lID Write 
instruction to 03CO loads the 
Data register. The flip-flop 
changes state each time an 
lID Write instruction is sent to 
the Attribute Controller. It 
does not change when an 110 
Read to 03C1 occurs. 

Palette Registers 
Wrlte-03CO Read-03C1 Index-OO-OF 

Bits 7, 6 Reserved 

Bits 5-0 The attribute byte of text or 
graphic color value is indexed 
to these 16 Color Palette 
registers. The content of the 

Overscan Color Register 03CO 11 
Color Plan Enable Register 03CO 12 
Horizontal PEL Panning Register 03CO 13 
Color Select Register 03CO 14 

selected Palette register is 
then used as a value sent off 
the chip to the video DAC, 
where they in turn serve as ad
dresses into the DAC internal 
registers. 

The Palette registers should 
be modified only during the 
vertical retrace interval to 
avoid problems with the 
displayed image. 

Attribute Mode Control 
Port = 03CO (W), 03C1 (R) Index = 10 
Bit 7 This bit selects the source for 

palette bits P4 and P5, which 
go to the video DAC. A logic 0 
selects bits 4 and 5 of the 
palette registers above. A 
logic 1 selects bits 0 and 1 of 
the Color Select Register. 

Bit 6 A logical 1 causes the video 
pipeline to be sampled so that 
eight bits are available to 
select a color in the 256 color 
mode (hex 13). This bit must 
be a logical 0 in all other 
modes. 

Bit 5 A logical 0 makes line com
pare have no effect on the 
output of the PEL Panning 
register. A logical 1 causes a 
successful line compare in the 
CRTC to force the output of 
the PEL Panning register to O. 
When VSYNC occurs, the 
output reverts to its pro
grammed value. This bit 
allows part of the screen to be 
panned while the rest remains 
stationary . 

Bit 4 Reserved 
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Bit 3 This bit is set to 1 for blinking 
graphics modes and alphanu
meric modes. A logical 0 
selects the background 
intensity of the attribute input. 

Bit 2 A logical 1 enables the special 
line graphics character codes 
for the monochrome emulation 
mode. A logical 0 causes the 
ninth dot to be the same as the 
background. When this bit is 
set to 1 it forces the ninth dot 
of a line graphic character to 
be the same as the eighth dot. 
Graphics character codes are 
hex CO through hex DF. For 
character fonts that do not use 
the line graphics character 
codes in this range (hex CO 
through hex DF) bit 2 should 
be a O. H not, unwanted video 
information will be shown on 
the CRT screen. 

Bit 1 A logical 1 sets monochrome 
emulation mode. A logical 0 
sets color emulation mode. 

Bit 0 A logical 0 selects text mode. 
A logical 1 selects graphics 
mode. 

Overscan Color Register 
Port = 03CO (W), 03C1 (R) Index = 11 
Bits 7-0 A binary value in this register 

determines the border color 
displayed on the CRT screen. 
The border color is displayed 
right after the Display Enable 
signal goes low and before the 
start of blanking period. The 
border is not supported in the 
40-column text modes or the 
320-PEL graphics modes, 
except for mode hex 13. 
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Color Plane Enable 
Port=--o3CO\-WA-),-0 .... 3-C~1 ~(R-)-----holn.-..ldc...ex..------= ... , 2~ 

Bits 7,6 Reserved 

Bits 5, 4 Two of the eight color outputs 
will be selected, according to 
these two bits, to be available 
for reading on bits 4 and 5 of 
Input Status Register 1. See 
Table 22. 

Bits 3-0 A logical 1 in each bit enables 
the respective display memory 
color plane. A logical 0 
disables the color plane. 

Horizontal PEL Panning 
Port = 03CO (W), 03C1 (R) Index = 13 
Bits 7-4 Reserved 

Bits 3-0 These four bits select the 
number of pixels to shift the 
video data to the left. PEL 
panning is available in both 
graphics and text modes. In 
modes 0+, 1 +, 2+, 3+, 7 and 
7+, the maximum shift is eight 
pixels. Mode 13 allows a 
maximum of three pixels. In 
the remaining modes, the 
image can be shifted a 
maximum of seven pixels. The 
order for shifting the image is 
shown in Table 23. 

Color Select Register 
Port = 03CO (W), 03C1 (R) Index = 14 
Bits 7-4 Reserved 

Bits 3,2 These bits are the two high
order bits of the 8-bit digital 
color value sent off-chip in all 
modes except the 256 color 
graphics. In the 256 color 
modes, the 8-bit attributes are 
stored in video memory. This 
becomes the 8-bit digital color 
value to be sent off-chip to the 
video DAC. These bits can be 
used to switch quickly among 
sets of colors in the video 
DAC. 

Bits I, 0 These two bits can be used to 
replace the P4 and P5 bits 
from the Attribute Palette 
registers to form the 8-bit 
digital color value sent off-chip. 
This is controlled by bit 7 of 
Attribute Mode Control 
register. By using this feature, 
sets of colors can be rapidly 
switched in the video DAC. 
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TABLE 22. COLOR PLANE AND STATUS 
Color Plane Registei I Input Status Register 1 

BitS Bit4 BitS Bit4 

0 0 P2 PO 
0 1 P5 P4 
1 0 P3 P1 
1 1 P7 P6 

TABLE 23. PEL REGISTER 
............. "" . .--- ...... ~ IIIUOC:U LV UIOC: L.OC:U 

PEL Panning 0+,1+,2+ All Other Mode 
Register Value 3+, 7, 7+ Modes 13 

0 1 0 0 
1 2 1 -
2 3 2 1 
3 4 3 -
4 5 4 2 
5 6 5 -
6 7 6 3 
7 8 7 -
8 o 

TABLE 24. EXTENDED REGISTERS 

Port Index RIW Bits Register 

3DE - RIW 5 Extension Address Register 

3DF D RIW 6 Bandwidth Control 

3DF E RIW 4 lID Trap Control 

3DF F R 8 NMI Data Cache (FIFO) 

3DF 10 R 8 Read DIP Switch 

EXTENDED REGISTERS 
A set of new registers have been added 
into the basic VGA to perform new 
features and enhancements. They are 
grouped under lID port 3DE and 3DF 
for address and data access respec
tively. All except the NMI Data Cache 
register have both read and write 
access. A summary of these registers 
is given in Table 24. 

03DE - EXTENSION ADDRESS 
REGISTER 
Bit Description 
0-4 5-bit index pointer to the 

extension data registers. 
5-7 Reserved 

The contents of this register need to be 
programmed before the data register is 
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accessed. The lID address is 3DE for 
both read and write access. 

03DF - BANDWIDTH CONTROL 
INDEX D 

Bit Description 
0-2 Reserved 
3-4 Bandwidth Control (See Table 

25.) 
5 Clock select bit 2 (CSEL2). 

Used with bit 2 and 3 of 
Miscellaneous Register. Up to 
eight different clock inputs can 
be selected from. (See Table 
5.) 

6-7 Reserved 

I 
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03DF - 1/0 TRAP CONTROL INDEX E 
Bit Description 
o When set to 1, it turns on the 

trap and generates NMI for 
downward compatibility 
emulation. When set to 0, it 
turns off the NMllogic. 

1-2 Backward Compatibility Mode 
(See Table 26.) 

3-6 Reserved = 0 
7 Graphics Latch read compati-

bility. 

03DF - NMI DATA CACHE INDEX F 
Bit Description 
0-7 First read of this register gets 

the address of the trapped 1/0. 

TABLE 25. BANDWIDTH 

Bit 4 Bit 3 Bandwidth 

0 0 1 .. 4 
1 0 1-7 
0 1 1-9 

1 Reserved 

Second read gets the data of 
the trapped 1/0. The size of 
the cache is two bytes wide 
and six rows deep. Each read 
will cause the read pointer to 
auto-increment and then reset 
at the end of the information. 

Note that only the first 8 bits of 
the 1/0 address are saved into 
the cache. Since bit 7 is 
always 1 if there is an address 
saved at this position, the 
trapped software should check 
this bit to determine whether 
this is the last read or not. 

Note that this is a read only 
register. 
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03DF - READ DIP SWITCH INDEX 10 
Bit Description 
7 Reserved 
6 DIP Switch 6 
5 DIP Switch 5 
4 DIP Switch 4 
3 DIP Switch 3 
2 DIP Switch 2 
1 DIP Switch 1 
o DIP Switch 0 

These bits can be read by the 
BIOS to determine the 
configuration desired. 

TABLE 26. GRAPHICS MODE 

Bit2 Bit 1 Mode 

0 0 VGA 
0 1 EGA 
1 0 eGA 
1 1 MeGA (MDA & HERe) 
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REGISTER SUMMARY 
GENERAL REGISTERS 

MISCELLANEOUS OUTPUT REGISTER 
Address = 03CC (Read), 03C2 (Write) 

17161514131211101 

I I I 

II I VO Address Select 
Enable RAM 

Ciock Select Bit 0 (See T abie 5) 

Clock Select Bit 1 (See Table 5) 

IL...--l -

INPUT STATUS REGISTER 0 
Address = 03C2 (Read Only) 

17161514131211101 

Reserved 
Page Bit for Odd/Even 

Horizontal Sync Polarity 
Vertical Sync Polarity 

I 
I ~I Reserved 

_ Switch Sense Bit 

Reserved 
L...-_______ CRT Interrupt Status 

VL82C037 

VIDEO SUBSYSTEM ENABLE REGISTER 
Address = 03C3 (Read/Write) 

17161514131211101 

I 
L Video Subsystem Enable 

. Reserved 

INPUT STATUS REGISTER 1 
Address = 03?A (Read Only) 

17\6\5\4\3\2\1\01 

I~ Display Enable 

Reserved 
Vertical Retrace Status 

Diagnostic 1 
Diag nostic 0 

Reserved 

FEATURE CONTROL REGISTER 
Address = 03CA (Read), 03?A (Write) 

17161514131211101 

Reserved 

Vertical Sync Select 

Reserved 

II i.----; 
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SEQUENCER REGISTERS 

NCER ADDRESS REGISTER 
SEQUE 03C4 (Read/Write) Address = 

17161514131211101 
I I Sequencer Index 

Reserved 

RESET REGISTE~ex _ 0 (Read/Write) Address = 03C5 In -

17161514131211101 

I~ Asynchronous Reset 

Synchronous Reset 

Reserved 

E REGISTER 
CLOCKING MOD dex -1 (ReadJWrite) Address = 03C5 In -

171615141~ 
8/9 Dot Clocks 

Reserved 

Shift Load 

Dot Clock 

Shift 4 

Screen Off 

Reserved 
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Map 0 Enable 

Map 1 Enable 

Map 2 Enable 

Map 3 Enable 

Reserved 

SELECT REGISTER 
CHARACTER MA~ex _ 3 (ReadlWrite) Address = 03C5 In -

1 7 I sl 51 4 I 31 211 I 0 I Map Select Bits . I Character T (See Tables 8 and 9.) 

_ Reserved 

DE REGISTER . 
MEMORY MO dex _ 4 (ReadlWnte) Address = 03C5 In -

17ISI51413~12~1; I ~ ReseNed 

~ Extended Video Memory 

Odd/Even 

Chain 4 

Reserved 
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CRT CONTROLLER REGISTERS 

CRT CONTROLLER ADDRESS REGiSTER 
Address = 03?4 (ReadlWrite) 

17161514131211101 

T I L-l -- CRTC Address 

. Test Bit 

Reserved 

HORIZONTAL TOTAL REGISTER 
Address = 03?5 Index 0 (ReadlWrite) 

\716\5\4\312\1\0\ 
\ Horizonatal Total Minus 5 

HORIZONTAL DISPLAY ENABLE END REGISTER 
Address = 03?5 Index 1 (Read/Write) 

171615141312\ 1\01 
1 Total Displayed 

Characters Minus 1 

START HORIZONTAL BLANKING REGISTER 
Address = 03?5 Index 2 (ReadlWrite) 

17161514131211101 
I Horizontal Blanking Start 

Character Count 

END HORIZONTAL BLANKING REGISTER 
Address = 03?5 Index 3 (ReadlWrite) 

\7\61514131211101 
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START HORIZONTAL RETRACE REGISTER 
Address = 03?5 Index 4 (ReadlWrite) 

/7/61514/31211101 
1 Start Horizontal Retrace 

END HORIZONTAL RETRACE REGISTER 
Address = 03?5 Index 5 (ReadlWrite) 
I -, I ,.. I ... I 4 I ... I ... I .. I - I 
1/10101 l"I£11Iul 

1 T End Horizontal Retrace 

'--_______ Horizontal Retrace Delay 

I End Horizontal Blanking, Bit 5 

VERTICAL TOTAL REGISTER 
Address = 03?5 Index 6 (ReadlWrite) 

17161514131211101 
1 Vertical Total Minus 2 

PRESET ROW SCAN REGISTER 
Address = 03?5 Index 8 (ReadlWrite) 

17/61514131211101 

I T ..... 1 --- Starting Row Scan Count 
After Vertical Retrace 

1 

IL--______ Byte Panning Control 
L... ________ Reserved 

MAXIMUM SCAN LINE REGISTER 
Address = 03?5 Index = 9 (ReadlWrite) 

17161514131211101 

I 
T L-I --- End Blanking 

_ Display Enable Skew Control 
IL-_1_1 ___ 1 ___ ff~~~~i~~~~:::ion 

L--________ Test Bit 
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CRT CONTROLLER REGISTERS (Cont.) 

OVERFLOW REGISTER 
Address = 0375 Index 7 (ReadlWrite) 

17161514131211101 

VL82C037 

I' I Vertical Total Bit 8 
Vertical Display Enable End Bit 8 

Start Vertical Retrace Bit 8 

L...-____ Start Vertical Blank Bit 8 

L..--_____ Line Compare Bit 8 

L....-______ Vertical Total Bit 9 

L...-_______ Vertical Display Enable End Bit 9 

L--________ Start Vertical Retrace Bit 9 

CURSOR START REGISTER 
Address = 0375 Index = A (ReadlWrite) 

17161514131211101 

T I .1-1 --- Cursor Start Scan Line 

. Cursor Off 

Reserved 

CURSOR END REGISTER 
Address = 0375 Index = B (ReadlWrite) 

17161514131211101 

I T ..... 1 --- Cursor End Scan Line 

_ Cursor Skew Control 
L--________ Reserved 

START ADDRESS HIGH REGISTER 
Address = 0375 Index = C (Read/Write) 

1716151413\21110\ 
1 High Order 8-Bits of 

Start Address 

START ADDRESS LOW REGISTER 
Address = 0375 Index = D (ReadlWrite) 

17161514131211101 
1 Low Order 8-Bits of 

Start Address 
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CURSOR LOCATION HIGH REGISTER 
Address = 0375 Index = E (ReadlWrite) 

17161514131211101 
1 High Order 8-Bits of 

Cursor Location 

CURSOR LOCATION LOW REGISTER 
Address = 0375 Index = F (ReadlWrite) 

17161514131211101 
1 Low Order 8-Bits of 

Cursor Location 

START VERTICAL RETRACE REGISTER 
Address = 0375 Index = 10 (ReadlWrite) 

17161514131211101 
1 Low Order 8-Bits of Vertical 

Retrace Start Position 



• VLSI TECHNOLOGY, INC. 

END VERTICAL RETRACE REGISTER 
Address = 03?S Index = 11 (ReadlWrite) 

17161s14131211101 

T Il---1 ___ Vertical Retrace Pulse Width 
_ 0 = Clear Vertical Retrace Interrupt 

o = Enable Vertical Retrace Interrupt 

Not Used 

VERTICAL DISPLAY ENABLE END REGISTER 
Address = 03?S Index = 12 (ReadlWrite) 

17161s14131211101 

I Low Order Vertical Display 
Enable End Minus 1 

OFFSET REGISTER 
Address = 03?Slndex = 13 (ReadlWrite) 

17161s14131211101 

,-I _____ Logical Line Width 
of the Screen 
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END VERTICAL BLANKING REGISTER 
Address = 03?Slndex = 16 (ReadlWrite) 

17161s14131211101 

I End Vertical Blanking 
Position 

CRTC MODE CONTROL REGISTER 
Address = 03?S Index = 17 (ReadlWrite) 

17161s14131211101 

Horizontal Retrace Select 
III I :: Row Scan Counter 

UNDERLINE LOCATION REGISTER Count by 2 
Address = 0375 Index = 14 (ReadJWrite) '--_____ Reserved 

I 71 61 51 41 31 211 I 0 1 '---_____ Address Wrap 

I

' I' I' 1 Scan Line Where Underline Will Occur '--------- Word/Byte Mode 
'----- '-________ Hardware Reset 

Count by 4 

Double Word Mode 
L...-_______ Reserved 

START VERTICAL BLANKING REGISTER 
Address = 037S Index = 1S (ReadlWrite) 

17161s14131211101 

1 Start Vertical Blanking 
Position Minus 1 
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LINE COMPARE REGiSTER 
Address = 037S Index = 18 (ReadlWrite) 

17161s1413J211101 

1 Line Compare Target 
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GRAPHICS CONTROLLER REGISTERS 

GRAPHICS ADDRESS REGISTER 
Address =- 03CE (ReadlWrite) 

17161514131211101 

I 
..... 1 --- Graphics Register Index 

...... _______ Reserved 

SET/RESET REGISTER 
Address = 03CF Index = 0 (ReadlWrite) 

17161514131211101 

III L SeVReset Map a ~ Set/Reset Map 1 

Set/Reset Map 2 

Set/Reset Map 3 
"--______ Reserved 

ENABLE SET/RESET REGISTER 
Address = 03CF Index = 1 (ReadlWrite) 

17161514131211101 

III L Enable Sel/Reset Map a 
~ Enable Set/Reset Map 1 

Enable Set/Reset Map 2 

Enable Set/Reset Map 3 
'---______ Reserved 

COLOR COMPARE REGISTER 
Address = 03CF Index = 2 (ReadlWrite) 

17161514131211101 

III L Color Compare Mapa 
~ Color Compare Map 1 

Color Compare Map 2 

Color Compare Map 3 
'---______ Reserved 

DATA ROTATE REGISTER 
Address = 03CF Index = 3 (ReadlWrite) 

17161514131211101 

READ MAP SELECT REGISTER 
Address = 03CF Index = 4 (ReadlWrite) 

17161514131211101 
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I 
~ Map Select Bits (See Table 18) 

'-. ______ Reserved 

GRAPHICS MODE REGISTER 
Address = 03CF Index = 5 (ReadlWrite) 

17161514131211101 

II I WrHe Mode (See Table t9) 
Reserved 
Read Type 

"--_____ OddlEven 

"--______ Shift Register Mode 
""'--_______ 256 Color Mode 

'---________ Reserved 

MISCELLANEOUS REGISTER 
Address = 03CF Index = 6 (ReadlWrite) 

/7/6/5/4/31211101 

I 

I I L Graphics Mode 
~OddlEven 

Memory Map Select (See Table 20) 
'-. ______ Reserved 

COLOR DON'T CARE REGISTER 
Address = 03CF Index = 7 (ReadlWrite) 

17161514131211101 

I ~L Map 0 = Don't Care 
~ Map 1 = Don't Care 

Map 2 = Don't Care 
Map 3 = Don't Care 

"--______ Reserved 

BIT MASK REGISTER 
Address = 03CF Index = a (ReadlWrite) 

17161514131211101 

,-I _____ a-Bit Data Mask 

I 
T ..... 1 -- Rotate Count 

_ Function Select (See Table 16) 
"--_______ Reserved 
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ATTRIBUTE CONTROLLER REGISTERS 

ATIRIBUTE ADDRESS REGISTER 
Address = OS CO (ReadlWrite) 

17161514131211101 

T I 1..-1 --- Attribute Register Index 
. Palette Address Source 

Reserved 

PALETTE REGISTER 
Address = 03CO (\\'rite), 03C1 (Read) Index = O-F 

17161514131211101 

II l-I ____ Video DAC Register Address 

. Reserved 

ATTRIBUTE MODE CONTROL REGISTER 
Address = 03CO (Write), 03C1 (Read) Index = 10 

17161514131211101 

Mono Emulation 

VL82C037 

HORIZONTAL PEL PANNING REGISTER 
Address = 03CO (Write), 03C1 (Read) Index = 13 

17161514131211\01 

I 
1.-1 --- Video Data Shift Count 

1-. _______ Reserved 

COLOR SELECT REGISTER 
Address = 03CO (Write), 03C1 (Read) Index = 14 

17\615\4\312\ 110\ 

I I I L Color ~elect Bit 4 

~ 
Color Select Bit 5 

I Color Select Bit 6 

Color Select Bit 7 
l--______ Reserved 

III I Graphic/Alphanumeric Mode 

Enable Line Graphics Character Code 

Select Background Intensity 
or Enable Blink 

1--_____ Reserved 

l--______ PEL Panning Compatibility 
1--_______ PEL Width 

l--________ P51P4 Select 

OVERSCAN COLOR REGISTER 
Address = 03CO (Write), 03C1 (Read) Index = 11 

\7\615\4\3\2\1\0\ 

I Border Coior Palette Index 

COLOR PLANE ENABLE REGISTER 
Address = 03CO (Write), 03C1 (Read) Index = 12 

17161514131211101 

~ Enable Color Plane 1 T T I ~L Enable Color Plane a 

I 
I 

Enable Color Plane 2 

Enable Color Plane 3 

Video Status MUX (See Table 22) 
1.... ________ Reserved 
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EXTENDED REGISTERS 

EXTENSION ADDRESS REGISTER 
Address = 03DE (ReadlWrite) 

17161514131211101 

I
L-l --- Extension Register Index 

1-. _______ Reserved 

BANDWIDTH CONTROL REGISTER 
Address = 03DF Index = D (ReadlWrite) 

17161514131211101 

Reserved liT I Bandwidth Control (See Table 25) 

Clock Select Bit 2 (See Table 5) 

Reserved 

1/0 TRAP CONTROL REGISTER 
Address = 03DF Index = E (ReadlWrite) 

17161514131211101 

~ Backward CompalibilHy Mode (See Table 26) 

I 
I

T 1- Enable 110 Trap Interrupt 

L-. ______ Reserved 

L--________ Graphics Latch Read Compatibility 

NMI DATA CACHE REGISTER 
Address = 03DF Index = F (Read Only) 

17/61514131211101 

1 AddresslData from Trapped I/O 

DIP SWITCH READ REGISTER 
Address = 03DF Index = 10 (Read Only) 

17/61514131211101· 

1 Dip Switch Data 
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AC CHARACTERISTICS: TA = ooe to +7ooe, vee = 5 V ±5%, GND = 0 V 

110 REAetWRITE, DAC READtWRITE;-SWfTCH READ (see Figures " 2, 8, 9Tllr.j 

Symbol Parameter Min Max 

tSU1 Address Setup Time 60 -

tSU2 ASEL Setup Time 30 -

tH3 Address Hold Time 0 -

tH4 ASEL Hold Time 0 -
t5 Command Pulse Width 200 -

tDS \A/rite Data Delay - 80 

tH7 Write Data Hold Time 0 -

- - -tD8 EDBUF and EABUF Delay 

I - I 
50 

tOg Read Data Valid Delay 120 

tH10 Read Data Hold Time 10 -

tD11 Read to DIR Delay - 45 

tD12 Read to DAC Read Delay - 50 

tD13 Write to DAC Write Delay - 50 

tD14 Read to Switch Read Delay - 40 

Note: 200 ns when VCLKO = 25 MHz; otherwise, three clocks +80 ns. 

MEMORY READIWRITE (See Figures 3 & 4.) 

Symbol Parameter Min Max 

tSU15 Address Setup Time 60 -
tSU16 ASEL Setup Time 30 -

tH17 Address Hold Time 0 -
tH18 ASEL Hold Time 0 -
t019 Write Data Delay - 80 

tH20 Write Data Hold Time 0 -

tD21 -EDBUF and -EABUF Delay - 50 

tD22 Read to DIR Delay - I 45 

tD23 Command to CPURDY Low Delay - 40 

tD24 RD Data from CPURDY High Delay - 15 

tH25 Valid RD Data Hold Time - 45 
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Units Conditions 
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AC CHARACTERISTICS (Cont.) 

DRAM READ/WRITE (See Figures 6 & 7.) 

Symbol Parameter 

tSU26 Row Address Setup 

tH27 Row Address Hold Time 

t28 -RAS Low Time 

t29 -RAS High Time 

tSU30 Column Address Setup Time 

tH31 Column Address Hold Time 

t32 -CAS Low Time 

t33 -CAS High Time 

tD34 -RAS to -DE Delay 

tD35 -RAS to -WE Delay 

tD36 -WE to-RAS High 

tD37 -RAS to --«AS Reference 

tSU38 Data to -WE Setup Time 

tH39 Data to -WE Hold Time 

CLOCK AND VIDEO (See Figure 5.) 

Symbol Parameter 

tCLK CLKIN Cycle 

tD40 PO-P7 Delay 

tD41 -BLANK Delay 

tD42 HSYNCNSYNC Delay 

tD43 CLKIN to PCLK Delay 

VL82C037 

Min Max Units Conditions 

10 - ns 

.5 tCLK - ns 

4 tCLK-10 - ns 

3tCLK - ns 

10 - ns 

tCLK - ns 

4.5 tCLK - ns 

2.5 tCLK -10 - ns 

2.5 tCLK -10 - ns 

2.5 tCLK-10 - ns 

tCLK - ns 

1.5 tCLK -10 - ns 

10 - ns 

tCLK - ns 

Min Max Units Conditions 

28 - ns 

- 80 ns 

- 80 ns 

- 80 ns 

- 60 ns 

5-72 



• VLSI TECHNOLOGY, INC. 

TIMING DIAGRAMS 
AGURE 1. 110·READ TIMING 

ADDRESS 

ASEL _~~~ 

-lORD 

tSU1 ~ 

tSU21 tH41 

RD DATA ==-------t-------
-EDBUF 

-EABUF 

~ 1 tD8 ~ 

,f DIR 

~ tD11 j.-

FIGURE 2. 1/0 WRITE TIMING 

tSU1 

ADDRESS 

ASEL 

tSU2 tH4 

-IOWR 

WR DATA --------t--- VALID DATA 

-EDBUF 

-EABUF ~-------::ij-Wl 
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tH3 

-------
tH10 

tD8 

t011\:= I 
tH3 
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VL82C037 

FIGURE 3. MEMORY READ TIMING 

tSU15 

ADDRESS 

ASEL 
tSU16 

-VMRD 

tD24 

RD DATA ===-_+-__ + _____ , 

-EDBUF 

-EABUF 

CPURDY 

DIR --------~tD=2:2-

FIGURE 4. MEMORY WRITE TIMING 

ADDRESS ~:tS~U~15~~---------_=jt==~ ~ ___ _ 
tH17 

ASEL 
tH18 

-VMWR 
tH20 

WR DATA -------i-----

-EDBUF 

-EABUF 

CPURDY 
tD23 
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VL82C037 

FIGURE-S.- CLOCK AND VIDEO TIMING 

~ tClK----~ 
ClKIN 

P7-PO 

-BLANK 

HNSYNC 

PClK 

FIGURE 6. DRAM READ TIMING 

- "- MD31-MDO ROWADDR COlADDR READ DATA 

tSU26 

-RASO- t28 t29 

-RAS3 

I tS37 
tSU30:::r tH31 

I 

-f t 
t33 

~~ 
t32 f -CAS 

t34 

-OE / 

FiGURE 7. DRAM WRITE TIMING 

~/ ROW ADDRESS \V 
--.l\ If\. 

MD31-MDO COL ADDRESS \/ 
1\ 

WRITE DATA 

... tSU26 .... tH27~ I ~ 

J t28 t29 
-RASa-
-RAS3 

~Ir 7'-

~tSU30 .. ... tH31--.j ... .. t036 I 
... tD37 .... 

L ~ - I t33 .. t32 .. 
-CAS -'1.:- -,'-

-+I .. tSU38 

-WE 
________ ~I._-_-_-_-_-_-_-_-_-~_-_tD_35_-_-_-_-_-_-_-_-_-~_-_-~·~~_-_-_-_-_tH_3_9==:i------
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VL82C037 
FIGURE 8. DAC READ TIMING 

tSU1--. tH3 

ADDRESS 

ASEL ___ --: 
tSU2 tH4 

-lORD 

-DACR 

-EDBUF 

-EABUF ------~Itn~ 

DIR _______ I~_ 

FIGURE 9. DAC WRITE TIMING 

tSU1_-. tH3 

ADDRESS 

ASEL _____ ---: 

~----t5------~~ _________ _ 
-IOWR 

-DACW 

-EDBUF 

-EABUF -------~h58 
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FIGURE 10. SWITCH READ TlMIN~ 

!.--tSU1 ---. 

ADDRESS _~ 

ASEL ___ --: 

-!ORD 

-SWTR 

-EDBUF 

-EABUF -------::.l"tDB 

DIR ________ I~ 

tD14 

tH4 

5-n 
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tH3 

L--
tD14 

tDB I -, --

I 
~ 

I 

If -1 tDll 
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VL82C037 
ABSOLUTE MAXIMUM RATINGS 
Ambient Operating 
Temperature O°C to +70°C 

Storage Temperature -40°C to + 125°C 

Supply Voltage to 

Stresses above those listed may cause 
permanent damage to the device. 
These are stress ratings only. Func
tional operation of this device at these 
or any other conditions above those 

indicated in this data sheet is not 
implied. Exposure to absolute maxi
mum rating conditions for extended 
periods may affect device reliability. 

Ground Potential -0.5 V to VCC +6.0 V 

Applied Input 
Voltage -0.5 V to VCC +0.5 V 

DC Input Current ± 20 rnA 

Lead Temperature 300°C 

DC CHARACTERISTICS: TA = O°C to +70°C, VCC = 5 V ±5%, GND = 0 V 

Symbol Parameter Min Max Units 

VIH Input High Voltage 2.0 VCC V 

VIL Input Low Voltage -0.5 0.8 V 

VOH Output High Voltage 2.4 - V 

VOL Output Low Voltage - 0.4 V 

liN Input Leakage Current -10 10 J.1A 

IOZ 3-State Output Leakage Current -10 10 J.1A 

100 100 Dynamic Current - 80 rnA 

Note 1: 2 rnA Output Pads: -EABUF, -EDBUF, DIR, -CRTINT, -NMI, CPURDY, -SWTR, 
HSYNC, VSYNC, -BLANK, -DACR, -DACW, PCLK 

4 rnA Output Pads: 
8 rnA Output Pads: 
12 rnA Output Pads: 
20 rnA Output Pads: 

P7-PO, DA7-DAO, MD31-MDO. 
-RASO-RAS3, -WE 
-QE 
-CAS 

Note 2: -200 J.1A Output Pads: -EABUF, -EDBUF, DIR, -CRTINT, -NMI, CPURDY, -SWTR, 
HSYNC, VSYNC,-BLANK, -DACR, -DACW, P7-PO, DA7-DAO, 
MD31-MDO, PCLK 

-1 rnA Output Pads: -RASO, -RAS 1, -RAS2, -RAS3, -WE 
-3.3 rnA Output Pads: -QE, -CAS 
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Conditions 

VCC = 5.25 V 

VCC = 5.25 V 

IOH (See Note 2) 

IOL (See Note 1) 

VIN = VCC/GND 

VOUT = VCC/GND 

VCC = 5.25 V 
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VL82C037 

VGA ADD-ON CARD 
VbSJ-l-egie--P-f6EkJetsgrettp has made 
available an XT-compatibie evaiuaiion 
board for the VL82C037. The board 
has a 15-pin connector for connecting a 
stand VGA analog monitor, and a 9-pin 
connector for connecting older style 
digital monitors. The DIP switch bank is 
used to configure the board for the type 
of monitor being used, according to the 
following table: 

The board is capabte of supporttngnon
standard video modes which can be set 
using a program called 
VGAMODE.EXE, which is available on 
request. The non-standard text modes 
supported are 132 columns by 25 rows, 
and 132 columns by 43 rows. The 132 
x 43 mode requires a high speed 
multisync monitor. The 800 x 600 16 

color graphiCS moaerequlres-ruu-ns 
DRAMs and a 36 MHz clock, and is not 
supported on this board. Other 
software is available which demon
strates hardware panning and a 160 
column by 50 row text display mode. 

~YV4 ~YV" 
r .... ~ 
':;'VY"" 

off x x 
on off off 
on off off 
on off on 
on off on 
on on off 
on on off 
on on on 
on on on 

1 
RESET 2 

A 3 
C ~IRQ2 4 VC 

~ 
---2... 

A 7 -12 V <, 
~ 
-1L 

10 
-SMW 11 
-SMR 12 
-SIW 13 
-SIR 14 

-1§.. 

I --1.§.. 
--..lL 
~ 

RFSH 19 
~ 
-lL 
~ 

'-A. 
~ 

':;'VY M NIIUt1 

x 
off 
on 
off 
on 
off 
on 
off 
on 

J1 

81 
82 
83 
84 
85 
86 
B7 
88 
89 
810 
811 
812 
813 
814 
815 
816 
817 
818 
819 
820 
821 
822 
823 

IBM Analog Monitor (Mono or Color) 
Digital Monochrome 
Digital CGA 
Digital EGA 
NEe MultiSync or Compatible (Analog) 
NEC MultiSync Plus (Analog) 
Reserved 
Reserved 
Reserved 

A1 32 IOCHCK 

A2 33 S07 

A3 34 S06 
35 S05 A4 
36 S04 A5 

A6 37 S03 
38 S02 __ A~ 

/",\1 

39 S01 A8 
A9 40 SOO 

A10 41 IOCHRDY 
42 AEN A11 
43 SA19 A12 
44 SA18 A13 
45 SA17 A14 
46 SA16 A15 

A1~ 147 SA15 
.. - 48 SA14 
A17 49 SA13 
A18 50 SA12 
A19 51 SA11 A20 

SA10 A21 52 
A22 53 SA9 

54 SA8 
A23 55 SA7 
A24 56 SA6 
A25 57 SA5 
A26 58 SM 
A2.7 59 SA3 

VCC 

LC 
:ItC1~C1~C1~C2~C3~C34 

IIIIIT 
10~F 10~F 10~F 

10~F 10~F 10~F 

vee 
LC 

IC4IC5ICsIC7ICsIC9j:10IC11C11C13 

I I I I I I I I I ~O.lf1F 
0.1 ~F 0.1 ~F 0.1 ~F 0.1 ~F 0.1 ~F 

0.1 ~F 0.1 ~F 0.1 ~F 0.1 ~F 

vee 

IC11C1iC1:tC21C21 

IIITT 
0.1 ~F 0, 1 ~F 0.1 llF 

0.1 ~F 0.1 ~F 

IC21C25 

II..;. 
0.1 ~F 

VCCO----+---==---4 A28 60 SA2 A29 ~::....-.....:.:~--
A30 61 SA1 

..... .....::..:'-----1 831 A31 62 SAO 

8US CONNECTOR 
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VGA ADD-ON CARD (Cont.) 

RFSH 
AEN 
::SMA 
::siR 
:SIW -

SA15-SA19 
'§A14.SA9 

-SMR 

-SMW 

SAB-SA16 

DAO-OA7 

SNJ-SA7 

SDO-S07 

U24 

PAL20L8 23 
~11 108~ 
~ 12 107 21 
~13 106~ 
~ 14 105 19 

~ 15 104 18 SM 

==:::AA~::~=~~~~ ~ ~ L..:..:~~:----:::~:~-......~ 
/ SA17 8 18 101 L-15-------..... ~ 

_....:..S..,..A1,..,,6,....-:;-;;9., 19 01 t14J SA7 

18 OA7 
2 16 OM 
4 OAS 

6 1Y3~: OM 
__ ,----:;-::8.--, 1M 1Y4 9 0A3 
___ ,--_~'1" ~1 2Y1L-7-~0~~~--' 
__ --::-;:13,........, ~ 2Y2 _5 __ 0="A:-::1:--~ 
_........"..,,...-._1:;::5,---, 2A3 2Y3 3 OAO 
_~ __ 1_7-, 2M 2Y4 

74ALS244 

__ SO_7 __ 1~8;-"'1 81 A 1 

___ .:.SD6 __ 1.,..,,7~ B2 ~ 
__ SO_5 __ 1::-;:6,......, B3 A3 

__ S",.."..04_:;-:'5;-----, B4 M 
__ SD3 __ 1:-::4~ B5 AS 

___ SOO~_~13" ~ A6 
__ SO_1 __ :-::12.--, 87 A7 

_...:..SOO __ 1_1---, B8 AS 

2 

3 
4 

5 
6 

7 
8 
9 

OA7 

OM 

OAS 
OM 

0A3 
O~ 

OM 
OAO 

G ,-.:.:19~ ___ _ 

OIR L~ _____ _ L-__ _ 

74ALS245 

A 

... 8 
- 11-.-_-

I 

c 

E 

F 

G 
OAO-OA7 

H 

P2 ~CLK ~R~ES~EET=========================-__________ r-rl~ 

vee 

5·80 

VL82C037 



• VLSI TECHNOLOGY, INC. 

VGA ADD-ON CARD (Cont.) 

i 
ROMCS P2 

--------------~~7_3 __ _ 
MOO 71 

I 
VMDO-VMD7 P3,4 

A 

B 21 -lORD ~------~20!OI -IOWR 

13 J ASEL ~------11i991~ VURD 

-------1177-1.J =VMWR 

4 
'-~~--~5~ A8 
"""'-.'=':"::~-----;:6n A9 
"""'-.~"'-----:;7""" Al0 
'-.:.:.:..----;;8,...., All 
"""'-."':"""'=----0\ A12 
,"",,--=-.,...,.... __ -:;;:;9,...., A13 

1'..........:.:~ __ ---;l,.O..., A14 
11 

'"""--=----'1;;;21 Ai5 
----..............:::..:..:..:...------, A16 

98..( -EABUF 
--.!:..------l99ifl...( -EDBUF 

97_ DAO 
-..:.:...:..:.....----j96iii:,...-1 DAl 

94_ DA2 -.:::.:::=--------;93~~ DA3 

92 j DM 
--::::::,.:.;------Ci191ilJ DAS 

89 j DA6 ~~------'iU88n_ DA7 

100_ DIR 
H ______ ~2M5_1 VC~O 
G ____ -;:2;;;4_

1 
VC~l 

_J ___ J_ r----:::v;_-,--, VC~2 
K VC~3 
L 
M 

~ EXCLK 
2 
'3 RESET 

'111--
90
----1 SWITCH 

--72=-1 GND 
----, GND 

- 65 GND 

61_ GND 
__ 40,.",....., GND 

15 
- 31- GND 

r--'--~5"'" GND 
9_ vee I 68 

fssvee 
~ vee 
4~ vee 

I 

MDl ~70--....,....;;::v;

MD2 '--69--
MOO ~67--....,....;;:-.;
MD4 L..:....66---=-::-:~ 
MD5 L..:....

64
---;-;o;;r:;;;;-

MOO 63 

MD7 62 VMDS-VMD15 P3,4 

MOO L..., ..:..SO--.V .... MTrD9:;n-

MOO L.:.59=---.V .... M;;::D ... lnO-
MD10 L.....:..57~-.V .... MTrD:;:;111-

MD11 56 VMD12 
MD12 t.....::55=-----:-V~M;;:;D ... 13;;-
MD13 L.::=---:-VU.M;;:;D;:;-:14'-

54 __ "":""::",:=;-
MD14 53 VMD15 
MD15 L.::52=------..VliMn.D16 
MD16 L..:.:51=----.VriiMMD'i1l7 
MD17 L...:.50.:........--~VmMiFiDi1i18il 

VMDl6-VMD23 P3,4 

MD18 49 VMD19 
M D19 L.::48=---------.VirMiFDi?:20n 
MD20 L..::47=-------.V~M;;=Di?211 
MD21 46 VMD22 
MD22 ~~~---UVliM~D23Y.t 
MD23 L.::44=----\jViiMii'Y.D24 

MD24 43 VMD25 
MD25 L, ':4:'2 ----"V1ijMmD26i?6 

MD26 L=41~---\jviiMnD2~7r 
MD27 L.:39~------UV1ijMiFiD26i?6 

VMD24-VMD31 P3,4 

MD28 38 

M~ L, ~37~---\Tl~o 

MD30 36 -VRASO 

Mool LI!~t===========--------~_~V~R~~l -~O b~~==---------~_~V~~~2 -R~l b~34C==---_--------=_~V~RAS~3 
-RAS2 -VCAS 

P3,4 
P3,4 

-~3 ~ -ffl~ 
Rl -VOEA P3 

-CAS 
28 -WE 

P3,4 
P3,4 
P3,4 

P3 

30 R3 
-DE 

-SWTR 27 
81 

PO 
80 

Pl 
79 

P2 
78 

P3 n 
P4 

76 
P5 

75 
P6 

74 
P7 I 

-SWTR P2 

PO 

Pl 
P2 
P3 
P4 

PO-P7 P2 

:: I 
L....:....:. ___ P_7 -.....L.l 

14 

-BLANK P2 
-DACR P2 
-DACW P2 
VSYNC P2 
HSYNC P2 
IDCHCK BUS 

IOCHRDY BUS 
IRQ2 BUS 

DCLK P2 

-BLANK 
-DACR 

-DACW ~~= _________ ==~~ 
VSYNC 
HSYNC 

-NMI ~16 
CPURDY C=~l==-________ ~=~~ 
-CRTINT ~8~7== ___________ __ 
PC~ I 
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VGA ADD-ON CARD (Cant.) 

P1 

P1 

P1 

P1 

P1 

P1 

P1 

P1 

P1 

U22 74F244 A 

18 SOO 11 DA7 2 
1A1 1Y1 

SD1 16 
SAO 10 AO 00 

12 DA6 4 
1A2 1Y2 

SD2 
9 D1 

S 14 
A1 

13 DAS 
1A3 1Y3 

12 
8 D2 

8 
A2 

1S DA4 
1A4 1Y4 

9 
7 D3 

11 
A3 

16 DA3 
2A1 2Y1 

7 
6 D4 

13 
A4 

17 DA2 
2A2 2Y2 

S 
S DS 

1S 
AS 

18 DA1 
2A3 2Y3 4 00 

17 3 
A6 

19 DA7 
2A4 2Y4 3 A7 D7 

2S A8 
1G 

19 
24 A9 

2G 21 A10 
23 A11 
2 A12 

26 A13 
SA14 27 A14 SA10-SA14 

ROMCS 20 -CE 
-SMR 22 -DE 

VPP 

27256 

DAO-DA7 B 

-DA CW C 
:OACR D 
SA1 E 
SAO -

G 
PO-P7 

PO -
P1 

"- P2 

"- P3 

r-... P4 

"- PS 

t-.... P6 

I....... P7 
VCC 

74F2~ 
2 J I 18 
--I 1A1 1Y176 
4 

1A2 1Y2 74 --I 
6 

1A3 1Y3 12 8 
1A4 1Y4 '---9 -

11 
2A1 2Y1 -7 13 
2A2 2Y2 I"'-S 1~ 2A3 2Y3 ~ 17 
2A4 2Y4 r-

-

.-4 1G 

~2G 
L---

J 

S4.7 kn 

~~U28C S ,,-,-_6 __ 

• 
74LS04 

J 

~ ~~ A1~2 1 
VOUT _ ---1-S-'J B2 A2 H 

--- ~~3=~HO~U~T~~ ______________ -=================~ ~ __________ 16 B3 A3 LL~4=f_P~B~LA~N~K~===========-_____________ J __ ""--_____ ~17;;--.., B4 A4 L S PLCK 

---~ BS AS 6 PD7 _ 
L ______ -;:;19;;;_-, B6 AS 7 POO _ ........ 

-- 20_ B7 A7 8 PDS _ ........ 
21 B8 AS ......... 
~ A9 9PD4_ 

-'-------. B9 10 POO ........ 
r 23_ B10 A10 ......... 

11 PD2_ ~.I.----I-+-I ~24 B11 A11 12 PD1 ........ 

"""--+-+---=~;:--,BI2 A12 13 POO 1 K 
_--1~I_26 ~B13 A1~ " 

~ I I~===AU=X=IL=I=AR=Y=CO=N=N=E=C=T=OR=============== ____________________ L __ 

I ] 
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VGA ADD-ON CARD (Cont.) 

VCC L1 0.047 UF 22 UF 

5.1 U"H '---....... -c~~-:=!=:cz7l'r ~'-__ ryy'- i C28 ~ ;; C27 
U27 28 I I 

............. _~_AA~ __ -::~;;;'4__, D7 ~ ~ 

............. -D-A5---::22;;;'J~: C 
'--=D':"'A4------;2;;1--, D4 

'--=D-A3--'2QV\I D3 
............. -D-A2----:1~9--, 2 

'--=D':"'A-1 -----:·;;:;1 S-, D 

B '--D-AO---::1;:T71 ~~ ~~-------"~=---~25~ 
-~--------~~ WR C 15 RD 

==jDE==================~2E7 RS1 E 26 RSO 
F ___ ----:1~2-. PD7 

G ___ ----;1~1__, PD6 

--.:.... ___ 1-;:;0--, PD5 

-..:... ___ ~9__, PD4 
-..:... ___ -.:;8__, PD3 

~-=--__ -;:;7-, PD2 
'-":" ___ ",;::,6..., PD1 

.-:.---,-,..,.....-----:;-;;5--, PDO 
PCLK 13 PCLK 
-PBLANK 16 PBLANK 

H 

K 

L 

IMSG171 

8 

VCC 

4·~~h4~;~ 
U28A 2 CLKEN ECLK 1 

ESYNC 
U28B 4 

3 

74lS04 

IREF 

R 
G 

B 

~ I 

U30D 

P1 

P1 

DLCK 

SYNCEN 
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-12V 

R16 

HSYNC 2 

74lS125 

P1 

VSYNC 5 

A 

B 

C 

D 

E 

C23 l' 
270 pF '\7 
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VGA ADD-ON CARD (Cont.) 

-

A 

vee 
RP1G j 
4.7~ J3 

RP1H ~ 11 RP1F 

4.71<0 \< <?< <>4.71<0 ~ -0 

8C'\ 

VOUT 

HOUT 

MS1 

MSO 
B 

~?'? 7-0 
I 'a----:-:14i""T,.,-O 

15 

1. 

6 -0 
13 

11 -0 

3 -0 

-0 
5 -0 

12 -0 
4 -0 

10 -0 
~ 2 

(C~-------r----s~-O~ 
o 

- r--

- r=- 9 -01 
1t) 

E F 
I I ANALOG CONNECTOR 

vee 

U100 
2 

1Y1 1A1 
4 

1A2 1Y2 
6 

1A3 1Y3 
8 

1A4 1Y4 
11 

2A1 2Y1 
13 

2A2 2Y2 
15 

2A3 2Y3 
17 

2A4 2Y4 MS1 
MSO 

1G 
19 

2G 
-SWTR 

74LS244 

SOO-S07 P1 

18 OA7 
16 OA6 
14 OAS 
12 OA4 
9 OA3 
7 OA2 
5 DA1 
3 OAO 

VL82C037 
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VGA ADU-ONCARD- FIRST BANK OF MEMORY 

P1 MDO-MD7 
P1 MD8-MD15 

P1 
P1 
P1 
P1 
P1 
P1 

P1 
P1 
P1 

MD16-MD23 
MD24-MD31 
-RASO 
-RAS1 
-RAS2 
-RAS3 

~I 

I 

I 

~ 

r-... MD8 
r-... MD9 

MD10 
I\. MD11 
r-... MD12 
r-... MD13 
r-... MD14 
\.. M015 

I 

" 
MD24 
MD25 

, MD26 
MD27 
MD28 
MD29 

'" MD30 
'" MD31 

I 

" U16 
14 

AO DO 
2 MD12 / 

13 
A1 D1 

3 MD13 / 
12 A2 D2 

15 MD14 / 
11 

A3 D3 
17 MD15 / 

8 
A4 

7 
A5 

6 
A6 

10 . A7 

5 
-RAS 

16 
-CAS 

1 
-OE 

4 

I 
-WE 

4464 

" 
U12 

14 
AO DO 

2 MD28 / 
13 

Ai D1 
3 MD29 / 

12 
A2 D2 

15 MD30 / 
11 A3 03 

17 MD31 / 
8 

A4 
7 

AS 
6 

A6 
10 

A7 
5 

-RAS 
16 

-CAS 
1 

-OE 
4 WE 11- I 

I J 4464 
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A 

" '\,8 

U15 

r-... MD8 14 
AO DO 2 MD8 / 

r-... MD9 13 
A1 D1 3 MD9 / 

I I'... MD10 12 
A2 D2 15 MD10 / 

r-... MD11 11 
A3 03 17 MD11 

r-... MDi2 8 
A4 

r-... MD13 7 
A5 

r-... MD14 6 
A6 

\.. MD15 10 
A7 

5 
-RAS 

16 
-CAS 

1 
-OE 

4 i-WE 
4464 c 

0 
E 

F 

" 
U11 I 

I\. MD24 14 
AO DO 2 MD24 / 

I'... MD25 13 
Ai D1 3 M025 / 

, MD26 12 
A2 D2 15 MD26 / 

I'... MD27 11 
A3 D3 17 MD27 / 

MD28 8 
A4 

MD29 7 
A5 

'" MD30 6 
AS 

'" MD31 10 
A7 

5 
-RAS 

16 
-CAS 

I 1 
-OE 

4 

1 
-WE 

4464 G 

H 

J 

K 
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VL82C037 
VGA ADD-ON CARD· FIRST BANK OF MEMORY (Cont.) 

A 

" " " B 

U14 U13 
MOO 14 

AO DO 2 M04 ,/ " MOO 14 AO DO 2 MOO ~ 
~ M01 13 

A1 01 3 M05 ~ " M01 13 A1 01 3 M01 ~ 
r\. M02 12 

A2 02 
15 M06 ,/ " M02 12 A2 02 15 M02 ~ 

M03 11 A3 03 17 M07 ~ " M03 11 A3 03 17 M03 ~ 
r\. M04 8 

A4 " M04 8 A4 
~ M05 7 AS " M05 7 AS M06 6 A6 I\. M06 6 A6 
r\. M07 10 A7 ' M07 10 A7 

5 -RAS 5 -RAS 16 -CAS 16 -CAS 1 -OE 1 -OE 4 -WE 4 -WE 

1 1 4464 C 4464 
0 
E 
F 

" '" " 
U10 U9 

\. M016 14 AO DO 2 M020 ,/ r\. M016 14 
AO DO 2 M016 ~ 

\. M017 13 A1 01 3 M021 / r\. M017 13 A1 01 3 M017 ,/ 

\. MD18 12 
A2 02 15 M022 ,/ r\. MD18 12 

A2 02 
15 M018 ~ 

r\. M019 11 A3 03 17 M023 ,/ r\. M019 11 A3 03 17 M019 ,/ 

~ MD20 8 
A4 r\. MD20 8 

A4 
r\. M021 7 AS I\. M021 7 AS 
~ M022 6 

A6 r\. MD22 6 
A6 

\.. M023 10 A7 \.. M023 10 
A7 

5 -RAS 
5 

-RAS 16 -CAS 16 -CAS 1 -OE 1 -OE 4 4 

J 
-WE 

J 
-WE 

G 4464 4464 
H 

J 

K 
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DISPLAY CONNECTOR 
Analog MOnitor COnnector ----
-> 15-pin D-shell Display Connector 

6 

11 

5 

10 

Pin Number I/O Output Monochrome 
1 0 Red No Pin 
2 0 Green Mono 
3 0 Blue No Pin 
4 NA Reserved No Pin 
5 NA Digital G Self Test 
6 NA Red Rtn Key Pin 
7 NA Green Rtn Mono Rtn 
8 NA Blue Rtn No Pin 
9 NA Plug No Pin 
10 NA Digital G Digital G 
11 NA Reserved No Pin 
12 NA Reserved Digital G 
13 0 HSYNC HSYNC 
14 0 VSYNC VSYNC 
15 NA Reserved No Pin 

Note: Red Rtn, Green Rtn, Blue Rtn = Analog Grounds 
Digital G = Digital ground for sync returns and self test 

Digital Monitor Connector 
--> 9-pin D-shell Display Connector 

o 
o 6 

o 
o 

o 
o 

o 
5 00 9 

Pin Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Signal Description 
Ground 
Secondary Red 
Primary Red 
Primary Green 
Primary Blue 
Secondary Green/Intensity 
Secondary BluelMono Video 
Horizontaf Retrace (Hsync) 
Vertical Retrace (Vsync) 
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Color 
Red 
Green 
Blue 
No Pin 
Self Test 
Red Rtn 
Green Rtn 
Blue Rtn 
No Pin 
Digital G 
Digital G 
No Pin 
HSYNC 
VSYNC 

I No Pin 
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VL82C037 
RY VIDEO CONNECTOR 

AUXIUAb Signal Description Pin Num er d 
A1 Groun 
A2 VSYNC 
A3 HSYNC 
A4 Blank 
AS PCLK 
A6 P7 
A7 P6 
A8 PS 
A9 P4 
A10 P3 
A11 P4 
A12 P1 

PO ~~3 Reserved 
B2 Reserved 
B3 Ground 
B4 Ground 
B5 Ground 
B6 Ground 
B7 Reserved 

ECLK 
B8 ESYNC B9 
B10 EPEL 
B11 Ground 
B12 Ground 
B13 Ground 
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PARTS LIST 
Resistors 

Description 
22 Ohm 
75 Ohm 
365 Ohm 
1KOhm 
4.7KOhm 

Resistor Network 
Description 
4.7K Ohm 10-Pin 

Capacitors 
Description 
0.1 IlF DCAP 

10 IlF TCAP 
0.047 IlF DCAP 
270 pF DCAP 

Semiconductors 
Description 
74ALS245 
74ALS244 
74LS244 
74F244 
4464-10 DRAM 
OTI-036/ 
IMSG171 DAC 
27256-200 EPROM 
PAL20L8-15 
VL82C037 

Crystal Oscillators 
Description 
25.175 MHz 
28.322 MHz 
35.5 MHz 

Connectors 
Description 
15-Pin D-shell 
9-Pin D-shell 

Miscellaneous 
Description 
TL431 Volt. Regulator 
10-Pin RC Network 
5.1 IlH Inductor 
4-position DIP Switch 

Quantity 
4 
3 
1 
1 
3 

Quantity 
1 

Quantity 
17 

7 
1 
2 

Quantity 
1 
1 
2 
1 
8 
1 

Quantity 
1 

Quantity 
1 
1 

Quantity 
1 
2 
1 
1 

Discrete 
R1,R3,R4,R6 
R14,R15,R16 
R7 
R8 
R10, R11, R12 

Discrete 
RP1 

Discrete 

VL82C037 

C8, C9, C10, C11, C12, C13, C14, C15, C16, C20, C21 , C24, C25, C29, 
C31, C32, C33 
C17,C18,C19,C26,C30,C34,C35 
C28 
C22, C23 

Discrete 
U29 
U23 
U26, U100 
U25 
U9,U10,U11,U12,U13,U14,U15,U16 
U27 

U22 
U24 
U21 

Discrete 
U18 
U17 
U19 

Discrete 
J3 
J4 

Discrete 
TR1 
FL1, FL2 
L1 
SW1 
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VL82C037 
PAL EQUATION (FOR THE ADD-ON CARD) 
A 15 ns 20L8 PAL is required for interface between bus connector and VGA chip. The equation of the PAL is listed below. 

PAL20L8 
VGA BOARD 

/RFSH AEN /SMRN /SlRN /SlWN SA19 SA18 SA17 SA16 SAIS SA9 GND 
SA8 SA? /ASEL SA6 SAS SA4 /lOWR /IORD /SELO /ROMCS NC VCC 

SELO = SA19 * /SA18 * SA17 * /RFSH + 
SA9 * SA8 * SA7 * SA6 * /SAS * /RFSH * /AEN * SlWN + 
SA9 * SA8 * SA7 * SA6 * /SAS * /RFSH * /AEN * SlRN + 
SA9 * SA8 * SA7 * /SA6 * SAS * SA4 * /RFSH * /AEN * SlWN + 
SA9 * SA8 * SA? * /SA6 * SAS * SA4 * /RFSH * /AEN * SlRN 

ASEL = /SELO 
ROMCS = SA19 * SA18 * /SA17 * /SA16 * /SAIS * /RFSH * SMRN 
lORD = SlRN * /AEN 
lOWR = SlWN * /AEN 
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FEATURES 
& Full double buffering 

• Independent control of transmit, 
receive, line status and data set 
interrupts 

• Modem control signals include -CTS, 
-RTS, -DSR, -DTR, -RI and -DCD 

• Programmable serial interface 
characteristics: 
- 5-,6-, 7- or 8-bit characters 
- Even-, odd-, or no-parity bit 

generation and detection 
- 1-, 1 1/2- or 2-stop bit generation 
- Baud rate generation (DC to 56K 

baud) 

• Full status reporting capabilities 

• Three-state TIL drive capabilities for 
bidirectional data bus and control bus 

PIN DIAGRAMS 

DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 

RCLK 
SIN 

SOUT 
CSO 
CS1 

-CS2 
-8AUDOUT 

XTAL1 
XTAL2 

-DOSTR 
DOSTR 

VSS 

VL16C450 
VL82C50A 
VL82C50 

VCC 
-RI 
-DCD* 
-DSR 
-CTS 
MR 
-OUT1 
-DTR 
-RTS 
-OUT2 
INTRPT 
N.C. 
AO 
A1 
A2 
-ADS 
CSOUT 
DDIS 
DISTR 
-DISTR 

*On the VL82C50, Pin 38 (Pin 42 on 
the PlCC package) is also called 
-RLSD. 

VL 16C450 • VL82C50A • VL82C50 
ASYNCHRONOUS COMMUNICATIONS ELEMENT 

- --

DESCRIPTIONS 
The VL 16C450 is an asynchronous 
communications element (ACE) that is 
functionally equivalent to the 
VL82C50A, but is an improved specifi
cation version of that part. The 
improved specifications provide 
ensured compatibility with state-of-the
art CPUs. 

The VL 16C450, VL82C50A, and 
VL82C50 ACEs serve as serial data 
input/output interfaces in microcomputer 
systems. They perform serial-to
parallel conversion on data characters 
received from peripheral devices or 
modems, and parallel-to-serial conver
sion on data characters transmitted by 

VL16C450 
VL82C50A 
VL82C50 D5 

D6 

D7 

RCLK 

SIN 

N.C. 

SOUT 

esc 
CS1 

-CS2 

-BAUDOUT 

ORDER INFORMATION 
Part Clock 

the CPU. The complete status of the 
ACE can be read at any time during 
functional operation by the CPU. The 
information obtained includes the type 
and condition of the transfer operations 
being performed, and error conditions 
involving parity, overrun, framing, or 
break interrupt. 

A programmable baud rate generation 
is included that can divide the timing 
reference clock inftut by a divisor 
between 1 and (2 6_1). 

The VLSI family of ACEs is available 
packaged in a plastic leaded chip 
carrier as well as a plastic DIP. 

-DOSTR I 
DOSTR DISTR 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

MR 

-OUT1 

-OTR 

-RTS 

-OUT2 

N.C. 

INTRPT 

N.C 

AO 

A1 

A2 

Number Frequency Package 

VL 16C450-PC Plastic DIP 
Vl16C450-QC 3.1 MHz Plastic Leaded Chip Carrier (PLCC) 

VL82C50A-PC Plastic DIP 
VL82C50A-QC 3.1 MHz Plastic Leaded Chip Carrier (PLCC) 

VL82C50-PC Plastic DIP 
3.1 MHz : I , -.. -VL82C50 QC I PlastiC Leaaeo Cnrp Carner (PLCC) 

Note: Operating temperature range is O°C to +70°C. 

6-3 
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VL 16C450 • VL82C50A • VL82C50 

BLOCK DIAGRAM 

00-07 

AO 

A1 

A2. 

esc 
CS1 

-CS2 

DISTR 

-DISTR 

DOSTR 

-DOSTR 

DDIS 

csour 

XTAL1 

XTAl2 

POWER 

SUPPLY 

SELECT 
& 

CONTROL 
LOGIC 

(17) 

(40) • (20) • 
+5V 

GND 

RECEIVER 
BUFFER 

REGISTER 

DIVISOR 
LATCH (LS) 

DIVISOR 
LATCH (LS) 

LINE 
STATUS 

REGISTER 

BAUD 
GENERATOR 

L------'---I TRANSMITTER 
TIMING 

& 
CONTROL 

TRANSMITTERL-_____ -===;~ 
HOLDING 
REGISTER 

MODEM 
CONTROL 
REGISTER 

MODEM 
STATUS 

REGISTER 

INTERRUPT 
ENABLE 

REGISTER 

INTERRUPT 
10 

INTERRUPT 
CONTROL 

LOGIC 

MODEM 
CONTROL 

LOGIC 

d ith'n parentheses, ' b (DIP) are include W I Note: Applicable pin nurn ers 
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SIN 

RCLK 

-BAUDOUT 

sour 

-RTS 

-CTS 

-DTR 

-DSR 

-DCD 

-RI 

-OUT1 
(31) 

-OUT2 

(30) 
INTRPT 
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SIGNAL DESCRIPTIONS 
SIgnat- -pn--- SIgnal -sgnar-
Name Number (DIP) Type Description 

00-07 1-8 110 Data Bits 0 through 7 - The Data Bus provides eight, three-state 1/0 lines 
for the transfer of data, control and status information between the ACE 
and the CPU. These lines are normally in a high-impedance state except 
during read operations. DO is the least significant bit (LSB) and is the first 
serial data bit to be received or transmitted. 

RCLK 9 Receive Clock Input - The external clock input to the ACE receiver logic 
(16X SIN data rate). 

SIN 10 Serial Data Input - The serial data input moves information from the 
communication line or modem to the ACE receiver circuits. A mark (1) is 
high, and a space (0) is low. Data on serial data input is disabled when 
operating in the Loop Mode. 

SOUT 11 0 Serial Data Output - This line is the serial data output from the ACE's trans-
mitter circuitry. A mark (1) is a logic "one" (high) and space (0) is a logic 
"zero" (low). SOUT is held in the mark condition when the transmitter is 
disabled, reset is true, the Transmitter Register is empty, or when in the 
Loop Mode. 

CSO, CS1, 12-14 Chip Selects - The Chip Select inputs act as an enable for the device. 
-CS2 When -CS2 is low and CSo and CS1 are both high. the chip is selected. 

-BAUOOUT 15 0 Baud Rate Output - This output signal for the transmitter section is equal to 
the internal reference frequency, divided by the selected divisor. 

XTAL1 16 Crystal Input Pin 1 - Input for external timing reference input or pin of 
crystal (See Basic Configuration). 

XTAL2 17 Crystal Input Pin 2 - Input for pin of crystal (See Basic Configuration). 

-OOSTR 18 Write Strobe - This is an active low input which causes data from the data 
bus (00-07) to be input to the ACE. 

OOSTR 19 Write Strobe - Same as -OOSTR, but uses an active high input. 

VSS 20 Ground (0 V). I -DISTR 21 Read Strobe - This is an active low input which causes the ACE to output 
data to the data bus (00-07). 

OISTR 22 Read Strobe - Same as -OISTR, but uses an active high input. 

DO IS 23 0 Driver Disable - This pin goes low whenever the microprocessor is reading 
data from the ACE. This signal may be used to disable an external trans-
ceiver. 

CSOUT 24 0 Chip Select Out - A high on this pin indicates that the chip has been 
selected by the chip select input pins. 

-ADS 25 Address Strobe Input - When this pin is low. the state of the Register Select 
and Chip Select pins is latched internally. 

AO-A2 28-26 Address Lines AO-A2 - The address lines select the internal registers 
during CPU bus operations. 

NC 29 No Connection. 

INTRPT 30 0 Interrupt Output - This pin goes high (when enabled by the Interrupt 
Enable Register) whenever a Receiver Error Flag. Received Data Avail-
able, Transmitter Holding Register Empty, or Modem Status condition is 
detected. 
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SIGNAL DESCRIPTIONS {Cont.} 

Signal 
Name 

-OUT2 

-RTS 

-DTR 

-OUT1 

MR 

Pin 
Number {DIP} 

31 

32 

33 

34 

35 

-CTS 36 

-DSR 37 

-DCD (-RLSD) 38 

-RI 39 

VCC 40 

Signal 
Type 

o 

o 

o 

o 

VL 16C450 • VL82C50A • VL82C50 

Signal 
Description 

Output 2 - User defined output that can be set to an active low by program
ming bit 3 of the Modem Control Register to a high level. This signal is 
cleared (high) by writing a logic 0 to the OUT2 bit (MCR) or whenever a 
reset occurs. 

Request to Send - The -RTS pin is set low by writing a logic 1 to MCR bit 1 
of the ACE's Modem Control Register. The -ATS pin is reset high by 
reset. A low on the -RTS pin indicates that the ACE has data ready to 
transmit. 

Data Terminal Ready - The -DTR pin can be set (low) by writing a logic 1 
to MCR, Modem Control Register bit 0 of the ACE. This signal is cleared 
(high) by writing a logic 0 to the DTR bit (MCR) or whenever a reset occurs. 
When active (low), the -DTR pin indicates that the ACE is ready to receive 
data. 

Output 1 - A user defined output that can be set to an active low by pro
gramming bit 2 of the Modem Control Register to a high level. This signal 
is cleared (high) by writing a logic 0 to the OUT1 bit (MCR) or whenever a 
reset occurs. 

Master Reset - When high, the reset input forces the ACE into an idle 
mode in which all data activities are suspended. The Modem Control 
Register (MCR) along with its output, is cleared. The Line Status Register 
(LSR) is cleared except for the THRE and TEMT bits, which are set. All 
functions of the device remain in an idle state until programmed to resume 
activities. 

Clear to Send - The logical state of the -CTS pin is reflected in the CTS bit 
of the (MSR) Modem Status Register [CTS is bit 4 of the MSR, written 
MSR(4)] of the ACE. A change of state of the -CTS pin, since the previous 
reading of the MSR, causes the setting of DCTS in the Modem Status 
Register. 

Data Set Ready - The logical state of the -DSR pin is reflected in MSR(5) 
of the Modem Status Register. DDSR MSR(1) indicates whether the -DSR 
pin has changed state since the previous reading of the MSR. 

Data Carrier Detect (Receive Line Signal Detect) - -DCD (-RLSD) is a 
modem input whose condition can be tested by the CPU by reading 
MSR(7) (DCD or RLSD) of the Modem Status Register. MSR(3) (DDCD or 
DRLSD) of the Modem Status Register indicates whether the -DCD 
(-RLSD) input has changed since the previous reading of the MSR. -OeD 
(-RLSD) has no effect on the receiver. 

Ring Indicator Input - The -AI signal is a modem control input whose 
condition is tested by reading MSR(6) (RI) of the ACE. The Modem Status 
Register output TERI MSR(2) indicates whether the RI input has changed 
from high to low since the previous reading of the MSR. 

Power Supply - The power supply requirement is 5 V ±5%. 
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VL 16C450 • VL82C50A • VL82C50 

REGISTERS 
Three types of internal registers are 
used in the serial channel of each ACE. 
They are used in the operation of the 
device, and are the control, status, and 
data registers. The control registers are 
the Bit Rate Select Register DLL 
(Divisor Latch LSB) and DLM (Divisor 
Latch MSB), Line Control Register, 
Interrupt Enable Register, and the 
Modem Control registers, while the 
status registers are the Line Status 
Registers and the Modem Status 
Register. The data registers are the 
Receiver Buffer Register and the 
Transmitter Holding Register. The 
Address, Read, and Write inputs are 
used in conjunction with the Divisor 
Latch Access Bit in the Line Contro! 
Register [LCR(7)] to select the register 
to be written or read (see Table 1). 
Individual bits within these registers are 
referred to by the register mnemonic 
and the bit number in parenthesis. As 
an example, LCR(7) refers to Line 
Control Register Bit 7. 

The Transmitter Buffer Register and 
Receiver Buffer Register are data 
registers that hold from five to eight bits 
of data. If less than eight data bits are 
transm itted, data is right justified to the 
LSB. Bit 0 of a data word is always the 
first serial data bit received and transmit
ted. The ACE data registers are double-

buffered so that read and write opera
tions may be performed when the ACE 
is performing the para"el-to-serial or 
serial-ta-para"el conversion. 

LINE CONTROL REGISTER 
The format of the data character is 
controlled by the Line Control Register. 
The contents of the LCR may be read. 
The contents of the LCR are described 
below in Figure 1, 

LCR(O) and LCR(1) Word Length Select 
bit 1: The number of bits in each serial 
character is programmed as shown in 
Figure 1. 

LCR(2) Stop Bit Select: LCR(2) speci
fies the number of stop bits in each 
transmitted character. If LCR(2) is a 
iogic 1 when a 5-bit word length is 
selected, 1.5 stop bits are generated. 
If LCR(2) is a logic 1 when either a 6-, 
7-, or a-bit word length is selected, two 
stop bits are generated. The receiver 
always checks for one stop bit. 

LCR(3) Parity Enable: When LCR(3) is 
high, a parity bit between the last data 
word bit and stop bit is generated and 
checked. 

LCR(4) Even Parity Select: When 
parity is enabled [LCR(3)=1], LCR(4)=0 
selects odd parity, and LCR(4)=1 
selects even parity. 

TABLE 1. SERIAL CHANNEL INTERNAL REGISTERS 

DLAB A2 A1 AO Mnemonic Register 

0 0 0 0 RBR Receiver Buffer Register (read only) 

0 0 0 0 THR Transmitter Holding Register (write only) 

0 0 0 I 1 I IER I Interrupt Enable Register 

X 0 1 0 IIR Interrupt Identification Register (read only) 

X 0 1 1 LCR Line Control Register 

X 1 0 0 MCR Modem Control Register 

X 1 0 1 LSR Line Status Register 

X 1 1 0 MSR Modem Status Register 

X 1 1 1 SCR Scratch Register 

1 0 0 0 DLL Divisor Latch (LSB) 

1 0 0 1 DLM Divisor Latch (MSB) 

X = "Oon't Care" 0= Logic Low 1 = Logic High 

Note: The serial channel is accessed when CSO is low. 
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-teR(5tstick Panty: Wflenpifrrryis
enabled [LCR(3)=1], LCR(5):1 causes 
the transmission and reception of a 
parity bit to be in the opposite state from 
the value of LCR(4). This allows forced 
parity to a known state and the receiver 
to check the parity bit in a known state. 

LCR(6) Break Control: When LCR(6) is 
set to a logic 1, the serial output (SOUT) 
is forced to the spacing (logic 0) state. 
The break is disabled by setting LCR(6) 
to a logic C. The Break Controi bit acts 
only on SOUT and does not effect the 
transmitter logic. If the fa "owing 
sequence is used, no invalid characters 
will be transmitted because of the break. 

1. Load a" "O"s pad character in 
response to THRE. 

2. Set the break in response to the next 
THRE. 

3. Wait for the transmitter to be idle 
(TEMT =1), then clear the break when 
the normal transmission has to be 
restored. 

LCR(7} Divisor Latch Access Bit (DLAB); 
LCR(7) must be set high (logic 1) to 
access the Divisor Latches DLL and 
DLM of the Baud Rate Generator during 
a read or write operation. LCR(7) must 
be input low to access the Receiver 
Buffer, the Transmitter Holding, or the 
Interrupt Enable Registers. 

LINE STATUS REGISTER 
The Line Status Register (LSR) is a 
single register that provides status 
indications. 

The Line Status Register shown in Table 
2 is described below: 

LSR(O) Data Ready (DR): Data Ready is 
set high when an incoming character has 
been received and transferred into the 
Receiver Buffer Register. LSR(O) is 
reset low by a CPU read of the data in 
the Receiver Buffer Register. 

LSR(1) Overrun Error (OE): Overrun 
Error indicates that data in the Receiver 
Buffer Register was not read by the CPU 
before the next character was trans
ferred into the Receiver Buffer Register, 
overwriting the previous character. The 
DE indicator is reset whenever the CPU 
reads the contents of the Line Status 
Register. 



• VLSI TECHNOLOGY, INC. 
VL 16C450 • VL82C50A • VL82C50 

FIGURE 1. LINE CONTROL REGISTER 

Word 
L..---P Length 

Select 

o 0 5 Data Bits 
o 1 = 6 Data Bits 
1 0 7 Data Bits 
1 1 8 Data Bits 

L...-____ ~Stop 0 = 1 Stop Bit 
Bit Select 1 = 1.5 Stop Bits if 5 Data Bits Selected 

2 Stop Bits if 6, 7, 8 Data Bits Selected 

"'"-______ ~Parity 
Enable 

Even 
L---------... Parity 

Select 

"'"-__________ ~ Stick 
Parity 

Break 
'--------------~Control 

o = Parity Disabled 
1 = Parity Enabled 

o = Odd Parity 
1 = Even Parity 

o = Stick Parity Disabled 
1 = Stick Parity Enabled 

o = Break Disabled 
1 = Break Enabled 

Divisor 
Latch 

o = Acce~ Receiver Buffer 
1 = Acce~ Divisor Latches 

~----------------~Acce~ 

LSR(2) Parity Error (PE): Parity Error 
indicates that the received data charac
ter does not have the correct even or 
odd parity, as selected by the Even 
Parity Select bit LCR(4). The PE bit is 
set high upon detection of a parity error, 
and is reset low when the CPU reads 
the contents of the LSR. 

LSR(3) Framing Error (FE): Framing 
Error indicates that the received charac
ter did not have a valid stop bit. LSR(3) 
is set high when the stop bit following 
the last data bit or parity bit is detected 
as a zero bit (spacing level). The FE 
indicator is reset low when the CPU 
reads the contents of the LSR. 

LSR(4) Break Interrupt (BI): Break 
Interrupt is set high when the received 
data input is held in the spacing (logic 0) 
state for longer than a full word trans
mission time (start bit + data bits + parity 
+ stop bits). The BI indicator is reset 
when the CPU reads the contents of the 
Line Status Register. 

Bit 

LSR(1 )-LSR(4) are the error conditions 
that produce a Receiver Line Status 
interrupt (priority 1 interrupt in the 
Interrupt Identification Register (IIR) 
when any of the conditions are detected. 
This interrupt is enabled by setting 
IER(2)= 1 in the Interrupt Enable 
Register. 

LSR(5) Transmitter Holding Register 
Empty (THRE): THRE indicates that the 
ACE is ready to accept a new character 
for transmission. The THRE bit is set 
high when a character is transferred 
from the Transmitter Holding Register 
into the Transmitter Shift Register. 
LSR(5) is reset low by the loading the 
Transmitter Holding Register by the 
CPU. LSR(5) is reset low by the loading 
of the Transmitter Holding Register by 
the CPU. LSR(5) is not reset by a CPU 
read of the LSR. 

When the THRE interrupt is enabled 
IER(1). THRE causes a priority 3 
interrupt in the IIR. If THRE is the 
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interrupt source indicated in \lR, 
INTRPT is cleared by a read of the \lR. 

LSR(6) Transmitter Empty (TEMT): 
TEMT is set high when the Transmitter 
Holding Register (THR) and the Trans
mitter Shift Register (TSR) are both 
empty. LSR(6) is reset low when a 
character is loaded into the THR and 
remains low until the character is 
transferred out of SOUTo TEMT is not 
reset low by a CPU read of the LSR. 

LSR(7): This bit is always O. 

MODEM CONTROL REGISTER 
The Modem Control Register (MCR) 
controls the interface with the modem or 
data set as described in Figure 2. MCR 
can be written and read. The -RTS and 
-DTR outputs are directly controlled by 
their control bits in this register. A high 
input asserts a low (true) at the output 
pins. MCR Bits 0, 1, 3, and 4 are shown 
as follows: 
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_TABLE 2 LINE STAIUS-BEGISTER BITS-

LSR BITS 

LSR(O) Data Ready (DR) 

LSR(1) Overrun Error (OE) 

LSR(2) Parity Error (PE) 

LSR(3) Framing Error (FE) 

LSR(4) Break Interrupt (BI) 

1 

Ready 

Error 

Error 

Error 

o 

LSR(5) Transmitter Holding Register Empty (THRE) 

LSR(6) Transmitter Empty (TEMT) 

Break 

Empty 

Empty 

Not Ready 

No Error 

No Error 

No Error 

No Break 

Not Empty 

Not Empty 

LSR(7) Not Used 

MCR(O): When MCR(O) is set high, the 
-DTR output is forced low. When 
MCR(O) is reset low, the -DTR output is 
forced high. The -DTR output of the 
serial channel may be input into an 
inverting line driver in order to obtain the 
proper polarity input at the modem or 
data set. 

MCR(1): When MCR(1) is set high, the 
-RTS output is forced low. When 
MCR(1) is reset low, the -ATS output is 
forced high. The -RTS output of the 
serial channel may be input into an 
inverting line driver in order to obtain the 
proper polarity input at the modem or 
data set. 

MCR(2): When MCR (2) is set high 
-OUT1 is forced low. 

MCR(3): When MCR(3) is set high, the 
-OUT2 is forced low. 

receive data paths of the selected serial 
channel. 

Bits MCR(5)-MCR(7) are permanently 
set to logic o. 
MODEM STATUS REGISTER 
The MSR provides the CPU with status 
of the modem input lines from the 
modem or peripheral devices. The MSR 
allows the CPU to read the serial 
channel modem signal inputs by 
accessing the data bus interface of the 
ACE in addition to the current status 
information, four bits of the MSR 
indicate whether the modem inputs have 
changed since the last reading of the 
MSR. The delta status bits are set high 
when a control input from the modem 
changes state, and reset low when the 
CPU reads the MSR. 

The modem input lines are -CTS, 
-DSR, -RI, and -DCD (-RLSD). 
MSR(4)-MSR(7) are status indications 
of these lines. A status bit = 1 indicates 
the input is a low. A status bit = 0 

__ ~ate_sJhe input is high If tbamodem 
status interrupt in the Interrupt Enab!e 
Register is enabled [iER(3)], an interrupt 
is generated whenever MSR(O)-MSR(3) 
is set to a one. The MSR is a priority 4 
interrupt. The contents of the Modem 
Status Register are described in Table 
3. 

MSR(O) Delta Clear to Send (DCTS): 
DCTS displays that the -CTS input to 
the serial channel has changed state 
since it was read last by the CPU. 

MSR(1) Delta Data Set Ready (DDSR): 
DDSR indicates that the -OSR input to 
the serial channel has changed state 
since the last time it was read by the 
CPU. 

MSR(2) Trailing Edge of Ring indicator 
(TERI): TERI indicates that the -RI 
input to the serial channel has changed 
state from high to low since the last time 
it was read by the CPU. Low to high 
transitions on -RI do not activate TERI. 

MSR(3) Delta Data Carrier Detect [DDCD 
(DRLSD)]: DDCD (DRLSD) indicates 
that the -OCD (-ALSO) input to the 
serial channel has changed state since 
the last time it was read by the CPU. 

MSR(4) Clear to Send (CTS): Clear to 
Send (CTS) is the complement of the 
-CTS input from the modem indicating 
to the serial channel that the modem is 
ready to receive data from the serial 
channel's transmitter output (SOUn. If 
the serial channel is in Loop Mode 
[(MCR(4)=1], MSR(4) reflects the value 
of RTS in the MCR. 

MSR(5) Data Set Ready (DSR): Data 
Set Ready (DSR) is the complement of 

MCR(4): MCR(4) provides a local 
loopback feature for diagnostic testing 
of the channel. When MCR(4) is set 
high, Serial Output (SOUn is set to the 
marking (logic 1) state, and the receiver 
data input Serial Input (SIN) is discon
nected. The output of the Transmitter 
Shift Register is looped back into the 
Receiver Shift Register input. The four 
modem control inputs (-CTS, -DSR, 
-DCD (-RLSD), and -RI) are discon
nected. The modem control outputs 
(-DTR, -RTS, -OUT1 and -OUT2) are 
internaUy connected to the four modem 
control inputs. The modem control 
output pins are forced to their inactive 
state (high) on the VL 16C4S0. 

TABLE 3. MODEM STATUS REGISTER BITS 

In the diagnostic mode, data transmitted 
is immediately received. This allows the 
processor to verify the transmit and 

MSR Bit 

MSR(O) 
MSR(1) 
MSR(2) 
MSR(3) 
MSR(4) 
MSR(5) 
MSR(6) 
MSR(7) 

6-9 

Mnemonic 

DCTS 
DDSR 
TERI 
DOCD (ORLSD) 
-CTS 
-DSR 
-AI 
-OCD (-RLSD) 

Description 

Delta Clear To Send 
Delta Data Set Ready 
Trailing Edge of Ring Indicator 
Delta Data Carrier Detect 
Clear To Send 
Data Set Ready 
Ring Indicator 
Data Carrier Detect 

I 
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FIGURE 2. MODEM CONTROL REGISTER 

Data 0 = -DTR Output High (Inactive) 
Terminal 1 = -DTR Output Low (Active) 
Ready 

Request 0 = -RTS Output High (Inactive) 
"---..... To Send 1 = -RTS Output Low (Active) 

"-----~ OUT1 0 = -OUT1 Output High 
1 = -OUT1 Output Low 

'----------4~ OUT2 0 = -OUT2 Output High 
1 = -OUT2 Output Low 

"----------P LOOP 0 = LOOP Disabled 
1 = LOOP Enabled 

"------------~ Bits are Set to Logic "0". 

the -DSR input from the modem to the 
serial channel which indicates that the 
modem is ready to provide received 
data to the serial channel receiver 
Circuitry. If the channel is in the loop 
mode [MCR(4)=1], MSR(5) reflects the 
value of DTR in the MCR. 

MSR(6) Ring Indicator (RI): Is the 
complement of the -RI input (pin 39). H 
the channel is in the Loop Mode 
(MCR(4)=1), MSR(6) reflects the value 
of -OUT1 in the MCR. 

MSR(7) Data Carrier Detect (DCD)I 
Receive Line Signal Detect (RLSD): 
Data Carrier DetectlReceive Line Signal 
Detect indicates the status of the Data 
Carrier Detect/Receive Line Signal 
Detect (-DCD/-RLSD) input. If the 
channel is in the Loop Mode 
(MCR(4)=1), MSR(2) reflects the value 
of -OUT2 in the MCR. 

Reading the MSR register will clear the 
delta modem status indications but has 
no effect on the other status bits. 

For LSR and MSR, the setting of status 
bits is inhibited during status register 
read operations. H a status condition is 
generated during a read -DISTR 
operation, the status bit is not set until 
the trailing edge of the read. 

H a status bit is set during a read 
operation, and the same status condi
tion occurs, that status bit will be 
cleared at the trailing edge of the read 
instead of being set again. 

DIVISOR LATCHES 
The ACE serial channel contains a 
programmable Baud Rate Generator 
(BRG) that divides the clock (DC to 3.1 
MHz) by any divisor from 1 to 216-1 (see 
also BRG description). The output 
frequency of the Baud Generator is 16X 
the data rate [divisor # - clock + (baud 
rate x 16)]. Two a-bit divisor latch 
registers store the divisor in a 16-bit 
binary format. These Divisor Latch 
registers must be loaded during initiali
zation. Upon loading either of the 
Divisor Latches, a 16-bit baud counter is 
immediately loaded. This prevents long 
counts on initial load. 

RECEIVE BUFFER REGISTER 
The receiver circuitry in the serial 
channel of the ACE is programmable for 
5, 6, 7, or a data bits per character. For 
words of less than a bits, the data is 
right justified to the least significant bit 
LSB = Data Bit 0 [RBR(O)]. Data Bit 0 
of a data word [RBR(O)] is the first data 
bit received. The unused bits in a 
character less than a bits are O's. 

Received data at the SIN input pin is 
shifted into the Receiver Shift Register 
by the 16X clock provided at the CLK 
input. This clock is synchronized to the 
incoming data based on the position of 
the start bit. When a complete charac
ter is shifted into the ·Receiver Shift 
Register, the assembled data bits are 
parallel loaded into the Receiver Buffer 
Register. The DR flag in the LSR 
register is set. 
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Double buffering of the received data 
permits continuous reception of data 
without losing received data. While the 
Receiver Shift Register is shifting a new 
character into the serial channel, the 
Receiver Buffer Register is holding a 
previously received character for the 
CPU to read. Failure to read the data in 
the RBR before complete reception of 
the next character results in the loss of 
the data in the Receiver Register. The 
OE flag in the LSR register indicates 
the overrun condition. 

TRANSMITTER HOLDING REGISTER 
The Transmitter Holding Register (THR) 
holds character data until the Transmit
ter Shift Register is empty and ready to 
accept a new character. The transmit
ter and receiver word lengths are the 
same. H the character is less than eight 
bits, unused bits bus are ignored by the 
transmitter. 

Data Bit 0 [THR(O)] is the first serial 
data bit transmitted. The THRE flag 
[LSR(5)] reflects the status of the THR. 
The TEMT flag [LSR(5)] indicates if 
both the THR and TSR are empty. 

SCRATCHPAD REGISTER 
(VL16C450 Only) 
Scratchpad Register is an a-bit Read! 
Write register that has no effect on 
either channel in the ACE. It is 
intended to be used by the programmer 
to hold data temporarily. 
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INTERRUPT IDENTIFICATION 
REGISTER --
In order to minimize software overhead 
during data character transfers, the 
serial channel prioritizes interrupts into 
four levels. The four levels of interrupt 
conditions are as follows: 

1. Receiver Line Status (priority 1) 

2. Received Data Ready (priority 2) 

3. Transmitter Holding Register Empty 
(priority 3) 

4. Modem Status (priority 4) 

Information indicating that a prioritized 
interrupt is pending and the type of 
interrupt is stored in the Interrupt 
Identification Register (IIR). The IIR 
indicates the highest priority interrupt 
pending. The contents of the IIR are 
indicated in Table 4 and are described 
below: 

IIR(O): /lR(O) can be used to indicate 
whether an interrupt is pending. When 
/lR(O) is low, an interrupt is pending. 

IIR(1) and IIR(2) are used to identify the 
highest priority interrupt pending as 
indicated in Table 4. 

/lR(3)-IIR(7): These five bits of the IIR 
are logic O. 

INTERRUPT ENABLE REGISTER 
The Interrupt Enable Register (IER) is 
used to independently enable the four 
serial channel interrupt sources which 
activate the interrupt (INTRPT) output. 
All interrupts are disabled by resetting 
IER(0)-IER(3) of the Interrupt Enable 
Register. Interrupts are enabled by 
setting the appropriate bits of the IER 
high. Disabling the interrupt system 
inhibits the Interrupt Identification 
Register and the active (high) INTRPT 
output. All other system functions 
operate in their normal manner, includ
ing the setting of the Line Status and 
Modem Status Registers. The contents 
of the Interrupt Enable Register is 
described in Table 5 and below: 

IER(O): When set to one, IER(O) 
enables the Received Data Available 
interrupt. 

IER(1): When set to one, IER(1) 
enables the Transmitter Holding 
Register Empty interrupt. 
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U;Ri2}:_WbJ:lD_S~tJO oneJEB~enables
the Receiver Line Status interrupt. 

IER(3): When set to one, IER(3) 
enables the Modem Status Interrupt. 

IER(4)-IER(7): These four bits of the 
IER are logic O. 

TRANSMITTER 
The serial transmitter section consists of 
a Transmitter Holding Register (THR), 
Transmitter Shift Register (TSR), and 
associated control logic. The Transmit
ter Hoiding Register Empty (THRE) and 
Transmitter Empty (TEMT) are two bits 
in the Line Status Register which 
indicate the status of THR and TSR. 
The microprocessor should perform a 
write operation to the THR only if THRE 
is one. This causes THRE io be set to 
zero. The THRE is set high when the 
word is automatically transferred from 
the THR to the TSR during the transmis
sion of the start bit. 

TEMT remains low for the duration of 
the transmission of the data word. 
Since the data word cannot be trans
ferred from the THR to the TSR until the 
TSR is empty, THRE remains low until 
the TSR has completed sending the 
word. 

RECEIVER 
Serial asynchronous data is input into 
the SIN pin. The ACE continually 
searches for a high to low transition from 
the idle state. When the transition is 
detected, a counter is reset, and counts 
the 16X clock to 7 1/2, which is the 
center of the start bit. The start bit is 
valid if the SIN is still low. Verifying the 
start bit prevents the receiver from as
sembling a false data character due to a 
low going noise spike on the SIN input. 

The Line Control Register determines 
the number of data bits in a character 
(lCR(O), lCR(1», if parity is used 
lCR(3), and the polarity of parity 
lCR(4). Status for the receiver is 
provided in the Line Status Register 
when a full character is received, 
including parity and stop bits, the Data 
Received indication in lSR(O) is set 
high. The CPU reads the Receiver 
Buffer Register which resets lSR(O). If 
the character is not read prior to a new 
character transfer from the RSR to the 
RBR, the overrun error status indication 
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is set in LSRf'4. --#-ttler-e-is-a-par1ty--erTOl, 
the parity aiiOi is set in lSR(2). if a stop 
bit is not detected, a framing error indi
cation is set in lSR(3). 

If the data into SIN is a symmetrical 
square wave, the center of the data cells 
will occur within ±3.125% of the actual 
center, providing an error margin of 
46.875%. The start bit can begin as 
much as one 16X clock cycle prior to 
being detected. 

BAUD RATE GENERATOR (BRG) 
The BRG generates the clocking for the 
UART function, providing standard 
ANSI/CCITT bit rates. The oscillator 
driving the BRG is provided by an 
external clock into ClK. 

The data rate is determined by the 
Divisor latch registers DlL and DlM 
and the external frequency. The b~ rate 
is selected by programming the two 
divisor latches, Divisor latch Most 
Significant Byte and Divisor Latch Least 
Significant Byte. Setting Dll = 1 and 
DlM = 0 selects the divisor to divide by 
1 (divide by 1 gives maximum baud rate 
for a given input frequency at the ClK 
input). 

The BRG can use any of three different 
popular frequencies to provide standard 
baud rates. These frequencies are 
1.8432 MHz, 2.4576 MHz, and 3.072 
MHz. With these frequencies, standard 
bit rates from 50 to 38.5k bps are 
available. Tables 6,7 and 8 illustrate 
the divisors needed to obtain standard 
rates using these three crystal frequen
cies. 

MASTER RESET 
After power up, the ACE MR input 
should be held high for one microsec
ond to reset the ACE circuits to an idle 
mode until initialization. A high on MR 
causes the following: 

1. Initializes the transmitter and receiver 
internal clock counters. 

2. Clears the Line Status Register 
(lSR), except for Transmitter Shift 
Register Empty (TEMT) and Trans
mit Holding Register Empty (THRE), 
which are set. The Modem Control 
Register (MCR) is also cleared. All 
of the discrete lines, memory 
elements and miscellaneous logic 

I 
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associated with these register bits 
are also cleared or turned off. The 
Line Control Register (LCR), Divisor 
Latches, Receiver Buffer Register, 
Transmitter Buffer Register are not 
effected. 

Following removal of the reset condition 
(reset low), the ACE remains in the idle 
mode until programmed. 

A hardware reset of the ACE sets the 
THRE and TEMT status bit in the LSR. 
When interrupts are subsequently 
enabled, an interrupt occurs due to 
THRE. 

A summary of the effect of a reset on 
the ACE is given in Table 9. 
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PROGRAMMING 
The serial channel of the ACE is pro
grammed by the control register LCR, 
IER, DLL and DLM, and MCR. These 
control words define the character 
length, number of stop bits, parity, baud 
rate, and modem interface. 

While the control register can be written 
in any order, the IER should be written 
to last because it controls the interrupt 
enables. Once the serial channel is 
program med and operational, these 
registers can be updated any time the 
ACE serial channel is not transmitting or 
receiving data. 

SOFTWARE RESET 
A software reset of the serial channel is 
a useful method for returning to a 
completely known state without a 
system reset. Such a reset consists of 
writing to the LCR, Divisor Latches, and 
MCR registers. The LSR and RBR 
registers should be read prior to 
enabling interrupts in order to clear out 
any residual data or status bits which 
may be invalid for subsequent opera
tion. 

TABLE 4. INTERRUPT IDENTIFICATION REGISTER 

Interrupt Identification Interrupt Set And Reset Functions 

Bit 2 Bit 1 Bit 0 
Priority Interrupt Interrupt Interrupt 

Level Flag Source Reset Control 

X X 1 None None 

1 1 0 First Receiver OE,PE LSR Read 
line Status FE, or BI 

1 0 0 Second Received Data Received Data RBR Read 
Available Available 

0 1 0 Third THRE THRE ItR Read ~ THRE is the 
Interrupt Source or THR Write 

0 0 0 Fourth Modem Status -CTS,-DSR MSR Read 
-RI, -DCD (-RLSD) 

X = Not Defined. 
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Register Bit Number 
Register 

Address Mnemonic Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO 

0 RBR Data Data Data Data Data Data Data Data 
(Read Only) Bit 7 Bit 6 BitS Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

(MSB) 

0 THR Data Data Data 

I 
Data 

I 
Data Data Data 

I 
Data 

(Write Only) I Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

0* DLL Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

1* DLM Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 

1 IER " 0 I 0 I 0 I (EDSSI) I (ELSI) I (ETBEI) I (ERBFI) 

I I 
v 

Enable Enable Enable Enable 

I Modem Receiver Transmitter Received 
Status Line Holding Data 

Interrupt Status Register Available 
Interrupt Empty Interrupt . 

Interrupt 

2 IIR 0 0 0 0 0 Interrupt Interrupt "0" If 
(Read Only) 10 10 Interrupt 

Bit (1) Bit (0) Pending 

3 LCR (DLAB) Set Stick (EPS) (PEN) (STB) (WLSB1) (WLSBO) 
Divisor Break Parity Even Parity Number Word Word 
Latch Parity Enable of Stop Length Length 

Access Select Bits Select Select 
Bit Bit 1 Bit 0 

4 MeR 
..,. 

0 0 Loop Out 2 Out 1 (RTS) (DTR) v 

Request Data 
To Terminal 

Send Ready 

5 LSR 0 (TEMT) (THRE) (BI) (FE) (PE) (OE) (DR) 
Transmitter Transmitter Break Framing Parity Overrun Data 

Empty Holding Interrupt Error Error Error Ready 
Register I 

Empty 

6 MSR (DCD) (RI) (DSR) (CTS) (DDCD) (TERI) (DDSR) (DCTS) 
Data Ring Data Clear Delta Trailing Delta Delta 

Carrier Indicator Set to Data Edge Data Clear 
Detect Ready Send Carrier Ring Set to 

Detect Indicator Ready Send 

7** SCR Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

*DLAB = 1 
** VL 16C450 Only 
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TABLE 6. BAUD RATES (1.8432 MHz CLOCK) 

Desired 
Baud Rate 

50 
75 

110 
134.5 

150 
300 
600 

1200 
1800 
2000 
2400 
3600 
4800 
7200 
9600 

19200 
38400 
56000 

Divisor Used 

2304 
1536 
1047 
857 
768 
384 
192 

96 
64 
58 
48 
32 
24 
16 
12 
6 
3 
2 

Percent Error 
Difference Between 
Desired and Actual 

0.026 
0.058 

0.69 

2.86 

TABLE 7. BAUD RATES (2.4576 MHz CLOCK) 
Desired 
Baud Rate 

50 
75 

110 
134.5 

150 
300 
600 

1200 
1800 
2000 
2400 
3600 
4800 
7200 
9600 

19200 
38400 

Divisor Used 

3072 
2048 
1396 
1142 
1024 
512 
256 
128 

85 
77 
64 
43 
32 
21 
16 

8 
4 

Percent Error 
DHference Between 
Desired and Actual 

0.026 
0.0007 

0.392 
0.260 

0.775 

1.587 
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Desired 
Baud Rate 

Divisor Used 

50 3840 
75 2560 

110 1745 
134.5 1428 

150 1280 
300 640 
600 320 

1200 160 
1800 107 
2000 96 
2400 80 
3ann vvv 53 
4800 40 
7200 27 
9600 20 

19200 10 
38400 5 

TABLE 9. MASTER RESET 

Register/Signal 

Interrupt Enable Register 
Interrupt Identification 
Register 
Line Control Register 
Modem Control Register 
Line $tatus Register 
Modem Status Register 

SOUT 
intrpt (RCVR Errs) 
Intrpt (RCVR Data Ready) 
Intrpt (THRE) 
Intrpt (Modem Status Changes) 
-OUT2 
-RTS 
-OTR 
-OUT1 

VL 16C450 • VL82C50A • VL82C50 

Percent Error 
Difference Between 
Desired and Actual 

0.026 
0.034 

0.312 

n ~,...,.. 

v.o~o 

1.23 

Reset Control 

Reset 
Reset 

Reset 
Reset 
Reset 
Reset 

Reset 
Read LSRlReset 
Read RBRlReset 
Read IIRlWrite THRlReset 
Read MSRlReset 
Reset 
Reset 
Reset 
Reset 

6·15 

Reset 

A!! Bits Lo':, (0:3 Forced and 4-7 P6imaii6iit) 
Bit 0 is High, Bits 1 and 2 Low 
Bits 3-7 Are Permanently Low 
All Bits Low 
All Bits Low 
All Bits Low, Except Bits 5 and 6 Are High 
Bits 0-3 Low 
Bits 4-7 Input Signal 
High 
Low 
Low 
Low 
Low 
High 
High 
High 
High 

I 
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VL 16C450 • VL82C50A • VL82C50 

AC CHARACTERISTICS: TA = ooe to +7ooe, vee = 5 V ±5% (Note 1) 

VL16C450 VL82C50A VL82C50 

Symbol Parameter Min Max Min Max Min Max 

tADS Address Strobe Width 60 90 90 

tAS Address Setup Time 60 90 90 

tAH Address Hold Time 0 0 0 

tCS Chip Select Setup Time 60 90 90 

tCH Chip Select Hold Time 0 0 0 

tDIW -DISTRIDISTR Strobe Width 125 175 175 

tRC Read Cycle Delay 175 SOO SOO 

RC 
Read Cycle = tAR(1) + tDIW 

360 755 755 
+tRC 

tDD 
-DISTRIDISTR to Drive 

60 75 75 Disable Delay 

tDDD 
Delay from -DISTRIDISTR 

125 175 175 to Data 

tHz 
-DISTRIDISTR to Floating 

0 100 100 100 Data Delay 

tDOW 
-DOSTRIDOSTR Strobe 

100 175 175 Width 

tWC Write Cycle Delay 200 SOO SOO 

WC 
Write Cycle = tAW + tDOW 

360 755 755 
+tWC 

tDS Data Setup Time 40 90 90 

tDH Data Hold Time 40 60 60 

tCSC 
Chip Select Output Delay 

100 125 125 from Select 

tRA 
Address Hold Time from 

20 20 20 -DISTRIDISTR 

tRCS 
Chip Select Hold Time from 

20 20 20 -DISTRIDISTR 

tAR 
-DISTRIDISTR Delay from 

60 80 80 Address 

tCSR 
-DISTRIDISTR Delay from 

50 80 80 Chip Select 

tWA 
Address Hold Time from 

20 20 20 -DOSTRIDOSTR 

tWCS 
Chip Select Hold Time from 

20 20 20 -DOSTRIDOSTR 

tAW 
-DOSTRIDOSTR Delay 

60 80 80 from Address 

tCSW 
-DOSTRIDOSTR Delay from 

50 80 80 Select 

tMRW Master Reset Pulse Width 1 1 1 

tXH Duration of Clock High Pulse 140 140 140 

tXL Duration of Clock Low Pulse 140 140 140 

Notes: 1. All timings are referenced to valid 0 and valid 1. (See AC Test Points.) 

2. Applicable only when -ADS is tied Low. 
3. Charge and discharge time is determined by VOL, VOH and the external loading. 
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Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

J.lS 

Conditions 

100 pF Load 
Note 3 

100 pF Load 

100 pF Load 
Note 3 

100 pF Load 

Note 2 

Note 2 

Note 2 

Note 2 

Note 2 

Note 2 

Note 2 

Note 2 

External Cloc k 
) (3.1 MHz Max 
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VL 16C450 • VL82C50A • VL82C50 

Symbol Parameter 

Transmitter 

tHR1 

tHR2 

tiRS 

tSI 

tSS 

tST! 

tlR 

Delay from Rising Edge of 
-DOSTR/DOSTR (WR TH R) 
to Reset Interrupt 

Delay from Falling Edge of 
-DOSTR/DOSTR (WR TH R) 
to Reset Interrupt 

Delay from InitiallNTR 
Reset Interrupt 

Delay from Initial Write to 
Interrupt 

Delay Trom Stop to Next 
Start 

Delay from Start Bit Low to 
Interrupt (THRE) High 

Delay from -DISTRIDISTR 
(RD IIR) to Reset Interrupt 
(THRE) 

Modem Control 

tMDO 
Delay from -DOSTR/DOSTR 
(WR MCR) to Output 

tSIM 
Delay to Set Interrupt from 
Modem Input 

tRIM 
Delay to Reset Interrupt from 
-DISTR/DISTR (RS MSR) 

Baud Generator 

N Baud Divisor 

tBLD 
Baud Output Negative 
Edge Delay 

tBHD 
Baud Output Positive 
Edge Delay 

tLVv' I Baud Output Down Time 

tHW Baud Output Up Time 

Receiver 

tSCD 
Delay from RCLK to 
Sample Time 

tStNT 
Delay from Stop to Set 
Interrupt 

Delay from -DISTRIDISTR 
tRINT (RD RBR/RDLSR) to Reset 

Interrupt 

+ . -'lL16C450--1- \lLS2CSOA+-----V-b82-G-SO---

I Min I Max I Min I Max I Min Max 

175 1000 N/A 

N/A 
i 

N/A 
i 1000 

16 16 16 

8 24 8 24 8 24 

I 100 I I 100 I I 100 I 
8 8 8 

250 1000 1000 

250 1000 1000 

250 1000 1000 

250 1000 1000 

1 216_1 1 216_1 1 216_1 

125 250 250 

125 250 250 

I I I I 
425 425 425 

330 330 330 

2 2 2 

1 1 1 

1 1 1 

Note: 1. All timings are referenced to valid 0 and valid 1. (See AC Test Points.) 
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---- - - -- - -t--------- --

Units led' . on Itlons 

ns 100 pF Load 

ns 100 pF Load 

~AIIr"'"\I"""'\II~ 
-DMUUVUI 

CYCLES 

-BAUDOUT 
CYCLES 

ns 

-BAUDOUT 
CYCLES 

ns 100 pF Load 

ns 100 pF Load 

ns 100 pF Load 

ns 100 pF Load 

ns 100 pF Load 

ns 100 pF Load 

I fX = 2 MHz, +2, 
ns 

100 pF Load 

ns 
fX = 2 MHz, +2, 
100 pF Load 

JlS 

RCLK f 100 pF Load 

JlS 100 pF Load 
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VL 16C450 • VL82C50A • VL82C50 

TIMING DIAGRAMS 
READ CYCLE 

-ADS 

A2, A1, AD 

-CS2, eS1, eso 

esoUT 

-DISTAIDISTR 

-DOSTRIDOSTR 

DDIS 

DATA 
00-07 

----------------~~( 

=;;f. 
\..--------;~ tRA * 

_~sj----t-----

---tCS_R_* ------k------r--- RC 
----tAR * tRC--......., 

"--------ct--- • 
OR 

--------t---t-----~~ ACTIVE 

* Applicable only when -ADS is tied low. 
BAUDOUT 

XTAL1 

-BAUDOUT 
(+1) 

-BAUDOUT 
(+2) 

-BAUDOUT 
(+3) 

-BAUDOUT 
(+N, N>3) 

~/4-tBHD ~ r-tL~ 

!.-/tLW 

~ /4- tBHD M tHW 

-.J !.-tBHD tHW~ ~4-tLW~ ~1~tBLD II 

~ \4-tBHD --.J ~ tBLD II 

I I 
1OIIIII141-----,..,'tHW = (N - 2) XTAL1 CYCLES 

PI~I~-
'-----
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VL 16C450 • VL82C50A • VL82C50 

RECEIVER 

~I I n ~L? ______ IL 
RClK -.J LI ------ 1-.-( ~ ~ tSCD 

8CLKS n 
I'" 1 L SAMPLE _______________ _ 

ClK 

SIN\ r---i 
(RECEIVER START / D~~A BITS (5--8) 

INPUT « 
DATA) 

SAMPLE l-~-~---i~(-l--L----1_==:~I=~I~~-~(t-
CLK I~ ~ 1"' __ tS_INT __ -«(--, 

INTERRUPT , 
(DATA READY OR _______________ _ 

RCVR ERR) 

-DISTRIDISTR _________________ , 
(NOTE 2) 

(READ REC _________________ _ 
DATA BUFFER 

OR RDlSR) 

TRANSMITTER 

SERIAL 
OUT (SOUT) 

1--_____ PARITY ~ tSTI 

INTERRUPT 
(THRE) 

-----, 

STA~RT 
)(JISTOP (1_2){ 

----, 

-DOSTR/DOSTR 
(WR THR) 
(NOTE 1) 

j.-tHR 

~ -DISTR/DISTR _______________________ ~ (RD IIR) 
(NOTE 2) 

Notes: 1. See WRITE Timing ~iagram. 
2: See READ Timing Diagram. 
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VL 16C450 • VL82C50A • VL82C50 

WRITE CYCLE 

-ADS 

A2, A1, AO 

-CS2, CS1 , CSO 

CSOUT 

-DOSTRIDOSTR 

-D 1ST AID ISTR 

DATA 
DO-D7 

S ' t' d low * Applicable only when -AD IS Ie , 

MODEM CONTROLS 

tDS 

-DOSTAIDOSTR I ~ 

(WR MCR) -~----~--~-t tMDO 
-RTS, -DTR 

-OUT1, -OUT2 

-CTS, -DSR, -DCD 
----

INTERRUPT -----t---

-DISTRIDISTR 
(RD MSR) _______ _ 

(NOTE 2) ___________ --.., 
-RI 

6·20 

---- ----

WC 

tWC 

ACTIVE 

• OR 

; • ¥ ACTIVE 

tDH 

/ ~ 
tMDO f 
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AC TESTING INPUT/OUTPUT WAVEFORMS 

EXTERNAL CLOCK INPUT (3.1 MHz MAXIMUM) 

.... tXH 

.tXL. 

Note: All timings are referenced to valid 0 and valid 1. 

TEST CIRCUIT 

2.54 V 

~ 
r Device Under Test 
. 680n 

"Includes Scope an::i:
F
Oll 

Capacitance 

BASIC CONFIGURATION 
VL16C450, VL82C50A, VL82C50 

~ 

00-07 
SOUT 

-DISTR SIN 

-DOSTR -RTS 

INTRPT -DTR 

RESET .I
MR -DSR 

AO VL 16C450 (-RLSD) 
AO VL82C50A -OeD 

A1 VL82C50 
A1 -CTS 

A2 
A2 -RI 

-ADS XTAL1 

DOSTR 

0 DISTR RP 

-CS2 
XTAL2 

CS1 

csa -BAUD OUT 

U RCLKI~ 

VL 16C450· VL82C50A· VL82C50 

AC TEST POINTS 

EIA 
DRIVERS 

c:::J 

C2I 

6-21 

TYPICAL COMPONENT VALUES 

Crystal RP 

3.072 MHz 1 Mn 

1.843 MHz 1 Mil 

TO RS232 
INTERFACE 

RX2 

1.5 Kn 

1.5 K.a 

C1 C2 

10 - 30 pF 40 - 90 pF 

10 - 15 pF 65 - 100 pF 

I 
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VL 16C450 • VL82C50A • VL82C50 
ABSOLUTE MAXIMUM RATINGS 
Ambient Operating 
Temperature 

Storage Temperature -65°C to + 150°C 

Supply Voltage to 
Ground Potential -0.5 V to VCC +0.3 V 

Applied Output 
Voltage 

Applied Input 
Voltage 

Power Dissipation 

-0.5 V to VCC +0.3 V 

-0.5 V to +7.0 V 

500mV 

Stresses above those listed may cause 
permanent damage to the device. 
These are stress ratings only. Func
tional operation of this device at these 
or any other conditions above those 

DC CHARACTERISTICS: TA = O°C to +70°C, VCC = 5 V ±5% 

indicated in this data sheet is not 
implied. Exposure to absolute maxi
mum rating conditions for extended 
periods may affect device reliability. 

VL16C450 VL82CSOA VL82CSO 

Symbol Parameter Min Max Min Max Min Max Units Conditions 

VILX Clock Input Low Voltage -0.5 0.8 -0.5 0.8 -0.5 0.8 V 

VIHX Clock Input High Voltage 2.0 VCC 2.0 VCC 2.0 VCC V 

VIL Input Low Voltage -0.5 0.8 -0.5 0.8 -0.5 0.8 V 

VIH Input High Voltage 2.0 VCC 2.0 VCC 2.0 VCC V 

VOL Output low Voltage 0.4 0.4 0.4 V 10L 1.6 rnA on All 

VOH Output High Voltage 2.4 2.4 2.4 V 10H = -1.0 rnA 

VCC = 5.25 V, No 
Loads on SIN, -DSR 
-RLSD, -CTS, -OeD. 

ICC Average Power Supply 10 10 10 rnA -RI = 2.0 V. All Other 
(Ave) Current (VCC) Inputs = 0.8 V. Baud 

Rate Generator at 
4 MHz. Baud Rate at 
56K. 

VCC= 5.25 V 
ilL Input Leakage ±10 ±10 ±10 ~A VSS=OV 

All Other Pins Floating 

ICL Clock Leakage ±10 ±10 ±10 ~A VIN = 0 V, 5.25 V 

VCC= 5.25 V 
VSS = 0 V 

10Z Three-State Leakage ±20 ±20 ±20 ~A VOUT = 0 V, 5.25 V 
1) Chip Deselected 
~ Chip and Write 

ode selected 

VILMR MR Schmitt VIL 0.8 0.8 0.8 V 

VIHMR MR Schmitt VIH 2.0 2.0 2.0 V 

CAPACITANCE 

Symbol Parameter Min. Max. Units 

CI Input Capacitance 
Crystal 10 pF 

All Others 7 pF 

CIO 1/0 Capacitance 7 pF 

COC Output Capacitance 
Crystal 10 pF 

All Other 7 pF 

6-22 



• VLSI TECHNOLOGY, INC. 

FEATURES 
• iBM PC/AT -compatible 

• VL 16C450 with on-board Centronix 
printer interface 

• Completely pin- and upward-compat
ible with the dual serial channel 
VL16C452 

• Independent control of transmit, 
receive, line status and data set 
interrupts 

• Individual modem control signals 

• Programmable serial interface 
characteristics: 

- 5-, 6-, 7- or 8-bit characters 
- Even-, odd- or no-parity bit 

generation and detection 
- 1, 1 112 or 2 stop bit generation 

• Three-state TTL drive for the data and 
control bus 

PIN DIAGRAM 

VL16C451 

VL 16C451 
PARALLEL/ASYNCHRONOUS 

··-COMMUNlCATfONS EL~MENT 
DESCRIPTION 
The VL 16C451 is an enhanced version 
of the popular VL 16C450 asynchronous 
communications element (ACE). The 
serial channel performs serial-to-parallel 
conversion on data characters received 
from peripheral devices or modems, and 
parallel-to-serial conversion on data 
characters transmitted by the CPU. The 
complete status of the Parallel/Asyn
chronous Communications Element 
(PlACE) can be read at any time during 
functional operation by the CPU. The 
information obtained includes the type 
and condition of the transfer operation 
being performed, and error conditions. It 
is fully pin- and upward-compatible with 
the dual serial channel VL 16C452. The 
second serial channel of the VL 16C452 
occupies pins that are VCC, GND, or NC 
(not connected) on the VL 16C451. 

The VL 16C451 also provides the user 
with a fully bidirectional parallel data port 
that fully supports the parallel Centronics 
interface. The parallel port, together 
with the serial port, provide IBM PC/AT
compatible computers with a single 
device to serve the two system ports. 

A programmable baud rate generator is 
included that can divide the timing 
reference clock input by a divisor 
between 1 and (216 -1). 

The VL 16C451 is housed in a 
68-pin plastic leaded chip carrier, 

BLOCK DIAGRAM 

~TS 

-DSR 
-ALSO 

-AI .. 
UART 

#1 

-ATS 
-DTR 
SOUT 
INTO 

2 1 68 67 66 65 64 63 62 61 SIN 
~so 

.. 
NC • NC 

NC 

NC 

DBO 

DB1 

DB2 

DB3 

DB4 TOP VIEW 

DBS 

DB6 

DB7 

NC 

INT2 

-SUN 

~NIT 

-AFD 

-STB 

54 GND 

PDO 

PD1 

51 PD2 

50 P03 

49 PD4 

48 PDS 

47 PD6 

46 PD7 

45 INTO 

44 NC 

OBO- DB? 

AO - A2. 
-lOW 
-lOR 

-RESET 
CLK 

.- 8/ 
/ 

8 

SELECT 
AND 

CONTROL 
LOGIC 

.... 

T 

8 
14------"i£--+ POO - PO? 

-ERR -------+lpARALlEL!4----.. -INIT 
SLCT PORT -AFD 
BUSY -8TB 
~ ~~ 

-ACK INT2 
-lPTOE --------.t 
~~ --------.t 

ORDER INFORMATION 
Part 
Number 

VL 16C451-QC 

Maximum 
Clock Frequency Package 

3.1 MHz I Plastic Leaded Chip Carrier (PLCC) 

Note: Operating temperature range is O°C to +70°C. 
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SIGNAL DESCRIPTIONS 
Signal 
Name 

-lOR 

-lOW 

DBO-DB? 

AO, A1, A2 

ClK 

SOUT 

-CTS 

-DSR 

-DTR 

-RTS 

-RI 

-lPTOE 

SIN 

Pin 
Number 

3? 

36 

14-21 

35,34,33 

4 

26 

28 

31 

25 

24 

30 

41 

Signal 
Type 

1/0 

o 

o 

o 

Signal 
Description 

VL 16C451 

Read Strobe - This is an active low input which enables data to the data bus 
(DBO-DB?). The data output depends upon the register selected by the address 
inputs AO, A 1, A2, and the chip select. 

Write Strobe - This is an active low input which causes data from the data bus 
(DBO-DB?) to be input to the ACE or to the parallel port. The destination depends 
upon the register selected by the address inputs AO, A 1, A2 and the chip selects. 

Data Bits DBO-DB? - The Data Bus provides eight, three-state 1/0 lines for the 
transfer of data, control and status information between the Vl16C451 and the 
CPU. These lines are normally in a high-impedance state except during read 
operations. DBO is the least significant bit (lSB) and is the first serial data bit to 
be received or transmitted. 

Address Lines AO-A2 - The address lines select the internal registers during CPU 
bus operations. See Table 1 for the decode of the serial channels, Table 10 for 
the decode of the parallel line printer port. 

Clock Input - The external clock input to the ACE baud rate divisor. 

Serial Data Output - This line is the serial data output from the ACE's transmitter 
circuitry. A mark (1) is a logic "one" (high) and space (0) is a logic "zero" (low). 
SOUT is held in the mark condition when the transmitter is disabled, -RESET is 
true, the Transmitter Register is empty, or when in the loop Mode. 

Clear to Send Input - The logical state of the -CTS pin is reflected in the CTS bit 
of the (MSR) Modem Status Register [CTS is bit 4 of the MSR, written MSR (4)] of 
the ACE. A change of state of the -CTS pin, since the previous reading of the 
MSR, causes the setting of DCTS [MSR(O}] of the Modem Status Register. 

Data Set Ready Input - The logical state of the -DSR pin is reflected in MSR(5) of 
the Modem Status Register. DDSR [MSR(1)] indicates whether the -DSR pin has 
changed state since the previous reading of the MSR. 

Data Terminal Ready Output - The -DTR pin can be set (low) by writing a logic 1 
to MCR(O), Modem Control Register bit 0 of the UART. This signal is cleared 
(high) by writing a logic 0 to the -DTR bit [MCR(O)] or whenever a reset occurs. 
When active (low), the -DTR pin indicates that the ACE is ready to receive data. 

Request to Send Output - The -RTS pin is set low by writing a logic 1 to MCR(1) 
bit 1 of the ACE's Modem Control Register. The -ATS pin is reo:- .9t high by 
-RESET. A low on the -RTS pin indicates that the ACE has data ready to trans
mit. In half duplex operations, -RTS is used to control the direction of the line. 

Ring Indicator Input - The -AI signal is a modem control input whose condition is 
tested by reading MSR(6) (RI) of the ACE. The Modem Status Register output 
TERI [MSR(2)] indicates whether the -RI input has changed from high to low 
since the previous reading of the MSR. 

Parallel Data Output Enable - When low, this signal enables the Write Data 
Register to the PDO-PD? lines. A high puts the PDO-PD? lines in the high
impedance state allowing them to be used as inputs. -lPTOE is usually tied low 
for printer operation. 

Serial Data Input - The serial data input moves information from the communica
tion line or modem to the Vl16C451 receiver circuits. A mark (1) is high, and a 
space (0) is low. Data on serial data inputs is disabled when operating in the 
loop Mode. 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal 
Name 

-RLSO 

-RESET 

INTO 

-eSO, -CS2 

POO-P07 

-STB 

-AFO 

-INIT 

-SLIN 

INT2 

-ERR 

SLCT 

BUSY 

PE 

-ACK 

VCC 

Pin 
Number 

29 

39 

45 

32,38 

53-46 

55 

56 

57 

58 

59 

63 

65 

66 

67 

68 

23,40,64 

Signal 
Type 

0 

110 

0 

0 

0 

0 

0 

Signal 
Description 

VL 16C451 

Receive Line Signal Detect - -ALSO is a modem input whose condition can be 
tested by the CPU by reading MSR(7) (RLSO) of the Modem Status Register. 
MSR(3) (ORLSO) of the Modem Status Register indicates whether the -RLSO 
input has changed since the previous reading of the MSR. -RLSO has no 
effect on the receiver. 

Reset - When low, the -RESET input forces the VL 16C451 into an idle mode in 
which all serial data activities are suspended. The Modem Control Register 
(MCR) along with its output is cleared. The Line Status Register (LSR) is 
cieared except for the THRE and TEMT bits, which are set. All functions of the 
device remain in an idle state until programmed to resume serial data activities. 

Serial Channel Interrupt Output - This three-state output is enabled by the 
MCR bit 2. The serial channel interrupt goes active (high) when one of the 
foliowing interrupts has an active (high) condition and is enabled by the 
Interrupt Enable Register of the serial channel: Receiver Error flag, Received 
Data Available, Transmitter Holding Register Empty, and Modem Status. The 
interrupt is reset low upon appropriate service. Upon reset, the interrupt output 
will be in the high impedance state. 

Chip Selects - Each Chip Select input acts as an enable for the write and read 
signals for its channel. -eSO enables the serial port. while -eS2 enables the 
the signals to the line printer port. 

Parallel Data Bits (0-7) - These eight lines provide a byte-wide input or output 
port to the system. The eight lines are held in a high-impedance state when 
-LPTOE is held in the high state. 

Line Printer Strobe - This open-drain line provides communication between the 
VL 16C451 and the line printer. When it is active low, it provides the line printer 
with a signal to latch the data currently on the parallel port. 

Line Printer Autofeed - This open-drain line provides the line printer with an 
active low signal when continuous form paper is to be autofed to the printer. 

Line Printer Initialize - This open-drain line provides the line printer with a 
signal that allows the line printer initialization routine to be started. 

Line Printer Select - This open-drain line selects the printer when it is active 
low. 

Printer Port Interrupt - This signal is an active high, three-state output, gener-
ated by the positive transition of -ACK. It is enabled by bit 4 of the Write 
Control Register. Upon a reset, the interrupt output will be in the high imped-
ance state. 

Line Printer Error - This is an input line from the line printer. The line printer 
reports an error by holding this line low during the error condition. 

Line Printer Selected - This is an input line from the line printer that goes high 
when the line printer has been selected. 

Line Printer Busy - This is an input line from the line printer that goes high 
when the line printer is not ready to accept data. 

Line Printer Paper Empty - This is an input line from the line printer that goes 
high when the printer runs out of paper. 

Line Printer Acknowledge - This input goes low to indicate a successful data 
transfer has taken place. It generates a printer port interrupt during its positive 
transition. 

Power Supply - The power supply requirement is 5 V ±5%. 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal 
Name 

Pin 
Number 

Signal 
Type 

Signal 
Description 

VL 16C451 

GND 

NC 

2,7,22,42,54,61 

3,5,6,8-13,27, 
43,44,60,62 

Ground (0 V) - All pins must be tied to ground for proper operation. 

No Connection 

FUNCTIONAL DESCRIPTION 
SERIAL CHANNEL REGISTERS 
Three types of internal registers are 
used in the serial channel of the 
VL 16C451. They are used in the 
operation of the device, and are the 
control, status, and data registers. The 
control registers are the Bit Rate Select 
Register DLL (Divisor Latch LSB) and 
DLM (Divisor Latch MSB), Line Control 
Register, Interrupt Enable Register, and 
the Modem Control registers, while the 
status registers are the Line Status 
Registers and the Modem Status 
Register. The data registers are the 
Receiver Buffer Register and the 
Transmitter Holding Register. The 
Address, Read, and Write inputs are 
used in conjunction with the Divisor 
Latch Access Bit in the Line Control 
Register [LCR(7)] to select the register 
to be written or read (see Table 1). 
Individual bits within these registers are 
referred to by the register mnemonic 
and the bit number in parenthesis. An 

example, LCR(7) refers to Line Control 
Register Bit 7. 

The Transmitter Buffer Register and 
Receiver Buffer Register are data 
registers holding from five to eight bits 
of data. H less than eight data bits are 
transmitted, data is right justified to the 
LSB. Bit 0 of a data word is always the 
first serial data bit received and 
transmitted. The VL 16C451 data 
registers are double-buffered so that 
read and write operations can be 
performed at the same time the ACE is 
performing the parallel-to-serial and 
serial-to-parallel conversion. 

LINE CONTROL REGISTER 
The format of the data character is con
trolled by the Line Control Register. 
The contents of the LCR may be read, 
eliminating the need for separate 
storage of the line characteristics in 
system memory. The contents of the 
LCR are described in Figure 1. 

TABLE 1 SERIAL CHANNEL INTERNAL REGISTERS . 
DLAB A2 A1 AO Mnemonic Register 

0 0 0 0 RBR Receiver Buffer Register (read only) 

0 0 0 0 THR Transmitter Holding Register (write only) 

0 0 0 1 IER Interrupt Enable Register 

X 0 1 0 IIR Interrupt Identification Register (read only 

X 0 1 1 LCR Line Control Register 

X 1 0 0 MCR Modem Control Register 

X 1 0 1 LSR Line Status Register 

X 1 1 0 MSR Modem Status Register 

X 1 1 1 SCR Scratch Register 

1 0 0 0 DLL Divisor Latch (LSB) 

1 0 0 1 DLM Divisor Latch (MSB) 

X = "Don't Care" 0= Logic Low 1 = Logic High 

Note: The serial channel is accessed when -eSO is low. 

6-26 

LCR (0) and LCR(1) word length select 
bit 1: The number of bits in each serial 
character is programmed as shown in 
Figure 1. 

LCR(2) Stop Bit Select: LCR(2) 
specifies the number of stop bits in each 
transmitted character. If LCR(2) is a 
logic 0, one stop bit is generated in the 
transmitted data. If LCR(2) is a logic 1 
when a 5-bit word length is selected, 1.5 
stop bits are generated. H LCR(2) is a 
logic 1 when either a 6-, 7-, or 8-bit word 
length is selected, two stop bits are 
generated. The receiver checks for one 
stop bit. 

LCR(3) Parity Enable: When LCR(3) is 
high, a parity bit between the last data 
word bit and stop bit is generated and 
checked. 

LCR(4) Even Parity Select: When parity 
is enabled [LCR(3)=1], LCR(4)=0 selects 
odd parity, and LCR(4)=1 selects even 
parity. 

LCR(5) Stick Parity: When parity is 
enabled [LCR(3)= 1], LCR(5)= 1 causes 
the transmission and reception of a 
parity bit to be in the opposite state from 
the value of LCR(4). This allows the 
user to force parity to a known state and 
for the receiver to check the parity bit in 
a known state. 

LCR(6) Break Control: When LCR(6) is 
set to a logic "1", the serial output 
(SOUl) is forced to the spacing (logic 0) 
state. The break is disabled by setting 
LCR(6) to a logic "0". The Break Control 
bit acts only on SOUT and has no effect 
on the transmitter logic. If the following 
sequence is used, no erroneous or 
extraneous characters will be transmit
ted because of the break. 

1. Load an all "O"s pad character in 
response to THRE. 

2. Set break in response to the next 
THRE. 
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FIGURE 1. LINE CONTROL R!=~~IE_R 

o 0 
Word 0 1 

~--P Length 1 0 
Select 1 1 

5 Data Bits 
6 Data Bits 
7 Data Bits 
8 Data Bits 

"'-______ -t .. ~Stop o = 1 Stop Bit 
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Bit Select 1 = 1.5 Stop Bits if 5 Data Bits Selected I I I 
I 

.. :parity Enable 

~ ______________ ~_~Even 

2 Stop Bits if 5, 7, 8 Data Bits Selected 
o = Parity Disabled 
1 = Parity Enabled 

o = Odd Parity 
1 = Even Parity I Parity 

I II I Select 

~~:~ 

.. Break 
Control 

o = Stick Parity Disabled 
1 = Stick Parity Enabled 

o = Break Disabled 
1 = Break Enabled 

Divisor 0 = Access Receiver Buffer 
L---------------------·Latch 1 = Access Divisor Latches 

3. Wait for the transmitter to be 
idle (TEMT =1), and clear 
break when nOimal tiansmis
sion has to be restored. 

LCR(?) Divisor Latch Access Bit 
(DLAB): LCR(?) must be set high (logic 
"1") to access the Divisor Latches DLL 
and DLM of the Baud Rate Generator 
during a read or write operation. 
LCR(?) must be input low to access the 
Receiver Buffer, the Transmitter 
Holding, or the Interrupt Enable 
Registers. 

LINE STATUS REGISTER 
The Line Status Register (LSR) is a 
single register that provides status 
indications. 

The contents of the Line Status 
Register shown in Table 2 are de
scribed below: 

LSR(O) Data Ready (DR): Data Ready 
is set high when an incoming character 
has been received and transferred into 
the Receiver Buffer Register. LSR(O) is 

Access 
Bit 

reset low by a CPU read of the data in 
transferred into the Receiver Buffer 
Register. 

LSR(1) Overrun Error (OE): Overrun 
Error indicates that data in the Receiver 
Buffer Register was not read by the 
CPU before the next character was 
transferred into the Receiver Buffer 
Register, overwriting the previous 
character. The OE indicator is reset 
whenever the CPU reads the contents 
of the Line Status Register. 

LSR(2) Parity Error (PE): Parity Error 
indicates that the received data 
character does not have the correct 
even or odd parity, as selected by the 
Even Parity Select bit (LCR(4). The PE 
bit is set high upon detection of a parity 
error, and is reset low when the CPU 
reads the contents of the LSR. 

LSR(3) Framing Error (FE): Framing 
Error indicates that the received 
character did not have a valid stop bit. 
LSR(3) is set high when the stop bit 
following the last data bit or parity bit is 
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detected as a zero bit (spacing level). 
The FE indicator is reset low when the 
CPU reads the contents of the LSR. 

LSR(4) Break Interrupt (BI): Break 
Interrupt is set high when the received 
data input is held in the spacing (logic 
0) state for longer than a full word 
transmission time (start bit + data bits + 
parity + stop bits). The BI indicator is 
reset when the CPU reads the contents 
of the Line Status Register. 

LSR(1) - LSR(4) are the error conditions 
that produce a Receiver Line Status 
interrupt (priority 1 interrupt in the 
Interrupt Identification Register (IIR» 
when any of the conditions are de
tected. This interrupt is enabled by 
setting IER(2)=1 in the Interrupt Enable 
Register. 

LSR(5) Transmitter Holding Register 
Empty (THRE): THRE shows that the 
serial channel is ready to accept a new 
character for transmission. The THRE 
bit is set high when a character is 
transferred from the Transmitter 
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TABLE 2. LINE STATUS REGISTER BITS 

LSR BITS 1 0 

LSR (0) Data Ready (DR) Ready Not Ready 

LSR (1) Overrun Error (OE) Error No Error 

LSR (2) Parity Error (PE) Error No Error 

LSR (3) Framing Error (FE) Error No Error 

LSR (4) Break Interrupt (BI) Break No Break 

LSR (5) Transmitter Holding Register Empty (THRE) Empty Not Empty 

LSR (6) Transmitter Empty (TEMT) 

LSR (7) Not Used 

Holding Register into the Transmitter 
Shift Register. LSR(5) is reset low by 
the loading of the Transmitter Holding 
Register by the CPU. LSR(5) is not 
reset by a CPU read of the LSR. 

When the THRE interrupt is enabled 
[IER(1 )=1]. THRE causes a priority 3 
interrupt in the IIR. If THRE is the 
interrupt source indicated in "R, 
INTRPT is cleared by a read of the "R. 

LSR(6) Transmitter Empty (TEMT): 
TEMT is set high when the Transmitter 
Holding Register (THR) and the 
Transmitter Shift Register (TSR) are 
hnth pmntv I SR(6) is reset low when a 

remains low until the character is 
transferred out of SOUTo TEMT is not 
reset low by a CPU read of the LSR. 

LSR(7): This bit is always O. 

MODEM CONTROL REGISTER 

Empty Not Empty 

MCR(1) is reset low, the -ATS output is 
forced high. The -RTS output of the 
serial channel may be input into an 
inverting line driver in order to obtain 
the proper polarity input at the modem 
or data set. 

MCR(3): When MCR(3) is set high, the 
INT output is enabled. 

MCR(4): MCR(4) provides a local 
Ioopback feature for diagnostic testing 
of the channel. When MCR(4) is set 
high, Serial Output (SOUT) is set to the 
marking (logic "1") state, and the 
receiver data input Serial Input (SIN) is 
disconnected. The output of the 

back into the Receiver Shift Register 
input. The three modem control inputs 
(-CTS, -DSR, and -AI) are discon
nected. The modem control outputs 
(-DTR and -RTS) are internally con
nected to -CTS and -DSR. -RI is 
connected to -MCR(2). The modem 
control output pins are forced to their 
inactive state (high). In the diagnostic 
mode, data transmitted is immediately 
received. This allows the processor to 
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verify the transmit and receive data 
paths of the selected serial channel. 

Bits MCR(5) - MCR(7) are permanently 
set to logic O. 

MODEM STATUS REGISTER 
The MSR provides the CPU with status 
of the modem input lines from the 
modem or peripheral devices. The 
MSR allows the CPU to read the serial 
channel modem signal inputs by 
accessing the data bus interface of the 
VL 16C451. In addition to the current 
status information, four bits of the MSR 
indicate whether the modem inputs 
have changed since the last reading of 
the MSR. The delta status bits are set 
high when a control input from the 
modem changes state, and reset low 
when the CPU reads the MSR. 

The modem input lines for the channel 
are -CTS, -DSR, -RI, and -RLSD. 
MSR(4) - MSR(7) are status indications 
of these lines. A status bit=1 indicates 
the associated signal is low, a bit=O in
dicates a high. H the modem status 
interrupt in the Interrupt Enable Register 
is enabled [IER(3)], an interrupt is 
generated whenever MSR(O) is set to a 
one. The MSR is a priority 4 interrupt. 
The contents of the Modem Status 
Register are described in Table 3. 

DCTS indicates that the -CTS input to 
the serial channel has changed state 
since the last time it was read by the 
CPU. 

MSR(1) Delta Data Set Ready (DDSR): 
DDSR indicates that the -DSR input to 
the serial channel has changed state 
since the last time it was read by the 
CPU. 

The Modem Control Register (MCR) 
controls the interface with the modem 
or data set as described in Figure 2. 
The MCR can be written and read. The 
-RTS and -DTR outputs are directly 
controlled by their control bits in this 
register. A high input asserts a low 
(true) at the output pins. MCR Bits 0, 1, 
3, and 4 are shown below: TABLE 3. MODEM STATUS REGISTER BITS 

MCR(O): When MCR(O) is set high, the 
-DTR output is forced low. When 
MCR(O) is reset low, the -DTR output is 
forced high. The -DTR output of the 
serial channel may be input into an 
inverting line driver in order to obtain 
the proper polarity input at the modem 
or data set. 

MCR(1): When MCR(1) is set high, the 
-RTS output is forced low. When 

MSR Bit 

MSR(1) 
MSR(2) 
MSR(O) 
MSR(3) 

MSR(4) 

MSR(5) 

MSR(6) 
MSR(7) 

Mnemonic 

DDSR 
TERI 
DCTS 
DRLSD 

CTS 

DSR 

RI 
RLSD 
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Description 

Delta Data Set Ready 
Trailing Edge of Ring Indicator 

Delta Clear to Send 
Delta Receive Line Signal Detect 

Clear To Send 

Data Set Ready 

Ring Indicator 
Receive Line Signal Detect 



• VLSI TECHNOLOGY, INC. 
VL 16C451 

FIG_URE 2_._ MP_DEM CQNTRQL_BE-'iLSJE_R 
Modem Control Register (MeR) 

Data 0 = -oTR Output High (Inactive) 
----I~ Terminal 1 = -DTR Output Low (Active) 

Ready 

1.-__ -..- Request 0 = -RTS Output High (Inactive) 
To Send 1 "" -RTS Output Low (Active) 

--------1 .. ~ NC 

I.-----------~ .. ~ INT 

---------~ .. ~ LOOP 

Not Connected 

OINT Disabled 
1 INT Enabled 

o = LOOP Disabled 
1 = LOOP Enabled 

'----------------1 .. ~ These Bits are Permanently Set to Logic "0". 

MSR(2) Trailing Edge of Ring Indicator 
(TERI): TERI indicates that the -RI 
input to the serial channel has changed 
state from high to low since the last time 
it was read by the CPU. Low to high 
transitions on -RI do not activate TERI. 

MSR(3) Delta Receive Line Signal 
Detect (DRLSD): DRLSD indicates that 
the -RLSD input to the serial channel 
has changed state since the last time it 
was read by the CPU. 

MSR(4) Clear to Send (ClS): Clear to 
Send (CTS) is the complement of the 
-CTS input from the modem indicating 
to the serial channel that the modem is 
ready to receive data from the serial 
channel's transmitter output (SOUT). If 
the serial channel is in Loop Mode 
[MCR(4)=1], this bit reflects the value of 
-RTS in the MeR. 

MSR(5) Data Set Ready (DSR): Data 
Set Ready (DSR) is the complement of 
the -DSR input from the modem to the 
serial channel which indicates that the 
modem is ready to provide received 
data to the serial channel receiver 
circuitry. If the channel is in the Loop 
Mode [MCR(4)=1], this bit reflects the 
vafue of -DTR in the MeR. 

MSR(6) Ring Indicator: Is the comple
ment of the RI input (pin 39). If the 
channel is in the Loop Mode 
[MCR(4)=1], this bit reflects the state of 
MCR(2). 

MSR(7) Receive Line Signal Detect : 
Receive Line Signal Detect indicates 
the status of the Receive Line Signal 
Detect (-RLSD) input. H the channel is 
in the Loop Mode [MCR(4)=1]. this bit 
reflects the state of INTO of the MCR. 

The modem status inputs (-RI, -RLSD, 
-DSR, and ==CTS) reflect the modem ' 
input lines with any change of status. 
Reading the MSR register will clear the 
delta modem status indications but has 
no effect on the ether status bits. 

For LSR and MSR, the setting of status 
bits is inhibited during status register 
read operations. H a status condition is 
generated during a read operation, the 
status bit is not set until the trailing edge 
of-lOR. 

H a status bit is set during a read 
operation, and the same status condi
tion occurs, that status bit will be 
cleared at the trailing edge of -lOR 
instead of being set again. 

DIVISOR LATCHES 
The VL 16C451 serial channel contains 
a programmable Baud Rate Generator 
(BRG) that divides the clock (DC to 
3.1 MHz) by any divisor from 1 to 2 16-1 

(see also BRG description). The output 
frequency of the Baud Generator is 16X 
the data rate [divisor # = clock + (baud 
rate x 16)]. Two a-bit divisor latch 
registers store the divisor in a 16-bit 
binary format. These Divisor Latch 

6-29 

registers must be loaded during 
initialization. Upon loading either of the 
Divisor latches, a 16-bit baud counter is 
immediately loaded. This prevents long 
counts on initial load. 

RECEIVE BUFFER REGISTER 
The receiver circuitry in the serial 
channel of the VL 16C451 is program
mable for 5, 6, 7, or a data bits per 
character. For words of less than a bits, 
the data is right justified to the least 
significant bit LSB = Data Bit 0 
[RBR(O)]. Data Bit 0 of a data word 
[RBR{O)] is the first data bit received. 
The unused bits in a character less than 
a bits O's. 

Received data at the SIN input pin is 
shifted into the Receiver Shift Register 
by the 16X clock provided at the RCLK 
input. This cleck is synchronized to the 
incoming data based on the position of 
the start bit. When a complete charac
ter is shifted into the Receiver Shift 
Register, the assembled data bits are 
parallel loaded into the Receiver Buffer 
Register. The DR flag in the LSR 
register is set. 

Double buffering of the received data 
permits continuous reception of data 
without losing received data. While the 
Receiver Shift Register is shifting a new 
character into the serial channel, the 
Receiver Buffer Register is holding a 
previously received character for the 
CPU to read. Failure to read the data in 
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the RBR before complete reception of 
the next character result in the loss of 
the data in the Receiver Register. The 
OE flag in the LSR register indicates 
the overrun condition. 

TRANSMIT HOLDING REGISTER 
The Transmitter Holding Register (THR) 
holds the character until the Transmitter 
Shift Register is empty and ready to 
accept a new character. The transmit
ter and receiver word lengths are the 
same. H the character is less than eight 
bits, unused bits are ignored by the 
transmitter. 

Data Bit 0 [THR(O)] is the first serial 
data bit transmitted. The THRE flag 
[LSR(5)] reflect the status of the THR. 
The TEMT flag [LSR(5)] indicates if 
both the THR and TSR are empty. 

SCRATCHPAD REGISTER 
Scratch pad Register is an 8-bit Read! 
Write register that has no effect on 
either channel in the VL 16C451. It is 
intended to be used by the programmer 
to hold data termporarily. 

INTERRUPT IDENTJflCA liON 
REGISTER 
In order to minimize software overhead 
during data character transfers, the 
serial channel prioritizes interrupts into 
four levels. The four levels of interrupt 
conditions are as follows: 

1. Receiver Line Status (priority 1) 
2. Received Data Ready (priority 2) 
3. Transmitter Holding Register Empty 

(priority 3) 
4. Modem Status (priority 4) 

Information indicating that a prioritized 
interrupt is pending and the type of 
interrupt is stored in the Interrupt 
Identification Register (IIR). The IIR 
indicates the highest priority interrupt 
pending. The logic equivalent of the 
interrupt control circuit is shown in 
Figure 3. The contents of the IIR are 
indicated in Table 4 and are described 
below. 

IIR(O): IIR(O) can be used to indicate 
whether an interrupt is pending. When 
IIR(O) is low, an interrupt is pending. 

IIR(1) and IIR(2) are used to identify the 
highest priority interrupt pending as 
indicated in Table 2. 

IIR(3) - IIR(7): These five bits of the IIR 
are logic O. 

INTERRUPT ENABLE REGISTER 
The Interrupt Enable Register (IER) is a 
Write register used to independently 
enable the four serial channel interrupt 
sources which activate the interrupt 
(INTRPT) output. All interrupts are 
disabled by resetting IER(O) - IER(3) of 
the Interrupt Enable Register. Inter
rupts are enabled by setting the 
appropriate bits of the IER high. 
Disabling the interrupt system inhibits 
the Interrupt Identification Register and 
the active (high) INTRPT output. All 
other system functions operate in their 
normal manner, including the setting of 
the Line Status and Modem Status 
Registers. The contents of the Interrupt 
Enable Register is described in Figure 2 
and below: 

IER(O): When set to one, IER(O) 
enables Received Data Available 
interrupt. 

IER(1): When set to one, IER(1) 
enables the Transmitter Holding 
Register Empty interrupt. 

IER(2): When set to one, IER(2) 
enables the Receiver Line Status 
interrupt. 

IER(3): When set to one, IER(3) 
enables the Modem Status Interrupt. 

IER(4) -IER(7): These four bits of the 
IER are Logic O. 

TRANSMITTER 
The serial transmitter section consists 
of a Transmitter Holding Register 
(THR), Transmitter Shift Register 
(TSR), and associated control logic. 
The Transmitter Holding Register 
Empty (THRE) and Transmitter Empty 
(TEMT) are two bits in the Line Status 
Register which indicate the status of 
THR and TSR. The microprocessor 
should perform a write to the THR only 
if THRE is one. This causes the THRE 
to be reset to O. THRE is set high when 
the word is automatically transferred 
from the THR to the TSR during the 
transmission of the start bit. 

TEMT remains low for at least the 
duration of the transmission of the data 
word. Since the data word cannot be 
transferred from the THR to the TSR 
until the TSR is empty. THRE remains 
low until the TSR has completed 
sending the word. 
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RECEIVER 
Serial asynchronous data is input into 
the SIN pin. A start bit detect circuit 
continually searches for a high to low 
transition from the idle state. When the 
transition is detected, a counter is reset, 
and counts the 16X clock to 7 1!2, 
which is the center of the start bit. The 
start bit is valid if the SIN is still low. 
Verifying the start bit prevents the 
receiver from assembling a false data 
character due to a low going noise 
spike on the SIN input. 

The Line Control Register determines 
the number of data bits in a character 
[LCR(O), LCR(1 )], if parity is used 
LCR(3), and the polarity of parity 
LCR(4). 

Status for the receiver is provided in the 
Line Status Register. When a full char
acter is received including parity and 
stop bit, the Data Received indication in 
LSR(O) is set high. The CPU reads the 
Receiver Buffer Register which resets 
LSR(O). H the character is not read 
prior to a new character transfer from 
the RSR to the RBR, the overrun error 
status indication is set in LSR(1). H 
there is a parity error, the parity error is 
set in LSR(2). If a stop bit is not 
detected, a framing error indication is 
set in LSR(3). 

H the data into SIN is symmetrical 
square wave, the center of the data 
cells will occur within ±3.125% of the 
actual center, providing an error margin 
of 46.875%. The start bit can begin as 
much as one 16X clock cycle prior to 
being detected. 

BAUD RATE GENERATOR (BRG) 
The BRG generates the clocking for the 
UART function, providing standard 
ANSI/CCITT bit rates. The oscillator 
driving the BRG is provided by an 
external clock into CLK. 

The data rate is determined by the 
Divisor Latch registers DLL and DLM 
and the external frequency. The bit rate 
is selected by programming the two 
divisor latches, Divisor Latch Most 
Significant Byte and Divisor Latch Least 
Significant Byte. Setting DLL=1 and 
DLM=O selects the divisor to divide by 1 
(divide by 1 gives maximum baud rate 
for a given input frequency at the CLK 
input). 
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The_BBG_can u_s_e_anyofthree_different 
popular frequencies to provide standard 
baud rates. These frequencies are 
1 .8432 MHz, 2.4576 MHz, and 3.072 
MHz. With these frequencies, standard 
bit rates from 50 to 38.5 kbps are 
available. Tables 5,6 and 7 illustrate 
the divisors needed to obtain standard 
rates using these three crystal frequen
cies. 

RESET 
After power up, the VL 16C451 -RESET 
input should be held low for 500 ns to 
reset the VL 16C451 circuits to an idle 
mode until initialization. A low on 
-RESET causes the following: 

1. Initializes the transmitter and 
receiver internal clock counters. 

2. Clears the Line Status Register 
(LSR), except for Transmitter Shift 
Register Empty (TEMT) and 
Transmit Holding Register Empty 
(THRE), which are set. The Modem 
Control Register (MCR) is also 
cleared. All of the discrete lines, 

memory eJementsand miscellane
ous logic associated with these 
register bits are also cleared or 
turned off. The Line Control 
Register (LCR), Divisor Latches, 
Receiver Buffer Register, Transmit
ter Buffer Register are not affected. 

Following removal of the reset condition 
(Reset high), the VL 16C451 remains in 
the idle mode until programmed. 

A hardware reset of the VL 16C451 sets 
the TH RE and TEMT status bit in the 
LSR. When interrupts are subsequently 
enabled, an interrupt occurs due to 
THRE. 

A summar, of the effect of a reset Oii 

the VL 16C451 is given in Table 8. 

PROGRAMMING 
The serial channel of the VL 16C451 is 
programmed by the control registers 
LCR, IER, DLL and DLM, and MCR. 
These control words define the charac
ter length, number of stop bits, parity, 
baud rate, and modem interface. 

VL 16C451 

Whllethe COAtrof--I'9g1ster can be Wfitten 
in any order, the IER should be written 
to last because it controls the interrupt 
enables. Once the serial channel is 
programmed and operational, these 
registers can be updated any time the 
VL 16C451 serial channel is not trans
mitting or receiving data. 

SOFTWARE RESET 
A software reset of the serial channel is 
a useful method for returning to a 
completely known state without a 
system reset. Such a reset consists of 
writing to the LCR, Divisor Latches, and 
MCR registers. The LSR and RBR 
registers should be read prior to 
enabiing interrupts in order to ciear out 
any residual data or status bits which 
may be invalid for subsequent opera
tion. 

CLOCK INPUT OPERATION 
The maximum input frequency of the 
external clock of the VL 16C451 is 
3.1 MHz. 

TABLE 4. INTERRUPT IDENTIFICATION REGISTER 

INTERRUPT IDENTIRCATION INTERRUPT SET AND RESET FUNCTIONS 

Priority Interrupt Interrupt I"tao ••• .,,,t 
Bit 2 Bit 1 Bit 0 

.... _ .. -1". 
Level Flag Source Reset Control 

X X 

I 
1 None None 

1 1 0 First Receiver OE, PE LSR Read 
Line Status FE, or BI 

1 I 
0 0 I Second I Received Data I Received Data I RBR Read 

Available Available 

0 1 0 Third THRE THRE IIR Read if THRE is the 
Interrupt Source or THR Write 

0 0 0 Fourth Modem Status -CTS,-DSR MSR Read 
Ii I I -AI, -DCD -ALSD I 

X = Not Defined. 
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FIGURE 3. INTERRUPT CONTROL LOGIC 

DR (LSR BIT 0) 

ERBFI (IER BIT 0) 

THRE (LSR BIT 5) 

ETBEI (IER BIT 1 ) 

OE (LSR BIT 1) 
PE (LSR BIT 2) 

FE (LSR BIT 3) 
BI (LSR BIT 4) 

ELSI (IER BIT 1) 
DCTS (MSR BIT 0) 
DDSR (MSR BIT 1) 

TERI (MSR BIT 2) 
DDCD (MSR BIT 3) 

EDSSI (IER BIT 3) 

INTERRUPT ENABLE (MeR BIT 3) 

TABLE 5. BAUD RATES (1.8432 MHz CLOCK) 
Desired 
Baud Rate 

50 
75 

110 
134.5 

150 
300 
600 

1200 
1800 
2000 
2400 
3600 
4800 
7200 
9600 

19200 
38400 
56000 

Divisor Used 

2304 
1536 
1047 
857 
768 
384 
192 
96 
64 
58 
48 
32 
24 
16 
12 
6 
3 
2 

Percent Error 
DHference Between 
Desired and Actual 

0.026 
0.058 

0.69 

2.86 
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TABLE 6. BAUD RATES (2.4576 MHz CLOCK) 

Desired 
Baud Rate 

50 
75 

110 
134.5 

150 
300 
600 

1200 
1800 
2000 
2400 
3600 
4800 
7200 
9600 

19200 
38400 

Divisor Used 

3072 
2048 
1396 
1142 
1024 
512 
256 
128 
85 
77 
64 
43 
32 
21 
16 
8 
4 

Percent Error 
Difference Between 
Desired and Actual 

0.026 
0.0007 

0.392 
0.260 

0.775 

1.587 

TABLE 7. BAUD RATES (3.072 MHz CLOCK) 
Desired Divisor Used Percent Error 
Baud Rate Difference Between 

Desired and Aciuai 

50 3840 
75 2560 

110 1745 0.026 
134.5 1428 0.034 

150 1280 
300 640 
600 320 

1200 160 
1800 107 0.312 
2000 96 
2400 80 
3600 53 0.628 
4800 40 
7200 27 1.23 
9600 20 

19200 10 
38400 5 
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TABLE 8. RESET 

Reg isterlSignal 

Interrupt Enable Register 
Interrupt Identification 
Register 
Line Control Register 
Modem Control Register 
Line Status Register 
Modem Status Register 

SOUT 
Intrpt (RCVR Errs) 
Intrpt (RCVR Data Ready) 
Intrpt (THRE) 
Intrpt (Modem Status Changes) 
-OUT2 
-RTS 
-DTR 
-OUT 1 

DEVICE APPLICATION 

DATA ~-----~"-I 
BUS 

ADDR 
BUS 

CTL 
BUS 

Reset Control 

Reset 
Reset 

Reset 
Reset 
Reset 
Reset 

Reset 
Read LSRlReset 
Read RBRlReset 
Read IIR1Write THRlReset 
Read MSRlReset 
Reset 
Reset 
Reset 
Reset 

VL16C451 

ACE AND 
PRINTER 

PORT 
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Reset 

All Bits Low (0-3 Forced and 4-7 Permanent) 
Bit 0 is High, Bits 1 and 2 Low 
Bits 3-7 Are Permanently Low 
All Bits Low 
All Bits Low 
All Bits Low, Except Bits 5 and 6 Are High 
Bits 0-3 Low 
Bits 4-7 Input Signal 
High 
Low 
Low 
Low 
Low 
High 
High 
High 
High 

SERIAL 

CHANNEL 0 1-----1 

BUFFERS 

PARALLEL 

PORT 

RIC NET 

9-PIN OR 
25-PIN 

itO" 
CONN 

25-PIN 

CONN 
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TABLEJi __ SEBIAL CHANNEL ACCESSIBLE REGISTERS 

Register 
Mnemonic 

RBR 
(Read Only) 

"T" :HR 
(Write Only) 

DLL 

DLM 

IER 

IIR 
(Read Only) 

LCR 

MCR 

LSR 

MSR 

SCR 

Bit7 

Data 
Bit 7 

(MSB) 

~ Data 
Bit 7 

Bit 7 

Bit 15 

0 

0 

(DLAB) 
Divisor 
Latch 

Access 
Bit 

0 

0 

(DCD) 
Data 

Carrier 
Detect 

Bit 7 

I 

Bit6 

Data 
Bit 6 

Data 
Bit 6 

Bit 6 

Bit 14 

0 

0 

Set 
Break 

0 

(TEMT) 
Transmitter 

Empty 

(RI) 
Ring 

Indicator 

Bit 6 

BitS 

Data 
Bit 5 

Data 
BitS 

BitS 

Bit 13 

0 

0 

Stick 
Parity 

0 

(THRE) 
Transmitter 

Holding 
Register 
Empty 

(DSR) 
Data 

Ready 
Set 

Bit 5 

*LSB Data Bit 0 is the first bit transmitted or received. 

I 

Register Bit Number 

Bit 4 

Data 
Bit 4 

Data 
Bit 4 

Bit 4 

Bit 12 

0 

0 

(EPS) 
Even 
Parity 
Select 

Loop 

(BI) 
Break 

Interrupt 

(CTS) 
Clear 

to 
Send 

Bit 4 
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I 

Blt3 

Data 
Bit 3 

Data 
Bit 3 

Bit 3 

Bit11 

(EDSSI) 
Enable 
Modem 
Status 

Interrupt 

0 

(PEN) 
Parity 

Enable 

INT 

(FE) 
Framing 

Error 

(DRLSD) 
De~a 

Receive 
Line Signal 

Detect 

Bit 3 

Bit 2 

Data 
Bit 2 

Data 
Bit 2 

Bit 2 

Bit 10 

(ELSI) 
Enab!e 

Receiver 
Line 

Status 
Interrupt 

Interrupt 
10 

Bit (1) 

(STB) 
Number 
of Stop 

Bits 

NC 

(PE) 
Parity 
Error 

(TERI) 
Trailing 
Edge 
Ring 

Indicator 

Bit 2 

VL 16C451 

Bit 1 

Data 
Bit 1 

Data 
Bit 1 

Bit 1 

Bit 9 

(ETBEI) 
Enable 

Transmitter 
Holding 
Register 
Empty 

Interrupt 

Interrupt 
10 

Bit (0) 

(WLSB1) 
Word 

Length 
Select 
Bit 1 

(RTS) 
Request 

To 
Send 

(OE) 
Overrun 

Error 

(DDSR) 
De~a 

Data 
Set 

Ready 

Bit 1 

I 

Bit 0 

Data 
Bit 0 

(LSB)* 

Data 
Bit 0 

Bit 0 

BitS 

(ERBFI) 
Enable 

Received 
Data 

Available 
Interrupt 

"0" If 
Interrupt 
Pending 

(WLSBO) 
Word 

Length 
Select 
Bit 0 

(DTR) 
Data 

Terminal 
Ready 

(DR) 
Data 

Ready 

(DCTS) 
Delta 
Clear 

to 
Send 

Bit 0 
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PARALLEL PORT REGISTERS 
The VL 16C451 's parallel port interfaces 
the device to a Centronics-style printer. 
When Chip Select 2 (-CS2) is low, the 
parallel port is selected. Table 10 
shows the registers associated with this 
parallel port. The read or write function 
of the register is controlled by the state 
of the read (-lOR) and write (-lOW) pin 
as shown. The Read Data Register 
allows the microprocessor to read the 
information on the parallel bus. 

The Read Status Register allows the 
microprocessor to read the status of the 

printer in the five most significant bits. 
The status bits are Printer Busy 
(BUSY), Acknowledge (-ACK) which is 
a handshake function, Paper Empty 
(PE), Printer Selected (SLCT), and 
Error (-ERR). The Read Control 
Register allows the state of the control 
lines to be read. The Write Control 
Register sets the state of the control 
lines. They are Interrupt Enable (IRO 
ENB), Select In (-SUN), Initialize the 
Printer (-IN IT), Autofeed the Paper 
(-AFD) and Strobe (-STB). The Write 
Data Register allows the microproces
sor to write a byte to the parallel bus. 

TABLE 10. PARALLEL PORT REGISTERS 

Register Register Bits 

Bit 7 Bit 6 Bit 5 Bit 4 

Read Port PD7 PD6 PD5 PD4 

Read Status BUSY -ACK PE SLCT 

Read Control 1 1 1 IRO ENB 

Write Port PD7 PD6 PD5 PD4 

Write Control 1 1 1 IROENB 

TABLE 11. PARALLEL PORT REGISTER SELECT 
Control Pins Register Selected 

-lOR -lOW -CS2 A1 AO 
0 1 0 0 0 Read Port 

0 1 0 0 1 Read Status 

0 1 0 1 0 Read Control 

0 1 0 1 1 Invalid 

1 0 0 0 0 Write Port 

1 0 0 0 1 Invalid 

1 0 0 1 0 Write Control 

1 0 0 1 1 Invalid 
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The parallel port is completely compat
ible with the parallel port implementa
tion used in the IBM Serial/Parallel 
Adaptor. 

Figure 4 describes the operation of the 
-LPTOE input. When -LPTOE goes 
Low, the internal data latch is enabled 
to the PDO-PD7 lines. PDO-PD7 will 
then contain the same information as 
the latch. 

When -LPTOE goes high, the internal 
data latch is disabled from the PDO-PD7 
lines. An external device can place 
data on the PDO-PD7 lines, and reading 
the data reads the PDO-PD7 lines. 

Bit 3 Bit 2 Bit 1 

PD3 PD2 PD1 

-ERR 1 1 

-SUN -INIT -AFD 

PD3 PD2 PD1 

-SUN -INIT -AFD 

FIGURE 4. -LPTOE FUNCTION 

READ 
DATA 

WRITE 
DATA 

-lPTOE 

I 
OE 

DATA 
BUFFER 

I 
ClK 

DATA 
lATCH 

'( 

Bit 0 

PDO 

1 

-STB 

PDO 

-STB 

f-- PDO-PD7 
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AC CHARACTERISTICS: TA= O°C to +70°C, VCC= 5 V ±5% (Note 4) 
- --

Symbol I Parameter I Min I Max I Units 

tDIW -lOR Strobe Width 125 ns 

RC Read Cycle 360 ns 

tDDD Delay from -lOR to Data 125 ns 

tHZ -lOR to Floating Data Delay 0 100 ns 

tDOW -lOW Strobe Width 100 ns 

WC Write Cycle 360 ns 

tDS Data Setup Time 40 ns 

tDH Data Hold Time 40 ns 

tRA Address Hold Time from -lOR 20 ns 

tRCS Chip Select Hold Time from -lOR 20 ns 

tAR -lOR Delay from Address 60 ns 

tCSR -lOR Delay from Chip Select 50 ns 

tWA Address Hold Time from -lOW 20 ns 

tWCS Chip Select Hold Time from -lOW 20 ns 

tAW -lOW Delay from Address 60 ns 

tCSW -lOW Delay from Select 50 ns 

tRW Reset Pulse Width 5 J.1s 

tXH Duration of Clock High Pulse 140 ns 

tXL Duration of Clock Low Pulse 140 ns 

Notes: 1. The internal address strobe is always active. 
2. RCLK = tXH and tXL. 
3. Charge and discharge time is determined by VOL, VOH and the external loading. 
4. All timings are referenced to valid 0 and valid 1. 

(See AC Test Points.) 
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Conditions 

100 pF Load 

100 pF Load, Note 3 

Note 1 

Note 1 

Note 1 

Note 1 

Note 1 

Note 1 

Note 1 

Note 1 

External Clock 

External Clock 
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VL 16C451 

AC CHARACTERISTICS (Cont.): TA= O°C to +70°C, VCC= 5 V ±50/0 (Note 4) 

Symbol I Parameter I Min I Max I Units Conditions 

Transmitter 

tHR1 
Delay from Rising Edge of -lOW 

175 ns 100 pF load (WR TH R) To Reset Interrupt 

tlRS Delay from Initial INTO Reset to Transmit Start 16 
ClK 

Note 2 Cycles 

tSI Delay from Initial Write to Interrupt 8 24 
ClK 

Note 2 
Cycles 

tSTI Delay from Stop to Interrupt (THRE) 8 ClK Note 2 
Cycles 

tlR 
Delay from -lOR (RD IIR) 

250 ns JOO pF load to Reset Interrupt (THRE) 

Modem Control 

tMDO 
Delay from -lOW 

250 ns 100 pF load (WR MCR) to Output 

tSIM Delay to Set Interrupt from Modem Input 250 ns 100 pF load 

tRIM 
Delay to Reset Interrupt from 

250 ns 100 pF load -lOR (RS MSR) 

Receiver 

tSINT Delay from Stop to Set Interrupt 1 
ClK Note 2 

Cycles 

tRINT 
Delay from -lOR 

1 Ils 100 pF load 
(RD RBRIRD lSR) to Reset Interrupt 

Parallel Port 

tOT Data Time 1 Ils 
tSB Strobe Time 1 500 Ils 

tAD Acknowledge Delay (Busy Start to Acknowledge) Ils Defined by Printer 

tAKD Acknowledge Delay (Busy End to Acknowledge) Ils Defined by Printer 

tAK Acknowledge Duration Time Ils Defined by Printer 

tBSY Busy Duration Time Ils Defined by Printer 

tBSD Busy Delay Time Ils Defined by Printer 

Notes: 1. The internal address strobe is always active. 
2. RClK = tXH and tXL. 
3. Charge and discharge time is determined by VOL, VOH and the external loading. 
4. All timings are referenced to valid 0 and valid 1 (see AC Test Points). 
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VL16C451 

WRITE CYCLE TIMING ___ _ 
--- I ___ ~::-::-_~~ 

-~, I VALID 
A2 A1 AD 

--

-Cs VALID 

l ~ ~SW-- WC-----~ 
~W-----~~----~--

-lOW 

-lOR 

___ ---{I(-__ ~ 

• OR 

ACTIVE 

----------------jt---~~~ ~ACTIVE 
tOS I. ~ .. tDH.1 

- ---------------.;tVAL:O OATA)L-----------_ DATA . 
00-07 

READ CYCLE TIMING 

A2. AI AO *--------:-V-:-:-A-:-:LI=-D-------I~-~tRIA 
----1,., I VALID ~=~ 

-Cs 

"'tRCS" 

tAR ~--t_C_SR_-_-_-_~-~~~---_,--RC--------------~.~1 
-----{~~~--- ACTIVE --------------~ .--lOR • 

-lOW 

1-----.1 ~ /...- tHZ tDDD .~ I 
DATA ____________ ----,~ ~~~~ )\.-______ _ 

DO-D7 
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RECEIVER TIMING 

SIN\ d (RECEIVER START ~TA BITS (5-8) 
INPUT 
DATA) 

SAM6~J ____ ~ __ ~~)~ ____ -L ____ -L-:~~~~~ __ ~~ 
. ~ tSINT;~ 

INTERRUPT 

(DATA READY OR __________________ _ RCVRERR) 

-lOR ---------------------------------.\ ACTIVE 

TRANSMITTER TIMING 

SERIAL 
OUT (SOUT) 

VL 16C451 

INTERRUPT 
(THRE) 

~
S:L--D-A-TA-(-~-) -D'STOP (1-2)fsTA~RT 

PARITY ----+ tSTI tlRS ____ ~ 
--------~ 

-lOW 

~RTHR)_~~==~~~ _______________________________ , _.I~ t81_ V 
-lOR 

(RD IIR) 

MODEM TIMING 

-lOW 
(WR MCR) 

-RTS, -DTR 
~\~=4ttMDO 

-CTS, -DSR, -RLSD ____ _ 

-INTERRUPT 

-lOR 
(RD MSR) 

-RI 

\ 4 tMDO r 

~tSIM~ 
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PARALLEL PORT TIMING 

DATA 

-STB 

-ACK 

BUSY 

-- --- ---

-=f.D~ ~DT1= 
~M 

~-----tAD----~~~~ 

--.,..............,...................----...... -1 tAKD 

tBSy ... T 
AC TESTING INPUT/OUTPUT WAVEFORMS 

EXTERNAL CLOCK INPUT 

VL 16C451 

AC TEST POINTS 

eLK }~~ ,/\,ov ___ A -f~V, ... 
--.:/ ~ ~O.8 V ~ ~'---_ __ ~O.8 V • 

TEST CIRCUIT 

'.tXL.' 

2.54 V 

r Output Under Test 

6800 

• Includes Scope and Jig 82 pI'" I 
Capacitance 
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ABSOLUTE MAXIMUM RATINGS 
Ambient Operating 
Temperature 

Storage Temperature -65°C to + 150°C 

Supply Voltage to 
Ground Potential -0.5 V to VCC +0.3 V 

Applied Output 
Voltage -0.5 V to VCC +0.3 V 

Applied Input 
Voltage -0.5 V to +7.0 V 

Power Dissipation 500 mW 

Stresses above those listed may cause 
permanent damage to the device. 
These are stress ratings only. Func
tional operation of this device at these 
or any other conditions above those 

DC CHARACTERISTICS: TA = ooe to +7ooe, vee = 5 V ±5% 

Symbol Parameter Min Max UnHs 

VILX Clock In~ut Low Voltage -0.5 0.8 V 

VIHX Clock Input High Voltage 2.0 VCC V 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 VCC V 

voL Output Low Voltage 0.4 V 

VOH Output High Voltage 2.4 V 

ICC Power Supply Current 50 mA 

ilL Input Leakage ±10 IlA 

ICL Clock Leakage ±10 IlA 

10Z 3-State Leakage ±20 flA 

VIL(RES) Reset Schmitt VIL 0.8 V 

VIH(RES) Reset Schmitt VIH 2.0 V 

VL 16C451 

indicated in this data sheet is not 
implied. Exposure to absolute maxi
mum rating conditions for extended 
periods may affect device reliability. 

CondHlons 

IOL = 4.0 mA on DBO-DB7 
IOL = 12 mA on PDO-PD7 
IOL = 10 mA on -INIT, -AFD, -STB, 

and -SUN (see Note 1) 
IOL = 2.0 mA on all other outputs 

10H = -0.4 mA on DBO-DB7 
IOH = -2.0 mA on PDO-PD7 
IOH = -0.2 mA on -IN IT, -AFD, -STB, 

and -SUN 
IOH = -0.2 mA on all other outputs 

VCC = 5.25 V, No loads on SIN, 
-DSR, -RLSD, -CTS. 
-RI = 2.0 V. Other inputs = 0.8 V. Baud 
rate generator = 4 MHz. Baud rate = 56K 

VCC = 5.25 V, GND = 0 V. 
All other pins floating. 

VIN = 0 V, 5.25 V 

VCC = 5.25 V, GND = 0 V. 
VOUT = 0 V, 5.25 V 
1) Chip deselected 
2) Chip and write mode selected 

Note 1. -IN IT, -AFD, -STB, and -SUN are open collector output pins that each have an internal pull-up resistor (2.5 kn-3.5 kn) 
to VCC. This will generate a maximum of 2.0 mA of internallOL. In addition to this internal current, each pin will sink at 
least 10 mA, while maintaining the VOL specification of 0.4 V maximum. 
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FEATURES 
• IBM PC/AT -compatible 

• Dual-channel version of VL 16C450 

• Centronix printer interface 

• Independent control of transmit, 
receive, line status and data set 
interrupts on each channel 

• Individual modem control signals for 
each channei 

• Programmable serial interface 
characteristics for each channel: 

- 5-, 6-, 7- or 8-bit characters 
- Even-, odd- or no-parity bit 

generation and detection 
- 1, 1 112 or 2 stop bit generation 

• Three-state TTL drive for the data and 
control bus on each channel 

PIN DIAGRAM 
VL16C452 

NC 

VL16C452 
DUAL ASYNCHRONOUS 

COMMUNICATIONS ELEMENT 
DESCRIPTION 
The VL 16C452 is an enhanced dual
channel version of the popular 
VL 16C450 asynchronous communi
cations element (ACE). The device 
serves two serial input/output interfaces 
simultaneously in microcomputer- or 
microprocessor-based systems. Each 
channel performs serial-to-parallel 
conversion on data characters received 
from peripheral devices or modems, and 
parallel-to-serial conversion on data 
characters transmitted by the CPU. The 
complete status of each channel of the 
dual ACE can be read at any time during 
functional operation by the CPU. The 
information obtained includes the type 
and condition of the transfer operations 
being performed, and error conditions. 

In addition to its dual communications 
interface capabilities, the VL 16C452 
provides the user with a fully bidirec
tional parallel data port that fully 
supports the parallel Centronics type 
printer. The parallel port, together with 
the two serial ports. provide IBM PC/AT
compatible computers with a single 
device to serve the three system ports. 

A programmable baud rate generator is 
included that can divide the timing 
reference clock input by a divisor 
between 1 and (216 -1). 

The VL 16C452 is housed in a 
S8-pin plastic leaded chip carrier. 

BLOCK DIAGRAM 

-CTSO 

ACE 
#1 

-DSRO 
-RlSDQ 

-RIO .. 

-RTSO 
-DTRe 
SOUTO 
INTO 

9 8 7 6 5 432 1 ~ ~ ~ ~ M ~ ~ ~ SINO 
-CSO 

SOUT1 

-DTR1 

-RTS1 

-CTS1 

DBO 

DB1 

DB2 

DB3 

DB4 

DB5 

DB6 

DB7 

GND 22 ::g: 
SOUTO § 26 

• 60 INT1 

TOP VIEW 

NC T-RLSD(f -OSRO/ A2 I Ao T-OR I~REsETT SiNoT GND 
-CTSO -RIO -eso A1 -lOW -CS2 vee GND 

59 

58 

INT2 

-SUN 

57 -IN IT 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

-AFD 
-sTB 

GND 

PDO 

PD1 

PD2 

PD3 

PD4 

PD5 

PD6 

PD7 

INTO 

BOO 

OBO -OB7 

-CTS1 
-DSR1 

-RLS01 
-R11 
SIN1 

-CS1 

AO-A2 
-lOW 
-lOR 

-RESET 
ClK 

-ERR 
SlCT 
BUSY 

PE 
-ACK 

-t.PTOE 
-CS2 

-+. ------------

ORDER INFORMATION 
Maximum 

8/ 
/ 

8 V 
" 

ACE 
#2 

.. 
SELECT 4~ 

AND 
CONTROL 

lOGIC ,/ 

/ 8 

--.. 
PARALLEL 

PORT 

Part 
Number Clock Frequency Package 

.. 

8 / 
/ 

-RTS1 
-OTR1 
SOUT1 
INT1 

800 

PDQ - PO? 
-INIT 
-AFO 
-STB 
-SUN 
INT2 

VL 16C452-QC 3.1 MHz Plastic Leaded Chip Carrier (PLCC) 

Note: Operating temperature range is O°C to +70°C. 
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SIGNAL DESCRIPTIONS 
Signal 
Name 

-lOR 

-lOW 

DBO-DB7 

AO, A1, A2 

ClK 

Pin 
Number 

37 

36 

14-21 

35,34,33 

4 

SOUTO, 26,10 
SOUT1 

-CTSO, -CTS 1 28, 13 

-DSRO, -DSR1 31,5 

-DTRO, -DTR1 25, 11 

-RTSO, -RTS1 24,12 

-RIO, -R11 30,6 

-lPTOE 

VCC 23,40,64 

Signal 
Type 

110 

o 

o 

o 

Signal 
Description 

VL16C452 

Read Strobe - This is an active low input which enables the data bus (DBO-DB7). 
The data output depends upon the register selected by the address inputs AO, A 1, 
A2 and Chip Selects. 

Input/Output Write Strobe - This is an active low input causing data from the data 
bus to be input to either ACE or to the parallel port. The destination depends upon 
the register selected by the address inputs AO, A 1, A2 and chip selects. 

Data Bits DBO-DB7 - The Data Bus provides eight, three-state 110 lines for the 
transfer of data, control and status information between the Vl16C452 and the 
CPU. These lines are normally in a high-impedance state except during read 
operations. DBa is the least significant bit (lSB) and is the first serial data bit to 
be received or transmitted. 

Address Lines AO-A2 - The address lines select the internal registers during CPU 
bus operations. See Table 1 for the decode of the serial channels, Table 10 for 
the decode of the parallel line printer port. 

Clock Input - The external clock input to the baud rate divisor of each ACE. 

Serial Data Outputs - These lines are the serial data outputs from the ACEs' trans
mitter Circuitry. A mark (1) is a logic "one" (high) and space (0) is a logic "zero" 
(low). Each SOUT is held in the mark condition when the transmitter is disabled, 
Reset is true, the Transmitter Register is empty, or when in the loop Mode. 

Clear to Send Inputs - The logical state of each -CTS pin is reflected in the CTS 
bit of the (MSR) Modem Status Register [CTS is bit 4 of the MSR, written MSR (4)] 
of each ACE. A change of state in either -CTS pin since the previous reading of 
the associated MSR causes the setting of DCTS [MSR(O)] of each Modem Status 
Register. 

Data Set Ready Inputs - The logical state of the DSR pins is reflected in MSR(5) of 
its associated Modem Status Register. ODSR [MSR(1)] indicates whether the 
associated OSR pin has changed state since the previous reading of the MSR. 

Data Terminal Ready Lines - Each OTR pin can be set (low) by writing a logic 1 to 
MCR(O), Modem Control Register bit a of its associated ACE. This signal is 
cleared (high) by writing a logic a to the OTR bit [MCR(O)] or whenever a reset 
occurs. When active (low), the DTR pin indicates that its ACE is ready to receive 
data. 

Request to Send Outputs - An -RTS pin is set low by writing a logic 1 to MCR(1) 
bit 1 of its UART's Modem Control Register. Both -RTS pins are reset high by 
Reset. A low on the -RTS pin indicates that its ACE has data ready to transmit. 
In half duplex operations, -RTS is used to control the direction of the line. 

Ring Indicator Inputs - The -RI signal is a modem control input whose condition is 
tested by reading MSR(6) (RI) of each ACE. The Modem Status Register output 
TERI [MSR(2)] indicates whether the -RI input has changed from high to low since 
the previous reading of the MSR. 

Parallel Data Output Enable - When low, this signal enables the Write Data 
Register to the PDO-PD7 lines. A high puts the PDO-PD7 lines in the high
impedance state allowing them to be used as inputs. -lPTOE is usually tied low 
for printer operation. 

Power Supply - The power supply requirement is 5 V ±5%. 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal 
Name 

GNO 

-RLSOO, 
-RLS01 

-RESET 

INTO,INT1 

SINO, SIN1 

-eSO, -eS1, 
-CS2 

BOO 

POO-P07 

-STB 

-AFO 

-INIT 

-SUN 

INT2 

-ERR 

SLCT 

Pin 
Number 

2,7,22,42, 
43,54,61 

29,8 

39 

45,60 

41,62 

32,3,38 

44 

53-46 

55 

56 

57 

58 

59 

63 

65 

Signal 
Type 

o 

o 

110 

o 

o 

o 

o 
o 

Signal 
Description 

VL16C452 

Ground (0 V) - All pins must be tied to ground for proper operation. 

Receive Line Signal Oetect - -RLSO is a modem input whose condition can be 
tested by the CPU by reading MSR(7) (RLSO) of the Modem Status Registers. 
MSR(3) (ORLSO) of the Modem Status Register indicates whether the -RLSO 
input has changed since the previous reading of the MSR. -RLSO has no effect 
on the receiver. 

Reset - When iow, the reset input forces the VL 16C452 into an idle mode in 
which all serial data activities are suspended. The Modem Control Register 
(MCR) along with its associated outputs are cleared. The Line Status Register 
(LSR) is cleared except for the THRE and TEMT bits, which are set. All functions 
of the device remain in an idle state until programmed to resume serial data 
activities. 

Serial Channel Interrupts - Each three-state, serial channel interrupt output 
(enabled by bit 3 of the MCR) goes active (high) when one of the following 
interrupts has an active (high) condition and is enabled by the Interrupt Enable 
Register of its associated channel: Receiver Error flag, Received Data Available, 
Transmitter Holding Register Empty, and Modem Status. The interrupt is reset 
iow upon appropriate service. Upon reset, the interrupt output will be in the high 
impedance state. 

Serial Oata Inputs - The serial data inputs move information from the communica
tion line or modem to the VL 16C452 receiver circuits. A mark (1) is high, and a 
space (0) is low. Oata on serial data inputs is disabled when operating in the 
Loop Mode. 

Chip Selects - Each input acts as an enable for the write and read signals for the 
serial channels ° (-CSO) and 1 (-CS1). -CS2 enables the the signals to the line 
printer port. 

Bus Buffer Output - This active high output is asserted when either serial channel 
or the parallel port is read. This output can be used to control the system bus 
driver (74LS245). 

Parallel Oata Bits (0-7) - These eight lines provide a byte-wide input or output 
port to the system. They are held in a high-impedance state when -LPTOE is 
held in the high state. 

Line Printer Strobe - This open-drain line provides communication between the 
VL 16C452 and the line printer. When it is active low, it provides the line printer 
with a signal to latch the data currently on the parallel port. 

Line Printer Autofeed - This open-drain line provides the line printer with an active 
low signal when continuous form paper is to be autofed to the printer. 

Line Printer Initialize - This open-drain line provides the line printer with a signal 
that allows the line printer initialization routine to be started. 

Line Printer Select - This open-drain line selects the printer when it is active low. 

Printer Port Interrupt - This signal is an active high, three-state output, generated 
by the positive transition of -ACK. It is enabled by bit 4 of the Write Control 
Register. Upon a reset, the interrupt output will be in the high impedance state. 

Line Printer Error - This is an input line from the line printer. The line printer 
reports an error by holding this line low during the error condition. 

Line Printer Selected - This is an input line from the line printer that goes high 
when the line printer has been selected. 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal 
Name 

Pin 
Number 

Signal 
Type 

Signal 
Description 

VL16C452 

BUSY 66 Line Printer Busy - This is an input line from the line printer that goes high when 
the line printer is not ready to accept data. 

PE 67 

-ACK 68 

NC 9,27 

FUNCTIONAL DESCRIPTION 
SERIAL CHANNEL REGISTERS 
Three types of internal registers are 
used in each serial channel of the 
VL 16C452. They are used in the 
operation of the device, and are the 
control, status, and data registers. The 
control registers are the Bit Rate Select 
Register DLL (Divisor Latch LSB) and 
DLM (Divisor Latch MSB), Line Control 
Register, Interrupt Enable Register, and 
the Modem Control registers, while the 
status registers are the Line Status 
Registers and the Modem Status 
Register. The data registers are the 
Receiver Buffer Register and the 
Transmitter Holding Register. The 
Address, Read, and Write inputs are 
used in conjunction with the Divisor 

Line Printer Paper Empty - This is an input line from the line printer that goes high 
when the printer runs out of paper. 

Line Printer Acknowledge - This input goes low to indicate a successful data 
transfer has taken place. It generates a printer port interrupt during its positive 
transition. 

No Connection 

Latch Access Bit in the Line Control 
Register [LCR(7)] to select the register 
to be written or read (see Table 1). 
Individual bits within these registers are 
referred to by the register mnemonic 
and the bit number in parenthesis. An 
example, LCR(7) refers to Line Control 
Register Bit 7. 

The Transmitter Buffer Register and 
Receiver Buffer Register are data 
registers holding from five to eight bits 
of data. H less than eight data bits are 
transmitted. data is right justified to the 
LSB. Bit 0 of a data word is always the 
first serial data bit received and 
transmitted. The VL 16C452 data 
registers are double-buffered so that 

read and write operations can be 
performed at the same time the ACE is 
performing the parallel-to-serial and 
serial-to-parallel conversion. 

UNE CONTROL REGISTER 
The format of the data character is 
controlled by the Line Control Register. 
The contents of the LCR may be read, 
eliminating the need for separate 
storage of the line characteristics in 
system memory. The contents of the 
LCR are described in Figure 1. 

LCR (0) and LCR(1) word length select 
bits: (See Figure 1.) 

TABLE 1. SERIAL CHANNEL INTERNAL REGISTERS 

LCR(2) Stop Bit Select: LCR(2) 
specifies the number of stop bits in each 
transmitted character. If LCR(2) is a 
logic 0, one stop bit is generated in the 
transmitted data. If LCR(2) is a logic 1 
when a 5-bit word length is selected, 1.5 
stop bits are generated. H LCR(2) is a 
logic 1 when either a 6-, 7-, or 8-bit word 
length is selected. two stop bits are 
generated. The receiver always checks 
for one stop bit. 

DLAB A2 A1 AO Mnemonic Register 

0 0 0 0 RBR Receiver Buffer Register (read only) 

0 0 0 0 THR Transmitter Holding Register (write only) 

0 0 0 1 IER Interrupt Enable Register 

X 0 1 0 IIR Interrupt Identification Register (read only 

X 0 1 1 LCR Line Control Register 

X 1 0 0 MCR Modem Control Register 

X 1 0 1 LSR Line Status Register 

X 1 1 0 MSR Modem Status Register 

X 1 1 1 SCR Scratch Register 

1 0 0 0 DLL Divisor Latch (LSB) 

1 0 0 1 DlM Divisor latch (MSB) 

X = "Don't Care" 0 - Logic Low 1 - Logic High 
Note..: Serial Channel 0 is accessed when -eSO is low; Serial Channel 1 is accessed 
when -eS1 is low. Selecting both channels simultaneously is an invalid condition. 

6-46 

LCR(3) Parity Enable: When LCR(3) is 
high, a parity bit between the last data 
word bit and stop bit is generated and 
checked. 

LCR(4) Even Parity Select: When parity 
is enabled [LCR(3)=1]. LCR(4)=0 selects 
odd parity. and LCR(4)=1 selects even 
parity. 

LCR(5) Stick Parity: When parity is 
enabled [LCR(3)= 1]. LCR(5)= 1 causes 
the transmission and reception of a 
parity bit to be in the opposite state from 
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FIGURE 1. LINE CONTROL REGISTER 

o 0 
Word 0 1 

L....-_-'- Length 1 0 
Select 1 1 

5 Data Bits 
6 Data Bits 
7 Data Bits 
8 Data Bits 

VL16C452 

, , , , 

'

" • Stop 0 = 1 Stop Bit 

L 
______ ...... Bit Select 1 = 1.5 Stop Bits if 5 Data Bits Selected 

2 Stop Bits if 6, 7, 8 Data Bits Selected 
• Parity 0 = Parity Disabled 

Enable 1 = Parity Enabled 

L-.. _______ .-.-. Even o = Odd Parity 
1 = Even Parity Parity 

Select 

L.-_______ ~ ___ ... Stick 
Parity 

o = Stick Parity Disabled 
1 = Stick Parity Enabled 

Break 
L...------------...... Control 

o = Break Disabled 
1 = Break Enabled 

Divisor 
L...--------------·Latch 

o = Access Receiver Buffer 
1 = Access Divisor Latches 

the value of LCR(4). This allows the 
user to force parity to a known state and 
for the receiver to check the parity bit in 
a known state. 

LCR(6) Break Control: When LCR(6) is 
set to a logic "1", the serial output 
(SOUT) is forced to the spacing (logic 
0) state. The break is disabled by 
setting LCR(6) to a logic "0". The Break 
Control bit acts only on SOUT and has 
no effect on the transmitter logic. Break 
Control enables the CPU to alert a 
terminal in a computer communications 
system. If the following sequence is 
used, no erroneous or extraneous 
characters will be transmitted because 
of the break. 

1 . Load an all "O"s pad character in 
response to THRE. 

2. Set break in response to the next 
THRE. 

3. Wait for the transmitter to be idle 
(TEMT =1), and clear break when 
normal transm ission has to be 
restored. 

Access 
Bit 

LCR(7) Divisor Latch Access Bit 
(DLAB): LCR(7) must be set high (logic 
"1 ") to access the Divisor Latches DLL 
and DLM of the Baud Rate Generator 
during a read or write operation. 
LCR(7) must be input low to access the 
Receiver Buffer, the Transmitter 
Holding, or the Interrupt Enable 
Registers. 

LINE STATUS REGISTER 
The Line Status Register (LSR) is a 
single register that provides status 
indications. The LSR is usually the first 
register read by the CPU to determine 
the cause of an interrupt or to poll the 
status of each serial channel of the 
VL16C452. 

Four error flags OE, FE, PE and BI 
provide the status of any error condi
tions detected in the receiver circuitry. 
During reception of the stop bits, the 
error flags are set high by an error 
condition. The error flags are not reset 
by the absence of an error condition in 
the next received character. The flags 
reflect the last character only if no 
overrun occurred. 
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The contents of the Line Status 
Register shown in Table 2 are de
scribed be!ew. 

LSR(O) Data Ready (DR): Data Ready 
is set high when an incoming character 
has been received and transferred into 
the Receiver Buffer Register. LSR(O) is 
reset low by a CPU read of the data in 
the Receiver Buffer Register. 

LSR(1) Overrun Error (OE): Overrun 
Error indicates that data in the Receiver 
Buffer Register was not read by the 
CPU before the next character was 
transferred into the Receiver Buffer 
Register, overwriting the previous char
acter. The OE indicator is reset 
whenever the CPU reads the contents 
of the Line Status Register. 

LSR(2} Parity Error (PE): Parity Error 
indicates that the received data 
character does not have the correct 
even or odd parity, as selected by the 
Even Parity Select bit [LCR(4)]. The PE 
bit is set high upon detection of a parity 
error, and is reset low when the CPU 
reads the contents of the LSR. 

I 
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TABLE 2. LINE STATUS REGISTER BITS MCR(O) is reset low, the -OTR output is 
forced high. The -OTR output of the 
serial channel may be input into an 
inverting line driver in order to obtain 
the proper polarity input at the modem 
or data set. 

LSR BITS Logic 1 Logic 0 

LSR (0) Data Ready (DR) Ready Not Ready 

LSR (1) Overrun Error (OE) Error No Error 

LSR (2) Parity Error (PE) Error No Error 

LSR (3) Framing Error (FE) Error No Error 

LSR (4) Break Interrupt (B I) Break No Break 

LSR (5) Transmitter Holding Register Empty (THRE) Empty Not Empty 

MCR(1): When MCR(1) is set high, the 
RTS output is forced low. When 
MCR(1) is reset low, the -RTS output is 
forced high. The -RTS output of the 
serial channel may be input into an 
inverting line driver in order to obtain 
the proper polarity input at the modem 
or data set. 

LSR (6) Transmitter Empty (TEMT) 

LSR (7) Not Used 

LSR(3) Framing Error (FE): Framing 
Error indicates that the received 
character did not have a valid stop bit. 
LSR(3) is set high when the stop bit 
following the last data bit or parity bit is 
detected as a zero bit (spacing level). 
The FE indicator is reset low when the 
CPU reads the contents of the LSR. 

LSR(4) Break Interrupt (BI): Break 
Interrupt is set high when the received 
data input is held in the spacing (logic 
0) state for longer than a full word 
transmission time (start bit + data bits + 
pairty + stop bits). The BI indicator is 
reset when the CPU reads the contents 
of the Line Status Register. 

LSR(1 )-LSR(4) are the error conditions 
that produce a Reciever Line Status 
interrupt [priority 1 interrupt in the 
Interrupt Identification Register (IIR)] 
when any of the conditions are de
tected. This interrupt is enabled by 
setting IER(2)=1 in the Interrupt Enable 
Register. 

Reading the LSR clears LSR(1 )-LSR(4). 
(OE, PE, FE, and BI). 

LSR(5) Transmitter Holding Register 
Empty (THRE): THRE shows that the 
serial channel is ready to accept a new 
character for transmission. The THRE 
bit is set high when a character is 
transferred from the Transmitter 
Holding Register into the Transmitter 
Shift Register. LSR(5) is reset low by 
the loading of the Transmitter Holding 
Register by the CPU. LSR(5} is not 
reset by a CPU read of the LSR. 

When the THRE interrupt is enabled 
[IER(1)=1]. THRE causes a priority 3 

Empty Not Empty 

interrupt in the IIR. If THRE is the 
interrupt source indicated in IIR, 
INTRPT is cleared by a read of the IIR. 

LSR(6) Transmitter Empty (TEMT): 
TEMT is set high when the Transmitter 
Holding Register (THR) and the 
Transmitter Shift Register (TSR) are 
both empty. LSR(6) is reset low when a 
character is loaded into the THR and 
remains low until the character is 
transferred out of SOUTo TEMT is not 
reset low by a CPU read of the LSR. 

LSR(7): This bit is always o. 
MODEM CONTROL REGISTER 
The Modem Control Register (MCR) 
controls the interface with the modem or 
data set as described in Fig ure 2. The 
MCR can be written and read. The 
-RTS and -OTR outputs are directly 
controlled by their control bits in this 
register. A high input asserts a low 
(true) at the output pins. 

MCR(O): When MCR(O) is set high, the 
-OTR output is forced low. When 

MCR(3): When MCR(3) is set high, the 
INT output is enabled. 

MCR(4): MCR(4) provides a local 
Ioopback feature for diagnostic testing 
of the channel. When MCR(4) is set 
high, Serial Output (SOUT) is set to the 
marking (logic "1") state, and the 
receiver data input Serial Input (SIN) is 
disconnected. The output of the 
Transmitter Shift Register is looped 
back into the Receiver Shift Register 
input. The four modem control inputs 
(-CTS, -OSR, -RLSO and -RI) are dis
connected. The modem control inputs 
are internally connected to the first four 
bits of the modem control register. The 
modem control output pins are forced to 
their inactive state (high). In the Loop 
Mode, data transmitted is immediately 
received. This allows the processor to 
verify the transmit and receive data 
paths of the selected serial channel. 

Bits MCR(5)-MCR(7) are permanently 
set to logic o. 
MODEM STATUS REGISTER 
The MSR provides the CPU with status 
of the modem input lines from the 

TABLE 3. MODEM STATUS REGISTER BITS 
MSR Bit 

MSR (1) 
MSR (2) 
MSR (0) 
MSR (3) 
MSR (4) 
MSR (5) 
MSR (6) 
MSR (7) 

Mnemonic 

DDSR 
TERI 
DCTS 

DRLSD 
-CTS 
-DSR 
-RI 

-RLSD 
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Description 

Delta Data Set Ready 
Trailing Edge of Ring Indicator 
Delta Clear to Send 
Delta Receive Line Signal Detect 
Clear To Send 
Data Set Ready 
Ring Indicator 
Receive Line Signal Detect 
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VL16C452 
FIGURE 2. MODEM CONTROL REGISTER 

modem or peripheral devices. 
The modem input lines for each 
channel are -CTS, -DSR, -RI, and 
-RLSD. MSR(4)-MSR(7) are status 
indications of these lines. H the modem 
status interrupt in the Interrupt Enable 
Register is enabled [IER(3)], a change 
of state in a modem input signals will 
be reflected by the modem status bits 
in the IIR register, and an interrupt 
(INTRPT) is generated. The MSR is a 
priority 4 interrupt. The contents of the 
Modem Status Register are described 
in Table 3. Note that the state (high or 
low) of the status bits are inversions of 
the input pins. 

MSR(?) ~eJta Clear to Send (DCTS): 
DCTS indicates that the CTS input to 
the serial channel has changed state 
since the last time it was read by the 
CPU. 

MSR(1) Delta Data Set Ready (DDSR): 
DDSR indicates that the DSR input to 
the serial channel has changed state 
since the last time it was read by the 
CPU. 

MSR(2) Trailing Edge of Ring Indicator 
(TERI): TERI indicates that the -RI 
input to the serial channel has changed 
state from high to low since the last 
time it was read by the CPU. Low to 
high transitions on -RI do not activate 
TERI. 

MSR(3) Delta Receive Line Signal 
Detect (DRLSD): DRLSD indicates that 

Data a = -DTR Output High (Inactive) 
Terminal 1 = -DTR Output Low (Active) 
Ready 

'"-__ ..... Request 0 = -RTS Output High (Inactive) 
To Send 1 "'" -RTS Output Low (Active) 

""-___ ----i~ NC Not Connected 

~----------~.~INT a = INT Disabled 
1 = INT Enabled 

~-------.. LOOP a = LOOP Disabled 
1 = LOOP Enabied 

... These Bits are Permanently Set to Logic "a". 

the -ALSO input to the serial channel 
has changed state since the last time it 
was read by the CPU. 

MSR(4) Clear to Send (CTS): Clear to 
Send (CTS) is the complement of the 
CTS input from the modem indicating to 
the serial channel that the modem is 
ready to receive data from the serial 
channel's transmitter output (SOUT). If 
the serial channel is in Loop Mode 
[MCR(4)=1], MSR(4) is equivalent to 
MCR(1). 

MSR(5) Data Set Ready (DSR): Data 
Set Ready (DSR) is the complement of 
the -DSR input from the modem to the 
serial channel which indicates that the 
modem is ready to provide received 
data to the serial channel receiver 
circuitry. If the channel is in the Loop 
Mode [MCR(4)=1], MSR(5) is equiva
lent to MCR(O). 

MSR(S) Ring Indicator: Is the comple
ment of the RI input. H the channel is in 
the ~oop Mode [MCR(4)=1], MSR(S) is 
equivalent to MCR(2). 

MSR(7) Receive Line Signal Detect : 
Receive Line Signal Detect indicates 
the status of the Receive Line Signal 
Detect (-RLSD) input. H the channel is 
~n the ~oop Mode [MCR(4)=1], MSR(4) 
IS equivalent to MCR(3). 

The modem status inputs (-RI, -RLSD, 
-DSR, and -CTS) reflect the modem 
input lines with any change of status. 
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Reading the MSR register will clear the 
delta modem status indications but has 
no effect on the status bits. The status 
bits reflect the state of the input pins 
regardless of the mask control signals. 
H a DCTS, DDSR, TERI, or DRLSD is 
true, and a state change occurs during 
a read operation (-lOR), the state 
change is not indicated in the MSR. H 
DCTS, DDSR, TERI, or DRLSD is false 
and a state change occurs during a 
read nnor:2tinn tho stat'" ,.. ...... ~-- :-• . -r"-' - •• ~. -, 1o,IQ &. loCi ....,llall~t:::: I;:) 

IndICated after the read operation. 

For LSR and MSR, the setting of status 
bits is inhibited during status register 
read -lOR operations. H a status 
condition is generated during a read 
-lOR operation, the status bit is not set 
until the trailing edge of the read -lOR. 

H a status bit is set during a read -lOR 
operation, and the same status condi
tion occurs, that status bit will be 
cleared at the trailing edge of the read 
-lOR instead of being set again. 

DIVISOR LATCHES 
Each VL 1SC452 serial channel contains 
a programmable Baud Rate Generator 
(BRG) that divides the clock (DC to 
3.1 MHz) by any divisor from 1 to 2 16-1 

(see also BRG description). The output 
frequency of the Baud Generator is 1SX 
the data rate [divisor # = clock + (baud 
rate x 1S)]. Two a-bit divisor latch 
registers store the divisor i., a 1S-bit 
binary format. These Divisor Latch 
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registers must be loaded during 
initialization. Upon loading either of the 
Divisor latches, a 16-bit baud counter is 
immediately loaded. This prevents long 
counts on initial load. 

SCRATCHPAD REGISTER 
Scratch pad Register is an a-bit Read! 
Write register that has no effect on any 
channel in the Vl16C452. It is intended 
to be used by the programmer to hold 
data temporarily. 

INTERRUPT IDENTIFICATION 
REGISTER 
The Interrupt Identification Register 
(IIR) of each serial channel of the 
Vl16C452 has interrupt capability for 
interfacing to current microprocessors. 
In order to minimize software overhead 
during data character transfers, the 
serial channel prioritizes interrupts into 
four levels. The four levels of interrupt 
conditions are as follows: 

1. Receiver Line Status (priority 1) 
2. Received Data Ready (priority 2) 
3. Transmitter Holding Register Empty 

(priority 3) J 
4. Modem Status (priority 4) 

Information indicating that a prioritized 
interrupt is pending and the type of 
interrupt is stored in the Interrupt 
Identification Register (IIR). The IIR 
indicates the highest priority interrupt 
pending. No other interrupts are 
acknowledged until the interrupt is 
serviced by the CPU. The logic equiva
lent of the interrupt control circuit is 
shown in Figure 3. The contents of the 
IIR are indicated in Table 4 and are 
described below. 

IIR(O): IIR(O) can be used in either a 
hard-wired prioritized or polled environ
ment to indicate whether an interrupt is 
pending. When IIR(O) is low. an 
interrupt is pending, and IIR contents 
may be used as a pointer to the appro
priate interrupt service routine. When 
IIR(O) is high. no interrupt is pending. 

IIR(1) and IlR(2) are used to identify the 
highest priority interrupt pending as 
indicated in Table 2. 

IIR(3) - IIR(7): These five bits of the IIR 
are logic O. 

The Interrupt Enable Register (IER) is a 
Write register used to independently 

FIGURE 3. INTERRUPT CONTROL LOGIC 

DR (lSR BIT 0) ---------f 
ERBFI (IER BIT 0) ____ .... 

THRE (lSR BIT 5) ______ -1 

ETBEI (IER BIT 1) 

OE (lSR BIT 1 ) 
PE (lSR BIT 2) 

FE (lSR BIT 3) 
BI (lSR BIT 4) 

ElSI (IER BIT 1) ----..... 

DCTS (MSR BIT 0) 
DDSR (MSR BIT 1) 

TERI (MSR BIT 2) 
DDCD (MSR BIT 3) 

EDSSI (IER BIT 3) ----..... 

VL16C452 

enable the four serial channel interrupts 
which activate the interrupt (INTRPT) 
output. All interrupts are disabled by 
resetting IER(0)-IER(3) of the Interrupt 
Enable Register. Interrupts are enabled 
by setting the appropriate bits of the 
IER high. Disabling the interrupt 
system inhibits the Interrupt Identifica
tion Register and the active (high) 
INTRPT output. All other system 
functions operate in their normal 
manner, including the setting of the Line 
Status and Modem Status Registers. 
The contents of the Interrupt Enable 
Register is described in Figure 3 and 
below: 

IER(O): When programmed high 
[IER(O)=Logic 1]. IER(O) enables 
Received Data Available interrupt. 

IER(1): When programmed high 
[IER(1 )=Logic 1], IER(1) enables the 
Transmitter Holding Register Empty 
interrupt. 

IER(2): When programmed high 
[IER(2)=logic 1]. IER(2) enables the 
Receiver Line Status interrupt. 

INTERRUPT 
OUTPUT 

INTERRUPT ENABLE (MCR BIT 3)----------------..... 
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IER{3l: Wben-PIograrrunedlllgh
[IER(3)=Logic 1]. IER(S) enables the 
Modem Status interrupt. 

IER(4) - IER(7): These four bits of the 
IER are logic o. 
BAUD RATE GENERATOR (BRG) 
The BRG generates the clocking for the 
UART function. providing standard 
ANSI/CCITT bit rates. The oscillator 
driving the BRG is provided by an 
external clock into CLK. 

The data rate is determined by the 
Divisor Latch registers DLL and DLM 
and the external frequency. The bit rate 
is selected by programming the two 
divisor latches, Divisor Latch Most 
Significant Byte and Divisor Latch Least 
Significant Byte. Setting DLL=1 and 
DLM=O selects the divisor to divide by 1 
(divide by 1 gives maximum baud rate 
for a given input frequency at the CLK 
input). 

The BRG can use any of three different 
popular frequencies to provide standard 
baud rates. These frequencies are 
1.8432 MHz, 2.4576 MHz, and 3.072 
MHz. With these frequencies, standard 
bit rates from 50 to 38.5K bps are 
available. Tables 5,6 and 7 illustrate 
the divisors needed to obtain standard 
rates using these three crystal frequen
cies. 

R~SEL 
After power up, the VL 16C452 ~RESET 
input shouid be held low for 500 ns to 
reset the VL 16C452 circuits to an idle 
mode until initialization. A Iowan 
-RESET causes the following: 

1. Initializes the transmitter and 
receiver internal clock counters. 

2. Clears the Line Status Register 
(LSR), except for Transmitter Shift 
Register Empty (TEMT) and 
Transmit Ho!ding Register Empty 
(THRE), which are set. The Modem 
Control Register (MCR) is also 
cleared. All of the discrete lines, 
memory elements and miscellane
ous logic associated with these 
register bits are also cleared or 
turned off. The Line Control 
Register (LCR), Divisor Latches, 
Receiver Buffer Register, Transmit
ter Buffer Register are not affected. 

Following removal of the reset condition 
(Reset high), the VL 16C452 remains in 
the idle mode until programmed. 

A hardware reset of the VL 16C452 sets 
the THRE and TEMT status bit in the 
LSR. When interrupts are subsequently 
enabled, an interrupt occurs due to 
THRE. 

A summary of the effect of a reset on 
the VL 16C452 is given in Table 8. 

TABLE 4. INTERRUPT IDENTIFICATION REGISTER 

VL16C452 

PROGRAMMlNG- u __ 

Each serial channel of the VL 16C452 is 
programmed by the control registers 
LCR, IER, DLL and DLM, and MCR. 
These control words define the charac
ter length, number of stop bits, parity. 
baud rate, and modem interface. 

While the control register can be written 
in any order, the IER should be written 
to last because it controls the interrupt 
enables. Once a serial channel is 
programmed and operational, these 
registers can be updated any time the 
VL 16C452 serial channel is not 
transm itting or receiving data. 

SOFTWARE RESET 
A software reset of the serial channel is 
a useful method for returning to a 
completely known state without a 
system reset. Such a reset co~sists of 
writing to the LCR, Divisor Latches, and 
MCR registers. The LSR and RBR 
registers should be read prior to 
enabling interrupts in order to clear out 
any residual data or status bits which 
may be invalid for subsequent opera
tion. 

CLOCK INPUT OPERATION 
The maximum input frequency of the 
external clock of the VL 16C452 is 3.1 
MHz. 

INTERRUPT IDENTIFICATION INTERRUPT SET AND RESET FUNCTIONS 

Bit 2 Bit 1 Bit 0 
Priority Interrupt Interrupt I Interrupt 

Level Flag Source Reset Control 

X X 1 None None 

1 1 0 First Receiver OE,PE LSR Read 
Line Status FE, or BI 

1 0 0 Second Received Data 

I 
Received Data RBR Read 

Available Available 

0 1 0 Third THRE THRE IIR Read if I r.~E is the 
Interrupt Source or THR Write 

0 0 0 Fourth Modem Status -CTS, -DSR MSR Read 
-RI, -RLSD 

~-

X = Not Defined. 
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TABLE 5. BAUD RATES (1.8432 MHz CLOCK) 
Desired 
Baud Rate 

50 
75 

110 
134.5 

150 
300 
600 

1200 
1800 
2000 
2400 
3600 
4800 
7200 
9600 

19200 
38400 
56000 

Divisor Used 

2304 
1536 
1047 
857 
768 
384 
192 
96 
64 
58 
48 
32 
24 
16 
12 
6 
3 
2 

Percent Error 
Difference Between 
Desired and Actual 

0.026 
0.058 

0.69 

2.86 

TABLE 6. BAUD RATES (2.4576 MHz CLOCK) 
Desired 
Baud Rate 

50 
75 

110 
134.5 

150 
300 
600 

1200 
1800 
2000 
2400 
3600 
4800 
7200 
9600 

19200 
38400 

Divisor Used 

3072 
2048 
1396 
1142 
1024 
512 
256 
128 
85 
77 
64 
43 
32 
21 
16 
8 
4 

Percent Error 
Difference Between 
Desired and Actual 

0.026 
0.0007 

0.392 
0.260 

0.775 

1.587 
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TABLE 7. BAUD RATES (3.072 MHz CLOCK) 
Desired I Divisor Used ,I Percent Error 
Baud Rate Difference Between 

Desired and Actual 

50 
75 

110 
134.5 

150 
300 
600 

1200 
1800 
2000 
2400 
3600 
4800 
7200 
9600 

19200 
38400 

TABLE 8. RESET 

Register/Signal 

Interrupt Enable Register 
Interrupt Identification 
Register 
Line Control Register 
Modem Control Register 
Line Status Register 
Modem Status Register 

SOUl 
Intrpt (RCVR Errs) 
Intrpt (RCVR Data Ready) 
Intrpt (THRE) 

3840 
2560 
1745 
1428 
1280 
640 
320 
160 
107 
96 
80 
53 
40 
27 
20 
10 
5 

Intrpt (Modem Status Changes) 
-OUT2 
-RTS 
-OTR 
-OUTI 

0.026 
0.034 

0.312 

0.628 

1.23 

Reset Control 

Reset 
Reset 

Reset 
Reset 
Reset 
Reset 

Reset 
Read LSRiReset 
Read RBRlReset 
Read IIR1Write THRlReset 
Read MSRlReset 
Reset 
Reset 
Reset 
Reset 
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Reset 

All Bits Low (0-3 Forced and 4-7 Permanent) 
Bit 0 is High. Bits 1 and 2 Low 
Bits 3-7 Are Permanently Low 
All Bits Low 
All Bits Low 
All Bits Low, Except Bits 5 and 6 Are High 
Bits 0-3 Low 
Bits 4-7 Input Signal 
High 
Low 
Low 
Low 
Low 
High 
High 
High 
High 
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DEVICE APPLICATION 

VL16C452 

SERIAL 
9-PIN CHANNEL 0 uO" DATA 

BUFFERS CONN BUS 

ADDR 
BUS 

DUAL SERIAL 
9-PIN ACE AND CHANNEL 1 '·0" PRINTER 

BUFFERS CONN 
CTL 

PORT BUS 
OPTION 

JUMPERS 

PARALLEL 
25-PIN 

PORT 110" 
RIC NET CONN 

6·54 



• VLSI TECHNOLOGY, INC. 
VL16C452 

Register Bit Number 
Register 

Mnemonic Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

RBR Data Data Data Data Data Data Data Data 
(Read Only) Bit? Bit 6 BitS Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

(MSB) (LSB)* 

THR Data Data Data Data Data Data Data Data 
(Write Only) Bit 7 I Bit 6 I BitS I Bit 4 I Bit 3 Bit 2 I Bit 1 Bit 0 

DLL Bit? Bit 6 BitS Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

DLM Bit 1S Bit 14 Bit 13 Bit 12 Bit11 Bit 10 Bit 9 Bit 8 

I 
I 

IER 0 

I 
0 0 

I 
0 

I 
(EDSSI) (ELSI) (ETBEI) (ERBFI) 
Enable Enable Enable Enable 

I Modem Receiver Transmitter Received 
Status Line Holding Data 

Interrupt Status Register Available 
Interrupt Empty Interrupt 

Interrupt 

IIR 0 0 0 0 0 Interrupt Interrupt "0" If 
(Read Only) 10 10 Interrupt 

Bit (1) Bit (0) Pending 

LCR (DLAB) Set Stick (EPS) (PEN) (STB) (WLSB1) (WLSBO) 
Divisor Break Parity Even Parity Number Word Word 
Latch Parity Enable of Stop Length Length 

Access Select Bits Select Select 
Bit Bit 1 Bit 0 

MeR 0 0 0 I .......... INT N" (RTS) (OTR) L..VV,", 1\.1 

Request Data 
To Terminal 

I 
Send Ready 

LSR 0 (TEMT) (THRE) (BI) (FE) (PE) (OE) (DR) 
Transmitter T ransm itter Break Framing Parity Overrun Data 

Empty Holding Interrupt Error Error Error Ready 
Register I 
Empty 

MSR (DCD) (RI) (DSR) (CTS) (DRLSD) (TERI) (DDSR) (DCTS) 
Data Ring Data Clear Delta Trailing Delta Delta 

Carrier Indicator Set to Receive Edge Data Clear 
Detect Ready Send Line Signal Ring Set to 

Detect Indicator Ready Send 

SCR Bit? Bit 6 BitS Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

*LSB Data Bit 0 is the first bit transmitted or received. 
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PARALLEL PORT REGISTERS 
The VL 16C452's parallel port interfaces 
the device to a Centronics-style printer. 
When Chip Select 2 (-CS2) is low, the 
parallel port is selected. Table 11 
shows the registers associated with this 
parallel port. The read or write function 
of the register is controlled by the state 
of the read (-lOR) and write (-lOW) pin 
as shown. The Read Data Register 
allows the microprocessor to read the 
information on the parallel bus. 

The Read Status Register allows the 
microprocessor to read the status of the 
printer in the five most significant bits. 
The status bits are Printer Busy 
(BUSY), Acknowledge (-ACK) which is 
a handshake function, Paper Empty 
(PE), Printer Selected (SLCT), and 
Error (-ERR). The Read Control 
Register allows the state of the control 
lines to be read. The Write Control 
Register sets the state of the control 
lines. 

TABLE 10. PARALLEL PORT REGISTERS 
Register Register Bits 

Bit 7 Bit 6 Bit 5 Bit 4 

Read Data PD7 PD6 PD5 PD4 

Read Status BUSY -ACK PE SLCT 

Read Control 1 1 1 IRQENB 

Write Data PD7 PD6 PD5 PD4 

Write Control 1 1 1 IRQ ENB 

TABLE 11. PARALLEL PORT REGISTER SELECT 
Control Pins Register Selected 

-lOR -lOW -CS2 A1 AO 
0 1 0 0 0 Read Data 

0 1 0 0 1 Read Status 

0 1 0 1 0 Read Control 

0 1 0 1 1 Invalid 

1 0 0 0 0 Write Data 

1 0 0 0 1 Invalid 

1 0 0 1 0 Write Control 

1 0 0 1 1 Invalid 
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They are Interrupt Enable (IRQ ENB), 
Select In (-SUN), Initialize the Printer 
(-IN IT), Autofeed the Paper (-AFD), 
Strobe (-STB), which informs the 
printer of the presence of a valid byte 
on the parallel bus. The Write Data 
Register allows the microprocessor to 
write a byte to the parallel bus. 

The parallel port is completely compat
ible with the parallel port implementa
tion used in the IBM SeriallParaliel 
Adaptor. 

Bit 3 Bit 2 Bit 1 Bit 0 

PD3 PD2 PD1 PD~ 

-ERR 1 1 1 

-SUN -INIT -AFD -STB 

PD3 PD2 PD1 PDO 

-SUN -INIT -AFD -ST8 
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Symbol 
i I 

Parameter i Min I Max i Units Conditions 

tDIW -lOR Strobe Width 125 ns 

RC Read Cycle 360 ns 

tODD Delay from -lOR to Data 125 ns 100 pF Load 

tHZ -lOR to Floating Data Delay 0 100 ns 100 pF Load, Note 4 

tDOW -lOW Strobe Width 100 ns 

WC 
; 

Write Cycle 360 ns 

tDS Data Setup Time 40 ns 

tDH Data Hold Time 40 ns 

tRA Address Hold Time from -lOR 20 ns Note 2 

tRCS Chip Select Hold Time from -lOR 20 ns Note 2 

tAR -lOR Delay from Address 60 ns Note 2 

tCSR -lOR Delay from Chip Select 50 ns Note 2 

tWA Address Hold Time from-lOW 20 ns Note 2 

tWCS Chip Select Hold Time from -lOW 20 ns Note 2 

tAW -lOW Delay from Address 60 i ns Note 2 

tCSW -lOW Delay from Select 50 ns Note 2 

tRW Reset Pulse Width 5 J.Ls 

tXH Duration of Clock High Pulse 140 ns External Clock 

tXL Duration of Clock Low Pulse 140 ns External Clock 

Notes: 1. All timing specifications apply to pins on both serial channels (e.g. RI refers to both RIO and RI1). 
2. The internal address strobe is always active. 
3. RCLK = tXH and tXL. 
4, Charge and discharge time is determined by VOL, VOH and the external loading. 
5. All timings are referenced to valid 0 and valid 1. (See AC Test Points.) 
6. RClK is internally derived from the internal-BAUDOUT signal. 
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AC CHARACTERISTICS (Cont.): TA= O°C to +70°C, VCC= 5 V ±50/0 (Notes 1,5) 

Symbol Parameter Conditions 

Transmitter 

tHR1 
Delay from Rising Edge of -lOW 

175 ns 100 pF load (WR THR) To Reset Interrupt 

tlRS Delay from InitiallNTR Reset to Transmit Start 16 
ClK 

Cycles Note 3 

tSI Delay from Initial Write to Interrupt 8 24 
ClK 

Note 3 
Cycles 

tSTI Delay from Stop to Interrupt (THRE) 8 ClK Note 3 
Cycles 

tlR 
Delay from -lOR (RD "R) 

250 ns 100 pF load 
to Reset Interrupt (THRE) 

Modem Control 

tMDO 
Delay from -lOW 

250 100 pF load (WR MCR) to Output ns 

tSIM Delay to Set Interrupt from MODEM Input 250 ns 100 pF load 

tRIM 
Delay to Reset Interrupt from 

250 ns 100 pF load 
-lOR (RS MSR) 

Receiver 

tSINT Delay from Stop to Set Interrupt 1 
ClK 

Cycles 
Note 3 

tRINT 
Delay from -lOR 

1 100 pF load (RD RBRlRDlSR) to Reset Interrupt J.1s 

Parallel Port 

tOT Data Time 1 J.1s 

tSB Strobe Time 1 500 J.1s 

tAD Acknowledge Delay (Busy Start to Acknowledge) J.1s Defined by Printer 

tAKD Acknowledge Delay (Busy End to Acknowledge) J.1s Defined by Printer 

tAK Acknowledge Duration Time J.1s Defined by Printer 

tBSY Busy Duration Time J.1s Defined by Printer 

tBSD Busy Delay Time J.1s Defined by Printer 

Notes: 1. A" timing specifications apply to pins on both serial channels (e.g. RI refers to both RIO and RI1). 
2. The internal address strobe is always active. 
3. RClK = tXH and tXL. 
4. Charge and discharge time is determined by VOL, VOH and the external loading. 
5. A" timings are referenced to valid 0 and valid 1 (see AC Test Points). 
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WRITE eye_I.E TIIVUN13 

A2 A1 AO 
- ,I __ -----=~----~ 

VALID 

-CS VALID 

I ~- ICSW ---, • ..- I wc __________ 1 

\4---- tAW-----14---=-=--::r-
.-----~t__--, 

-lOW ACTIVE 

----------------jr---- ·u 
IDS I ... IDH·I 

- -------------------...(VALID DATA)~---------_ DATA . 
00-07 

• OR 

tACTIVE -lOR 

A2 A1 AO 

-CS 

-4-tRCS" 

-lOR ACTIVE ACTIVE 

-iOW 

.l-" I~ tHZ 
tDDOI-~- ... 

DATA _____________ ~ ~~~ )l-I __ _ 
DO 07 
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RECEIVER TIMING 

SIN\ d (RECEIVER START ~TA BITS (5-l!) 
INPUT 
DATA) 

SAMPLE JL_~_.J_--((~ __ --L __ ~=j-~;;/:~=-__ _ ClK) ; 

\ tSINT _ >,--_____ _ 
INTERRUPT _ 

(DATA READY OR __________________ _ RCVRERR) 

-JOR ------------------\ ACTIVE 

TRANSMITTER TIMING START _-----

~
S:/--D-AT-A-(&-8-) -)(JISTOP (1_2){ / SERIAL 

OUT (SOUT) 

INTERRUPT 
(THRE) 

PARITY ~ tSTI 
tlRS ,--____ --,\ 
-----~ 

-lOW • _I~ ~R~~ __ ~~~_~ _________________ ~m~ 
-lOR 

(RD IIR) 

MODEM TIMING 

-lOW \ -¥ 
(WR MCR) __ \---~--t tMDO 

-RTS, -DTR _ 

\ ~ 
tMOO ~ ;= 

-CTS,-DSR,-RlSD 
----

-INTERRUPT ___ -,-_._ 

-lOR 
(RDMSR) I 

--------~\l---f-------RI _ 
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PABALLEL--EOBITIMING 

DATA 

-STB 

-ACK 

• ~D----~.~-

BUSY 

AC TESTING INPUT/OUTPUT WAVEFORMS 

EXTERNAL CLOCK INPUT 

..... tXH 

TEST CIRCUIT 

AC TEST POINTS 

2.54 V 

r Output Under Test 

680'1 

• Includes Scope and Jig 82 pF' I 
Capacitance 
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ABSOLUTE MAXIMUM RATINGS 
Ambient Operating 
Temperature 

Storage Temperature -65°e to +150oe 

Supply Voltage to 
Ground Potential -0.5 V to vee +0.3 V 

Applied Output 
Voltage -0.5 V to vee +0.3 V 

Applied Input 
Voltage -0.5 V to +7.0 V 

Power Dissipation 500mW 

Stresses above those listed may cause 
permanent damage to the device. 
These are stress ratings only. Func
tional operation of this device at these 
or any other conditions above those 

DC CHARACTERISTICS: TA = 0 to +70°C, VCC = 5 V ± 5% 

Symbol Parameter . Min Max Units 

VllX Clock Input low Voltage -0.5 0.8 V 

VIHX Clock Input High Voltage 2.0 VCC V 

Vil Input low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 VCC V 

VOL Output low Voltage 0.4 V 

VOH Output High Voltage 2.4 V 

ICC Power Supply Current 50 rnA 

III Input leakage ±10 J.LA 

ICl Clock leakage ±10 J.LA 

IOl 3-State leakage ±20 J.LA 

Vll(RES) Reset Schmitt Vil 0.8 V 

VIH(RES) Reset Schmitt VIH 2.0 V 

VL16C452 

indicated in this data sheet is not 
implied. Exposure to absolute maximum 
rating conditions for extended periods 
may affect device reliability. 

Conditions 

IOl = 4.0 rnA on DBO - DB7 
IOl = 12 rnA on PDO - PD7 
IOl = 10 rnA on -IN IT, -AFD, -STB, 

and -SUN (see Note 1) 
IOl = 2.0 mA on all other outputs 

IOH = -0.4 rnA on DBO - DB7 
IOH = -2.0 rnA on PDO - PD7 
IOH = -0.2 rnA on -INIT, -AFD, -STB, 

and -SUN 
IOH = -0.2 rnA on all other outputs 

vec = 5.25 V. No loads on SINO,1 ; 
-DSRO,1; -RlSDO,1 ; -CTSO,1. -RIO, 
-R11 = 2.0 V. Other inputs = 0.8 V. Baud 
rate generator = 4 MHz. Baud rate = 56K 

VCC = 5.25 V, GND = 0 V. 
All other pins floating. 

VIN = 0 V, 5.25 V 

VCC = 5.25 V, GND = 0 V. 
VOUT = 0 V, 5.25 V 
1) Chip deselected 
2) Chip and write mode selected 

Note 1. -IN IT, -AFD, -STB, and -SUN are open collector output pins that each have an internal pull-up resistor (2.5 k,Q-3.5 kQ) 
to vec. This will generate a maximum of 2.0 mA of internallOL. In addition to this internal current, each pin will sink at 
least 10 rnA, while maintaining the VOL specification of 0.4 V Max. 
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ASYNCHRONOUS COMMUNICATIONS ELEMENT WITH FIFOs 
FEATURES 
• Fully compatible with VL 16C450 ACE 

• 16 byte FIFO reduces CPU interrupts 

• Full double buffering 

• Modem control signals include -CTS, 
-RTS, -DSR, -DTR, -RI and -DCD 

• Programmable serial characteristics: 
- 5~, 6=, 7= or 8-bit characters 
- Even-, odd-, or no-parity bit genera-

tion and detection 
- 1, 1 1/2 or 2 stop bit generation 
- Baud rate generation (DC to 256K 

baud) 

• Independent control of transmit, 
receive, line status, data set interrupts, 
FIFOs 

• Full status reporting capabilities 

• Three-state, TTL drive capabilities for 
bidirectional data bus and control bus 

PIN DIAGRAMS 

00 
01 
D2 
03 
04 
05 
06 
D7 

RCLK 
SIN 

SOUT 
CSO 
CS1 

-CS2 
-BAUOOUT 

VL16C550 

VCC 
-RI 
-DCD 
-OSR 
-CTS 
MR 
-oUT1 
-DTR 
-RTS 
-oUT2 
INTRPT 
-RXROY 
AO 
A1 
A2 
-ADS 
-TXROY 
OOIS 
DISTR 
-OISTR 

DESCRIPTIONS 
The VL 16C550 is an asynchronous 
communications element (ACE) that is 
functionally equivalent to the 
VL 16C450, and additionally incorpo
rates two 16 byte FIFOs. The FIFOs 
are available on both the transm itter 
and receiver, and can be activated by 
placing the device in the FIFO mode. 
After a reset, the registers of the 
VL 16C550 are identical to those of the 
VL16C450. 

Improved VL 16C550 specifications 
provide compatibility with most newer 
state-of-the-art CPUs. The VL 16C550 
serves as a serial data input/output 
interface in microcomputer systems. It 
performs serial-to-parallel conversion 
on data characters received from 
peripheral devices or modems, and 
parallel-to-serial conversion on data 

characters transmitted by the CPU. In 
the FIFO mode, FIFOs are enabled 
permitting 16 bytes to be stored in both 
transmit and receive mode. The 
receive FIFO also provides three bits 
per byte of error status. The complete 
status of the VL 16C550 can be read at 
any time during functional operation by 
the CPU. The information obtained 
includes the type and condition of the 
transfer operations being performed, 
and error conditions involving parity, 
overrun, framing, or break interrupt. 

A programmable baud rate generator is 
included that can divide the timing 
reference clock inout bv a divisor 
between 1 and (2'16 -1). .. .-

The VL16C550 ACE with FIFOs is 
available in plastic DIP as well as a 
PLCC. 

VL16C550 

-OeD 

03 01 NC -AI I-DSR 
04 I 02 I DO I VCC I I-CTS 

D5 
os • 38 
D7 37 

RCLK 36 

SIN 35 

NC TOP VIEW 34 

SOUT 33 

CSO 32 

CS1 31 

-CS2 30 
-BAUDOUT 29 

18 19 20 21 22 23 24 25 26 27 28 

00000000000 
XTAlINI I V~ II DDIS I-ADS 

XTALOUT NC -TXRDY 

-DOSTR -DISTR 

DOSTR DISTR 

ORDER INFORMATION 

Part 
Number 

External 
Clock 
Frequency Package 

Plastic OIP 

MR 

-OUT1 

-DTR 
-RTS 

-OUT2 

NC 

INTRPT 

-RXRDY 

AO 

A1 

A2 
I 
I 

VL 16C550-PC 
VL 16C550-QC 8 MHz Plastic Leaded Chip Carrier (PLCC) 

Note: Operating temperature range is O°C to +70°C. 
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BLOCK DIAGRAM 

AD 

A1 

A2 

csa 
CS1 

-CS2 

-ADS 

MR 

DISTR 

-DISTR 

DOSTR 

-DOSTR 

DDIS 

-TXRDY 

XTALIN 

XTALOUT 

-RXRDY 

POWER 

SUPPLY 

(29) 

DATA 
BUS 

BUFFER 

SELECT 
& 

CONTROL 
LOGIC 

(40) 

(20) 
.. +5V .. GND 
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SIN 

RCLK 

(15) 
-BAUDOUT 

SOUT 

-RTS 

-CTS 

-DTR 
MODEM 

CONTROL -DSR 

LOGIC 
-DCD 

-RI 
(34) 

-OUT1 
(31) 

-OUT2 
(30) 

INTRPT 
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SIGNAL DESCRIPT~Qtt~ __________ -----------------

Signal Pin Signal Signal 
Name Number Type Description 

00-07 1-8 110 Data Bits 0 through 7 - The Data Bus provides eight, three-state I/O lines 
for the transfer of data, control and status information between the ACE 
and the CPU. These lines are normally in a high-impedance state except 
during read operations. DO is the least significant bit (LSB) and is the first 
serial data bit to be received or transmitted. 

RCLK 9 Receive Clock Input - The external clock input to the ACE receiver logic 
(16X SIN data rate). 

SIN 10 Serial Data Input - The serial data input moves information from the 
communication line or modem to the ACE receiver circuits. A mark (1 ) is 
high, and a space (0) is low. Data on serial data input is disabled when 
operating in the Loop Mode. 

SOUT 11 0 Serial Data Output - This line is the serial data output from the ACE. A 
mark (1) is a logic "one" (high) and space (0) is a logic "zero" (low). SOUT 
is held in the mark condition when the transmitter is disabled, Master Reset 
is true, the Transmitter Register is empty, or when in the Loop Mode. 

CSO, CS1, 12-14 Chip Selects - The Chip Select inputs act as an enable for the device. 
-CS2 When -CS2 is low and CSO and CS1 are both high, the chip is selected. 

-BAUDOUT 15 0 Baud Rate Output - This output signal is equal to the internal reference 
frequency, divided by the selected divisor. 

XTALIN 16 Crystal Input - Input for external timing reference input or crystal (See 
Figure 3-Basic Configuration). 

XTALOUT 17 0 Crystal Output - Output pin when using crystal circuit. (See Figure 3-Basic 
Configuration ). 

-DOSTR 18 Write Strobe - This is an active low input which causes data from the data 
bus (00-07) to be input to the ACE. 

DOSTR 19 \Alrite StiObe - Same as -DOSTR, but uses an active high input. 

VSS 20 Ground (0 V). 

-DISTR 21 Read Strobe - This is an active low input which causes the ACE to output 
data to the data bus (00-07). 

DISTR 22 I Read Strobe - Same as -DISTR, but uses an active high input. 

DO IS 23 0 Driver Disable - This pin goes low whenever the microprocessor is reading 
data from the ACE. This signal may be used to control an external trans-
ceiver. 

-TXRDY 24 0 Transmitter Ready - Two types of DMA signaling are available. Either can 
be selected via FCR3 when operating in the FIFO Mode. Only DMA Mode 
o is allowed when operating in the VL 16C450 Mode. Single transfer DMA 
(a transfer is made between CPU bus cycles) is supported by Mode O. 
Multiple transfers that are made continuously until the XMIT FIFO has been 
filled are supported by Mode 1. 

Mode 0 - Once - TXRDY is activated it will go inactive after the first 
character is loaded into the holding register or XMIT FIFO. In the FIFO 
Mode (FCRO=1, FCR3=0) [(FCRO=O) for VL 16C450 Mode] with no 
characters in the XMIT holding register or XMIT FIFO, - TXRDY will be 
active low. 

Mode 1 - - TXRDY will go active low if in the FIFO Mode (FCRO= 1) when 
FCR3=1 and there is a minimum of one unfilled position in the XMIT FIFO. 
When the XMIT FIFO is completely full, - TXRDY will go inactive. 
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SIGNAL DESCRIPTIONS (Cant.) 

Signal Pin Signal 
Name Number Type 

-ADS 25 

AO-A2 28-26 

-RXROY 29 0 

INTRPT 30 0 

-OUT2 31 0 

-RTS 32 o 

-OTR 33 o 

-OUT1 34 o 

MR 35 

Signal 
Description 

Address Strobe Input - When this pin is low, the state of the Register Select 
and Chip Select pins is latched internally. 

Address Lines AO-A2 - The address lines select the internal registers 
during CPU bus operations. 

Receiver Ready - Receiver OMA signaling is also available through this pin 
(pin 24 also has OMA signaling capabilities). One of two types of OMA 
signaling can be selected via FCR3 when operating in the FIFO Mode. 
Only OMA Mode 0 is allowed when operating in the VL 16C450 Mode. For 
single transfer OMA (a transfer is made between CPU bus cycles), Mode 0 
is used. Multiple transfers that are made continuously until the RCVR FIFO 
has been emptied are supported by Mode 1. 

Mode 0 - The -RXROY pin will be active low when in the FIFO Mode 
(FCRO=1, FCR3=0) or [(FCRO=O) when in the VL 16C450 Mode] and the 
RCVR FIFO or RCVR holding register contain at least one character. 
When there are no more characters in the FIFO or holding register the 
-RXROY pin will go inactive. 

Mode 1 - The -RXROY will go low in the FIFO Mode (FCRO=1) when the 
FCR3=1 and the timeout or trigger levels have been reached. It will go 
inactive when the FIFO or holding register is empty. 

Interrupt Output - This pin goes high (when enabled by the Interrupt 
Enable Register) whenever a Receiver Error Flag, Received Data Avail-
able. Transmitter Holding Register Empty. Modem Status condition or 
timeout (FIFO Mode) is detected. 

Output 2 - This output that can be set to an active low by programming bit 3 
of the Modem Control Register to a high level. This signal is cleared (high) 
by writing a logic 0 to the OUT2 bit (MCR) or whenever a Master Reset 
occurs. 

Request to Send - The -RTS pin is set low by writing a logic 1 to MCR bit 1 
of the ACE's Modem Control Register. The -RTS pin is reset high by 
writing a logic 0 to MCR bit 1 or by Master Reset. A low on the -RTS pin 
indicates that the ACE has data ready to transmit. 

Data Terminal Ready - The -DTR pin can be set (low) by writing a logic 1 
to MCR. Modem Control Register bit 0 of the ACE. This signal is cleared 
(high) by writing a logic 0 to the OTR bit (MCR) or whenever a Master 
Reset occurs. When active (low). the -OTR pin indicates that the ACE is 
ready to receive data. 

Output 1 - This output can be set to an active low by programming bit 2 of 
the Modem Control Register to a high level. This signal is cleared (high) by 
writing a logic 0 to the OUT1 bit (MCR) or whenever a Master Reset 
occurs. 

Master Reset - When high. the reset input forces the ACE into an idle 
mode in which all data activities are suspended. The Modem Control 
Register (MCR) along with its output. is cleared. The Line Status Register 
(LSR) is cleared except for the THRE and TEMT bits, which are set: All 
functions of the device remain in an idle state until programmed to resume 
activities. 
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SIG NAL DESCRIPTIQtiS-LCont.}--

Signal 
Name 

Pin 
Number 

Signal 
Type 

Signal 
Description 

-CTS 36 

-DSR 3? 

-DCD 38 

-RI 39 

VCC 40 

REGISTERS 
Three types of internal registers are 
used in the ACE (Control, Status and 
Data). The control registers are the Bit 
Rate Seiect Register DLL (Divisor 
Latch LSB) and DLM (Divisor Latch 
MSB), Line Controi Register, Interrupt 
Enable Register, and the Modem 
Control Register. The status registers 
are the Line Status Registers and the 
Modem Status Register. The data 
registers are the Receiver Buffer 
Register and the Transmitter Holding 
Register. The Address, Read, and 
Write inputs are used in conjunction 
with the Divisor Latch Access Bit in the 
Line Control Register [LCR(?)] to select 
the register to be written or read (see 
Table 1). Individual bits within these 
registers are referred to by the register 
mnemonic and the bit number in 
parenthesis. As an example, LCR(?) 
refers to Line Control Register Bit ? 

The Transmitter Buffer Register and 
Receiver Buffer Register are data 
registers that hold from five to eight bits 
of data. H less than eight data bits are 
transmitted, data is right justified to the 
LSB. Bit 0 of a data word is always the 
first serial data bit received and 

Clear to Send - The logical state of the -CTS pin is reflected in the CTS bit 
of the (MSR) Modem Status Register [CTS is bit 4 of the MSR, written 
MSR(4)] of the ACE. A change of state of the -CTS pin, since the previous 
reading of the MSR, causes the setting of DCTS in the Modem Status 
Register. 

Data Set Ready - The logical state of the -DSR pin is reflected in MSR(5) 
of the Modem Status Register. DDSR MSR(1) indicates whether the -DSR 
pin has changed state since the previous reading of the MSR. 

Data Carrier Detect - -DCD is a modem input whose condition can be 
tested by the CPU by reading MSR(7) (DCD) of the Modem Status 
Register. MSR(3) (DDCD) of the Modem Status Register indicates 
whether the -DCD input has changed since the previous reading of the 
MSR. -OCD has no effect on the receiver. 

Ring Indicator Input - The -AI signal is a modem control input whose 
condition is tested by reading MSR(6) (RI) of the ACE. The Modem Status 
Register output TERI MSR(2) indicates whether the -RI input has changed 
from high to low since the previous reading of the MSR. 

Power Supply - The power supply requirement is 5 V ±5%. 

transmitted. The ACE data registers 
are double-buffered so that read and 
write operations may be performed 
when the ACE is performing the 
parallel-to-serial or serial-to-parallel 
conversion. 

LINE CONTROL REGISTER 
The format of the data character is 
controlled by the Line Control Register. 
The LCR may be read. Its contents are 
described below and shown in Figure 1 . 

TABLE 1. SERIAL CHANNEL INTERNAL REGISTERS 

DLAB A2 A1 AO Mnemonic Register 

0 0 0 0 RBR Receiver Buffer Register (read only) 

0 0 0 0 THR Transmitter Holding Register (write only) 

0 0 0 1 IER Interrupt Enable Register 

X 0 1 0 IIR Interrupt Identification Register (read only) 

X 0 1 1 LCR Line Control Register 

X 1 0 0 MCR Modem Control Register 

X 1 0 1 LSR Line Status Register 

X 1 1 0 MSR Modem Status Register 

X 1 1 1 SCR Scratch Register 

1 0 0 0 DLL Divisor Latch (LSB) 

1 0 0 1 DLM Divisor Latch (MSB) 

x = !lDon't Care" 0= logic low 1 = Logic High 

Note: The serial channel is accessed when CSO is low. 

6-67 



• VLSI TECHNOLOGY, INC. 

FIGURE 1. LINE CONTROL REGISTER 

Word 
'--_....p Length 

Select 

o 0 = 5 Data Bits 
o 1 = 6 Data Bits 
1 0 = 7 Data Bits 
1 1 8 Data Bits 

"'"-___ ----1~Stop 0 = 1 Stop Bit 

[P)[R1[gW~ [gW 

VL16C550 

Bit Select 1 = 1.5 Stop Bits if 5 Data Bits Selected 
2 Stop Bits if 6, 7, 8 Data Bits Selected 

~ ______ ~Parity 
Enable 

Even 
Parity 
Select 

~ __________ pStick 
Parity 

Break 
a....-------------PControl 

o = Parity Disabled 
1 = Parity Enabled 

o = Odd Parity 
1 = Even Parity 

o = Stick Parity Disabled 
1 = Stick Parity Enabled 

o = Break Disabled 
1 = Break Enabled 

Divisor 
Latch 

o = A~ss Receiver Buffer 
1 = Access Divisor Latches 

a....-------------------~~A~ss 

LCR(O) and LCR(1) Word Length Select 
bit 1: The number of bits in each serial 
character is programmed as shown in 
Figure 1. 

LCR(2) Stop Bit Select: LCR(2) 
specifies the number of stop bits in 
each transmitted character. See Figure 
1. The receiver always checks for one 
stop bit. 

LCR(3) Parity Enable: When LCR(3) is 
high, a parity bit between the last data 
word bit and stop bit is generated and 
checked. 

LCR(4) Even Parity Select: When 
enabled a one selects even parity. 

LCR(5) Stick Parity: When parity is 
enabled [LCR(3)=1], LCR(5)=1 causes 
the transmission and reception of a 
parity bit to be in the opposite state from 
the value of lCR(4). This forces parity 
to a known state and allows the receiver 
to check the parity bit in a known state. 

Bit 

LCR(6) Break Control: When LCR(6) is 
set to a logic 1, the serial output 
(SOUT) is forced to the spacing (logic 
0) state. The Break Control bit acts 
only on SOUT and does not effect the 
transmitter logic. H the following 
sequence is used, no invalid characters 
will be transmitted because of the 
break. 

1. Load all "O"s pad character in 
response to THRE. 

2. Set the break in response to the next 
THRE. 

3. Wait for the transmitter to be idle 
(TEMT =1), then clear the break 
when the normal transmission has to 
be restored. 

LCR(7) Divisor Latch Access Bit 
(DLAB); LCR(7) must be set high (logic 
1) to access the Divisor Latches DLL 
and DLM of the Baud Rate Generator 
during a read or write operation. 
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LCR(7) must be input low (logic 0) to 
access the Receiver Buffer, the 
Transmitter Holding, or the Interrupt 
Enable Registers. 

LINE STATUS REGISTER 
The Line Status Register (LSR) is a 
single register that provides status 
indications. 

The Line Status Register shown in 
Table 2 is described below: 

LSR(O) Data Ready (DR): Data Ready 
is set high when an incoming character 
has been received and transferred into 
the Receiver Buffer Register or the 
FIFO. LSR(O) is reset low by a CPU 
read of the data in the Receiver Buffer 
Register or the FIFO. 

LSR(1) Overrun Error (OE): Overrun 
Error indicates that data in the Receiver 
Buffer Register was not read by the 
CPU before the next character was 
transferred into the Receiver Buffer 
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TABLE 2. LINE STATUS REGISTER BITS 

LSR BITS 1 0 

LSR(O) Data Ready (DR) Ready Not Ready 

LSR(1) Overrun Error (OE) Error No Error 

LSR(2) Parity Error (PE) Error No Error 

LSR(3) Framing Error (FE) Error No Error 

LSR(4) Break Interrupt (BI) Break No Break 
i 

LSR(5) Transmitter Holding Register Empty (THRE) I Empty Not Empty 

LSR(6) Transmitter Empty (TEMT) 

LSR(7) RCVR FIFO Error 

Register, overwriting the previous 
character. The OE indicator is reset 
whenever the CPU reads the contents 
of the Line Status Register. 

An overrun error will occur in the FIFO 
Mode after the FIFO is full and the next 
character is completely received. The 
overrun error is detected by the CPU on 
the first LSR read after it happens. The 
character in the shift register is not 
transferred to the FIFO but it is overwrit
ten. 

LSR(2) Parity Error (PE): Parity Error 
indicates that the received data charac
ter does not have the correct parity, as 
selected by LCR(3) and LCR(4). The 
PE bit is set high' u'pon detectio~ of a 
parity error, and is reset low when the 
CPU reads the contents of the LSR. 

In the FIFO Mode, the Parity Error is 
associated with a particular character in 
the FIFO. LCR(2) reflects the error 
when the character is at the top of the 
FIFO 

LSR(3) Framing Error (FE): Framing 
Error indicates that the received charac
ter did not have a valid stop bit. LSR(3) 
is set high when the stop bit following 
the last data bit or parity bit is detected 
as a zero bit (spacing ievel). The FE 
indicator is reset low when the CPU 
reads the contents of the LSR. In the 
FIFO Mode, the Framing Error is 
associated with a particular character in 
the FIFO. LCR(3) reflects the error 
when the character is at the top of the 
FIFO. 

LSR(4) Break interrupt (BI): Break 
Interrupt is set high when the received 

I 
Empty Not Empty 

Error in FIFO No Error in FIFO 

data input is held in the spacing (logic C) 
state for longer than a full word trans
mission time (start bit + data bits + 
parity + stop bits). The BI indicator is 
reset when the CPU reads the contents 
of the Line Status Register. 

In the FIFO Mode this is associated with 
a particular character in the FIFO. 
LCR(2) reflects the BI when the break 
character is at the top of the FIFO. The 
error is detected by the CPU when its 
associated character is at the top of the 
FIFO during the first LSR read. Only 
one zero character is loaded into the 
FIFO when 81 occurs. 

LSR(1 )-LSR{4) are the error conditions 
that produce a Receiver Line Status 
interrupt [priority 1 interrupt in the 
Interrupt Identification Register (UR)] 
when any of the conditions are de
tected. This interrupt is enabled by 
setting IER(2)=1 in the Interrupt Enable 
Register. 

LSR(5) Transmitter Holding Register 
Empty (THRE): THRE indicates that 
the ACE is ready to accept a new 
character for transmission. The THRE 
bit is set high when a character is 
transferred from the Transmitter Holding 
Register into the Transmitter Shift 
Register. LSR(5) is reset low by the 
loading of the Transmitter Holding 
Register by the CPU. LSR(5) is not 
reset by a CPU read of the LSR. In the 
FIFO Mode when the XMIT FIFO is 
empty this bit is set. It is cleared when 
one byte is written to the XMIT FIFO. 

When the THRE interrupt is enabled 
IER(1), THRE causes a priority 3 
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interrupt source indicated in IIR, 
INTRPT is cleared by a read of the IIR. 

LSR(6) Transmitter Empty (TEMT): 
TEMT is set high when the Transmitter 
Holding Register (THR) and the 
Transmitter Shift Register (TSR) are 
both empty. LSR(6) is reset low when 
a character is loaded into the THR and 
remains low until the character is 
transferred out of SOUTo TEMT is not 
reset low by a CPU read of the LSR. In 
the FIFO Mode, when both the trans
mitter FIFO and shift register are empty 
this bit is set to one. 

LSR(7) This bit is always 0 in the 
VL 16C450 Mode. In FIFO Mode, it is 
set when at least one of the followina 
data errors is in the FIFO: Parity Er~or, 
Framing Error or Break Interrupt 
indication. 

FIFO CONTROL REGISTER 
This write only register is at the same 
location as the IIR. It is used to enable 
and clear the FIFOs, set the trigger 
level of the RCVR FIFO, and select the 
type of DMA signaling. 

FCR(0=1) enables both the XMIT and 
RCVR FIFOs). All bytes in both FIFOs 
can be cleared by resetting FCR(O). 
Data is cleared automatically from the 
FIFOs when changing from FIFO Mode 
to VL 16C450 Mode and vice versa. 
Programming of other FCR bits is 
enabled by setting FCR(0)=1. 

FCR(1)=1 clears all bytes in the RCVR 
FIFO and resets the counter logic to o. 
This does not clear the shift register. 

FCR(2)=1 clears all bytes in the XMIT 
FIFO and resets the counter logic to o. 
This does not clear the shift register. 

FCR(3)=1 will change the -RXRDYand 
- TXRDY pins from Mode 0 to Mode 1 if 
FCR(0)=1. 

FCR(4)-FCR{5): These two bits are 
reserved for future use. 

FCR(6)-FCR(7): These two bits are 
used for setting the trigger level for the 
RCVR FIFO interrupt. 

RCVR FIFO 
7 6 Trigger Level (Bytes) 
o 0 01 
o 1 04 
1 0 08 
1 1 14 

I 
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FIGURE 2. MODEM CONTROL REGISTER 

Data 0 = -OTR Output High (Inactive) 
Terminal 1 = -OTR Output Low (Active) 
Ready 

'"-__ .... Request 0 = -RTS Output High (Inactive) 
To Send 1 = -RTS Output Low (Active) 

'"-----. OUT1 0 = -OUT1 Output High 
1 = -OUT1 Output Low 

'--------P OUT2 0 = -OUT2 Output High 
1 = -OUT2 Output Low 

'---------~ LOOP 0 = LOOP Disabled 
1 = LOOP Enabled 

""------------... Bits are Set to Logic "0". 

MODEM CONTROL REGISTER 
The Modem Control Register (MCR) 
controls the interface with the modem or 
data set as described in Figure 2. MCR 
can be written and read. The -RTS and 
-DTR outputs are directly controlled by 
their control bits in this register. A high 
input asserts a low (true) at the output 
pins. MCR Bits 0, 1, 2, 3, and 4 are 
shown below: 

MCR{O): When MCR{O) is set high, the 
-DTR output is forced low. When 
MCR{O) is reset low, the -OTR output is 
forced high. The -DTR output of the 
serial channel may be input into an 
inverting line driver in order to obtain 
the proper polarity input at the modem 
or data set. 

MCR(1): When MCR(1) is set high, the 
-RTS output is forced low. When 
MCR(1) is reset low, the -RTS output is 
forced high. The -RTS output of the 
serial channel may be input into an 
inverting line driver in order to obtain 
the proper polarity input at the modem 
or data set. 

MCR(2): When MCR (2) is set high 
-OUT1 is forced low. 

MCR(3): When MCR(3) is set high, the 
-OUT2 output is forced low. 

MCR(4): MCR(4) provides a local 
loopback feature for diagnostic testing 
of the channel. When MCR(4) is set 
high, Serial Output (SOUT) is set to the 

marking (logic 1) state, and the receiver 
data input Serial Input (SIN) is discon
nected. The output of the Transmitter 
Shift Register is looped back into the 
Receiver Shift Register input. The four 
modem control inputs (-CTS, -DSR, 
-DCD, and -RI) are disconnected. The 
modem control outputs (-DTR, -RTS, 
-OUT1 and -OUT2) are internally 
connected to the four modem control 
inputs. The modem control output pins 
are forced to their inactive state (high) 
on the VL 16C450. 

In the diagnostic mode, data transmitted 
is immediately received. This allows 
the processor to verify the transmit and 
receive data paths of the selected serial 
channel. 

Bits MCR(5)-MCR{7) are permanently 
set to logic o. 
MODEM STATUS REGISTER 
The MSR provides the CPU with status 
of the modem input lines from the 
modem or peripheral devices. The 
MSR allows the CPU to read the serial 
channel modem signal inputs by 
accessing the data bus interface of the 
ACE in addition to the current status 
information, four bits of the MSR 
indicate whether the modem inputs 
have changed since the last reading of 
the MSR. The delta status bits are set 
high when a control input from the 
modem changes state, and reset low 
when the CPU reads the MSR. 
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The modem input lines are -CTS, 
-DSR. -RI, and -DCD. MSR(4)
MSR(7) are status indications of these 
lines. A status bit = 1 indicates the 
input is a low. A status bit = 0 indicates 
the input is high. If the modem status 
interrupt in the Interrupt Enable Register 
is enabled [IER(3)], an interrupt is 
generated whenever MSR(0)-MSR(3) is 
set to a one. The MSR is a priority 4 
interrupt. The contents of the Modem 
Status Register are described in Table 
3. 

MSR(O) Delta Clear to Send (DCTS): 
DCTS displays that the -CTS input to 
the serial channel has changed state 
since it was last read by the CPU. 

MSR(1) Delta Data Set Ready (DDSR): 
DDSR indicates that the -OSR input to 
the serial channel has changed state 
since the last time it was read by the 
CPU. 

MSR(2) Trailing Edge of Ring Indicator 
(TERI): TERI indicates that the -RI 
input to the serial channel has changed 
state from high to low since the last time 
it was read by the CPU. Low to high 
transitions on -RI do not activate TERI. 

MSR(3) Delta Data Carrier Detect 
(DDCD): DDCD indicates that the 
-OCD input to the serial channel has 
changed state since the last time it was 
read by the CPU. 
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TABLE 3. MODEM STATUS REGISTER BITS 

MSR Bit Mnemonic 

MSR(O) DCTS 
MSR(1 ) DDSR 
MSR(2) TERI 
MSR(3) DDCD 

MSR(4) -CTS 

MSR(5) -DSR 

MSR(6) -RI 
MSR(7) -DCD 

MSR(4) Clear to Send (CTS): CTS is 
the complement of the -CTS input from 
the modem indicating to the serial 
channei that the modem is ready to 
receive data from the serial channel's 
transmitter output (SOUT). if the serial 
channel is in Loop Mode [(MCR(4)=1], 
MSR(4) reflects the value of RTS in the 
MCR. 

MSR(5) Data Set Ready (DSR): DSR is 
the complement of the -DSR input from 
the modem to the serial channel which 
indicates that the modem is ready to 
provide received data to the serial 
channel receiver circuitry. If the 
channel is in the Loop Mode 
[MCR(4)=1], MSR(5) reflects the value 
of DTR in the MCR. 

MSR(6) Ring indicator (Rij: Ri is the 
complement of the -RI input (pin 39). If 
the channel is in the Loop Mode 
(MCR(4)=1), MSR(S) reflects the value 
of -OUT1 in the MCR. 

MSR(7) Data Carrier Detect (DCD): 
Data Carrier Detect indicates the status 
of the Data Carrier Detect (-DeD) input. 
If the channel is in the Loop Mode 
(MCR(4)=1), MSR(2) reflects the value 
of -OUT2 in the MCR. 

Reading the MSR register will clear the 
delta modem status indications but has 
no effect on the other status bits. 

For LSR and MSR, the setting of status 
bits is inhibited during status register 
read operations. If a status condition is 
generated during a read -DISTR 
operation, the status bit is not set until 
the trailing edge of the read. 

If a status bit is set during a read 
operation, and the same status condi
tion occurs, that status bit will be 

Description 

Delta Clear To Send 
Delta Data Set Ready 
Trailing Edge of Ring Indicator 
Delta Data Carrier Detect 
Clear To Send 
Data Set Ready 
Ring Indicator 
Data Carrier Detect 

cleared at the trailing edge of the read 
instead of being set again. 

DIVISOR LATCHES 
The ACE serial channel contains a 
programmable Baud Rate Generator 
(BRG) that divides the clock (DC to 8 
MHz) by any divisor from 1 to 216-1 (see 
also BRG description). The output 
frequency of the Baud Generator is 1SX 
the data rate [divisor # = clock + (baud 
rate x 1S)]. Two 8-bit divisor latch 
registers store the divisor in a 1S-bit 
binary format. These Divisor Latch 
registers must be loaded during 
initialization. Upon loading either of the 
Divisor Latches, a 1S-bit baud counter is 
immediately loaded. This prevents long 
counts on initial load. 

The BRG can use any of three different 
popular frequencies to provide standard 
baud rates. These frequencies are 
1.8432 MHz, 3.072 MHz, and 8 MHz. 
With these frequencies, standard bit 
rates from 50 to 38.5K bps are avail
able. Tables 5, Sand 7 illustrate the 
divisors needed to obtain standard rates 
using these three frequencies. 

SCRATCH PAD REGISTER 
Scratchpad Register is an 8-bit Readl 
Write register that has no effect on 
either channel in the ACE. It is 
intended to be used by the programmer 
to hold data temporarily. 

INTERRUPT IDENTIFICATION 
REGISTER 
In order to minimize software overhead 
during data character transfers, the 
serial channel prioritizes interrupts into 
four levels. The four levels of interrupt 
conditions are as follows: 

1. Receiver Line Status (priority 1) 
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character timeout 

3. Transmitter Holding Register Empty 
(priority 3) 

4. Modem Status (priority 4) 

Information indicating that a prioritized 
interrupt is pending and the type of 
interrupt is stored in the Interrupt 
Identification Register (IIR). The IIR 
indicates the highest priority interrupt 
pending. The contents of the IIR are 
indicated in Table 4 and are described 
below: 

IIR(O) can be used to indicate whether 
an interrupt is pending. When UR(O) is 
low, an interrupt is pending. 

IIR(1) and IIR(2) aie- used to identity the 
highest priority interrupt pending as 
indicated in Table 4. 

IIR(3): This bit is always logic 0 when in 
the VL 1SC450 Mode. This bit is set 
along with bit 2 when in the FIFO Mode 
and a timeout interrupt is pending. 

IIR(4)-IIR(5): These two bits are always 
10gicO. 

IIR(S)-IIR(7): FCR(O)=1 sets these two 
bits. 

INTERRUPT ENABLE REGISTER 
The Interrupt Enable Register (IER) is 
used to independently enable the four 
serial channel interrupt sources which 
activate the interrupt (INTRPT) output. 
All interrupts are disabled by resetting 
IER(O)-IER(3) of the Interrupt Enable 
Register. Interrupts are enabled by 
setting the appropriate bits of the IER 
high. Disabling the interrupt system 
inhibits the Interrupt Identification 
Register and the active (high) INTRPT 
output. All other system functions 
operate in their normal manner, 
including the setting of the Line Status 
and Modem Status Registers. The 
contents of the Interrupt Enable 
Register is described in Table 9 and 
below: 

IER(O): When set to one, IER(O} 
enables the Received Data Available 
interrupt and the timeout interrupts in 
the FIFO Mode. 

IER(1}: When set to one, IER(1} 
enables the Transmitter Holding 
Register Empty interrupt. 

11 



• VLSI TECHNOLOGY, INC. ~~~w~~w 
VL16C550 

IER(2): When set to one IER(2) 
enables the Receiver Line Status 
interrupt. 

IER(3): When set to one, IER(3) 
enables the Modem Status Interrupt. 

IER(4)-IER(7): These four bits of the 
IER are logic o. 
RECEIVER 
Serial asynchronous data is input into 
the SIN pin. The ACE continually 
searches for a high to low transition 
from the idle state. When the transition 
is detected, a counter is reset, and 
counts the 16X clock to 7 1/2, which is 
the center of the start bit. The start bit 
is valid if the SIN is still low. Verifying 
the start bit prevents the receiver from 
assembling a false data character due 
to a low going noise spike on the SIN 
input. 

The Line Control Register determines 
the number of data bits in a character 
(LCR(O), LCR(1)), if parity is used 
LCR(3), and the polarity of parity 
LCR(4). Status for the receiver is 
provided in the Line Status Register 
when a full character is received, 
including parity and stop bits, the Data 
Received indication in LSR(O) is set 
high. The CPU reads the Receiver 
Buffer Register which resets LSR(O). If 
the character is not read prior to a new 
character transfer from the RSR to the 
RBR, the overrun error status indication 
is set in LSR(1). H there is a parity 

error, the parity error is set in LSR(2). H 
a stop bit is not detected, a framing 
error indication is set in LSR(3). 

H the data into SIN is a symmetrical 
square wave, the center of the data 
cells will occur within ±3.125% of the 
actual center, providing an error margin 
of 46.875%. The start bit can begin as 
much as one 16X clock cycle prior to 
being detected. 

MASTER RESET 
After power up, the ACE MR input 
should be held high for one microsec
ond to reset the ACE circuits to an idle 
mode until initialization. A high on MR 
causes the following: 

1. Initializes the transmitter and 
receiver internal clock counters. 

2. Clears the Line Status Register 
(LSR), except for Transmitter Shift 
Register Empty (TEMT) and 
Transmit Holding Register Empty 
(THRE), which are set. The Modem 
Control Register (MCR) is also 
cleared. All of the discrete lines, 
memory elements and miscellane
ous logic associated with these 
register bits are also cleared or 
turned off. The Line Control 
Register (LCR), Divisor Latches, 
Receiver Buffer Register, Transmit
ter Buffer Register are not effected. 

Following the removal of the reset con
dition (reset low), the ACE remains in 
the idle mode until programmed. 

A hardware reset of the ACE sets the 
THRE and TEMT status bit in the LSR. 
When interrupts are subsequently 
enabled, an interrupt occurs due to 
THRE. 

A summary of the effect of a reset on 
the ACE is given in Table 8. 

PROGRAMMING 
The serial channel of the ACE is 
programmed by the control registers 
LCR, IER, DLL and DLM, MCR and 
FCR. These control words define the 
character length, number of stop bits, 
parity, baud rate, and modem interface. 

While the control register can be written 
in any order, the IER should be written 
last because it controls the interrupt 
enables. Once the serial channel is 
programmed and operational, these 
registers can be updated any time the 
ACE serial channel is not transmitting or 
receiving data. 

FIFO INTERRUPT MODE OPERATION 
The following RCVR interrupts will 
occur when the RCVR FIFO and 
receiver interrupts are enabled. 

1. LSR(O) is set when a character is 
transferred from the shift register to 
th RCVR FIFO. When the FIFO is 
empty, it is reset. 

2. IIR=06 (receiver line status inter
rupt) has higher priority than IIR=04 
(received data available inter-
rupt). 

TABLE 4. INTERRUPT IDENTIFICATION REGISTER 
FIFO Interrupt 
Mode Identification 
Only Register Interrupt Set and Reset Functions 

Priority 
Blt3 Bit 2 Bit 1 81tO Level Interrupt Type Interrupt Source Interrupt Reset Control 

0 0 0 1 - None None -

0 1 1 0 First Receiver Line Status OE, PE, FE or BI LSR Read 

0 1 0 0 Second Received Data Available Receiver Data Available or Trigger RBR Read or 
Level Reached FIFO Drops Below the 

Trigger Level 

1 1 0 0 Second Character Timeout Minimum of One Character in RBR Read 
Indication the RCVR FIFO and No Character 

Inpul or Removed During the Last 
Four Character Times 

0 I 0 

I 

1 0 Third THRE THRE IIR Read if THRE is the 

I 
!lnterruPI Source or THR Write 

0 0 0 0 Fourth Modem Status -CTS,-DSR,-Rlor-DCD MSR Read 
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be issued to the CPU when the 
programmed trigger level is 
reached by the FIFO. As soon as 
the FIFO drops below its pro
grammed trigger level it will be 
cleared. 

4. IIR=04 (receive data available indi
cation) also occurs when the FIFO 
reaches its trigger level. It is 
cleared when the FIFO drops 
below the programmed trigger 
level. 

The following RCVR FIFO timeout 
interrupts will occur when RCVR FIFO 
and receiver interrupts are enabled. 

1 . If the following conditions exist, a 
FiFO timeout interrupt wiii occur. 

- Minimum of one character in 
FIFO 

- Last received serial character 
was longer than four continuous 
previous character times (if two 
stop bits are programed, the 
second one is included in the 
time delay) 

- The last CPU read of the FIFO 
was more than four continuous 
character times ago 

At_aO_O_baud_an~12··bitcbaracteLs+._ 

the FIFO timeout interrupt causes a 
latency of 160 ms maximum from 
received character to interrupt 
issued. 

2. By using the RCLK input for a clock 
signal the character times can be 
calculated. (The delay is propor
tional to the baud rate.) 

3. The timeout timer is reset after the 
CPU reads the RCVR FIFO or after 
a new character is received when 
there has been no timeout inter
rupt. 

4. A timeout interrupt is cleared and 
the timer is reset when the CPU 
reads a character from the RCVR 
FiFO. 

XMIT interrupts will occur as follows 
when the transmitter and XMIT FIFO 
interrupts are enabled (FCRO= 1, 
IER1=1). 

1. The XMIT FIFO empty indications 
will be delayed one character time 
minus the last stop bit time 
whenever the following occurs: 
THRE= 1 and there have not been 
a minimum of two bytes at the 
same time in XMIT FIFO, since the 

[P)[ffi~W~~W 
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JastlliBE::;LJlEC.RO.lS.Bnabled ... _ 
the first transmitter interrupt will 
occur immediately after changing 
FCRO. 

2. When the trarsmitter FIFO is 
empty, the transmitter holding 
register interrupt (IIR=02) occurs. 
The interrupt is cleared as soon as 
the transmitter holding register is 
written toor the IIR is read. 

RCVR FIFO trigger level and character 
timeout interrupts have the same 
priority as the current received data 
available interrupt. The current 
transmitter holding register empty 
interrupt has the same priority as the 
transmitter FIFO empty. 

FiFO POLLED MODE OPERATION 
Resetting IERO, IER1, IER2, IER3 or all 
to zero, with FCRO= 1, puts the ACE into 
the FIFO Polled Mode. RCVR and 
XMITTER are controlled separately. 
Therefore, either or both can be in the 
Polled Mode. 

In the FIFO Polled Mode, there is no 
timeout condition indicated or trigger 
level reached. The RCVR and XMIT 
FIFOs still have the capability of holding 
characters, however. 

TABLE 5. BAUD RATES 
(1.8432 MHz CLOCK) 

TABLE 6. BAUD RATES 
(3.072 MHz CLOCK) 

Baud Rate 
Desired I 

50 
75 

110 
134.5 
150 
300 
600 

1200 
1800 
2000 
2400 
3600 
4800 
7200 
9600 

19200 
38400 
56000 

Divisor Used 
to Generate 
16 x Clock 

2304 
1536 
1047 
857 
768 
384 
192 

96 
64 
58 
48 
32 
24 
16 
12 
6 
3 
2 

Percent Error 
Difference Between 
Desired and Actual 

0.026 
0.058 

0.69 

2.86 
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Baud Rate 
Desired 

50 
75 

110 
134.5 
150 
300 
600 

1200 
1800 
2000 
2400 
3600 
4800 
7200 
9600 

19200 
38400 

Divisor Used 
to Generate 
16 x Clock 

3840 
2560 
1745 
1428 
1280 
640 
320 
160 
107 

96 
80 
53 
40 
27 
20 
10 
5 

Percent Error 
Difference Between 
Desired and Actual 

0.026 
0.034 

0.312 

0.628 

1.23 

I 
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TABLE 7. BAUD RATES (8 MHz CLOCK) 
Divisor Used Percent Error 

Baud Rate to Generate Difference Between 
Desired 16 x Clock Desired and Actual 

50 1000 -
75 6667 0.005 

110 4545 0.010 
134.5 3717 0.013 
150 3333 0.010 
300 1667 0.020 
600 833 0.040 

1200 417 0.080 
1800 277 0.080 
2000 250 -
2400 208 0.160 
3600 139 0.080 
4800 104 0.160 
7200 69 0.644 
9600 52 0.160 

19200 26 0.160 
38400 13 0.160 
56000 9 0.790 

128000 4 2.344 
256000 2 2.344 

TABLE 8. MASTER RESET 

Register/Signal 

Interrupt Enable Register 
Interrupt Identification 
Register 
Line Control Register 
Modem Control Register 
Line Status Register 
Modem Status Register 

SOUT 
Intrpt (RCVR Errs) 
Intrpt (RCVR Data Ready) 
Intrpt (THRE) 
Intrpt (Modem Status Changes) 
-OUT2 
-RTS 
-DTR 
-OUT1 

Reset Control 

Reset 
Reset 

Reset 
Reset 
Reset 
Reset 

Reset 
Read LSRlReset 
Read RBRlReset 
Read IIRlWrite THRlReset 
Read MSRlReset 
Reset 
Reset 
Reset 
Reset 

6-74 

Reset 

[P)[ffi~W~~W 

VL16C550 

All Bits Low (0-3 Forced and 4-7 Permanent) 
Bit 0 is High, Bits 1 and 2 Low 
Bits 3-7 Are Permanently Low 
All Bits Low 
All Bits Low 
All Bits Low, Except Bits 5 and 6 Are High 
Bits 0-3 Low 
Bits 4-7 Input Signal 
High 
Low 
Low 
Low 
Low 
High 
High 
High 
High 
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IA_B_L_~9. __ S_ERIALCHANNELACCESSIBLE REGIS"I"ERS 

Register 
Register Bit Number 

Address Mnemonic Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 

0 RBR Data Data Data Data Data 
(Read Only) Bit? Bit 6 Bit 5 Bit 4 Bit 3 

(MSB) 

0 THR Data Data Data Data Data 
(Write Only) Bit? Bit 6 Bit 5 Bit 4 Bit 3 

0* Dll Bit? Bit 6 Bit 5 Bit 4 Bit 3 

1* DlM Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 

1 IER I 0 0 0 0 (EDSSI) 
Enable 

I Modem 
Status 

Interrupt 

2 FCR RCVR RCVR 0 Reserved DMA 
(Write Trigger Trigger Mode 
Only) (MSB) (lSB) Select 

2 IIR FIFOs FIFOs 0 0 Interupt 
(Read Only) Enabled** Enabled** ID 

Bit (2)** 

3 LeR (DLAB) 

I 
Set 

I 
Stick 

I 
(EPS) (PEN) 

Divisor Break Parity Even Parity 

I 
Latch 

I 
Parity Enabie 

Access Select 
Bit 

4 I MCR 0 0 0 loop Out 2 

I I I 
5 LSR Error in (TEMT) (THRE) (BI) (FE) 

RCVR Transmitter Transmitter Break Framing 
Trigger** Empty Holding Interrupt Error 

Register 
Empty 

6 MSR (DCD) (RI) (DSR) (CTS) (DDCD) 
Data Ring Data Clear Delta 

Carrier Indicator Set to Data 
Detect Ready Send Carrier 

Detect 

? SCR Bit? Bit 6 Bit 5 Bit 4 Bit 3 

* DlAB = 1 
**These bits are always 0 in the Vl16C450 Mode. 

6-75 

Bit 2 

Data 
Bit 2 

Data 
Bit 2 

Bit 2 

Bit 10 

(ElSI) 
Enable 

Receiver 
Line 

Status 
Interrupt 

SMIT 
FIFO 
Reset 

Interrupt 
10 

Bit (1) 

I (STB) 
Number 
of Stop 

I Bits 

Out 1 

(PE) 
Parity 
Error 

(TERI) 
Trailing 
Edge 
Ring 

Indicator 

Bit 2 

[p)~~W~~W 
VL16C550 

Bit 1 Bit 0 

Data Data 
Bit 1 Bit 0 

(lSB) 

Data Data 
Bit 1 Bit 0 

Bit 1 Bit 0 

Bit 9 BitS 

(ETBEI) (ERBFI) 
Enable Enable 

Transmitter Received 
Holding Data 
Register Available 
Empty Interrupt 

Interrupt 

RCVR FIFO 
FIFO Enable 
Reset 

Interrupt "0" If 
ID Interrupt 

Bit (0) Pending 

(WLSB1) (WLSBO) 
Word Word 

Length length 
Select Select 
Bit 1 Bit 0 

(RTS) (DTR) 
Request Data 

To Terminal 
Send Ready 

I 
(0 E) (DR) 

Overrun Data 
Error Ready 

(DDSR) (DCTS) 
Delta Delta 
Data Clear 
Set to 

Ready Send 

Bit 1 Bit 0 
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AC CHARACTERISTICS: TA = ooe to +7ooe, vee = 5 V ±5% 

Symbol Parameter Min Max Units 

tADS Address Strobe Width 60 ns 

tAS Address Setup Time 60 ns 

tAH Address Hold Time 0 ns 

tCS Chip Select Setup Time 60 ns 

tCH Chip Select Hold Time 0 ns 

tDIW -DISTRIDISTR Strobe Width 125 ns 

tRC Read Cycle Delay 125 ns 

RC Read Cycle = tAR( 1) + tD IW + tRC 280 ns 

tDD -DISTRIDISTR to Drive Disable Delay 060 ns 

tDDD Delay from -DISTRIDISTR to Data 125 ns 

tHz -DISTRIDISTR to Floating Data Delay 0 100 ns 

tDOW -DOSTRIDOSTR Strobe Width 100 ns 

tWC Write Cycle Delay 150 ns 

WC Write Cycle = tAW + tDOW + tWC 280 ns 

tDS Data Setup Time 30 ns 

tDH Data Hold Time 30 ns 

tCSC Chip Select Output Delay from Select ns 

tRA Address Hold Time from -DISTRIDISTR 20 ns 

tRCS Chip Select Hold Time from -DISTRIDISTR 20 ns 

tAR -DISTRIDISTR Delay from Address 30 ns 

tCSR -DISTRIDISTR Delay from Chip Select 30 ns 

tWA Address Hold Time from -DOSTRIDOSTR 20 ns 

tWCS Chip Select Hold Time from -DOSTRIDOSTR 20 ns 

tAW -DOSTRIDOSTR Delay from Address 30 ns 

tCSW -DOSTRIDOSTR Delay from Select 30 ns 

tMRW Master Reset Pulse Width 5 ~s 

tXH Duration of Clock High Pulse 55 ns 

tXL Duration of Clock Low Pulse 55 ns 

Notes: 1. Only applies when -ADS is tied low. 
2. VOL, VOH and the external loading determine the charge and discharge time. 

[p) [ffi [g \YJ ~ [g W 
VL16C550 

Conditions 

Note 3 

100 pF Load (Note 2) 

100 pF Load (Note 2) 

Note 1 

Note 1 

Note 1 

Note 1 

Note 1 

Note 1 

Note 1 

Note 1 

External Clock (8 MHz Max.) 

External Clock (8 MHz Max.) 

3. In FIFO Mode RC=425 ns (min.) between reads of the receiver FIFO and the status registers (IIR or LSR). 
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AC CHARACTERISTICS {Conjl: TA = O°C to + 70°C, VCC = 5 V +5% 

Symboi I Parameter 

Transmitter 

tHR1 

tHR2 

tlRS I 
tSI 

tSS 

tSTI 

tlR 
I 

tSXA 

Delay from Rising Edge of 
-DOSTRIDOSTR (WR THR) 
to Reset Interrupt 

Delay from Falling Edge of 
-DOSTRIDOSTR (WR THR) 
to Reset Interrupt 

Delay from Initial INTR 
Reset to Transmit Start 

Delay from Initial Write to 
Interrupt 

Delay from Stop to Next Start 

Delay from Start Bit Low to 
Interrupt (THRE) High 

Delay from -DISTRIDISTR 
(RD IIR) to Reset Interrupt 
(THRE) 

Delay from Start to 
- TXRDY Active 

tWXI I Delay from Wnte to - TXRDY Inactive 

Modem Control 

tMDO 
Delay from -DOSTRIDOSTR 
(WR MCR) to Output 

tSIM 
Delay to Set Interrupt from 
Modem Input 

tRIM 
Delay to Reset Interrupt from 
-DISTRIDISTR (RD MSR) 

Baud Generator 

N Baud Divisor 

tBLD 
Baud Output Negative 
Edge Delay 

tBHD 
Baud Output Positive 
Edge Delay 

tLW Baud Output Down Time 

tHW Baud Output Up Time 

Receiver 

tSCD 
Delay from RCLK to 
Sample Time 

tSINT 
Delay from Stop to Set 
Interrupt 

Delay from -DISTRIDISTR 
tRINT (RD RBRIRD LSR) to Reset 

Interrupt 

I 

Min Max Units Conditions 

175 ns 100 pF Load 

250 ns 100 pF Load 

8 24 
-BAUDOUT 

CYCLES 

16 24 
-BAUDOUT 

Note 1 
CYCLES 

100 ns 

8 8 
-BAUDOUT 

Note 1 
CYCLES 

250 I ns 1100 pF Load 
I 

8 -BAUDOUT 100 pF Load 
CYCLES 

195 ns 100 pF Load 

200 ns 100 pF Load 

250 ns 100 pF Load 

250 ns 100 pF Load 

1 216_1 

175 ns 100 pF Load 

175 ns 100 pF Load 

100 ns 
fX = 8 MHz, +2, 
100 pF Load 

75 ns 
fX = 8 MHz, +2, 
100 pF Load 

I 2 J.ls 

I 1 RCLK Note 2 

I 
i 

1 J.ls 100 pF Load 

[p)[g1~W~~W 

VL16C550 

Notes: 1. If the Transmitter Interrupt Delay is active, this delay will be lengthened by one character time, minus the last stop 
bit time. 

2. The receiver data available indication, the overrun error indication, the trigger level interrupts and the active 
-RXRDY indication will be delayed three RCLKs in the FIFO Mode (FCRO=1). After the first byte has been re
ceived status indicators (PE, FE, BI) will be delayed three RCLKs. These indicators will be updated immediately 
for any further bytes received after RDRBR goes inactive. There are eight RCLK delays for timeout interrupts. 
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READ CYCLE TIMING 

-ADS .--------------------------~2~ 

tAH 

[p) [R1[gW~ [gW 

VL16C550 

A2, A1, AO ~=;?f,,-----+---_ 
~H ~~A* 

-CS2, CS 1, CSO _~cs~~------+-------

-DISTR/DISTR 

...---tAR *----~---+__-- RC ____ -+---.J 

--II~~-----tRC---~ 

• OR 

ACTIVE 

-----------------+-------r-----------~.r~--~·~--
-----------+-----+-------~Sfc-----'X ACTIVE 

-DOSTRIDOSTR 

DDIS 

DATA 
00-07 

* Applicable only when -ADS is tied low. 

BAUDOUT TIMING 
1'4 N ___ ~ 

XTAL1 

tBLD-.j \4- ~ ~ tHW 

tODD ~---..t _--_ 

-BAUDOUT 
(+1) 

~J4-tBHD ~ r-tL~ 

-BAUDOUT 
(+2) 

-BAUDOUT 
(+3) 

~f4-tBLD !.-.ItLW 

~ j4- tBHD r-1tHW 

--.j I+-tBLo1 r- tBHD tHW~ ~~tLW--1 

tHZ 

~~tBLD1r-tBHD rr ~ -1tHW -<N-2)XTAL1 CYCLES 
-BAUDOUT ---, r-, -----, I 

(+N. N>3)!. L--_--' "'-. ____ _ 
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RECEIVER TIMING 
n n n 

RClK ~ L..-I ___ ---1.1 ~f--? ___ I L 
1"IIII1'4r.-------8 ClKS --------.t-..j \4-- tSCD 

SAMPLE n 
ClK ___________________ ~1 L 

VL 16C450 Mode 

[pJ[R1~~~~W 
VL16C550 

SIN ~ /--(I-? -----..., I \ ~ I 
(RECT~~~+ \ START ! D~~A BITS (5-8) A PARITY 1 STOP L--.I 

DATA) (( 

SAMPLE 
ClK I \\ 
~--~~~~~~~--~--~--~------~~(~ 

INTERRUPT 
(DATA READY OR 

RCVR ERR) 
_

________________ ~~r=-tSIN-T--? 
-DISTRIDISTR 

(NOTE 2) --------------------.X 
_ __________________________ ACTIVE (READ REC 

DATA BUFFER 
OR RDlSR) 

TRANSMITTER TIMING 

sERIAL 
OUT (SOUT) 

INTERRUPT ~
:R!--D-A-TA-(-5-8-) --D'STOP (1_2){STA~RT 

tlRs PARITY 
~ tSTI 

-----~ ----~ 

(THRE) fHR rtHR 

-DOSTR/DOSTR \t tSi 
(WRTHR) _ 
(NOTE 1) ------' '-----------------+-

__________________________________ ~rt:~ tlR -DlsTR/DlsTR 
(RD IIR) 

(NOTE 2) 

Notes: 1. See Write Timing. 
2. See Read Timing. 
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WRITE TIMING 

-ADS 

tAH ------------------, 
A2, A1, AO ... 

~--~ tWA* 

[pJ[Ri~%7~~W 

VL16C550 

-CS2, CS1, csa mc2f'-----+----
--------~------~--WC----------+-~ 

~~---tWC--__PI 

-DOSTRIDOSTR ACTIVE 

• OR 

-DISTRIDISTR __________________________ ~----------~,:~------~~A-C-TI-VE-

DATA 
DO-D7 

* Applicable only when -ADS is tied low. 

MODEM TIMING 

-DOSTRIDOSTR / ~ 
(WRMCR)~ 

(NOTE 1) t 
-RTS, -DTR ___ ~ IMDO 

-Oun, -OUT2 _ 

-CTS, -DSR, -DCD 

INTRPT 

-DISTR/DISTR 
(RD MSR) 
(NOTE 2) ---------' 

/IMDO~-f-

-RI------------------~ 

Notes: 1. See Write Timing. 
2. See Read Timing. 

6-80 



• VLSI TECHNOLOGY, INC. 

SAMPLE CLOCK 1 1 1,,1 1 1 1 1 1 1 
(FIFO AT OR ABOVE 

~ ~
'f-------~-- TRIGGER LEVEL) 

TRIGGER LEVEL rJ 
INTERRUPT ----------/- Note 2 (FIFO BELOW 

(FCR6, 7=0, 0) ~ tSlNT TRIGGER LEVEL) 

• tAINT 

LSI INTERRUPT L, I __________ -J! 

------., r---f.~tRINT 
-DISTR, DISTR X ACTIVE 

(RDLSR) ___________ .. 

-DIST~Rg~~T~ --_________________ ---i~ ACTIVE X'-__ _ 

RCVR FIFO FIRST BYTE (RDR is already set.) 

SIN 
--...... ~ 

SAMPLE CLOCK I I I I I I I 

T!MEOUT OR ~ ~ 
TRIGGER LEVEL ----__+_ Note 2 

INTERRUPT tSINT 

LSI INTERRUPT 

tRINT 

-OiSTA, DISTR ------t-~ ,.----,1 ,...---+-------
(RDLSR) ____ ---1-_----1 '--__ .../I '-___ -+-_____ _ 

-DISTR, DISTR 
(RDRBR) 

PREViOUS BYTE 
READ FROM FIFO 

TRANSMITTER READY (PIN 24)-MODE 0 

(FIFO AT OR ABOVE 
TRIGGER LEVEL) 

(FIFO BELOW 
TRIGGER LEVEL) 

-OOSTR, DOSTR -----." J---..... I ,..----~ ,1----------
~R~R) \1----------

SOUT DATA 

-TXRDY 

Notes: 1. This is the reading of the last byte in the FIFO. 
2. If FCRO=1, then tSINT =3 RCLKs. For a timeout interrupt, tSINT =8 RCLKs. 
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TRANSMITTER READY (PIN 24)-MODE 1 

-DOSTR, DOSTR --__ --.... 1 ,-----( (----------
(WRTHR) __ _ 

SOUT 

-TXRDY 

RECEIVER READY (PIN 29)-MODE 0 

-OISTR,OISTR -------<{ (-----_ lr----'"' 
(RORBR) { (-____ ___ 

SIN 
(FIRSTBYTE) ~ 

SAMPLE ClK ----'-------''----

-RXRDY ~t--------+-..J 
Note 2 

RECEIVER READY (PIN 29)-MODE 1 

-DISTR,OISTR -------{{ t------__ 

tRINT 

(RORBR) { t-------
Note 1 

SIN 
(FIRST BYTE THAT ~ 

REACHES THE ~ STOP ~ 
TRIGGER lEVEL) 

SAMPLE ClK -_ ............ _-"---

-~RDY ~f--------+-..J 
Note 2 

Notes: 1. This is the reading of the last byte in the FIFO. 

tRINT 

2. If FCRO=1, then tSINT =3 RCLKs. For a timeout interrupt, tSINT =8 RCLKs. 
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EXTERNAL CLOCK iNPUT (3.i MHz MAXiMUM) 

.tXL. 

Note: All timings are referenced to valid 0 and valid 1. 

TEST CIRCUIT 

r Device Under Test ~Q ~~V 
[>>--------e1 

82 pF" 

.. Includes Scope and Jig 
Capacitance 

FIGURE 3. BASIC CONFIGURATION 

INTRPT 

RESET 
MR 

""P' I AD 

SOUTS1 I 
SIN 

-RTS 

~TRH 
-DSRH 

AC TEST POINTS 

EIA 
DRIVERS 

TO RS232 
INTERFACE 

I ~u~ AO -DCD TYPICAL COMPONENT VALUES 
A1 VL16C550 

A1 --erS Crystal RP RX2 
A2. 

A2. 8.0 MHz 1 Mn 1.5 KQ 

-ADS XTALIN ~---....----+----, 3.072 MHz 1 Mn 1.5KQ 

1.843 MHz 1 Mn 1.5 KQ I -TXRDY 

I 
D -RXRDY 

-CS2 

I CS1 

U csa 

DOSTR 

DISTR 

--L 
RP c:::J 

XT ALOUT +--"VV'--------.... 
RX2 

-BAUDOUT 

RCLK 

--L-
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C1 C2 

10-3OpF 40 - 90 pF 

10 - 30 pF 40-90pF 

10-15pF 65 - 100 pF 
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VL16C550 

ABSOLUTE MAXIMUM RATINGS 
Ambient Operating 
Temperature -10°C to +70°C 

Storage Temperature -65°C to + 150°C 

Supply Voltage to 
Ground Potential -0.5 V to VCC +0.3 V 

Applied Output 
Voltage -0.5 V to VCC +0.3 V 

Applied Input 
Voltage -0.5 V to +7.0 V 

Power Dissipation 500 mV 

Stresses above those listed may cause 
permanent damage to the device. 
These are stress ratings only. Func
tional operation of this device at these 
or any other conditions above those 

indicated in this data sheet is not 
implied. Exposure to absolute maxi
mum rating conditions for extended 
periods may affect device reliability. 

DC CHARACTERISTICS: TA = O°C to +70°C, VCC = 5 V ±5% 

Symbol Parameter Min Max Units Conditions 

VILX Clock Input Low Voltage -0.5 0.8 V 

VIHX Clock Input High Voltage 2.0 VCC V 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 VCC V 

VOL Output Low Voltage 0.4 V 10L 1.6 mA on All 

VOH Output High Voltage 2.4 V 10H =-1.0 mA 

VCC = 5.25 V, No Loads on SIN, -DSR, -CTS, -DCD. 

ICC 
-RI = 2.0 V. 

Average Power Supply 10 mA All Other Inputs = 0.8 V. (Ave) Current (VCC) 
Baud Rate Generator at 8 MHz. 
Baud Rate at 256K. 

VCC= 5.25 V 
ilL Input Leakage ±10 J.lA VSS = 0 V 

All Other Pins Floating 

ICL Clock Leakage ±10 J.lA VIN = 0 V, 5.25 V 

VCC= 5.25 V 
VSS = 0 V 

10Z Three-State Leakage ±20 J.lA VOUT = 0 V, 5.25 V 
1) Chip Deselected 
2) Chip and Write Mode Selected. 

VILMR MR Schmitt VIL 0.8 V 

VIHMR MR Schmitt VIH 2.0 V 

CAPACITANCE: TA = 25°C, vce = vss = 0 V 

Symbol Parameter Min Typ Max Unit Conditions 

CXTAL2 Clock Input Capacitance 15 20 pF 

CXTAL1 Clock Output Capacitance 20 30 pF fc = 1 MHz 

CI Input Capacitance 6 10 pF Unmeasured pins returned to VSS 

CO Output Capacitance 10 20 pF 
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VL16C552 

DUAL ASYNCHRONOUS COMMUNICATIONS ELEMENT WITH FIFO 
-------------

FEATURES ----- - --DES~RlpTION 
• IBM PCI AT-compatible 

• Two VL 16C550 ACEs 

~ Centronix printer interface 

• 16 byte FIFO reduces CPU interrupts 

• Independent control of transmit, 
receive, line status and data set 
interrupts on each channel 

• Individua! modem control signals for 
each channel 

• Programmable serial interface 
characteristics for each channel: 

- 5-, 6-, 7- or 8-bit characters 
- Even-, odd- or no-parity bit 

generation and detection 
- 1, 1 112 or 2 stop bit generation 

• Three-state TTL drive for the data and 
control bus on each channel 

PIN DIAGRAM 
VL16C552 

The VL 16C552 is an enhanced dual
channel version of the popular 
VL 16C550 asynchronous communi
cations element (ACE). The device 
serves two serial input/output interfaces 
simultaneously in microcomputer- or 
microprocessor-based systems. Each 
channel performs serial-to-parallel 
conversion on data characters received 
from peripheral devices or modems, and 
parallel-ta-serial conversion on data 
characters transmitted by the CPU. The 
complete status of each channel of the 
dual ACE can be read at any time during 
functional operation by the CPU. The 
information obtained includes the type 
and condition of the transfer operations 
being performed, and error conditions. 

In addition to its dual communications 
interface capabilities, the VL 16C552 
provides the user with a fully bidirec
tional parallel data port that fully 
supports the parallel Centronics type 
printer. The parallel port, together with 
the two serial ports, provide IBM PC/AT
compatible computers with a single 
device to serve the three system ports. 

A programmable baud rate generator is 
included that can divide the timing 
reference clock input by a divisor 
between 1 and (216 -1). 

The VL 16C552 is housed in a 
68-pin plastic leaded chip carrier. 

BLOCK DIAGRAM 

-CTSO -RTSO 
-OSRO -OTRO 

-RLSD1 -R11 CLK GND -ACK BUSY vee SIN1 -ALSOO 
ACE 

SOUTO 
INTO 

SOUT1 

-DTR1 

-RTS1 

-CTS1 

-RTSO 

-DTRO 

SOUTO 

-RXRDYO I GND I -DSR11 -CS11-LPTOE I PE I SLCT I -ERR I -RXRDY1 --RIO 
#1 

9 8 7 6 5 

24 

25 

26 

27 28 29 30 31 

-CTSO -RIO 

SINO 
4 3 2 1 68 67 66 65 64 63 62 61 -CSO 

• so INT1 
DBa -OB7 

59 1NT2 

58 -SUN 

57 -I NIT 

56 -AFD 

55 -STB -CTS1 

54 GND 
-OSR1 

-ALSO 1 
53 PDO --R11 

TOP VIEW 52 PD1 SIN1 

51 PD2 -CS1 

50 PD3 AO - A2. 
49 PD4 -lOW 

48 PD5 -lOR 

47 PD6 
--RESET 

elK 
46 PD7 

45 INTO 
-ERR 

44 BOO SLCT 

- 8/ 
/ 

8 V 
,I 

-
I 

~ SELECT 4t--. 
~ AND 
~ CONTROL --. LOGIC 
~ 

, , 

ACE 
#2 

~ 

~ 

. 

-RTS1 ~ 
-OTR1 • 
SOUT1 
INT1 

BOO 

t 8 / 
POO -P07 

-------+lpARALLELI4----. -INIT 
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ORDER INFORMATION 
Part 
Number 

VL 16C552-QC 

Maximum 
Clock Frequency 

3.1 MHz 

Package 

Plastic Leaded Chip Carrier (PLCC) 

Note: Operating temperature range is O°C to +70°C. 
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VL82C018 

FEATURES 
• Direct replacement for IBM PC/AT

compatible clock 

• Calculates year (with leap year 
compensation), month, date, day of 
the week, days, hours, minutes, and 
seconds 

• Calendar, time and alarm are 
represented as binary or BCD 

• 24- or 12-hour clock (AM and PM in 
12-hour mode) 

• Programmable daylight savings time 
feature 

• Compatible with Motorola and Intel 
bus timing 

• Multiplex bus for lower pin count 

.. Appears as 64 RAM locations to 
microprocessor 
- 14 bytes of RAM for control and 

clock reg isters 
- 50 bytes of general purpose RAM 

• CMOS technology for low power 
dissipation 

• On chip oscillator 

PIN DIAGRAM 

MOT 
X1 
X2 

ADO 
AD1 
AD2 
AD3 
AD4 
ADS 
AD6 
AD? 
GND 

VL82C018 

vee 
saw 
PS 
-RCLR 
-ICT 
-IRQ 
-RESET 
DS 
-STBY 
R/-W 
AS 
-CS 

REAL TIME CLOCK WITH RAM 

• Power sense input sets register bit in 
case of power failure 

• Square wave output signal is 
program mabie 

• (-IRQ) bus compatible interrupt 
signals 

• Three software-maskable and 
testable interrupts 
- Once/second to once/day time-of

day alarm 
- End of clock update cycle 

• In-circuit test mode 

DESCRIPTION 
The VL82C018 is a CMOS Rea! Time 
Clock with RAM that directly replaces 
the MC146818 and DS1287A in the 
IBM AT computer clock/calendar 
application and elsewhere. Compo
nents required to maintain time-of-day 
and memory status in the absence of 
power are an external crystal and 
battery. 

Connections are for a standard 
32.768 KHz quartz crystal or equivalent. 
For extremely high precision timekeep
ing applications, a variable timing 
capacitor may be required. The internal 
oscillator circuitry is operated with a 
crystal having a specified load capaci
tance of 6 pF. 

The battery that is required is any 
standard three volt lithium cell or other 
energy source. For proper operation, 
the voltage must be held between two 
and four volts. 

The -RCLR function is designed so that 
it can be shorted to ground manually or 
by switch and is not driven with externai 
buffers. By setting the -RCLR pin to 
logic 1, the 50 bytes of general purpose 
RAM can be cleared without effecting 
the RAM associated with the Real Time 
Clock. -RCLR must be forced to an 
input logic 0 during battery back up 
mode when VCC is not applied in order 
to clear the RAM. 

ORDER INFORMATION 

Part Number Package 

VL82C018-PC Plastic D!P 

Note: Operating temperature range is O°C to +70°C. 
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FEATURES 
• Combines the following PC/Ar® 

Peripheral Chips: 
VL 16C450 UART - COM1: 
VL 16C450 UART - COM2: 
Parallel Printer Port - LPT1: 
Keyboard/Mouse Ctrl. - KBD 
Real Time Clock 

e Serial ports fully 16C450 compatible 

• Bidirectional line printer port 

• Software control of PS/2@-compatible 

enhancements (LPT Port, Mouse) 

• CMOS direct drive of Centronics-type 
parallel interface 

• PC/AT- or PS/2-compatible keyboard 
and mouse controller 

• 146818A-compatible Real Time 
Clock (RTC) 

• 16 bytes of additional standby RAM 
(66 bytes total) 

• IDE bus control signals included (two 
external 74LS245 and one 74ALS244 
- or equivalent - buffers are required) 

• Seven battery-backed programmable 
chip select registers for auto configu
ration 

• Preprogrammed defauH chip selects 

• Programmable wait state generation 

• 5 J.lA standby current for RTC, RAM, 
and chip select registers 

• Single 128-pin plastic quad flatpack 

DESCRIPTION 
The VL82C106 Combo chip replaces 
with a single 128-pin chip, several of 
the commonly used peripherals found in 
PC/AT-compatible computers. This 
chip when used with the VLSI PC/AT
compatible chip set allows designers to 
implement a very cost effective, 
minimum chip count motherboard 
containing functions that are common to 
virtually all PCs. 

The on-chip UARTs are completely 
software compatible with the VL 16C450 
ACE. 

The bidirectional parallel port provides a 
PS/2 software compatible interface 
between a Centronics-type printer and 
the VL82C106. Direct drive is provided 
so that all that is necessary to interface 
to the line printer port is a resistor -
capacitor network. The bidirectional 
feature (option) is software program
mable for backwards PC/AT -compatibil
ity. 

The keyboard/mouse controller is 
selectable as PC/AT- or PS/2-compat
ible. 

VL82C106 
PC/AT COMBO i/O CHIP 

The RealTime Clock is 146818A
compatible and offers a standby current 
drain of 5 J.lA at 3.0 V. 

Included is the control logic necessary 
for the support of the Integrated Drive 
Electronics (IDE) hard disk bus inter
face. 

The Combo 110 chip also includes 
seven programmable chip selects, three 
internal and four ex1emal. Each chip 
select has a programmable 16-bit base 
address and a mask register that allows 
the number of bytes corresponding to 
each chip select to be programmed 
(e.g. 3F8H-3FFH has a base address 
of 3F8H and a range of 8 b~'tes). Each 
chip select can be programmed for 
number of wait states (1-8) and 8- or 
16-bit operation. 16-bit decoding is 
used for all 110 addresses. A default 
fixed decode is provided on reset for 
the on-chip serial ports, printer port, and 
off-chip floppy and hard disk controllers, 
which may be changed to battery
backed programmable chip selects via 
a control bit. 

ORDER INFORMATION INTERNAL FUNCTIONAL DIAGRAM 

Part 
Number Package 

VL82C106-QFPC Plastic Quad Flatpack 

Note: Operating temperature range is O°C to +70°C, 

PC/Ar® and PS/2@is the registered trademark of IBM Corporation. 
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VL82C106 
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FUNCTIONAL DESCRIPTION 
Belowisa-aeraiteaexplanatlonoT eacn-- -
of the major building blocks of the 
VL82C106 Combo chip. The following 
functional blocks are covered: 

• 16C450 Serial Ports 
• Parallel Printer Port 
• 146818A-Compatible Real Time 

Clock 
• Keyboard Controller 
• Control and Chip Selects 
• IDE Interface 

SERIAL COMMUNICATIONS PORTS 
The chip contains two UARTs, based 
on the VL 16C450 Megacell core. Each 
of these UARTs share a common baud
rate clock, which is the XTAL 1 input 
(18.432 MHz) divided by ten. The 
18.432 MHz signal is shared with the 
keyboard controller, which divides it by 
three to get an approximate 6 MHz 
reference clock. Please refer to the 
VL 16C450 data sheet for the register 
descriptions for the UARTs. 

COMA is accessed via internally gener
ated CS1, while COMB uses internally 
generated CS2. 

LINE PRINTER PORT 
The Line Printer Port contains the 
functionality of the port included in the 
VL 16C452, but offers a software 
programmable Extended Mode. This 
enhancement is the addition of a 
Direction Controi Bit, an interrupt Status 
Bit, and modification of the -LPTOE 
signal to an Extended Mode control 
signal. These features are disabled on 
initial power-up, but may be turned on 
by setting the EMODE bit of Control 
Register 0 (RTC Register 50H in AT or 
PS/2 mode or I/O PORT 102H in PS/2 
mode). When the EMODE bit is not 
enabled, the part functions exactly as a 
PC/AT-compatible printer port. 

The Line Printer Port is accessed via 
internally generated programmable chip 
select CS3. 

Register o· Line Printer Port Data 
The Line Printer (LPT) Port is either uni
or bidirectional, depending on the state 
of the Extended Mode and Data 
Direction Control bits. 

Compatibility Mode (EMODE bit = 0) -
Read operations differ according to the 

state of the EMODE Control bit. When 
in compatibility mode (EMODE = 0), 
reads to this register return the last data 
that was written to the LPT Port. Write 
operations immediately output data to 
the LPT Port. 

(EMODE bit = 1) - Read operations 
return either the data last written to the 
LPT Data Register if the Direction Bit is 
set to write ("0") or the data that is 
present on the pins of the LPT Port if 
the direction is set to read ("'''j. Write 
operations latch data into the output 
register, but only drive the LPT Port 
when the Direction Bit is set to write. 

In either case, the bits of the LPT Data 
Register are defined as follows: 

Bit Description 

0 Data Bit 0 

1 Data Bit 1 

2 Data Bit 2 

3 Data Bit 3 

4 Data Bit 4 

5 Data Bit 5 

6 Data Bit 6 

7 't Data BlL 7 

Register 1 • LPT POn Status 
The LPT Status Register is a read-only 
register that contains interrupt status 
and real time status of the LPT connec
tor pins. The bits are described as 
follows: 

BH Description 

0 Reserved 

1 Reserved 

2 -IRQ 

3 -ERROR 

4 SLCT 

5 PE 

6 -ACK 

7 -BUSY 

Bits 0 and 1 - Reserved, read as "1 's". 
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Bif2~ Tn19rrupt Status bit, a "0" indi
cates that the printer has acknowledged 
the previous transfer with a ACK 
handshake (bit 4 of the control register 
must be set to "1 "). The bit is changed 
to "0" on the active to inactive transition 
of the -ACK signal. This bit is changed 
to a "1" after a read from the status 
port. The default value for this bit is "1 ". 

Bit 3 - Error Status bit, a "0" indicates 
that the printer has had an error, A "1" 
indicates normai operation. This bit 
follows the state of the -ERR pin. 

Bit 4 - Select Status bit, indicates the 
current status of the SLCT signal from 
the printer. A "0" indicates the printer is 
currently not selected (off-line). A "1" 
means the printer is currently selected. 

Bit 5 - Paper Empty Status bit, a "0" 
indicates normal operation. A "1" 
indicates that the printer is currently out 
of paper. This bit follows the state of 
the PE pin. 

Bit 6 - Acknowledge Status bit, a "0" 
indicates that the printer has received a 
character and is ready to accept 
another. A "1" indicates that the last 
operation to the printer has not been 
completed yet. This bit follows the state 
of the -ACK pin. 

Bit 7 - Busy Status bit, a "0 indicates 
that the printer is busy and cannot E 
receive data. A "1" indicates that the 
printer is ready to accept data. This bit 
is the inversion of the BUSY pin. 

Register 2· LPT Port Control 
This port is a read/write port that is 
used to control the LPT direction as well 
as the Printer Control lines driven from 
the port. Write operations set or reset 
these bits, while read operations return 
the status of the last write operation to 
this register (except for bit 5 which is 
write only and is always read back as a 
"1 "). The bits in this register are 
defined as follows: 
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Bit Description 

0 STROBE 

1 AUTO FDXT 

2 -INIT 

3 SLCTIN 

4 IRQ EN 

5 DIR (Write Only) 

6 Reserved 

7 Reserved 

Bit 0 - Printer Strobe Control bit, when 
set ("1") the STROBE signal is asserted 
on the LPT interface, causing the 
printer to latch the current data. When 
reset ("0") the signal is negated. 

Bit 1 - Auto Feed Control bit, when set 
("1 ") the AUTO FD XT signal will be 
asserted on the LPT interface, causing 
the printer to automatically generate a 
line feed at the end of each line. When 
reset ("0") the signal is negated. 

Bit 2 - initialize Printer Controi bit, when 
set ("1") the INIT signal is negated. 
When reset ("0") the INIT signal is 
asserted to the printer, forcing a reset. 

Bit 3 - Select Input Control bit, when set 
("1") the SLCT IN signal is asserted, 
causing the printer to go "on-line". 
When reset ("0") the signal is negated. 

Bit 4 - Interrupt Request Enable Control 
bit, when set ("1") enables interrupts 
from the LPT Port whenever the -ACK 
signal is asserted by the printer. When 
reset ("0") interrupts are disabled. 

Bit 5 - When EMODE = 1, Direction 
(DIR) Control bit, when set ("1") the 
output buffers in the LPT Port are 
disabled, allowing data driven from 
external sources to be read from the 
LPT Port. When reset ("0"), the output 
buffers are enabled, forcing the LPT 
pins to drive the LPT pins. The power
on-reset value of this is set ("1 "). When 
EMODE = 0, this bit has no effect. 

Bits 6 and 7 - Reserved, read as "1's". 

REAL TIME CLOCK 
The Real Time Clock (RTC) is a direct 
replacement for the Motorola 
MC146818A Real Time Clock compo
nent. It is also compatible with the 

Dallas Semiconductor DS1287A RTC 
when an external battery and crystal 
are provided. Clock functions include 
the following: 

• Time of Day Clock 
• Alarm Function 
• 100 Year Calendar Function 
• Programmable Periodic Interrupt 

Output 
• Programmable Square Wave Output 
• 50 Bytes of User RAM 
• User RAM Preset Feature 

RTC PROGRAMMERS MODEL 
The RTC memory consists of ten RAM 
bytes which contain the time, calendar, 
and alarm data, four control and status 
bytes, and 50 general purpose RAM 
bytes. The address map of the real 
time clock is shown below. 

Add. Function Range 

0 Seconds (Time) 0-59 

1 Seconds (Alarm) 0-59 

2 Minutes (Time) 0-59 

3 Minutes (Alarm) 0-59 

1-12, 
4 Hours (Time) 12 Hr 

Mode 

0-23, 
4 Hours (Time) 24 Hr 

Mode 

5 Hours (Alarm) 0-23 

6 Day of Week 1-7 

7 Date of Month 1-31 

8 Month 1-12 

9 Year 0-99 

10 RTC Register A (R/W) 

11 RTC Register B (R/W) 

12 RTC Register C (RO) 

13 RTC Register 0 (RO) 

14-63 User RAM 
(Standby) 

All 64 bytes are directly readable and 
writable by the processor program 
except for the following: 

1) Registers C and 0 are read only. 

6-92 

VL82C106 
2) Bit 7 of Register A is read only. 
3) Bit 7 of the seconds byte is read 

only. 

The RTC is accessed via internally 
decoded PORT 070H (RTC register 
address) and PORT 071H (RTC data 
readlwrite ). 

The RTC address map also includes 
additional standby RAM, plus control 
registers for Combo chip configuration 
and chip select control. The RAM and 
Chip Select control registers are 
powered via the VBAT power supply for 
battery-backed operation. 

The bottom 64 bytes of the address 
space are devoted to the RTC function, 
the next 16 bytes are used for the 
additional standby RAM, the next 25 
bytes for future RAM expansion, and 
the next 23 bytes are used for program
mable chip select base registers and 
peripheral configurations. The total 
address map is shown below: 

Add. Function 

0=13 Time Portion of RTe 

14·63 RAM Portion of RTC 

64-79 Additional Standby RAM 

80-104 Reserved 

105-127 
Chip Select Control 
Registers 

128-255 
Reserved for NMI 
Enable Control 

The processor program obtains time 
and calendar information by reading the 
appropriate locations. The program 
may initialize the time, calendar, and 
alarm by writing to these RAM loca
tions. The contents of the ten time, 
calendar, and alarm bytes may be 
either binary or binary-coded decimal 
(BCD). 

Time of Day Register 
The contents of the Time of Day 
registers can be either in Binary or BCD 
format. They are relatively straight
forward, but are detailed here for 
completeness. The address map of 
these registers is shown next: 
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Minutes (Time) 0-59 

3 Minutes (Alarm) 

4 Hours (Time) 

4 Hours (Time) 

5 Hours (Alarm) 

6 Day of Week 

7 Date of Month 

8 Month 

9 Year 

0-59 

1-12, 
12 Hr 
Mode 

0-23, 
24 Hr 
Mode 

0-23 

1-7 

1-31 

1-12 

0-99 

Address 0 - Seconds (Time): The 
range of this register is 0-59 in BCD 
mode, and 0-3BH in Binary mode. 

Address 1 - Seconds (Alarm): The 
range of this register is 0-59 in BCD 
mode, and 0-3BH in Binary mode. 

Address 2 - Minutes (Time): The range 
of this register is 0-59 in BCD mode, 
and 0-3BH in Binary mode. 

Address 3 - Minutes (Alarm): The 
range of this register is 0-59 in BCD 
mode, and 0-3BH in Binary mode. 

Address 4 - Hours (Time): The range of 
this register is: 

Range Mode Time 

1-12 BCD AM 

81-92 BCD PM 

01 H-OCH Binary AM 

81 H-8CH Binary PM 

Address 5 - Hours (Alarm): The range 
of this register is: 

Range Mode Time 

1-12 BCD AM 

81-92 BCD PM 

01 H-OCH Binary AM 

I 81 H-8CH Banary PM 

Address 6- Da}'.QfW~_e_~: Th~rCin~te ()f 
-thls-register--is-1-7 in BCD mode, and 1-
7H in Binary mode. 

Address 7 - Date: The range of this 
register is 1-31 in BCD mode, and 1-
1 FH in Binary mode. 

Address 8 - Month: The range of this 
register is 1-12 in BCD mode, and 1-
OCH in Binary mode. 

Address 9 - Year: The range of this 
register is 0-99 in BCD mode, and 0-
63H in Binary mode. 

RTC CONTROL REGISTER 
The RTC has four registers which are 
accessible to the processor program. 
The four registers are also fully acces
sible during the update cycle. 

Add. Function Type 

10 RTC Register A RIW 

11 RTC Register B RIW 

12 RTC Register C RO 

13 RTC Register D RO 

14-63 User RAM (Standby) RIW 

Register A 
This register contains control bits for the 
selection of Periodic Interrupt, Input 
Divisor, and the Update In Progress 
Status bit. The bits in the register are 
defined as foiiows: 

Bit Description Abbr. 

0 Rate Select Bit 0 RSO 

1 Rate Select Bit 1 RS1 

2 Rate Select Bit 2 RS2 

3 Rate Select Bit 3 RS3 

4 Divisor Bit 0 DVO 

5 Divisor Bit 1 DV1 

6 Divisor Bit 2 DV2 

7 Update In Progress UIP 

Bits 0 to 3 - The four rate selection bits 
(RSO to RS3) select one of 15 taps on 
the 22-stage divider, or disable the 
divider output. The tap selected may 
be used to generate a periodic interrupt. 
These four bits are read/write bits which 
are not affected by RESET. The 
Periodic Interrupt Rate that results from 
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th~ $~j~ctiQn of 'ladous tap valu_e_s i~as_ 
follows: 

RS Periodic Interrupt 
Value Rate 

0 None 

1 3.90625 ms 

2 7.8125 ms 

3 122.070 ~ 

4 244.141 J.lS 

5 488.281 J.lS 

6 976.562 J.lS 

7 1.953125 ms 

8 3.90625 ms 

9 7.8125 ms 

OAH 15.625 ms 

OBH 31.25 ms 

OCH 62.5 ms 

ODH 125 ms 

OEH 250 ms 

OFH 500 ms 

Bits 4 to 6 - The three Divisor Selection 
bits (DVO to DV2) are fixed to provide 
for only a five-state divider chain, which 
would be used with a 32 kHz extemal 
crystal. Only bit 6 of this register can 
be changed allowing control of the reset 
for the divisor chain. When the divider 
reset is removed the first update cycle 
begins one-half second later. These 
bits are not affected by power-on reset 
(external pin). 

DV 
Value 

2 

6 

Condition 

Operation Mode, Divider 
Running 

Reset Mode, Divider in 
Reset State 

Bit 7 - The Update In Progress (UIP) bit 
is a status flag that may be monitored 
by the program. When UIP is a "1" the 
update cycle is in progress or will soon 
begin. When UIP is a "0" the update 
cycle is not in progress and will not be 
for at least 244 Jls. The time, calendar, 
and alarm information in RAM is fully 
available to the program when the UIP 
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bit is "0". The UIP bit is a read-only bit, 
and is not affected by reset. Writing the 
SET bit in Register B to a "1" will inhibit 
any update cycle and then clear the U IP 
status bit. 

Register B 
Register B contains command bits to 
control various modes of operations 
and interrupt enables for the RTC. The 
bits in this register are defined as 
follows: 

Bit Description Abbr. 

0 
Daylight Savings 

DSE Enable 

1 24/12 Mode 24/12 

2 
Data Mode (Bi nary 

DM or BCD) 

3 Not Used 

4 
Update End Interrupt 

UIE Enable 

5 
Alarm Interrupt 

AlE Enable 

6 
Periodic Interrupt 

PIE Enable 

7 Set Command SET 

Bit 0 - The Daylight Savings Enable 
(DSE) bit is a read/write bit which 
allows the program to enable two 
special updates (when DSE is "1 "). On 
the last Sunday in April the time 
increments from 1 :59:59 AM to 3:00:00 
AM. On the last Sunday in October 
when the time first reaches 1 :59:59 AM 
it changes to 1 :00:00 AM. These 
special updates do not occur when the 
DSE bit is a "0". DSE is not changed by 
any internal operations or reset. 

The elimination of this feature will be 
considered, since the start date of 
daylight savings time is currently being 
changed. 

Bit 1 - The 24/12 control bit establishes 
the format of the hours bytes as either 
the 24-hour mode ("1 It) or the 12-hour 
mode ("0"). This is a readlwrite bit, 
which is affected only by software. 

Bit 2 - The Data Mode (DM) bit indi
cates whether time and calendar 
updates are to use binary or BCD 
formats. The DM bit is written by the 

processor program and may be read by 
the program, but is not modified by any 
internal functions or reset. A "1" in DM 
signifies binary data, while a "0" in DM 
specifies binary-coded-decimal (BCD) 
data. 

Bit 3 - This bit is unused in this version 
of the RTC, but is used for Square 
Wave Enable in the Motorola 
MC146818. 

Bit 4 - The UIE (Update End Interrupt 
Enable) bit is a read/write bit which 
enables the Update End Interrupt Flag 
(UF) bit in Register C to assert an IRQ. 
The reset pin being asserted or the SET 
bit going high clears the UIE bit. 

Bit 5 - The Alarm Interrupt Enable (AlE) 
bit is a readlwrite bit which when set to 
a "1" permits the Alarm Interrupt Flag 
(AF) bit in Register C to assert an IRQ. 
An alarm interrupt occurs for each 
second that the three time bytes equal 
the three alarm bytes (including a "don't 
care" alarm code of 11XXXXXXb). 
When the AlE bit is a "0", the AF bit 
does not initiate an IRQ signal. The 
reset pin clears AlE to "0". The internal 
functions do not affect the AlE bit. 

Bit 6 - The Periodic Interrupt Enable 
(PIE) bit is a readlwrite bit which allows 
the Periodic Interrupt Flag (PF) bit in 
Register C to cause the IRQ pin to be 
driven low. A program writes a "1" to 
the PIE bit in order to receive periodic 
interrupts at the rate specified by the 
RS3, RS2, RS1, and RSO bits in 
Register A. A "0" in PIE blocks IRQ 
from being initiated by a periodic 
interrupt, but the Periodic Interrupt Flag 
(PF) bit is still set at the periodic rate. 
PIE is not modified by any internal 
functions, but is cleared to "0" by a 
reset. 

Bit 7 - When the SET bit is a "0", the 
update cycle functions normally by 
advancing the counts once-per-second. 
When the SET bit is written to a "1 It, any 
update cycle in progress is aborted and 
the program may initialize the time and 
calendar bytes without an update 
occurring in the midst of initialiZing. 
SET is a read/write bit which is not 
modified by reset or internal functions. 

Register C 
Register C contains status information 
about interrupts and internal operation 
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of the RTC. The bits in this register are 
defined as follows: 

Bit Description Abbr. 

0 
Not Used, Read 
as 0 

1 
Not Used, Read 
as 0 

2 
Not Used, Read 
as 0 

3 
Not Used, Read 
as 0 

4 
Update End 

UF Interrupt Flag 

5 Alarm Interrupt Flag AF 

6 
Periodic Interrupt 

PF Flag 

7 IRQ Pending Flag IRQF 

Bits 0 to 3 - The unused bits of Status 
Register 1 are read as "O's", and cannot 
be written. 

Bit 4 - The Update Ended Interrupt Flag 
(UF) bit is set after each update cycle. 
When the UIE bit is a "1 ", the "1" in UF 
causes the IRQF bit to be a "1", 
asserting IRQ. UF is cleared by a 
Register C read or a reset. 

Bit 5 - A "1" in the AF (Alarm Interrupt 
Flag) bit indicates that the current time 
has matched the alarm time. A "1" in 
the AF causes the IRQ pin to go low, 
and a "1" to appear in the IRQF bit, 
when the AlE bit also is a "1 ". A reset 
or a read of Register C clears AF. 

Bit 6 - The Periodic Interrupt Flag (PF) 
is a read only bit which is set to a "1" 
when a particular edge is detected on 
the selected tap of the divider chain. 
The RS3 to RSO bits establish the 
periodic rate. PF is set to a "1" inde
pendent of the state of the PIE bit. PF 
being a "1" initiates an IRQ signal and 
sets the IRQF bit when PIE is also a 
"1 ". The PF bit is cleared by a reset or 
a software read of Register C. 

Bit 7 - The Interrupt Request Pending 
Flag (IRQF) is set to a "1" when one or 
more of the following are true: 

PF = PIE = 1 
AF = AlE = 1 
UF = UIE = 1 
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The logic can be expressed in equation 
form as: 

IRQF = PF • PIE + AF • AlE + UF· UIE 

Any time the IRQF bit is a "1 ", the IRQ 
pin is asserted. All flag bits are cleared 
after Register C is read by the program 
or when the reset pin is asserted. 

Register D 
This register contains a bit that indi
cates the status of the on-chip standby 
RAM. The contents of the registers are 
described as the following: 

Bit Description 

o 

2 

3 

4 

5 

6 

7 

Not Used, Read 
asO 

Not Used, Read 
asO 

Not Used, Read 
as 0 

Not Used, Read 
as 0 

Not Used, Read 
asO 

Not Used, Read 
as 0 

Not Used, Read 
asO 

Vaild RAM Data 
and Time 

Abbr. 

I VRT 

Bits 0 to 6 - The remaining bits of 
Register D are unused. They cannot be 
written, but are always read as "O's". 

Bit 7 - The Valid RAM Data and Time 
(VRT) bit indicates the condition of the 
contents of the RAM, provided the 
power sense (PS) pin is satisfactorily 
connected. A "0* appears in the VRT 
bit when the power-sense pin is low. 
The processor program can set the 
VRT bit when the time and calendar are 
initialized to indicate that the RAM and 
time are valid. The VRT is a read only 
bit which is not modified by the reset 
pin. The VRT bit can only be set by 
reading Register D. 

CMOS STANDBY RAM 
The 66 general purpose RAM bytes are 
not dedicated within the RTC. They 
can be used by the processor program, 
and are fully available during the update 
cycle. 

GENERAL RTC NOTES 
set Operation 
Before initializing the internal registers, 
the SET bit in Register B should be set 
to a "1" to prevent time/calendar 
updates from occurring. The program 
initializes the ten locations in the 
selected format (binary or BCD), then 
indicates the format in the Data Mode 
(DM) bit of Register B. All ten time, 
calendar, and alarm bytes must use the 
same Data Mode, either binary or BCD. 
The SET bit may now be cleared to 
allow updates. Once initialized the RTC 
makes all updates in the selected Data 
Mode. The Data Mode cannot be 
changed without reinitializing the ten 
data bytes. 

BCD YS Binary Format 
The 24/12 bit in Register B establishes 
whether the hour locations represent 1-
to-12 or 0-to-23. The 24/12 bit cannot 
be changed without reinitializing the 
hour locations. When the 12-hour 
format is selected the high-order bit of 
the hours byte represents PM when it is 
a "1". 

Update Operation 
The time, calendar, and alarm bytes are 
not always accessible by the processor 
program. Once-per-second the ten 
bytes are switched to the update logic 
to be advanced by one second and to 
check for an alarm condition. If any of 
the ten bytes are read at this time, the 
data outputs are undefined. The 
update lockout time is 1948 ~s for the 
32.768 kHz time base. The Update 
Cycle section shows how to accommo
date the Update Cycle in the processor 
program. 

Alarm Operation 
The three alarm bytes may be used in 
two ways. First, when the program 
inserts an alarm time in the appropriate 
hours, minutes, and seconds alarm 
locations, the Alarm Interrupt is initiated 
at the specified time each day if the 
alarm enable bit is high. The second 
usage is to insert a "don't care" state in 
one or more of three alarm bytes. The 
"don't care" code is any byte from OCOH 
to OFFH. An Alarm Interrupt each hour 
is created with a "don't care" code in the 
hours alarm location. Similarly, an 
alarm is generated every minute with 
"don't care" codes in the hours and 
minutes alarm bytes. The "don't care" 
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- Interrupt every secona:------------------

Interrupts 
The RTC plus RAM includes three 
separate fully automatic sources of 
interrupts to the processor. The Alarm 
Interrupt may be programmed to occur 
at rates from one-per-second to one-a
day. The Periodic Interrupt may be 
selected for rates from half-a-second to 
30.517 ~s. The Update Ended Interrupt 
may be used to indicate to the program 
that an update cycle is completed. 

The processor program selects which 
interrupts, if any, it wishes to receive. 
Three bits in Register B enable the 
three interrupts. Writing a "1" to an 
interrupt-enable bit permits that 
interrupt to be initiated when the event 
occurs. A "0" in the interrupt-enable bit 
prohibits the IRQ pin from being 
asserted due to the interrupt cause. 

If an interrupt flag is already set when 
the interrupt becomes enabled, the IRQ 
pin is immediately activated, though the 
interrupt initiating the event may have 
occurred much earlier. Thus, there are 
cases where the program should clear 
such earlier initiated interrupts before 
first enabling new interrupts. 

When an interrupt event occurs, a flag 
bit is set to a "1" in Register C. Each of 
the three interrupt sources have 
separate flag bits in Register C, which 
are set independent of the state of the 
corresponding enable bits in Register B. 
The flag bit may be used with or without 
enabling the corresponding enable bits. 

Divider Control 
The Divider Control bits are fixed for 
only 32.768 kHz operation. The divider 
chain may be held in reset, which 
allows precision setting of the time. 
When the divider is changed from reset 
to an operating time base, the first 
update cycle is one-half a second later. 
The Divider Control bits are also used 
to facilitate testing the RTC. 

Periodic Interrupt Selection 
The Periodic Interrupt allows the IRQ 
pin to be triggered from once every 500 
ms to once every 30.517 ~s. The 
Periodic Interrupt is separate from the 
Alarm Interrupt which may be output 
from once-per-second to once-per-day. 

I 
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KEYBOARD CONTROLLER 
The keyboard controller on-chip ROM 
contains the code that is required to 
support the PC/AT and PS/2 command 
sets and 136 bytes of conversion code. 

Keyboard serial I/O is handled with 
hardware implementations of the 
receiver and transmitter. Both functions 
depend on an 8-bit timer for time-out 
detection. Enhanced status reporting is 
provided in hardware to simplify error 
handling in software. This logic is 
duplicated for the mouse interface. 

User RAM support is provided. The 
program writes the 5-bit address (32-
byte range) to a register, and then 
reads or writes the data through 
accesses to another register, PORT 
60H DBB. 

Parallel Ports 1 and 2 are provided, but 
are restricted to inputs only for P1 and 
outputs only to P2. 

Support for PORT 60H DBB (reads and 
writes) and Status Register (reads and 
writes) is provided in hardware for 
interface to the PC host. 

KEYBOARD CONTROLLER 
INTERFACE TO PC/AT 
The interface to the PC/AT consists of 
one register pair (PORT 60H/64H) for 
the keyboard and mouse. Accesses to 
the registers are determined by the 
state of A2 and the chip select. For 
host control signals involved, the 
Command, Status and Data Registers 
are accessed as follows: 

lOR lOW A2 Register 

0 1 0 
Read - Data DBB 
Output Buffer 

0 1 1 Read - Status 

1 0 0 
Write - Data DBB 
Input Buffer 

1 0 1 Write - Command 

The PORT 60H DBB read operations 
output the contents of the Output Buffer 
to 00-07 (host data bus - bidirectional 
or can be a three-state), and clears the 
status of the Output Buffer Full (OBF/ 
Status Register bit 0) bit. 

Status read operations output the 
contents of the Status Register to 00-
07. No status is changed as a result of 
the read operation. 

The PORT 60H DBB write operations 
cause the Input Buffer DBB to be 
changed. The state of the CID bit is 
cleared (Status Register bit 3, "0" 
indicates data) and the Input Buffer Full 
(IBFlStatus Register bit 1) bit is set 
("1j. 

Command write operations are the 
same as DBB writes, except that the 
address is PORT 64H. The C/O bit will 
be set to ("1") when a valid command 
has been written to PORT 64H. 

KEYBOARD PORT INTERFACE 
PROTOCOL 
Data transmission between the control
ler, the keyboard, and mouse consist of 
a synchronous bit stream over the data 
and clock lines. The bits are defined as 
follows: 

Bit Function 

1 Start Bit (Always 0) 

2 Data Bit 0 (LSB) 

3-8 Data Bits 1-6 

9 Data Bit 7 (MSB) 

10 Parity Bit (Odd) 

11 Stop Bit (Always 1) 
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PROGRAMMER INTERFACE 
The programmer interface to the 
keyboard controller is quite simple, 
consisting of four registers: 

Register RIW 1/0 

Status R 64H 

Command W 64H 

Output Buffer R 60H 

Input Buffer W 60H 

The behavior of these registers differ 
according to the mode of operation (PCI 
AT or PS/2). There exists only one 
mode register and one Status Register 
with different bit definitions for PC/AT 
mode and PS/2 mode. The bit defini
tions for each register in each mode 
follows. 
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7 6 5 

PC/AT MODE REGISTER 
Bit 0 - Enable Keyboard Interrupt (EKI), 
when set ("1") causes the controller to 
generate a keyboard interrupt whenever 
data (keyboard or controller) is written 
into the output buffer. 

Bit 1 - Reserved, should be written as 
"0". 

Bit 2 - System Flag (SYS), when set 
("1") writes the System Flag bit of the 
Status Register to "1". This bit is used 

4 3 2 o 

to indicate a switch from virtual to real 
mode when set. 

Bit 3 - Inhibit Override (INH), when set 
("1") disables the keyboard inhibit 
function (AD command). 

Bit 4 - Disable Keyboard (DKB), when 
set ("1") disables the keyboard by 
holding the -KCKOUT line high. 

Bit 5 - Keyboard Type (KBD), whenset 
("1 j allows for compatibility with PC-
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ENABLE KBD INTERRUPT 
o = INT DISABLED 
1 "" INT ENABLED 

RESERVED, SET TO 0 

SYSTEM FLAG 
0= SETS STATUS REG(2) = 0 
1 = SETS STATUS REG(2) = 1 

INH IBIT OVERRIDE 
0= INHIBIT FCT AVAILABLE 
1 = INHIBBIT FCT DISABLED 

DISABLE KEYBOARD 
0= ENABLED 
1 = DISABLED 

KEYBOARD TYPE 
o = AT STYLE KEYBOARD 
1 = PC STYLE KEYBOARD 

KEYCODE CONVERSION 
o = NO CONVERSION OF KEYCODES 
1 = CONVERSION ENABLED 

RESERVED, SET TO 0 

style keyboards. In this mode, parity is 
not checked and scan codes are not 
converted. 

Bit 6 - Keycode Conversion (KCC), 
when set ("1") causes the controller to 
convert the scan codes to PC format. 
When reset, the codes (AT keyboard) 
are passed along unconverted. 

Bit 7 - Reserved, should be written as 
"0". 
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FIGURE 2. PS/2 MODE REGISTER (READ PORT 60H AFTER WRITE COMMAND 20H TO PORT 64H) 
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PS/2 MODE REGISTER 
Bit 0 - Enable Keyboard Interrupt (EKI), 
when set ("1 ") causes the controller to 
generate a keyboard interrupt whenever 
data (keyboard or command) is written 
into the output buffer. 

Bit 1 - Enable Mouse Interrupt (EM I}, 
when set ("1 ") allows the controiler to 
generate a mouse interrupt when 
mouse data is available in the output 
register. 

L 

Bit 2 - System Flag (SYS), when set 
("1 j writes the System Flag bit of the 
Status Register to "1 ". This bit is used 
to indicate a switch from virtual to real 
mode when set. 

Bit 3 - Reserved, "0". 

Bit 4 - Disable Keyboard (DKB), when 
set ("1 ") disables the keyboard by 
holding the -KCKOUT high. 
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ENABLE KBD INTERRU PT 
o = INT DISABLED 
1 = INT ENABLED 

ENABLE MOUSE INTERRUPT 
o = INT DISABLED 
1 = INT ENABLED 

SYSTEM FLAG 
0= SETS STATUS REG (2) = 0 
1 = SETS STATUS REG (2) = 1 

RESERVED = 0 

DISABLE KEYBOARD 
0= ENABLED 
1 = DISABLED 

DISABLE MOUSE 
0= ENABLED 
1 = DISABLED 

KEYCODE CONVERSION 
o = NO CONVERSION OF KEYCODES 
1 = CONVERSION ENABLED 

RESERVED, SET TO 0 

Bit 5 - Disable Mouse (OMS), when set 
("1 ") disables the mouse by holding the 
-MCKOUT high. 

Bit 6 - Keycode Conversion (KCC), 
when set ("1 ") causes the controller to 
convert the scan codes to PC format. 
When reset, the codes (AT keyboard) 
are passed along unconverted. 

Bit 7 - Reserved, "0". 
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FIGURE 3. PC/AT STATUSRJ=~ISTERJB~D ONLY - PORT 64H) 

7 6 5 

PC/AT Status Register 
Bit 0 - Output Buffer Full (OBF), when 
set ("1 ") indicates that data is available 
in the controller Data Bus Buffer, and 
that the CPU has not read the data yet. 
CPU reads to PORT 60H to reset the 
state of this bit. 

Bit 1 - Input Buffer Full (IBF), when set 
("1 ") indicates that there is a command 
in Status Register at PORT 64H or data 
in PORT 60H DBB register and that the 
controller has not yet performed the 
command or "processed" the data. It is 
also set when the controller is executing 
a command. 

Bit 2 - System Flag (SYS), when set 
("1 ") indicates that the CPU has 

4 3 2 o 

changed from virtual to real mode. 

Bit 3 - Command/Data (CD), when set 
("1 ") indicates that a command has 
been placed into the Input Data Buffer 
of the controller. The controller uses 
this bit to determine if the byte written is 
a command to be executed. This bit is 
not reset until the command has 
completed its operation. 

Bit 4 - Keyboard Enable (KBEN), when 
set ("1 ") indicates that the keyboard is 
currently enabled. When reset, it 
indicates that the keyboard is inhibited. 

Bit 5 - Transmit Time-out (TTIM), when 
set ("1 ") indicates that a transmission to 
the keyboard was not completed before 
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OUTPUT BUFFER FULL 
0= EMPTY 
1 = FULL 

INPUT BUFFER FULL 
0= EMPTY 
1 = FULL 

SYSTEM FLAG 
o = COLD RESET 
1 = HOT RESET 

COMMAND/DATA 
0= DATA OR IDLE 
1 = COMMAND OR BUSY 

KEYBOARD ENABLE 
0= DISABLED 
1 = ENABLED 

TRANSMIT TIME-OUT 
0= NORMAL 
1 = TIME-OUT OCCURRED 

RECEIVE TIME-OUT 
0= NORMAL 
1 = TIME-OUT OCURRED 

RECEIVE PARITY ERROR 
0= NORMAL 
1 = PARITY ERROR 

the controller's internal timer timed-out. 

Bit 6 - Receive Time-out (RTIM), when 
set ("1 ") indicates that a transmission 
from the keyboard was not completed 
before the controller's internal timer 
timed-out. 

Bit 7 - Parity Error (PERR), when set 
("1") indicates that a parity error (even 
parity = error) occurred during the last 
transmission (received scan code) from 
the keyboard. When a parity error is 
detected, the output buffer is loaded 
with FFH, the OBF Status bit is set and 
the KIRQ pin is set ["1" if the EKI bit! 
Mode Register bit 0 is set ("1 ")]. 
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FIGURE 4. PS/2 STATUS REGISTER (READ ONLY - PORT 64H) 
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PS/2 Status Register 
Bit 0 - Output Buffer Full (OBF), when 
set ("1") indicates that data is available 
in the controller Data Bus Buffer, and 
that the CPU has not read the data yet. 
The CPU reads to PORT 60H reset the 
state of this bit. 

Bit 1 - Input Buffer Full (IBF), when set 
("1 ") indicates that there is a command 
in Status Register at PORT 64H or data 
in PORT 60H DBB register and that the 
controller has not yet performed the 
command or "processed" the data. It is 
also set when the controller is executing 
a command. 

Bit 2 - System Flag (SYS), when set 
("1") indicates that the CPU has 
changed from virtual to real mode. 

[ 
OUTPUT BUFFER FULL 
0= EMPTY 
1 = FULL 

INPUT BUFFER FULL 
0= EMPTY 
1 = FULL 

SYSTEM FLAG 
o = HOT RESET HAS NOT OCCURRED 
1 = HOT RESET HAS OCCURRED 

COMMAND/DATA 
0= DATA OR IDLE 
1 = COMMAND OR ACTIVE 

KEYBOARD ENABLE 
0= DISABLED 
1 = ENABLED 

OUTPUT BUFFER SOURCE 
0= KEYBOARD 
1 = MOUSE 

GENERAL TIME-OUT 
0= NORMAL 
1 = TIME-OUT OCCURRED 

RECEIVE PARITY ERROR 
0= NORMAL 
1 = PARITY ERROR 

Bit 3 - Command/Data (CD), when set 
("1") indicates that a command has 
been placed into the Input Data Buffer 
of the controller. The controller uses 
this bit to determine if the byte written is 
a command to be executed. This bit is 
not reset until the command has 
completed its operation. 

Bit 6 - Time-out Error (TERR), when set 
("1") indicates that a transmission was 
started and that it did not complete 
within the normal time taken (approxi
mately 11 KCKIN cycles). If the 
transmission originated from the 
controller a FEH is placed in the output 
buffer. If the transmission originated 
from the keyboard a FFH is placed in 
the output buffer. Bit 4 - Keyboard Enable (KBEN), when 

set ("1 ") indicates that the keyboard is 
currently enabled. When reset, it 
indicates that the keyboard is inhibited. 

Bit 5 - Output Buffer Data Source 
(ODS), when set ("1 ") indicates that the 
data in the output buffer is mouse data. 
When reset, it indicates the data is from 
the keyboard. 
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Bit 7 - Parity Error (PERR), when set 
("1 ") indicates that a parity error (even 
parity = error) occurred during the last 
transmission from the keyboard. When 
a parity error is detected, the output 
buffer is loaded with FFH, the OBF 
Status bit is set and the KIRQ pin is set 
["1" if the EKI bitIMode Register bit 0 is 
set ("1 ")]. 
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COMMAND SET 
The command set supported by the 
keyboard controller supports two modes 
of operation. and a set of extensions to 
the AT command set for the PS/2. In 
both modes, the command is imple
mented by writing the command byte to 
PORT 64H. Any subsequent data is 
read from PORT 60H (see description 
of command 20) or written to PORT 
60H (see description of command 
PORT 60H). The commands for each 
mode are shown in the table below: 

PC/AT Mode: 

Comma 

20 

21-3F 

60 

61-7F 

AA 

AB 

AC 

AD 

AE 

CO 

DO 

D1 

EO 

FO-FF 

Description 

Read Mode Register 

Read Keyboaid Controller 
RAM (Byte 1-31) 

Write Mode Register 

Write Keyboard Controller 
RAM (Byte 1-31) 

Self Test 

KBD Interface Test 

Diagnostic Dump 

Disable Keyboard 

Enable Keyboard 

Read Input Port (P10-P17) 

Read Output Port (P20-P27) 

Write Output Port (P20-P27 

Read Test Inputs (TO, T1) 

Pulse Output Port (P20-P27) 

Added PS/2 Commands: 
-----~---------~-

Comm. Description 

A4 Test Password 

AS Load Password 

A6 Enable Password 

A7 Disable Mouse 

AS Enable Mouse 

A9 Mouse Interface Test 

Poll in Port Low 
C1 (P10-P13 -> 54-S7) 

C2 
Poll in Port High 
(P14-P17 -> S4-S7) 

D1 Write Output Port B1 (P21) 

D2 Write Keyboard Output Buffer 

D3 Write Mouse Output Buffer 

D4 Write to Mouse 

The keyboard controller will support the 
following command set, which is 
described as the hex command code, 
followed by a description: 

20 Read the keyboard controller's 
Mode Register (PC/AT and PSI 
2) - The keyboard controller 
sends its current mode byte to 
the output buffer (accessed by a 
read of PORT 60H). 

21-3F Read the keyboard controller's 
RAM (PC/ AT and PS/2) - Bits 
04-00 specify the address. 

60 Write the keyboard controller's 
Mode Register (PC/AT and PSI 
2) - The next byte of data 
written to the keyboard data port 
(PORT 60H) is placed in the 
controller'S mode register. 

61-7F Write the keyboard controller's 
RAM (PC/AT and PS/2) - This 
command writes to the internal 
keyboard controller RAM with 
the address specified in bits 04-
DO. 

A4 Test Password Installed (PS/2 
only) - This command checks if 
there is currently a password. 
installed in the controller. The 
test result is placed in the output 
buffer (the OBF bit is set) and 
KIRQ is asserted (if the EKI bit 
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is set}. Test result - FAH means 
-that the password is installed, 
and F1 H means that it is not. 

AS Load Password (PS/2 only) -
This command initiates the 
password load procedure. 
Following this command the 
controller will take data from the 
input buffer port (PORT 60H) 
until a OOH is detected or a full 
eight byte password including a 
delimiter (e.g. <CI'» is loaded 
into the password latches. Note: 
this means that during password 
validation the password can be 
a maxim um of seven bytes with 
a delimiter such as <Cl'>. 

A6 Enable Password (PS/2 only) -
This command enables the 
security feature. The command 
is valid only when a password 
pattern is written into the 
controller (see AS command). 
No other commands will be 
"honored" until the security 
sequence is completed and 
command A6 is cleared. 

A7 Disable Mouse (PS/2 only) -
This command sets bit S of the 
Mode Register which disables 
the mouse by driving the 
-MCKOUT line high. 

AS Enable Mouse (PS/2 only) - This 
command resets bit 5 of the II Mode Register, thus enabling 
the mouse again. 

A9 Mouse Interface Test (PS/2 
only) - This command causes 
the controller to test the mouse 
clock and data lines. The 
results are placed in the output 
buffer (the OBF bit is set) and 
the KIRQ line is asserted (if the 
EKI bit is set). The results are 
as follows: 

Data Meaning 

00 No Error 

01 Mouse Clock Li ne Stuck Low 

02 Mouse Clock Line Stuck High 

03 Mouse Data Line Stuck Low 

04 Mouse Data Line Stuck High 
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AA Self Test command (PC/AT and 
PS/2) - This commands the 
controller to perform internal 
diagnostic tests. A 55H is 
placed in the output buffer if no 
errors were detected. The OBF 
bit is set and KIRQ is asserted 
(if the EKI bit is set). 

AB Keyboard Interface Test (PC/AT 
and PS/2) - This command 
causes the controller to test the 
keyboard clock and data lines. 
The test result is placed in the 
output buffer (the OBF bit is set) 
and the KIRQ line is asserted (if 
the EKI bit is set). The results 
are as follows: 

Data Meaning 

00 No Error 

01 Keyboard Clock Line Stuck Low 

02 Keyboard Clock Line Stuck High 

03 Keyboard Data Line Stuck Low 

04 Keyboard Data Line Stuck High 

AC Diagnostic Dump (PC/AT only, 
Reserved on PS/2) - Sends 16 
bytes of the controller's RAM, 
the current state of the input 
port, the current state of the 
output port and the controller's 
status word to the system. All 
outputs are in scan code format. 

AD Keyboard Disable (PC/AT and 
PS/2) - This command sets bit 4 
of the Mode Register to a "1". 
This disables the keyboard by 
driving the clock line 
(-KCKOUT) high. Data will not 
be sent or received. 

AE Keyboard Enable (PC/AT and 
PS/2) - This command resets bit 
4 of the mode byte to a "0". This 
enables the keyboard again by 
allowing the keyboard clock to 
free-run. 

CO Read P1 Input Port (PC/AT and 
PS/2) - This command reads the 
keyboard input port and places it 
in the output buffer. This 
command overwrites the data in 
the buffer. 

C1 

C2 

DO 

Bit 

0 

1 

2 

3 

4 

5 

6 

7 

Poll Input Port low (PS/2 only) -
P1 bits 0-3 are written into 
Status Register bits 4-7 until a 
new command is issued to the 
keyboard controller. 

Poll Input Port high (PS/2 only) -
P1 bits 4-7 are written into 
Status Register bits 4-7 until a 
new command is issued to the 
keyboard controller. 

Read Output Port (PC/AT and 
PS/2) - This command causes 
the controller to read the P2 
output port and place the data in 
its output buffer. The definitions 
of the bits are as follows: 

PC/AT PS/2 
Pin Mode Mode 

P20 -RC -RC 

P21 A20 Gate A20 Gate 

P22 
Speed Sel 

-MDOUT (EN MOD) 

P23 
Shadow 

-MCKOUT Enable 

P24 
Output 

KIRQ Buffer Full 

- Input Buffer 
MIRQ 

Empty 

P26 -KCKOUT -KCKOUT 

P27 KDOUT -KDOUT 

Note: P22 (bit 2) is the speed control 
pin used by Award BIOS, and 
this is different from what is 
used by Phoenix and AMI. 

01 Write Output Port (PC/AT and 
PS/2) - The next byte of data 
written to the keyboard data port 
(PORT 60H) will be written to 
the controller's output port. The 
definitions of the bits are as 
defined above. For PS/2 mode, 
this command only affects P21. 
The next byte of data written to 
PORT 60H will be written to 
P21. All other bits will be 
unaffected. 

02 Write Keyboard Output Buffer 
(PS/2 only) - The next byte 
written to the data buffer (PORT 
60H) is written to the output 
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buffer (60H) as if initiated by the 
keyboard [the OBF bit is set ("1") 
and KIRQ will be set if the EKI 
bit is set ("1 j]. 

03 Write Mouse Output Buffer (PS/ 
2 only) - The next byte written to 
the data buffer (PORT 60H) is 
written to the output buffer as if 
initiated by the mouse [the OBF 
bit is set ("1j and MIRQ will be 
set if the EMI bit is set ("1 ")]. 

04 Write to Mouse (PS/2 only) -
The next byte written to the data 
buffer (PORT 60H) is transmit
ted to the mouse. 

Note: If data is written to the data 
buffer (PORT 60H) and the com
mand preceding it did not expect 
data from the port (PORT 60H) 
the data will be transmitted to 
the keyboard. 

EO Read Test Inputs (PC/AT and 
PS/2) - This command causes 
the controller to read the TO and 
T1 input bits. The data is placed 
in the output buffer with the 
following meanings: 

Bit PClATMode PS/2 Mode 

0 Keyboard Data Keyboard Clock 

1 Keyboard Clock Mouse Clock 

3-7 Read as O's Read as O's 

FO-FF Pulse Output Port (PC/AT and 
PS/2) - Bits 0-3 of the control
ler's output port may be pulsed 
low for approximately 61ls. Bits 
0-3 of the command specify 
which bit will be pulsed. A "0" 
indicates that the bit should be 
pulsed; a "1" indicates that the 
bit should not be modified. FF is 
treated as a special case (Pulse 
Null Port). 
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IDE Bus Interface Control 
Integrated Drive ElectrOniCs bus 
interface control signals are provided by 
the VL82C1 OS Combo chip. The timing 
and drive for these lines are consistent 
with the Conner Peripherals CP342 
Integrated Hard Disk Manual. 

A set of signals are used for this 
interface when the VL82C10S Combo 
chip is configured to support the IDE 
interface via IDE_EN, bit 5 of Controi 
Register 1 (RTC Register S1 H). 

Input Signals: 

-IDACT This input signal is active 
(low) when the drive is 
busy. It is used to enable 
the interrupt request (IRQI) 
to the system, 

IDINT This signal indicates an 
interrupt request to the 
system. It is used to 
generate IRQI. 

Output Signals: 

-CS4 Chip Select 4. This signal 
is used as the floppy disk 
chip select. The default 
decode is 03F4H-03FSH, 
but may be redefined as de
scribed in the section on 
Combo Chip Control 
Registers. The IDE_EN 
control bit of Control 
Register 1 has no effect on 
this signal. -CS4 is also 
active when -CDAK4 is 
active. 

-CSS Chip Select S. This signal 
is used as the -HOST CSO 
of the IDE bus. The default 
decode is 01 FOH-01 F7H, 
but may be redefined as de
scribed in the section on 
Combo Chip Control Regis
ters. The IDE_EN control 
bit of Control Register 1 has 
no effect on this signal. 

-HCS1 This signal is active (low) 
for address 03FSH-03F7H 
and is used as -HOST 
CS 1 of the IDE bus. 

-IDENH This signal is used to drive 
the -OE pin of an external 
74LS24S buffering bits 8-1S 
of the IDE data bus to the 
SO bus. It is active (low) 

when: 

(-CS5 is active AND SA2-
SAO = 000). 

-IDENL This signal is used to drive 
the -OE pin of an external 
74LS245 buffering bits O-S 
of the IDE data bus. It is 
active (low) when: 

-CSS is active OR SAO
SAg = 3FXH OR -CDAK4 
is active. 

This allows a simple im
plementation for an IDE bus 
that includes both the hard 
disk controller and the 
floppy disk controller. 

IRQI This is the three-state 
interrupt request to the 
CPU. It is normally tied 
directly to the IRQ14 signal 
of the system. It reflects the 
state of the IDINT input and 
is enabled when -IDACT is 
low. 

-IOCS1S The VL82C10S Combo chip 
has multiple sources for this 
signal. It is driven active 
(low) when: 

)-CSS is active AND SAO
SA2 = 000 AND IDE_EN = 
1 AND {(CS_MODE = 0) 
OR (CS_MODE = 1 AND 
1S-bit operation selected for 
CSS)}) OR (any other CS is 
active with 1S-bit operation 
selected AND CS_MODE = 
1) OR (IDE_EN = 0 AND 
CSS is active AND 1S-bit 
operation is selected AND 
CS_MODE = 1). 

Bidirectional Signals: 

IDB7, -DC The control for the trans
ceiver between IDB7, -DC, 
and SD7 is as follows: 

IDB7 -> SD7 when: 

(-CSS is active OR SAO
SAg = 3FXH OR -CDAK4 
is active) AND -lOR is 
active AND IDE_EN = 1 
AND NOT SAO-SAg = 
3F7H. 

-DC -> SD7 when SAO
SAg = 3F7H AND -lOR is 
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active AND IDE_EN = 1. 

SD7 -> IDB7 at all othei 
times. 

Combo Chip Control Ports: 
Contained in the VL82C10S are a set of 
2S registers used for programming 
peripheral chip select base addresses, 
chip select address ranges, and 
enabling options. Each base address 
register is a 1S-bit register with bits 
corresponding to address bits A 1S-AO. 
In addition to base address registers, 
there is an address range registers that 
can be used to "don't-care" bits (AO-AS) 
used in the address range comparison, 
effectively controlling the address space 
occupied by the chip select from 1 to 32 
bytes. There are also programmable 
bits to selectively generate wait states, 
and assert -IOCS1S whenever the 
corresponding address range is 
present. These registers are used in 
groups of three per chip select, and are 
defined as shown below: 

Base Address Register (LSB): 

Bit Description 

0 Base Address, Bit AO 

1 Base Address, Bit A1 

2 Base Address, Bit A2 

3 Base Address, Bit A3 

4 Base Address, Bit A4 

S Base Address, Bit AS 

S Base Address, Bit AS 

7 Base Address, Bit A7 

Base Address Register (MSB): 

Bit Description 

0 Base Address, Bit A8 

1 Base Address, Bit A9 

2 Base Address, Bit A 10 

3 Base Address, Bit A11 

4 Base Address, Bit A 12 

S Base Address, Bit A 13 

S Base Address, Bit A14 

7 Base Address, Bit A1S 

I 
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Range Register: 

Bit Description 

0 Don't Care, Bit AO 

1 Dont' Care, Bit A 1 

2 Don't Care, Bit A2 

3 Don't Care, Bit A3 

4 Don't Care, Bit A4 

5 Wait State 0 

6 Wait State 1 

7 8116 Bit 1/0 

The only bits that need detailed 
descriptions are those contained in the 
Range Register. These bits are defined 
as follows: 

Bits 0 to 4 - Don't Care Bits, when set 
("11 causes that corresponding bit to be 
ignored during the chip select genera
tion, effectively allowing the chip select 
signals to correspond to a range or 
ranges of addresses in the space from 
Base Address + 0 to Base Address + 
31. 

Bits 5 & 6 - Wait State 0 and 1, these 
bits determine the number of wait states 
that will be generated whenever the 
corresponding chip select signal is 
generated. They generate wait states 
according to the following table: 

WS1 WSO Wait States 

0 0 1 Wait State 

0 1 2 Wait States 

1 0 4 Wait States 

1 1 8 Wait States 

Note: Programmed wait states can only 
extend the 1/0 cycle set by the system 
architecture. 

Bit 7- 8/16 Bit 1/0, this bit is used to se
lectively assert -IOCS16 whenever the 
corresponding chip select signal is 
generated. When set ("1 j the access 
is defined as an 8-bit access, and 
-IOCS16 is not asserted. 

Default Chip Selects 
The VL82C1 06 Combo chip also has 
several hard-wired default chip selects 
for the serial ports, line printer port, 
floppy disk chip select and hard disk 
chip select. These default chip selects 
are used after a reset until the battery
backed programmable values are 
enabled via bit 3 of the second control 
register (RTC register 51 H). The wait 
state and non IDE -IOCS 16 values are 
also disabled in this mode. This allows 
the combo chip to function normally 
without the need for programming. The 
default chip selects are: 

Select' 
Device Address 

COMA 3F8H-3FFH 
(Bit 3 of RTC Reg SOH = 1) 
2F8H-2FFH 
(Bit 3 of RTC Reg 50H = 0) 

COMB 2F8H-2FFH 
(Bit 3 of RTC Reg 50H = 1) 
3F8H-3FFH 
(Bit 3 of RTC Reg SOH = 0) 

LPT 03BCH-03BFH 
Bit 5, 6 of RTC Reg SOH = 0, 0) 
0378H-037BH 
(Bit 5, 6 of RTC Reg 50H = 1, 0) 
0278H-027BH 
(Bit 5, 6 of RTC Reg SOH = 0,1 ) 

-CS4 03F4H-03F5H 

-CS5 01 FOH-01 F7H 

-CSS 03F2H AND -lOW is Active 

-CS7 03F7H AND -lOW is Active 

Note that on reset, COMA, COMB, LPT, 
and -CS4 through -CS7 are enabled 
and set to the hard-wired values. 

Combo Chip Control Register 
The VL82C106 Combo chip contains a 
number of programmable options, 
including peripheral base address and 
chip select "hole" size. The registers 
used to provide this control are located 
in the upper bytes of the RTC address 
space (PORT 70H). They are defined 
as follows: 
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Addr Usage 

69 Control Register 0 

6A Control Register 1 

6B CS 1 COMA Base Add LSB 

6C CS 1 COMA Base Add MSB 

6D CS 1 COMA Range 

6E CS2 COMB Base Add LSB 

6F CS2 COMB Base Add MSB 

70 CS2 COMB Range 

71 CS3 LPT Base Add LSB 

72 CS3 LPT Base Add MSB 

73 CS3 LPT Range 

74 CS4 FDe Base Add LSB 

75 CS4 FDC Base Add MSB 

76 CS4 FDC Range 

n CS5 HDC Base Add LSB 

78 CS5 HDC Base Add MSB 

79 CS5 HDC Range 

7A CS6 Base Add LSB 

7B CS6 Base Add MSB 

7C CS6 Range 

7D CS7 Base Add LSB 

7E CS7 Base Add MSB 

7F CS7 Range 

Note: Control Register 0 and 1 are not 
battery-backed via the VBAT supply. 

Control Register 0 (RTC Register SOH 
or 110 PORT 102H) Bits: 
This register contains bits that enable or 
disable functionality of the internal 
components of the combo chip. The 
bits of this register are defined to be 
consistent with definitions used in the 
PS/2-50 family. 
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This register can also be accessed at 
addless 1 02H,ior PS/2 compatibility. 
The contents of the register are detailed 
below: 

Bit Usage 

0 SYS BD EN 

1 FDCS EN 
(CS4) 

.... COMA EN 
\V..:1IJ 

3 COMA DEF 

4 LPT EN (CS3) 

5 LPT DEF 0 

6 LPT DEF 1 

7 EMODE 

Value After 
Reset 

Enabled (1 ) 

Enabled (1 ) 

.. ... 
I Enabloo (' ) . . 

COM1 (0) 

Enabled (1 ) 

Paralled 
(1 ) Port 1 

Disabled (0) 

Compat. (0) 
Mode 

Bit 0 - System Board Enable (SYS BO 
EN) Control bit, when set ("1") allows 
bits 1, 2, and 4 to enable and disable 
their respective devices. When reset 
("0") the floppy disk chip select (CS4), 
COMA (CS1), and the LPT port (CS3) 
are disabled regardless of the contents 
of bits 1, 2, and 4. 

Bit 1 - Floppy Disk CS Enable (FDCS 
EN) Control bit, when set ("1") allows 
the FD CS signal (CS4) to be asserted 
to an external floppy disk controller 
chip. When reset ("0") prevents the 
assertion of this chip select. 

Bit 2 - Communications Port A Enable 
(COMA EN) Control bit, when set ("1") 
allows the internal COMA (CS1) port to 
be accessed. When reset ("0") COMA 
is disabled. 

Bit 3 - Communications Port A Default 
Address (COMA DEF) Control bit, when 
set ("1 ") forces the hard-wired default 
base address to COMA to correspond 
to (3FSH-3FBH) and COMB to (2FSH-
2FBH). When reset ("0") forces the 
COMA hard-wired address to (2FSH-
2FBH) and COMB to (3FSH-3FBH). 
The base address will be the pro
grammed values if bit 3 of control 
register 1 (RTC register 51 H) is set. 

Bit 4 - Line Printer Port Enable (LPT 
EN) COntr~ when set (iIi") enaoTeS--
the LPT port (CS3). When reset ("0") 
disables the LPT port. 

Bit 5 & 6 - Line Printer Default bits 0 
and 1 (LPT DEF 0 and 1) Control bits, 
set the Line Printer Base hard-wired 
address defaults as shown below: 

Bit Bit 
6 5 Address Range 

0 0 03BCH-03BFH 

0 1 037SH-037BH 

1 0 027SH-027BH 

1 1 Reserved 

Setting bit 3 of RTC register 51 H 
changes the base address to that set in 
the program address registers for LPT 
(CS3). 

Bit 7 - Line Printer Extended Mode 
(EMODE) Control bit, when set ("1 j 
disables the Extended Mode and forces 
PC/AT compatibility. When reset ("0") 
the Extended Mode is enabled, allowing 
the printer port direction to be con
trolled, and the interrupt status to be 
latched. 

Control Register 1 (RTC Register 
51H) Bits 
This register is used to control periph
erai chip seiects that are not inciuded in 
Control Register O. The bits in this 
register are defined as follows: 

Value After 
Bit Usage Reset 

0 COMB EN Enabled (1 ) 

1 ATlPS2 KBD AT (1 ) 

2 PRIV EN Enabled (1 ) 

3 CSMODE Hard-wire (0) 

4 HDCS EN Enabled (1 ) 

5 IDE EN Enabled (1 ) 

6 CS6EN Enabled (1 ) 

7 CS7EN Enabled . (1) 

Bit 0 - Communication Port B Enable. A 
"1" enables COMB (CS2). A zero ("OJ 
disables COMB. 
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Bit 1 - AT or PS/2 Compatible Key-

-----OOard. A "1" selects PC/AT typs
keyboard controller functions, while a 
"0" places the keyboard controller in 
PS/2 mode. 

Bit 2 - Private Controls Enable. When 
in AT mode (ATIPS2_KBD = 1), this bit 
is used to latch the values of the 
keyboard controller's output signals 
KHSE, KSRE, and IROM to the 
VLS2C106 output pins. When "1" these 
outputs follow the keyboard controllers 
outputs. When "0" these outputs heid at 
that value regardless of the keyboard 
controller'S outputs. 

When in PS/2 mode (AT/PS2_KBD = 
0), this bit has no effect on the KHSE, 
KSRE, and IROM output pins. The 
combo chip outputs follow the keyboard 
controller's outputs. 

Bit 3 - Chip Select Decode Mode. When 
"0", CS1-CS7 decodes revert to the 
hardwired address decoding and non 
IDE -IOCS16 and lOCH ROY genera
tion is disabled. A "1" enables the 
address decoding, wait state generation 
and S/16-bit operation as programmed 
into the RTC registers 52H-60H. (See 
sections on Default Chip Selects and 
Combo Chip Control Register.) 

Bit 4 - Hard Disk Chip Select Enable. A 
"1" enables the Hard Disk Chip Select 
signal (-CS5), while a "0" disables the 
chip seiect. 

Bit 5 - Integrated Drive Electronics 
Enable. A "i iI enables the IDE func
tions of outputs -IDENH, -IDENL, IRQI, 
-IOCS16, and IDB7 as described in 
IDE Bus Interface Control section. 

Bit 6 - Chip Select 6 Enable. When "0", 
the -CS6 output is disabled. Alii" 
enables the address decoding, wait 
state generation and S/16-bit operation 
as programmed into the RTC registers 
61 H-63H. (See sections on Default 
Chip Selects and Combo Chjp Control 
Registers.) 

Bit 7 - Chip Select 7 Enable. When "0", 
the -CS7 output is disabled. A"1" 
enables the address decoding, wait 
state generation and S/16-bit operation 
as programmed into the RTC registers 
64H-66H. (See sections Default Chip 
Selects and Combo Chip Control 
Register.) 
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Miscellaneous Control Signals -CDAK4 This input will directly XTAL1 This pin is the input to the 
-XDDlR This input signal is produce an active low on on-board 18.432 MHz 

generated by the -CS4 when active low crystal oscillator. This pin 
VL82C 1 01/VL82C201. It itself and is used by the may also be driven by an 
is inactive (low) when data IDE logic. external CMOS clock 
is transferred from the XD -IOCS16 This output signal is used signal at 18.432 MHz. 
bus to the SO bus. i.e .• to indicate to the system XTAL2 This pin is the output pin of 
interrupt acknowledge that the peripheral being the internal crystal 
cycles and 110 read accessed is a 16-bit oscillator and should be 
accesses to addresses device. It is set active left open and unloaded if 
OOOH-OFFH. (low) when a programmed an external clock signal is 

XDIRS This output signal is to chip select. which specifies applied to the XTAL 1 pin. 
control the direction pin of 16-bit 1/0. is decoded or This pin is not capable 
a transceiver between the for certain IDE functions. driving external loads other 
XD bus and the SO bus (See sections on Combo than the crystal. 
when the Combo chip is Chip Control Ports and 

-TRI This pin is used for in-
on the SO bus. Since the IDE Bus Interface Control.) 

circuit testing. When low. 
architecture assumes the This signal becomes active 

all outputs and I/O pins are 
RTC and Keyboard on the leading edge of 

placed in the high imped-
Controller are on the XD ALE and inactive on the 

ance state. 
bus. this signal is set trailing edge of -lOW or 
active (high) when XDDIR -lOR. -ICT This pin. when strobed 
is high or either the RTC or 10CHRDY This output signal is used 

low. places the VL82C106 
the Keyboard Controller is to the lengthen 1/0 cycle to 

into test mode. determined 
selected. the peripheral being 

by the data on the SDO 
thru SD3 pins. The chip 

XDIRX This output signal is to accessed. It is set inactive 
will remain in this mode 

control the direction pin of (low) for the programmed 
until -RES is asserted. 

the transceiver between number of wait states 
Test mode may be 

the XD bus and the SO when a programmed chip 
changed by strobing this 

bus when the Combo chip select. which specifies two. pin low again with different 
is on the XD bus. Since four. or eight wait states. is data on the SDO-SD3 pins. 
the architecture assumes decoded. (See the section 
the peripherals other than IDE Bus Interface Control.) 
the RTC and Keyboard Note: Programmed wait states 
Controller are on the SO can only extend the I/O 
bus. this signal is inactive cycle. i.e .• if the system 
(low) when the XDDIR is architecture provides four 
low or when -lOR is low wait states for 8 bit 110. 
and any chip select (CS1- programming 1 or 2 has no 
CS7) is generated. effect. 

-XDEN This output signal is used When 16 bit programmed 
to enable the XD bus chip select operation is 
transceiver when the selected. 10CHRDY 
VL82C106 Combo chip is becomes inactive on the 
placed on the XD bus and leading edge of ALE and 
DMA's are desired for active on the trailing edge 
peripherals controlled by of -lOW or -lOR. For 8 bit 
the Combo chip selects. It operation or default chip 
is the AND of -lOR and select operation. 
-lOW (active low when lOCH ROY is inactive 
either -lOR or -lOW are during -lOW or -lOR 
active). active. 
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VL82C37A 
CMOS DIRECT MEMORY ACCESS (OMA) CONTROLLER 

FEATURES 
• Low-power CMOS version of popular 

8237 A DMA controller 

• Four DMA channels 

• Individual enable/disable control of 
DMA requests 

• Directly expandable to any number of 
channels 

• Independent auto-initialize feature for 
...... 11 ...... "",....,.-.""''''1,.. 
QII ~IIQIIIIO:::I" 

• High performance 8 MHz version 
available 

• Transfers may be terminated by end
of-process input 

• Software controiied DMA requests 

• Independent polarity control for 
DREQ and DACK signals 

PIN DIAGRAMS 

VL82C37A 

-lOR 1 
-lOW 2 

-MEMR 3 
-MEMW 4 

VCC 5 
READY 6 

HLDA 7 

AD~~~§~ 
HRQ 10 
-CS 11 
ClK D 12 

RESET ~ 13 
DACK2 14 
DACK3 15 
DREQ3 16 
DREQ2 17 
DREQ1 18 
DREQO 19 

GND 20 

A7 
A6 
AS 
A4 
-EOP 
A3 
A2 

33 A1 
32 AO 
31 VCC 
30 DBO 
29 DB1 
28 DB2 
27 DB3 
26 DB4 
25 DACKO 
24 DACK1 
23 DB5 
22 DB6 
21 DB7 

DESCRIPTION 
The VL82C37 A Direct Memory Access 
(DMA) Controller serves as a peripheral 
interface circuit for microprocessor 
systems, and is designed to improve 
system performance by allowing 
external devices to directly transfer 
information from the system memory. 
Memory-to-memory transfer capability is 
also provided. The VL82C37A DMA 
Controller offers many programmable 
controi features that enhance data 
throughput and system performance. 
Dynamic reconfiguration is permitted 
under program control. 

The VL82C37 A is designed to be used 
with an external 8-bit address register 

such as the 8282. In addition to the four 
independent channels, the VL82C37 A is 
expandable to any number of channels 
by cascading additional controller 
devices. 

Three basic transfer modes allow the 
user to program the types of DMA 
service. Each channel can be individu= 
ally programmed to auto-initialize to its 
original condition following an end-01-
process (EOP) input. Each channel 
also has a 64K address and word count 
handling ability. 

The VL82C37 A DMA Controller is 
available in 5 MHz and 8 MHz clock 
frequencies. 

VL82C37A 
-MEMW 

N.C. A3 
N.C. 38 A2 

HlDA 37 A1 
ADSTB 36 AO 

AEN 35 VCC 
HRO 34 DBO 
-CS 33 DB1 
ClK 32 DB2 

RESET 31 DB3 
DACK2 30 DB4 

N.C. 29 N.C. 
18 1920 21 22 23 24 25 26 2728 

ORDER INFORMATION 
Part 
Number 

VL82C37 A-05PC 
VL82C37 A-05QC 

VL82C37 A-08PC 
VL82C37 A-080C 

Clock 
Frequency 

5MHz 

8MHz 

Package 
Plastic DIP 
Plastic Leaded Chip Carrier (PLCC) 

Plastic DIP 
Plastic Leaded Chip Carrier (PLCC) 

Note: Operating temperature range is O°C to +70°C. 
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BLOCK DIAGRAM 

-EOP 

RESET 

-CS 

ClK 

AEN 

ADSTB 

-MEMR 

-MEMW 

-lOR 

-lOW 

TIMING 
AND 

CONT 

4 
DREQO-DREQ3 ~ PRIORITY 

HlDA~ ENCODER 
AND 

HRQ ROTATING 

DACKO-DACK3 
4 

PRIORITY 
lOGIC 

DECREMENTER INC/DECREMENTER 

TEMP WORD 
COUNT REG (16) 

TEMP ADDRESS 
REG (16) 

16 BIT BUS 

16 BIT BUS 

READ BUFFER READIWRITE BUFFER 

BASE: BASE CURRENT: CURRENT 
ADDR : WORD CNT ADDR: WORD CNT 

TABLE 1. INTERNAL REGISTERS 

Name Size Number 

Base Address Registers 16 bits 4 

Base Word Count Registers 16 bits 4 

Current Address Registers 16 bits 4 

Current Word Count Registers 16 bits 4 

Temporary Address Register 16 bits 

Temporary Word Count Register 16 bits 

Status Register 8 bits 

Command Register 8 bits 

Temporary Register 8 bits 

Mode Registers 6 bits 4 

Mask Register 4 bits 

Request Register 4 bits 
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SIGNAL DESCRIPTIONS 

Signal 
Name 

CLK 

-CS 

RESET 

READY 

HLDA 

DREQO-DREQ3 

DBO-DB7 

-lOR 

-lOW 

-EOP 

Pin 
Number 

12 

11 

13 

6 

7 

19-16 

30-26, 
23-21 

2 

36 

Signal 
Type 

110 

110 

110 

1/0 

Signal 
Description 

VL82C37A 

Clock Input - Controls the internal operations of the VLS2C37A DMA 
Controller and its rate of data transfers. This input may be driven at up to 5 
MHz for the standard VLS2C37 A-05 and up to S MHz for the VLS2C37 A-OS. 

Chip Select 0 An active low input used to select the VLS2C37 A as an 1/0 
device during the idle cycle, allows CPU communication on the data bus. 

Reset - An active high input that clears the Command, Request, and 
Temporary Registers, clears the first/iast fiip-fiop, and sets the Mask 
Register. The device is in the idle cycle following a RESET signal. 

Ready - An input that extends the memory read and write pulses from the 
VLS2C37A accommodating slow memories or 1/0 peripheral devices. 
During its specified setuplhold time, READY must not make transitions. 

Hold Acknowledge - This active high signa! from the CPU indicates that it 
has relinquished control of the system buses. 

DMA Request - These lines are individual asynchronous channel request 
inputs. Peripheral circuits use these lines to obtain DMA service. In fixed 
priority, DREQO has the highest priority and DREQ3 has the lowest priority. 
Activating the DREQ line of a channel generates a request. DACK then 
acknowledges the recognition of DREQ signal. Polarity of DREQ is 
programmable. RESET initializes these lines to active high. DREQ must 
be sustained until the corresponding DACK becomes active. 

Data Bus - These lines are bidirectional, three-state signals that connect to 
the system data bus. The outputs are enabled in the program condition 
during the 110 read to output the contents of an Address Register, a Status 
Register, the Temporary Register, or a Word Count Register to the CPU. 
The outputs are disabled and the inputs are read during an 110 Write cycle 
when the CPU is programming the VLS2C37A control registers. During 
DMA cycles the most significant eight bits of the address are sent onto the 
data bus and are strobed into an external latch by ADSTB. In memory-to
memory operations, data from the memory comes into the VLS2C37 A on 
the data bus during the read-from-memory transfer. In the write-to-memory 
transfer, the data bus outputs determine the placement of the data, not the 
new memory location. 

110 Read - This is a bidirectional, active low, three-state line. In the idle 
cycle, it is an input control signal used by the CPU to read the control 
registers. In the active cycle, it is an output control signal used by the 
VLS2C37 A to access data from a peripheral during a DMA Write transfer. 

110 Write - This signal is a bidirectional activelow, three-state line. It is used 
by the CPU to load information into the VLS2C37A DMA Controller. In the 
active cycle, it is used as an output control signal used by the VLS2C37 A to 
load data to the peripheral during a DMA read transfer. 

End of Process - This is an active low bidirectional signal, which provides 
data on the completion of DMA services and is available at the bidirectional 
-EOP pin. The VLS2C37 A allows an external signal to terminate an active 
DMA service, by pulling the -EOP input low with an external -EOP signal. 
The VLS2C37A also generates a pulse when the terminal count (TC) for any 
channel is achieved. This generates an -EOP signal that is active on the 
-EOP line. When -EOP is received, either internally or externally, it will 
cause the VLS2C37A to terminate the service, reset the request, and, if 
auto-initiaiize is enabled, to write the base registers to the current registers 
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SIGNAL DESCRIPTIONS (Cont.) 

Signal 
Name 

Pi1 
Number 

AO - A3 32 - 35 

A4-A7 37-40 

HRQ 10 

DACKO - DACK3 25, 24, 14, 
15 

AEN 9 

ADSTB 8 

-MEMR 3 

-MEMW 4 

VCC 5,31 

GND 20 

Signal 
Type 

VO 

o 

o 

o 

o 

o 

o 

o 

SIgnal 
Description 

VL82C37A 

of that channel. The mask bit and TC bit in the status word will be set for 
the currently active channel by -EOP, unless the channel is programmed 
for auto-initialize. In that case, the mask bit remains unchanged. During 
memory-to-memory transfers, -EOP will be output when the TC for 
channel 1 occurs. To prevent erroneous end-of-process inputs, -EOP 
should be tied high with a pull-up resistor if it is not used. 

The four least significant address lines - These lines are bidirectional three
state signals. In the idle cycle, they are inputs used by the CPU to 
address the register to be loaded or read. In the active cycle they are 
outputs that provide the lower four bits of the output address to the system. 

The four most significant address lines - These lines are three-state 
outputs that provide four bits of address. They are enabled only during the 
DMA service. 

Hold Request - This is the hold request to the CPU. It is used to request 
control of the system bus. If the corresponding mask bit is clear, the 
presence of any valid DREQ causes the VL82C37A to issue the HRQ 
signal. After HRQ is asserted, at least one clock cycle (TCY) must occur 
before HLDA can be valid. 

DMA Acknowledge - This signal is used to notify an individual peripheral 
when it has been granted a DMA cycle. The sense of these lines is 
programmable; RESET initializes them to an active low. 

Address Enable - This active high line enables the 8-bit latch containing the 
upper eight address bits onto the system address bus. It can also be used 
to disable other system bus drivers during DMA transfers. 

Address Strobe - This active high is used to strobe the upper address byte 
into an external latch. 

Memory Read - This active low signal is a three-state output used to 
access data from a selected memory location during a DMA read or 
memory-to-memory transfer. 

Memory Write - This signal is an active low three-state output used to write 
data to a selected memory location during a DMA write or memory-to
memory transfer. 

+5 V ±5% power supply 

Ground. 
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FUNCTIONAL DESCRIPTION 
The internal registers and major logic 
blocks of the VL82C37 A are shown in 
the block diagram. Data interconnection 
paths are also shown, but the various 
control signals between the blocks are 
not. The VL82C37 A contains 344 bits of 
internal register memory. Table 1 de
scribes these registers and shows them 
by size. A complete description of the 
registers and their functions can be 
found in the Register Descriptions 
section. 

The VL82C37A contains three basic 
control logic blocks. The Timing Control 
block generates internal tim ing and 
external control signals for the 
VL82C37A. The program command 
controi biock decodes the various 
commands given to the VL82C37A by 
the microprocessor before servicing a 
DMA Request. Further, it decodes the 
mode control word used to select the 
type of DMA during the servicing. The 
priority encoder block settles priority 
contention between DMA channels 
requesting service at the same time. 

The external clock drives the timing 
control block. In most VL82C37 A 
systems, this clock will usually be the 
02 TTL clock from a 8284. For 
8085AH-2 systems above 3.9 MHz, the 
8085 CLK(OUT) will not meet 
VL82C37A-05 (5 MHz) clock low and 
high time requirements. In this case, an 
external clock should be used to drive 
the VL82C37A-05. 

DMA OPERATION 
The VL82C37A is designed to operate 
in two major cycles: the idle and active. 
Several states are contained in each 
device cycle. The VL82C37 A supports 
seven separate states, each being one 
full clock period. State I (SI), the 
inactive state, is entered when the 
VL82C37 A has no valid DMA requests 
pending. While in SI, the DMA controller 
is inactive but may be in the program 
condition, being programmed by the 
processor. State 0 (SO) is the first state 
of a DMA service. The VL82C37 A has 
requested a hold, but the processor has 
not yet responded with an acknowledge. 
The VL82C37A may still be pro
grammed DA from the CPU. An ac
knowledge from the CPU signals that 
DMA transfers may begin. S1, S2, S3 
and S4 are the functional states of the 

DMA service. If more time is needed to 
complete a transfer than is available 
with normal timing, wait states (WS) can 
be placed between S2 or S3 and S4 by 
using the Ready line on the VL82C37 A. 
The data is transferred directly from the 
110 device to memory (or vice versa) 
with -lOR and -MEMW (or -MEMR and 
-lOW) being active simultaneously. The 
data is not read into or driven out of the 
VL82C37 A during I/O-to-memory or 
memory-to-IIO DMA transfers. 

To complete memory-to-memory 
transfers requires a read-from and a 
write-to-memory. The states, which 
resemble the normal working states, use 
two-digit numbers for identification. 
Eight states are needed for each 
transfer: the first four states (S11, S12, 
S13, S14), are used for read-from
memory and the last four states (S21 , 
S22, S23, S24), for the write-to-memory 
of the transfer. 

IDLE CYCLE 
When no channels are requesting 
service, the VL82C37A enters the idle 
cycle and performs SI states, sampling 
the DREO lines every clock cycle to 
determine if any channel is requesting a 
DMA service. The device also samples 
-CS, looking for an attempt by the 
microprocessor to write or read to the 
internal registers of the VL82C37 A. 
When -CS is low and HLDA is low, the 
VL82C37A initiates the program 
condition. The CPU now establishes, 
changes or inspects the internal 
definition of the part by reading from or 
writing to the internal register. Address 
lines AO-A3 are inputs to the device. 
They select registers that will be read or 
written. The -lOR and -lOW lines are 
used to select and time reads or writes. 
Because of the number and size of the 
internal registers, an internal flip-flop is 
used to generate one more bit of 
address. This bit is used to determine 
the upper or lower byte of the 16-bit 
address and Word Count Registers. 
This flip-flop can be reset by a separate 
software command. 

Special software commands executed in 
the VL82C37A during the program 
condition are decoded as sets of 
addresses with the -CS and -lOW 
signals. The commands do not use the 
data bus. Clear FirstlLast Flip-Flop and 
Master Clear instructions are included. 
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ACTIVE CYCLE 
When the VL82C37A is in the idle cycle 
and a non masked channel requests a 
DMA service, the device outputs an 
HRO to the microprocessor and then 
enters the active cycle. During this 
cycle the DMA service takes place, in 
one of four modes. 

In the single transfer mode, the device is 
programmed to make only one transfer. 
The word count is decremented and the 
address decremented or incremented, 
following each transfer. When the word 
count is completed from zero to FFFFH, 
a Terminal Count (TC) causes an auto
initialize if the channel has been so 
programmed. 

The DREO signal must be held active 
until DACK becomes active, in order to 
be recognized. H DREO is held active 
for the entire single transfer, HRO will 
become inactive and release the bus to 
the system. It again goes active and, 
upon receipt of a new HLDA, another 
single transfer is performed. In 8080A, 
8085AH, 8088, or 8086 systems this 
insures one full machine cycle execution 
between DMA transfers. Details of 
timing between the VL82C37A and 
other bus control protocols depends 
upon the characteristics of the micropro
cessor involved. 

in the biock transfer mode, the device is 
activated by the DREO signal to 
continue making transfers during the 
service until a TC, caused by word count 
going to FFFFH, or an external end of 
process (-EOP) is encountered. DREO 
need only be held active until DACK 
becomes active. An auto-initialization 
will occur at the end of the service, if the 
channel has been programmed for it. 

In the demand transfer mode the device 
is programmed to continue making 
transfers until a TC or external -EOP is 
encountered or until the DREO signal 
goes inactive. Transfers may continue 
until the 110 device has exhausted its 
data capacity. After the 1/0 device has 
caught up, the DMA service is re
established by a DREO signal. During 
the interval between services, when the 
microprocessor is operating, the 
intermediate values of address and 
word count are stored in the VL82C37A 
Current Address and Current Word 
Count Registers. Only an -EOP can 
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cause an auto-initialize at the end of the 
service. -EOP is generated either by 
TC or by an external signal. 

The fourth mode cascades multiple 
VLS2C37 As together for easy system 
expansion. The HRQ and HLDA signals 
from additional VLS2C37 As are con
nected to the DREQ and DACK signals 
of a channel of the primary VLS2C37 A. 
This permits the DMA requests of the 
additional device to propagate through 
the priority network circuitry of the 
preceding device. The priority chain is 
not broken, and the new device waits for 
its turn to acknowledge requests. As the 
cascade channel of the primary 
VLS2C37A is used only to prioritize the 
additional device, it does not produce 
any address or control signals of its 
own, which could conflict with the 
outputs of the active channel in the 
added device. The VLS2C37 A responds 
to the DREQ and DACK signal, but all 
other outputs except HRQ are disabled. 

Figure S shows two devices cascaded 
into a primary device using two of the 
previous channels. This forms a two
level DMA system. More VLS2C37A's 
could be added at the second level by 
using the remaining channels of the first 
level. More devices can also be 
cascaded into the channels of the 
second level devices, forming a third 
level. 

TRANSFER TYPES 
Each of the three modes of active 
transfer can perform three different 
types of transfers: read, write and 
verify. Write transfers move data from 
an 1/0 device to the memory by activat
ing -MEMW and -lOR; read transfers 
move data from memory to an 110 
device by activating -MEMR and -lOW. 

Verify transfers are pseudo routines: 
the VLS2C37 A DMA Controller operates 
as in read or write transfers generating 
addresses, and responding to -EOP, 
and other operations. The memory and 
1/0 control lines remain inactive. The 
Verify Mode is not permitted during 
memory-to-memory operation. 

To perform block moves of data from 
one memory address space to another 
with a minimum of programming, the 
VLS2C37 A includes a memory-to
memory transfer feature. Programming 
a bit in the Command Register selects 

channels 0 and 1 to operate as memory
to-memory transfer channels. The 
transfer is initiated by setting the 
software DREQ for channel O. The 
VLS2C37A requests a DMA device as 
usual. After HLDA is true, the device, 
using eight-state transfers in block 
transfer mode, reads data from the 
memory. The channel 0 Current 
Address Register is the source for the 
address, and is decremented or 
incremented as usual. The data byte 
read from the memory is then stored in 
the VLS2C37 A internal Temporary 
Register. Channel 1 writes the data 
from the Temporary Register to memory 
using the address in its Current Address 
Register and incrementing or decre
menting it as usual. The channel 1 
current word count is decremented. 
When the word count goes to FFFFH, a 
TC is generated causing an -EOP 
output terminating the service. 

Channel 0 may be programmed to hold 
the same address for all transfers, which 
permits a single word to be written to a 
block of memory. 

The VLS2C37 A responds to external 
-EOP signals during memory-to
memory transfers. In block search 
schemes data comparators may use this 
input on finding a match. The timing of 
memory-to-memory transfers is shown 
in Figure 10. Memory-to-memory 
operations can be detected as an active 
AEN signal with no DACK outputs. 

A channel may be set up to auto
initialize by setting a bit in the Mode 
Register. During initialization, the 
original values of the Current Address 
and Current Word Count Registers are 
automatically restored from the Base 
Address and Base Word Count Regis
ters of that channel following -EOP. 
The base registers and the current 
registers are loaded at the same time. 
They remain unchanged thoughout the 
DMA service. The mask bit is not set 
when the channel is in auto-initialize. 
Following auto-initialize, the channel is 
prepared to perform another DMA 
service, without CPU action, as soon as 
a valid DREQ is detected. 

The VLS2C37 A has two types of priority 
encoding available as software-se
lectable options. The fixed priority 
option sets the channels in priority order 
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based upon the descending value of 
their number. The channel with the 
lowest priority is 3, then 2,1 and the 
highest priority channel is O. After 
recognizing anyone channel for service, 
the other channels are prevented from 
interferring with that service until it is 
completed. 

In the rotating priority option, the last 
channel to get service becomes the 
lowest priority channel with the others 
rotating in order. 

Rotating priority allows a single chip 
DMA system. Any device requesting 
service is guaranteed to be recognized 
after no more than three higher priority 
services have occurred. This prevents 
anyone channel from dominating the 
system. 

To achieve even greater throughput 
where system characteristics permit, the 
VLS2C37 A DMA Controller can com
press the transfer time to two clock 
cycles. State S3 is used to extend the 
access time of the read pulse. By 
removing state S3, the read pulse width 
is made equal to the write pulse width, 
and a transfer consists only of state S2 
to change the address and state S4 to 
perform the readlwrite. S1 state still 
occurs when AS-A 15 need updating 
(see the Address Generation section.) 

To reduce pin count, the VLS2C37 A 
multiplexes the eight higher order 
address bits on the data lines. State S 1 
is used to output the higher order 
address bits to an external latch, where 
they may be placed on the address bus. 
The falling edge of the Address Strobe 
(ADSTB) is used to load these bits from 
the data lines to the latch. Address 
Enable (AEN) is used to enable the bits 
onto the address bus through a three
state enable. The lower order address 
bits are directly sent by the VLS2C37 A . 
Lines AO-A7 are connected to the 
address bus. 

During block and demand transfer mode 
services, including multiple transfers, the 
addresses generated will be in order. 
During a large number of transfers the 
data held in the external address latch 
will not change. This data will change 
when a carry or borrow from A7 to AS 
takes place in the normal order of 
addresses. To expedite transfers, the 
VLS2C37 A DMA Controller executes S 1 
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sJate_s_onJy_whenneadedtcLupdataAa-___ . 
A15 in the latch. For long services, 51 
states and address strobes may occur 
only once every 256 transfers, a savings 
of 255 clock cycles for each 256 
transfers. 

REGISTER DESCRIPTION 
Current Address Register: Each 
channel has a 16-bit Current Address 
Register. This register holds the value 
of the address used during DMA 
transfers. The address is automatically 
incremented or decremented after each 
transfer and the intermediate values of 
the address are stored in the Current 
Address Register throughout the 
transfer. The microprocessor reads this 
register in successive a-bit bytes. It may 
also be reinitialized by an auto-initialize 
to its original value which takes place 
only after an -EOP. 

Current Word Register: Each channel 
has a 16-bit Current Word Count 
Register that determines the number of 
transfers to be performed. The actual 
number of transfers is one more than 
the number programmed in the Current 
Word Count Register; programming a 
count of 100 will result in 101 transfers. 
The word count is decremented after 
each transfer; the intermediate value of 
this word count is stored in the register 
during the transfer. When the value in 
the register goes from 0 to FFFFH, aTe 
is generated. The register is then 
loaded or read in successive 8-bit bytes 
by the microprocessor in the program 
condition. Following the end of a DMA 
service, it may also be reinitialized by an 
auto-initialization to its original value 
which occurs only on -EOP. H it is not 
auto-initialized, this register has a count 
of FFFFH after Te. 
Base Address and Base Werd Count 
Registers: Each channel has a pair of 
16-bit Base Address and Base Word 
Count Registers that store the original 
value of their associated current 
registers. Throughout auto-initialization 
these values are used to restore the 
current registers to their original values. 
The base registers are written at the 
same time with their corresponding 
current register in 8-bit bytes in the 
program condition by the micreproces
sor. These registers cannot be read by 
the microprocessor. 

.Command Register' . This a-bit register 
controls the operation of the VL82C37 A, 
is programmed by the microprocessor in 
the program condition and is cleared by 
reset or a master clear instruction. 
Figure 2 lists and describes the function 
of the command bits. 

Mode Register: All channels have a 6-
bit Mode Register. When the register is 
being written to by the microprocessor in 
the program condition, bits 0 to 1 
determine which channel the Mode 
Register is to be written. 

Request Register: The VL82C37 A can 
responds to. requests for DMA service 
that are initiated by software as well as 
by a DREQ signal. Each channel has a 
request bit associated with it in the 4-bit 
Request Register. These are non
maskable and can be prioritized by the 
priority encoder network. 

Each register bit is set or reset sepa
rately under software control, or is 
cleared upon generation of a TC or 
external-EOP. The entire register is 
cleared by a Reset. To set or reset a 
bit, the software loads the correct form 
of the data word. Table 2 shows 
register address coding. To make a 
software request, the channel must be in 
block mode. 

Mask Register: Each channel has an 
associated mask bit that can be set to 
disable the incoming DREQ signal. A 
mask bit is set when its associated 
channel produces an -EOP, if the 
channel is not programmed for auto
initialize. Any bit of the 4-bit Mask 
Register may also be set or cleared 
separately under software control. The 
entire register is set by a reset, which 
disables all DMA requests until a clear 
Mask Register instruction allows them to 
occur. This instruction to separately set 
or clear the mask bits is similar in form 
to that used with the Request Register. 

Status Register: The Status Register is 
available to be read out of the 
VL82C37 A DMA Controller by the 
microprocessor and contains information 
about the status of the devices at this 
point. This infermatien includes which 
channels have reached a terminal count 
and which channels have pending DMA 
requests. 

Bits 0-3 are set each time a TC is 
reached by that channel or an external 
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-EQg-is applied and are cleared upon 
ieset and on every status read. Bits 4 
through 7 are set whenever their 
corresponding channei is requesting 
service. 

Temporary Register: The Temporary 
Register is used to hold data during 
memory-to-memory transfers. The last 
word moved can be read by the micro
processor in the Program Condition 
following the completion of the transfers. 
The Temporary Register always 
contains the last byte transferred in the 
previous memory-to-memory operation, 
unless cleared by a reset. 

Software Commands: These additional 
special software commands can be 
executed in the program condition and 
do not depend en any specific bit pattern 
on the data bus. 

The clear first/last flip-flop command is 
executed prior to. writing or reading new 
address or word count information to the 
VL82C37A. This initializes the flip-flop 
to a known state so that subsequent 
accesses to register contents by the 
microprocessor will address upper and 
lower bytes in the correct sequence. 

The Master Clear software instruction 
has the same effect as the hardware 
reset. The Command, Status, Request, 
Temporary, and Internal First/Last Flip
Flep Registers are cleared and the Mask 
Register is set. The VL82C37A enters 
an idle cycle. 

The Clear Mask Register command 
clears the mask bits of all four channels, 
enabling them to. accept DMA requests. 

PROGRAMMING 
The VL82C37A DMA Control/er accepts 
programming from ine nosi processor 
any time that HLDA is inactive, even if 
the HRQ signal is active. The host must 
assure that programming and HLDA are 
mutually exclusive. A problem can 
occur if a DMA request occurs, on an 
unmasked channel while the VL82C37 A 
is being programmed. 

For example, the CPU may be starting 
to reprogram the two-byte Address 
Register of a channel when that channel 
receives a DMA request. If the 
VL82C37 A is enabled (bit 2 in the 
command register is 0) and that channel 
is unmasked, a DMA service will occur 
after one byte of the Address Register 

I 
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has been reprogrammed. This can be 
avoided by disabling the controller 
(setting bit 2 in the command register) 
or masking the channel before program
ming another registers. Once the 
programming is complete, the controller 

APPLICATION 
Figure 1 shows a convenient method for 
configuring a DMA system with the 
VL82C37 A DMA Controller and an 
8080Al8085AH microprocessor system. 
Whenever there is at least one valid 
DMA request from a peripheral device, 
the multimode VL82C37 A DMA Control
ler issues a HRQ to the processor. 

FIGURE 1. SYSTEM INTERFACE 

can be enabled (unmasked). 

After power-up all internal locations, 
including the Mode Registers, should 
be loaded with a valid value. This 
should be done to unused channels as 

When the processor replies with a HLDA 
signal, the VL82C37 A takes control of 
the address, data, and control buses. 
The address for the first transfer 
operation is output in two bytes - the 
least significant eight bits on the eight 
address outputs, and the most signifi
cant eight bits on the data bus. The 
contents of the data bus are then 

ADDRESS BUS AO-A15 

~ ~ 

J'Oo. 

VL82C37A 
well. 

latched into the 8282 8-bit latch to 
complete the full 16 bits of the address 
bus. The 8282 is a high-speed, 8-bit, 
three-state latch in a 20-pin DIP 
package. After the initial transfer takes 
place, the latch is updated only after a 
carry or borrow is generated in the least 
Significant address byte. Four DMA 
channels are available when one 
VL82C37 A DMA Controller is used. 

AS-A15 .. 
...... - -OE 

8282 
.. STB 

I 
8-BIT LATCH 

AO-A15 ~./ 
~~ BUSEN ~ AEN AO-A3 A4-A7 -CS ADSTB 
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CPU ClK I-MEMR I -lOR I DREQO-3 I 

J ,. ( ~ c ~ c ~ c~ ~4 4 CLOCK 
"I' " 

RESET 
~ 

" 

}~~L 
-MEMR .... , 
-MEMW ~ 

-lOR n " .. BUS 

-lOW n 
, .. 

OBO-DB7 

~ 
SYSTEM DATA BUS 
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FIGURE 2. COMMAND REGISTER 

7 6 5 4 3 2 1 O~ BH 
Number 

I I I I I I I I I 

L 0 Memory-to-memory disable 
1 Memory-to-memory enable 

0 Channel 0 address hold disable 
1 Channel 0 address hold enable 
X HbitO=O 

I I 0 Controller enable I I 

L 
, Controller disable 

0 Normal timing 
1 Compressed timing 
X H bit 0 = 1 

I I 
0 Fixed priority 

Rotating priority 
I I 

I I 
0 Late write selection 
1 Extended write selection 

I I X H bit 3 = 1 

I 

I 0 DREQ sense active high 
1 DREQ sense active low 

0 DACK sense active low 
1 DACK sense active high 

FIGURE 3. MODE REGISTER 

7 6 5 4 3 2 1 o ... Bit 

I I I I I I I I I Number E 

T TL 00 Channel 0 Select 
01 Channel 1 Select 
10 Channel 2 Select 
11 Channel 3 Select 

I 

I 
00 Verify transfer 
01 Write transfer 
10 Read transfer 
11 ltIegal 
XX If bits 6 and 7 = 11 

0 Auto-initialization disable 
1 Auto-initialization enable 

0 Address increment select 
1 Address decrement select 

00 Demand mode select 
01 Single mode select 
10 Block mode select 
11 Cascade mode select 
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FIGURE 4. REQUEST REGISTER 

7 6 5 4 3 2 1 o .. Bit 
Number 

I I I I I I I I I 
I 

~ 
00 Select channel 0 

Don't 01 Select channel 1 
care 10 Select channel 2 

11 Select channel 3 

0 Reset request bit 
1 Set request bit 

FIGURE 5. STATUS REGISTER 

7 6 5 4 3 2 1 O~ Bit 

I I I I I I I I I Number 

I' I I 11~ Channel 0 has reached TC 
Channel 1 has reached TC 
Channel 2 has reached TC 
Channel 3 has reached TC 

Channel 0 request 
Channel 1 request 
Channel 2 request 
Channel 3 request 

TABLE 2. REGISTER CODES 

VL82C37A 

FIGURE 6. MASK REGISTER (SELECT MODE) 

Bit 7 6 5 4 3 2 1 O~ 
Number 

I I I I I I I I I 
00 Select channel 0 mask bit 

I I 01 Select channel 1 mask bit 
Don't 10 Select channel 2 mask bit 
care 11 Select channel 3 mask bit 

0 Clear mask bit 
1 Set mask bit 

FIGURE 7. MASK REGISTER (MASK MODE) 

Bit 765432104--
I I I I I I I I I Number 

I 

L 
0 Clear channel 0 mask bit 

Don't 1 Set channel 0 mask bit 
care 

0 Clear channel 1 mask bit 

C 1 Set channel 1 mask bit 

0 Clear channel 2 mask bit 
1 Set channel 2 mask bit 

0 Clear channel 3 mask bit 
1 Set channel 3 mask bit 

Signals 

Register Operation -CS -lOR -lOW A3 A2 A1 AO 

Command Write 0 0 0 0 0 

Mode Write 0 0 0 1 1 

Request Write 0 0 0 0 

Mask Set/Reset 0 0 0 0 

Mask Write 0 0 1 1 

Temporary Read 0 0 1 0 

Status Read 0 0 0 0 0 
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Signals 

A3 A2 A1 AO -lOR -lOW 
Operation 

1 0 0 0 0 1 Read Status Register 

1 0 0 0 1 0 Write Command Register 

1 0 0 1 0 1 Illegal 

1 0 0 1 1 0 Write Request Register 

1 0 1 0 0 1 I Illegal 

1 0 1 0 1 0 Write Single Mask Register Bit 

1 0 1 1 0 1 Illegal 

1 0 1 1 1 0 Write Mode Register 

1 1 0 0 0 1 Illegal 

1 1 0 0 1 0 Clear Byte Pointer Flip/Flop 

1 1 0 1 I 0 -4 I Read Temporary Register I 

1 1 0 1 1 0 Master Clear 

1 I 1 I 1 0 I 0 I 1 I Illegal 

o o Clear Mask Register 

o Illegal 

o Write All Mask Register Bits 

FIGURE 8. CASCADED VL82C37A CONTROLLERS 

2ND LEVEL I 
1ST LEVEL VL82C37A 

MICROPROCESSOR 

+-- HRQ DREQ .~ 

---- HLDA DACK -----
VL82C37A 

DREQ ~ HRQ 

DACK ~ HLDA 

INITIAL DEVICE 
V182C37A 

ADDITIONAL DEVICES 
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TABLE 4. WORD COUNT AND ADDRESS REGISTER COMMAND CODES 

Channel Register Operation 
Signals Internal Data Bus 

-CS -lOR -lOW A3 A2 A1 AO Flip-Flop DBO-DB7 

0 Base and Current Address Write 0 1 0 0 0 0 0 0 AO-A7 
0 1 0 0 0 0 0 1 A8-A15 

Current Address Read 0 0 1 0 0 0 0 0 AO-A7 
0 0 1 0 0 0 0 1 A8-A15 

Base and Current Word Count Write 0 1 0 0 0 0 1 0 WO-W7 
0 1 0 0 0 0 1 1 W8-W15 

Current Word Count Read 0 0 1 0 0 0 1 0 WO-W7 
0 0 1 0 0 0 1 1 W8-W15 

1 Base and Current Address Write 0 1 0 0 0 1 0 0 AO-A7 
0 1 0 0 0 1 0 1 A8-A15 

Current Address Read 0 0 1 0 0 1 0 0 AO-A7 
0 0 1 0 0 1 0 1 A8-A15 

Base and Current Word Count Write 0 1 0 0 0 1 1 0 WO-W7 
0 1 0 0 0 1 1 1 W8-W15 

Current Word Count Read 0 0 1 0 0 1 1 0 WO-W7 
0 0 1 0 0 1 1 1 W8-W15 

2 Base and Current Address Write 0 1 0 0 1 0 0 0 AO-A7 
0 1 0 0 1 0 0 1 A8-A15 

Current Address Read 0 0 1 0 1 0 0 0 AO-A7 
0 0 1 0 1 0 0 1 A8-A15 

Base and Current Word Count Write 0 1 0 0 1 0 1 0 WO-W7 
0 1 0 0 1 0 1 1 W8-W15 

Current Word Count Read 0 0 1 0 1 0 1 0 WO-W7 
0 0 1 0 1 0 1 1 W8-W15 

'r'."'" 

3 Base and Current Address Write 0 1 0 0 1 1 0 0 AO-A7 
0 1 0 0 1 1 0 1 A8-A15 

Current Address Read 0 0 1 0 1 1 0 0 AO-A7 
0 0 1 0 1 1 0 1 A8-A15 

Base and Current Word Count Write 0 1 0 0 1 1 1 0 WO-W7 
0 1 0 0 1 1 1 1 W8-W15 

Current Word Count Read 0 0 1 0 1 1 1 0 WO-W7 
0 0 1 0 1 1 1 1 W8-W15 
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TABLE 5. DMA MODE AC CHARACTERISTICS 

I VL82C37 A=05 - VL82C37A-OS 
Symbol Parameter Min Max Min Max Unit 

TAEl AEN High from ClK low (S1) Delay lime 200 105 ns 

TAET AEN low from ClK High (S1) Delay lime 130 80 ns 

TAFAB ADR Active to Float Delay from ClK High 90 55 ns 

TAFC Read or Write Float from ClK High 120 75 ns 

TAFDB DB Active Float Delay from ClK High 170 135 ns 

TAHR ADR from Read High Hold TIme TCY-100 TCY-75 ns 

TAHS DB from ADSTB low Hold lime I I')n I I 40 I ns vv 

TAHW ADR from Write High Hold lime TCY-50 TCY-50 ns 

DACK Valid from ClK low Delay lime (Note 7) 170 105 ns 

TAK -EOP High from ClK High Delay Time (Note 10) 170 105 ns 

-EOP low from ClK High Delay lime 170 105 ns 

TASM ADR Stable from ClK High 170 105 ns 

TASS DB to ADSTB low Setup Time 100 I I 65 ns 

TCH Clock High Time (Transitions ~ 10 ns) 80 55 ns 

TCl , Clock low lime (Transitions ~ 10 ns) , 68 
T 1 43 I ns ! 

TCY ClK Cycle lime 200 i 125 ns ! 

TDCl ClK High to Read or Write low Delay (Note 4) ! 190 120 ns 

TDCTR Read High from ClK High (S4) Delay lime (Note 4) I 
i , 190 , ! 115 I ns 

TDCm Write High from ClK High (S4) Delay (Note 4) 130 80 ! ns 

TDQ1 
I 120 75 ns 

TDQ2 
HRQ Valid from ClK High Delay lime (Note 5) 

120 75 ns 

TEPS -EOP low from ClK low Setup lime 40 25 ns 

TEPW -EOP Pulse Width 220 135 , ns , 
TFAAB ADR Float to Active Delay from ClK High 170 100 ns I 
TFAC Read or Write Active from ClK High 150 90 ns 

TFADB DB Float to Active Delay from ClK High I 200 110 ns 
--

THS HlDA Valid to ClK High Setup lime 75 45 ns 

TIDH Input Data from -MEMR High Hold lime 0 0 ns 

TIDS I Input Data to -MEMR High Setup lime I 170 I I 90 I ns 

TODH Output Data from -MEMW High Hold lime 10 10 ns 

TODV Output Data Valid to -MEMW High 125 90 ns 

TQS DREQ to ClK low (S1,S4) Setup lime 0 0 ns 

TRH ClK to READY low Hold lime 20 I 20 ns . 
i i 

TRS READY to ClK low Setup TIme I 60 I I 35 ns 

TSTl ADSTB High from ClK High Delay lime I I 130 I 110 ns 

TSTT ADSTB low from ClK High Delay lime I I 90 I 65 ns 

Explanatory notes follow DC Characteristics Table. 
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FIGURE 9. DMA TRANSFER TIMING (SEE TABLE 5.) 

elK y~VC~~1~~~'FCr4:Ci: PL,p~~ 
-=;JrQS~ ~~QS ~ ---. TCl ~ L--' TCH 

DREQ L.L.7" \ \ \~ \ \ \1\ \\\U ~ TCY ~ 
TDQ~ ~ TDQ~. ~t-

HRQ x- \L _________ /1 rns~ 4- ~I+-~------------

HlDA ____ --L/.....L...'/~ fIr- ~ \ \ \ \\ \ \ \ \ \ \ 
TAEL 14-~ ...... ~ TAET 

AEN -----------+----f~.---. ~ TSTT )r-it" ____ __ 

TSTL ~J -~ ~ TEPS 
1 ~"\ 
J. 

~ ~~-TASS+--~+4-~-~--~+-~--------

TFADS ....... r4-TAHS -~ II-- TAK 
I ~ .. If<- ~ 

J 
~M-~5!~--~--+~~~T~-+M--+-~-~-~--·TA-FA-B----

TFAAB ~~ - TAFDB I 14-. TAHW :- TAHW 

ADSTB 

DBO-DB7 

AO-A7 ------------+---+---«:" ADDRESS VAUD - r- ADDRESS VAUD 

~ t.. ~ TA~R ~tt"'~TAHR 

DACK 7f- '" 
--------------+-~~ mCl ,~~~------

TFAC ~ ~ TDCTR:-II~ ....... TDCTR ... ... ~TAFC 
-IOR,-MEMR ____________ -+-__ ""'"-"1"" ~_ Ic'"~~ ll~~~-------

~I filii- TDCTW TDCTW. 

-IOW,- MEMW ___________ -+-_----1J.r----r+-)--I\. "} ~)~ ~ jlr .. -----.Jl--_______ _ 

~- mCl 14-- TAK 

(FOR EXTENDED WRITE) .1 

INT/- EOP 

EXT/-EOP 

TAEL ... IIo.J TAET 

AEN* 

* In Cascade Mode the AEN signal returns low in the 54 cycle one cycle earlier than when in single transfer mode. 
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so S11 S12 S13 S14 S21 S22 S23 S24 SI 

ADSTB 

TFAAB I.-TAHS 
I I 

TAFAB ... I ~ 

AO-A? ADDRESS VALID 

DBO-DB? OUT 

-MEMR 

-MEMW 

-EOP 

EXTf-EOP ~//l 
I 
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TABLE 6. PERIPHERAL MODE AC CHARACTERISTICS 

VLS2C37 A-QS VLS2C37 A-QS 

Symbol Parameter Min Max Min Max Unit 

TAR ADR Valid or -CS Low to Read Low 50 30 ns 

TAW ADR Valid to Write High Setup lime 130 80 ns 

TCW CS Low to Write High Setup lime 130 80 ns 

TDW Data Valid to Write High Setup lime 130 80 ns 

TRA ADR or CS Hold from Read High 0 0 ns 

TRDE Data Access from Read Low (Note 3) 140 120 ns 

TRDF DB Float Delay from Read High 0 70 0 70 ns 

TRSTD Power Supply High to RESET Low Setup lime 500 500 ns 

TRSTS RESET to First -IOWR 2TCY 2TCY ns 

TRSTW RESET Pulse Width 300 300 ns 

TRW READ Width 200 155 ns 

TWA ADR from Write High Hold lime 20 10 ns 

TWC CS High from Write High Hold Time 20 10 ns 

TWD Data from Write High Hold Time 30 20 ns 

TWWS Write Width 160 100 ns 

Explanatory notes follow DC Characteristics 

FIGURE 11. SLAVE MODE WRITE TIMING (SEE TABLE 6) 

-CS TCW 

TWWS 

-lOW 

lAW 

AO-A3 INPUT VALID 

TOW 

DBO-DB7 INPUT VAllO 
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~I A VE MODE READ TIMING (SEE TABLE 6) ---fIGIlRE 12 ~ 

-Cs 

AO-A3 

-iOR 

ADDRESS MUST 8E VALID t-----~~~~~~~~------~_=~~~TRA 

TAirLtl4...-==~_TR_W _~~~ I 

VL82C37A 

.-..-~ - TROE ----,...,..t~ j.- TRDF j 
080-087----------------------------._ OATAOUTVALIO =f-

FIGURE 13. READY TIMING (SEE TABLE 5) 
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FIGURE 14. COMPRESSED TRANSFER TIMING (SEE TABLE 5) 

52 54 52 54 

ClK 

AO-A7 

-READ 

-WRITE 

READY 

TAK 

INT/- EOP 

TEP5 ..... ---. 

~-- TEPW----I .. 

EXT/- EOP 

FIGURE 15. RESET llMING (SEE TABLE 6) 

VCC _____ ~r~-------
..... ---

TRSTD -------I.~I 

TR5TW ------I .. 

RESET 

--------------------f r--~I 
-lOR OR -lOW 
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ABSOLUTE MAXIMUM RATINGS 
---SOpply Voltage -0.5 to 7.0 V 
Input Voltage -0.5 to 5.5 V 
Output Voltage -0.5 to 5.5 V 
Operating Temperature O°C to + 1S0°C 
Storage Temperature -65°C to + 1S0°C 

DC CHARACTERISTICS: 

Symbol Parameter 

I 
VOH Output High Voltage 

VOL Output low Voltage 

VIH Input High Voltage 

Vil Input low Voltage 

III Input load Current 

IlO Output leakage Current 

ICC VCC Supply Current 

CO Output Capacitance 

C1 Input Capacitance 

CIO 110 Capacitance 

AC and DC Characteristics Notes: 

Stresses aoove those listed under 
"Absolute Maximum Ratings" may cause 
permanent damage to the device. This 
is a stress rating only and functional 
operation of the device at these or any 

Min Typ (1) Max Unit 

2.4 I V 

3.3 V 

4S0 mV 

2.2 VCC+0.5 V 

-0.5 0.8 V 

±10 JlA 
±10 J.lA 

30 mA 

4 8 pF 

8 15 pF 

10 18 pF 

VL82C37A 

other conditions above those indicated 
in the operational sections of this 
specification is not implied. Exposure to 
absolute maximum rating conditions for 
extended periods may affect device 
reliability. 

Test Conditions 

i !OH ... -200J.L-A.. 

10H = -100 J.lA (HRO Only) 

10l = 2.0 mA (data bus) -EOP 
10l = 3.2 mA (other outputs) (8) 
10l = 2.S mA (AOSTB) (8) 

OVsVINsVCC 

0.45 V s VOUT s VCC 

Clk. Freg. = 5 MHz, 8 MHz 

fC = 1.0 MHz, Inputs = 0 V 

1, Typica! values are for TA ... 25°C, nomina! supply voltage, and nominal processing paiamatais. 

2. Input timing parameters assume transition times of 20 ns or less. Waveform measurement points for both input and 
output signals are 2.0 V for high and 0.8 V for low, unless otherwise noted. 

3. Output loading is one TTL gate plus 1S0 pF capacitance, unless otherwise noted. 

4. The net -lOW or -MEMW pulse width for normal write will be TCV -100 ns and for extended write will be 2TCV -100 ns. 
The net -lOR or -MEMR pulse width for normal read will be 2TCV-SO ns and for compressed read will be TCV-SO ns. 

S. TOQ is specified for two different output high levels: TOQ1 is measured at 2.0 V, TOQ2 is measured at 3.3 V. The value 
for TDQ2 assumes an external 3.3K ohm puli-up resistor connected from HRQ to vee. 

6. OREO should be held active until OACK is returned. 

7. OREO and OACK signals may be active high or active low. Timing diagrams assume the active high mode. 

8. Successive read and/or write operations, by the external processor, to program or examine the controller must be timed 
to allow at least 400 ns for the Vl82C37A-OS and at least 2S0 ns for the Vl82C37A-08, as recovery time between active 
read or write pulses. 

9. -EOP is an open-collector output. This parameter assumes the presence of a 2.2 k.Q pull-up resistor to VCC. 

10. Pin S is an input that should always be at a logic high level. An internal pull-up resistor will establish a logic high when 
the pin is left floating. It is recommended, however, that pin S be tied to VCC. 
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NOTES: 

6·126 



• VLSI TECHNOLOGY, INC. 

SECTION 7 

APPLICATION 
INFORMATION 

Logic Products Division 

I 



• VLSI TECHNOLOGY, INC. 



• VLSI TECHNOLOGY, INC. 

APPLICATION NOTE 

r;:::::= ~ 9 r as c1!!-

SXf387SX TO VLSI PC/AT 80286 CHIP SET (Cont) --/coS16 

AGURE1. 386 ~ ________ ~ __ ~~ ____ ~~~~~~~~~~ 
-BUSY 

------------__ ~~RROR .====-=-=-=-~~==--==:::;;~~==== 
- ---, US PAl16R6--;;-l -

-L= ~ --"-118 17 
11 - ~ ~ 17 Q5~h _Ml-IO 

::::~J~I::::;;;;;;;==================Jttj::::::::~:::::=l::::~~I~::::::::==2 16 04+: I __ ~1 ~-~~~~~~~-~t'II~1 ~~~~~~~~========il-r~r:~R~5~~ ~ 15 03~-1 i. ~O 
1 - ~ I I I 20 Kn ---2.. 14 02 14 

= I I I I I +5 V 1\ A.......a--+-t-- 4 13 Q1 * I I III U1 80386SX -, II \1 Il' I! ~:~ ~~~~ -sHE 
I 1115 ~-CLK2 -LOCK ~ ---I~+--~I C!,< OEJ -----lH~r--:-33:11 RESET W/-fl ~ J I j;' 

7 -READY O/-C 11.£...~4--11-+-+-t----- J! L ----l1 _11 
---------:4:1 HOLO Mf-IO U1-~3~~,-+-t---- _CPUHLOA 

---------=38::1 NMI -ADS (j1=-t~6=~1~::::±~:::::::::::::::::::::::::::::::::-~~---=::::::::::::::::====j------~ PEREO HLDA Ii ! ~ _ 
--R-1--1--0-;-;-K n 3~ -ERROR -BHE 111~9_---+-+ _______ 1 U874F373 _NJ 

,5 V--'Vv< "i.., -BUSY -BLE 17 8 _ ~l:1~9:..-.--_______ _ 4~I'NTR _ 1~ 80 8Q 16 A1 

-------:::1 l~-_tI-+1 ------iI11-!]7 70 70 15 _A2 - 46 

--NA A1 18 ~ 60 8Q '12 _1<3 

A2 U5~1--+~------IIJ:~ 50 50 rg _M 

A3 D5~2~-+-------\JI=!]8 40 40 r- _AS I 

I 7 6 NJ i A4 53 _ 3D 3Q '5 
AS 54 I ...i. 20 2Q L!2~------- _A7 
A6 U~~5,-----+1-------ll,=~3 10 10 r _AJ3 

A7 ~ ,I EN ~ AS 

AJ3 58 1 --, II J11 11 _A10 .....::0=0 __ ..L
1 

00 ~~-+------i~ U --1 

;~~ '~ ~~ ;~ i I ~ r .... 
1

t
l====U=9-74-F3n III ~i; 

r D4 ~ D4 A13 64 1 I L 1'1.;70 8Q 19 I A15 

~ ~ ~ ~ji~ _ ~II~~ ~~~jjlll~~j~ ~~~::~:01 ==:=~~ ~r~ :: ~ :--. ~ I [ '+: ~ ~ ~ -~ III If:! ~.....::~=-:..~-=-23 -~-=--l ~:: ~~ L - - , i EN" o~ I I Ii:' 
~-=~,-,-~4~5--~:~ ~:: ~80 l. I J- JI II III (:01 V-,...!L!L-~'-L:._':':"______ II Iii 11111 1, U1D74F3~ 19 V-~~ 

+5 V=", 9,10, 21, 18 -180 8Q , ~ V- 4 

32, 39,42,48, ~~L---41il-1=-=7'J I 7D 70 ~6 1 v- D 
57, 69, 71, 84, I I 14 8Q ,JL--- _ J V- 05 
91,97 L----i,~,-I 6D 12 _ 1.-06 

1 13_ 50 50 ~ GNO=2, 5, 11, I - ]1 IL 40 40 U9L-______ 07 
12,13,14,22, I ~ 7 30 3Q 6 ~ V-

08 
35,41,", SO, -- 2Q 5 j V- OS 
63,67,68,77, I 10 2 r 010 ~,8~~ 011 

~ OE V-

I' 4 20 
I: 3 10 
I I 

EN I! 
I! 

Ii 1--
J11 V- 012 

V- 013 

V- 014 

r015 

_____ ~l ________ -=::::::::::::::::::::::::::::::::::::::::::::::~~~~~~~~: ___ IOC_HR_D_Y _____ ~ __ 
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TABLE 1. 386SX PAL EQUATIONS 

TITLE 386SX TO 286 STATUS 
PATTERN P9-286.PAL 
REVISION B 
AUTHOR AL WEIDNER 
COMPANY VLSI PHOENIX, AZ. 
DATE 10/25/88 

CHIP P9T0286 PAL16R6 

APPLICATION NOTE 

;PIN# 1 2 
CLK2 MI03 

;PIN# 11 12 
fOE /BHE2 

3 4 5 6 7 8 9 10 
WRT3 CMD3 /ADS /RDY286 /BHE3 RST286 NC GND 

13 14 15 16 17 18 19 20 
/SFAZI ISO /SI MIO ADS2 SYSCLK RST386 VCC 

EQUATIONS 
/ADS2 := /(ADS*/ADS2) 

BHE2 BHE3*ADS2 + BHE2*/ADS2 

SFAZl:= ADS2*RDY286 

/SYSCLK := SYSCLK + SFAZI 

/RST386 = /(RST286 + RST386*RST286 
+ RST386*SYSCLK) 

/MIO := /«ADS*MI03)+(/ADS*MIO)) 

SI := ADS2*RDY286*/WRT3 
+ ADS2*RDY286*/CMD3*MI03 
+ SFAZl*SI 

SO := ADS2*RDY286*WRT3*MI03 
+ ADS2*RDY286*CMD3*WRT3 
+ ADS2*RDY286*/MI03*/CMD3*/WRT3 
+ SFAZl*SO 

;2ND PHASE OF ADS, WHETHER READY OR N01 

;LATCHED /BHE 

;IST STAT PHASE, ALWAYS FOLLOWS ADS 
; WHEN READY 

iINTERAL SYSCLK - SYNC EACH STATUS CYC. 

iRESET TO TURN OFF ONLY DURING PHASE 2 

;286 MIO, LATCHED BY ADS 

;286 SI, HELD FOR 2 PHASE STAT CYCLE 
; 0 ALL OTHER TIMES 

;286 SO, HELD FOR 2 PHASE STAT CYCLE 
; 0 ALL OTHER TIMES 
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TABLE 2. 387SX PAL EQUATIONS 

TITLE 387SX INTERFACE PAL 
PATTERN 387SX.PDS 
REVISION B 
AUTHOR AL WEIDNER 
COMPANY VLSI PHOENIX, AZ. 
DATE 11/16/88 

CHIP 387SX PAL16R8 
i PIN# 
; 1 2 3 4 
CLK4 Nr" RES2871-f ~.,..., 

~'- 1'11.., 

ill 12 13 14 
/ENAS IORDY /Q5 /Q4 

EQUATIONS 

5 
NC 
15 
/Q3 

APPLICATION NOTE 

6 7 8 9 ' () .l.V 

NC NC NC NC GND 
16 17 18 19 20 
/Q2 /Ql /QO RES387 VCC 

i6 BIT COUNTER - COUNTS WHEN RES287M IS HIGH, RESETS TO 0 WHEN RES287M IS LOW 
; 

:= RES287M * /QO 
:= RES287M * (Ql:+:QO) 
:= RES287M * (Q2:+: (Ql*QO» 
:= RES287M * (Q3:+:(Q2*Q1*QO» 
:= RES287M * (Q4:+:(Q3*Q2*Ql*QO» 

QO 
Q1 
Q2 
Q3 
Q4 
Q5 := RES287M * (Q5:+:(Q4*Q3*Q2*Q1*QO» 

/IORDY := RES287M * /(Q5*Q4*Q3*Q2) iPULLS IORDY (LOW) UNTIL CNT = 3Ch, 
i THIS CAUSES RES287M TO STAY HIGH 

/RES387 := /RES287M + Q5 iGENERATES THE 387SX RESET FOR 32 CLKS 

iDESCRIPTION 
PULLS "IOCHRDY" TO HOLD THE CPU WHILE THE 387SX IS PERFORMING ITS RESET 

i SEQUENCE. 
; ALSO GENERATES A LONGER RESET (32 eLKS WIDE) TO THE 387SX 
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APPLICATION NOTE 
NOTES: 
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12 MHz PC/AT-COMPATIBLE SCHEMATICS 

I 
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RDR BUS 

XR BUS 

I 

XR4 
..xAI 
XA2 

SOCKET 
U126 
81287 

PROtLIC ~ ClK PEREQ 24 PEREQ 
RES2B7 35 RESET ERlmR 28 E ROR. 
REA lV. 4. mm'f BU5l 25 B iV. 

XI 3R. 27 IP1m O' 23 
XI )v. RPVI 01 
NP :s. RP5'T 02 

NP5~ 03 03 
9 CMO' 04 

(HOI 05 
5 •• 251 06 17 
51. 'S1 07 

COD/INTR. 
mt%'" 08 

PEAa. Si 09 Oli 
PROCLK 3' CLK28e D11 

trUHLDft 38 HLOR Oil 11 

1 aM OJ2 8 
SV-I 013 7 
GNO-JI,SI 014 6 

T 015 5 15 

---~o 1 
o 2 J31 wT:m~Rl 

U4 
474LSII 

r---...... -+--~ 

~ ..... l---t 

.~-+-I~~U4 50 
I~T. .::t[)lJ 

MODE 

IPROCLK 31 cLie 

SOCICET 
U125 
81288 

IRESI:PU 29 RESET 
REAl Y. R!FJD'f 

!I !~ 
!l 51. 

MIni IB MIlO. 
CPUtftD HOLD 

NMI NHI 
PEREIl PEREQ 

CDD/rRTIf to!la~_-+-+-_-+h 
HLDA ... IS~~'!"'f--~ 

mIU tr!ACK 
EltL 5 mtM 

BUSY. 5 !D!T 
lNTIl _51 INTR 
r--_ ... 5Aj~ CAP 

lIRE BHE. 
au a8_ N/C 

AI -AI 
Al A 
A2 A .J ..-+-+-1+-++++--
AS A :I~i~l47 -15Y-SI,82 

... ,.. I &NO-9,35,81 R4 ~27:--~ .... 
AS 

DI 36 DI 
38 01 

1~~..;;4~1 02 
~~.....;:4.:;t2 os 

.44 04 
46 05 
4806 

5 
OS 

1~!,--.....:]!5~1 07 
37 08 

I~IL",-~ 09 
II DSI 

Ol! • 011 
2. 012 

l3 47 013 
li. 49 OJ4 
lS ~. 015 

AI 
R7 
R8 AI 
R9 J 

AI. 21 A L 
Rll 2. _8 J 

Al2 119 R 
AIS lla Al J 

A14117 AU 
AI5J..;:.I,;;.S~~1 
Al8 t;.1;;..S ~~I 
R17~'~~~"'1 
AI8~j~~'11 
Al 9 ............. A:.;;I~9 ". ...-+-H+l!"'I-+++t-+-+ 
A21 tA2 J 
A21 ,I A2 
A22 E 112 J 
R23 7 R2 

~~~~~--------------~~~++~~----------------+~~~~ 

TO PA&iE 2 x 
DATA BUS 
TO PAGE 3 

~ • 
TO PAGE 4 

TO PAGE 5 • 
I f 

TO PRGE 8 • • 
READV. (8) I 

110 CHANNEL • 
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U123 
74AlS2044 

C2l BDAT 17 "A4 2Y4 3 SPKOUT (2) 
~-_~1~51.2~IA3 2Y3 5 Dsf 
~ ______ I~l3~AlftA'22Y27 ClK 
I 11 =Al 2Y1 9 R5TDRV r+-"":':X::-::HE=H=V-1..a.;-r.z 8 61• t? 

lA" lY4~ __ -t lAS lYS1i Iy.,,,, •• 
~lA2 lY2Hi~'- I I ~IAl 1Y1r' XM"'R·~8) II ~--U-I-24--e-2C-l-'1--SD-CK-f-T---+I-+-+-1 +++-+------.U llG 2G i SYS~ .. 

(6) PVftiD 8 POVERGDOD Dl i7 (11 i ."5. 
L.....l; 1D' RESCPU tg RES CPU I '-+-+++-+-........., l. 

(2,8) =RC=--__ -+-+-___ oWI ftC RESET J;.!5!!--::~~+_+~~_+-----: ... ~.!!iR!=s!:ET-'-.. 
L...-__ ::IXTAll-1 PMOCU: 8 PROCLae ""' 

'--____ ~ XTRll-2 SYSClK\:.:.-7 ____ ~~+-~~=""'!"...I--_~ 
N/C ~ XTAl2-1 PCLK ~ ____ ~~+-~-=~P'ICL~J!Ao...Cl 

.--___ &...-w44 XTAl2 .. 2 1IC:X ~---:==-=_---1-+-+-+--..LP~ClI.K~I .... , 
__ -'-____ ~7 !I' OsC ~--lD==S=C.=--_----J 
__ -4-____ -s.::.l!I "HZU9 ~ _____ -t-i~ __ !l. ___ ~ _______ ~8"/m ~~5~5 __________ ~~~ 
___ -+-____ ~1~5A. DT/R~2~8 ______ -+-+-~ ____ ~~D~T~r/~RI 
__ -+-___ .... -1~1. Al CNTlDF'~ _____ -4-",,""-~ __ ~CN~'Tl!d"OlLlf-,-f"" 
__ -+-___ .... 22~DRE' 1J!R[D D!N[o.""' 
__ ~ ____ ~.:t.I4 IDCHROY tmm1 ~ ______ --+-+-+--__ -I-...IiDIldJ!.ENIHLt.f1:....""' 
~~ _____ ~J~~Fle ~~---------4-~ ""' 

_-+--+-___ ...,;Ip;.jl tlJt!TI ALE 9~_------+-+-----.l--..g!&! ALE,-
---+--+----~~~ mn lAS ti:~ ____ _++_-----_I_~,."" c""' 
_-+--+--___ ...;701!1t ~ ENDRAS l 
_-+--+-___ ~8~ mtm RAMAlE~4 -----+1h 
r---+-+-____ ..L7~ t:RRtJ IlIJft! S C5ROMI. 
:t::;*$~~=lIl!51 CPUHlDA mK ~'2!------~...J=~-~f::!::i!!!!l!!:~"", ... 1 JORa 
l" 8 RR!T!R' mv 41 10V. "'" 

118 XAI RERRMEMR. 
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SAl8 ~ IOV. 
SAl1 ~ lOR. 
SAl6 1:- OACKS. 

"4 AlS ...;.:::- ORQ3 " 
;814 is- DaCK.!. '"' 
R13 4 ORDI 

• ;812 ~ _REf. " 
SAil ~ ClK 

t~· =!~: ~" 
RS ~ IR 15 
;R1 ~ IR 4" 

SR6 ~ IRD3 
SAS -I- OACK2."""'I 

;A4 ~ TIC 
;83 I BRLE" 
;R2 8 +5 
Rl 4 O-.Sc. 

SRI ~ GNO 
1~~--~~~~~,1 

7-22 

J3 
A B 

1.0CHIC. ~ 6NO 
S07 r-r RSTOITY 
SDB ~ +5 
SOS ~ IRD9 

4 ~ -5 
3 ~ ORQ2 
2 a:: -t2 
I ~ IVSe" 

SOl ~ +J2 
IOCHROVtJ\: 'NO" 
AEN ~ SMEMV. 

-SR19 * SMEMR. 
SA18 ~ lOVe 
SA17 ~ IOIT. 
SA16 * OACKS. 
SAl5 ~ DRaa 

14 r-f!r _(Xl e 
13 ~ ORQl 

-4 12 ng- REFe 
11 ~ CLK 

SAil t! IRQ7 
1'9 "22 !ROS 
AS r-=- IRDS 
;A7 ~ IRQ .. 
;R8 ~ IItD3 

SR5 ~ DACK2tt""""l 
SA4 ~ TIC 

13 Te BAL 
2 ~ +5 
.1 ~ OS 
II ~ GN[) 

I~~--~JUL~~~~' 

Jl1 
C 0 

SBttE. ~~ 
t.....:=L;:.A2;a3:---tT I OCS lBa 
I~L;,;.A2;;:2;.-~T IRQl1 

l8.2l ~ 1ft 11 '" 
1"'-~L.A"""':2~......jr+- 1R 112 ~ 

lAI9 ~ lit 115 
'-lR18 ~ 1R 14 

I.....;:;L;;;.A;;,:17;,....-~+ OACKI. 
MEMR. ~ ORal 
INV. IJI OAC :5-

• .,....;-j ~1=-----4m- 0 tflS 
1.....-!~19~---1T20AC a ....... 

4 II H"i"' 0 taa 
I.....-:SD::-l~t~~T4 DACPe 
tAS=-D~12:---f~ ORa7 

S013 ~ +5" 
-sou dI: MASTER-
SOlS tn:: GNO " 



10CHICe 
' .. 07 

508 

J4 
A B 

r-:- GND 
~ R5TDRV 

+5 
SOS T 

~ IRII9 " 
SO. -S 

D_3 ~ JlRJ12. 6 

:~~ n= -12 
IVS.'" 

01 ~ +12 
IOCHROyt& liND" 

EN ~ SHEHVe 
A19 * SHEMRe" 
AlB tr lOVe" 
A17 m: lOR. 

SR1S 1~ DRCKS. 
SAIS ~ DRQ3 
5914 d:!: DACKle" 
5Ai3 DRiii 
'SA12 d! ~Efe'" 
SA 11 CLIC 
SRll ~ IRQ7 " 
SA9 ~ IRQ6 

A8 ~ lAS" 
R7 ~ IRQ4" 
iRS J.!. IRD3 
A5 ~ DACK2.~ 

SA. ~ TIC 
5A3 it BALE 

.SA2 ~ +S 
-SRI 11- OSC" 
. SRI Tl GNO " 

----" 
J12 
C 0 

SBHEa ci'~ lR23 ~ 10 SlSe 
LR22 ~ [Rill I " 
LA21 ~ IRDII 
LA21 ~ tRII12 
LA19 tRillS 

1.R18 d= [R1I14 
LR17 DACK .. 
MEMR. + ORDI 
MEHV. ,. DACKS-
SPB m= O~ 
-509 t2D8CK6e"""" 
·5011 ~ ORQ8 
5011 ~ DACK7e" 
5012 ~ ORD7 
5013 ~ +S" 
SOH d!MASTERe 
'S015 tn: 6NO~ 

~ 

EI 
DRTEI 

7-23 

OCHKe 
,07 

jD8 
j 05 

J5 
A B 

--:-- liND -!- R§TORV 

-4- +5 + IRD9 
SO. I-::- -S 
SD3 + ORD2" 

02 tt: -12 
j 01 I-:- IVS.""I 
O' + +12 
DCHRDY t:rr GNO 

AEN ~ SHEHV. 
A19 * SMEMR-" 
Al8 tr JOV-" 
iA17 ~ lORe 
iAI6 * D8CKS." 

SAIS ~ DRII3 
SAl. * DACKI--"" 
iRiS ~ DRiii 

cAl2 11- REF-
-j AU ~ CLlC-'" 
jAl' rn:: tRII7 
SR9 ~ IRQ6 

A8 ~ [RQS 
A7 ~ IRQ4 
iRS IRQ3 
AS ~ DACIC2e~ 

SR4 ~ TIC 
SA3 ~ BALE" 
SA2 J!- +S 
SRl ~ OS[ 
SRI rI GND ..L 

J13 
C 0 

SBHEa ~~ R2S + 10 IS-
LR22 ~ IRllll 
LR21 ~ IRlill 
LA21 ~ IRQ12 " 
LA19 + IU_lS 

RIB ~ IRII14 
LRn ~IU~CIC"" 
HEHR. ~ DRill 
MOO. FJif DACKS." 

OS ~ DRDS 
,09 4 OACK6e""" 
OJI ~ ORQ6'" 
011 ~ DACIC7. 

SD12 ~ DRII7 
SOJ3 ~ +5 
SOJ. tH: MASTERa 
·SolS 8 GNO 

0..;;..;;... " 

~ 
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110 
CHANNEL 

J6 
A B 

CHKe ~-
"""':i:-
-i:-
-.:-

~:-
~:-

-,i-

-~ --
JL 

-8E1 .. 
..; 

.. 

..; 

i-
-: 
-: 
-: 

:-

.. 
:-

-; i-, 
... ;... 

J14 
( 0 

51 :tt 
~:--

-';-
-''-

~:-

-':-
-;:-
~:-

~ 
-
-: 
...; i-

t 
~. 

~:-

..; 

:-

:-

(iNO 
RSTORV 

+S 
_IJtCB 

-l 

III -
IV: .. '" 

oi l2 

5"1 'iI!" 
S"I :e 

'. t. 
DR It! 

13 
D8 ~ 

11 

...... 

...... 

UHI 

81 
~:i. 

DS 
(iN 

.-: .. L D. 
liDi~t ""'" 

" 
I-- ~ 
I-- ~ 

~ :""I 
i"'o. 

~ ~ 
~ ---UtI 

DR '. ORG7 
+5 

(iNO 

+5_ 

RSS 
:H~ ..•. 

1 .... 
........... 
......... 

....... 
JI. ........... 

.... : .... !. 

7-24 

10(HI(. 
IRIII! 

PU2 
[RQ9 

J7 
A B 

IOCHKe ~~ 
S07 i..-j:-
SOS ~~ 

1-'-
1 1-1:-

"I ~:-

I"'""lr-, 
I-~ 

SOl i--
lUL 

"8EN 
I- :-

,..; i-

-, 
-l 

i"'" -: 

~ 

-: 

-; i-

... ;... 

J1S 

(iN 

RSTDR 
-+ 

IRQ 
-

JJBC 
-: 

IV~ 
+: 
'NO 

51 Ie'" 
5"1 :e" 

Ie 
:. 

Of! I. 
13 

DEI ltI 

- ~ -
URI 

8l 
_ ... 5 

DS 
(iN~ 

c :. ( ~IF.U·C; I~. 
~ 

~:-- Iini 
-;;-
-'-

~:--'--.:-
~~ t]j ~~ 

~ ~ -
Ui 

..; i-
-. lilt 
c ~~:-

...QfI 

..; :- + 
,ll:.l(e .. :- GNO 

~ 

RIB r- r ... "'1!, K 
: ...... ' 
I .......... 

: ......... 
I JI. ........... 

I ......... : ...... .. -~''':. 
t. 
la 



R5 
33. 

JB 
A B 

IOCHIC. I"'""':"""" GNO 
-S07 + RSTDRV 
5D6 S _ +5 
sos -r- JRQ9 

O.c -=- -5 
iD3 + ORD2 
i02 I -12 
JOI 8 m."" 
~~HRDy=1; ~ 

tEN ....;;.. sKEtOC. 
iAl.9 * .SMEMR. 
~IB ~ IOV. 

s:!~ :g DA~= 
SAIS -=-=- ORQ3 
! Al4 d!: DACKI. 
·iRlS 1e _ORal 
·jA12 ]t REf. 
I jAll 21 ClK: 
SAIl jt IRG7 
SA9 ~ IROS 
!iA8 23 IRGS 
~iA7 24 IRQ.4 
I jA6 -=- IROS 
I A5 11- DRCK~""" 
SA.. 27 TIC 
SA3 2a BALE 
SA2 29 +5 

-581 31 .05-'
SA. at GNO 

~ 

Jl6 
C 0 

~BHE. I~ 
lA23 --=-II0CS16.· 

t...-f'L,=A2:.::2::--~+ [RDI' 
t..,..;:l:;,;:A2;.;1=--~4 [RDII 

--LA21 --=- IIlIU2 
I~LA~1~9 --I+IRDI5"" 

"tAl B 1 lRD1~ 
I~L=R~11=--~8 OACK .. 

"EMR. 9 ORDI 
ME"V. 11 OACKS. 

• ..-;;-SD1~8~---4it OR..i5 
1~·S~I09~---!rt5""DBCK6."""I 

5Dl1 ~ oRDe 
I"":::S::;O:.lill~~~ DACIC7. 
Ir.;:SoHI-:-2 --Ir#- ORD7 

5013 Ts +5 
:.sJlJ 4 T7 ItASlEA· 
-~ot5 Ta" SNO 

--=.::;... 

Ir-r ... "I-.ll [OCSIS-
T ........... 19 "E"CS26 • ......, 

u ...... ·.i8 READY • ......, 
u'" 17 "ASTERe......, 
.............. i6 REf • ......, 
........ IS IYS • ..) 

.... ~4 

u
T 
.. " 13 -[OCHROY ......, 

---. .. : .. : !2 

[RQ3 
(RQ4~ 
[RDS......, 

: ..... • 3 [RQ6.) 
IRQ7..) 

: ... : .... 

7-25 

EJ 
DATE I 

J9 
A B 

OCHK. I"""':"'"" SND 
07 ~ RcrrnRv 

08 ~ +5"" 
05 B: [RD9 

S04 -5 
os 6 DRD2 " 
iD2 r-r -12 
iOI T IVS.-" 
iDi hi- +12"" 

IOCHRDY t&:: GNO 
AEN ~ SMEMVe 

A19 * SHEMR. " 
AtB tr .1QV. "" 
Al7 t1t [ORe" 
i816 ~ .DACK3e" 

SAlS ~ ORD3 
SAU J!.. OACKl."" 
~Aj ~ DRDl 
~ iRl rlI- REFe 
-'iRl ~ CLiC 
• RII ~ IRD7 -" 
SA9 ~ IRDS 

A8 ~ IR.D5 
A7 ~ IRD4~ 
R6 ~ IRD3 
AS 1t DACIC2-""" 

SA4 ~ TIC 
SAl ~ BALE 
SA2 ~ +5 
SRI J!. OSC 
SR. ~ GNO 

I~~---~~ "" 

lORe 
: ........ : S lOVe i ; ........ "·4 SHEHRe 
: ........... 3 

A2IGATE 
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AOR BUS .., ., 
XA BUS 

SOCKET SOCKET U3 BB2B7 
U6 
8B286 

7HHZ32 CLK PEREQ 24 PEREQ 
RES28735 RESET E'RlmR 26 ERRORe 

rmY 25 BUSYe PROCLK 31 CU: Sf 5 
XIORe27 RP1m OB 23 OB RESCPU 29 RESET S1 4 
XIOWe28 Rl'iR 01 22 01 REAOYe 63 RE'RDl HIm 167 
NPCSe 34 RI'S1 02 21 02 CPUHRQ 64 HOLO COO/mTF( ~N/C 

XA4 33 NPS~ 03 2B 03 NMI59 NHI HLOA 165 
XAI 29 CHOB 04 19 04 PEREQ 61 PEREQ J5£lU" 6 
XA2 31 CHOI 05 ta 05 Ele 53 ERRtJR SHE 18HEe 

06 17 06 54 BUST r:nLR' ~N/C 
07 16 07 INTR 57 INTR AB 34 
08 15 08 ~ CAP Al 33 Al...1 

PEACKe36 mrr 09 14 09 ='=C26 A2 32 A2...1 
01B 12 019 19•947 5V=3B,62 A3 128 A3 
011 11 011 GNO=9,35,6B A4 27 A4...1 

+5M CKM 012 8 012'" AS 6 AS..) 
5V=9 013 7 013'" A6 5 A6..) 

~ I-
GNO=19,38 014 6 014 '" A7 4 A7..) .--- I-

015 5 015'" OB 36 01 A8 3 A8..) 
~ I-

'" 01 38 01 A9 22 A9..i 
I-02 4B 02 All 21 AlB..) 

03 42 03 All 28 All..) 
04 44 04 A12 19 A12..) 

US 05 46 05 A13 18 A13..) 
06 48 06 A14 17 A14..) -, 74ALS245 07 58 16 A15..) 

1- it LA17 
07 A15 

A17 A8 B8 8 37 08 A16 15 A16.J 
A7 B7 9 39 09 A17 14 A17.) A18 7 1 l.A18'" A6 86 1B 41 OIl A18 13 A18.J A19 6 1 L A19 '" AS 85 11 43 011 A19 12 A19.1 A21 5 1~ LA21'" A4 84 12 45 012 A28 111 CA21 A21 4 If LA21 '" A3 B3 13 47 013 A21 111 A21.J A22 3 17 LA22 A2 82 014 49 014 A22 8 A22..) A23 2 18 LA23'" Al Bl 015 51 015 A23 7 A23..) 
A .. B E'R 

1,J: ~ 

MASTERe 

PAGE 2 

OATA BUS ~ 

PAGE 3 

PAGE 4 

PAGE 5 

PAGE 6 

I/O CHANNEL ~ 

7·28 



OSCI C~4 
64HHZ 
~ .,J 3!!F ~ U17 
~ ~ ~~ 14.3181MHZ 

IIPp, 

t , 

I 

(6) PVRGD 

SOCKET 
U15 82C211 

83 POVERGOOD Ql J:5~7 ----+-H-+...f--.t 
uglt.!!'V.:i!.S.=--_,..:!.l~ 2 is)" RESC:PU "!~~""--__ +-I 

U12 

(2) SPKDAT 

9 SVRST RESET ~5 
4-___ ~3 XTAll-l PROClK 174S~lf!rl~I"'I"!~r-~"'5'.5"'+-+H--H+I+-----d-+=-!:~~ 

L.......I-____ 2~ XTAU-2 SYSClKI:4-=-7 __ "'_+-~_-++-++_....:!..!~~.1 

(2) SVRST 

L....-+--::=~~-~81 FClK 7. 15HHZ 53 
PROC:LK 84 PROClK IN ERmiJi ~6~6---+--~--+--++--==~~ .. 1 

==============~7~ OSC~2 __ g ______ ~~ ___ ~ 
___ ~~~ __ 6~~ HHZl19~2=1 __ ~~ ___ +-~~~'1 
___ ---:.M,::../..:.,;! O=.~-.,..;8::::.j HI m Em3 55 
_______ ~15~AS DT/~F-2~a---+~---~--~~'1 
____ ~~~--~1~1 Al CNTlOFF~6~1 __ ~~ ___ +-___ ~~~~,1 

XBHE. 22 XBRE' trE"RIJ7 26 
IOCHRDY 4 IOCHRDY DENHI 1:-25=---+-+------+-------1~~~ ..... 1 

F16 14 F16 RERDY 52 READY. 
IOCSI6. 11 rDrn'S ALE t=2~:!-___ +_----_+_---~1__~~, 
AEN 1. 73 RER1 RAS 6e 
AEN2. 72 ~ CAS PE6~.4---+-----........ ------II-----!~' 

LMEGCS. 71. rREbrS'" BUSY2861.:El'~IIt..-_----J 
MEMCSI6. 691 MEMeSiS rRA~MA~l~E;f.3~IQ~--t_-------___...;;r!.l!.!.!..!!.!.!.!=!~ 

C:PUHLDA 5 CPUHlDA rnR ;.;;.42:;-_________ ~~+_---1__-_ 

___ ---,..,.",...",..--.;:;68~"fiHfSTlR' nw 41 
r-X~A~3~ __ ~7~9XA3 ~F.4&~-----~~--~~~+----~--
I'-X~A~5~ __ ~7~8XA5 ~~39~ ___ ~~~~~~~~+_---~-_ 
I,-X~A~6~ __ ~7..;.;7 XA6 mTR 44 
1'-~XA~7-__ ~7~6XA7 ~~5~1~~-~-=-u--~~~---
.-X~i8:....-_...;.7~5 XA8 ~ 15g K:l' Z:l 

~,~~X.19~-~7~4XA9 ~~3~5R~31~:~~l2--~~~--+---~---~--
-:::=~_WEIMlQDJODL=__.J1.§j6 ENHODl XRm ~4 ..... R---J\~Nv-l2_~~~....., 

.--__ ~R ~M~J_:__~1~7 ROPL3VS XTO'R ~1.;-7 ___ ~~:::.-..., 
r--_~R~IA~HV~J;._~8~1 RAHV_l VS xrnv ~6 ___ ~~.!!.:..w 
r--_~R~tA~IH!.!.lRJ~~1~8 RAHR-l VS XDDIR ~2-----~f-++-1_+--__f--=~~ 
r--~R~E~F.~~~~ ~~;~6----______ ~_r~--__ ___1~~~, 

r--=LC:=S=RO=M=l..;.;..~ R"OlfCS DIR245 F-5::-8 _____ -+-+-+-+-+-__ -+-_~;:...... 
~---""'l BUSY287 GATE245F-6::-1 _____ -+-+-+-+-+-__ -+-_.::.::..;:~ 

I .....-_---lIIi1 "-! ERROR ~ ~23::;.----. 
I RES287 J.;:2~4_-+~ 
I PPIc:S~6~3 __ -+4_----_+_+4~~~~1 

GND= 1,27 SAB ~4:..=t9-__+_+_-----1-4-4_I_+--__'--_--'----=!~ 

I I 1
5V-~~ .. 5 ... ~ 31 

38,40,59 

L~ 
I 

· IPTI(IA... 

1I++1-+--'~-----tO ~27 OUT=3VS ROM 
02 IN-2.... 

II 
! ! 
I! 

JJ 

~~29 OUT=lVS RAM VRITE 
~2 IN-&·· • 

~~23 OUT-IVS RAM READ 
-i2J2 IN=I·· • 

PAGE 4 

PAGE 5 

I 
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XA BUS 

XD BUS 

ADR BUS 

I/O CHANNEL 

( ( J22 - OUTcSHADOW RAM MAP 
SOCKET 

I J!K 1~~ ·iR~7i ;:~:~ RR" U8 
82C100 

I I DRQ0 21 DRQ0 trRLRI" I 1 DACK0 • .) 
I r~~F I RQl 20 DRQ1 mfm 83 ACKla 
I i~P25 ~~24 0 ~22 RQ2 9 DRQ2 DACK2 84 ACK2. 02 02 

RQS l8 DRQ3 ~ 82 ACKS. -
RQ5 7 DRQ5 D'Rrl5" 2 ACK5. I 
RQ6 l6 DRQ6 DACK6 3 DACK6. 
RQ7 l5 DRQ7 tllfm" 4 DACK7. ~ 

IRQ1 14 IRQl T/C 39 T/C .) 

IRQS 13 IRQ3 ~ 8 AENI. 
IRQ4 12 IRQ4 RER2" 7 AEN2. 
IRQ5 11 IRQ5 CPUHLDA 44 CPUHLDA 
IRQ6 HII IRQ6 INTR 46 INTR 
IRQ7 9 IRQ7 A17 72 A17 
IRQ8 81 IRQ8 A18 71 A18 
IRQ9 80 IRQ9 A19 70 A19 Ir-IRQ10 79 IRQlf11 A2f11 69 2. 

I IRQ!l 78 IRQl1 A21 68 121 I I I I I I I I IRQ12 77 IRQ12 A22 66 22 
IRQ13 76 IRQ13 A23 65 23 ~ ,....--
IRQ14 75 IRQ14 "REf"'" 25 EFa 
IRQ15 74 IRQ15 xmJf 38 lORa -
INTA. 6 UlTR' nov 37 XIOWa 
CPUHRQ 41 CPUHRQ XHETfR" 35 XHEHR. 

I MASTER. 4 5 Jit'A"STER" mw 36 XHEHW. Ii IOCHRDY 7 3 IOCHRDY OUT2 42 I 

I SYSCLK 23 SYSCLK XA0 47 XA0 , I I HHZ119 41 HHZ119 XAI 48 XAI "\ 

RESET XA2 49 12 ...... I I 
I RESET I I 

I 
00 XOI XA3 51 3 ....... 

" :01 XOI XA4 51 4 ....... 

02 X02 XA5 52 5 ....... 

:D3 XD3 XA6 53 A6 "" , I' XD4 3 o XD4 XA7 54 XA7 
XD5 29 X05 XA8 55 XA8 "" XD6 2 8 XD6 XA9 56 XA9 
XD7 2 7 XD7 XAIB 157 XAIB ""-

XAll 58 XAll 
5Vc5,43 XA12 I XA12 
GND=22 .. 26 .. XAl3 I :A 3 "" 

59 .. 67 XAl4 ~. ~A- 4 
XA15 3 AS ....... 
XA16 ~ :FllB "\ 

"\ 

Yl~B4 a...-

II 11 RINT. -

PAGE 1 

~ PAGE 3 

PAGE 6 
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Ul 
74S7 

3 1 4 J17 
~--';=-4 

FB2 I47PF ~g 
~1~s41 7i

S7
2 -=- P. 0 11 ~cs I 1r-

"1 ~C7 40 
! 'I' FBI I 47PF ~ 

+1 I i KBDAT_ --r~~--':'"-- ---""5 I ~_~EYB~_ 
- ------I---------U7-. -~s-omT~2:r:~ m~ I -ITI------------------J-1T ... I--;.;K;.:::::B.:;.:CL:...:.,:K~_;,'r-c::TJX-TA3tr::18 ~ 1:Y 

SHRAH 89 SHDWJfAP A19 45 A19.) I 7HHZ ?3 XTAL2 P11 ~ 
-=-1+=~=-:--.. 1.1&t 8 RAMSEL2 A2S 44 A2S.) RESET- 4 R'mT P12 ~ 
~ RAHSELl83 RAMS Ell A21 43 A21.) +5~ 55 P13 a_ 

RAMSEl~ 4 RAMSElS A22 42 A22..1 8 RD P 14 31-RAMSEUJ 
A23 41 A23.) r----+lI-l------:::l~S iR' PIS ~. 
SAS 27 SAS 8142CS- 6 L5 P 16 ~;j CM 

SA17 5' SA17 XA2 9 AI P17 34 KSW 
OHAAEN- 7 mmREN 

-4----f..f-.=~-.... l&.1": CPUHlOA 
ALE 1 ALE SA18 s. SA18 L+-__ ..........,.:i./l TESTI P2B 21 RC 

SAI9!= SA 19 .I ~ ____ ~_+_~-"-"++_-_+i..!:;;;;:_--...;;;3719 TEST! P21 22 A2SGATE 
XOI I- XDS ~ ~ 7 EA P22 23 ENMODL 
XOI XD1~ I I I ."'!=" +s~ PR06 P23~. 

ERAMW- J''"l ER'RMV 
ADRSEL AOORSEl 
CA2S CPUA2S 
A2SGATE A2SGATE 

-+---t+=:=-~ RR"STER 
-+---t~R;..;.:E::;.F..:.9_~ REFB IT9 

+--+r----~~~ REt 
-+---t+---~ RESET 

OUT2 
-+--+t-:i=-=O:-::(Ji':"::jj(:-:-_-_~l rot:'RK 
-+---I-_______ ~lIUo.I8 xmm 

PAR ERR. PRRERROR 
RC RC 

X02 XD2..1 XOI 12 01 P24 35 IRQl 
XOS X03~ XOI 13 01 P2S ~. 
X04 X04 ~ X02 14 02 P26 37 KClK 
XDs XOS..I X03 15 D3 P27 S8 KOATA-
XDS 3f XOS..I X04 18 D4 SYNC ~ 
X07 3~ X07 .I XOS 17 OS 
AEN 2~IAEN X06 18 06 
MA8 ..f......, R2~ .. ~3 MAS I I )cO 7 19 07 
MA9 ~ '-_ -vvv--- II +s.1§ YOO 
F16 !F1S (4,5) SY=4S GNO=2S 

RASS ~RAS8 I i 
RASI I- IRASI 
CAsa I- CASS 

A16 68 A16 CASI )CASI 
PP I CS- 83 PP'Tl3 t:'ME'Gt:S ~~:"'-:LM~iE::-GC=S:----..., 
ENAS- 78 ER'R'S' LtSROHa~ 
Q 1 . r:z Ql LtSROH I J-=l14~i~~·C:=:::S:;.;,R~O~H 1~-~__+_+__lf_f__+_I_+--" 

-+-H-+------L.."""! ~ xroR SPKROATAt-a'i ~~5Pu,K~:0:.:.:.IAT..!.._ _ __+_+__lf_f__+_I_+.., 
-+++-+-~ __ ~'j.&f XTDi NH I ~7~~H~I:.......,.,~--. 

BAH_ALE ~ RAHAlE B'I42LS~~~8~~4~2~CS-~+_t_+_+_t_+_+__l~_+__--!1++-I 
XA1S !1. XA16 PAREN PAREN 
XA5 • XAS "RiLV RTCW 

IN-COLOR lroJ1 
OUT-HONO ~~3S 

SOCKET 
U16 
HC146818 

I 

XA4 XA4 RTCOS~=RT=O~S~-+;-~~~-r~-r--~~-~~ XOS 4 ADa YOD ~4 BAT 

. 

I I 

XA3 XA3 RTCAS~~RT~A~S=__+;_~~~_r~-r--~~ __ -M 
XA2 XA2 SWRST SWRST 

~=i: ~i ~t:tt8 II I II I I 
I 

II 
XOI 
X02 
X03 
04 
:05 ,.- 06 
Il7 

tR:TAS 
lRTDS 
RTCW 
PGD-

~ 

5 AOI CKFS 21 
6 A02 NU 1 
7 A03 NU ts 
8 AD4 OSC2 3 

RIS 9 ADS --- 4" 
11 A06 RESET 18 ~ .,,' 
11 A07 PS 22 
14 AS SQW 23 C55 
17 OS 05Cl ~f'.aa47 
15 RIV CKOUT 21 -: 
13 U m 19 ---~ YSS 
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,...-

XA BUS 
~ 

DATA BUS .., 
AOR BUS .., 
I/O CHANNEL 

""' '" " " 

U9 SOCKET 82C21'3 UIB SOCKE\2C2B4 . 
Al SAB SOB 
A2 SAl ) 501 ~ 

A3 SA2 502 
A4 5A3 +5..l.! TEST 503 
A5 5A4 504 ~ 

A6 5A5 ~ if DB 505 
A7 5A6 c 

~ 01 506 c 

A8 5A7 ~ il 02 507 c 

A9 SA8 c .) ;c 03 S08 c 

AUI SA9 61 04 SOg c 

A11 SAUl i2 OS SOlS c 

A12 SA 11 i3 06 5011 c 
~ 

A13 5A12 i4 07 5012 c 

A14 5A13 .) i8 08 5013 c ~ 

A15 5A14 .) 09 5014 c: ~ 

A16 SA15 c ~ • 01B 5015 ,4 c: ~ ~ 
~ ,OA CPUHLOA 5A16 011 

ALE XAI J 012 
EN. REFm XA2 J 013 
• 1fEt XA3 014 
9 .. ~ 

REFBIT9 XA4 ..J OlS 
SEL .. AOORSEL XAS ..J MOF 'B 5 MOPOUTS 

XA6 .) (4,5) MOP '1 6 MOPOUTI 
C B ~ . rRR£RROR 115 • S'BRE XA7 ..J PARJ .2 PAREN !2J 

T RESET XA8 'I .) 

'N. IlRR'RER XA9 .) ~ t. "XREMR" 
~LE RAM ALE XAIB .) )FF CNTLOFF 
:. 'B'Ht XAll .) ). 1JERCtJ 
IE. XBRE XA12 .) [ .. lJENAT 
.E BALE XA13 ..J OIR245 

XA14 ..J GATE245 
ERROR. 29 'E'RR'lm XAIS .) OTIR 
BUSY. 11 BUSY XA16 .) XOS Ils 

MAB IS XAB XOl Il7 
MAl "" IE. 1 XB'fIE" X02 148 

.~ 31 TEST MA2 " IR 2 XOOIR X03 Ilg - MA3 ""' 
2, AEN X04 ISH 

MA4 "" 5Vo:18,35,6B X05 Is 
MA5 "" GNOo:9,25,3B, XOS l£' 
MA6 "" 4B,45,54,66 X07 ls: 

i'ii!i1~ · 56 HA7 "" MOPINB l6J 
:~ :,e IRQ13 I "" MOPINI ~ :.--

~RIS 
·33 

-
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SO BUS 

XO BUS J28 OUT 27128 EPROMS = -
~ = IN - 27256 n 

., 
'" DATA B" liS 

_XA15 r:11 ., ., 
.@1~28 

r r-----

U13 
T 2 

U14 SOCKET 
27128 SOCKET 27128 

+5.4.- vpp +5 1 Vpp 
27 PGM 07 19 07...;' ;)U2 -"27 

PGM 07 19 015 ...... 
:A14 2S- 18 OS...;' A14 26 18 014 .) 
A13 2 A13 06 17 05...;' A13 2 A13 06 17 013 
:A12 23 A12 05 16 04...;' A12 23 A12 05 16 012.) -- All 21 All 04 15 03 ...... All 21 All 04 15 011 
AlB 24 AlB 03 13 02 ...... AlB 24 AlB 03 13 OlB 
A9 25 A9 02 12 01...;' A9 25 A9 02 12 09...;' 

XR8 3 A8 01 
11 08 ..... XA8 3 A8 01 

11 08...1 

I A7 0" 
I A7 0" XA7 4 A6 I XA7 4 A6 

I XAS 5 AS I XA6 5 AS I 
XFlS 6 XFlS 6 
XA4 7 A4 XA4 7 A4 
XA3 8 A3 XA3 8 A3 
XA2 9 A2 XA2 9 A2 

'- XAI IB Al "XAI IB Al 
22 AB 22 AB 
28: OE LCSROMl- 28: OE 

CE CE 

I 

I 
U2e 

RASI 9,74F11 
RAS 1 IB I ,"--8 RAseR-

I 
111l ./ " 

RASI rU2" 3174Fl1 tM ,-a RASIR-

" IU2B 
CAS 1 174FIB 
CAS1 21 .12 CAS1LR-

131 " 'U19 
U18 74FB4 9,74FIB 

SAl 5 6 18 I 8 CASIHR-
111 

""" I U18 74FB4 'U19 XBHE- 3 4 
XOI.) 

IIIII 
V- 3 i74F1; 

I 
CASB 41 '"\.6 CAS"LR-XOI...;' 51 f '" X02.) 

'U19 X03 

III X04.) 1 ,74FlB 
21 .12 CASBHR-XD5..1 131 '" XDS...; 

• X07.) 

l 
I I I I I 

~R14 II >33 
I 

MDPINI 
(4 .. 5) 
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DATA BUS 
~ ~ 

SOCKET SOCKET 
U21 U22 

AAA28S1 AAA28S1 
MRS 5 AS MRS 5 A8 
MAl 7 A1 DIN 2 DIJI HAl 7 A1 DIN 2 01...1 
HA2 6 A2 DOUT ~ HA2 6 A2 DOUT ~ HA3 12 A3 HA3 12 A3 
MA4 11 R4 HA4 11 R4 
HAJi 11 R5 183 4 "HAS 11 R5 Jm"S 4 

~HA6 13 A6 m 15 HA6 13 A6 m 15 
IrMA7 9 A7 iR 3 HA7 9 A7 iR 3 

MA8 1 A8 "HAS 1 A8 

SOCKET SOCKET 
U25 U26 

AAA28S1 AAA28S1 
IAI- 5 RS AI 5 AS 
A 7 A1 DIN 2 04..) 11 7 A1 DIN 2 05 

6 A2 DOUT ill 2 6 R2 Dour ill 
f" 12 A3 3 12 A3 

4 11 A4 4 11 A4 
15 18 AS R'R'S 4 15 18 AS R'R'S 4 

MA6 13 A6 m 15 MA6 13 A6 m 15 
MA7 9 A7 VR 3 MA7 9 A7 VR 3 
HAS 1 A8 HAS 1 A8 

SOCKET SOCKET 
U31 U31 

AAA2811 AAA2811 
MA8 5 AI MAS 5 AI 
MAl 7 Al DIN 2 OS..) MAl 7 A1 DIN 2 09...1 
HA2 6 A2 DOUT ill HA2 S A2 DOUT ill 
MA3 12 A3 HA3 12 A3 
MA4 11 A4 HAo4 11 A4 

lAS 11 R5 183 4 AS 1JJ AS 183 4 
lAS 13 AS m 15 f" IRS 13 AS m 1~ 
IA7 9 A7 iR 3 IR7 9 A7 iR 3 
A8 1 A8 AB 1 A8 

SOCKET 
SOCKET U3S 
U34 AAA2811 

AAA28S1 IAI S AS 
AI 5 AS f" IA1 7 At DIN 2 013 
Al 7 A1 DIN 2 012..) 'f" A2 S A2 DOUT ill 
IA2 S A2 DOUT ill IA3 12 A3 
lAS 12 A3 A4 11 A4 

MA4 11 A4 MAS IS AS R'R"S 4 
MAS 1S AS JmS 4 MAS 13 AS ms 15 
MAS 13 AS ms 15 MA7 9 A7 VR 3 
HA7 9 A7 VR 3 HAS 1 A8 
HAS 1 A8 

CAS8H_ 
CAS8l_ 
RASS_ 
XHV8-

DRRM BUS.J 
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MEMORY BANK ~ 

SOCKET 
, 

SOCKET 
U23 U2-4 

AAA2SSl AAA28S1 
HAS slAS I HAS 5 AS 
HAl 7 Al DINi2 02 ..... HAl 7 Al DIN 2 03...., 
HA2 6 A2 DOUT~ HA2 6 A2 DOUT ~ HA3 12 A3 

183 14 
HA3 12 A3 

HA4 11 A4 MA4 11 A-4 
HA5 IS AS ~HA5 11 AS ~ 4 
HA6 13 A6 LFfS 15 HA6 13 A6 rR'S 15 
HA7 9 A7 iR 3 HA7 9 A7 iR 3 
HAS 1 A8 HAS 1 A8 

I 
I 

I 
I 

I I SuCKEi I I SOCKET I I I SOCKET 
U27 U28 U29 

AAA2811 AAA2811 AAA2811 
HAl 5 AI A" 5 AS I 5 AS 
HAl 7 Al DIN 2 06 Al 7 Al DIN 2 07..1 r 1 7 Al DIN 2 HDPINI 
HA2 6 A2 DOUT ill 2 6 A2 DOUT ~ 2 6 A2 DOUT i14 HDPOUTI 
-HA3 12 A3 3 12 A3 13 12 A3 

(3,5) 

HA4 11 Fl4 4 11 A4 I1A4 11 A4 
-HAS IS AS mrs 4 5 1" AS RRS 4 HAS II AS R'RS 4 
HAS 13 AS LFfS IS HAS 13 AS rR'S IS HAS 13 AS 03 15 
HA7 9 Ai iR 3 HA7 9 A7 VR 3 HA7 9 A7 VR 3 
HAS 1 A8 HAS 1 A8 HAS 1 AS 

I . I I I 
SOCKET I SOCKET I U32 I U33 I 

AAA28"1 AAA28"1 I 
HAS S AI HAS S AI 

I HAl 7 Al DIN 2 D1S ..... HAl 7 Al DIN 2 011 
HA2 6 A2 DOUT ill 

II 
HA2 6 A2 DOUT ill 

I HA3 12 A3 HA3 12 A3 
HA-4 11 A4 HA4 11 A4 

I HAS II AS lU3 4 AS II AS IU3 4 
-HAS 13 AS m 15 AS 13 AS ~ 15 
;;Ai 9 A7 iR 3 pR', 9 A7 iR 3 

I 
-HAS 1 AS A8 1 A8 

I 

I I I I 
SOCKET SOCKET SOCKET 
U36 U37 U38 

AAA2811 AAA2811 AAA2811 
AS SIAS I I I AI 5 AS I I I I A-'- 5 AS 
A1 7 Al DIN 2 014..1 IAI 7 Al OIN 2 Dl~ Al 7 Al DIN 2 HDPINl 

",.- IA2 6 A2 DOUT ~ IA2 6 A2 DOUT ill A2 6 A2 DOUT 14 HDPOUTl 
IA3 12 A3 A3 12 A3 IA3 12 A3 

Ii 
HA4 11 A4 IA4 11 A4 A4 11 A4 
HAS UIJ AS mrs 4 MAS 1S A5 RR'S -4 MAS 1S A5 R'R'S 4 
MAS 13 A6 m 15 MAS 13 A6 ~ 15 MAS 13 A6 ~ ~ 
MA7 9 A7 iR 3 MA7 9 A7 iR 3 MA7 9 A7 iR 3 

I 
MA8 1 A8 MA8 1 A8 HAS 1 A8 I 

I 

I 
I 
I 
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DATA BUS .., .., 
SOCKET SOCKET 
U39 U41 

AAA2811 AAA2811 
MAl 5 AI MAl 5 AI 
MAl 7 Al DIN 2 01.) MAl 7 Al DIN 2 01..) 

~MA2 S A2 DOUT fill MA2 S A2 DOUT ill 
~HA3 12 A3 MA3 12 A3 
~MA4 11 A4 MR4 11 A4 
~MA5 11 AS 183 4 MAS 11 AS 183 4 
""-MAS 13 AS m 15 MAS 13 AS m 15_ 

MA7 9 A7 VR 3 ·MA7 9 A7 VR S 
MAS 1 A8 MAJ! 1 A8 

SOCKET SOCKET 
U43 U44 

AAA2811 AAA2811 
I 5 AI AI 5 AI 

11 7 A1 DIN 2 D4 11 7 Al DIN 2 OS .) 
12 S A2 DOUT ~ 

....- 2 S A2 DOUT ill 
IS 12 A3 13 12 A3 
4 11 A4 ~ I~ 11 A4 
IS 11 AS RR5 4 II AS RRS 4 

MAS IS A6 m 15 ~MA6 13 AS m 15 
MA7 9 A7 VR 3 MA7 9 A7 VR 3 
MA8 1 A8 MAS 1 A8 

SOCKET SOCKET 
U48 U49 

AAA2811 AAA2811 
MAl 5 AI MAl 5 AI 
MAl 7 Al DIN 2 08 MAl 7 Al DIN 2 D9..) 
MA2 6 A2 DOur f!!J MA2 6 A2 DOUT ill 
MA3 12 A3 MA3 12 A3 
MA4 11 A4 MA4 11 A4 

lAS 11 AS 183 4 AS II AS 183 4 
AS 13 AS m 15 AS 13 AS m .1£ 
IA7 9 A7 VR 3 ....- A7 9 A7 VR 3 
lAS 1 A8 A8 1 A8 

SOCKET 
SOCKET U53 
US2 AAA2811 

AAA2811 5 AI 
AJ 5 AI iI"'" 7 A1 DIN 2 013..) 
Ie 7 Al OIN 2 012 6 A2 DOUT ill 
A 6 A2 DOUT ~ ~ 

12 AS 
A 12 AS 4 11 A4 

MA4 11 A4 ~MA5 11 AS RFfS 4 
MAS 11 AS 1U3 4 MAS IS AS m 15 
MAS 13 AS m 15 MA7 9 A7 VR 3 
MA7 9 A7 VR 3 MA8 1 A8 
MAS 1 A8 

CASIH-
CASH_ 

RASl-
XMVl-

MA BUS ~ ~ 
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MEMORY BANK 1 

_. R AAA2811 =r !~! Dg~~ i.- D~- --
HA3 12 AS I 

SOCKET II", 
- --- ---

MAo4 11 A-4 
MAS 11 AS m-4 
MAS 13 AS m 15 
MA7 9 A7 iR 3 
MA8 1 A8 

SOCKET IIII 
U45 

AAA2811 
5 AI 
7 Al DIN 2 06 
E A2 DOUl ill 

1 A3 
-4 1 Ao4 
5 _lJ AS RF3 4 

HAS 13 AS m 15 
HA7 9 A7 VR 3 
MA8 1 A8 

I I ! 
I 

SOCKET I U58 I 
AAA2881 I MAl 5 AI 

I HAl 7 Al DIN 2 011....-
MA2 S A2 DOUl ~ 

I MA3 12 A3 
MAo4 11 Ao4 
MAS 18 AS m' I t II 
MAS 13 AS ml;5 
MR7 g 0'7 1m ~ pae IIAe WI' I 

IIII I SOCKET 

I 
USo4 I AAA2881 

!A 5 AI I 
014 J 1 I 1 iA 7 Al DIN 2 

III 
IA S A2 DOUT ~ 
A 12 AS 
IA4 11 Ao4 I 

HAS 11 AS RR'S 4 I MAS 13 AS rn 15 
HA7 9 A7 fIR 3 
MA8 1 A8 T 

I I i 

I I I 
I I I 
• I • 
i f I 

1 I I 

III 

J 

SOCKET 
u"., ... 

AAA2811 
-~·5 AI 

HAl 7 Al DIN 2 
MA2 S A2 DOUT W 
HA3 12 AS 

Ao4 11 A-4 
", AS 11 AS m -4 

AS 13 AS m 15 
!A7 9 A7 iR g 
A8 1 A8 

SOCKET 
U4S 

AAA2811 
5 AI 
7 Al DIN 2 
6 A2 DOUl ill 

12 A3 
4 11 A4 r IS is AS mrs 4 

MAS 13 AS rAS 15 
HA7 9 A7 VR 3 
MA8 1 A8 

SOCKET 
U51 

AAA2S81 
HAl S AI 
HAl 7 Al DIN 2 
MA2 S A2 DOUT ill 
MA3 12 A3 
MAo4 11 Ao4 
HAS 11 AS mri 
~ 6 13 AS 
"'t4 

~ 15 
.7 9 0'7 De ~ n. WI' 

H R8 1 A8 

SOCKET 
US5 

AAA2811 
MAl 5 AI 1 

DIN 12 HAl 7 At 
-MA2 S A2 DOUT ill 
MA3 12 A3 

-MAo4 11 Ao4 
MAS 11 AS RR5 4 
MAS 13 AS ~ 15 
MA7 9 A7 VI' 3 
MA8 1 A8 

J 

1 
- ---------

03....-

III 
1 1 1 

07 

I 
! II 
1 

011 

I 
I t II 

1111 
I 

015 1 I I 

II 

I I I 

I I I 

1 
I 

r 
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SOCKET 
U47 

AAA2811 
11_ 5 ~I 
II 7 Al DIN 2 MDPINI 
2 E A2 DOUl 14 HDPOUT8 (3 .. 4) 

13 J AS 
4 1 A4 

15 11 AS RRS 4 
HAS 13 AS 015 -ts-
HA7 9 A7 VR 3 
MA8 1 AS 

I I 
II 

SOCKET 
II 

USS 
AAA2881 

lI. S AI I I HDPINI 1 7 Ai DIN 2 
2 S A2 DOUT 14 MDPOUTI 

I 
(3,4) 

13 12 A3 
A4 11 Ao4 

MAS I. AS RRS 4 
MAS 13 AS tJ3 ~ 
MA7 9 A7 iR 3 
MA8 1 A8 
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+5 ,....--

-=e:
CRI 

Ql 
2N3986 

CR2 .. .. 

BAT 

" po + ~ C21 :!: (17:!: (22 
J181N4148 IN4148 T4.71t1 T.l 

~----:l:-tO 
-40 3 

£1
0 BATTERY 
~ 

Jig 
~ 1 POVER GOOD 

012 +5 

U2 14~469 
l~r 2 

r3 4 PGD-

(23 W~.768KHZ """--...... -I,HII't---~ 
38PF II 

Ol3 
11c.t'J,t:4::------t--, .L (6 
015T_tl 

+ -l. C28 
TIS 

+12 (7,8) 

O~ ...... 

J28 '-+----+---12 (7,8) 

1 -~ C9 
O~ "~.1 rt9 
O~ ~Ii 
0 3 -- 15" 
o 4 t-----.---5 (7,8) 
05 
o FS_--+-......I 

".;:;. 

R12 
18K 

+5 1: .... : 6 ROMJ 

C4 
::r:.l 

• AAIt.' 5 R( i Hit.: 4 MilO
: Hit.: 3 BHE-
: &,I. : 2 BUSY-
i ....... : .... . 

PAGE 1 

PAGE 2 

PAGE 3 

IS" 

R17 
11K 

1: ...... : 6 INTA-
+5 : . "",": 5 XMEMR-

: ....... : 4 XMEMW
! AU: 3 RAMWJ 
:.. : 2 ENMOI L 
••.•.••. 7. 1 

R16 18K 
+5 1,-- ..... -.2 KBDAT-

: ... : ... ' 3 KBClK-
1 ........... 14 RESET-
: ....... '5 XIOR-
1 "'''Aw i6 KSV 
: A"A"A 17 (M 
I ... u 18 XIOW-L ___ '_ 

+5 

R4 J18 
158 1 ~ 
N( 2 0 lED PRV 

3 0 

140 

p~ 

R28 
:!.~~···i 

5 1. HA' 6 RAHSEL1 
+ : A"A'A

w
: 5 RAHSEL8 

: A'A',,:: 4 IRQl 
: "·Aw,:: 3 IRQ8 
! .:A"A": 2 RINT-
1 ....... ::.3 

R13 
:!~~···i 

5 1· . .u' S SHRAH 
+ : A:A": 5 

: ... :A": 4 
: ... • ... ·A·: 3 
! AA· ..... : 2 
I •••••••• l 
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+5 

I j 

I 
I 

I 
I I 

I I 
+ 

I 

I + 115 I 

-:!== 

+5 -
R6 18K 
ir---,,--,I8 015 
i -""." '9 01 ~ "' 
I ::: 18 013""" 
I 

./U." '7 012""" I 
I .,,: 16 011 """ 
I "" 15 011 I 
1 Jt.AA· 14 PU2 
I "" 13 09 

I 
I 

& & &" 12 08""" I 
L __ .!~.1 

""" R7 11K 
lr-.:&r,,-I18 07 
T J>:: !9 06""" I 

I 
,,:: 18 05""" I 

I " ....... '7 O~""" I 
.. : .... 16 03""" r 

I .. ,,": !5 02 I 
I .... 14 El. 
I AAA 13 01 I 
I ...... 12 01 "' I 
L_.:.!~.1 '" 

~ 

J .J 

OATR BUS 

TIS 
• 

R27 33 
RRSIIJR. lr~A-A-,2 
XMW8R. 31 ........ 14 
CAS8HR. 51~A'A' 16 
CRSILR. 71 u'A'l8 

... _':':'8 

R2S 33 
CRS .. HR. 1 rr,,-,,-,2 

-CRS LR. 3' .......... !4 
XMW .R. 51 ...... " .... 16 
RRS R. 7' .... " .. " '8 

", ___ 1 

R21 33 
MAIR 1 rrA.-' 2 
MA2R 31 ... : .. " :4 
MAIR 51 ...... ·:16 
HA3R 7' .'~'." !8 

.. ..!.:. !.. 

R22 33 
MA6R 1 rr .. -.. -12 
MASR 31--.. .. 14 
MB.4R 5'-":" 16 
MR7R 7!Jt.AA 18 

... _--, 

7-39 

RRSIIJ.~ 
XMW8.~ 
CAS8H.~ 
CAS8L.~ 

CRSIH. 
CRSIL. 

XMWl • ..-I 
RRSI. 

MA8..-1 
MAl..-1 
MA2~ 
MR3 

MAEi..-l 
JfA~..-I 
MA4..-1 
MR7..-1 

DRAM au S 

PAGE 4 Ie 5 

l 
ASSOt. WITH 

EACH DRAM 
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Jl J2 
IOCHlCa IIT1I GNO IOCltlCa raya GND 
S07 + RSTORV'" 507 ~ RSTORV" 
50S ~ +5" 50S r-s +5 " 
505 ~ IRQ9" 505 7 lRQ9 
504 ~ -5" 504 ~ -5 
50S + ORQ2'" 50S ~ ORQ2 
502 ct: -12 " 502 ~ -12 
501 '""T IVSa"" SOl ~ IWSa" 
SOl I-:- +12 " SOl ~ +12 
IOCHROyt&- GNO" 'f" I OCHROY t&- GND""" 
8.EN M-7- SHEHWa "" 'f"AEN ~ SHEHVa" 
5A19 ~ SHEHRa" ·SAI9 ~ SHEHRa 
5A18 ~ IOWa" ·SA18 g IOVa 
SA17 ~ lORa """ SAl7 ~ lORa 
SAl6 ~ DACK3. " SAl6 J!- OACK3. " 15 

ORQS """ 5A15 ~ ORQS SA15 rt6 
SAl4 T7 DACKI. " SAl4 ~ DACKla """ 
SAl3 ~ ORQI " SAl3 ~ ORQI 
SA12 T9 REFa" SA12 ~ REFa 
SAIl tl[ ClK" SAIl J!- CLIC 
SAIl ~ IRQ7 " SAUJ t~' IRQ7 
iA9 ~ IRQ6 "'I A9 ~ IRQ6 "'I 

~ A8 2 IRQ5~ -4A8 ~ IRQ5~ 
~ A7 ~ IRQ4""" 4 A7 123 

IRQ4 " 
~ ;A6 ~ IRQ3""" -4A6 ~ IRQ3" 

AS r1 o ACK2a""" -4 AS 125 OACK2a~ 

;A4 f-l~ T/C~ -4 A4 126 TIC" 
SA3 ~ BALE""" SA3 127 BALE 
SA2 H 9 +5" SA2 I 28 +5 
SAl ~. OSC" SAl 129 OSC 
SAl SI GNO" SAl lSI GNO 

~ " ..li 

J18 

SBHEa H~ 
lA2S ~ IOCS16a 
lA22 3 IRQ11" 
lA21 .. IRQll" 
LA28 5 lRQ12" 
LA19 6 IRQ15 

~A18 --=- IRQl4 
'f"lA17 + OACKla 

HEHRa 9 ORQI 
EHWa tr OACKSa 
08. ~ ORQS"'I 

9 -it OACK6a~ 
II ~ ORQ6"""'1 
11 ~ OACK7a"""'l 

",.. 12 .J.!. ORQ7"""'1 
5013 15 is +5 
5014 i7MASTERa 
5015 18 GNO 

....::;...:;.. 

I/O 
CHANNEL ~ ~ ~ ~ 
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J! 
IOCHK. IEr'i"lI1 (iNO 

. S07 ~ RSTORV ~ 
c;D8 ~ +~" 
505 ~ tRQ9 
S04 ~ -5 
S03 I: ORQ2 
S02 ~ -12 
SOl 1 ~ IVS."'" 
SOl ~ +12 
IOCHROyt:& (iNO" 

. AEN T1 SHEHV."'" 
·SAI9 ~ SHEHR." 
SAl8 ~ 10'1. ~ 
SAl7 ~ lOR." 
SAl6 1!4 DACK3."'" 
5Al5 .~ ORQS"" 
SAU ~ OAOa-'"' 
SA13 4 ORal 
SAl2 ~ REF. 
~~~~19~~~~. 

SA 11 121 ClK 
SAIl r.r.r IRQ7 

A9 ~ IRQa 
iAB ~ I1tQ5"'" 
A7 ~ IRQ4" 
A6 ~ IRQS" 

c AS ~ OACK2."", 
cA4 ~ TIC" 
SA3 ~ BALE"' 
SA2 ~ +5 
SAl ~ OSC 
SAl T1 (iNO 

....:.::... 

7-41 EI 
----

J4 
!OCHKe ~ (iNC 

·S07 ~ RSTORV" 
. .,. ... ~ 2 .~f-

50S ~ tRQ9 
S04 r-4- -5" 
S03 1 i ORQ2 
S02 ~ -12 
SOl 1 ~ I"S." 
SOl ~ +12 
IOCHRDyt:& liND~ 

,,-AEN r-n- SHE"V. ~ 
·SA19 rr2 SHEHR." 
·SA18 ~ 10'1."'" 
SAl7 ~ lOR. 

SAl6 * DACK3. 
.5A15 r-t6 DRQS 
SAl4 T7 DACKI." 
SAi3 ~ DRQl 
SA12 ~ REF. 
SAIl ~ CLK 
SAIl t~! IRQ7 
iA9 122 IRQ6 
iRS ~ IRQ5 
iR7 1

23 
IRQ4"" 

A6 ~ IRQ3"" 
c iRS ~ DACK2 ........ 
ciR4 ~ TIC"" 
SA3 I~ BALE 
SA2 ~ +5 
SAl I 29 OSC 
SAl 138 liND 
I~~--~~~~~~I 
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JS J6 
IOCHK. ap GND IOCHK. D"'i'l:I' GND 
sD7 ~ RsTDRV ~ '-S07 + RsTDRV"'" 
SDS ~ +5 .... SDS ~ +5"'" 
SD5 7 lRQ9 .... SD5 --L lRQ9"'" 
S04 T -5 .... S04 ~ -5"'" 
50S '-6 ORQ2 .... 50S + ORQ2"'" 
S02 T -12 .... S02 7 -12"'" 
SOl I--:- "ws. "" SOl ---=-- "WS. "" 
SO" ~ +12 '" ~SD" -!- +12~ 
IOCHRDYa!: GNO~ IOCHROY J!: GND~ 
AEN ~ .SHEMW. ~ ~ AEN 1'1 SMEMW."'" 
SA19 ~ SMEMR ..... SA19 ll:r SMEMR.~ 
SAl8 ~ lOW. ~ ~SA18 ~ IOW.~ 
SA17 ~ lOR ..... SA17 '1t" lOR ..... 
SAIS ~ DACK3 ..... SAIS 15 DACK3 ..... 
SA1S ~ DRQ3 .... SA1S :ur ORQ3~ 
SA14 r-J.! DACK1. " SA14 1'7 DACKh "" 17 DRQl .... SA13 Ta SA13 lnr DRQl~ 
SA12 tr REF. SA12 1'9 REF. ~ 
SAll ~ CLK .... SAil ~ CLK~ 

SAl" t!t IRQ7 ~ SAl" * lRQ7~ 
A9 T2 IRQ6 .... c A9 ""22 IRQ6"'" 
A8 ~ IRQS c A8 23 IRQS"'" 
A7 ~ IRQ4 .... cA7 ~ IRQ4"'" 
A6 25 IRQ3 ~ cA6 ~ IRQ3~ 
AS ~ DACK2.""" cAS 1t OACK2."'" 
A4 ~ TIC .... c A4 -=- TIC"'" 

SA3 J.r- BALE .... SA3 * BALE~ 
sA2 J!. +5 .... SA2 -:::- +5 ~ 
SAl ~ OSC SAl it OSC ~ 
SA" ~ GNO .... SA" 31 GNO .... d.L --- ~ 

J13 J14 

SBHE. mEMCS16. 5BHE. m~ LA23 ±~ LA23 d= 10 516. 
lA22 IRQU''''' LA22 IRQ1" 
~LA21 + IRQll ~ lR21 + IRQU 
LA21 ~ lRQ12 .... LR21 rs- lRQ12 
LA19 """6 IRQ15 , LR19 ~ IRQ15 

rt. A18 ~ IRQ14 LA18 T IRQ14 
LA17 + OACK".~ LA17 ~ DACK". 
MEMR. r--i;- oRQI ~ MEMR. ~ oRQI 
, EMW. -Ii- DACKS ..... HEMW. r-rB OAO':S. 
ci08 11 ORQS~ 'S08 T1 ORQS~ 
ci09 1'2 DACK6.""" '509 ~ OACK6.""" 
c Dl1 tr ORQ6"'" 501" ~ DRQ6~ 
ciOll tr DACK7. ~ 5011 r-!!- OACK7. ~ 
c D12 15 DRQ7'" sD12 ~ DRQ7~ 
5013 SD13 15 16 +5'" ~ +5~ 
5014 17 MASTER. SDU trHASTER. 

. SOlS 1e GNO~ SOlS rt8 GNO~ 
~ '" i....:.=... ~ 

1/0 
CHANNEL ~ ~ ~ .., 

Rll l"K 
IRQU. ~ +5 fr-'i'--1-2 

: "''''''' '9 IRQ11 ~ 
1 "''''''' 14 IRQ12~ 
: ",,,, .. ,,, IS IRQ15 ~ 
1 ",,,,,," 6 IRQ14 ~ 
: """ .... 7 MEMR.~ 
I ~~ ... 18 MEMV • .J L ___ _ 
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J7 J8 
IOCHKe I!r."'r:I GNO IOCHKe ~ GND 
~S07 4 BSTORV" S07 ~ RSTORV'" 
50S ~ +~" c::n~ ~ ,.~ 

505 ~ IRQ9 "'I 505 I~ IRQ9" 
S04 ~ -5 " S04 ~ -5'" 
S03 ~ ORQ2 "'I S03 ~ ORQ2'" 
S02 ~ -12 " S02 ~ -12'" 
SOl ~ IWSe" SOl I ~ IWSe" 
SOl ~ +12 '" 'SOl ~ +12'" 
IOCHROY 

at 
GNO, IOCHROyat GNO'" 

AEN Tt SMEMWe, AEN ~ SMEMWe '" 
SA19 rn- SMEMRe" SA19 ~ SMEMRe '" 
SA18 IOW.e '" 

12 
lOWe '" ~ SA18 r-rr-

SFU7 74 rORe" SAl7 T4"" rORe" 
SAIS I 15 OACK3e "'I SAIS Ts. OACK3e" 
SA15 Ts ORQ3 " SA15 Ts ORQ3 " 
SAU ~ OACKle '" SAI~ 117 CACKle '" 
SP.!S 1I D~Qt " DRCl " '18 ... SR13 tr SA12 T9 REFe'" SA12 T9 REFe'" 
SA 11 ~ CLK" SAll 121 CLK"" 
SAil ~ IRQ7" SAil rn= IRQ7'" 
SA9 T2 IRQ6" SA9 T2"" IRQS"" 
SA8 123' IRQ5 '" SA8 rrs- IRQ5'" 
cA7 I 24 IRQ~' SA7 tu. IRQ4 "" 
cA6 ~ IRQ3' SAS IRQ3"" 
cAS it DACK2.~ SA5 ~ DACK2e","", 
CA4 ~ TIC"" SA4 ~ TIC"" 
SA3 ~ BALE'" SA3 ~ BALE" 
SA2 ~ +5"'1 SA2 ~ +5'" 
SAl ~ OSC'" SAl 129 OSC" 
SAl ~ GNO"'l SAl ~ GNO'" 

dL '" 2!.. '" 
J15 

SBHEe ~~ 
LA23 t1= IOCS16e 
LA22 IRQ1I '" 
LA21 I: IRQll ""'I 
LA2fIJ ~ rRQ12 ""'I 
LA19 ~ rRQ15" 

f'LA18 ~ IRQ14" 
..... LA17 I ~ OACK8e" 

HEMRe ~ ORQ8" I 'HEMWe 
I Ii DACK5e" 

508 ~ ORQS' 
'ci09 it OACKSe""", 
cOlfIJ ~ ORQ6'" 
c 011 T4" OACK7e '" 
c012 tr ORQ7"" 
5013 16· +5'" 
SDU T7MASTERe 
5015 1'8 GNO""'l 

~ """ 
~ ..J. ~ ~ 

~ ~ ~ I 
R8 R36 

R9 331 18K 18K 

+5 fr----.--.rif IOCS18e ~ 1 : •.• : .. :-: 6 IRQ3 1 r··~·~:·: 6 lOR. 
T J." .. " .. " 19 MEMCSI8e +5 : " .. ",,:": 5 IRQ~ +5 • "". 5 lOVe : ...... ' 
I :: .. " 18 IOCHKe ~ : .. ":,,": 4 IRQ5 : ,,", .. "': 4 SMEMR. 
I .. " ......... '7 MASTER • ..! ! .. " .. " .. ": 3 !RQ6 i ,laY: 3 SMEHV • ..! I 
I ... "11."11. .. 16 REF.~ : ... ": ... : 2 IRQ7 : ...... : 2 A16 (2) 
I ... u!5 i ... .:'.!."'., i. ...... !."'.1 
I 
I .'...... 14 8VS.~ 
I ....... : ~3 LULnIU J t 

~" ... "." 12 IRQ9 I 
L_..!'.!!..J 
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28-PIN PLASTIC DUAL IN-LINE 

~::::::::::::: 15:::::; 
I. 1 1.300 (33.020) .1 

.165 (4.191) 

.135 (3.429) 

REF 

I i.410 (31.338) 

~I' MAX '1.015 (0.381) 

!!~~IN 
t --L i-.i SEATING 

.200 (5.080) PLANE 

MAX 1 I ~1~'060("524) I .140(3.656) 
TYP .120 (3.048) 

~ I- -4-- ---0-1 
.100 (2.540) .023 (0.584) 

TYP .015 (0.381) 

NOTES: UNLESS OTHERWISE SPECIFIED. 
1. LEAD FINISH: MATTE TIN PLATE OR LEADfTlN SOLDER. 
2. LEAD MATERIAL: ALLOY 42 OR COPPER. 

.620 (15.748) 

1- MAX ~ 

b 'OS' 1-.015 (0.38') 
90 0 I .008 (0.203) 

L·650 (16.510)-l 
TYP 

3. PACKAGE LENGTH DOES NOT INCLUDE END FLASH BURR WHICH IS .010 (0.254) MAX. AT EACH END. 
4. TOLERANCE TO BE ± .005 (0.127) UNLESS OTHERWISE NOTED. 
5. ALL METRIC DIMENSIONS ARE IN PARENTHESES. 
6. PIN 1 INDEX MARK MAY VARY IN SIZE AND SHAPE. 

28-PIN PLASTIC LEADED CHIP CARRIER 

JI 11-j I 

I I 
.460 ()1.684) 

o 0 MAX 

I LJ 
1 ___ .495 (12.573) ___ I: 

MAX -

4 0 
ALL SIDES .028(O.7iij 

_____ ~I~ .049(1 .. 244) 
.075(1.905) ~ t 

MAA • 
_1__ --r 
~ I 

-t II :11: ~, 
.020 (.508) __ 1._; 1--.032 (0.812) .185 (4.699) 

MIN .050 (1.270) MAX 
TYP -~ ... 021 (.533) 

. ii'1'3"C330) 

NOTES: UNLESS OTHERWISE SPECIFIED. 
1. TOLERANCE TO BE ± .005 (0.127). 
2. LEADFRAME MATERIAL: COPPER. 
3. LEAD ANlSH: MATTE TIN PLATE OR Sn, Pb SOLDER DIP. 
4. SPACING TO BE MAINTAINED BETWEEN FORMED LEAD AND MOLDED PLASTIC ALONG 

FULL LENGTH OF LEAD. 
5. MOLDED PLASTIC DIMENSION DOES NOT INCLUDE SIDE FLASH BURR, WHICH IS .010 

(0.254) MAX ON FOUR SIDES. 
6. ALL METRIC DIMENSIONS ARE IN PARENTHESES. 

8-3 
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40- PIN PLASTIC DUAL IN-LINE 

~:::::::::::::::::::15:::::~: 
. 165 (4.191) 

.135 (3.429) 

I. 1.900 (48.280) REF .1 

~t 2.080 (52.832) MAX "1.015 (0.381) 

t-L-~MIN 
.200 (5.08<1) I ij II ij ij rl~~:~~G 

MAX J L ~~.0~Vp52~ ~:::::: 
.100 (2.540) .023 (0.584) .090 (2.286) 

TYP .015 (0.381) MAX 

.050 (1.270) 

TYP 

44-PIN PLASTIC LEADED CHIP CARRIER 

-I ~I43) 

.660 (16.764) 

MAX 

I 

I ~.695 (17.653) ___ ----l I- MAX = 
.028(0.711) 

..-~ .049 (1.244) 
.075 (1.905) I 4

0 

ALL SIDES t 
M~X n I 
t + \l~j~~~H~~~I~~~~IH~~~ 
.020 (t.762) --l L =J C .032 (0.812) .185 (4.699) 

MAX .050 (1.270) MAX 
TYP .025 (0.635) 

.015 (0.381) 

NOTES: UNLESS OTHERWISE SPECIRED. 
1. TOLERANCE TO BE ± .005 (0.127). 
2. LEADFRAME MATERIAL: COPPER. 
3. LEAD RNlSH: MATTE TIN PLATE OR SOLDER DIP. 
4. SPACING TO BE MAINTAINED BETWEEN FORMED LEAD AND MOLDED PLASTIC ALONG 

FULL LENGTH OF LEAD. 
5. MOLDED PlASTIC DIMENSION DOES NOT INCLUDE SIDE FLASH BURR, WHICH IS .010 

(0.254) MAX ON FOUR SIDES. 
6. ALL METRIC DIMENSIONS ARE IN PARENTHESES. 

8-4 

PACKAGE OUTLINES 

NOTES: UNLESS OTHERWISE SPECIFIED. 
1. TOLERANCE TO BE ± .005 (0.127). 
2. LEADFRAME MATERIAL: COPPER. 
3. LEAD RNISH: MATTE TIN PlATE OR SOLDER DIP. 
4. SPACING TO BE MAINTAINED BETWEEN FORMED LEAD AND MOLDED PLASTIC ALONG 

FULL LENGTH OF LEAD. 
5. MOLDED PlASTIC DIMENSION DOES NOT INCLUDE SIDE FLASH BURR, WHICH IS .010 

(0.254) MAX ON FOUR SIDES. 
6. ALL METRIC DIMENSIONS ARE IN PARENTHESES . 

.620 (15.748) 

1- MAX ~ 

6,:: 1-.~5(O.38') 
90 0 .008 (0.203) 

L·650 (16.510) J 
TYP 
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68-PIN PLASnC LEADED CHIP CARRIER 

• .800(20.32) REF ill-:~219) 

nnnnnnnnnnnn nnnnn ~067) I ~--I 1 
M~~ ~~~~~~ I II 

SIZEAND~ 
LOCATION ~ 

00 

I II 
4°ALL SIDES ,032 (0.813) 

.026 (0.660) 

.95S (24.33) 

.950 (24.13) 

I 

I 

I 

-1/-
.130 (3.30) II - 1- .049 (1.244) 

.090 (2.29) ! 
J ~----------------++--~--~~ 
t ~,"-II-II-U-H .. -II-lI-lI-lII-lI--lI-lI--I1-l1-l1-oW I~ 104",11-'1'",1 JJ 1! 
~I ~I U u

l 

u

l 

U U U U U u.0;2(~.S~2)~llult:-~ t 
.020 (0.508) -,- - I \ 200 (5 OS) 

MIN I .050 (1.27) .021 (0.533) \:165 (4:19) 
TYP .013(0.330) 

I 
I 
.... c-------- .930 (23.62) _____ _ 

.S90 (22.61) 
SEE DETAIL A 

NOTES: UNLESS OTHERW!SE SPEC!FIED. 
1. TOLERANCE TO BE +/- .005 (0.127). 
2. LEAD FRAME MATERIAL: COPPER. 
3. LEAD FINISH: MATTE TIN PLATE OR SOLDER DIP. 

PACKAGE OUTLINES 

.010 (0.254) 

DETAIL A .OOS (0.203) 

_1-

===l
.OOS (0.203) RAD 

1-075 (1.905) MAX .005 (0.127) , n' AFTER 
LEAD FINISH 

~ .020 (0.50S) MIN I "" 

I .035 (0.889) RAD I. .. I 
I I 

.044 (1.117) 

4. SPACING TO BE MAINTAINED BETWEEN FORMED LEAD AND MOLDED PLASTIC ALONG FULL LENGTH OF LEAD. 
5. MOLDED PLASTIC DIMENSION DOES NOT INCLUDE SIDE FLASH BURR, WHICH IS .010 (0.254) MAX ON FOUR SIDES. 
6. CONTROLLING DIMENSIONS ARE METRIC, ALL METRIC DIMENSIONS ARE IN PARENTHESES. 
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PACKAGE OUTLINES 

84-PIN PLASTIC LEADED CHIP CARRIER 

1.000 (25.40) REF • I 

PIN 1 INDEX 
MAY VARY IN 

SIZEAND~ 
LOCATION ~ 

00 

1 __ -------- 1.195 (30.35) --------.1 
1.185 (30.10) 

.130 (3.30) 

.090 (2.29) .050 (1.27) 
TYP 

.032 (0.813) 

.026 (0.660) - --

.03210.812) =11= 
.021 (0.533) 
.013 (0.330) 

1.._-------1.130 (28.70) __________ 1 
1.090 (27.69) 

NOTES: UNLESS OTHERWISE SPECIFIED. 
1. TOLERANCE TO BE +/- .005 (0.127). 
2. LEADFRAME MATERIAL: COPPER. 
3. LEAD FINISH: MAnE TIN PLATE OR SOLDER DIP. 

1.158 (29.41) 
1.150 (29.21) 

SEE DETAIL A 

4. SPACING TO BE MAINTAINED BETWEEN FORMED LEAD AND MOLDED PLASTIC ALONG FULL LENGTH OF LEAD. 

DETAIL A 

1.0751,.905) MAX 

~.020 (0.508) MIN 

5. MOLDED PLASTIC DIMENSION DOES NOT INCLUDE SIDE FLASH BURR, WHICH IS .010 (0.254) MAX ON FOUR SIDES. 
6. CONTROLLING DIMENSIONS ARE METRIC, ALL METRIC DIMENSIONS ARE IN PARENTHESES. 

8-6 

.010 (0.254) 

.008 (0.203) --
.008 (0.203) RAD 

1-11-+--.005 (0.127) 
AFTER 
LEAD FINISH 

.035 (0.889) RAD 
II • 

.044 (1.117) 
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I 
I 

PIN 1 

I 

0.023 (0.58) TVP _I. 
0.033 (0.83) TYP 

0.795 (20.20) 
0.748 (19.00) 

0.557 (14.15) 
0.545 (13.85) 

I 
I 

0.793 (20.15) 
0.782 (19.85) 

I 

~SEEDETAIL 
----- ~ SEATING PlANE , 
0.120 (3.05) MAX 

PACKAGE OUTLINES 

1.031 (26.20) 
0.984 (25.00) 

I 

.026 (0.65) TYP I 

I I I ~.126 (3.20.4../" =1 I .094 (2.40) 0.008 (0.20) 

. t RJ' I I 0.005(0.13) 0.120 (3.05) j 
0.100 (2.54) I I 

t -L ~=== =======::::::::.::- , I -"-'/ I 1 

0.010 (0.25) MAX 

5°+YP 1-
0.083 (2.10) 
0.043 (1.10) 

NOTES: UNLESS °ETCHUER~~I~~L~Pj~J~~NL Y FOR PREOTTROICT6:E~~II~~ ARE IN PARENTHESES. 1 THE CJQFP AR RE METRIC, ALL M 
2: CONTROLLING DIMENSI~~SA~HED AND EPOXY SEALED. 3 CJQFP ARE EPOXY DIE 

I I 
0.016 (0.40) 
0.008 (0.20) 

4: LEADFRAME: ALLOY? HITACHI CHE EN-4000, KASEl EPINAR 4110 
DIE ATIACH MATE~IAUMITOMO 6300, KASEl CEL 4000 MOLD COMPOUND. S 
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SALES OFFICES, DESIGN CENTERS, AND DISTRIBUTORS 
VLSI CORPORATE OFFICES 
CORPORATE HEADQUARTERS. ASIC AND MEMORY PRODUCTS· VLSI Technology, Inc. ·1109 McKay Drive· San Jose, CA 95131 ·408-434-3100 
LOGIC AND GOVERNMENT pao~u~sl Technology Inc • 8375 Sollth River ~ Tempe, "'1. 86284 ·602 752 8574 

VLSI SALES OFFICES VLSI SALES OFFICES FRANCE ISRAEL WASHINGTON 

AND TECH CENTERS CETIA ROT ELECTRONICS ALMAC ELECTRONICS CORP. 
ALABAMA Toulon Cedex; 9-42-12005 Tel Aviv Bellevue, 206-643-9992 

CALIFORNIA 2614 Artie SI., Ste. 36 
SOREP 3-483211-9 Spokane, 509-924-9500 

2235 Qume Dr. Huntsville, AL 35805 
Chateaubourg, 99-623955 SINGAPORE WISCONSIN 

San Jose, CA 95131 205-539-5513 

408-922-5200 FAX 205-536-8622 NORWAY DYNAMIC SYSTEMS New Berlin, 414-784-9020 

FAX 408-943-9792 ARIZONA NORKRETSAS PTE, LTD AUSTRALIA 

TELEX 278807 8375 South River Parkway Oslo, 47-23606n/8 Singapore ENERGY CONTROL 
011-65-742-1986 

MAIL Tempe, AZ. 85284 SWEDEN Brisbane, 61-7-376-2955 

1109 McKay Dr. 602-752-6450 NORDISK ARRAYTEKNIK AB AUSTRIA 
San Jose, CA 95131 FAX 602-752-6001 Solna, 8-734 99 35 VLSI DISTRIBUTORS TRANSISTOR GmbH 

30 Corporate Park, Stes. 100-102 CONNECTICUT United States represented by Vienna, 222-8294010 

Irvine, CA 92714 60 Church St., Ste. 16 VLSISALES SCHWEBER ELECTRONICS BELGIUM AND LUXEMBURG 
714-250-4900 Yalesville, CT 06492 

REPRESENTATIVES except where noted. MCAtronlx 
FAX 714-250-9041 203-265-6698 Angleur, 41-674208 

FLORIDA FAX 203-265-3653 CALIFORNIA 
ALABAMA 
Huntsville, 205-895-0480 DENMARK 

2200 Park Central N., Ste. 600 FLORIDA CENTAUR CORP. 
ARIZONA 

INTERELKO 
Pompano Beach, FL 33064 601 Cleveland SI., Ste. 400 Irvine Karlslunde, 3-140700 
305-971-0404 Clearwater, FL 33515 714-261-2123 Phoenix, 602-997-4874 

EIRE AND U.K. 
FAX 305-971-2086 813-443-5797 CENTAUR CORP. CALIFORNIA HAWKE COMPONENTS 
ILLINOIS FAX 813-443-5674 Calabasas Canoga Park, 818-999-4702 Sunbury-<>n-Thames, 
1350 Remington Rd., Stes. A-D 5955 T.G_ Lee Blvd., Ste. 170 818-704-1655 Gardena, 213-320-8090 1-979n99 
Schaumburg, IL 60195 Orlando, FL 32822 CENTAUR CORP. 

Irvine, 714-863-0200 
QUARNDON ELECTRONICS 

312-310-9595 407-240-9604 Sacramento, 916-929-9732 

FAX 312-310-9632 FAX 407-855-2595 
San Diego San Diego, 619-450-0454 Derby, 332-32651 
619-278-4950 San Jose, 408-432-7171 FINLAND 

MASSACHUSETTS GEORG!A EMERGiNG TECHNOLOGY COLORADO OY COMDAX 
261 Ballardvale SI. 2400 Pleasant Hill Rd., Ste. 200 San Jose Englewood, 303-799-0258 Helsinki, 0-6702n 
Wilmington, MA 01887 Duluth, GA 30136 408-433-9366 
508-658-9501 404-476-8574 CONNECTICUT FRANCE 
FAX 508-658-0423 FAX 404-476-3790 EMERGING TECHNOLOGY Danbury, 203-748-7080 ASAP 5.8. 

NEW JERSEY MARYLAND 
Orangevale 

FLORIDA 
Montigny-Ie-Bretonneux, 

916-988-4387 1-3043.82.33 
101 Morgan Lane, Ste. 380 P.O. Box 289 Altamonte Springs, 305-331-7555 
Plainsboro, NJ 08536 124 Maryland, Rte, 3 N, COLORADO Pompano Beach, 305-977-7511 GERMANY 
609-799-5700 Millersville, MD 21108 LUSCOMBE ENGINEERING 

GEORGIA 
DATA MODUL GmbH 

FAX 609-799-5720 301-987-8m Longmont Munich, 89-560170 
FAX 301-987-8n9 303-772-3342 Norcross, 404-449-4600 

BIT-ELECTRONIC AG TEXAS 
850 E. Arapaho Rd., Ste. 270 MINNESOTA IOWA ILLINOIS Munich,89-4180070 
Richardson, TX 75081 5871 Cedar Lake Rd., Ste. 9 SEL TEC SALES Elk Grove Village, 312-364-3750 

SPEZIAL-ELECTRONIC KG 
214-231-6716 SI. Louis Park, MN 55416 Cedar Rapids IOWA Bueckeburg, 5722-2030 
FAX 214-669-1413 612-545-1490 319-364-7660 Cedar Rapids, 319-373-1417 

FRANCE FAX 612-545-3489 MARYLAND KANSAS 
HONG KONG 
LESTINA INTERNATIONAL, LTD. 

2, Allee des Garays NORTH CAROLINA DELTA III Overland Park, 913-492-2922 TSimshatsui, 852-3-7231736 
F-91124 Palaiseau Cedex 1000 Park Forty Plaza, Ste. 300 Columbia MARYLAND 
France Durham, NC 27713 301-730-4700 Gaithersburg, 301-840-5900 

ITALY 

1-6447.04.79 919-544-1891192 MISSOURI INTER-REP S.P.A. 

TELEX vlsifr 600 759 F FAX 919-544-6667 CENTECH, INC. MASSACHUSETTS Torino, 11-2165901 

FAX 1-6447.04.80 OHIO Raytown Bedford,617-275-51oo JAPAN 

GERMANY 4 Commerce Park Sq. 816-358-8100 MICHIGAN ASAHI GLASS CO. LTD. 

Rosenkavalierplatz 10 23200 Chagrin Boulevard, Ste. 600 CENTECH, INC. Livonia, 313-525-8100 Tokyo, 81-3-218-5854 

0-8000 Munich 81 Cleveland, OH 44122 Bridgeton MINNESOTA TEKSEL COMPANY, LTD. 
West Germany 216-292-8235 314-291-4230 Edina, 612-941-5280 Tokyo, 81-3-461-5311 
89-9269050 FAX 216-464-7009 NEW YORK MISSOURI TOKYO ELECTRON, LTD. 
TELEX 521 4279 vlsid OREGON bbd ELECTRONICS Earth City, 314-739-0526 Tokyo, 81-423-33-8009 
FAX 89-92690545 10300 SW. Greenburg Rd., Ste. 365 Rochester NEW HAMPSHIRE KOREA 
HONG KONG Portland, OR 97223 716-425-4101 Manchester, 603-625-2250 ANAM VLSI DESIGN CENTER 
Shui On Centre 28/12 503-244-9882 OREGON Seoul, 82-2-553-2997 
8 Harbor Road FAX 503-245-0375 NEW JERSEY 
Hong Kong MICRO SALES Fairfield,201-227-7880 EASTERN ELECTRONICS 

TEXAS Beaverton 852-5-865-3755 9600 Great Hills Trail, Ste. 150W 503-645-2841 NEW YORK Seoul, 82-2-464-0399 
FAX 852-5-865-3159 Austin, TX 78759 Rochester, 716-424-2222 NETHERLANDS 
JAPAN 512-343-8191 UTAH Westbury, 516-334-7474 DIODE 
Shuwa-Kioicho TBR Bldg., Room 101 FAX 512-343-2759 

LUSCOMBE ENGINEERING 
NORTH CAROLINA Houten, 3403-91234 

Salt Lake City 5-7 KOjimachi, Chiyoda-Ku 801-565-9885 Raleigh,919-876-0000 SWEDEN AND NORWAY 
Tokyo, Japan 102 

VLSI AUTHORIZED OHIO TRACOAB 
81-3-239-5211 WASHINGTON Farsla, 8-930000 
FAX 81-3-239-5215 DESIGN CENTERS MICRO SALES Beachwood,216-464-2970 

Bellevue Dayton, 513-439-1800 SOUTH AMERICA - BRAZIL 
UNITED KINGDOM COLORADO 206-451-0568 OKLAHOMA INTERNATIONAL TRADE 
486-488 Midsummer Blvd. SIS MICROELECTRONICS, INC. Tulsa, 918-822-8003 DEVELOPMENT 
Saxon Gate West, Central Longmont,303-n6-1667 CANADA Palo Alto, 415-856-6686 
Milton Keynes, MK9 2EQ bbd ELECTRONICS OREGON 
United Kingdom MAINE Mississauga, Ontario ALMAC ELECTRONICS CORP. SPAIN AND PORTUGAL 

09 08166 75 95 QUADIC SYSTEMS, INC. 416-821-7800 Beaverton, 503-629-8090 SEMICONDUCTORES S_8. 

TELEX vlsiuk 825 135 South Portland, 207-871-8244 
bbd ELECTRONICS PENNSYLVANIA 

Barcelona, 3-217 23 40 

FAX 09 08167 00 27 PENNSYLVANIA Ottawa, Ontario Horsham 215-441-0600 SWITZERLAND 
INTEGRATED CIRCUIT 613-729-0023 Pittsburgh,412-782-1600 FABRIMEX AG 
SYSTEMS, INC. 

bbd ELECTRONICS TEXAS 
Zurich, 1-2512929 

King of Prussia, 215-265-8690 
Pointe Claire, Quebec Austin, 512-458-8253 TAIWAN 

EIRE AND U.K. 514-697-0804 Dallas, 214-661-5010 PRINCETON TECH CORP. 
PA TECHNOLOGY Houston, 713-784-3600 Taipei, 886-2-717-1439 
Herts, 76-3-61222 
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The information contained in this document has been 
carefully checked and is believed to be reliable. However, 
VLSI Technology, Inc., (\'LSI), makes no guarantee or 
warranty concerning the accuracy of said Information and 
shall not be responsble for any loss or damage of whatever 
nature resulting from the use of, or reliance !.pOn, it. VLSI 
does not guarantee that the use of any Information 
contained herein will not Infringe upon the patent or other 

rights of third parties, and no patent or other license is 
in-plied hereby. 
This document does not in any way extend VLSl's warranty 
on any product beyond that set forth in Its standard terms 
and conditions of sale. VLSI Technology, Inc., reserves the 
right to make changes in the products or specifications, or 
both, presented in this publication at any time and without 
notice. 

LIFE SUPPORT APPLICATIONS 
VLSI Technology, Inc., products are not intended for use as 
critical corrponents in life support appliances, devices, or 
systems in which the failure of a VLSI Technology product 
to perform could reasonably be expected to result in 
personal injury. 
e 1989 VLSI Technology, Inc., Printed in U.S.A. 
8350-400295-001 7M 

VLSI Technology, Inc. • 8375 South River Parkway· Tempe, AZ. 85284· 602-752-8574 
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