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PREFACE

DIGITAL introduced the first PDP-11 processor in 1970. Since then, a
family of PDP-11 computer products has been constantly evolving—not
just a family of processors, but a family of peripherals, software, and
services. Today, the PDP-11 family is the broadest family of compatible
computer products on the market, with one of the latest additions being
the LSI-11.

The LSI-11 is a 16-bit microcomputer with the speed and instruction set
of a minicomputer. The LSI-11 was introduced in 1975; volume deliveries
started during the fall of 1975. Due to its size and unique capabilities, it
is being designed into many instrumentation, data processing, and con-
troller applications.

Three LSI-11 system configurations comprise the LSI-11 portion of the
PDP-11 family: LSI-11 system components, the PDP-11/03, and the
PDP-11V03.

LSI-11 component systems include individual modules, backplane, etc.,
ordered as separate items. The user purchases only those items required
for a specific application.

The PDP-11/03, a boxed version of the LSI-11, is designed for those
that need-a packaged microcomputer system. It consists of an LSI-11
‘microcomputer and 4K memory, a modular power supply, and a mount-
ing box. It is an easy to use LSI-11-based microcomputer for system
development or dedicated applications.

The PDP-11VO03 is the latest addition to the LSI-11 family. It is a mass
storage-based system, including the PDP-11/03, the RXV11 floppy disk
system, a system cabinet and power distribution panel, either a VT52
DECscope or LA36 DECwriter terminal, RT-11 system software, and
system diagnostics.

The remainder of this handbook contains detailed information for LSI-11
and PDP-11/03 systems. System specifications for the PDP-11V03 are
also included.

This handbook contains all of the information previously contained in the
LSI-11, PDP-11/03 Processor Handbook and LSI-11, PDP-11/03 User's
Manual. Information has been expanded to include the latest LSI-11 op-
tions and module configurations. In addition, a section on system soft-
ware is included. This information is those portions of the PDP-11
Software Handbook that are applicable to LSI-11 system applications.
A brief description of the various sections comprising this handbook is
provided below:

Section Description

| LSI-11 Family Hardware—Chapters containing a detailed de-
scription of LSI-11 system hardware specifications, installation,
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system configuration, and maintenance information. Instruc-
tions for loading programmable read only memory integrated
circuits is also included.

Operation—Chapters describing the use of console mode ODT

commands, REV11 (optional) commands, paper tape system
operation, and RXV11 floppy disk-based system operation.

Processor—Chapters describing the processor's addressing
modes, basic instruction set, optional EIS/FIS instruction set,
and general programming techniques.

System Software—Chapters containing a listing of software
options, a description of operating systems, and floppy disk
system software available for use on the LSI-11 system.

DIGITAL Services—Chapters on LSI-11 training, DECUS and
maintenance services.
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CHAPTER 1

INTRODUCTION

1.1 GENERAL ]

Three basic LSI-11 microcomputer system configurations are available
from DIGITAL: LSI-11 system components, the PDP-11/03 boxed: LSI-11
system, and the PDP-11V03 system. The three basic system configura-
tions are described below.

LSI-11 system components (Figure 1-1) include separate modules
(printed circuit boards), backplanes, cables, etc., which are available
separately. This allows the user to purchase only the system components
required for a specific application. Original equipment manufacturers
(OEM’s), for example, can purchase LSI-11 system components to func-
tion in a specific computer-controlled system environment. In this ap-
plication, the LSI-11 serves as low-cost, compact, flexible solution to the
OEM'’s computer requirement. All of the essential processor hardware
architecture (instruction set, addressing modes, registers, etc.) and soft-
ware features of the PDP-11/40 computer are retained in the LSI-11
processor. ' :

The PDP-11/03 (Figure 1-2) is a packaged version of the LSI-11 micro-
computer. It includes a rack-mountable enclosure containing the LSI-11
processor, 4K memory, an LSI-11 bus-structured backplane,” a power
supply for the processor and options contained in the box, and a control
panel (part of the power supply assembly) containing three indicators
and three switches. All LSI-11 component system options can be used
in PDP-11/03 systems. The PDP-11/03 is particularly useful in prototype
. system development.

The PDP-11V03 system (Figure 1-3) is a complete, ready-to-use floppy
disk-based system that includes all necessary hardware factory-config-
ured and installed, a terminal (VT52 or LA36), and RT-11 operating
system software. RT-11 software includes single job and foreground/
background operating system monitors. Included in the standard RT-11
software are all of the software tools normally required for assembly
language programming. Floppy disk system diagnostics are also in-
cluded with the system. Software options are described in_ Section IV.

1.2 LSI-11 SYSTEM COMPONENTS

1.2.1 The LSI-11 Microcomputer

In general, all LSI-11 and PDP-11/03 systems' include the KD11-F or
KD11-J microcomputer. The KD11-F is a single 8.5 by 10 inch module
that contains the LSI-11 microprocessor and a 4K by 16-bit semicon-
ductor read/write memory (Figure 1-4). The KD11-J (Figure 1-5) uses
the same microcomputer module as the KD11-F; however, it is supplied
with the MMV11-A 4K by 16-bit core memory (Figure 1-7) instead of the
semiconductor memory.

1-1
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Figure 1-1
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Figure 1-2 PDP-11/03 System




Each KD11-F features:

A low-cost, powerful processor for integration into any small- or
medium-sized computer system.

Direct addressing of 32K 16-bit words or 64K 8-bit bytes (K = 1024).

Efficient processing of 8-bit characters without the need to rotate,
swap, or mask.

Asynchronous operation that allows system components to run at their
highest possible speed; replacement with faster devices means faster
operation without other hardware or software changes.

A modular component design that provides ease and flexibility in con-
figuring systems.

Hardware memory stack for handling structured data, subroutines, and
interrupts.

Direct memory access for high data rate devices inherent in the bus
architecture.

Eight general-purpose registers that are available for data storage,
pointers, and accumulators. Two are dedicated: SP and PC.

Figure 1-3 PDP-11V03 System
(shown with the LA36 DECwriter terminal)
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A bus structure that provides position-dependent priority as perlpheral
device interfaces are connected to the /0 bus.

e Fast interrupt response without device polling.
e A powerful and convenient set of programming instructions.

e A jumper-selected power-up mode that enables restart through a
power-up vector, console Octal Debugging Technique (ODT) micro-
code subset, or a bootstrap program.

e On-board 4K RAM.

e An ODT microprogram that controls all manual entry/display functions
previously performed by a control panel through a serial ASCII device
(optional) which is capable of transmitting and receiving ODT com-
mands and data.

e Compact size (only 8.5 by 10 in.).

1.2.2 1/0 Bus Concept

The LSI-11 1/0 bus is simple, fast, and easy to use as an interface be-
tween the LSI-11 microcomputer, memory, and peripheral interface mod-
ules. It comprises 17 control lines and a 16-line data/address bus. All
modules connected to this bus receive the same interface signals.

Address/data and control lines are open-collector lines that are asserted
low. The microcomputer module is capable of driving six device locations
along the bus. Peripheral interface or memory modules can be installed
in any location along this bus.

Both address and data words (or bytes) are time multiplexed over 16
bus lines. For example, during a programmed data transfer, the LSI-11
microcomputer first asserts an address on the bus for a fixed time. After
the address time has been completed, the processor performs either an
input or output data transfer; the actual data transfer is asynchronous
and -requires a response from the addressed device. Bus synchronization
and control signals provide this function.

Control signal lines include two daisy-chained grant signals that provide
a priority-structured 1/0 system. The highest priority device is the
module electrically closest to the KD11-F (or KD11-J) module. Higher
priority devices pass a grant signal to lower priority devices only when
not requesting service. (Memory options or devices that do not use these
signals must connect the chain.)

The KD11-F contains a memory address register and 4K bank address
decoder for its resident memory, which can be assigned to bank O or
bank 1. Bank 7 is also decoded when addresses ranging from 160000
to 177777 are placed on the bus. These addresses are normally used
for addressing nonmemory devices, thus eliminating the need for bank
address decoding on peripheral device interface modules.

The bus provides a vectored .interrupt capability for any interface device.
Hence, device polling is not required in interrupt processing routines.
This results in a considerable savings in processing time when many
devices requiring- interrupt. service are. interfaced along the bus. When
a device receives an interrupt grant (acknowledge), the KD11-F inputs
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the device’s interrupt vector. The vector points to two addresses that
contain a new processor status word and the starting address of the
interrupt service routine for the device.

One bus signal line functions as an external event interrupt input to the
KD11-F module. This signal line can be connected to a frequency source,
such as a line frequency, and used as a line time clock (LTC) interrupt.
A jumper on the KD11-F module enables or inhibits this function. When
enabled, the device connected to this line has the highest interupt prior-
ity external to the processor. Interrupt vector 100, is reserved for this
function, and an interrupt request via the BEVNT line causes new PC
and PS words to be loaded from locations 100, and 102,.

Memory refresh of dynamic MOS read/write memory is accomplished
by bus signals. Refresh operation is controlled by either the processor
module microcode or a direct memory access (DMA) device, such as the
REV11-A or REV11-C.

The processor can be placed in the Halt mode by asserting one bus
signal. This allows peripheral devices or a separate switch to invoke
console ODT microcode operation.

Power-up/power-down sequencing is controlled by two bus signals. One
signal, when in its true state, implies that primary power is normal. The
second signal is in its true state when sufficient dc power is available
(and voltages are normal) for normal system logic operation. These
signals are produced by circuits contained in the H780 . power supply
(PDP-11/03 only) or by the user's system (circuits external to the
LSI-11 system components).

DMA operation is controlled by three bus signals. Logic on the processor
module, which is normally bus master, arbitrates DMA requests and
grants bus mastership to the highest priority device requesting the bus.
Priority is position-dependent through the use of a daisy-chained DMA
grant signal.

1.2.3 Memory Options

Memory options are available for expanding memory to 28K. The basic
LSI-11 microcomputer is supplied with read/write memory. KD11-F's
memory consists of a 4K dynamic MOS array that is physically located
on the processor module. KD11-J's memory is a 4K magnetic core array
contained on a separate module; the processor module supplied with
the KD11-J contains no semiconductor memory components.

Optional memory modules include:

MRV11-AA—4K by 16-bit programmable read-only memory on an 8.5 by
5 in. module (Figure 1-6). Requires one device location on the 1/0 bus.
Can be configured using either 256 by 4-bit or 512 by 4-bit field pro-
grammable or masked read-only memories (ROMs) for a maximum ca-
pacity of 2048 or 4096 16-bit words.

MRV11-AC—Unprogrammed 512 by 4-bit PROM integrated circuits for
use in the MRV11-AA. The integrated circuits are field programmable
and should be installed in sets of multiples of four.
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MMV11-A—4K by 16-bit core memory on an 8.5 by 10 by 0.9 in. unit
(Figure 1-7). Requires two device locaticns on the 1/0 bus when in-
stalled in the backplane (pretferred location slots A4-D4). This allows a
daughterboard (part of the MMV11-A) to extend slightly beyond the
backplane without using additional device locations. If not installed in
this location, the MMV11-A requires four device locations because of
the additional module thickness (0.9 in. instead of 0.5 in. for all other
modules).

MSV11-B—4K by 16-bit dynamic MOS read/write memory on an 8.5 by
5 in. module (Figure 1-8). Requires one device location on the 1/0 bus.
Refresh is automatically performed by the KD11-F processor microcode
or by an external device, such as the REV11-A and REV11-C.

1.2.4 Peripherai Interface Options

Four basic interface module options are available for use in LSI-11
systems. All options can be configured with unique device and vector
addresses.

DLV11—Serial line unit interface on an 8.5 by 5 in. module (Figure 1-9).
Requires one device location on the bus. Jumpers select crystal-con-
trolled baud rates (50-9600 baud) and serial word format, including
number of stop bits, number of data bits, and even, odd, or no parity
bit. Optional interface cables include the BCO5M, which connects the
DLV11 to 20 mA current loop peripheral devices, and the BCO5C, which
connects the DLV11 to ElA-compatible devices (modems) via a Cinch
DB-25P connector.

DRV11—=General-purpose parallel line unit interface on an 8.5 by 5 in.
module (Figure 1-10). Requires one device location on the bus. Two
40-pin connectors are included on the module for user interface appli-
cation. One is the 16-bit input and the other is the 16-bit output.

DRV11-B—DMA interface on an 8.5 by 10 in. module (Figure 1-11). Re-
quires two device locations on the bus. The interface is programmed by
the processor to move variable length blocks of 16-bit data words to or
from specified locations in system memory via the LSI-11 bus. Once
programmed, no processor intervention is required to complete the data
transfer. The DRV11-B is capable of transfer rates up to 250K, 16-bit
words per second, and is capable of operating in burst modes and byte
addressing. Switches are provided for selection of device addresses and
interrupt vector address.

DRV11-P—LSI-11 bus foundation on an 8.5 by 10 in. module (Figure
1-12). Requires two device locations on the bus.
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Figure 1-6 MRV11-AA 4K PROM Moduie
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Figure 1-7 MMV11 4K Core Memory



Figure 1-8 MSV11-B 4K Semiconductor Memory
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Figure 1-9 DLV11 Serial Line Unit
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The DRV11-P is a versatile wire wrap module that contains the bus inter-
face logic for operation with the LSI-11 or PDP-11/03 system and pro-
vides adequate board area for mounting and connecting integrated
circuits (IC's) or discrete components. Because the bus interface logic
is included, the module can be efficiently configured by the user to
satisfy a variety of device interface logic applications.

A 40-pin connector, conveniently mounted at the board edge, facilitates
the connection to a device through several cable assembly types avail-
able from DIGITAL.

Except for the bus interface connections, all signals and voltages are
terminated to wire wrap pins for user connections. The bus_control logic
is provided with wire wrap test points to monitor the internal signals.
The test points are spaced at 0.1 in. (0.254 cm) between pins to allow
a 40-pin connector to be inserted over the wire wrap pins for automated
test functions.

Approximately two-thirds of the surface area on the module consists of
plated through holes, each connected to a wire wrap pin. The user can
mount three different types of dual-in-line IC's or a variety of discrete
components into the holes and connect the proper voltages and signals
by wire wrapping leads on the board.

1.2.5 Backplane Options

Two backplane options are available: the H9270 and the DDV11-B. The
H9270 (Figure 1-13) is a four-by-four slot LSI-11 bus-structured back-
plane/card guide assembly. It can accept the processor module and up
to six options. Power is applied to the backplane via a screw-terminal
block located on one end of the assembly. Signal and power bus lines,
provided by a printed circuit board, connect each option location as
shown in Figure 1-14.

The DDV11-B (Figure 1-15) is an expanded version of the standard
LSI-11 backplane (the H9270) for use when additional LSI-11 option
module space is required. A nine-by-four slot section of this backplane
is LSI-11 bus-structured and will accept the processor module, up to 15
option modules, and one TEV-11 bus terminator module. An additional
nine-by-two slot section of the backplane is provided with power con-
nections (45 Vdc, —12 Vdc, and ground), only; wire wrap pins allow
the user to interconnect the slots with appropriate signals.
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Figure 1-13 H9270 Backplane
1-18



Figure 1-14 Printed Circuit Board
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Figure 1-15 DDV11-B Expanded Backplane and
HO0341 Card Cage Assembly
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An optional card cage, type H0341, is available for use with the DDV11-B
backplane. It provides physical protection to modules and serves as a
card guide. The card gage completely surrounds the DDV11-B on the
module side of the backplane.

1.2.6 Expansion Boxes

BA11-ME and BA11l-MF expansion boxes provide a most convenient
means for expanding LSI-11, PDP-11/03, and PDP-11V03 systems. Each
expansion box includes an H9270 backplane, an H780 power -supply,
which is capable of supplying sufficient power to all modules contained
within the expansion box, and a rack-mountable enclosure. The enclosure
is identical in size and design to the PDP-11/03; however, the switch/
indicator.control panel is not included (part of the H780 power supply
in PDP-11/03 systems). The BA11-ME requires 115 Vrms, 50 or 60 Hz
input power, and the BA11-MF requires 230 Vrms, 50 or 60 Hz input
power.

1.2.7 Bus Accessory Options

Several LSI-11 bus accessory options are available for bus expansion,
bus termination, DMA refresh, bootstrap ROM, and combinations of the -
preceding. The options can be used in both LSI-11 and PDP-11/03 ap-
plications. A summary of the options is provided below:

Module No. ~ Figure Includes ) . System Functions
REV11-A 1-16 M9400-YA Module 120 @ bus terminator, DMA
refresh, bootstrap ROM.
REV11-C M9400-YC Module DMA refresh, bootstrap
ROM.
TEV-11 1-17 M9400-YB Module 120 @ bus terminator.
BCV1A-XX " 1-18 Two BCO5L-XX Bus expansion: two expan-
cables, one sion cables and two back-
M9400-YD module, plane connector modules
and one M9401 (M9400-YD and M9401).
module. Normally used for expan-

sion from second to third
backplane in 3-backplane
systems. (A TEV11 or
REV11-A 120 Q terminator
must be installed in the
last device slot in back-
plane 3.)

NOTE

The -XX in BCV1A-XX and BCV1B-XX options
denotes cable lengths. Options are available
with cable lengths of 2, 4, 6, and 10 ft. For
example, a BCV1A-06 includes two 6-ft cables.
When the BCV1A and BCV1B options are used
in a three backplane system, their lengths
should differ -by 4 ft.
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BCV1B-XX 1-19  Two BCO5L-XX Bus expansion: 250 Q

cables, one terminator (M9400-YE),
MQ400-YE module, - two expansion cables,
and one M9401 backplane connector
module. (M9401). Normally used

for expansion from first to
second backplane in 2 or 3
backplane systems.

The REV11-A and REV11-C options contain programs stored in the ROM.
These programs include processor and memory diagnostics, bootstrap
programs for the RV11 floppy disk system, and absolute loader programs
for paper tape readers. (Note that the diagnostic programs are short
tests to provide a quick check of system operation; these tests do not
replace system diagnostics used for maintenance purposes.) A com-
mand set used for running the programs is described in Section Il,
Chapter 3. .

TEV11 (or REV11-A), BCV1A, and BCV1B options are used for system
expansion in multiple backplane systems. In addition, the REV11-A or
" TEV11 can be used to terminate the DDV11-B backplane (required when
more than six option modules are installed on the backplane).

1.3 THE PDP-11/03 SYSTEM

The PDP-11/03 is a packaged version of the L.SI-11 system. The system
includes the LSI-11 processor and 4K memory, an H780 power supply,
and an H9270 backplane factory installed in a rack-mountable enclosure.
System models are listed below:

Model Primary Power Memory Type
PDP-11/03-EA 115V, 60 Hz Semiconductor
PDP-11/03-EB 230V, 50 Hz Semiconductor
PDP-11/03-FA 115V, 60 Hz . Core
PDP-11/03-FB 230V, 50 Hz Core

1.4 THE PDP-11V03 SYSTEM

The PDP-11V03 is a complete, ready to use system It includes a PDP-
11/03 packaged LSI-11 system, an additional 4K memory (8K system
memory, total), RXV11 dual floppy disk system, DLV11 serial line unit
interface for the console terminal, and either a VT52 DECscope terminal
or an LA36 DECwriter Il terminal. All system components, except the
console terminal, are contained in a system cabinet. The cabinet can
remain on the floor and moved, as desired (casters are included), placed
under a table, or placed on top of a table. Detailed information on the
PDP-11V03 system is contained in the PDP-11V03 System Manual. Sys-
tem models and specifications are mcluded in this handbook, Section I,
Chapter 2. .
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Figure 1-16 REV11-A Bus Terminator, DMA Refresh, Bootstrap
ROM Module
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Figure 1-17 TEV11 Bus Terminator Module
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Figure 1-19 BCV1B Bus Expansion Option



CHAPTER 2

SPECIFICATIONS

2.1 GENERAL

This chapter contains applicable electrical, mechanical, and environ-
mental specifications for' LSI-11 systems. LSI-11 system components
(modules and backplanes), PDP-11/03, and PDP-11V03 systems are
covered in separate paragraphs.

2.2 LSI-11 SYSTEM COMPONENTS

2.2.1 Modules

Table 2-1 lists the electrical and mechanical specifications of the LSI-11
modules. All LSI-11 modules will operate at temperatures of 41° F to
122° F (5° C to 50° C) with a relative humidity of 109 to 959% (no
condensation), with adequate airflow across the modules. When oper-
ating at the maximum temperature (122° F or 50° C), air flow must
maintain the inlet to outlet air temperature rise across the moduies to
12.5° F (7° C) maximum. Air flow should be directed across the modules
as shown in Figure 2-1, and as described in Paragraph 6.7.

2.2.2 Backplane Options

2.2.2.1 H9270 Backplane—The H9270 backplane will accept the
KD11-F processor module and up to six option modules, or the KD11-J
processor and core memory modules and up to two or four option
modules, depending on the location of the core memory in the back-
plane. When used for bus expansion in multiple backplane systems, the
H9270 provides space for up to six option modules, plus the required
expansion cable connector module(s) and/or terminator module.

Mounting dimensions for the H3270 are shown in Figure 2-1. Figure 2-3
illustrates possible methods of mounting the backplane.

Backplane pinning and signal functions are included in Chapter 3. Op-
tion positions are shown in Figure 2-2. Numbers indicate device interrupt
and/or DMA priority; lowest numbered positions receive the highest
priority.
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Table 2-1

Module Specifications

Option Module Power Requirements Size—in. (cm)
Desig. No(s). Description +5V x59% +12V +39, Height Length* Width
KD11-F M7264 LSI-11 processor 18A - 0.8A 10.5 8.9 0.5
and 4K x 16 RAM (2.4 A max.) (1.6 A max.) (26.6) (22.8) (1.27)
KD11-J M7264-YA LSI-11 processor 6.4 A 1.2A 10.5 8.9 0.5
H223 and 4K X 16 core (9.0 A max.) (1.5 A max.) (26.6) (22.8) (1.27)
- G653 memory unit 10.5 8.9 0.9
(26.6) (22.8) (2.29)
- DLV11 M7940 Serial line unit 1.0A — 5.2 8.9 0.5
. interface (1.6 A max.) (13.2) (22.8) (1.27)
DRV11 M7941 Parallel line unit 0.9A — 5.2 ‘8.9 0.5
interface (1.6 A max.) (13.2) - (22.8) (1.27)
DRV11-B M7950 DMA interface 1.9A — 10.5 8.9 0.5.
) (26.6) (22.8) (1.27)
DRV11-P M7948 LSI-11 Foundation 1.0A —_ 10.5 8.9 0.5
module (26.6) (22.8) (1.27)
MRV11-AA M7942 4K X 16 read-only 04A —_ 5.2 - 8.9 0.5
memory (less PROM (0.6 A max.) (13.2) (22.8) (1.27)
integrated circuits)
(with 32 512 X 4 2.8A —
PROM integrated (4.1 A max.)
. circuits (MRV11-AC))
MSV11-B M7944 4K X 16 read-write 0.6 A — 5.2 8.9 0.5
MOS memory ° (1.2 A max.) (13.2) (22.8) (1.27)

* Length as stated is approximate, and includes module handles._iActual module length is 8.5 in. (21.6 cm).
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Table 2-1 Module Specifications (Cont.)

Option Module Power Requirements Size—in. (cm) .
Desig. No(s). Description +5 V +£59% +12 V +£39%, Height Length* Width
MMV11-A H223 4K x 16 core memory 3.0A 10.5 8.9 0.9
G653 (standby power) 7.0A (26.6) (22.8) (2.29)
(operating power)

REV11-A M9400-YA 120 © terminator, 164 A 5.2 8.9 0.5
DMA refresh, (2.24 A max.) (13.2) (22.8) (1.27)
bootstrap ROM

REV11-C M9400-YC  DMA refresh, 1.0A 5.2 8.9 0.5

: bootstrap ROM (1.88 A max.) (13.2) (22.8) (1.27)

REV11-H M9400-YH  DMA refresh, 1.0A 5.2 8.9 0.5
bootstrap ROM (1.88 A max.) (13.2) (22.8) (1.27)

TEV11 M9400-YB 120 @ terminator 0.54 A 5.2 8.9 0.5

(0.70 A max.) (13.2) (22.8) (1.27)
BCV1A-XX  M9400-YD  Bus expansion option: — 5.2 8.9 0.5
M9401 2 cables, 2 modules (13.2) (22.8) . (1.27)
. : ) (dimensions for each module)

BCV1B-XX  M9400-YE Bus expansion option: 0.29A 5.2 8.9 0.5
M9401 2 cables, 2 modules (13.2) (22.8) (1.27)

(0.37 A max.)

(dimensions for each module)
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2.2.2.2 DDV11-B Backplane—The DDV11-B backplane will accept the
KD11-F processor module and up to 15 option modules, plus a termina-
tor module; or the KD11- Jprocessor module and core memory modules
“and up to 11 option modules, plus a terminator module. Mounting and
overall dimensions for the DDV11-B are shown in Figure 2-4. Clearance
for the HO341 card cage assembly is shown by the dotted outline; the
-HO0341 is a separate option and it is not supplied with the DDV11-B
option.

In addition to providing space for mounting LSI-11 modules, 18 user-
defined slots are provided for custom applications. These slots are lo-
cated in E and F slots, which are adjacent to LSI-11 bus-structured
slots A through D, as shown in Figure 6-3. Option positions shown in
the figure are numbered to show device interrupt and/or DMA priority;
lowest-numbered positions receive the highest priority. Backplane pin-
ning and signal functions are included in Chapter 3.

2.2.3 BA11-ME and BA11-MF Expansion Boxes

BA11-ME and BA11-MF expansion boxes provide a most convenient
means for expanding LSI-11, PDP-11/03, and PDP-11V03 systems. Each
expansion box includes an H9270 LSI-11 bus-structured backplane, an
H780 power system, and an enclosure that is identical to the PDP-11/03
enclosure. However, the front panel, including three indicators and three
switches, is not included. Refer to PDP-11/03 Figures 2-5 and 2-6 for
mechanical details. Electrical specifications are listed -below:

AC Input Pow’er':
BA11-ME 100-127 Vrms, 50=+1 Hz or 60+1 Hz, 400 W maximum
BAl1l-MF 200-254 Vrms, 50%=1 Hz or 60+1 Hz, 400 W maximum

DC Output Power:
+5 vde +3%, 0-18 A load (static and dynamlc)
+12 Vdc +£39,, 0-3.5 A load (static and dynamic)
Maximum output power: 120 W (total)

2.3 PDP-11/03 SYSTEM

2.3.1 General

The PDP-11/03 system includes an LSI-11 processor and 4K memory
(KD11-F or KD11-J), an H780 power supply, an H9270 backplane, and
a rack-mountable enclosure. The PDP-11/03 is available in four models,
providing a-selection of 115 or 230 V primary power and 4K MOS or 4K
core memory. The models are listed below: - :

Model Description

PDP-11/03-EA KD11-F processor and resident 4K memory (M7264),

H780-A power supply (115 V input), H9270 back-

plane, BAll enclosure.

PDP-11/03-EB - Same as above except the H780-A power supply is
: replaced with the 230 V input H780-B power supply.

PDP-11/03-FA KD11-J processor -and 4K core memory (M7264-YA,
) H223, G653), H780-A power supply (115 V input),

H9270 backplane, BA11l enclosure.

26
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Figure 2-4 DDV11-B Outline and Mounting Dimensions

PDP-11/03-FB Same as above except the H780-A power supply is
replaced with the 230 V input H780-B power supply.

2.3.2 H780 Power Supply ‘

The H780 power supply provides sufficient dc power for modules in-
stalled in one H9270 backplane. Cooling air is provided for system com-
ponents by fans included in the H780 power supply.

Dc output voltages and currents are listed below. The user can calculate
actual dc power requirements for system components by obtaining
power requirements for the processor module and options in Table 2-1.

Voltage Current dc Power

+5V +£39 0-18A .

+12V %39, 0-3.5 A. 120 W (total) maximum

Input power requirements are as follows:

Models Input Power-

PDP-11/C3-EA, 100-127 Vrms, 5041 Hz or 60+1 Hz, 400 W maximum
PDP-11/03-FA
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PDP-11/03-EB, 200-254 Vrms, 501 Hz or 60+1 Hz, 400 W maximum
PDP-11/03-FB

A front panel is-included on the H780 power supply that contains three
indicators and three switches. They are described below:

Switches Function

DC ON/OFF Enables or disables H780 dc voltage outputs. (Does
not remove ac power from power supply circuits and
fans.)

HALT/ENABLE  HALT position: Halts the processor and enables con-
sole ODT microcode operation. Single-instruction exe-

- cution -can be performed when this switch remains
in the HALT position.

ENABLE position: Enables the processor Run mode.
Programs are started by entering a “‘G’’ or ‘P’ com-
mand via the console terminal (or automatically, as
appropriate, during power-up).

LTC ON/OFF Enables or disables the Line Time Clock signal gen-
erated by the H780. This signal generates vectored
interrupts at the line frequency (50 or 60 Hz).

Indicators Function

DC ON -~ Lit when dc voltages are supplied to the backplane.
RUN Lit when the processor is executing programs (Run

' mode). Not lit when the processor is in the Halt mode.
— Spare '

In addition to the front panel controls and indicators, an AC ON/OFF
switch and fuse are included on the rear of the unit. The switch nor-
mally remains in the ON position, allowing an external circuit (user-
supplied) to control application of primary power. Overload protection
is provided by a fuse, as listed below:

Model Fuse Type
PDP-11/03-EA and 5 A, fast blow
PDP-11/03-FA (H780-A)

PDP-11/03-EB and 3 A, fast blow

PDP-11/03-FB
NOTE
Detailed H780 power supply specifications are
included in Paragraph 4.12.2.

2.3.3 Environmental Specifications

Temperature: 41° F-104° F (5° C-40° C)
Derate at 11° F (6° C)/1000 ft at altitudes above
8000 ft

Relative Humidity: 109% to 95% (no condensatibn)

2.3.4 Mechanical Specifications
The PDP-11/03 (Figure 2-5) is designed with a removable front panel.
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Removing the front panel exposes the LSI modules and cables. This
enables replacement or installation of a module from the front of the
PDP-11/03. The 11/03 power supply is located on the right-hand side
of the PDP-11/03 when viewed from the front. The power supply con-
tains three front panel switches and indicators, which are accessible
through a cutout in the front panel. Therefore, when the front panel is
removed, the lights and switches are still attached and functional.

The PDP-11/03 is designed to mount in a standard 19 in. cabinet (Figure
2-6). A standard 19 in. cabinet has two rows of mounting holes in the
front, spaced 18%; in. apart. The holes are located 14 in. or 54 in. apart
from each other. Standard front panel increments are 13/in.

L . 17-5/8" i

w

-

3-172"

L

— |._1-1/2"

13.50" J
!
POWER SUPPLY
AIR - AIR
H FRONT
PROCESSOR,
MEMORY AND
DEVICES

Figure 2-5 PDP-11/03 Assembly Unit
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2.4 PDP-11V03 SYSTEMS

2.4.1 General

PDP-11V03 systems are available in four basic models, depending on
selection of input power and terminal type. All PDP-11V03 systems in-
clude a PDP-11/03 system (Paragraph 2.3), RXV11 dual floppy disk
system, an appropriate terminal, REV11-A (DMA refresh/ROM bootstrap/
terminator module), DLV11 (terminal serial line unit interface) config-
ured for the terminal supplied, MSV11l (4K memory, comprising 8K
memory, total), system cabinet, and RT-11 system software and diag-
nostics. The four models include the major hardware system com-
ponents as listed below:

System Terminal Input
Model Model Power
PDP-11V03-AA VT52-AA 115V/60 Hz
PDP-11V03-AD VT52-AB 230 V/50 Hz
PDP-11VO3-EA LA36-DE . 115V/60 Hz
PDP-11VO3-ED LA36-DJ 230 V/50 Hz
PDP-11/03 RXV11 System

Model Model Cabinet
PDP-11/03-EA RXV11-BA H984-BA
PDP-11/03-EB . RXV11-BD H984-BB
PDP-11/03-EA RXV11-BA H984-BA
PDP-11/03-EB RXV11-BD H984-BB

All required signal and power interconnection cables are included in the
system hardware.

2.4.2 Specifications

Size (H984 Cabinet):

Height: 26 in. (66 cm) (including casters)
Length: 28 in. (71.1 cm)

Width: 2114 in. (54.6 cm)

Weight (Basic System Modules and Components in cabinet):
205 Ib with expander box fully loaded (not including terminal)

Power Requirements:

Input Voltage
100-127 Vrms, 50 = 1 Hz or 60 == 1 Hz
200-254 Vrms, 50 = 1 Hz or 60 = 1 Hz

Input Current (Maximum configuration):
H984-BA (115 Vinput): 12A
H984-BB (230 Vinput): 6A

Environmental Characteristics:

Temperature
Operating: 59° to 90° F (15° to 32° C) ambient; maximum
) temperature gradient = 20° F/hr (11.1° C/hr)
Nonoperating: —30° to 4-140° F (—35° to 4-60° C)
Media, non- —30° to +125° F (—35° to 52° C)
operating:
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. NOTE
Media temperature must be within operating
temperature range before use.

Relative humidity
Operating: 77° F (25° C) maximum wet bulb
© 36° F (2° C) minimum dew point
20% to 809, relative humidity
Nonoperating: 59% to 989, relative humidity (no condensatnon)
Media, non- 109, to 809 relative humidity
operating

Magnetic field Media exposed to a magnetic field strength of
50 Oe or greater may lose data
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CHAPTER 3 |

THE LSI-11 BUS

3.1 CHOOSING AN 1/0 TRANSFER TYPE

Before interfacing the processor with any peripheral device, the designer
must determine the type of 1/0 transfer that would be best suited for
the application: programmed 1/0 transfers, DMA, or interrupt-driven
transfers.

Programmed 1/0 transfers are executed by single- or double-operand
instructions. The instruction can be used to input or output a 16-bit data
word or an 8-bit byte. By including the device's address as the effective
source or destination address, the user selects the input or output
operation. In many instances, the programmer inputs a byte from the
device's control/status register (CSR) to determine that the device has
input data ready or that it is ready to accept the processor’s output data.

DMA transfers are the fastest method of transferring data between
memory and a device: They ean occur between processor bus cycles and
do not alter processor status in any way. Addressing, controlling the
size of the data block (number of word or byte transfers in the opera-
tion), and type of transfer are under the control of the requesting device.
The processor does not modify data being moved in the DMA mode.
Thus, blocks of data can be moved at memory speeds via the DMA
transfer mode. The processor sets up these conditions before the DMA
transfer is executed.

Interrupts allow the processor to continue a programmed operation
"(sometimes cailed a background program) without waiting for a device
to become ready to transfer data. When the device does become ready,
it interrupts the processor’'s background program execution and causes
execution of a device interrupt service routine. After the device’s service
routine has been executed, the background program is restored and
program execution resumes at the point where it was interrupted.

3.2 DEVICE PRIORITY

Each device has an |I/O priority based on its distance from the pro-
cessor. When two or more devices request interrupt service, the device
electrically closer to the microcomputer will receive the interrupt grant
(acknowledge). The microcomputer can be inhibited from issuing more
grants by setting the processor’s priority to 4 in the PS word. Bit 7 in
the new PS word should be a 1. If further interrupts are to be serviced,
the processor’s priority should be O, and bit 7 in the new PS word
should be a 0. Consequently, interrupts can be nested to any level.
Factors to consider when assigning device priorities are:

1. Device Operating Speed—Data from a fast device is available for
only a short period; highest priorities are usually assigned to fast
devices to prevent loss of data and to prevent the bus from being
tied up by slower devices.
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2. Ease of Data Recovery—If data from a device is lost, recovery may
be automatic, may require manual intervention, or may be impos-
sible to recover; highest priorities are assigned to devices whose data
cannot be recovered.

3. Service Requirements—Some devices cannot function without help
from the processor, while DMA devices can operate independently
and require only minimal processor intervention; devices requiring
continual help from the processor for servicing are assigned to lowest,
priorities to prevent typing up the processor.

Both address and data are multiplexed onto the 16 BDAL lines. In
addition, individual control signals sequence programmed 1/0 opera-
tions, direct memory access (DMA), and processor interrupts. Any bus-
compatible module can be inserted into any bus location and still receive
interface signals; however, the module’'s priority, which is position-
dependent along the bus, will change.

3.3 MODULE CONTACT FINGER IDENTIFICATION

DIGITAL plug-in (FLIP CHIP) modules, including LSI-11 modules, all use
the same contact finger (pin) identification system. The LSI-11 I/O bus
is based on the use of double-height modules. These modules plug into
a two-slot bus connector, each containing 36 lines per slot (18 each on
component and solder sides of the circuit board). Although the LSI-11
processor module and core memory module are quad-height modules
that plug into four connector slots, only two slots (A and B) are used
for interface purposes on the processor module. Etched circuit jumpers
on the unused portion of the module maintain continuity of grant signals
BIAKI L to BIAKO L and. BDMGI L to BDMGO L. These daisy-chained
signals are described later. ‘

Slots, shown as ROW A and ROW B in Figure 3-1, include a numeric
identifier for the side of the module. The component side is designa}ed
side “1" and the solder side is designated side ‘‘2.”” Letters ranging
from A through V (excluding G, |, O, and Q) identify a particular pin on
a side of a slot. Hence, a typical pin is designated as:

‘ BE2
Slot (Row) Module Side ldentifier
Identifier ‘‘solder side"
“‘Slot B”' Pin ldentifier
‘“Pin E"

Note that the positioning notch between the two rows of pins mates .
with a protrusion on the connector block for correct module positioning.

Quad-height modules are sinﬁilarlyfpin numbered. They are identified in
Figure 3-2.

Individual connector pins, viewed from the underside (wiring side) of a
backplane, are identified as shown in Figure 3-3. Only the pins for one
bus location (two slots) are shown indetail. This pattern of pins is re-
peated eight times on the H9270 backplane, allowing the user to install
one LSI-11 microcomputer module (four slots) and up to six additional
two-slot modules. ’ '
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Figure 3-3 LSI-11, PDP-11/03 Backplane Module Pin Identification

3.4 BUS-SIGNALS

H9270 backplane pin assignments are listed and described in Table
. 3-1. Only slots A and B are listed. However, they are identical to slots

C and D, respectively. Applicable bus cycle timing and specifications

are discussed in Paragraphs 3.12, 3.13, and 3.14.

Table 3-1 Backplane Pin Assignments

Bus

Pin Mnemonic Description

AAl BSPARE1 Bus Spare (Not Assigned, Reserved for DIGITAL
AB1 BSPARE2 use.)

AC1 BAD16
AD1 BAD17

AE1l SSPARE1

Extended address bits (not implemented)

AF1 SSPARE2 Special Spare_ (Not assigr)ed, not bused. Avail-
AH1 SSPARE3 able for user interconnections.)

AJl GND Ground—System signal ground and dc return.
AK1 MSPAREA Maintenance Spare—Normally connected to-
ALl MSPAREA gether on the backplane at each option location

(not bused connection).

AM1 GND Ground—System signal ground and dc return.
AN1 BDMRL Direct Memory Access (DMA) Request—A device

asserts this signal to request bus mastership.
The processor arbitrates bus mastership be-
tween itself and all DMA devices on the bus. If
the processor is not bus master (it has com-
pleted a bus cycle and BSYNC L is not being
asserted by the processor), it grants bus mas-
tership to the requesting device by asserting
BDMGO L. The device responds by negating
BDMR L and asserting BSACK L.

AP1 BHALT L. Processor Halt—When BHALT L is asserted, the
‘processor responds Ry halting normal program
execution. External interrupts are ignored but
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Table 3-1 Backplane Pin Assignments (Cont.)

Bus
Pin

Mnemonic

Description

AR1

AS1

AT1
AUl

AVl

BAl
BB1

BC1
BD1
BE1
BF1
BH1

BJ1 .

BK1
BL1

BM1

BREF L

PSPARE3

GND
PSPARE1

+5B

BDCOK H
BPOK H

SSPARE4
SSPARES
SSPAREG6
SSPARE7
SSPARES8

GND

MSPAREB
MSPAREB

GND

memory refresh interrupts (enabled if W4 on
the processor module is removed) and DMA re-
quest/grant sequences are enabled. When in the
halt state, the processor executes the ODT
microcode and the console device operation is
invoked.

Memory Refresh—Asserted by a processor
microcode-generated refresh interrupt sequence
(when enabled) or by an external device. This
signal forces all dynamic MOS memory units
to be activated for each BSYNC L/BDIN L bus
transaction.

CAUTION
The user must avoid using multiple DMA data
transfers [Burst or “hog’’ mode] during a pro-
cessor-generated refresh operation so that a
complete refresh cycle can occur once every 1.6
ms.

Spare (Not assigned. Customer usage not rec-
ommended.)

Ground—System signal ground and dc return.

Spare (Not assigned. Customer usage not rec-
ommended.)

+5 V Battery Power—Secondary +5 V power
connection. Battery power can be used with cer-
tain devices.

DC Power OK—Power supply-generated signal
that is asserted when there is sufficient dc volt-
age available to sustain reliable system oper-
ation. }

Power OK—Asserted by the power supply when
primary power is normal. When negated during
processor operation, a power fail trap sequence
is initiated.

Special Spare (Not assigned, not bused. Avail-
able for user intgrconnections.)

Ground—System signal ground and dc return.

Maintenance - Spare—Normally connected to-
gether on the backplane at each option location
(not a bused connection).

Ground—System signal ground and dc return.
3-5



Table 3-1 Backplane Pin Assignments (Cont.)

Bus
Pin

Mnemonic

Description

BN1

BP1

BR1

BS1

BT1
BU1

BV1
AA2
AB2

AC2
AD2
AE2

AF2

AH2

BSACK L

BSPARE6

BEVNT L

PSPARE4

GND
PSPARE2

+5
+5

-12 '

GND

+12
BDOUT L

BRPLY L

N

BDIN L

This signal is asserted by a DMA device in re-
sponse to the processor's BDMGO L signal, in-
dicating that the DMA device is bus master.

Bus Spare (Not assigned. Reserved for DIGITAL
use.)

External Event Inten"upt Request—When as-
serted, the processor responds (if PS bit 7 is
0) by entering a service routine via vector ad-
dress 100g. A typical use of this signal is a line
time clock interrupt.

Spare (Not assigned. Customer usage not rec-
ommended.)

Ground—System signal ground and dc return.

Spare (Not assigned. Customer usage not rec-
ommended.)

+5 V Power—Normal +5 V dc system power.
+5 V Power—Normal 45 V dc system power.

-12 V Power—-12 V dc (optional) power for de-
vices requiring this voltage.

NOTE
LSI-11 modules which require negative voltages
contain an inverter circuit (on each module)
which generates the required voltage(s) hence,
-12'V power is not required with DIGITAL-sup-
plied options.
Ground—System signal ground and dc return.
+12 V Power—+412 V dc system power.

Data Output—BDOUT, when asserted, .implies
that valid data is available on BDOLO—15 L and
that an output transfer, with respect to the bus
master device, is taking place. BDOUT L is
deskewed with respect to data on the bus. The
slave device responding to the BDOUT L signal
must assert BRPLY L to complete the transfer.
Reply—BRPLY L is asserted in response to BDIN
L or BDOUT L and during IAK transaction. It is
generated by a slave device to indicate that it
has placed its data on the BDAL bus or that it
has accepted output data from the bus.
Data Input—BDIN L is used for two types of
bus operation:
1. When asserted during BSYNC L time, BDIN
L implies an input transfer with respect to
the current bus master, and requires a re-
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Table 3-1 Backplane Pin Assignments (Cont.)

Bus
Pin

Mnemonic

‘Description

AJ2

AK2

AL2

AM2
AN2

AP2

AR2

AS2

BSYNC L

BWTBT L

BIRQ L

BIAKI L
BIAKO L

BBS7 L

BDMGI L
BDMGO L

sponse (BRPLY L). BDIN L is asserted when
the master device is ready to accept data
from a slave device.

2. When asserted without BSYNC L, it indicates
that an interrupt operation is occurring.

The master device must deskew input data from
BRPLY L.

Synchronize—BSYNC L is asserted by the bus
master device to indicate that it has placed an
address on BDALO—15 L. The transfer is in pro-
cess until BSYNC L is negated.

Write/Byte—BWTBT L is used in two ways to

control a bus cycle:

1. It is asserted during the leading edge of
BSYNC L to indicate that an output sequence
is to follow (DATO or DATOB), rather than an
input sequence.

2. It is asserted during BDOUT L, in a DATOB
bus cycle, for byte addressing.

Interrupt Request—A device asserts this signal

when its Interrupt Enable and Interrupt Request

flip-flops are set. If the processor's PS word bit

7 is O, the processor responds by acknowledging

the request by asserting BDIN L and BIAKO L.

Interrupt Acknowledge Input and Interrupt Ac-

‘knowledge Output—This is an interrupt acknowl-

edge signal which is generated by the processor
in response to an interrupt request (BIRQ L).
The processor asserts BIAKO L, which is routed
to the BIAKI L pin of the first device on the
bus. If it is requesting an interrupt, it will inhibit
passing BIAKO L. If it is not asserting BIRQ L,
the device will pass BIAKI L to the next (lower
priority) device via its BIAKO L pin and the
lower priority device's BIAKI L pin.

Bank 7 Select—The bus master asserts BBS7 L
when an address in the upper 4K bank (address

'in the 28-32K range) is placed on the bus.

BSYNC L is then asserted and BBS7 L remains
active for the duration of the addressing portion
of the bus cycle.

DMA Grant-Input and DMA Grant Output—This
is the processor-generated daisy-chained signal
which grants bus mastership to the highest pri-
ority DMA device along the bus. The processor
generates BDMGO L, which is routed to the
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Table 3-1 Backplane Pin Assignments (Cont.)

Bus
Pin Mnemonic Description
BDMGI L pin of the first device on the bus. If
it is requesting the bus, it will inhibit passing
BDMGO L. If it is not requesting the bus, it will
pass the BDMGI L signal to the next (lower pri-
ority) device via its BDMGO L pin. The device
asserting BDMR L is the device requesting the
bus, and it responds to the BDMGI L signal by
negating BDMR, asserting BSACK L, assuming
bus mastership, and executing the required bus
cycle.
CAUTION
DMA device transfers must be single transfers
and must not interfere with the memory refresh
cycle. )
AT2 BINIT L Initialize—BINIT is asserted by the processor to
initialize or clear all devices connected to the
I/0 bus. The signal is generated in response to
a power-up condition (the negated condition of
BDCOK H).
AU2 BDALO L Data/Address Lines—These two lines are part
AV2 BDAL1 L of the 16-line data/address bus over which ad-
: dress and data information are communicated.
Address information is first placed on the bus
by the bus master device. The same device then
either receives input data from, or outputs data
- to the addressed slave device or memory over
the same bus lines.
BA2 +5 +5 V Power—Normal 45 V dc system power.
BB2 -12 -12 V Power— -12 V dc (optional) power for de-
- vices requiring this voltage.
BC2 GND Ground—System signal ground and dc return.
BD2 +12 +12 V Power—+12 V system power.
BE2 BDAL2 L C
BF2 BDAL3 L
BH2 BDAL4 L
BJ2 BDAL5 L
BK2 BDAL6 L
BL2 BDAL7 L : )
BM2 BDAL8S L Data/Address Lines—These 14 lines are part of
BN2 BDAL9 L the 16-line data/address bus previously de-
BP2 BDAL10 L scribed.
BR2 BDAL11 L
BS2 BDAL12 L
BT2 BDAL13 L
BU2 BDAL14 L
BvV2 BDAL15 L
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3.5 BUS CYCLES

3.5.1 General

Every processor instruction requires one or more |/O operations. The
first operation required is a data input transfer (DATI), which fetches
an instruction from the location addressed by the program counter (PC
or R7). This operation is called a DATI bus cycle. If no additional oper-
ands are referenced in memory or in an 1/0 device, no additional bus
cycles are required for instruction execution. However, if memory or a
device is referenced, additional DATI, data input/output (DATIO or
DATIOB), or data output transfer (DATO or DATOB) bus cycles are re-
quired. Between these bus cycles, the processor can service DMA re-
quests. In addition, the processor can service interrupt requests only
prior to an instruction fetch (DATI bus cycle) if the processor’s priority
is zero. (PS word bit 7 is 0.) .

The following paragraphs describe the types of bus cycles. Note that the
sequences for 1/0 operations between processor and memory or be-
tween processor and 1/0 device are identical. DATO (or DATOB) cycles
are equivalent to write operations, and DATI cycles are equivalent to
read operations. In addition, DATIO cycles include an input transfer
followed by an output transfer. The DATIO cycle provides an efficient
means of executing an equivalent read-modify-write operation by making
it unnecessary to assert an address a second time.

3.5.2 Input Operations

The sequence for a DATI operation is shown in Figure 3-4. DATI cycles
are asynchronous and require a response from the addressed device or
memory. The addressed memory or device responds to its input request
(BDIN L) by asserting BRPLY L. If BRPLY is not asserted within 10 us
(max) after BDIN L is asserted, the processor terminates the cycle and
traps through location 4.

Note that BWTBT L is not asserted during the address time, indicating
that an input data transfer is to be executed.

A DATIO cycle is equivalent to a read-modify-write operation. An address-
ing operation and an input word transfer are first executed in a manner
similar to the DATI cycle; however, BSYNC L remains in the active state
after completing the input data transfer. This causes the addressed
device or memory to remain selected, and an output data transfer fol-
lows without any further addressing. After completing the output transfer,
the device terminates BSYNC L, completing the DATIO cycle. The actual
sequence required for a DATIO cycle is shown in Figure 3-5. Note that
the output data transfer portion of the bus cycle can be a byte trans-
fer; hence, this cycle is shown as DATIOB.

3.5.3 Output Operations

The sequence required for a DATO or the equivalent output byte
(DATOB) bus cycle is shown in Figure 3-6. Like the input operations,
failure to receive BRPLY L within 10 us after asserting BDOUT L is an
error, and results in a processor time-out trap through location 4.

Note that BWTBT L is asserted during addressing portion of the cycle
to indicate that an output data transfer is to follow. If a DATOB is to
be executed, BWTBT L remains active for the duration of the bus cycle;
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BUS MASTER SLAVE
(PROCESSOR OR DEVICE) (MEMORY: OR DEVICE)

ADDRESS DEVICE/MEMORY
® Assert BDALO-15 L with
address and
® Assert BBS7 if the
address is in the 28 - 32Krange
® Assert BSYNC L

—
— —
~—
~—
\ DECODE ADDRESS
® Store ““device selected”
operation
REQUEST DATA
® Remove the address
from BDALO-15 L
and negate BBS7 L ~
© Assert BDIN L ~—
~—
~—
INPUT DATA

® Place data on BDALO-15 L
® Assert BRPLY L

P
/
/

_—
/

TERMINATE INPUT TRANSFER
® Accept data and respond by
negating BDIN L

~
~
~
~

~

TERMINATE BUS CYCLE : OPERATION COMPLETED
® Negate BSYNC L 4t — — —————— e Terminate BRPLY L
11-3138

Figure 3-4 DATI Bus Cycle
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however, if a DATO (word transfer) is to be executed, BWTBT L is
negated during the remainder of the cycle.

NOTE

Normally, all devices, when addressed, will re-
spond to both BDIN L and BDOUT L by assert-
ing BRPLY L to acknowledge the bus cycle.
However, there are two special cases with which
to be concerned. First, by PDP-11 convention,
ROM locations do not respond to BDOUT L
signals; in this case, processor instructions that
generate BDOUT L will result in a non-existent
memory trap. Second, processors may generate
unnecessary BDOUT L signals, as when a pro-
cessor fetches an operand via a DATIO cycle.
Because of the first case, no destination oper-
ands can be located in ROM, except for the
following (non-modifying) instructions: TST(B),
CMP(B), BIT(B), JMP, and JSR. Because of the
second case, other (processor dependent) in-
structions may not access source operands from
ROM, as in the following cases: MTPS (all LSI-11
processors), and EIS instructions MUL, DIV,
ASH, ASHC (processors in which the KEV11
EIS/FIS option is installed).

3.6 DMA OPERATIONS

DMA 1/0 operations involve a peripheral device and system memory.
A device can transfer data to or from the 4K memory on the processor
module or any read/write memory module along the bus. The actual
sequence of operations for executing the data transfer once a device has
been granted DMA bus control is as previously described for input and
output 1/0 bus cycles, execpt the DMA device, not the processor, is bus
master (controls the operation). Memory addressing, timing, and con-
trol signal generation/response are provided by logic contained on the
device’s DMA interface module; the processor is not involved with ad-
dress and data transfers during a DMA operation.

The required DMA sequence is shown in Figure 3-7. A device requests
the 1/0 bus by asserting BDMR L. After completing the present bus
cycle, the processor responds by asserting BDMGO L, allowing the device
to become bus master. It also inhibits further processor generation of
BSYNC L, preventing processor-initiation of a new bus cycle. The device
responds by asserting BSACK L and negating BDMR L, causing the pro-
cessor to terminate BDMGO L; the device is now bus master and it can
execute the required data transfer in the same manner described for a
DATI, DATIO, DATIOB, DATO, or DATOB bus cycle. When the data trans-
fer is completed, the device returns bus master control to the processor
by terminating the BSACK L and BSYNC L signals.
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BUSMASTER . ' SLAVE
(PROCESSOR OR DEVICE) (MEMORY OR DEVICE)

ADDRESS DEVICE/MEMORY
Assert BDALO-15 L with
address

® Assert BBS7 L and if the
address is in the 28 - 32K range

® Assert BSYNC L —_— .
—
—
—_—
— \.
DECODE ADDRESS
® Store “device selected”’
operation
P
—
—
—
—
REQUEST DATA -«
® Remove the address from
BDALO-15L
and negate BBS7L — ——~ —
® Assert BDINL _— .
. —
INPUT DATA
® Place data on BDALO-15 L
® Assert BRPLY L
—
/
—
—
—
TERMINATE INPUT TRANSFER
® Accept data and respond by
terminating BDIN L
~—
—
~
N COMPLETE INPUT TRANSFER
® Remove data
® Terminate BRPLY L
- —_—
/
‘/ —_—
OUTPUT DATA
Place output data on BDALO-15 L
e (Assert BWTBT L if an output
byte transfer) -
® Assert BDOUT L T e—
—_—
—_
TAKE DATA
® Receive data from BDAL lines
® Assert BRPLY L
—
/ /
/ .
TERMINATE QUTPUT TRANSFER
® Terminate BDOUT L, and remove
data from BDAL lines
—_—
T — —_—
—_—
‘OPERATION COMPLETED
) e ® Terminate BRPLY L
—
TERMINATE BUS CYCLE —— e
e NegateBSYNCL <@ R
(and BWTBT Lifin _ 11-3139

a DATIOB bus cycle)

Figure 3-5 DATIO or DATIOB Bus Cycle
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BUS MASTER SLAVE
(PROCESSOR OR DEVICE) : (MEMORY OR DEVICE)

ADDRESS DEVICE/MEMORY
® Assert BDALO-15 L with
address and
® Assert BBS7 L (if address
is in the 28 - 32K range)
Assert BWTBT L (write

cycle)
Assert BSYNC L ~—
~—
\ \
~—
DECODE ADDRESS
e Store “device selected”
operation
OUTPUT DATA el
® Remove the address from
BDALO-15L
and negate BBS7 L and BWTBT L -
(BWTBT L remains active if
DATOB cycle)
o Place data on BDALO-15 L ~
® Assert BDOUT L S~
TAKE DATA

® Receive data from BDAL lines

® Assert BRPLY L

TERMINATE OUTPUT TRANSFER
® Remove data from BDALO-15L

and negate BDOUT L

OPERATION COMPLETED
e Terminate BRPLY L

_—

TERMINATE BUS CYCLE ‘/
@ Negate BSYNC L (and BWTBT L
if a DATOB bus cycle)

11-3140

Figure 3-6 DATO or DATOB Bus Cycle
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LSI-11 PROCESSOR
(MEMORY IS SLAVE) . DEVICE

REQUEST BUS
e Assert BDMR L

/
/
/
GRANT BUS CONTROL /
® Near the end of the current
bus cycle (BRPLY L is negated), .
assert BDMGO L and inhibit
new processor generated
BSYNC L for the duration
of the DMA operation.
~—
\ ACKNOWLEDGE BUS MASTERSHIP
~ * Wit for negation of
~—a BSYNC L and BRPLY L
® Assert BSACK L
® Negate BDMR L
/
/
/
TERMINATE GRANT SEQUENCE ‘/
® Negate BDMGO L and
wait for DMA operation
to be completed
\
~—
/‘\ \~ EXECUTE A DMA DATA
TRANSFER (DEVICE IS
BUS MASTER)
® Address memory and transfer
data as described for DATI,
DATIO, DATIOB, DATO,
DATOB bus cycles
® Release the bus by
terminating BSACK L
(no sooner than negation
of last BRPLY L) and
v / BSYNC L.
/
/
RESUME PROCESSOR / -

OPERATION

@ Enable processor-generated
BSYNC L (Processor is
Bus master) Or issue
another grant if BDMR L
is asserted. ,

11-3141

Figure 3-7 DMA 'Request/Grant Sequence
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3.7 INTERRUPTS

Interrupts are requests, made by peripheral devices, which cause the
processor to temporarily suspend its present (background) program
execution to service the requesting device. Each device which is capable
of requesting an interrupt must have a user-supplied service routine that
is automatically entered when the processor acknowledges the interrupt
request. After completing the service routine execution, program con-
trol is returned to the interrupted program. This type of operation is
especially useful for the slower peripheral devices.

A device can interrupt the processor only when interrupts are enabled
and services interrupts only when its PS bit 7 is cleared. Device priority
is highest for devices electrically closet to the processor along the bus.
Any device that can interrupt the processor can also interrupt the service
routine execution of a lower priority device if the processor’s priority is
0 (PS bit 7 is cleared) during that execution; -hence, interrupt nesting to
any level is possible with this interrupt structure. Each device normally
contains a control status register (CSR), which includes an interrupt
enable bit. A program must set this bit before an interrupt can be
generated by the device.

_ An interrupt vector associated with each device is hard-wired into the
device’s interface/control logic. This vector is an address pointer that
is transmitted to the processor during the interrupt acknowledge se-
quence, allowing automatic entry into the service routine without device
polling.

When the BEVNT L signal line is asserted, the processor automatically
services the request via location 100g; it does not input a vector address
as done for other external interrupt devices. This function is normally
used for a line time clock input based on the frequency of the local ac
power (50 or 60 Hz).

The interface control and data signal sequence required for interrupts
is shown in Figure 3-8. A device requests interrupt service by asserting
BIRQ L. The processor can acknowledge interrupt requests only between
instruction executions by generating an active (low) BDIN L signal,
enabling the device's vector response. The processor then asserts the
" BIAKO L signal. The first device on the bus receives this daisy-chained
signal at its BIAKI L input. If it is not requesting service, it passes the
signal via its BIAKO L output to the next device, and so on, until the
requesting device receives the signal. This device will not pass the
BIAKO L signal and it responds by asserting BRPLY L (low) and placing
its interrupt vector on data/address bus lines BDALO—15 L. Automatic
entry to the service routine ‘is then executed by the processor as pre-
viously described.

NOTE
If a device fails to assert BRPLY: L in response
to BDIN L within 10 us, the processor enters the
Halt state.

3.8 BUS INITIALIZATION
Devices along the 1/0 bus are initialized whenever the system dc volt-
ages are cycled on or off, or when a RESET instruction is executed.
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PROCESSOR DEVICE

STROBE INTERRUPTS INITIATE REQUEST
e Assert BDINL - -— — — e Assert BIRQ L
I ~
& RECEIVE BDINL
‘ o Store “interrupt selected’’
in device

GRANT REQUEST
e Pause and assert
BIAKO L

RECEIVE BIAKI L
® Receive BIAK | L and inhibit
BIAKOL
Place vector on BDAL 0-15 L
- ® Assert BRPLY L
e Terminate BIRQ L

RECEIVE VECTOR & TERMINATE
REQUEST

® Input vector address

e Terminate BDIN L and BIAKO L

N

AN
N

\ COMPLETE VECTOR TRANSFER
® 'Remove vector from
BDAL bus
/ e Terminate BRPLY L

s
s

¥

PROCESS THE INTERRUPT
o Save current program PC
and PS on stack
® Load new PC and PS from
vector addressed location
e Execute interrupt service
routine for the device

.11-3142
Figure 3-8 Interrupt Request/Acknowledge Sequence
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Initialization during the power-on/power-off sequence is described in
Paragraph 3.9. When the RESET instruction is executed, the processor
responds by asserting BINIT L for approximately 10 us. Devices along
the bus respond to the BINIT L signal, as appropriate, by clearing
registers and presetting or clearing flip-flops.

3.9 POWER-UP POWER-DOWN SEQUENCE

Power status signals BPOK H and BDCOK H must be asserted or negated
in a particular sequence as dc operating power is applied or removed.
Initially, BDCOK H and BPOK H are passive (low). As dc voltages rise
to operating levels, BINIT L is asserted by the processor module. Ap-
proximately 3 ms (min) after 45 V and 412 V power are normal, an
external signal source, or the H780 power supply in PDP-11/03 sys-
tems, produces an active BDCOK H signal; the processor responds by
negating BINIT, and waits for BPOK H. The BPOK H signal, produced
by an external signal source or the H780 power supply, goes true (high)
70 ms (min) after BDCOK H goes high. The processor responds by exe-
cuting the user-selected power-up routine (Paragraph 5.2); if BHALT L
is asserted, the console microcode is executed.

During a power-down sequence, the external signal source first negates
BPOK H, causing the processor to execute the power-fail trap (PC at
024, PS at 026). Approximately 3 ms (max) later, the processor initial-
izes the bus by asserting BINIT L in response to the external signal nega-
tion of BDCOK H.

3.10 HALT MODE

The BHALT L bus signal can be asserted low to place the processor in
the Halt mode. When in the Halt mode, the RUN indicator (PDP-11/03
only) is extinguished, interrupts external to the processor module are
ignored, and the processor executes the console ODT microcode. Al-
though the user could assert this line by a separate switch or a custom
module, it is normally asserted by the HALT/ENABLE switch (PDP-11/03
only) or the user-designated device’'s SLU interface module when the
Framing Error Halt is enabled. Note that when in the Halt mode, the
processor arbitrates DMA requests, and refresh operations. Thus, in
addition to bus transactions between the processor and the console
device, bus transactions can occur for DMA and refresh.

3.11 MEMORY REFRESH

Memory refresh operations are required when any dynamic MOS mem-
ory devices are used in a system. These memory devices are included
on KD11-F and MSV11-B modules. Memory refresh is normally controlied
by the processor microcode, which is automatically executed once every
1.6 ms. However, refresh could be controlled by the REV11-A or REV11-C
options, as described in Chapter 4 and 5, or a user-supplied DMA device
on the bus. (For example, when used in an intelligent terminal appli-
cation, the refresh logic could be included on the user's DMA interface
module.)

A complete refresh operation requires 64 BSYNC/BDIN transactions’
which must be completed within 2 ms. The processor (or other device
controlling the refresh operation) first asserts BREF L for each BSYNC/
BDIN transaction during the addressing portion of each refresh oper-
ation. BREF L causes all dynamic MOS memory devices to be simul-
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taneously enabled and addressed, overriding local bank selection circuits.
Refresh is .then accomplished by executing 64 BSYNC/BDIN transac-
tions, in a manner similar to the DATI bus cycle, incrementing the ‘“‘row”
address (bits 1—6) once for each transaction. Address bit O is not
significant in the refresh operation. When refresh is controlled by pro-
cessor microcode, the operation takes approximately 130 us.

Note that only one dynamic MOS memory device is required to assert
BRPLY L during the refresh BSYNC/BDIN transactions. This should be .
performed by the slowest device on the bus. MSV11-B modules each
contain.a jumper which the user can insert to prevent the module from
asserting BRPLY L during -refresh operations. The slowest memory
device will normally be the MSV11-B module located the greatest elec-
trical distance from the processor module along the bus.

3.12 BUS SPECIFICATIONS

Electrical
Input Logic Levels
TTL Logical Low: 0.8 Vdc max
TTL Logical High: 2.0 Vdc min
Output Logic Levels
TTL Logical Low: 0.4 Vdc max

TTL Logical High: 2.4 Vdc min

Bus Receivers .
Logical Low: 1.3 Vdc max, -10u Amax atO Vv
Logical High: 1.7 Vdc min, 80 uA max at 2.5V
Bus Drivers
Logical Low: 0.8 Vdc max at 70 mA
Logical High: 25 uA maxat3.5V

NOTE
All bus lines are open-collector, resistor-ter-
minated to 3.4 V nominal.

Bus Drivers and Receivers

‘Recommended Bus Drivers
Type 957, P/N DEC 888- 1 quad 2-input NAND gates. (Refer to
specifications in Table 8-1.)

Recommended Bus Receivers
Type 956, P/N DEC 8640, quad 2-input NOR gates. (Refer to speci-
fications in Table 8-1.)

Recommended Bus Transceivers
Type DEC 8641, quad unified bus transceiver.

3.13 BUS CONFIGURATIONS

In the following descriptions, a unit load is equal to one bus receiver
and two bus drivers and less than 10 pF of circuit board etch. Bus ter-
minations are shown in Figure 3-9.
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+5V
3300
2509
BUS LINE
TERMINATION
680Q

+5V

178Q

1%

3838

1%

120Q
BUS LINE
TERMINATION

cP-1828

Figure 3-9 Bus Line Terminations

Minimum Configuration (Figure 3-10)
1. The processor terminates the bus lines to Zt — 250 Q.
2. Ten-inch maximum backplane wire (each bus line for a 4 by 4 back-

plane), 6 unit loads or less.

Intermediate Configuration (Figure 3-11)

1. The processor terminates the bus lines to Zt = 250 Q.

: BACKPLANE WIRE

10"MAX
((

—

)

T

L ONE ONE ONE
UNIT UNIT UNIT
2504 LOAD LOAD LOAD
+
3.4V . ~
- 6 UNIT LOADS
PROCESSOR
CcP-1829

Figure 3-10 Minimum Configurations

-

L BACKPLANE WIRE |
[ 14" MAX. "1
J T
ONE ONE ONE ONE
UNIT UNIT UNIT UNIT
2504 LOAD LOAD LOAD LOAD 1209
+ +
3.4v . — ) ) 3.4V
- 15 UNIT LOADS
PROCESSOR TERM
cP-1830
Figure 3-11 Intermediate Configuration
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e

BACKPLANE WIRE

—

10" MAX.
T ]
ONE ONE
2500 UNIT UNIT 2500
LOAD - LOAD
+ .
3.4V R . , 3.4V
5 UNIT LOADS MAX.
PROCESSOR ‘CABLE/TERM
BACKPLANE WIRE 1
' 10"MAX .
T
ONE ONE
UNIT UNIT
LOAD LOAD
CABLE N v _ CABLE
ADDITIONAL 6 UNIT LOADS MAX.
ACRPLA BACKPLANE WIRE |
8 BACKPLANES I
. 10 "MAX.
]
ONE ONE
UNIT UNIT 1200
LOAD LOAD
.
CABLE . Y 3.4V
6 UNIT LOADS MAX. -
NOTES :

1. THREE CABLES (MAX.),16ft. (MAX.)
TOTAL LENGTH.

2. 15 UNIT LOADS TOTAL(MAX.)

2. Fourteen-inch maximum backplane wire (each bus line for a 9 by 4

TERM

Figure 3-12 Maximum Configuration

backplane), 15 unit loads or less.
3. An additional 120 @ termination is required.

Maximum Configuration (Figure 3-12)
1. The processor terminates the bus lines to Zt = 250 Q

2. Ten-inch maximum backplane wire on each backplane (each bus line
for 4 by 4 backplanes); 6 unit loads maximum each backplane, 15
unit loads total (maximum); daisy-chained on 2 feet (minimum) 120
Q cable, three cables maximum, total cable length not exceeding

16 feet.
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3. Two additional terminations (one 250 Q and one 120 Q) are required.

3.14 BUS SIGNAL TIMING
Bus signal timing requirements at master and slave devices are shown
in Figures 3-13 through 3-18.

TR DAL (4) X TADDR X 4) X R DATA X (4)

— ' © Je—s200ns MAx—-!

150
win

—»{ 100ns MIN le——— 200 ns MAX
200ns MIN—+|
T DIN / g
[

R RPLY \‘/

150 ns MIN _je—
M

T SYNC

300ns MIN ———————{

100ns MIN

T wWreT  (4) A (a) .

TIMING AT MASTER DEVICE

SRS

R/T DAL (4) X RADOR X 4) X T DATA X (4)

— %ﬁ'ﬁl‘_ — [+—125ns MAX —sq I-vl()ons MAX
T /
R SYNC Ons MIN i \__
7505 le————150ns MIN ——1<0"S — —-]

MIN LM 150ns MIN -+

AN
\ i-——soo ns MIN —————>

T RPLY

f*+— 75ns MIN

\
- L—25ns MIN

(4) X
R WTBT (4) x K 4)

TIMING AT SLAVE DEVICE

NOTES!
1. Timing shown ot Master and Slave Device.
Bus Driver inputs and Bus Receiver Outputs.
2. Signal name prefixes are defined below:

T = Bus Driver Input
R = Bus Receiver Output

o

Bus Driver Output and Bus Receiver Input
signal names include a “B'' prefix

EN

. Don't care condition.

cP-1774

Figure 3-13 DATI Bus Cycle Timing
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T DAL

T SYNC

T bouT

R RPLY

T 8S7

T WTBT

R DAL

R SYNC

R DOUT

T RPLY

R BS7

R WTBT

)

—Fl Ons MIN l‘—

TADDR X T DATA X (4)

150ns. 100ns . 100ns |
'-_MIN_" min_[* 1 min

—/ -/

I-‘|00ns MIN fe—175 ns MIN fe—200ns MIN ——

[

150ns MIN—>] L_ 300 s MIN ———1

(4)

- l-— 100ns MIN

150 nsMIN

(4)

\ ASSERTION = BYTE X (@)
l‘-|50nleN-ﬂ 100 L— —+| 100 I L—

TIMING AT MASTER DEVICE

(4) x RADDR X R DATA X 4)

25ns MIN — L—ZSnsMIN

]
.l 25ns \—_
MIN tf&—— 100 ns MIN —OL—-ISOnsMIN-—.

75ns
MIN

§ .
] 150nsMIN [a— 300ns MIN ————]
25ns *
MmN ] - \

4)

—-I 75 nsMIN -

25nsMIN ]

(4)

— 25ns MIN

_“‘_’/L_

|
ke
V ASSERTION = BYTE X @

75ns o L—— 25ns MIN
MIN

TIMING AT SLAVE DEVICE

NOTES

~

IS

Timing shown ot Master and Slave Device
Bus Driver Inputs and Bus Receiver Outputs.

. Signal name prefixes are defined below:

T = Bus Driver Input
R =. Bus Receiver Output

Bus Driver Output and Bus Receiver input

signal names include a "B" prefix.

Don't care condition
CP-1775

Figure 3-14 DATO or DATOB Bus Cycle Timing
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150 ns MIN

I-—Ons MIN

R/TDAL  (4)X TADDR ( (@) X R DATA X (4) )( TDATA X (4
[ _,zgg;sl._ ’ — L—mdmmm
T SYNe J
100 ns MIN ’r— e AT
T oout [+—200m “g/—_ 20015 MIN—+]
*ISOnsMIN—O‘ B
T DIN / -
/ Rie—
R RPLY
—-I‘?.‘in‘ il
T Bs7 :>< )(
—>  [«—100ns MIN —+{ 100 nsMIN ‘-—
T WTBT (4%. 4) x ASSERTION = BYTE Y 4)
‘——l le—150 ns MIN

TIMING AT MASTER DEVICE

R/T DAL “(4) XRADDR @) X T DATA X ) X R DATA )( (4)
~» 25ns MIN —» 40ns MIN I - L—ZSM MIN
R SYNC { -‘4—|00ns MAX J \ /
— T mN 25ns MIN l-— —»{ 100 ns MIN
ns [ ——
R DOUT 1 MAX 15005 MIN fe-
fe— 150 ns MIN ——
R DIN
,
[+—150 ns MIN—> la— 300 ns MIN—»|
T RPLY
_-1 le—750s MIN :
R BST7 X )(
—-I <—-75!|s MIN ..‘ ke 25ns MIN —  fe—25asMIN
R WTBT (4>\ a) X ASSERTION = BYTE X (4)
— 25ns MIN
TIMING AT SLAVE DEVICE
NOTES:
I. Timing shown at Requesting Device
Bus Driver Inputs and Bus Receiver Outputs.
2. Signal name prefixes are defined below:
T = Bus Driver Input
R = Bus Receiver Output
3. Bus Driver Output and Bus Receiver Input
signal nomes include o “B" prefix.
4. Don't core condition
CP-1776

Figure 3-15 DATIO Bus Cycle Timing
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INTERRUPT LATENCY ¢

MINUS SERVICE TIME
T IRQ /
—>] 150 ns MIN.

-
e

R IAKI

T RPLY

——l 125 ns MAX. |-—
T DAL < . \

R SYNC (UNASSERTED)

R BS7 (UNASSERTED)

NOTES: -
1. Timing shown at Requesting Device Bus Driver Inputs and Bus Receiver Outputs .
2. Signal Name Prefixes are defined below:
' T = Bus Driver Input
R = Bus Receiver Output
3. Bus Driver Output and Bus Receiver Input signal names include a "B" prefix.

Figure 3-16 Interrupt Transaction Timing .

SECOND
REQUEST

—-‘ le— OMA LATENCY

I r T 7T 77T 7T T7
T DMR R A A A A A A A A A /7 117
—* L—OnleNA

R DMG
g z

—— ——

T SACK

250 ns MIN.—»1 fe— — le— 300 ns MAX

R/T SYNC \
’ 250ns MIN ——{ 0 ns MlN—G] le—

R/T RPLY K /————\—
—" 0 ns MIN
. —’l : l:: 0 ns MIN —* r-loo ns MAX
; 68T, /( ADDR X . DATA \

(ALSO BS7,
WTBT, REF) NOTES :
1. Timing shown at requesting device bus driver inputs and bus receiver outputs .

2. Signal name prefixes are defined below :
T = Bus Driver Input
R = Bus Receiver Output

3. Bus Driver Output and Bus Receiver Input signal names include a "B" prefix
CP-1778

Figure 3-17 DMA Request/Grant Timing
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—»] 4-204s
BINITL | / . "— L_L /

BPOK H \ /

7O0msMIN e te—4 ms MIN —» —-I 70ms MIN lo—

o lus

fe—3 ms MIN—>{ MAX

BDCOK H [
—»I 3me 8msMIN 5 usMIN I-—
0C POWER ] \__/
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CHAPTER 4

LSI-11 MODULE DESCRIPTIONS

4.1 GENERAL

This chapter contains detailed descriptions of each LSI-11 module. The
level of coverage is sufficient to enable users to interface their systems
with the PDP-11/03 or LSI-11 using standard LSI-11 modules or user-
designed interfaces. Refer to Chapter 3 for detailed bus timing infor-
mation.

LSI-11 modules covered in this chapter are listed in Table 4-1. Note that
a separate description for the KD11-J microcomputer is not provided; it
comprises the same M7264 module as the KD11l-F microcomputer,
except that a resident semiconductor memory is.not supplied. Instead,
the MMV11 core memory module is supplied with the KD11-J option.

Table 4-1 LSI-11 Modules

Module ‘Description
Option Number Module Option Para. No.
KD11-F M7264 LSI-11 microcomputer and 4.2
4K semiconductor memory
KD11-J M7264-YA, LSI-11 microcomputer and 4.2
H223, G653 4K core memory
KEV-11 —_ EIS/FIS processor chip 4.2
MMV11-A H223, G653 K4 by 16-bit core memory 4.3
MRV11-AA M7942 4K by 16-bit PROM 4.4
MSV11-B M7944 4K by 16-bit dynamic read- 4.5
write memory
DLV11 M7940 Serial line unit 4.6
DRV11 M7941 Parallel line unit 4.7
DRV11-B M7950 DMA interface 4.8
DRV11-P ' M7948 LSI-11 bus foundation 4.9
REV11-A M9400-YA 250 @ terminator, DMA 4.10
refresh, bootstrap ROM
REV11-C M9400-YC DMA refresh, bootstrap ROM 4.10
REV11-H M9400-YH DMA refresh, bootstrap ROM 4.10
TEV11 M9400-YB 120 Q terminator 4.10
BCV1A M9400-YD Bus expansion modules and 4.10.
M9401 cables
BCV1B M9400-YE Bus expansion modules and 4.10
M9401 cables
H780-A and

H780-B Power Supply 4.11
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4.2 KD11-F MICROCOMPUTER

4.2.1 General

The KD11-F microcomputer is contained on a single 8.5 by 10 inch
printed circuit board (M7264). The module includes all basic micro-
computer functions common to both the KD11-F and KD11-J microcom-
puters and a resident 4K by 16-bit semiconductor read/write memory.
KD11-F functions are shown in Figure 4-1. .

NOTE
The following description reflects the circuits
shown in drawing CS M7264 Rev. J.
4.2.2 Basic Microcomputer Functions
Basic functional blocks of the LSI-11 microcomputer are shown in
Figure 4-1 and described in the following paragraphs. The KD11-F's
resident memory is described separately (Paragraph 4.2.3).

4.2.2.1 Microprocessor Chip Set—The main function contained on the
processor module is the microprocessor chip set. This chip set in-
cludes a control chip, a data chip, and two microinstruction ROM chips
(microms). In addition, an optional KEV11l microm that contains EIS/
FIS microcode can be installed on the module. Microprocessor chips
communicate with each other over a special 22-bit microinstruction bus,
WMIBO0O-21 L. All address and data communication between the micro-
processor chips and other processor module functional blocks is via the
data chip and the 16-bit data/address lines, WDALO-15 H (from the
data chip).

Processor module control signals interface with the microprocessor
chips via the control chip. Eight input and five output microprocessor
control signals provide this function.

Timing and synchronization of all microprocessor chips (and all pro-
cessor module functions) are controlled by four nonoverlapping clock
pulses (Pargraph 4.2.2.2). Typical operating speed is 400 ns (100 ns
each phase), based on a 10 MHz oscillator signal.

The control chip generates a sequence of microinstruction addresses -
which access the microinstruction microm chips. The addressed micro-
instruction is then transferred to the data and control chips. Most of the
microinstructions are executed by the data chip; however, various jumps,
branches, and 1/0 operations are executed in the control chip.

The data chip contains the data paths, logic, arithmetic logic unit (ALU),
processor status bits, and registers that are most familiar to PDP-11
and LSI-11 users. Registers include the eight general registers (RO-R7)
and an instruction register. The user’'s .program has access to all gen-
eral registers and processor status (PS) bits. All PDP-11 instructions
enter this chip via the WDAL bus. Data and addresses to and from the

microprocessor are also transferred to and from the processor over this
16-bit bus.

CAUTION
Do not remove processor chips from their sock-
ets. Improper handling could permanently dam-
age the chips.
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4.2.2.2 Clock Pulse Generator—The clock pulse generator produces
four nonoverlapping clock signals for processor timing and synchroniza-
tion. A voltage-controlled oscillator generates a basic 10 MHz CK H
signal.

Maintenance clock gates receive and distribute the basic CK H signal
to a two-stage counter and an RC filter circuit. The two-stage counter
outputs are decoded by the four-state decoder, producing the basic four
nonoverlapping clock phases. The pulse produced on the leading edge
of each basic clock pulse inhibits the decoder for 10 ns, preventing the
overlap of each phase. Each of the four phase signals (RPH1 through
RPH4) are positive-going, MOS-compatible 100 ns (nominal) pulses
which are bused to each of the microprocessor chips through resistors.
PH1 L through PH4 L and PH1 H through PH4 are similarly timed; how-
ever, they are TTL-compatible for distribution elsewhere on the module.

r DIVB (0) H (DC-DC INVERTER CLOCK)

10 MH z (APPROX) 2-STAGE . -a
osc COUNTER 4 -STATE RPHI-4H
DECODER
+3V MAINT e anp [ PHIS4 L
=
p cLock DISTRIB > PHI-4 H
MAINT (MCKD L GATES NON-OVERLAP PULSE
cK
SIGNALS | McK L _%_. %
+5v 1

1H-3144

Figure 4-2 Clock Pulsé Generator

4.2.2.3 Bus Interface and Data/Address Distribution—AlIl LSI-11 pro-
cessor module ‘communication to and from external 1/0 devices and
memories is accomplished using the LSI-11 bus 16-bit data/address
lines (BDALO-15 L) and bus control signals. The processor module in-
terfaces to the bus using bus driver/receiver chips, as shown in Figure
4-3. Each DEC 8641 chip contains four open-collector drivers and four
high-impedance receivers. Each driver output is. common to a receiver
input. Hence, either processor output data (from the driver outputs) or
Input data (from the bus) can stimulate bus receiver inputs.

Note that all four drivers in a chip are enabled or disabled by a pair of
DRIVER ENABLE L inputs. A high input will inhibit all four drivers; when
both enable inputs are low, the drivers are enabled and output data is

- gated onto the bus. Signals which control bus drivers include EDAL L,
INIT (1) H, and DMGCY H. False states enable certain control signals
which are described later.

EDAL L is a control signal which enables the 16-bit data/address bus
drivers. When in the active state, EDAL L gates WDALO-15 H onto the
BDALO-15 L bus.

EDAL L is generated by the logic shown in Figure 4-4. During a pro-
cessor-controlled address/data output bus cycle, or during the address-
ing portion of a processor-controlied input bus cycle, SACK L-and
DMG(1) L are passive (high). The passive signals are gated, producing
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a low (passive) DMGCY H signal. This signal is inverted and gated with
the passive DIN L signal, producing the active EDAL L signal. During a
DMA cycle in which data in the processor module’s resident 4K memory
is to be read by a DMA device, BANK OR REF H goes high; this signal
is gated with DINR H and DMG CYCLE H to produce the active EDAL L
signal.

DMGCY H and INIT (1) H are processor module logic control signals
which inhibit certain bus drivers during an Initialize or DMA operation.
Bus drivers are enabled when these signals are in the false (low) state.

+Vz.2500
sus LOGICAL:
33005 1°0.4V TYR
OUTPUT DATA/ DRIVER 0-3.3V TYR
CONTROL BIT (H) 1/0 BUS
DRIVER { DATA/CONTROL
ENABLE L
DRIVER ENABLE H 800

BUS
RECEIVER -
INPUT DATA/
CONTROL BIT (H)

1-3145

Figure 4-3 . LSI-11 Bus Loading and Driver/Receiver Interface

DINR H
BANK OR REF H

sack L —3

OMG(1) L —Q

Figure 4-4 EDAL L Logic

A list of bus driver output signals and their respective enable signals is
provided below.

Bus Driver Enable Signal(s)

(Signal) (Low = Enable)
BDALO-15 L EDAL L
BSYNC L
BBS7 L
BREF L INIT (1) H, DMGCY H
BIAKO L
BDMG L
"BRPLY L
BDIN L INIT (1) H
BDOUT L
gm-ﬂL yL Always enabled
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The near-end bus termination resistors are contained on the processor
module. Each bus driver output is terminated by a pair of resistors, as
shown in the figure, establishing the nominal 250 @ bus impedance and
the 3.4 V nominal voltage level. No additional terminations are required
for bus-compatible devices connected to the same backplane.

Address and data information are distributed on the processor module
via the DWALO-15 H and DALO-15 H 16-bit buses. WDALO-15 H interface
directly with the microprocessor’'s data chip, the DEC 8641 bus drivers,
and the 1/0O bus/memory read data multiplexer. All processor input
data from the I/0 bus is via the bus receivers, the DALO-15 H bus, the
data multiplexer, the WDALO-15 H bus, and the microprocessor’'s data
chip. Resident memory data input is discussed later.

4.2.2.4 Bus 1/0 Control Signal Logic—Bus 1/0 control signals include
BSYNC L, BWTBT L, BDIN L, BDOUT L, and BRPLY L. In addition,
BIAKO L can be considered a bus 1/0 control signal; however, since
it is only used during the interrupt sequence, it is discussed in Para-
graph 4.2.2.6. Logic circuits which produce and/or distribute these sig-
nals are shown in Figure 4-5. Each signal is generated or received as
described in the following paragraphs.

BSYNC L—The control chip initiates the BSYNC L signal sequence by
raising WSYNC H during PH2. Inverters apply the high SYNC H signal
to the Sync flip-flop D input. On the trailing edge of PH3 L, the Sync
flip-flop sets, producing an active (high) SYNC (1) H input to the
BSYNC L bus driver. SYNC (1) H is gated with REPLY (1) H (when ac-
tive) to produce a direct preset input to the Sync flip-flop. This ensures
that BSYNC L will remain active until after the bus slave device ter-
minates its BRPLY L signal and the Reply flip-flop is reset. [REPLY (1)
H is low.] The Sync flip-flop then clocks to the reset (BSYNC L passive)
state on the trailing edge of PH3 L.

BWTBT L—BWTBT L is the buffered/inverted control chip WWB H out-
put signal. This signal asserts during PH1 of the addressing portion of a
bus cycle to indicate that a write (output) operation follows. It remains -
active during the output data transfer if a DATOB bus cycle is to be
executed. ‘

BDIN L—BDIN L is the inverted, buffered control chip’s WDIN H signal.
This signal goes active during PH2 following an active RPLY H signal.

BDOUT L—The control chip initiates the BDOUT L signal sequence by
raising WDOUT H during PH2. This signal is gated with the passive
REPLY (1) L (high) signal to produce an active low D input to the
DOUT flip-flop. The flip-flop sets on the leading edge of PH3 H, producing
an active BDOUT L signal. It clocks to the reset state-on PH3 following
the REPLY (1) L active (low) signal.

BRPLY L—BRPLY L is a required response from a bus slave device dur-
ing input or output operations. DIN L and DOUT (1) L are ORed to pro-
duce an active 1/0 L signal whenever a programmed transfer occurs.
1/0 L enables the time-out counter in the bus error detection portion
of the interrupt logic. 1/0 L is inverted to produce I/0 H, which enables
the reply gate REPLY H signal input to the control chip.
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BRPLY L is received either from the LSI-11 bus or resident memory
and inverted to produce a high input to the Reply flip-flop. PH1 H clocks
the flip-flop to set state, producing active REPLY (1) H and REPLY (1) L
signals. REPLY (1) L is ORed with DMR (1) L to produce an active
BUSY H signal. The processor’s control chip responds by entering a
wait state, inhibiting completion of the processor-generated bus transfer
for the duration of REPLY (1) L. REPLY (1) H is gated with I/0 H to
produce an active REPLY H signal, informing the processor that the
output data has been taken or that input data is available on the bus.
REPLY H goes passive when 1/0 H goes passive. The bus slave device
will then terminate the BRPLY L signal, indicating that it has completed
its portion of the data transfer. On the next PH1 H clock pulse, the
Reply flip-flop resets and REPLY (1) H and L and BUSY H go passive.

SYNC (1) H /\
DMG CYH
Eﬂ_ BSYNC L
INIT() H
SYNC (1) L
SYNCR H
WWB H {>¢ BWTBT L
WTBTR Hj

DIN L DIN H

BDIN L
INITUH) H
PROCESSOR DINR H E
CONTROL a
CHIP DINR L <
@
-4
REPLY (1) L —
WDOUT H —ﬁ, DOUT (1) L
pout
F/F B
N DOUT L
3 H DouT () “I—cl_j'
svne w INT ) H
DOUT (1 H
DOUTR H
0 H BRPLY L FROM KD11-F
REPLY RESIDENT MEMORY
REPLY H (MH .
——1_ RPLYR H _-1. BRPLY L
<P

REPLY
F/F

REPLY (1) L
BUSY H ] PHI H ’
DMR (1) L INIT (1) L . AV

1-3146

Figure 4-5 Bus 1/0 Control Signal Logic
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4.2.2.5 Bank 7 Decoder—The bank 7 decode circuit is shown in Figure
4-6. Buffers receive WDALO-15 H bits and distribute them to the bank 7
decoder and BDAL bus drivers. Bank 7 is decoded during the addressing
portion of the bus cycle. If a peripheral device address is referenced, an
address in bank 7 (28-32K address space) is used, and WDAL13, 14,
and 15 H are all active (high). This address is decoded and BBS7 L is
asserted. When active, BBS7 L enables addressing of nonmemory de-
vices along the bus. During interrupt vector bus transactions, IAK L
becomes asserted. IAK L inhibits WDAL15 H, preventing BBS7 L signal
generation, which could result in an invalid input data transfer.

PROCESSOR BDAL
DATA WDALO-15 H BUS o BUS
CHIP DRIVERS

13 13 :

14 14 BANK 7 DMGCY H
BUFFERS DCDR.

15 15 INIT()H

raxe

cP-1780

Figure 4-6 Bank 7 Decoder

4.2.2.6 Interrupt Control and Reset Logic—Interrupt control and reset
logic functions are shown in Figure 4-7. Reset functions include bus
error and power-fail (BDCOK H negated). Interrupt functions include
power-fail (impending), Halt mode (console microcode control), refresh
interrupt, event (or line time clock) interrupt, and external BIRQ inter-
rupts. The various functions are described in the following paragraphs.

Power-Fail/Restart Sequence—A power-fail sequence is initiated when
BPOK H goes low, clocking the Power-Fail flip-flop to the set state.
PFAIL (1) L is ORed with HALT L to produce a high signal. This, signal
is latched during PH2 H, producing an active IPIRQ H (interrupt 1) input
to the processor control chip. The processor then interrupts program
execution. Note that the low (passive) BPOK H signal is inverted to
produce an active PFAIL H input to the fast DIN multiplexer; this signal
status is checked by the microcode to ensure that BPOK H is asserted.

" Upon entry to this microcode routine, the processor requests a fast DIN
cycle. This request is decoded as ROM CODE 15 L, presetting the fast
DIN flip-flop. FDIN (0) H goes low, enabling the fast DIN multiplexer to
place start-up microcode option jumper data, the passive time-out error
[TERR (1) H] signal, and the active PFAIL H signal on WDALO-3 H. The
processor receives the fast DIN information via the data chip. An active
PFAIL H signal informs the processor that a power-fail condition is in
progress, rather than the halt condition. '

If the power failure continues, BDCOK H goes passive (low) and pro-
duces an active DC LO L signal, clearing the Power-Fail flip-flop and the
power-fail/halt and reset latches and initializing the processor and all
devices (Paragraph 4.2.2.1). The active RESET L signal then initializes
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the processor, causing it to abort console (halt) or power-fail microcode
execution and enter a ‘‘no operation’’ state. The processor remains in
this condition until BDCOK H returns to the active state.

The power-up restart condition occurs when DC LO L goes false; RESET
L goes passive (high) on the next PH2 H clock pulse. The processor
responds by executing a fast DIN cycle to determine the start-up micro-
code option jumper configuration. Once the fast DIN cycle has been
completed, the processor executes the power-up option selected, and
normal operation resumes when BPOK is asserted.

Halt Mode—The Halt mode is entered by executing the HALT instruc-
tion, by a device asserting the BHALT L signal, by a double bus error
condition, or by a bus error (time-out) during an interrupt. The processor
haits program execution and enters microcode execution as described
for a power-fail operation. However, when the processor executes the
fast DIN cycle, the PFAIL H bit (WDAL3 H) is not active and console
microcode (not a power-fail sequence) is executed. Negation of BHALT
L will allow the processor to resume PDP-11 program execution. On the
next PH2 H clock pulse, IPIRQ H goes false (low) and the processor
Run mode is enabled.

Bus Errors—A bus error results in aborting program execution and entry
into a trap service routine via vector location 004. A bus error occurs
when a device fails to respond to the processor’'s DBIN L or BDOUT L
signal by not returning a BRPLY L signal within 10 us (approximately).
An active 1/0 signal inhibits the reset input of the 5-stage time-out
counter, enabling counter operation. [When not in a processor-controlled
bus 1/0 cycle, 1/0 L is passive (high), clearing the counter.] The counter
proceeds with counting PH3 H clock pulse signals. Normaly BRPLY L
would be asserted, producing an active REPLY (1) H signal which in-
hibits the counter; the count would remain stable until cleared by a
passive 1/0 L signal. However, if BRPLY L is not received within 10 us,
the full count (32,,) is attained. This is the error condition; TERR L
goes low and TERR (1) H goes high. The next PH2 H clock pulse clocks
the reset latch to the reset (active) state, producing an active RESET L
signal. The processor responds by executing the resét microcode. After
entering the microcode, the processor executes a fast DIN cycle and
determines that a time-out (bus) error TERR (1) H, rather than a power-
fail condition, has occurred. It then responds by executing the bus error
trap service routine. TFCLR L (ROM code 2) is generated by the pro-
cessor to clear the TERR latch.

Normal 1/0 Interrupts—'‘Normal’’ 1/0 interrupts are those interrupt
requests which are generated by external devices using bus interrupt
request BIRQ L. The request is initiated by asserting BIRQ L. This signal
is inverted to produce a high signal, which is stored in the interrupt
request latch on the next PH2 H pulse. The stored request produces
I0IRQ H, which informs the processor of the request. If processor status
word priority is 0, the processor responds by producing an active WIAK
H (interrupt acknowledge) and WDIN H signals. WDIN H is buffered
onto the BDIN L signal line to signal devices to stabilize their priority
arbitration. WIAK H is inverted, producing IAK L, setting the Interrupt
Acknowledge flip-flop on the trailing edge of PH1 L one cycle after
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BDIN L is asserted. The high (active) interrupt acknowledge signal is
enabled onto the BIAKO L signal line by passive (low) DMGCY H and
INIT (1) H signals. The highest priority device requesting interrupt ser-
vice responds to the processor's BDIN L and BIAK L signals by placing
its vector on the BDAL bus and asserting BRPLY L, inputting its vector
to the processor. Note that BSYNC L is not asserted during this opera-
tion and that no device addressing occurs. The device also clears its
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BIRQ L signal. The processor responds to BRPLY L by terminating BDIN
L and BIAK L.

Refresh—Memory refresh is initiated by a 600 Hz refresh oscilator. This
function is enabled when jumper W4 is not installed. The leading edge
of RFOSC H clocks the Refresh Request flip-flop to the set state. On
the next PH2 H clock pulse, the memory refresh request latch stores
the request and applies an active RFIRQ H signal to the processor’'s
control chip. The processor responds by producing an active RF SET L
signal and executing the refresh microcode. RF SET L sets the Refresh
flip-flop, producing the BREF L signal (Paragraph 4.2.2.7) and clearing
the Refresh Request flip-flop, which terminates the request. TFCLR L
resets the Refresh flip-flop when the refresh operation is completed.
Note that BREF is not asserted if DMGCY H or INIT (1) H is asserted.

Event Line Interrupt—The event line interrupt function can be used as
a line time clock interrupt, or as desired by the user. This interrupt
differs from the "normal 1/0 interrupt request by being the highest
priority external interrupt, and it does not input a vector in order to
enter its service routine. The interrupt is initiated by the external device
by asserting BEVNT L. This signal is inverted to produce a high (active)
signal, which clocks the Event flip-flop to the set state. (Note that when
W3 is installed, the flip-flop remains reset and the event function is dis-
abled.) On the next PH2 H clock pulse, the event interrupt request latch
stores the active EVNT (1) H signal. An active EVIRQ H signal is then
applied to the control chip. If processor status word priority is O, the
interrupt will be serviced. Service is gained via vector 100, which is
dedicated to the event interrupt. Hence, a bus DIN operation does not
occur when obtaining the vector. The request is cleared by the micro-
code generated EFCLR L signal.

4.2.2.7 Special Control Function—Special control functions include
microcode-generated bus initialize and memory refresh operations and
five special control signals which are internally on the processor module.
Special control function logic circuits are shown in Figure 4-8. Microin-
struction bus lines WMIB18-21 L are buffered to produce the four
SROMO0-3 H signals. The actual codes for the special functions are
contained on SROMO-2 H; SROM3 H is always active when a special
function is to be decoded, enabling the 1 of 8 decoder during PH3 H.
The resulting decoded functions are described below.

ROM Code 10—Not used.

ROM Code .11 [IFCLR and SRUN L]—This code is produced by the pro-
cessor to clear the Initialize flip-flop and to assert the SRUN L signal
for a RUN indicator in PDP-11/03 systems.

ROM Code 12 [TFCLR L]—This code is a trap function clear signal
which clears the Refresh Request and Time-Out Error flip-flops (Para-
graph 4.2.2.6).

ROM Code 13 [RFSET L]—This code. is used to set the Refresh flip-flop.
The active (high) flip-flop output is gated with passive (low) INIT (1)
H and DMG (1) H signals to produce the active BREF L signal. The flip-
flop normally resets by the microcode-generated TFCLR L signal after
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completing the refresh operation, or whenever a power failure occurs.
(DC LO L goes active and clears the flip-flop.)

ROM CODE 11 L
(IF CLR_AND SRUN L)

- INIT (1) L /\
INIT INIT (1) H
F/F |> BINIT L
DCLO L
SROMO H

ROM CODE 10 (NOT USED)
SROMI H 1o ROM CODE 11 (IFCLR & SRUNL)
1;’[‘2':1 BUFFERS | sRoM2 H
ROM CODE 12 (TFCLR L)
1:8 ROM ROM CODE 13 (RFSET L)
SROM3 H CODE ROM CODE 14 L (INITIALIZE SET)
DECODER

ROM CODE 15 L (FAST DIN)
D ROM CODE 16 (PFCLR L)
ROM CODE 17 (EFCLR L)

ROM CODE 4
(INITIALIZE
SET)

PH3 H

LSI-11 BUS

RFSET L

1-3148

Figure 4-8 Special Control Functions

ROM Code 14 [Programmed Initialize]—A programmed LSI-11 bus ini-
tialize operation can be performed by executing the RESET instruction.
The processor responds by generating ROM Code 14 L (decoded). On
the positive-going trailing edge of this signal, the Initialize flip-flop clocks
to the reset (active) state, producing the active initialize signal. Approxi-
mately 10us later, the processor produces a TFCLR L signal, clearing the
intialize signal. )

During a power failure, the active DC LO L signal is distributed to the
Initialize flip-flop clear input; when cleared, the flip-flop is in the active
state and INIT (1) H, INIT (1) L, and BINIT L initialize signals are used
to clear (or initialize) all LSI-11 system logic functions. When normal
power resumes, the processor microcode terminates the initialize cycle
by generating TFCLR L, presetting the Initialize flip-flop; this is the
passive (noninitialize) or normal flip- flop state and all initialize signals
return to their passive states. .

ROM Code 15 [Fast DIN Cycle]l—The processor generates this code
when a fast DIN cycle is required. The fast DIN cycle allows the proces-
sor to read (input) the selected start-up mode, time-out error, and
power fail signal status (Paragraph 4.2.2.6).

ROM Code 16 [PFCLR L]}—This code clears the Power Fail flip-flop (Para-
graph 4.2.2.7). :
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ROM Code 17 [EFCLR L]—This code clears the Event flip-flop (or line
time clock interrupt request) (Paragraph 4.2.2.7).

4.2.2.8 Bus Arbitration Logic—Bus arbitration logic (Figure 4-9)
enables the LSI-11 bus to be used by DMA devices or the processor. The
device (or processor) controlling the bus is called the bus master. When
no DMA requests are pending, the processor is bus master and all data
transfers are programmed. When a DMA device is bus master, pro-
cessor operation is suspended until the DMA operation is finished.

SACK L
BSACK L
TO EDAL L t0GIC

DMG (1) L

DMG (1) H

BOMGO L
OMG DMG INIT(1) H —D

En F/F
PH4 H—] PH4 H—

—(4 > < —j) ?
DMA REQ H
BDMR L SYNC L

DMA
REQ
F/F

PHY H—] DMA REQ L
BUSY H
(’\ REPLY (1) L

INIT(H)L

11-3149

Figure 4-9 Bus Arbitration Logic

Prior to a DMA request, the DMA Request flip-flop is reset (Figure 4-10);
the DMA REQ H signal is passive (low), clearing the DMG Enable flip-
flop. A device initiates a DMA request by asserting BDMR L. The request
is inverted to produce a high signal, which is clocked into the DMA Re-
quest flip-flop on the next PH1 H clock pulse, producing active DMA REQ
H and L signals. DMA REQ L is ORed with REPLY (1) L, producing BUSY
‘H and causing the processor to “wait”’ after completing its present bus
cycle. On the leading edge of PH4 H, the stored DMA request sets the
DMG Enable flip-flop. The processor is finished with its present bus cycle
and releases the bus when SYNC L goes passive (high).

On the first PH4 H clock pulse following the passive state of SYNC L,
the DMG flip-flop clocks to the set state and DMG (1) H and DMG
(1) L go to their active states. DMG (1) H produces the active BDMG
grant (BDMGO L) signal. DMG (1) L enables EDAL L signal generation
when the DMA operation involves KD11-F resident memory. The DMA
device responds to the BDMG signal by negating BDMR L and asserting
BSACK L, enabling EDAL L signal generation and keeping the DMA Re-
quest flip-flop in the set state. On the first PH4 H clock phase following
the active state of BSACK L, the DMG Enable flip-flop clocks to the reset
state and DMG EN H goes low. The following PH4 H clock pulse clocks
the DMG flip-flop to the reset state and BDMGO L goes passive (high),
terminating the DMA request/grant sequence. BSACK L remains asserted
for the duration of the DMA operation, preventing new DMA requests
from being arbitrated.
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Figure 4-11 KD11-F Resident Memory

The DMA device releases the bus by terminating BSACK L. The following
PH1 H clock pulse clocks the DMA request flip-flop to the passive state.
BUSY H then goes passive, enabling a processor-initiated bus cycle. Once
the processor-initiated cycle is -entered, SYNC L inhibits (clears) the
DMG flip-flop for the duration of the processor’'s present bus cycle.
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4.2.3 KD11-F Resident Memory

The 4K by 16-bit dynamic MOS read/write memory is included on the
KD11-F processor module only. (KD11-J basic memory is magnetic
core, which is contained on a separate MMV11-A core memory unit.)
Resident memory can reside in either the first or second 4K address
bank. One of two jumpers can be installed on the module to select the
desired bank (bank O or 1).

The basic functions involving the resident memory are shown™in Figure
4-11. Resident memory comprises sixteen 4K by 1-bit memory chips,
addressing, and control logic. The memory chips, which are 16-pin de-
vices, require an address multiplexer to address the chips with two 6-bit
bytes. The complete addressing, write, and read operations are described
below.

Addressing is initiated by a master device—either the LSI-11 processor
or a DMA device—by placing the 16-bit address on BDALO-15 L and
asserting BSYNC L, latching the address in the 16-bit address register.
Note ‘that the resident memory address will appear on the BDAL bus
even when the processor is bus master; the resident memory functions
exactly as a memory located elsewhere along the LSI-11 bus. Address
bits are routed via BDAL bus receivers onto the processor module's
DALO-15 H bus to the address register input. Stored address bits A13—
Al5 H are then decoded by the bank select decoder. SBSO L (bank 0)
and SBS1 L (bank 1) will go active (low) only when their respective
bank addresses are decoded. W1 or W2 and W11 then applies the se-
lected address to the address multiplex control logic, enabling the
resident memory response. Address multiplex logic immediately gen-
erates an active row address strobe (RAS), which remains active for the
duration of the BSYNC L signal. Address multiplex control (AMX) is
initially high, multiplexing the stored row address (bits A7—A12 H)
through the 12:6-bit address muiltiplexer and into all memory chips.
After 150 ns, address multiplex control logic generates an active column
address strobe (CAS) and a low AMX signal. The multiplexer output
bits (1-A6) are then strobed into all memory chips, completmg the ad-
dressing portion of the memory operation.

Resident memory bank selection can be accomplished, by an external
signal. W11 is removed to disable the on-board memory bank selection.
SMENB L is then asserted low by the external circuit to select the res-
ident memory.

When in a memory read operation, each of the 16 memory chips
places an addressed bit on the memory read data bus. This data is
multiplexed via port A of the I/O bus/memory read data selector only
when in a resident memory read (or refresh) operation; the select in-
put of the data selector is asserted low for this data selection. The
read data is then placed on WDALO-15 H, where it can be read by the
microprocessor data chip or gated onto the BDAL bus via bus drivers
for input to a DMA device. :

When in a memory write operation, the addressing portion of the oper-
ation is similar to the read cycle addressing, except BWTBT L may be
asserted by the master device to indicate that a write operation is to
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follow. After the addressing portion of the cycle has been completed,
BWTBT L either goes passive (high) if a DATO (word) write cycle is to
be performed, or remains asserted (BWTBT L remains low) if a DATOB
(byte) write cycle is to be performed. Word 1 byte select logic. responds
to the DATO cycle by asserting both- BYTE 1 WT L and BYTE O WT L
for the duration of the cycle, enabling DALO-15 H data bits into the
addressed location in all memory chips. However, when in a DATOB
cycle, only one active signal is produced, depending upon the state of
the stored byte pointer (address bit AO). If AO is low (even byte), only
BYTE O WT L goes active, enabling only DALO-7 H bits to be written
into the addressed location_in the appropriate eight memory chips.
Similarly, if Al is high (odd byte), only BYTE 1 WT L goes active,
enabling only DAL8-15 H bits to be written into the addressed location
in the appropriate eight memory chips.

Resident memory, as well as any LSI-11-bus device, must respond to
any data transaction by generating an active BRPLY L signal. Reply gates
provide this function, Approximately 150 ns after CAS L goes true (as
previously described), the reply gates are enabled; the gates will re-
spond to either an active BDIN L or BDOUT L signal by asserting
BRPLY L. Reply gates are inhibited during an initialize operation.

Reply gates can be disabled by installing W9. When installed the resident
memory will not assert BRPLY L. W10 can be removed to inhibit the
reply during memory refresh operations only. REFR (0) 4 normally
enables the refresh reply.

Resident memory requires a refresh operation once every 1.6 ms. This
operation is entirely under the control of either processor microcode or
an external DMA device, as selected by the user. Resident memory re-
sponds to BREF L, generated by the refresh-controlling device, by sim-
ulating a “bank selected’’ operation. (All memory banks are simulta-
neously refreshed.) Refresh is then accomplished by executing 64 suc-
cessive BSYNC L/BDIN L operations while incrementing BDAL1-6 L by
one location on each bus transaction. Refresh is simply a series of
forced memory read operations where only the row addresses are sig-
nificant. Each of the 64 rows in all dynamic MOS memory chips in an
LSI-11 system are simultaneously refreshed in this manner:

4.2.4 DC-DC Power Inverter

The dc-to-dc power inverter circuit provides on-board generation of re-
quired negative dc voltages. Input dc power for the inverter circuit is
obtained directly from the 412 V input. The inverter switching rate is
clocked by the clock pulse generator's DIVB (0) H 2.8 MHz output.
Output negative dc voltages are distributed to all resident memory chips.
The -5 V output is distributed to microprocessor chips (data chip,
microm chips, and control chip). :

4.3 MMV11-A 4K BY 16-BIT CORE MEMORY

4.3.1 General

The MMV11-A 4K by 16 bit core memory option provndes nonvolatile
read/write storage of user programs and data. Memory 4K addressing
is user-selected by switches contained on the option. The MMV11-A is
completely LSI-11 bus-compatible and -capable of either programmed
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1/0 data transfers with the processor or transfers with another LSI-11
DMA bus device.

The MMV11-A features:
¢ 4096 by 16-bit capacity

e Typical access time = 425 ns (475 ns maximum); full read/restore
cycle time = 1.15us.

* Nonvolatile read/write storage—stored data remains valid when power
is removed.

e User-selected bank address—three switches allow the user to select
the bank address for the option.

e 15V and +12 V power—only the normal backplane power is re-
quired to power the option.

* No adjustments, no periodic maintenance.

The MMV11-A is contained on two modules which are mated to com-
prise a single assembly as shown in Figure 4-12. The modules include
memory interface and timing board (module type G653) and core stack
(module type H223). The actual size of the assembly is 8.5 by 10 by
0.9 in. The G653 module includes handles and retractors on the top
. edge and fingers on the bottom edge which plug into the LSI-11 bus.
Circuits contained on this module include interface, control and timing
logic, bus receivers and drivers, the 16-bit data paths, sense amplifiers,
and a +5 V dc to -5 Vdc inverter. The H223 module is slightly smaller,
includes no handles or bus fingers, and plugs onto the No. 2 (solder)
side of the G653 module via special connector pins. Spacers are located
between the modules to stiffen the assembly and to maintain the 0.9
in. dimension. Circuits contained on the HZ223 module include the 4096
by 16 core stack, 12-bit address register, X and Y drives, stack charge,
temperature compensation, and a series +11 V, Vcc switch which re-
moves drive power when BDCOK H goes low (power fail) or BINIT L is
asserted.

MEMORY INTERFACE
AND TIMING

H223
CORE STACK

cp-1781

)
Figure 4-12 MMV11-A Core Memory Option
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4.3.2 Functional Description

4.3.2.1 Introduction—The MMV11-A memory is a read/wnte random
access, coincident current magnetic core type with a cycle time of 1.15
us and an access time of 425 ns. It is organized in a 3D, 3-wire planar
configuration. Word length is 16 bits and the memory consists of 4096
(4K) words.

Major functions contained in the MMV11-A are shown in Figure 4-13.
Memory data can be stored (written) or read by executing appropriate
bus cycles: DATO (16-bit word) write; DATOB (8-bit byte) write; DATI
(16-bit word) read; DATIO (16-bit word) read-modify- wnte, and DATIOB
© (16-bit word) read-modify-(8-bit byte) write.

Each of the functions shown l_n Figure 4-13 is briefly described below:

Bus Receivers and Drivers—These devices interface directly with the
LSI-11 bus and the G653 logic circuits. BDAL bus drivers are gated on
by DATA OUT L during a read operation [DATI or the input portion of a
DATIOB(B) bus cycle].

Bank Decoder—The bank decoder recives address bits A 13-15 L and
responds when the bank address is as user-selected on the three bank
address switches on the G653 module. It responds by producing an
active DSEL H signal which initiates memory cycle timing. This signal
is enabled only when power is normal and bus initialize or refresh oper-
ations are not in progress.

Timing and Control—Timing and control circuits receive bus and in-
ternal control signals and generate.appropriate read/write timing and
control signals. It also generates the BRPLY L signal in response to
BDIN L and BDOUT L.

Address Register—The address register stores the 12-bit word address
within the 4K bank during the addressing portion of the bus cycle.
Latched bits LA1—6H are applied to Y drive circuits and LA7—12H are
applied to X drive circuits.

X and Y Drives—X and Y drive circuits control X and Y read/write cur-
rents through all core mats. Address decoding activates 1 out of 64 X
wires and 1 out of 64 Y wires. Because the active X and Y wires each
have one-half the current required for core saturation, only one core
out of 4096 cores in each core mat is saturated. Direction of current is
determined by a read or write operation.

Core Stack—The core stack comprises sixteen 4096-core mats. Each
mat is associated with one memory bit position at all 4096 locations.
Each core has three wires passing through it: one X, one Y, and one
sense/inhibit wire. The sense/inhibit wire passes through all 4096 cores
in one mat. Hence, the stack contains 16 sense/inhibit lines.

The sense/inhibit line ends terminate at sense amplifier inputs. During
a write operation, an inhibit current, equal to saturation current, is
applied to the center of the sense/inhibit line when a logical O is to be
written in the addressed core. This current splits and one-half saturation
.current flows through all cores in the mat and into termination diodes
at the sense ampilifier inputs. The wire is threaded through the cores in
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a manner that causes the current tc flow in = direction opposite to that
of the Y write current; this prevents core saturation, which would write
a logical 1 in the addressed core.

Sense Amplifiers—Sense amplifiers respond to induced voltage impulses
during the read cycle. They are strobed during a critical time of the
cycle, producing an active (high) output when a logical 1 is read, re-
gardless of the induced polarity on the two ends of the sense/inhibit
wires for each bit.

Inverters—The inverters receive sense amplifier outputs, invert them,
and direct-set previously cleared memory data register bits when a
logical 1 is sensed.

Memory Data Register—The 16-bit memory data register is cleared upon
entry to a read cycle; sensed logical 1s set appropriate bits. During a
restore cycle (DATI bus cycle) (no memory contents are to be modified),
the same bits (low-active) are written into the same addressed location.
During a write cycle [DATO, DATOB, or the write portion of a DATIO(B)
bus cycle], bus data bits are clocked into the high and/or low byte(s),
depending upon the type of bus cycle (word or high byte or low byte).

Inhibit Drivers—Inhibit drivers, one for each bit position, produce an
inhibit current during the write cycle at INH TIME H if a logical O is to be
written. The current inhibits core saturation, which would produce a
stored logical 1.

Charge Circuit—The charge circuit applies the correct operating voltage
to X and Y drive circuits during the read and write memory cycles to
prevent “sneak’’ currents through unselected stack diodes.

X—Y Temperature Compensation—X—Y temperature compensation cir-
cuits alter drive currents over the required operating temperature range
to provide reliable operation.

DC—DC Inverter—The dc—dc inverter circuit generates -5V power for
sense amplifiers from the +5 V power.

DC Protection—DC protection circuits respond to an active BINIT L or
passive BDCOK H signal by producing active LOCKOUT L, RESET H,
RESET L, and passive VCC20K H signals. These signal conditions pre-
vent memory circuit operation and the possible loss of stored data.

Vce Switch—The Vcc switch applies +11.5 V to X and Y driver circuits
when not in an initialize or power fail condition.

4.3.2.2. Core Addressing—When a memory location is addressed, one
core in each of the 16 mats are accessed for a read or write operation.
Figure 4-14 illustrates a portion of the X—Y drive and associated cir-
cuits for one Y wire. Six address bits (A1—A6) select 1 of 64 Y wires.
A similar circuit (not shown) involving the remaining six address bits
(A7—A12) selects 1 of 64 X wires. Hence, by placing 64 cores (in each
mat) on each Y wire and passing a different X wire through each core,
one of 64 cores on the active Y wire will be selected. Since the remain-
ing Y wires have a similar 64 cores each and receive the same X wires,
64 X 64, or 1 out of 4096 addressing is accomplished in each of the
core mats. A single Y wire is driven as described below.
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Figure 4-14 MMV11-A Core Addressing

Two 1:8 (octal) decoders are used in Y wire selection, each receiving
three address bits from the address register. Only one output from
each decoder will be active during addressing. Assuming address XX00
(the zeros are the Y portion of the 12-bit address), the portion of the Y

- drive circuit shown will be enabled. During a read operation, READ
EARLY L goes active and turns on one of the eight read current source
transistors. A diode in its emitter circuit couples the drive to eight Y
wires, each terminating at the diode steering matrix. The diodes pro-
vide a read current path to all eight read sink transistors. READ LATE L
goes active 25 ns after the Y source is turned on, and turns on one of
the eight read sink transistors, completing a read current path to ground.
Hence, 1 of 64 Y wires is selected, producing.a read half-current through
64 cores in all memory mats. Similar X drive circuits will produce an X
read half-current in 64 cores in each mat in exactly the same manner..
Only one core in each mat will receive an X and a Y read half-current,
causing the core to saturate in the O state. If the core was previously
in the 1 state, a voltage pulse will be induced in the sense/inhibit wire
as it switches to the O state.

A write cycle is always preceded by a read cycle. The write operation is
similar to. the read operation, except write current flows through the
addressed wire in a direction -opposite to the read current direction.
The core in each mat receiving X and Y write half-currents will respond
by saturating in the 1 state. However, since a 0 may be desired, a third
wire (sense/inhibit) will conduct a half-current which opposes the mag-
netizing effect of the Y write currents. Thus, core saturation is not
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attained and the cores where Os are written remain saturated in tﬁe 0
state from the previous read cycle.

Temperature compensation ris applied to driver circuits via a source
current, which is inversely proportional to temperature; an increase in
temperature decreases available drive current.

The stack charge circuit applies a 411 V (approximately) signal to the
sink ends of all X (not shown) and Y wires during the write cycle. The
level is applied during WRITE EARLY time. Since WRITE LATE L occurs
25 ns after WRITE EARLY L, the write sink transistor is cut off, and the
full 11 V signal charges the stray capacitance of the X-Y lines, reducing
the capacitive delay effect as the X and Y write source transistors
turn on; the 11 V signal also reverse biases diodes not selected by ad-
dressing circuits, preventing sneak current. The addressed sink transistor,
turned on by the active WRITE LATE L signal, provides the return path
for the selected X and Y wires; only those two wires’ will go to approx-
imately O V, causing one X and one Y diode to become forward biased,
enabling the write half-currents to flow. Resistors coupling the charge
voltage to write sink transistors limit the charge current through the
addressed write sink transistors during the remainder of the-write cycle.
This circuit- performs the same function for read cycles by grounding
the buses and preventing sneak currents through unselected stack
diodes.

4.3.2.3 Read/Write Data Path—The basic read/write data path is
shown in Figure 4-13. Upon entering a read cycle, the memory data
register is cleared by CLRO-and CLR1 L. X and Y read currents produce
active sense amplifier outputs for those cores containing stored logical
1s as they are switched to the O states. These signals are inverted and
applied to the direct-set inputs of the flip-flops comprising the memory
data registers, setting the appropriate bits. During a write cycle, CLRO
L (DATOB low byte address), or CLR1 L (DATOB high byte address),
or both CLRO and CLR1 L (DATO word address) clear the previously
read data. The bus data is then received and clocked into the register
flip-flops by CLK MDROH and/or CLK MDR1 H, as appropriate. Write
data bits are then routed to inhibit drivers which inhibit writing 1s when
write bits are Os (high). Inhibit half-current_through addressed cores
prevents X-Y write half-currents from switching cores to the 1 state.

The sense/inhibit wire passes through all cores in a core mat, as shown
in Figure 4-15. The circuit shown in the figure is repeated for each of
the 16 core mats. During the read portion of a memory cycle, a logical
1 stored in the addressed core will cause an induced voltage to appear
on the sense/inhibit wire as the core switches from the 1 saturation
state to the O saturation state. If a O was previously written, no appre-
ciable voltage is produced. since the core is already saturated in the O
state. During the read operation, the sense/inhibit wire functions as a
loop whose ends terminate at the sense amplifier inputs. Any difference
in potential (either polarity) will enable a sense amplifier output.
STROBE H occurs during X and Y drive read currents at a critical time
(the time of peak core switching output when 1s are read). Thus, only
the correct voltage pulse produced when a core goes from the 1 state
to the O state is gated into the Memory Data Register flip-flop.

4-22



The threshold circuit establishes the signal voltage level at which a
logical 1 is read during strobe time. A signal voltage magnitude greater
than approximately 17 mV during strobe time results in a valid 1 level.
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Figure 4-15 MMV11-A Read/Write Bit Data Path

Signal- levels less than the 17 mV threshold value are considered in-
valid and result in O levels being read. Four threshold circuits share a
common source resistor. Each threshold circuit provides a reference
amplifier input voltage to two sense amplifier ICs, each containing two
sense amplifiers; hence, one threshold circuit provides a threshold volt-
age for four data bits. :
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When in the write portion of the memory cycle, the inhibit driver re-
mains off if a 1 write data bit is stored in the memory data register
flip-flop. However, if a O is to be written, the write bit is high, enabling
a gate input for the inhibit driver. At INH TIME H during the write cycle,
the inhibit driver produces an inhibit current equal to core saturation in
a direction that would produce a logical 0. However, note that the inhibit
current is applied to the center of the sense/inhibit wire. Thus, half-cur-
rents flow into each half of the sense/inhibit wire, preventing the ad-
dressed core from saturating in the 1 state. Diodes at the sense am-
plifier ends of the wire provide a ground return for the two inhibit half-
currents. The two resistors terminate the ends of the wires. The inhibit
driver transistor collector is clamped to ground through a diode and
resistor to prevent breakdown during turnoff. The emitter resistor limits
peak current.

4.3.2.4 Timing and Control—All memory bus cycles comprise a read
and a write operation. During a DATI bus transaction, a memory read-
restore cycle is executed. The data is first read and placed on the 1/0
bus. The same data is then written in the same addressed location.
During a DATO bus transaction, a memory read-modify-write cycle is
executed. After reading the contents of the addressed location, bus data
is clocked into the memory data register. Previously read data is lost.
The modified word is then written into the addressed location during
the remainder of the cycle. If a DATOB bus transaction is being exe-
cuted, only an 8-bit portion of the memory data register is modified,
and one byte of the previously read word is retained for the write oper-
ation. A DATIO bus transaction actually initiates two separate memory
cycles. The first cycle (read-restore) is initiated by the master device
by placing the memory address on BDALO—15 L and asserting BSYNC
L. After receiving and modifying-the memory read data, the master
device outputs the new data to the memory and asserts BDOUT L, which
initiates the next memory cycle (read-modify-write). Timing and contiol
logic functions generate all of the timing and control signals for the
memory cycles described above. Logic operation for each type of bus
transaction is described in detail in the following paragraphs.

A memory cycle is initiated when the correct bank address asserted by
the bus master device is decoded on the leading edge of BSYNC L.
DSEL H is the decoded bank address signal; note that it is inhibited
during refresh bus cycles (when BREF L is asserted), or when an initial-
ize or power fail condition exists. The logical state of DSEL H is clocked
into the Busy flip-flop on the leading edge of SYNC H (Figure 4-16).
When DSEL H is active (high), the Busy flip-flop sets and FBUSY H and
FBUSY L go to their true states. FBUSY L enables one input of the
read initiate gate. The remaining gate input ist enabled by the negative-
going pulse produced by the RC circuit connected to FBUSY L. Thus,
on the leading edge of FBUSY L, the state of FBUSY H is clocked into
the Read flip-flop, causing it to go to the set state. This sequence is
shown in Figures 4-17 and 4-18. \

The read-restore (DIN) cycle continues as shown in Figure 4-17. FREAD
H activates the read time generator, producing time signals prefixed
with “RT.” Each signal is a 225 positive-going pulse whose leading
edge is delayed with respect to FREAD H. Hence, the leading edge of
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RT225 H, shown in Figure 4-16, occurs 225 ns after the leading edge
of FREAD H, and approximately 275 ns after BSYNC L is asserted.
Note that RT225 H is inverted and applied to the clear input of the
Read flip-flop, establishing the 225 ns pulse width for RT pulses. RT225
H goes low, 225 ns later. This time occurs 400 ns (total after BSYNC
L is asserted and it is referenced on Figure 4-16 as (T500L).

The pulse produced by the RC network on the leading edge of FBUSY L
is inverted to produce the CLRO L and CLR1 L signals, which clear the
memory data register for the new read data. READ EARLY occurs on
the leading edge of FREAD H and remains active for the duration of
RT50 H, producing a 300 ns pulse. RT25 H goes high 25 ns later, pro-
ducing the READ LATE L signal; this signal remains true for the dura-
tion of RT100, resulting in a 325 ns pulse. Read data is valid at the
sense amplifier inputs from 200 to 275 ns after READ EARLY L goes
active. RT175 H is gated with RT50 H to produce the sense amplifier
strobes STROBE 0 and 1 H. The trailing edge of RT50 H occurs 100 ns
after the leading edge of RT175 H, negating the strobes. During strobe
time, the sense amplifier data bits set the appropriate flip-flops that
comprise the memory data register, and store the memory read data.

The bus master device initiates the data transfer portion of the DATI
transaction by asserting BDIN L. The Reply Enable flip-flop is set on
the trailing edge of RT100 H 375 ns after BSYNC L. If RDIN H (BDIN
L inverted) is received earlier than 375 ns after BSYNC L, the Reply
flip-flop input gates wait 375 ns to produce an active RPLY SET L signal
(Figure 4-17), which direct-sets the Reply flip-flop and produces the ac-
tive FRPLY H and BRPLY L signals. FRPLY L is gated with RDIN L and
inverted, producing the DATA OUT L signal which gates memory data
register bits onto the BDAL bus. If RDIN H is received later than 375 ns
after BSYNC L, the Reply flip-flop sets on the leading edge of RDIN H.
The trailing edge of RT150 H (T425 L) is gated with RPLY SET L, pro-
ducing a write initiate pulse which clocks the high FBUSY H signal into
the Write flip-flop, initiating the restore portion of the memory cycle.

Restore timing is produced by the write time generator in a manner
similar to that described for read time generation. At WTOO H time,
TINH H and TINH L (475 ns pulses) are produced for the inhibit drivers.
TINH H also inhibits the Reply Clear gate, and the Reply flip-flop re-
mains set for the remainder of the memory cycle. WEARLY L and STK
CHG H go active on the leading edge of WT175 H and remain active for
350 ns. Similarly, WLATE L goes active on the leading edge of WT175 H
and remains active for 325 ns. At WT250 H time, WCLR L is produced,
clearing the Reply Enable and Write flip-flops; thus, write time generator
outputs are 250 ns pulses. Memory data is restored (written) during
the time that TINH H, WEARLY L, and WLATE L are active. The memory
cycle terminates when both SYNC L and FRPLY L go to their passive
states. The Busy Clear gate detects this condition, producing a low
pulse which clears the Busy flip-flop, and the memory cycle ends.
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Figure 4-16 MMV11-A Timing and Control Circuits
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Figure 4-17 Read-Restore Memory Cycle Timing
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Figure 4-18 Read-Modify-Write Memory Cyclé Timing
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The DATO cycle is similar to the DATI cycle except that during the ad-
dressing portion of the bus cycle, the bus master device asserts BWTBT
L. RWBT H goes high, and the leading edge of SYNC H clocks the byte
flip-flop to the set state. The active FWBT L signal is only used when
in the write portion of the DATIO cycle, as described later. However,
during a DATO bus transaction, RDIN H is not received; instead, RDOUT
H is received, enabling the REPLY SET L gates, as shown in Figure 4-18.
RDOUT enables one input to the WRITE TIME L gate. At the same time
that the Write flip-flop clocks to the set state, WRITE TIME L goes low,
enabling CLK MDRO and 1 H gates. Since a DATO bus cycle is in prog-
ress, BWTBT L remains passive during the data transfer portion of the
bus cycle. Hence, RWBT H is low, WRITE WORD H is high, and the two
byte select OR gates apply low signals to the remaining CLK MDR gates.
CLK MDR 0 and 1 H then clock the BDAL bus data into the memory -
data register; the previously read data is lost. The write portion of the
cycle continues as described for the restore portion of the DATI oper-
ation.

When executing a DATOB bus transaction, BWTBT L and RWBT H re-
main active for the duration of the bus cycle. Hence, the WRITE WORD
H signal remains passive. The Byte Select flip-flop that stores byte ad-
dressing bit RAO H during addressing time enables generation of only
one CLK MDR H signal. When RAO H is low, FAO L goes high and CLK
MDR O H clocks low byte data bits from only BDALO-7 L into the mem-
ory data register. Register bits 8-15 remain unchanged. Similarly, when
RAO H is high, FAO H goes high and CLK MDR 1 H clocks high byte data
bits from only BDAL8-15 L into the memory data register. Register data
bits 0-7 remain unchanged. The write portion of the memory cycle then
continues as previously described.

When executing a DATIO. bus cycle, two complete memory cycles are
executed. They include a DATI and a DATO or DATOB cycle as previously
described. However, when executing a DATIO bus transaction, BSYNC L
remains active for the duration of the transaction. Hence, SYNC H, which

generates FBUSY L during the read-restore portion of the cycle, cannot
" initiate the second read-modify-write memory cycle. Instead, FWBT L,
stored during the addressing portion of the cycle, enables a read initiate
pulse on the leading edge of RDOUT H. The Read flip-flop goes to the
set state and operation continues-as described for DATO or DATOB bus
transactions.

4.3.2.5 DC Protection and Vcc Switch—DC protection and Vcc switch
circuits are shown in Figure 4-19. The dc protection circuit is activated

’ sV *
+5V* 5v*
+2v 4' SOURCE % 12y vee +11.5V TO
24s Vec 20K H | SWITCH X-Y DRIVERS
DELAY CKT
PWR FAIL H 4 / RESET L
|7

BDCOK H _L

e
LOCKOUT L ’I

BINIT L RESET H

cP-1788

Figure 4-19 DC Protection and Vcc Switch Circuits
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during power-fail or bus initialize conditions. BDCOK H and BINIT L are
inverted and ORed to produce LOCKOUT L. Normally, this signal is pas-

~ sive (high), enabling bank addressing and resulting in an active DSEL H
signal when the memory is addressed. However, if BDCOK H goes low
(power fail) or BINIT L is asserted low, LOCKOUT L immediately inhibits
the bank addressing function.

The reset signals are also generated by this circuit. RESET L goes active
(low) whenever LOCKOUT L. is active. A 2 us delay circuit enables the
memory to complete its present cycle before RESET. RESET L is also
inverted to produce RESET H; both signals are used to clear (initialize)
memory timing control circuits.

To produce a 5 V* source for reset circuits and bus receivers BSYNC L,
BDIN L, BDOUT L, BWTBT L, and BREF L, 412 V power is regulated.
Thus, if 412 V is removed, all MMV11 memory operations are disabled.
However, if 45 V is removed and the 412 V remains, the 5 V* allows
memory protect logic to remain functional.

RESET L is also applied to the VCC20K H input to the Vcc switch circuit.
This signal is high only when both +5 V and 12 V power sources are
normal. The Vcc switch comprises a transistor (Vcc switch), which is
turned on when power is normal to produce +11.5 V power for XY
driver circuits. '

4.3.2.6 DC-DC Inverter—The dc-dc inverter circuit is shown in Figure
4-20. It is comprised of an inverter oscillator using a saturable trans-
former, a negative rectifier, and a filter. A 3-terminal regulator chip pro-
duces the regulated —5 V for sense amplifier operation.

MnverTer _]I Iﬁzscn{fuewj Meicrer 1
|
)

REGULATOR SENSE AMPLIFIERS

! [ v (| |

| I S N | o

| +5v | | =

| I+ | < |

| 1 L ——_

| |

[ 1

I, _J

cp-1789

Figure 4-20 -DC-DC Inverter Circuit

4.4 MRV11-AA 4K BY 16-BIT READ-ONLY MEMORY

4.4.1 General

The MRV11-AAis a basic read-only memory module on which the user

can install programmable read-only memory (PROM) or masked read-

only memory (ROM) chips. All PROM/ROM chip sockets and addressing

and control circuits are contained on a single 8.5 by 5 inch module.

The MRV11-AA features:

e 4096 by 16-bit capacity using 512 by 4-bit chips or 2048 by 16-bit
capacity using 256 by 4-bit chips.

e Compatibility with chips available from multiple sources.
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e Jumpers that allow the user to select the 4K memory address space
which the MRV11-AA will respond, chip type, and upper or lower 2K
segment (when 256 by 4-bit chips are used.)

4.4.2 Functional Description

4.4.2.1 General—Major functions contained on the MRV11-AA module
are shown in Figure 4-21. ROM data stored on the module can be ad-
dressed and read by the LSI-11 processor or other DMA devices by exe-
cuting a DATI bus cycle. Data/address lines BDALO-15 L and three bus
interface control signals (BSYNC L, BDIN L, and BRPLY L) comprise all
interface signals required for accessing the read-only memory. BREF L
inhibits BRPLY L and BDAL bus drivers during memory refresh oper-
ations.
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Figure 4-21 MRV11-AA Logic Block Diagram

4.4.2.2 Addressing—A master device can address any 16-bit word in
the 4K module by placing appropriate address bits on BDAL1-15 L dur-
ing the addressing portion of the DATI cycle. BDALO is not used on the
MRV11-AA since this address bit functions only as a byte pointer during
DATOB and the write portion of DATIOB bus cycles. Bus receivers route
DAL13-15 H to the bank select decoder and DAL1-12 H to the address
storage latch. Bank selection occurs when the 4K address encoded on
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DAL13-15 H is equal to the user-configured value selected by jumpers
W17-W15. The resulting bank select (BS H) and address bits DAL13-15
H are then stored in the address storage latch on the leading edge of
BSYNC L. Stored address bits SA1-8 H are buffered to produce BA1-9 L
which are applied to all ROM/PROM chips on the module.

When 512 by 4-bit chips are used, SA9 H is routed via: jumper W10 to a
buffer, producing the inverted BA9 L address bit for all chips (pin 14).
However, when 256 by 4-bit chips are used, W10 is removed and W12
is connected, forcing a low (chip enable) signal to become applied to all
chips (pin 14); note that 256 by 4-bit chips do not receive address bit 9.

Memory chips sockets are arranged in eight physical rows of four sockets
each. The memory is expanded by installing all four chips in each de-
sired row. Four chips provide the full 16:bit word storage for LSI-11 in-
structions and data. Only one row is enabled by a chip enable (CE)
signal, produced by chip row select logic and chip type jumpers.

When 512 by 4-bit chips are used, jumpers W8, W9, and W10 are in-
stalled. The chip row select octal decoder receives stored address bits
SA10, SAll, and SA12 on its A, B, and C inputs, respectively, as shown
in Figure 4-22. Bank Select Stored (SBS H) is gated to produce a low
SEL L enable signal, which is applied to the D input of the decoder.
(The decoder is actually a decimal decoder; whenever a high signal is
applied to its D input, outputs 0-7 are inhibited.) One decoder output
goes low, enabling the appropriate physical row addressed by bits SA10-
12 L. .

BA1-8BL
SA1-8 H
BUFFERS .
w10 A IT)
SA9H JSAS H BA9 L (ADDRESS B
CEOL 5
A
SAI0H CE12L :
SAT1H 8 géa:: 2
w9 SA9/12 H PHYSICAL
SA12 H € OCTAL CE4 L 3 MEMORY’
w8 . DECODER CES ROWS
+3V . OP SEL H SEL L O—CEG L 5
D O_A 3
SBS H CETL =

11-3159

Figure 4-22 512 by 4-Bit Chip-Jumper Configuration

When 256 by 4-bit chips aré used, jumpers W8, W9, and W10 are re-
moved and jumpers W11, W12, and either W13 or W14 are installed, as
shown in Figure 4-23. SA10 and SAll are applied to octal decoder A
and B inputs, respectively. Bit SA9, which is not used to directly address
the 256 by 4-bit chips is then applied to input C of the octal decoder.
SA12 H and SA12 L are available for jumper selection of the desired 2K
segment within the 4K bank. W13, when installed, selects the lower 2K;
W14 selects the upper 2K. When the selected segment is addressed,
OP SEL goes high. This signal is gated with SBS H to produce the low
(active) -octal decoder enable signal.
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Caution must be used when assigning memory to bank 7 to avoid
conflicts with preassigned device addresses. This 28-32K address space
is normally used for peripheral device addresses. Certain DIGITAL-
supplied system programs and operating systems determine the pres-
ence or absence of some of these devices by accessing the assigned
locations; if a response is obtained (i.e., no bus time-out occurs), the
program assumes that the device is present. Thus, having a memory re-
spond to any of these preassigned locations will give the erroneous indi-
cation that the corresponding device is installed in the system.

4.4.2.3 Data Read Operation—Once the ROM/PROM chip sockets are
addressed, the data can be read by the bus master device. Data is avail-
able within 120 ns after BSYNC L is received. One active CEO-7 L signal
produces the active DO RPLY H signal, which enables reply and BDAL
bus driver gating. Active DO RPLY H and SYNC H signals are gated,
producing the REPLIED L signal, which enables one of the two bus
driver enable inputs. The remaining enable input is MDIN L. The bus
master device asserts BDIN L to request the data. DIN H is ANDed with
the passive (high) SREF L signal, producing MDIN L, and read data is
enabled onto BDALO-15 L. Active MDIN L, SYNC L, and DO RPLY H
signals also enable the BRPLY L bus driver, producing the required re-
sponse to BDIN L.
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sar-sy ———————N
Visurrers
W12 ySA9H BA9L (CHIP ENABLE)
+3v
SA9 H ——
CEOCL )
SAI0H ——t— ———————————{ A CETL :
SATt H 8 b CE2L | >
Wit SA9/12H CE3L PHYSICAL
¢ octaL [FTCE4L 31 YMEMORY
SAI2 H- w3 0P SEL H DECODER CESL | 41[Rrows
5
satz L ——— W13 SEL L gégt =
D b CE7L_
/ SBSH 7

W13 AND WI4 ARE 2K

SEGMENT SELECT JUMPERS

(ONE INSTALLED)

W13 = LOWER 2K 11-3158
W14 = UPPER 2K

Figure 4-23 256 by 4-Bit Chip-Jumper Configuration

When the system is in a memory refresh operation, the MRV11-A must
not respond to the BSYNC/BDIN refresh bus transactions. BREF L is
asserted during the addressing portion of the bus cycle and the refresh
latch stores REF H on the leading edge of SYNC L. SREF L goes low and
inhibits the MDIN L signal. Hence, BDAL and BRPLY- L bus drivers are
not enabled.

4.5 MSV11-B 4K BY 16-BIT SEMICONDUCTOR READ/WRITE MEMORY

4.5.1 General

The MSV11-B is a 4K by 16-bit dynamic MOS read/write memory module
which can be used for storage of user programs and data. The storage
capacity is 4096, 16-bit words. Memory address selection is user-con-
figured by installing or removing jumpers contained on the module.
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_ Memory refresh is directly controlled by LSI-11 bus signals. Refresh
operations can be automatically controlled by the LSI-11 microcomputer
module once every 1.6 ms (approximately) or performed by another de-
vice. The MSV11-B is LSI-11 bus compatible and capable of either pro- -
grammed 1/0 data transfers with the processor or DMA transfers with
other LSI-11 bus devices.

The MSV11-B features:

4096 by 16-bit word.

Fast access time—550 ns maximum.

Lower power—12.7 W for the module, maximum.

e Dynamic MOS memory chips—Refresh is automatically controlled by
the processor or by a DMA device.

. User- -configured 4K addresses—Three jumpers allow user address con-
figuration.

4.5.2° Functional Description

Major functions contained on the MSV11-B module are shown in Figure
-4-24. Memory data can be stored (written) or read by the LSI-11 micro-
computer, or other bus master devices operating in the DMA mode, with
appropriate bus cycles: DATO (16-bit word write operation); DATOB
(8-bit byte write operation); DAT! (16-bit read operation); or DATIOB
[16-bit read-modify-write (8 or 16-bit) operation].

Addressing is initiated by a master device (either the LSI-11 processor
" or a DMA device) by placing the 16-bit address on BDALO-15 L and as-
serting BSYNC L, latching the address (and bank select information) in
the address register. Adress bits are routed from the BDAL bus receivers
onto the module’s DALO-15 H bus to the 13-bit address and bank select
register input. Address bits BDAL13-15 L are decoded by the bank ad-
dress decoder. Decoded output signal BS H will go active (high) only
when the jumper-selected bank address is decoded. The active BS H
signal is stored along with the 13-bit memory address for the duration
of the operation.

The memory array comprises sixteen 16-pin 4K by 1-bit memory chips
which require the address multiplexer to address the array with two 16-
bit bytes. Address multiplexer control logic responds to the active
SYNC H and stored active bank: select (LBS L) signal by immediately
generating an active Row Address Strobe (RAS). This signal remains
active for the duration of the active SYNC H signal. Address multiplex
control AMX L is initially passive (high), multiplexing the stored row ad-
dress bits (LDAL7-12 H) through the 12:6-bit address multiplexer and
into all memory chips. After approximately 150 ns, address multiplex
* control logic generates an active column address strobe (CAS) and an
active AMX L signal. Multiplexer column address bits (LDAL1-6 H) are
then strobed into all memory chips. This completes the chip addressing
portion of the memory operation.

When in a memory read operation, the bus master device asserts BDIN
L. The data from the accessed memory location is present on the D0O-15
H-bus and at bus driver inputs. Reply logic responds to BDIN L by
generating an active DRIVE L signal which gates the memory read data
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Figure 4-24 MSV11-B Logic Block Diagram

onto BDALO-15 L for input to the requesting device; reply logic also as-
serts BRPLY L to complete the data transfer portion of the cycle.

When in a memory write operation (or the write portion of a DATIOB
cycle) the addressing portion of the operation is similar to the read cycle
addressing. After the addressing portion of the cycle has been com-
pleted, the master device asserts BDOUT L, and BWTBT L. either goes
passive (high) if a DATO (word) write cycle is to be performed, or re-
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mains asserted if a DATOB (byte) write cycle is to be perfromed. Word/
byte select I6gic responds to the DATO cycle by asserting both WO L
and W1 L for the duration of the cycle, enabling DALO-15 H bits to be
written into the addressed location in all memory chips. However, in a
DATOB cycle with AO H low (even byte), only WO L goes active, enabling
the writing of DALO-7 H into the addressed location in the appropriate
eight memory chips. Similarly, if AO H is high (odd byte), only W1 L
goes active, enabling only DAL8-15 H bits to be written into the ad-
dressed location in the appropriate eight memory chips. The reply logic
also responds to the active BDOUT L signal by asserting BRPLY L, in-
dicating that the data has been written, completing the data transfer.

The memory chips in the MSV11-B require a refresh operation once
every 1.6 ms. This operation is entirely under the control of either pro-
cessor microcode or a DMA device, as selected by the user. The address
multiplex control logic respons to BREF L, generated by the refresh-
controlling device, by simulating a ‘‘bank selected’’ operation. (All system
memory banks are simultaneously selected during refresh.) Refresh is
then accomplished by a device by executing 64 successive BSYNC L/
BDIN L operations while incrementing- BDAL1-6 by one on each bus
transaction. Refresh is simply a series of forced memory read operations
where only the row addresses are significant. Each of the 64 rows in all
dynamic MOS memory chips in an LSI-11 system are simultaneously
refreshed in this manner. The REF H signal inhibits all BDAL bus drivers
for the duration of the refresh operation.

A dc-to-dc inverter circuit is included on the module for negative voltage
generation. Output voltages include —9 V for the MOS - memory chips
and —5 V for linear devices in the address multiplex control logic.
Hence, only 412 V and +5 V power inputs are required for module
operation. The BDCOK H signal starts dc-to-dc inverter oscillation when
bus power is applied.

4.6 DLVI11 SERIAL LINE UNIT

4.6.1 General :

The DLV11 is the basic interface module used for connecting asynchro-
nous serial line devices to the LSI-11 bus. All circuits are contained on
a single 8.5 by 5 inch module.

The DLV11 features:

e Either an optically iéolated 20 mA current loop or an EIA interface
selected by using the appropriate interface cable option.

e Selectable crystal-controlled baud rates: 50, 75, 110, 134.5, 150, 200,
300, 600, 1200, 1800, 2400, 4800, 9600, and an externally supplied
rate.

. Jumper-selectable stop bit and data bit formats.

e LSI-11 bus interface and control logic for interrupt processing and
vector generation..

o Interrupt priority determined by electrical position along the LSI-11
bus.
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e Control/status register (CSR) and data registers compatible with
PDP-11 software routines. CSRs and data buffer registers directly ac-
cessed via processor instructions.

e Plug, signal, and program compatible with PDP-11 DL11A, B series.

4.6.2 Functional Description

4.6.2.1 General—Major functions contained on the DLV11 module are
shown on Figure 4-25. Communications between the LSI-11 microcom-
puter and the DLV11l are executed via programmed |/O operations or
interrupt-driven routines, as described in Chapter 3.

4.6.2.2 UAR/T Operation—The main function on the DLV11 module
is the Universal Asynchronous Receiver/Transmitter (UAR/T) chip. This
is a 40-pin LSI chip that is capable of parallel 1/0 with the computer
bus and asynchronous serial 1/0 with an external device. Jumpers which
allow the user to select parity functions, number of stop bits, and num-
ber of data bits are described in Paragraph 5.6. Both transmit and re-
ceive functions are totally asynchronous in operation. The transmit clock
is always driven by the baud rate generator's CLK L signal. CLK L is
applied to one MSPAREB backplane pin (BK1), where it is connected -
to MSPAREB pin BL1; this is the receive function UAR/T clock input
(RCLK L) signal.

When a user application requires split transmit and receive baud rates,
the MSPARE jumper can be broken from pins BK1 and BL1 and an ex-
ternal receive baud rate signal can be applied to BL1 (the drive fre-
quency should be 16 times the desired baud rate).

4.6.2.3 Baud Rate Generator—The baud rate generator produces the
desired UAR/T clock and a fixed 2.4576 MHz clock for the —12 V
inverter circuit. A crystal-controlled oscillator produces the basic 2.4576
MHz frequency for the baud rate generator. A single baud rate generator
chip divides this frequency to produce the available baud rates. Jumpers,
which are described in Paragraph 5.6, select the desired baud rate for
the CLK L output signal.

4.6.2.4 Bus Drivers and Receivers—Bus drivers and receivers interface
directly with the LSI-11 bus. Line receivers produce RDABO-12 H signals
in response to BDALO-12 L bus signals. When an input data or vector
transfer is desired, function decoding and control logic generates an
active INPUT ENABLE signal, which- enables the bus drivers. When a
data input operation is selected, the UAR/T receiver data buffer con-
tents (RDO-7 H) are routed through the data selector (DDABO-7H) to
- the BDAL bus. When responding to an interrupt acknowledge signal, in-
terface control logic generates VEC L, which selects the vector address
produced by jumpers W6-W10 (Paragraph 5.6). In addition, DALO, 6, 7,
and 15 are driven by CSR selection and gating circuits when a data input
transfer from either the receiver (RCSR) or transmitter (XCSF) control/
status registers is performed.

4.6.2.5 Address Decoding—Address decoding logic -responds to the
address present on the bus when BSYNC L is asserted. The DLV11 de-
vice address is contained on RDAB3-12 H, along with address bits
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RDABO, 1, and 2 H, which are decoded by function decoding logic. Ad-
dress bits are not required for bank selection since all devices, such as
any DLV11, reside in the upper 4K bank (addresses ranging from 28-
32K). The processor generates an active BBS7L signal, indicating an
1/0 device addressing operation. Address selection jumpers A3-Al12 al-
low the user to configure address bits 3-12, as described in Paragraph
5.6. When the DLV11 is addressed, device selection is indicated by an
active ME signal. This signal remains active throughout the entire 1/0
cycle (while BSYNC L remains active), enabling function decoding.

4.6.2.6 Function Decoding and Control—Function decoding and con-
trol logic decodes DLV11 internal gating functions based upon address
selection, address bits RDABO, 1, and 2 H, bus signals BDIN L, BDOUT
L, and BSYNC L, and the VEC L signal generated by thé interface con-
trol logic. In addition to generating function select signals, this circuit
inverts BSYNC L to produce SYNC H whose leading edge clocks the
address decoding logic. A truth table of function select signals is pro-
vided in Table 4-2. : :

4.6.2.7 Interface Control Logic—Interface control logic produces the
BRPLY L signal in response to 1/0O operations, contains the interrupt
control logic, and receives and distributes the BINIT L initiatlize signal.
This function also contains the Transmit Data Interrupt Enable (TDINTEN
H) flip-flop and Receiver Data Interrupt Enable (RDINTEN H) flip-flop;
both- flip-flops can be read. or written by the LSI-11 microcomputer.
RDINTEN is set or reset by BDAL6 L; the flip:flop is clocked on the lead-
ing edge of SELOOUT L. Similarly, TDINTEN is set or reset by BDAL6 L;
this flip-flop is clocked on the leading edge of SEL40OUT L.

Receiver-generated interrupts occur as a result of the RDINTEN flip-flop
being set (interrupts enabled) and an active receiver Data Available (DA
H) UAR/T status signal. When this condition occurs, the Receiver Data
Interrupt Request flip-flop sets and generates an active BIRQ L signal.
The LSI-11 microcomputer responds (if its PS bit 7 is not set) by as-
serting BDIN L; this enables the device requesting the interrupt to place
its vector on the BDAL bus when the interrupt request is acknowledged.
The processor then asserts BIAKO L, acknowledgeing the interrupt re-
quest. The interface control logic receives BIAKI L and responds by
generating active VEC L and BRPLY L signals, placing its interrupt vector
on the LSI-11 bus and clearing the BIRQ L signal. The stored BIAK
signal is cleared when the next BIAKI L signal is received and the DLV11
is not requesting an interrupt.
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Figure 4-25 DLV11 Logic Block Diagram
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Table 4-2 DLV11 Function Decoding

Address Inputs Control Inputs. - Function Select Signals (low-active)
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Transmitter-generated interrupts occur in a manner similar to the re-
ceiver-generated interrupts. However, they occur as a result of the
TDINTEN flip-flop being set (interrupts enabled) and when the Trans-
imtter Buffer Empty (TBMT H) UAR/T signal is active (high). Note that
if the transmitter and receiver functions request interrupts simulta-
. neously, the receiver interrupt vector will be transmitted on the first
interrupt cycle, and the transmitter interrupt vector will be transmitted
on a subsequent (separate) interrupt sequence. If BIAKI L is received
and the DLV11 is not requesting an interrupt, it passes BIAKO L to the
next device in the priority chain.

The interface control logic also generates the DLV11's BRPLY L signal.
It generates this signal when any function select signal is asserted or
VEC L is generated.

The system initialize signal (BINIT L) is generated by the processor
to reset all peripheral device registers. Interface control logic responds
by clearing all control flip-flops, including the Interrupt Request, In-~
terrupt Acknowledge, and Break flip-flop. The UAR/T's RBUF and XBUF
data registers are not cleared by BINIT L; however, the initialize signal
does clear the DAH signal and set the TBMT H signal.

4.6.2.8 CSR Selection and Gating—CSR selection and gating logic
enables the LSI-11 microcomputer to read receiver and transmitter con-
trol/status bits. Functions are summarized below.

Read RCSR (SELOIN L asserted)
CARRIER or CLR TO SEND or DATA SET READY - BDAL15

DAH - BDAL7
ROINTEN H - BOAL6

Read XCSR (SEL4IN L asserted)
TBMTH -~ BDAL7 )

TDINTEN H - BDAL6
BREAK H - BDALO

4.6.2.9 Break Logic—Break logic comprises the Break status flip-flop.
It is set or cleared by the LSI-11 microcomputer by BDALO while exe-
cuting a bus output cycle with the XCSR. Thus, the duration of the break
signal is program controlied. The Break flip-flop is clocked on the lead-
ing edge of the SEL4OUT H signal. When set, the serial output line is
continuously negated (space) or open circuit. The status of the Break
flip-flop can be read in XCSR bit O.

4.6.2.10 Reader Run Logic—The reader run logic enables DLV11
generation of a READER RUN pulse for 20 mA current loop teletype-
writer devices. It is enabled by loading RCSR bit O; the LSI-11 micro-
computer asserts BDALO and causes generation of the SELOOUT H signal
(load RCSR). READER RUN is asserted and remains active until the
received serial data has been in a mark condition for the duration of
eight consecutive clock pulses. The start bit of the serial input (SI)
from the low-speed reader initiates a 4-bit binary counter. When eight
CLK L pulses have been counted (equivalent to one-half of the start bit),
READER RUN |s negated.
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4,6.2.11 EIA Interface Circuits—An EIA interface is provided by EIA
drivers and receivers. EIA signal drivers are provided for EJA TRANS
DATA, RQST TO SEND, DATA TERMINAL READY (always an active
“high, and BUSY (always an active low. Jumper EIA applies -12 V to the
EIA driver chip when the DLV11l is used with EIA-compatible devices.
EIA signal receivers are provided for EIA DATA IN, CARRIER or CLEAR
TO SEND, and DATA SET READY. The optional BCO5C modem cable
connects the output signal of the EIA DATA IN driver (EIA/TTL RCVD
DATA) to the TTL SERIAL DATA IN input to the UAR/T.

4.6.2.12 20 mA Loop Current Interface—The 20 mA loop current in-
terface is provided by optical isolation. An active 20 niA current loop is
provided when jumpers CL1 through CL4 are instalied. If the jumpers
are removed, 20 mA passive current loop operation is selected. The
optional BCO5M cable assembly connects the 20 mA/TTL RCVD DATA
optical coupler signal output to the TTL SERIAL DATA IN input of the
UAR/T. When the DLV11 is used with a 110 baud teletypewriter device,
a 0.005uF, 100 V filter capacitor should be installed between terminals
TP1 and TP2.

4.6.2.13 -12 V Inverter—The -12 V inverter circuit generates -12 V for
use by the UAR/T chip and EIA driver and receiver chips. Input to the

- circuit is the CLK signal (2.4576 MHz) and 412 V. The output is zener
regulated to -12 V.

4.7 DRVI11 PARALLEL LINE UNIT

4.7.1—General .

The DRV11 is a general-purpose interface unit used for connecting
parallel line devices to the LSI-11 bus. All circuits are contained on a
single 8.5 by 5 inch module.

The DRV11 features:

e 16 diode-clamped data input lines.

® 16 latched output lines.

e 16-bit word or 8-bit byte programmed data transfers.
e User-assigned device address decoding.

e LSI-11 bus interface and control logic for interrupt processing and
vector generation.

e Interrupt priority determined by electrical position along the LSI-11
bus.

e Control/status registers (CSR) and data registers that are compatible
with PDP-11 software routines. Plug, signal, and program compatible
with DR11-C.

e Four control lines to the peripheral device for NEW DATA READY, DATA
TRANSMITTED, RQSTA, and RQSTB.

® Logic compatible with TTL or DTL devices.

e Program-controlled data transfer rate of 90K words per second (max-
imum).

e Maximum drive capability of 25 ft of cable.
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4.7.2 Functional Description

4.7.2.1 General—Major functions contained on the DRV11 module are
shown in Figure 4-26. Communications between the LSI-11 microcom-
puter and the DRV11 are executed via programmed 1/0 operations or
interrupt-driven routines, as described in Chapter 3.

The DRV11 is capable of storing one 16-bit output word or two 8-bit
output bytes in DROUTBUF. The stored data (OUTO-15 H) is routed to
the user’'s device via an optional I/O cable connected to J1. Any pro-
grammed operation that loads either a byte or a word in DROUTBUF
causes a NEW DATA READY H signal to be generated, informing the
user’s device of the operation.

Input data (DRINBUF) is gated onto the BDAL bus during a DATI bus
cycle. All 16 bits are placed on the bus simultaneously; however, when
the processor is involved in 8-bit byte operation, it uses only the high
or low byte. When the data is taken by the processor, a DATA TRANS
H pulse is sent to the user’s device to inform the device of the data
transfer.

4.7.2.2 Addressing—When addressing a peripheral device interface
such as the DRV11, the processor places an address on BDALO-15 L,
which is received and distributed as BRDO-15 H in the DRV11. The
address is in the upper 4K (28-32K) address space. On the leading
edge of BSYNC L, the address decoder docodes the address selected by
jumpers A3-Al2 and sets the Device Selected flip-flop (not shown); the
active flip-flop output is the ME signal, which enables function selection
and 1/0 control logic operation. At the same time, function selection
logic stores address bits BRDO-2.
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Table 4-3 DRV11 Device Function Decoding

BWTBT L -
Programmed Stored Device During Bus Cycle ’
Operation Addr. Bits 0-2 Data Transfer "BDINL BDOUT L Type Select Signals
. 0 0 H L DATO
Write DRCSR 0 1 H L DATOB SELOOUT L
Read DRCSR o] 0 L H DATI or SELOIN L
DATIO
Write
DROUTBUF
Word 2 0 H L DATO SEL20UT
(W+ HB) L,
SEL20UT
(W+ LB) L, and
NEW DATA
READY H
Low Byte 2 1 H L DATOB SEL20UT
) (W + LB) L and
NEW DATA
: _ READY H
High Byte 3 1 H L DATOB SEL20UT
(W4 HB) Land .
NEW DATA
. READY H
Read 2 0 L H DATI or SEL2IN L
DROUTBUF ( DATIO
Read" 4 0 L H DATI SEL4IN L and

DRINBUF

DATA TRANS H




NOTE
When addressed, the DRV11 always responds to
either BDIN L or BDOUT L by asserting BRPLY
L [L = assertion].

4.7.2.3 - Function Selection—Function selection and 1/0 control logic
monitors the ME signal and bus signals BDIN L, BDOUT L, and BWTBT
L. It responds by generating appropriate Select signals which cqntrol
internal data gatmg, NEW DATA READY H or DATA TRANS H output
signals for the user’s device, and the BRPLY L bus signal which informs
the processor that the DRV11 has responded to the programmed 1/0
operation. Since the DRV11 appears to the processor as three address-
able registers (DRCSR, DROUTBUF, and DRINBUF) that can be involved
in either word or byte transfers, the three low-order address bits stored
during the addressing portion of the bus cycle are used for function
selection. The select signals relative to 1/0 bus control signals and
address bits 0-2 are listed in Table 4-3.

NEW DATA READY H is active for the duration of BDOUT L when in a
DROUTBUF write operation. This signal is normally active for 300 ns.
However, by adding an optional capacitor in the BRPLY L portion of
the circuit, the leading edge of BRPLY is delayed, effectively increasing
the duration of the NEW DATA READY H pulse to 1200 ns (maximum);
adding the capacitor also increases the DATA TRANS H pulse width |n
exactly the same manner.

DATA TRANS H is active for the duration of BDIN L when in‘a DRINBUF
read operation. This signal is normally active for 300 ns. The time,
however, can be extended by adding the optional capacitor to the BRPLY
L portion of the circuit as previously described.

4.7.2.4 Read Data Multiplexer—The read data multiplexer selects the
proper data and places it on the BDAL bus when the processor inputs
DRCSR, DROUTBUF or interrupt vectors; DRINBUF contents are gated
onto the bus separately. The select signals (previously described) and
VECTOR H, produced by the interrupt logic, control read data selection.

4.7.2.5 DRCSR Functions—The control/status - register (DRCSR) is
comprised of separate functions. Four of the six significant DRCSR bits
can be involved in either write or read operations. The remaining two
bits, 7 and 15, are read-only bits that are controlled by the external
device via the REQ A H and REQ B H signals, respectively. The four
read/write bits are stored in the 4-bit CSR latch. They represent CSRO
‘and CSR1 (DRCSR bits 0 and 1, respectively), which can be used to
simulate interrupt requests when used with an optional maintenance
cable. INT ENB A and INT ENB B (bits 6 and 5, respectively) enable
interrupt logic operation. Note that CSRO and CSR1 are available to
the user’s device for any user application.

4.7.2.6 DRINBUF Input Data Transfer—DRINBUF is an addressable
16-bit read-only register that receives data from the user’'s device for
transmission to the LSI-11 bus. Data to be read is provided by the user’s
device on the INO-15 H signal lines. Since the input buffer consists of
gating logic rather than a flip-flop register, the user’s device must hold
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the data on the lines until the data input transaction has been com-
pleted.

The input data is read during a DAT! sequence while bus drivers are
enabled by the SEL4IN L signal. The DATA TRANSMITTED pulse that is
sent to the user's device by the function select logic informs the device
of the transaction. Input data can be removed on the trailing edge of
this pulse.

4.7.2.7 DROUTBUF Output Data Transfe—DROUTBUF is comprised
of two 8-bit latches, enabling €ither 16-bit word or 8-bit byte output
transfers. Two SEL 2 signals function as clock signals for the latches.
When in a DATO bus cycle, both signals clock data from the internal
BRDO-15 H bus into the latches. However, when a DATOB cycle, only
one signal clocks data into an 8-bit latch, as determined by address bit
O previously stored during the addressing portion of the bus cycle.

The NEWl DATA READY H pulse generated by the function select logic is
sent to the user’s device to inform the device of the data transaction.
The data can be input to the device on the trailing edge of this pulse.

4.7.2.8 Interrupts—The DRV11 contains LSI-11 bus-compatible in-
terrupt logic that allows the user’'s device to generate interrupt re-
quests. Two independent interrupt request signals (REQ A H and REQ
B H) are capable of requesting processor service via separate interrupt
vectors. In addition, DRCSR contains two interrupt enable bits (INTEN
A and INT EN B) (bits 6 and 5, respectively), which independently
enable or disable interrupt requests. REQ A and REQ B status can be
read by the processor in DRCSR bits 7 and 15, respectively. Since
separate interrupt vectors are provided for each request, one of the
requests could be used to imply that device data is ready for input
and the remaining request could be used to imply that the device is
ready to accept new data.

An interrupt sequence is generated when a DRCSR INT EN bit (A or B)
is set and its respective REQ signal is asserted by the device. The pro- -
cessor responds (if its PS bit 7 is not set) by asserting BDIN L; this
enables the device requesting the interrupt to place its vector on the
BDAL bus when the interrupt request is acknowledged. The processor
then asserts BIAKO L, acknowledging the interrupt request. The DRV11
receives BIAKI L and the interrupt logic generates VECTOR H, which
gates the jumper-addressed vector information through the read data
multiplexer and bus drivers and onto the LSI-11 bus. The processor
then proceeds to service the interrupt request as described in Chapter 3.

4.7.2.9 Maintenance Mode—The maintenance mode allows the user
to check DRV11 operation by installing an optional BCO8R cable be-
tween connectors J1 and J2. This maintenance cable allows the con-
tents of the output buffer DROUTBUF to be read during a DRINBUF
DATI bus cycle. In addition, interrupts can be simulated by using DRCSR
bits CSRO and CSR1. CSR1 is routed via the cable directly to the REQ
B H input and CSRO is routed to the REQ A H input. By setting or clear-
ing INT EN A, INT EN B, and CSRO and CSR1 bits in the DRCSR register,
a maintenance program can test the interrupt facility.
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4.7.2.10 |Initialization—BINIT L is received by a bus driver, inverted,
and distributed to DRV11 logic to initialize the device interface. The
buffered initialize signal is available to the user’s device via the AINIT H
and BINIT H signal lines. DRV11 logic functions cleared by the BINIT
signal include DROUTBUF, DRCSR (bits 0, 1, 5, and 6), and interrupt
logic.

4.8 DRV11 B ‘DMA INTERFACE

A detailed description of the DRV11-B option is included in the DRV11-B
General Purpose DMA Interface User’s Manual. Refer to that publication
for installation, programming, and theory of operation.

4.9 DRV11-P LSI-11 BUS FOUNDATION MODULE

A detailed description of the DRV11-P option is included in the DRV11-P
Foundation Module User’s Manual. Refer to that publication for installa-
tion, configuring user-designed logic circuits on the module, applicable
programming information, and theory of operation of circuits that di-
rectly communicate with the LSI-11 bus.

4.10 LSI-11 BUS ACCESSORY OPTIONS

4.10.1 General

The options described in this section generally involve variations of the
M9400 module. By including selected components and jumpers, the
various options are factory produced. Figures 4-27 through 4-31 each
include a simple block diagram of the options, and functional position
within a system, as appropriate. A list of options and figures is provided.

Figure Option
4-27 REV11-A
4-28 REV11-C
4-29 TEV11
4-30 i BCV1B-XX
4-31 , BCV1A-XX

Detailed descriptions of functions contained within these figures_are
contained in the following paragraphs.

4.10.2 Terminations
Two types of terminations are provided: 120Q and 250Q. Each bus .
signal line termination includes two resistors as shown in Figure 4-32.
Termination resistors are generally contained in.16-pin dual-inline pack-
ages which are physically identical to I.C. packages. Each package con-
tains 14 terminations. The values used are shown in the figure. Daisy-
chained grant signals are terminated and jumpered; BIAKI is jumpered
to BIAKO L and BDMGI is connected to BDMGO 'L via a factory-installed
jumper (W1). Note that the 120Q and 2500 termination values are nom-
inal: with the resistor values shown, the actual termination values will be
approximately 1240 and 2229, respectively.
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Figure 4-32 G-7 Bus Terminations

4.10.3 Bootstrap ROM Loader Logic

4.10.3.1 General—Bootstrap ROM loader logic is included in REV11-A
and REV11-C options. Logic functions on their respective M9400-YA and
M9400-YC modules are identical. Bootstrap programs contained in the
REV11-A and REV11-C ROMs are identical. Logic functions are described
below.

4.10.3.2 Addressing—The module includes a 512 x 16-bit ROM array
that is addressed in two 256-word segments. These address segments
are reserved for REV11 options and reside in the upper 4K address
bank, normally used for peripheral device addresses. The reserved
addresses range from 165000-165776 and 173000-173776. A power-up
mode, which will cause the processor to access ROM location 173000
upon power up, is jumper selectable on the KD11-F or KD11-J processor
module.

Circuits associated with bootstrap ROM logic are shown in Figure 4-33.
Wired inputs to an address comparator circuit reserve the ROM ad-
dresses. The address comparator responds to any of the reserved
addresses during the addressing portion of a bus 1/0 cycle by generating
an active MY BANK H signal. MY BANK H is ANDed with DIN H to pro-
duce a BRPLY H signal when the ROM word is read by the processor.
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MY BANK H is also inverted and applied to the ROM array chip enable
inputs.

DALS H

DALIO H
DAL L -
DALIZ H )
FROM BUS J BS7 H +5v
RECEIVERS
REF H
173XXX ,0R
oo | MY BANK H REPLY H
ADDRESS RPLY L
SYNC H DIN H FROM 8
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+5V i
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FROM DMA
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CKT
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DALI-8,10 HY ADDRESS | BA1-8,10 H BOOTSTRAP | 0-15H BUS BDAL 0-15 L
LATCH ROM DRIVERS
ARRAY
FROM BUS
RECEIVERS
SYNC H
FROM

omMA
REFRESH ckT REF 1-6 H

BDCOK H %ao INIT L
8D INIT H

Figure 4-33 Bootstrap ROM Logic
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DALI-8 H and DAL10 H address bits are stored in the 9-bit address latch
on the leading-edge of SYNC H. The stored BA1-8 H and BA10 H ad-
dress bits select the desired word location to be read within the two
256-word address segment detected by the address comparator.

4.10.3.3 Data Transfer—After the addressing portion of the bus DATI
~ cycle has been completed, the ROM 0-15 H data becomes available on

the BDAL bus driver inputs. Note that the ROM array consists of four
512 x 4-bit IC's. Hence, the four 4-bit outputs comprise the 16-bit LSI-11
word. MY ENABLE L strobes the 16-bit word onto the 1/0 bus in re-
sponse to the DIN H signal. The processor then receives the data, ter-
minates BDIN L, and the bootstrap ROM logic responds by terminating
BRPLY L and inhibiting the BDAL bus drivers.

4.10.3.4 - Initialization—the bootstrap ROM logic is initialized only
when BDCOKH goes false. This condition occurs during a power failure
and produces active BD INIT H and BD INIT L signals. These signals
clear the 9-bit address latch and circuits contained in the DMA refresh
logic. The option does not respond to the LSI-11 bus BINIT L signal.

4.10.4 DMA Refresh Logic

4.10.4.1 General—DMA refresh logic consists of the three main func-
tions shown in Figure 4-34. Arbitration logic requests the 1/0 bus once
every 30 us (approx) and completes the required DMA signal sequence
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Figure 4-34 DMA Refresh Logic

with the processor. When it becomes bus master, it enables the bus
control logic to execute a single refresh BSYNC L/BDIN L bus trans-
action simultaneously refreshing one row in all dynamic MOS memory
chips contained in the system. The refresh address logic places a six-
bit memory chip ‘“row” address on the BDAL 1-6 lines during the ad-
dressing portion of the 1/0 bus cycle. Once the cycle has been com-
pleted, the row address is incemented by one for the next refresh cycle,
and the 1/0 bus is released. The actual refresh transaction for one row
address takes approximately 1.2 us. Each dynamic MOS memory chip
contains 64 row addresses. Hence, the DMA refresh logic is capable
of refreshing all dynamic MOS memory contained in the system within
the required 2 msec (maximum) period (ie., 64 rows x 30 us between
refresh bus cycles = 1.92 ms).

4.104.2 Arbirtration Logic—Arbitration logic is shown in Figure 4-35;
timing is shown in Figure 4-36. The DMA refresh sequence is initiated
once every 30 us by a clock oscillator. GRAB BUS H is the clock output
signal. It is inverted and gated with a ground (enable) signal, supplied
via Refresh Disable jumper W2, to produce the' REQ H signal. REQ H
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clocks the DMR flip-flop to the set state, producing active R PENDING
(1) H and BDMR L signals. The processor arbitrates the DMA request
and responds by asserting the daisy-chained BDMGI L signal when the
present bus cycle is completed. BDMGI L is received and inverted, pro-
ducing the active DMGR H signal. The leading edge of this signal clocks

DONE (0) H

R PENDING (1) H BOMR L

SACK (1) H

0
S
REFRESH
L 'ENABLE .
BSACK L
80 INITH

OMGR H

+5V RCLR L

% DE‘EI?Y" ::elgT :
BOMGI L ool o> T
‘% . T [——umc DLYD H

BDMGO L.
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Figure 4-35 Arbitration Logic

the active R PENDING (1) H signal into the SACK flip-flop, causing it
to go the set state. SACK (1) H goes high and SACK (0) L goes low,
clearing the DMR flip-flop and inhibiting the BDMGO L signal logic,
respectively. SACK (1) H also turns on the BSACK L bus driver; the
active BSACK L signal informs the processor that a DMA device has
become bus master, and the DMA grant sequence is completed.

When not requesting the bus for a refresh bus transaction, the arbitra-
tion logic passes BDMGI L signals to its BDMGO L output so that the
daisy-chained signal continuity is maintained to the lower priority device
requesting the bus. The passive (high) SACK (0) L signal enables gen-
eration of a delayed BDMGO L signal. The 100 ns delay ensures that
the SACK flip-flop has sufficient time to go to the set state, if the DMA
refresh option is requesting the 1/0O bus.

4.10.4.3 Bus Control Logic—The bus control logic operation is initiated
when the arbitration logic asserts the SACK (1) H and DMG DLYD H
. signals. These signals are gated with passive SYNC H and RPLY H signals
to produce the MCLK H signal, as shown in Figure 4-37. MCLK H clocks
the Master flip-flop to the set state; MASTER (1) H goes high and
MASTER (1) L goes low. Master (1) H is inverted, producing the active
BREF L signal. BREF L causes all dynamic MOS memories contained in
the system to be simultaneously addressed during the refresh bus trans-
action, and it remains active for the duration of the refresh operation.
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Figure 4-36 DMA Refresh Logic Signal Sequence

MASTER (1) H is applied to refresh address logic where it produces the
MY ENABLE L signal. This signal enables low byte BDAL (0-7) bus
drivers, and row address bits are placed on the BDAL bus.

The sequence of operations involving the bus control logic is controlied
by sequence flip-flops A and B. (Note that the A flip-flop is shown in-
verted.) Operations are synchronized by the positive-going leading edge
of the 220 ns clock SCLK H signal, as shown in Figure 4-36. On the
SCLK H leading edge following the active MASTER (1) H signal, the
Master-Sync flip-flop . clocks to the set state, producing the active
MASTER SYNC (1) H signal. The MASTER SYNC (1) H and B (0) H
signals are gated to produce a low signal that clocks sequence flip-flop A
to the set state on the following SCLK H pulse. The RPLY (0) H signal
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Figure 4-37 Bus Control Logic

is initially high since the refresh bus transaction with system memory
has not been completed. Thus, the high RPLY (0) H, passive (low)
BDINIT H, and A (0) H signals are gated, producing a low signal that
keeps the A flip-flop set until the RPLY (0) H signal goes low. The low
A (0) H signal is ORed with B (0) H to produce the PRE SYNC H signal.
PRE SYNC H and the active MASTER (1) H signal are gated by the -
BSYNC L bus driver, causing that bus signal to become asserted.

On the third SCLK H leading edge, the B sequence flip-flop clocks to the
set state, producing the high B (1) H and low B (0) H signals. B (1) H
and A (1) H are gated by the BDIN L bus driver, causing that signal to
become asserted. Bus control logic remains in this state until system
memory responds to the refresh transaction by asserting BRPLY L. (This
may occur one or more SCLK H signals later, depending upon system
delays.)

BRPLY L is received and inverted, producing RPLY H. On the next lead-
ing edge of SCLK H, the reply flip-flop clocks to the set state, and high
RPLY (1) H and low RPLY (0) H signals are produced. The low RPLY (0)
H signal inhibits the A sequence flip-flop clear gate, and the flip-flop
clocks to the reset state on the following SCLK H pulse. A (1) H goes
low, inhibiting the BDIN L bus driver, and terminating that sighal. RPLY
(1) H and B (1) H are ANDed to produce a low signal which presets the
B sequence flip-flop. This prevents resettling the B flip-flop as long as
RPLY (1) H is in the active state.
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System memory responds to the passive BDIN L signal by terminating
the BRPLY L signal. On the next SCLK L pulse, the reply flip-flop clocks
to the reset state; RPLY (1) H goes low and RPLY (0) H goes high. The
following SCLK L pulse then clocks the B sequence flip-flop to the reset
state and B (1) H goes passive; PRE SYNC H and BSYNC L go to the
passive states.

Low R PENDING (1) H and DONE (0) H signals are gated to produce -
the active (low) RCLR L signal (Figure 4-35) which clears the Sack flip-
flop; BSACK L and SACK (0) H signals go high. RCLR L also clears the
Master flip-flop in the bus control logic (Figure 4-37), causing BREF L
to go passive and MY ENABLE L in the refresh address logic (Figure
4-38) to go passive, inhibiting the BDAL bus drivers. On the next SCLK
H pulse, MASTER SYNC (1) H goes passive (Figure 4-37), and the re-
fresh bus transaction is completed. The passive MASTER SYNC (1) H
signal resets the Done flip-flop enabling the next refresh operation.

4.10.4.4 Refresh Address Logic—Refresh address logic is shown in
Figure 4-38. A 6-bit binary counter produces the six row address bits
that are placed on the BDAL bus during the addressing portion of the
refresh bus transaction. The low MASTER (0) H signal enables the coun-
ter output bits during the operation. Upon completing the transaction,
RPLY (1) H goes passive, inhibiting the CK L gate; the CK L signal goes
high, incrementing the 6-bit binary counter by one count. Hence, on
each successive refresh operation, a new row address is used.

BOOTSTRAP ROM

BITS 1-6 H 1-6H

MASTER (0) H —Of(EN)

MASTER (1) H CK L 6-BIT BDAL
(CK) BINARY REF1-6H BUS BDAL 1-6 L
RPLY (N H COUNTER DRIVERS

*
BD INIT H ——{(CLR)

MASTER (1) H MY ENABLE L
REPLY H j > - in B0 i
(FROM BOOTSTRAR roae) %-Also used in Bootstrap Rom Logic.
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Figure 4-38 Refresh Address Logic

4.10.4.5 Initialization—DMA refresh logic initialization is controlled by
the BDCOK H signal. Initialization occurs only during power-up or power-
down conditions (when BDCOK H is in the low passive state). All flip-
flops (except the Done flip-flop) are initialized by either the BD INIT H
(inverted-passive BDCOK H), BD INIT L (inverted BD INIT H), or RCLR L
(gated BD INIT H) signals.

4.11 H780 POWER SUPPLY

4.11.1 General

The H780 power supply provides dc operating power to all backplane
slots contained in a PDP-11/03 microcomputer system. Depending on
the configuration ordered, the primary power input is 115 or 230 Vac,
50 or 60 Hz. In addition to providing operating power, the H780 gen-
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erates power supply status and line time clock signals that are dis-
tributed over the LSI-11 bus. Three LED indicators and three switches
are on the H780's front panel. The indicators include RUN, which illu-
minates when the LSI-11 processor is in the run state, and DC ON,
which illuminates when normal dc operating voltages are applied to the
LSI-11 backplane. The DC ON indicator status is controlled by circuits
contained in the H780. The DC ON/OFF switch allows the operator to
turn off the H780 dc output voltages without turning off system primary
power. This allows safe module installation or removal with no dc power
applied to the backplane. A normal power-up/power-down sequence is
produced when this switch is operated. The ENABLE/HALT switch en-
ables the operator to manually assert the BHALT L bus signal, causing
the LSI-11 microcomputer to enter the console (ODT) microcode. When
in the ENABLE position, program execution can be initiated via console
ODT commands. The LTC ON/OFF switch enables or disables H780 gen-
eration of the line time clock (BEVNT L) signal. One spare LED indicator
is included. Two fans provide cooling air for the H780 power supply and
all modules contained in the PDP-11/03 enclosure.

The H780 features:

¢ +5V = 39%, 18 A (maximum) and +12 V = 3%, 3.5 A (maximum);
combined dc power must not exceed 120 W.

e Overcurrent/short circuit protection—OQutput voltages return to nor-
mal after removal of overload or short. Current limited to approxi-
mately 1.2 times the required maximum rating.

e Overvoltage protection—-5 V limited to 4-6.3 V (approx); 412 V
limited to +15 V (approx).

e Dual primary power configuration—Can be connected for nominal 115
V, 60 Hz or 230 V, 50 Hz input power.

o System control/indicator panel—A simple system control/indicator
panel allows the user to control dc power on/off and microcomputer
Run/Halt mode. Indicators display the actual dc power and processor
status.

e Line Time Clock—A bus-compatible signal is generated by the power
supply for the event (line time clock) interrupt input to the processor.
This signal is either 50 or 60 Hz, depending upon primary power line
frequency input to the power supply.

e Power Fail/Automatic Restart—Fault detection and status circuits
monitor ac and dc voltages and generate bus-compatible BPOK H
and BDCOK H signals (respectively) to inform the LSI-11 system
modules of power supply status.

"o Fans—Built-in fans provide cooling for the power supply and LSI-11
modules contained in the PDP-11/03 enclosure.

4.11.2 Specifications

Electrical
Input Voltage: 100-127 V rms, 50
200-254 V rms, 50

Input Powér (full load): 400 W maximum
4-57
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Output Voltages:

Output Protection:

Output Ripple:
5 V-output:
12 V output:

Output Regulation:
Line:

Load:

Load Interaction:
Load Term Stability:

Line Protection:
H780A (115 V input):
H780B (230 V input):

Noise:

_Front Panel Control
and Indicators:

Rear Panel Controls
and Indicators:

Backplane Signals:

Mechanical
Cooling:

Size:
Weight:
Environmental

Temperature:
Humidity:

+5V = 3%, 1.5-18 A load (static and dy-
namic)

+12 V *+ 39%, 2.5-3.5 A load (static and
dynamic)

" Maximum output power: 110 W (total)

Current limited to- 1.2 times maximum normal
rating (approximately)

Voltage +5 V and +12 V outputs limited to
+6.3 V (nominal) and 415 V (nominal), re-
spectively

" Less than 150 mV peak-to-peak

Less than 360 mV peak-to-peak .

+5V, 0.5% max

+12V, 0.25% max

(Static and_dynamic (A | < 0.1 A/us):
+5V, 1% max

+12V, 0.59% max

1.0%

0.19% /1000 hr max

Fast blow 5 A fuse
Fast blow 2.5 A fuse

AC component above 100 kHz meets DEC STD
102.7; H780B units will meet VDE N-12 limits
for European environment.

DC ON/OFF switch
HALT/ENABLE switch
LTC ON/OFF switch
RUN indicator

DC ON indicator
Spare indicator

AC ON/OFF power switch

BPOK H
BDCOK H
BEVNT L
BHALT L
SRUN L

Two self-contained fans provide 200 LFPM air
flow.

6l in. w X 31, in. h X 1454 in. d

13 Ibs

5°-50° C operating .
909% maximum without condensation.
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4.11.3 Functional Description

4.11.3.1 - General—Major functions contained in the H780 power supply
are shown in Figure 4-39. These functions include circuits which produce
unregulated dc voltage and regulated dc voltage for H780 circuit oper-
ation, 45 V and +12 V switching regulators, overload and short-circuit
protection, 45 V and +12 V crowbar (overvoltage protection) circuits,
and logic signal generation circuits. The following paragraphs describe
each of these functions in detail.

4.11.3.2 Unregulated Voltage and Local Power—Unregulated voltage
and local power circuits provide operating dc power for power supply
logic and control circuits, and dc power for the 45 V and +12 V reg-
ulator circuits. These circuits are shown in Figure 4-40. AC power is
supplied to the H780 via an ac input plug and cable. A toggle switch
mounted on the rear of the H780 assembly applies ac power to the
power supply. Normally, this switch remains in the ON position, allowing
ac power to be controlled by power distribution and control circuits in
which the PDP-11/03 system is installed. Primary circuit overload pro-
tection is provided by a fuse mounted on the rear of the H780 unit.
Primary power circuits are factory-wired for 115 Vac (model H780A) or
230 Vac (model H780B) operation. Power transformer primary windings
and the two fans operate directly from the switched ac power.

REGULA or [TV
FANS LOCAL DC POWER
)
ac nzsuuron
/OFE
£ ON/O

{ acv |FECTIFIER “ oy
i xPFv:ARR F|LT R o= SWITCHING - +5v
PRIMARY E +v UHREG REGULATOR
POWER OVERVOLTAGE
(CROWBAR)
R CKT.
) OVERLOAD
AND —1:
SHORT-CKT
PROTECTION E‘
T —[8]eocox 1
| [&]erox n
LOGIC
SIGNAL
centhation 2] BEVNT L
CKTS
-——EBHALY L
e Jsrun o
+12V
SWITCHING

+12v

REGULATOR

OVERVOLTAGE
(CROWBAR)
CKT

cpaioz

Figure 4-39 H780 Power Supply Block Diagram

A single center-tapped secondary winding supplies power for regulator
circuits and internal circuit operation. Conventional full-wave rectifiers
and a —15 V, 3-terminal regulator provide regulated voltage for in-
ternal distribution. The rectifiers also provide +24 V (approx) for internal
distribution and regulator operation. A 3-terminal regulator integrated
circuit provides +5 V'logic and control power for H780 circuits. The +5
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Figure 4-40 Unregulated Voltage and Local dc Power

V and 412 V regulators use the same -+24 V unregulated voltage for
regulation and distribution to LSI-11 modules. AC voltage from one side
of the transformer secondary is also routed to the line time clock (LTC)
circuit, which generates a BEVNT L bus signal for a line time clock pro-
cessor interrupt. When used with a 60 Hz line frequency, the interrupt
occurs at 16.667 ms intervals; a 50 Hz line frequency will produce in-
terrupts at 20 ms intervals.

4.11.3.3 Basic Regulator Circuit—Both +5 V and +12 V regulator cir-
cuits receive the +24 V unregulated input power. The +5 V and +12 V
regulator circuits are identical except for component values. Hence, only
the basic +5 V regulator is described in detail.

The basic regulator is a switching regulator which operates at approxi-
mately 20 kHz. The main controlling element is a 3-terminal regulator
which operates at approximately the regulated output voltage level.
Basic regulator circuits are shown in Figure 4-41. Note that the ground
terminal of the 3-terminal regulator is connected to a circuit that allows
factory adjustment of the terminal voltage over a —0.7 to 0.5 V range.
Hence, the 3-terminal regulator output in the 45 V regulator circuit can
range from 4.3 to 5.4 V (approx).

Normal switching regulator operation is accomplished when the control
transistor is turned on. Forward bias for the control transistor is sup-
plied via R14. It is turned off only during fault conditions (overcurrent
or shorted output voltage) or when the input ac line voltage is below
specifications. Its emitter supplies unregulated voltage to the 3-terminal
regulator. At less than 50 mA regulator output current (approx), the
3-terminal regulator supplies the output voltage. However, as load cur-
rent through the 3-terminal regulator is increased beyond this value, the
voltage drop across R27 forward biases the driver transistor. The pass
switch transistor then turns on and applies the unregulated 424 V to
L2. The output capacitor then charges toward the 45 V value, current
limited by the inductance of L2. When the output voltage rises to the
3-terminal regulator regulation voltage, the 3-terminal regulator turns
off; current through R27 stops, and the driver transistor is not forward
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Figure 4-41 Basic Regulator Circuit

biased. Hence the driver and pass switch transistors cut off. The energy
stored in L2 continues to charge the capacitor bank slightly beyond the
designed output voltage via the free-wheeling diode and the current
sense resistor. Once the inductor’'s stored energy is spent, the load dis-
charges the output capacitor until the output voltage drops below the
3-terminal regulator’'s regulation voitage. At that point, current through
R27 increases and turns on the driver and pass switch transistors, and
the cycle repeats. Note that as the load is increased, the pass switch
must remain on longer in order to charge the output capacitor to the
regulated voltage value. This process repeats at a 12-20 kHz rate, pro-
ducing the switching regulator operation.

Switching losses in the pass switch transistor are minimized by the
snubber network. This network operates during the ‘“off’’ switching
transient (as the pass switch is biased off) by controlling the rate of .
increasing collector to emitter voltage as collector current decreases.

The control transistor is.turned off during a fault condition by overload
and short-circuit protection circuits. When a fault condition is detected,
the control transistor's base voltage drops to nearly O V, causing it to
cut off. When cut off, operating voltage is removed from the 3-terminal
regulator and R27 current is O, disabling the switching regulator circuit.

4.11.3.4- Overload and Short-Circuit Protection—Each H780 dc output
is overload and short-circuit protected. When in an overload condition,
excessive power supply current is sehsed, causing both switching reg-
ulators to go off and then cycle on and off at a low-frequency rate (ap-
proximately 7.5 Hz) until the overload is removed. Each time the power
supply cycles on, the circuit checks for the overload condition. If the
load current returns to normal, the 20 kHz switching regulator operation
_ resumes. ) :
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Overcurrent sensing circuits for 45 V and 412 Vdc outputs are identical
except for component values. A 5 V power supply overcurrent condition
results in an increased voltage drop across the current sense resistor
(Figure 4.42), forward biasing the current sense transistor. (During nor-
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Figure 4-42 Overload and Short-Circuit Protection

. mal operation, this transistor is not forward biased.) Current sense tran-
sistor collector voltage then drops from the normal +24 V (approx) to
the 4-5 V regulator output value; this voltage, which is less than the 4-16
V reference applied to the current limit comparator’s inverting input, is
diode-coupled to the comparator's non-inverting input, causing the com-
parator’s output to go low; the diode coupling provides an OR logic
function for both 45 V and 412 V overcurrent fault conditions. The
comparator’s low output signal triggers the 20 us one-shot whose OVER-
CURRENT L pulse output triggers the 135 ms one-shot and sets the
Current Limit flip-flop. The OVERCURRENT L pulse is also ORed with the
POWER OFF L signal, turning on the +5 V and 412 V hold-off transis-
tors. Both switching regulators are then disabled. The high 135 ms one-
shot output pulse is ANDed with the Current Limit flip-flop output,
turning on +5 V and 412 V extended hold-off transistors. Hold-off
signals remain in this state and inhibit switching regulator operation for
the 135 ms pulse duration. At the end of this time, the 135 ‘ms one-shot
resets, terminating the delayed hold-off signals, and triggers the 2.0 ms
one-shot. Its active low output resets the Current Limit flip-flop and
clears the 135 ms one-shot for 2.0 ms, allowing the regulator pass
switch transistors to operate for 2 ms (minimum). At the end of this
time, the 135 ms one-shot is again enabled (the clear input goes high)
and a new overcurrent cycle is enabled. If the overload is removed,
normal operation resumes; otherwise, the overload causes a new over-
load condition to occur and the cycle repeats, as described above.
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Switching regulator operation is suspended when the operator places
the DC ON/OFF switch in the OFF position. Logic signal generation cir-
cuits respond by immediately asserting BPOK H low to initiate a pro-
cessor power-fail sequence. After a 5-10 ms ‘‘pseudo delay,” POWER
OFF L is asserted low. This low signal is wire-ORed with OVERCURRENT
L, inhibiting the switching regulator operation, and dc power is removed
from the backplane.

4.11.3.5 Crowbar Circuits—Crowbar circuits are connected across both
+5 V'and 412 V power supply outputs for overvoltage protection. An
overvoltage condition could occur if 412 V and 45 V outputs shorted
together, or if a driver or switch transistor becomes shorted. When
shorted to a higher voltage source, the crowbar fires, shorting the supply
voltage that it is protecting to ground (dc return). In this condition, the
overload and short-circuit protection circuits respond by limiting the duty
cycle of the switch transistor until the overvoltage source is removed.
However, when the overvoltage is caused by a shorted driver or switch
transistor, short-circuit protection is ineffective, and the excessive cur-
rent caused by the crowbar circuit fmng will blow the regulator’s fuse
(F1 for 45 Vor F2 for +12 V).

The crowbar cnrcunt for the 45 V output is shown in Figure 4-43. It com-
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Figure 4-43 Crowbar Circuit

prises a 5.6 V zener diode D9, diode D8, programmable unijunction
transistor Q9, and silicon-controlled rectifier (SCR) Q15, R19, D8, and
D9 supply the 6.1 Vdc (approx) crowbar reference (threshold) voltage
to the gate of Q9 via R21. Q9 is normally off and its cathode supplies
a 0 V gate input to Q15. An overvoltage is coupled into the circuit via
C7, causing the gate voltage of Q9 to rise; this triggers Q9 and its
cathode voltage rises to the output (overvoltage) potential. Q15 then
fires and shorts (crowbars) the supply output. The circuit remains in
this condition until the overvoltage is removed (Q15 current goes to
zero) and either the power supply switch transistor is off due to short
circuit protection, or the regulator’s dc fuse opens.

The 412 V crowbar circuit functions in a similar manner. However, the
reference voltage for this power supply is approximately 13.5 V.

4.11.3.6 Logic Signal Generation—Logic signal generation circuits pro-
duce LSI-11 bus signals for power normal/power fail and line time clock
interrupt functions and processor Run-Enable/Halt mode. The RUN in-
dicator circuit monitors the SRUN L backplane (nonbused) signal and
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provides an active display when the processor is in the Run mode.
BPOK H and BDCOK H indicate power status. When both are high, power
to the LSI-11 bus is normal and no power fail condition is pending.
However, if primary power goes abnormally low (or is removed) for more
than 16.5 ms, BPOK H goes low and initiates a power-fail processor in-
terrupt. If the power-fail- condition continues for more than an additional
4 ms, a ‘“pseudo delay” circuit causes BDCOK H to go low. The circuit
also causes the overload and short-circuit protection circuit to inhibit
45 V and -+12 V control transistors; normal output voltages are avail-
able for 50 us (minimum) after BDCOK H goes low (depending on the
loading of the dc output voltages). The DC ON/OFF switch simulates an
AC ON/OFF operation by turning switching regulators on or off without
turning system primary power off. A normal power-up/power-down se-
quence is produced by this circuit. The line time clock circuit produces
a processor interrupt at the power line frequency (either 50 or 60 Hz).
The circuit simply asserts the BEVNT L line at the line frequency.

DC voltage monitor circuits respond to both +5 V and 412 V power
supply outputs. A 4-2.5 V reference at the voltage comparator’s nonin-
verting input is established by 45 A and a voltage divider comprised of
R25 and R3, as shown in Figure 4-44. Voltages are sensed at the anodes
of diodes D17 and D35.

The sensed voltage to the voltage comparator’s inverting input is nor-
mally 5V, causing the comparator's output to go low. The low signal
forward biases DC ON panel indicator driver transistor Q10, producing
a DC ON indication, and reverse biases the BDCOK H FET bus driver
Q6. As a result, Q6 cuts off, and its source voltage rises to 45 V, pro-
ducing the active BDCOK H signal.

When either (or both) power supply output is O V, the voltage at the
voltage comparator’s inverting input is less than the 4-2.5 V reference.
Hence, the comparator’'s output goes high, turning off the DC ON in-
dicator and allowing Q6 to conduct. Q6 asserts the BDCOK H signal low,
indicating that a dc power-fail condition exists. When normal power is
restored, as during the power-up sequence, C37 charges via R50, and
its voltage exceeds the }-2.5 V reference; the comparator's output then
goes high (normal).

AC voltage monitor circuits include an ac low comparator, 16.5 ms delay,
and a BPOK H bus driver circuit which is enabled only when BDCOK H
is in the active (dc voltage normal) state. Rectifiers D2 and D3 produce
positive-going dc voltage pulses at twice the ac line frequency. R32, R12,
and C1 produce nominal 4-3.9 V (peak) normal line voltage pulses which
" are coupled to the noninverting input of the ac low compartor via R48.
R8 and R9 produce a +2.5 V reference for the comparator's -inverting
input. The comparator’'s normal output is a series of pulses occurring
at twice the ac power line frequency. Each positive-going leading edge
retriggers the 16.5 ms one-shot, keeping it in the set state. The 16.5
ms one-shot output is diode-ORed with DCOK L via diodes D25 and D23
and PWR OFF H via D24. Normally, the three signals are low and Q11
remains cut off. In this condition, C4 charges to +3.125 V via R36 and
R38. This signal is then applied to the power OK comparator’s inverting -
input via R24. Since the noninverting input is referenced to 4-2.5 V by
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Figure 4-44 Logic Signal Generation

voltage divider R5 and R6, the comparator’'s output goes low, biasing
off FET Q5. Q5's source voltage then rises toward 45 V via R46 pro-
ducing the active BPOK H signal. Power-up/power-down sequence timing
is shown in Figure 4-45.
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A power failure is first detected when the pulsating dc voltage at the
ac low comparator’s noninverting input is less than 2.5 V (peak). The
comparator's output then remains low, allowing the 16.5 ms one-shot
to go out of the retrigger mode. The one-shot resets 16.5 ms after the
leading edge of the last valid ac voltage alternation; the 16.5 ms delay
is equivalent to a full line cycle (two-alternation) failure. The high one-
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Figure 4-45 Power-Up/Power-Down Sequence

shot output is then coupled via D23 to the base of Q11, forward biasing
it. Q11 conducts and rapidly discharges C4; R36 limits peak discharge
current. The low voltage thus produced is less than the +2.5 V reference
at the power OK comparator’s input, and its output goes high. Q5 then
conducts and asserts the BPOK H signal low (power fail). The AC LO H
signal produced by the 16.5 ms one-shot is coupled via D34 to C39 on
the inverting input of AC OK comparator E5. When C39’s voltage rises
above 2.5 V, the comparator's output goes low, turning off the DC ON
indicator and negating BDCOK via the DC voltage monitor circuit, and
turns off the regulator circuits by asserting POWER OFF L via D27.

When normal power is restored, the 16.5 ms one:shot returns to the
retrigger (set) mode. AC LO H goes low and enables the DC voltage
monitor and regulator circuits. The low AC LO H signal also removes
forward bias from the base of Q11, cutting it off. Its collector voltage
then rises as C4 charges at a relatively slow rate. R38 controls the
charging rate of C4 and ensures that ac voltage and dc output voltages
are normal for approximately 100 ms (70 ms minimum) before BPOK
H goes high. .

~ The DC ON/OFF switch simulates a power failure when it is placed in
the OFF position. Cross-coupled inverters provide switch debounce pro-
tection and a low (false) DC ON H signal is produced. This signal is in-
verted to produce a high PWR OFF H signal that is coupled via D26 to
the “pseudo delay” circuit, causing a power fail sequence to occur, and
to Q11 via R53 and D24, causing BPOK H to go low (power fail indica-
tion). After a 5-10 ms (approximately) ‘‘pseudo delay,” C13’s voltage
rises above the dc off voltage comparator's 2.5 V reference (nonin-
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verting) input. The comparator’s output goes low, asserting POWER OFF
L low and turning off the switching regulators (Paragraph 4.11.3.4).
When the DC ON/OFF switch is returned to the ON position, PWR OFF H
goes low, rapidly discharging C13. POWER OFF L then goes high and
switching regulator operation resumes. Approximately 100 ms later,
BPOK H goes high and normal processor operation is enabled. DC ON/
OFF circuit timing is shown in Figure 4-46.
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Figure 4-46 DC ON/OFF Circuit Timing

BEVNT L is the bused EVENT line which is normally used for line time
clock interrupts. Q4 is cut-off and Q1 is forward-biased during negative
alternations of the ac line, producing low-active BEVNT L. signals. D1
clips negative alternations and limits Q4's reverse base to emitter volt-
age. The LTC ON/OFF switch must be in the ON position for BEVNT L
signal generation. When the LTC function is not desired, the LTC switch
is set to the OFF position; CSPARE2 goes low, Q1 remains cut-off, and
BEVNT L remains passive (high).

The RUN indicator is.illuminated whenever the processor is executing
programs. SRUN L, a non-bused backplane signal, is a series of pulses
which occur at 3-5 us intervals whenever the processor is in the Run
mode. The pulses trigger a 200 ms one-shot on each SRUN L pulse
leading edge, keeping it in the retrigger mode. Its high RUN H output
is then inverted, producing a low signal that turns on the RUN indicator.
When the processor is in the Halt mode, SRUN L pulses cease and the
200 ms one-shot resets after the 200 ms delay. The RUN indictor turns
off, indicating the Halt mode.

The HALT/ENABLE switch allows the operator to manually assert the
BHALT L signal low,. causing the processor to execute console ODT
microcode. When in the ENABLE position, BHALT L is not asserted, and
the Run mode is enabled. Cross-coupled inverters provide a switch de-
bounce function.

4.11.4 H780 Connections

H780 connections are shown in Figure 4-47. The H9270 backplane con-
nections and interconnecting cables are also shown. Note that cable
connectors are wired 1:1. Both connectors on the H780/H9270 signal
cable are 10-pin connectors which are wired in exactly the same manner,
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as listed in Figure 4-47. Similarly, both ends of the panel signal/power
cable are wired to 16-pin connectors in the same pin/signal config-

uration.

J4 12-PIN CONNECTOR
(SIDE 2 OF P.(':. BOARD)

CONSOLE

/P.C, BOARD
J1 (SUPPLY)

AC LINE CORD

- w—

H780 POWER SUPPLY

16-PIN SOCKET

PWR XFMR

9 P.C. BOARD
10-PIN 12 16-PIN X
CONNECTOR  /SOCKET CONSOLE
’ SIGNAL/POWER
CABLE (11in.)

(70-08612-0M-0)

N

(70-11584-0-0)

DC POWER CABLE (12in.)

6-LUG
CONNECTOR
STRIP

CONNECTQR PINS ON

cs3L
\ / H9270 P.C. BOARD

]

'5‘4_— BOCOK H
BHALT L

[

TERMINAL BLOCK

PIN SIGNAL  ‘“—PIN SIGNAL PIN SIGNAL
1 BPOK H 1 45A 9 +5A
2 BEVNTL 2 DCONH 10 SPARE
3 SRUNL 3 SRUNL 11 SPARE
SIGNAL CABLE ({0 in.) 4 (KEY) 4 BEVWTL 12 GROUND
(70-11411-0K-0) 5  GROUND 5 GROUND 13 GROUND
6 CL3L 6 CL3 14 DCOKLEDH
7 cs3L 7 cs3 15 SPARE
8 SPARE 8 SPARE 16 B HALT L
9  BHALT L
10 DCOK H

H9270 BACKPLANE REAR VIEW
(P.C. BOARD SIDE 2)

cP-1825

Figure 4-47 H780 Connections
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CHAPTER 5

CONFIGURING LSI-11 MODULES

5.1 GENERAL

LSI-11 modules each contain jumpers or switches that -allow the user
to configure the module for a specific system application. All LSI-11 and
PDP-11/03 systems will normally require some configuration of jumpers
and switches. PDP-11V03 systems include LSI-11 modules which are
factory configured for that system application.

'LSI-11 modules that are included in this chapter are listed in Table 5-1.
Note that all modules are factory configured and can be used as is in
many system applications. Refer to the paragraphs listed for detailed
information on factory configurations and jumper and switch functions.

Configure the modules for your system application, as required. ’

. Table 5-1 LSI-11 Module Configuration Sum-méw

Model No. Reference
(Module(s)) Factory Configured Application (Para.)
KD11-F Processor and resident 4K semiconductor 5.2
(M7264) read/write memory: Processor power-up 5.2

mode O selected; resident memory bank O

selected and reply enabled (except during

refresh); event line (LTC) interrupt enabled;

processor controlled memory refresh

enabled.
KD11-J Processor and 4K core memory: Processor 5.2
(M7264-YA, power-up mode O selected; resident memory 5.4
G653, H223) functions not enabled; processor controlled

memory refresh disabled; event line (LTC)

interrupt enabled.
MSV11-B 4K dynamic MOS read/write memory: Bank 5.3
(M7944) 0 selected; reply to refresh enabled.
MMV11-A 4K core memory: Bank must be selected by 5.4
(G653, H223)  setting switches to appropriate positions.
MRV11-AA 4K read-only memory: 512 X 4 chips; bank 5.5
(M7942) - 0 selected; all BRPLY jumpers installed.
DLV11 Serial line unit: Addresses and vectors for 5.6
(M7940) console device use are configured; 110 baud,

active current loop (Teletype) 1/0 selected.
DRV11 Parallel line unit: device address = 16777X;
(M7941) vector address = 300 and 304.
DRV11-B DMA interface unit: Device and vector 5.7
(M7950) addresses must be user configured by
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Table 5-1 LSI-11 Module Configuration Summary (Cont.),

Model No. Reference
(Module(s)) . Factory Configured Application (Para.)

setting switches to appropriate positions.
Summary information is contained in refer-
ened paragraph. Refer to detailed information
included with the option for complete user -
instructions.

DRV11-P LSI-11 bus foundation module: Extensive 5.8
(M7948) user configuring required. Summary informa-

tion is contained in referenced paragraph.

Refer to detailed information included with

the option for complete user instructions.

5.2 LSI-11 PROCESSOR MODULE

5.2.1 General

Before installing and using the KD11-F or KD11-J processor in the
LSI-11 or PDP-11/03 system, the user must select certain processor
features (jumper-selected), determine where the processor and option
modules should be installed on the backplane, be aware of trap and in-
terrupt functions, and ensure the conditions for bus initialization. These
items are discussed in detail in the following paragraphs.

5.2.2 Processor Module Jumpers

5.2.2.1 General—The processor module contains 11 wire wrap posts
that allow the user to configure the module for a specific system appli-
cation. KD11-F and KD11-J processor modules are factory configured
as shown in Table 5-2. Jumpers can be user-configured as described in
the following paragraphs. Jumpers are located on the processor module
as shown in Figure 5-1.

Table 5-2 KD11-F and KD11-J Factory-Installed Jumpers

KD11-F (M7264) - KD11-J (M7264-YA)
Jumper Status Function Status Function

w1 R Resident memory R Resident memory
bank 1 not bank 1 not
selected selected

w2 I Resident memory R Resident memory
bank O selected bank O not
: selected

w3 R Event line (LTC) R Event line (LTC)
interrupt enabled interrupt enabled

w4 R Processor-con- | Processor-controlled
trolled memory memory refresh
refresh enabled disabled
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Table 5-2 KD11-F and KD11-J Factory-lnstélled Jumpers (Cont.)

KD11-F (M7264) KD11-J (M7264-YA)
Jumper Status Function Status Function
W5 R Power-up mode R Power-up mode
O selected O selected
W6 R . R
w7 — Factory-configured — Factory-configured
bias voltage (do bias voltage (do
w8 — not change) —_ not change)
w9 R Enable reply from 1 Disable reply from
resident memory resident memory
W10 R Disable reply from R Disable reply from
resident memory resident memory
. during refresh during refresh
W11 I Enable on-board R Disable on-board
memory select memory select
Note: | = Installed; R = Removed.

5.2.2.2 Memory Refresh—The LSI-11 processor has the capability of
completely controlling the refreshing of all dynamic MOS memories in
a system when jumper W4 is removed. Memory refresh is always re-
quired when dynamic MOS memory devices are used in the LSI-11 sys-
tem, such as the KD11-F resident memory and the MSV11-B 4K by
16-bit read/write memory module. The refresh operation can be con-
trolled by a device other than the LSI-11 processor, if available, such
as the REV11-A, REV11-C, and REV11-H options. If such a device is
used, or if no dynamic MOS memory devices are present in the system
(KD11-J), install W4. The refresh sequence is described below.

The processor’'s memory refresh sequence is controlled by resident mi-
crocode in the processor which is initiated by an interrupt that occurs
once every 1.6 ms. It is the highest priority processor interrupt, and
cannot be disabled by software using PSW bit 7. Once the sequence is
initiated, the processor will execute 64 BSYNC L/BDIN L bus transac-
tions while asserting BREF L. The BREF L signal overrides memory bank
address bits 13—15 and allows all memory units to be simultaneously
enabled. After each bus transaction, BDAL1—6 L is incremented by 1
until all 64 rows have been refreshed by the BSNYC L/BDIN L trans-
actions. This process takes approximately 130us during which external
interrupts (BIRQ L and BEVNT L) are ignored. However, DMA requests
can be granted between each of the 64 refresh transactions.

5.2.2.3 Line Time Clock—LTC (or external event) interrupts are en-
abled when jumper W3 is removed and the processor is running. The
jumper can be inserted to disable this feature. The LTC interrupt is
initiated by an external device when it asserts the BEVNT L signal. This
is the highest priority external interrupt request; processor interrupts
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have higher priorities. If external interrupts are enabled (PS bit 7 = 0),
the processor PC (R7) and PS word are pushed onto the processor’s
stack. The LTC (or external event device) service routine is entered by
vector address 100; the usual interrupt vector address input operation
by the processor is not required since vector 100 is generated by the
processor.

The first instruction of the service routine will ty'pically be. fetched
within 16 us from the time BEVNT L is asserted; however, if optional
EIS/FIS instructions are being executed, this time could extend to 44.1
us maximum,. This time could also be extended by processor trap exe-
cution (memory refresh, T-bit, power fail, etc.), or by asserting the
BHALT L signal.

5.2.2.4 Power-Up Mode Selection—Since the LSI-11 can be used in
a variety of system applications that have either (or both) volatile
(semiconductor read/write) or nonvolatile (PROM or core) memory, one
of four power-up mode features are available for user selection. These
are selected (or changed) by wire-wrap jumpers W5 and W6 on the
KD11-F or KD11-J processor (M7264) module. Note that the jumpers
affect only the power-up mode (after BDCOK H and BPOK H have been
asserted); they do not affect the power-down sequence.

The state of the BHALT L signal is significant during the power-up
sequence. When this signal is asserted, it causes the processor's ODT
console microcode (a subset of an Octal Debugging Technique program)
to become invoked after the power-up sequence. The console device
must be properly installed for correct use of the BHALT L signal.

The power-up modes are listed in Table 5-3. Detailed descriptions of
each mode are provided in the paragraphs which follow.

Table 5-3 Power-Up Modes

Jumpers
Mode w6 w5 Mode Selected
0 R R PC at 24 and PS at 26, or Halt mode
1 R I ODT Microcode
2 1 R PC at 173000 for user bootstrap
3 I | Special processor microcode
(not implemented)
Note: R = Jumper Removed; | = Jumper Installed.

Power-Up Mode O

This option places the processor in a microcode sequence that fetches
the contents of memory locations 24 and 26 and loads their contents
into R7 and the PS, respectively. A microcode service translation at this
point interrogates the state of the BHALT L signal; depending on the
state of this signal, the processor either enters ODT microcode (BHALT
L asserted low) or begins program execution with the current contents
of R7 as the starting address (BHALT L not asserted).
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Note that the T-bit (PS bit 4) is loaded with the contents of PS bit 4
in location 26. This mode should be used only with nonvolatile memory
locations 24 and 26 or with BHALT L asserted. This power-up sequence
is shown in Figure 5-2.

GET
PC FROM 24
PS FROM 26

EXECUTE
CONSOLE
ODT uCODE

BHALT L
ASSERTED

USE ANOTHER BEGIN PROGRAM
POWER UP EXECUTION
MODE
113166

Figure 5-2 Model O Power-Up Sequence

Power-Up Mode 1

This mode immediately places the processor in the console microcode
regardless of the state of the BHALT L signal. This mode assumes a
console interface device at bus address 177560.

Power-Up Mode 2 »
This mode places the processor in a microcode sequence that loads a
starting address of 173000 into R7 -and begins program execution at
this location if the BHALT L signal is not asserted.

Note that before 173000 is loaded into-R7, PS bit 4 (T-bit) is cleared
and bit 7 (interrupt disable) is set. The user's program must set these
bits, as desired, and set up a valid stack pointer (R6). This option
should be used with nonvolatile memory (ROM, PROM, or core) at ad-
dress 173000. A time-out trap through location 4 will occur if no device
exists at location 173000.

If BHALT L is asserted, the processor will not execute the instruction
at location 173000 and will immediately execute the console microcode.
This power-up mode sequence is shown in Figure 5-3.

EXECUTE
NO FIRST CONTINUE
INSTRUCTION » PROGRAM
AT EXECUTION
173000

PC + 173000
PS (BIT 4) -0
PS (BIT 7) ~1

USE ANOTHER EXECUTE
POWER UP OPTION CONSOLE
0DT CODE

113157

Figure 5-3 Mode 2 Power-Up Sequence

Power-Up Mode 3

This microcode sequence allows access to future microcode expansion
in the fourth microm page (microlocations 3000 to 3777). After BDCOK
H and BPOK H are asserted and the internal flags are cleared, a micro
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jump is made to microlocation 3002. If this option is selected and no
microm responds to the-fourth page microaddress, a microtrap will occur
through microlocation O which will, in turn, cause a reserved user in-
struction trap through location 10.

Note that the state of BHALT L is not checked before control is. trans-
ferred to the fourth microm page.

5.2.2.5 Resident Memory 4K Address Selection—Jumpers W1 and W2
are used for selecting the 4K (bank) address for the KD11-F resident
memory. Only one jumper must be installed, as follows.

"WI installed = Bank 1 (addresses 20000—37776)
W2 installed = Bank O (address 0—17776)

NOTE .
If no jumper is installed, the 4K resident mem-
ory will not respond to any address.

5.2.2.6 Disable Resident Memory Reply—Jumper W9, when removed,
enables the KD11-F processor module’s resident memory to assert the
BRPLY L signal when the resident memory is accessed. When W9 is
installed, the resident memory will not assert BRPLY L. This jumper is
normally installed only on the KD11-J processor module.

5.2.2.7 Enable Reply During Refresh—Jumper W10, when installed,
enables the processor module's resident memory to assert BRPLY L
during memory refresh bus cycles; W9 must not be installed. W10 is
normally installed when no optional dynamic MOS memory- modules are
present in the system, other than the KD11-F processor module’s resi-
dent memory. When optional dynamic MOS memory modules are in-
stalled in the system, only the slowest memory module should assert
BRPLY L to ensure proper refresh of that module. For example, when
the processor is controlling memory refresh (W4 is removed) -and op-
tional MSV11-B memory modules are installed in the system, the slowest
memory module will typically be the module located at the greatest
electrical distance from the processor module.

5.2.2.8 Enable On-Board Memory Select—Jumper W11 is normally
installed on the KD11-F processor module to enable normal bank selec-
tion, as configured by W1 and W2.-W11 is removed on the KD11-J
processor module. In special applications, the user can remove W11
from the KD11-F module and supply a low-active SMENB L signal to
processor module backplane pin CF1 from an external source. The
processor module’s resident memory will be enabled whenever this
signal is asserted low; bank address decoding must be provided by the
external source.

5.2.3 Installation

Prior to installation, the processor module jumpers must be configured
as directed in Paragraph 5.2.2. PDP-11/03 systems are shipped from
the factory with the KD11-F or KD11-J processor installed. Refer to
Chapter 6 for LSI-11 processor module installation details.
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5.2.4 Using The LSI-11 Microcomputer

5.2.4.1 General—Most of the operational characteristics are dlscussed
in Sections Il and Il and related software publications. This discussion
includes the use of the LTC (external event interrupt) feature, bus
initialization, and trap and interrupt priority.

5.2.4.2 Interrupts and Trap Priority—Interrupts and traps are quite
similar in their operation. Interrupts are service requests from devices
external to the processor; traps are interrupts that are generated within
the processor. Their main operational difference, however, is that ex-
ternal interrupts can only be recognized when PS priority (bit 7) is
zero; traps can be executed at any time, regardless of the PS priority
bit status.

The highest priority trap is memory refresh, when enabled (Paragraph
5.2.2.2). Memory refresh does not require an interrupt vector since it
is entirely controlled by processor microcode; memory refresh opera-
tions are completely transparent to the user programs and PS bits are
not altered .in any way. The remaining traps, including EMT, BPT, 10T,
and TRAP instructions, and hardware-generated Trace Trap, Bus Error,
-Power Fail, etc., are described in Section |ll. The LTC (external event)
interrupt, has the highest priority of all external interrupts, when
enabled (Paragraph 5.2.2.3). It is acknowledged (serviced) only when
PS priority bit 7 = 0. This interrupt always uses vector address 100. It
loads a new PC from location 100 and a new PS from location 102.
All other extrenal interrupts are requested by a device asserting the
BIRQ signal. If PS bit 7 = 0, the request is acknowledged and the pro-
cessor inputs a user-assigned vector address fo rthe device’s service
routine PC (starting address) and PS. For example, when the requesting
device is the console device, vectors 60 (console input) or 64 (console
output) are used. These vectors are reserved for the console device by
most DIGITAL software systems.

5.2.4.3 Halt Mode—The LSI-11 microcomputer can operate in either a
Run or Halt mode. When in the Halt mode, normal program execution
is not performed and the processor executes ODT console microcode.
However, the processor will execute memory refresh in a normal man-
ner and arbitrate DMA requests; all external interrupts are ignored.

The Halt mode can be entered in one of six ways:

1. When the BHALT L signal is asserted.

2. When a HALT instruction has been executed.

3. By power-up sequence.
4

. When a double bus error has occurred [a bus error trap with SP (R6)
pointing to non-existent memory].

5. No Reply received from a device (bus time-out error) when the pro-
- cessor attempts to input a vector during an interrupt transaction.

6. A bus error (time-out) occurs when the processor refreshes one of 64
' memory rows.

The LSI-11 microcomputer does not use conventional control panel
lights and switches. Instead, the ODT console microcode routine pro-
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vides all control panel features on a peripheral device that can be in-
terfaced at bus address 177560 and interpret ASCIl characters. In a
typical configuration there is no bus device that responds to address
177570 (the PDP-11 SWR address). The peripheral device used with the
ODT console microcode is called the console device, which can be any
device capable of interpreting ASCII characters. The prompt character
sequence and detailed use of console ODT commands are contained
in Section II.

5.2.5 Initialization and Power Fail

Initialization occurs during a power-up or power-fail sequence, or when a
RESET instruction is executed. The processor responds to these con-
ditions by asserting the BINIT L bus signal. BINIT L can be used to
clear or initialize all device registers on the bus. In addition, the DRV11
parallel line unit applies the buffered initialize signal to pins on both
of its device interface connectors for initializing the user’s device.

During the power-up sequence, the processor asserts BINIT L in re-
sponse to a passive (low) power supply-generated BDCOK H signal.
When BDCOK H goes active (high), the processor terminates BINIT L
and the jumper-selected power-up sequence is executed. Similarly, if
power fails, the power supply-generated BPOK H signal goes passive
(low) and causes the processor to push the PC and PS onto the stack
and enter a power-fail routine via vector location 24. The processor will
execute a user power-fail routine until either BDCOK H goes passive
(low), indicating that dc operating power may not sustain processor
operation, or BPOK H returns to the active state. BINIT L will go active
if BDCOK H goes passive.

Note that if a HALT instruction is executed after entering the power-fail
routine, the ODT microcode will not be executed until BPOK H is re-
asserted. If BPOK H goes passive while the processor is in the Halt
mode, the power-fail routine will not be executed.

* 5.3 MSV11-B READ/WRITE MEMORY

5.3.1 General

The MSV11-B(4K) read/write memory (Figure 5-4) provides temporary
storage of user programs and data in an inexpensive, compact, low-
power memory subsystem. The user can select the 4K address space
(bank) in which the module is addressed by installing or removing
jumpers.

The MSV11-B module is factory configured to respond to addresses in
bank O addresses 0-17776). The module will also reply to refresh signals.

5.3.2 Address Jumpers

MSV11-B address jumpers are located as shown in Figure 5-5. The mod-
ule is supplied with all address jumpers installed. Figure 5-6 illustrates
a 16-bit address and how jumpers are assigned for the MSV11-B module.

5.3.3 Reply To Refresh Jumpers
Only one dynamic memory module in a system is required to reply to
the refresh bus transactions initiated by the processor. The module
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selected to reply should be the module with the slowest access time.
Jumper W4 enables or inhibits the MSV11-B reply as follows:

W4 installed: MSV11-B will not assert BRPLY in response to refresh
bus signals.

W4 removed: MSV11-B will reply to refresh bus BSYNC/BDIN trans-
actions by asserting BRPLY L.

5.3.4 Refresh Requirements

The MSV11-B module contains dynamic MOS memory integrated circuits.
Hence, memory refresh cycles are requiréd. Refresh cycles can be either
provided automatically by the LSI-11 processor module or by the DMA
refresh circuits contained on the REV11-A, REV11-C, or REV11-H options.
One complete refresh operation consists of 64 refresh bus cycles. When -
refresh is controlled by the processor, 64 successive bus cycles are
executed; a new refresh operation is initiated by the processor at 1.6 ms
(approximately) intervals. The REV11l options execute single refresh
bus cycles at 27 us (approximately) intervals via DMA bus cycles. A
complete refresh operation must be completed every 2'ms maximum.

/\ READ _DATA

BUS 4096 BY 16-8IT
BDALO -15L DRAWEDRS DYNAMIC MOS
RECEIVERS

MEMORY ARRAY

READ/
ADDR. WRITE

ADDRESSING
AND CONTROL

LSI -11 BUS

BSYNC L
BRPLY L
BDIN L

BWTBT L
BOOUT L
BDCOK H
BREF L

<

- cP-1748

Figure 5-4 MSV11-B 4K by 16-Bit Read/Write Memory

Bank Address Octal Address
Wl . w2 w3 No. Range - Range
1 | 1 0 0-4K 000000-017776
| 1 R 1 4-8K 020000-037776
1 R 1 2 8-12K 040000-057776
| R R 3 12-16K 060000-077776
R 1 ] 4 16-20K 100000-117776
R | R 5 20-24K 120000-137776
R R I 6 24-28K 140000-157776
R R R 7 28-32K 160000-177776

NOTE: |= Installed, R = Removed
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—— W4
—— W1
— Y3

1 N 7

M7944 ETCH REV B

Figure 5-5 MSV11-B Jumper Locations

5.4 MMV11-A CORE MEMORY

5.4.1 General

The MMV11-A core memory option comprises two modules (G653 and
H223) that are mated by connector pins in a single 8.5 x 10 by 0.9
assembly. It requires two device locations (electrical positions) on the
backplane when installed in H9270 slots A4-D4; otherwise, because of
its total thickness (0.9 in.), the MMV11-A requires four physical device
locations when installed in any other backplane slot. (Refer to Paragraph
6.3.3 for installation considerations.) Memory capacity is 4096 16-bit
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words. Switches select the 4K bank address to which the MMV11-A will

respond.
BDAL
BITS 15 1312 | 0
rw ”
I | l 4096 LOCATION ADDRESS I
. BYTE
Wioow2ws POINTER
—
4K ADDRESS
SPACE JUMPERS
———
Bank | Address | Octal Address
wi | w2 | w3 No. Range Range
BERERE 04K 000000-017776
R 48K 020000037776
R o2 812k | 040000057776
| R| R| 3 1216K | 060000-077776
R ! I 4 16-20K 100000-117776
Rl 1| R| s | 202s | 120000137776
R R | 6 24-28K 140000-157776
Rl R | R 7 283K | 160000-177776
CP-1883
NOTE: |=Installed, R =Removed

Figure 5-6 MSV11-B Address Format/Jumpers

The MMV11-A is fully LSI-11 bus-compatible and can be accessed by the
'LSI-11 microcomputer or any DMA device that becomes bus master.

It interfaces with the bus as shown in Figure 5-7.

READ DATA

ADDRESS/WRITE

DATA

READ/ WRITE CIRCUITS

CORE STACK

8US
0-15 DRIVERS
BDAL 0-I5L Ve
RECEIVERS
123
2
o
T
-
w
-
BDALI3 =15 L
v BSYNC L
"BRPLY L
BDIN L
BDOUT L
BWTBT L
BDCOK H
BINIT L
BREF L

READ /WRITE
TIMING CONTROL
TIMING
AND
CONTROL LOGIC
CP-1752

Figure 5-7 MMV11-A 4K by 16-Bit Core Memory

5.4.2 Switch-Selected Addressing
The only preparation required for the MMV11-A before it is installed
in the backplane is to select its bank address. This is accomplished

512



by opening or closing switches in appropriate address bit locations to
produce the desired bank address decoding.

MMV11-A bank address switches are used as shown in Figure 5-9. The
figure illustrates a 16-bit address and how switches are assigned to
each address bit. Open or close switches to produce the desired bank
address as directed in the figure. Switches are located on the G653
module (component side) as shown in Figure 5-8. )

° Ll Jl [~ § g

- Qo

SW1
Sw2
SW3
SW4 (NOT USED)

l [ 1 Il I

CP 1754

Figure 5-8 Bank Address Switch Locations

5.4.3 Backplane Jumpers

The BDMGI L and BIAKI L bus lines must be jumpered to BDMGO L and
BIAKO L lines, respectively, under the H223 module when installed be-
tween the processor and 1/0 device interface modules in order to main-
tain daisy-chain signal continuity.

Pins which must be connected are:

From To ) Signal
COIN2 co4m2 BIAKI/OL
C01S2 : CO4R2 BDMGI/OL

Bus pins can be identified as:shown in Figures 3-2 and 3-3.

Memory refresh is not required for this memory option. If memory.re-
fresh is used for other memory options, such as the KD11-F's resident
memory and -the MSV11-B semiconductor memory, the MMV11-A will
not respond to the refresh operatlon

513



B w15 14 13 ' °

II’IIJJJJJJI|III

ADDRESS .
WORD

- )
4096 LOCATION BYTE
ADDRESS POINTER

SW3 sw2 swi BANK ADDRESSES

c [ c 0 0 - 17776

c [o] 1 20000 - 37776

4 o] [ 2 40000 - 57776

C o o] 3 60000 ~ 77776

o] c c 4 100000 - 117776 NOTES :

o] c o 5 120000 - 137776 1. C=3W ON ; O=SW OFF

o|o | ¢ 6

o o] o 7

140000 - 157776

3 i I d
160000 - 177776 2. Bank 7 is normally reserve

for peripherals.

cP-1753

Figure 5-9 MMV11-A Addressing

5.5 MRV11-AA READ-ONLY MEMORY

5.5.1 General

The MRVI11-AA (Figure 5-10) is a read-only memory module that allows
the use of user-supplied, preprogrammed, programmable read-only mem-
ory (PROM) and masked read-only memory (ROM) chips in a compact,
nonvolatile memory subsystem. Depending on chip type, the module's
capacity is either 4096 16-bit words or 2048 16-bit words, using 512 by
4-bit or 256 by 4-bit chips, respectively. Full address decoding is pro-
vided on the module. The user can select the 4K address bank in which
the module resides by installing (or removing) jumpers on the module.
Similarly, when using 256 by 4-bit chips, the user can jumper-select the
upper or lower 2K segment within the selected 4K address bank. Note
that 512 by 4-bit and 256 by 4-bit chips cannot be mixed on a MRV11-AA
module; the user configures jumpers on the module for the chip type
being used.

A partial listing of manufacturer’'s chips that will operate in the
MRV11-AA is given in Table 5-4.

CHIP ROWS

PN

01 2 3 45 6 7
12-15
BUS - 8 —11 MEMORY
BDAL - 15L DRIVERS READ DATA 4-7 le— PROM/ROM
AND -
RECEIVERS CHIP SOCKETS
0-3
2 K
@
< L3
T O ~ of m ¢ 0 o ~ <
] wowl ow ow ow w ow owf L
- O O] O] O} O] O] O O] «
MEMORY ADDRESS AND
z - INTERFACE CONTROL LOGIC -
BSYNC L
BDIN L
BRPLY L

cpP-1755

Figure 5-10 ‘MRV11-AA Read-Only Memory
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Table 5-4 MRV11-AA Chips

Manufacturer 512 by 4-Bit 256 by 4-Bit
or Source Chips Chips
Digital Equipment MRV11-AC —
Corp.
Intersil IM5624 ) - IM5623
Signetics 825131 825129
MMI 6306 6301

Chips used must be tristate output devices that conform to the device
pinning, data, and addressing described in the remainder of this chapter.

The user can install chips in increments of four chips each. When using
512 by 4-bit chips, memory expansion is in 512-word increments. When
using 256 by 4-bit chips, memory expansion is in 256-word increments.
Jumpers on the MRV11-AA can be cut by the user to prevent an incorrect
BRPLY L signal from being generated when unpopulated locations are
addressed on the module.

The: information contained in the remainder of this chapter will enable
the user to prepare the MRV11-AA for use (jumper-selected addressing
and chip selection) and includes information required for correct PROM
and ROM programming.

5.5.2 Chip Type Jumpers

The module is supplied with jumpers W8, W9, and W10 installed for
use with 512 by 4-bit chips. When using 256 by 4-bit chips, W8, W9,
and W10 must be cut or removed and jumpers W11 and W12 installed;
in addition, either W13 (lower 2K) or W14 (upper 2K) must be installed
to properly address the lower 2K or upper 2K address segment within
the 4K memory bank. Jumpers are located as shown in Figure 5-11.

5.5.3 Address and Reply Jumpers

The user must consider both 4K bank address selection and BRPLY L
signal generation when configuring a module for use. Chips (either
PROM or ROM, 512 by 4 or 256 by 4) are arranged in eight physical
rows (CEO-CE7) of four chips each. Entire rows can be unpopulated, al-
lowing those addressed locations to be used by read/write memory con-
tained on another module. When this is done, the BRPLY L jumpers
(WO0-W7) associated with the unused rows should be cut or removed to
‘prevent the MRV11-AA from returning a BRPLY L signal when those
rows are addressed. A listing of octal addresses (within a 4K bank),
physical rows, and BRPLY L jumpers is provided in Table 5-5; use data
listed for the chip type being used.

The 4K bank in which the MRV11-AA resides is programméd by con-
necting bank address jumpers W15-W17, as appropriate. The module is
supplied with all bank .address jumpers installed (bank 0). Jumpers
installed represent logical Os; jumpers not installed represent logical 1s.

Figure 5-12'i||ustrates addressing words used with the MRV11-AA. Refer
to the addressing format for the type of PROM or ROM chips being used.
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Figure 5-11 MRV11-AA Jumper Locations
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15 0

ﬂ | \ L L 1 L1 L
|

I 4096 - LOCATION ADDRESS

BYTE
i ~ (W8 -W10 INSTALLED; W11-W14 REMOVED) POINTER
E 3 3
4K ADDRESS
SPACE JUMPERS
- 0
256X 4 l ]
PROMI ROM
| [ 1 [ L
- I
I ! | 2048~ LOCATION ADDRESS 8YTE
o ° N (W11 AND W12 INSTALLED; WB8-WIO REMOVED) POINTER
: 2 3

~ = HIGH/ LOW 2K SELECT
W13 INSTALLED:
LOW 2K (O- 7777)
W14 INSTALLED
HIGH 2K (1000-17777)

4K ADDRESS
SPACE JUMPERS

cp-1757

Figure 5-12 MRV11-AA Address Word Formats

5.5.4 PROM Chips

The actual procedure for loading data into PROM chips or writing speci-
fications for masked ROM chips will vary, depending on the chip manu-
facturer. Those procedures are beyond the scope of this document. (See
chip manufacturer’s data sheets.) However, the user must be aware of
the chip pins versus LSI-11 data bit relationship, and the chip pins
versus memory address bits. Address and data pins are described below.

As previously discussed, chips are arranged in rows of four chips each.
Each chip contains locations of four bits each. Hence, four chips are
used to provide the 16-bit data word formats for each row. Rows are
designated by their respective Chip Enable (CEO-CE7) signals. Depend-
ing upon the chip type used, a row of four chips contains 512 or 256
16-bit read-only memory locations. The actual chip within a row is des-
ignated by one additional digit (O, 1, 2, or 3). Hence, the data pins are
assigned to’'LSI-11 bus bits as listed in Table 5-6.

Table 5-6 Data Pin Assignments

Chip Pin Chip 0 Chip 1 Chip 2 Chip 3

9 BDAL3 BDAL7 BDAL1l1 BDAL15
10 BDAL2 BDAL6 BDAL10 BDAL1l4
11 BDAL1 BDAL5 BDAL9 BDAL13
12 BDALO BDAL4 - BDALS8 BDAL12

Addressing of chips is shown in Figure 5-13. All chips used on the
MRV11-AA must conform to this information. Observe that the only dif-
ference between 512 by 4-bit and 256 by 4-bit chip pins is pin 14. The
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Table 5-5 PROM/ROM Chip Addressing Data

512 by 4 Bit Chips

256 by 4 Bit Chips

Bank Addr.
*
Jumpers Word/Byte  Physical BRPLYL Word/Byte Address Physical BRPLY L
W15 W16 W17 Address Row Jumper = W13 Installed W14 Installed Row Jumper
I | I : 0-1777 CEO WO 0-777 -10000-10777 CEO wo
| I R 2000-3777 CE1l w1 1000-1777 11000-11777 CE2 w2
| R I 4000-5777 CE2 w2 2000-2777 12000-12777 CE4- w4
| R R 6000-7777 CE3 w3 3000-3777 13000-13777 CE6 3
R 1 1 10000-11777 CE4 w4 4000-4777 14000-14777 CE1l w1l
R | R 12000-13777 CE5 W5 5000-5777 15000-15777 CE3 w3
R R I 14000-15777 CE6 W6 6000-6777 16000-16777 CE5 W5
R R R 16000-17777 CE7 w7 7000-7777 17000-17777 CE7 w7

* R = Jumper/removed: | = Jumper installed



LSI-11 CHIP PIN SIGNIFICANCE

r —

DAL7 L — Ag [T] [16] Ve
DAL6 L — Ag [2] [15] A7 —— pAL8 L
DALS L A, II (14] Agor CE 512 x 4-BIT PART 256 x4-BIT PART
DALSL LOWER/UPPER
DAL4 L — A3 CE CHIP ENABLE fzw ?Ew:dgm )
(ROW) ! K
DALI L — Aq |: [12] o, CHIP ENABLE
DAL2 L — A, [6 0
' €] W02 L ora pins

DAL3 L — A, [7] [10] o3

GND [8] 9] 04

TOP VIEW
NOTE:
Desugnahons immediately adjacent to pins are typical
ignations used by chip s —not LSI-11
ions. LSI-11 i ions for correct
addressing are located away from the chip. Observe that
these signals are low — active; they are double - inverted
bus signals (low = logical "1").
IC-0169

Figure 5-13 PROM/ROM Chip Pin Addressing

512 by 4-bit part uses this pin for address bit DALS; the 256 by 4-bit
part uses this pin for a chip enable when both bank address and 2K
segment address are true. Also note that bus address bits do not follow
in sequence with chip manufacturer's address designations. The pinning
arrangement shown allows for the use of commonly available PROM and
ROM chips and optimum (compact) MRV11-AA module layout.

5.5.5 Programming PROM Chips

Complete information for programming PROM chips is contained in
Chapter 7. Do not attempt to program PROMs until you are thoroughly
familiar with the information contained in that chapter.

5.5.6 1/0 Timing and Bus Restrictions

Addressed memory read data is available within 120 ns after the BSYNC
L signal is received by the MRV11-AA. Logic on the module responds to
DATI bus cycles only. DATO or DATOB bus cycles will result in a bus
time-out error. Logic functions on the module are not affected by the
bus initialize (BINIT L) signal.

5.6 DLV11 SERIAL LINE UNIT'

5.6.1 General
The DLV11 Serial Line Unit (SLU) interfaces serial 1/0 devices to the
LSI-11 bus, as shown in Figure 5-14.

5.6.2 Jumper-Selected Addressing, Vectors, and Module Operations

5.6.2.1 General—As shown in Figure 5-15, the DLV11l SLU module
is equipped with thirty jumpers that can be configured to satisfy the
operating requirements. A DLV11 module is configured at the factory to
serve as a console SLU. This configuration is summarized in Table 5-7.
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5.6.2.2 Addressing—Jumpers involved with addressing include A3
through Al12. Only address bits 03 through 12 are programmed by the
jumpers for correct DLV11 addressing, producing the 16-bit address
word shown in Figure 5-16. The appropriate jumpers are removed to
produce logical 1 bits; jumpers installed will produce logical O bits.

AN
UNIVERSAL
BDALO-I5L ASYNCHRONOUS SERIAL DATA Ji
RCVR./XMTR.
(RBUF ,XBUF) OPTIONAL
Ui
- CIRCUITS oy FRoM
g BDALO - 15L EI(iOTnl\)A_I(_)TRL) ggOSM (20mA)
= BBS7 L e W . BCOSC (EIA)
3 BSYNC L AND I/0 RUN
el BWTBT L CONTROL LOGIC “LOGIC
BDIN L (RCSR, XCSR)
BDOUT L
BRPLY L
BINITL
BIRQ L
BIAKO L
v BIAKIL
Figure 5-14 . DLV11 Serial Line Unit
Table 5-7 DLV11 SLU Factory Jumper Configuration
Jumper Jumper
Designation State Function Implemented
A3 | This arrangement of jumpers A3 through Al12
.V R implements the octal device address 17756X,
A5 R which is the assigned address for the console
A6 R device SLU. The least significant digit is hard-
A7 | wired on the module to address the four SLU
A8 R device registers as follows:
A9 R : .
All R X = 0, RCSR address
Al0 R X = 2, Receive data register address
Al2 R X = 4, XCSR address
X = 6, Transmit data register address
V3 I This jumper arrangement implements the in-
V4 R terrupt vector addresses 60 for received data
V5 R and 64 for transmitted data.
V6 |
v7 |
NP R No parity
2SB R Two stop bits
NB2 R Eight data bits
NB1 R
PEV R Even parity if NP installed
FEH | Halt on framing error
EIA R 12 V EIA operation disabled
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Table 5-7 DLV11 SLU Factory Jumper Cdnﬁguration (Cont.)

Jumper
Designation

Jumper
State Function Implemented

FRO
FR1
FR2
FR3

CL1
CL2
CL3
CL4

R
R 110 Baud rate selected

R

R

20 mA current loop active receiver and trans-

1

| mitter selected
1 y
|

Note: R = removed, | = installed

TP Q

H
wdee
e 2

TP2 &
INSERT .0054F CAPACITOR WHEN

THE SERIAL LINE DEVICE IS A
TELETYPEWRITER (LT33 OR LT35)

<
]
w

[

neOe  @OOTN
ddaqq d2zag

] T

cP-1801

FEH

Figure 5-15 DLV11 Jumper Locations
5-21



BTS 15 8 7 °
Ol 1o | | 1 ”
———_— —7
E T N N
1L
g = 2 o @ & @ IDAYA BUFFER ‘FP‘:‘.’"JT%N
< <. < < « = 0+ RECEIVER DLE’CODING)
. 1= TRANSMITTER
ADDRESS JUMPERS:
INSTALLED =0
REMOVED +1 RANGE = 160000 - 177776 8

cp-1802

Figure 5-16 DLV11 Addresses
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Figure 5-17 DLV11 Interrupt Vectors

5.6.2.3 Vectors—Jumpers involved with vector addressing include V3
through V7. Only vector bits 03 through 07 are programmed by the
jumpers for correct DLV11 vector addressing, producing the 16-bit ad-
dress shown in Figure 5-17. The appropriate jumpers are removed to
produce logical 1 bits; jumpers installed will produce logical O bits.

5.6.2.4 UAR/T Operation—UAR/T operation is programmed via jump-
ers NP, 2SB, NB1, NB2, and PEV as shown below.

Number of Data Bits

NB1 NB2
5 Instalied Installed
6 Removed Installed
7 Installed Removed
8 Removed - Removed

.Number of Stop Bits Transmitted
2SB installed = One stop bit
2SB removed = Two stop bits

Parity Transmitted
NP removed = No parity bit
NP and PEV installed = Odd parity
NP installed and PEV removed = Even parity

5.6.2.5 Baud Rate Selection—Baud rate is programmed via jumpers
FRO through FR3 as shown in Table 5-8.
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Table 5-8 Baud Rate Selection

Baud Rate FR3

50
75
110
134.5
~ 150
200
300
600
1200
1800
2400
2400
4800
9600

-n
a
N
-n
A
-

FRO

—_— A A==V AV ON— -
—_— A== -V
—_ - =A==V ——0 A0

ANV —-—0V0—AV—0—— —

x

External
(via pin BH1)

NOTE:

| = installed X = don't care
R = removed

5.6.2.6 . EIA Interface—EIA drivers are enabled when jumper EIA is in-
stalled. This jumper applies —12 V to the EIA driver chip. It should be
removed during 20 mA current loop operation.

5.6.2.7 20 mA Current Loop Interface—Jumpers CL1 through CL4 are
associated with 20 mA current loop interface operation. Remove EIA and
remove or install jumpers as desired for the functions listed below:

Active Current Loop (Jumper configuration is shown in Figures 5-18 and
5-19.)

Transmit = CL3 and CL4 installed

Receive = CL1 and CL2 installed

Passive Current Loop (Jumpers configured as shown in Figures 5-20
and 5-21.)

Transmit = CL3 and CL4 removed

Receive = CL1 and CL2 removed

The DLV11 is supplied with jumpers CL1 through CL4 wired for the ac-
tive transmit, active receive mode (Figure 5-18). When in this mode,
serial current limiting to 23 mA is provided by resistors (one each for
transmit and receive functions) connected to the 412 V source. Note
that when module power is removed, the 20 mA transmit optical coupler
closes the serial loop (active or passive mode). When the DLV11 is used
in the passive 20 mA mode (Figure 5-20), the serial device' must produce
the 20 mA current. Current limiting must be provided for transmit and
receive currents in the serial device.
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Figure 5-18 Active 20 mA Current Loop Interface
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Figure 5-19 20 mA Active Current Loop Jumper Configuration

5.6.2.8 Framing Error Halt—A framing error halt allows entry to con-
sole microcode directly from the console device by pressing the BREAK
key, producing a framing error. A framing error occurs when the received
character has no valid stop bit. This error condition is detected by the
UAR/T. FEH is factory-installed, causing the assertion of BHALT L when
the framing error is detected. The processor then executes console
microcode. N

5.6.3 Installation .
Prior to installing the DLV11 on the backplane, first establish the de-
sired priority level (Chapter 3) to determine the backplane slot in which
the module will be installed. Then, check that jumpers are removed or
installed as described for your application (Paragraph 5.6.2). Connection
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Figure 5-20 Passive 20 mA Loop Interface
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o

11-3851

Figure 5-21 20 mA Passive Current Loop lumper Configuration

to the peripheral device is via an optional data interface cable. Cables
are listed below. i

Application _ Cable Type*

EIA Interface BCO5C-X Modem Cable
20 mA Current Loop BCO5M-X Cable Assembly

* The -X in the cable number denotes length in feet, as follows: -1, -6, -10, -20, -25.
For example, a 10-ft EIA interface cable would be ordered as BC0O5C-10.
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5.6.4 Interfacing with 20 mA Current Loop Devices

When interfacing with 20 mA current loop devices, the BCO5M cable as-
sembly provides the correct connections to the 40-pin connector on the
DLV11. The peripheral device end of the cable is terminated with a
Mate-N-Lok connector that is pin-compatible with the followmg penph-
eral options:

LA36 DECwriter

LT33 Teletypewriter

LT35 Teletypewriter

VTO5B Alphanumeric Terminal
VT50 DECscope

VT52 DECscope

'RTO2 Alphanumeric Terminals
DFO1-A Acoustic Telephone Coupler

The complete interface circuit provided by the BCO5M cable and the
associated DLV11 jumpers is shown in Figure 5-18.

NOTE
When the DLV11 is used with teletypewriter de-
vices, a 0.005 uF capacitor must be lnstalled
between split lugs TP1 and TP2.

After configuring the module jumpers and installing the proper interface
cable, the DLV11 can be installed in the backplane.

5.6.5 Interfacing with EIA-Compatible Devices

When interfacing with EIA devices, the BCO5C modem cable provides
the correct connection to the 40-pin connector on the DLV11. The pe-
ripheral device end of the cable is terminated with a Cinch DB25P con-
nector that is pin-compatible with Bell 103, 113 modems. Connector
pinning and signal levels conform to EIA Specification RS232C. The com-
plete EIA interface circuit is shown in Figure 5-22; jumpers are shown
in Figure 5-23.

5.6.6 Programming

5.6.6.1 Addressing—Addresses for the DLV11 can range from 160000
through 17777X,. The least significant three bits (only bits 01 and 02
are used; bit O is ignored) adress the desired register in the DLV11, as
follows:

Address Addressed Register

IXXXX0 RCSR (Receiver control/status)
IXXXX2 RBUF (Receiver data buffer)
IXXXX4 XCSR (Transmit control/status)
1XXXX6 XBUF (Transmit data buffer)

Address bits 03 through 12 are jumper-selected as directed in Paragraph
5.6.2.2.

Since each DLV11 module has' four registers, each requires four ad-
dresses. Addresses 177560—177566 are reserved for the DLV11 used
with the console peripheral device. Additional DLV11 modules should be
assigned addresses from 175610 through- 176176, allowing up to 30
additional DLV11 modules to be addressed.
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Figure 5-22 EIA Interface
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< Figure 5-23 EIA Jumper Configuration

5.6.6.2 Interrupt Vectors—Two interrupt vectors are jumper-selected
on each DLV11 as described in Paragraph 5.62.3:

000XX0 Receiver interrupt vector
000XX4  Transmitter interrupt vector

Vectors can range from addresses O through 37Xg. Vectors 60 and 64
are reserved for the console peripheral device. Additional DLV11 mod-
ules should be assigned vectors following any DRV11 modules installed
in the system starting at address 300.
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5.6.6.3 Word Formats—The four word formats associated with the
DLV11 are shown in Figure 5-24 and are described in Table 5-9.

5.6.7 Console Device

The console device is a serial line device, such as the LA36 DECwriter,
that uses a DLV11 Serial Line Unit. The following device addresses must
be used for the console device:

Register Address
RCSR , o 177560
RBUF 177562
XCSR 177564
XBUF 177566

Vector addresses must be assigned as follows:

Interrupt Vector Address

Console Receiver 000060

Console Transmitter 000064

Table 5-9 Word Formats

Word Bit(s) Function

RCSR 15 Dataset Status—Set when CARRIER or CLEAR TO
SEND and DATA SET READY signals are asserted
by an EIA device. Read-only bit.

14—08 Not used. Read as 0.

07 Receiver Done—Set when an entire character has
been received and is ready for input to the proces-
sor. This bit is automatically cleared when RBUF
is addressed or when the BDCOK H signal goes
false (low). A receiver interrupt is enabled by the
DLV11 when this bit is set and receiver interrupt
is enabled (bit 6 is also set). Read-only bit.

06 Interrupt Enable—Set under program control when
it is desired to generate a receiver interrupt re-
quest when a character is ready for input to the
processor (bit 7 is set). Cleared under program
control or by the BINIT signal. Read/write bit.

05—01 Not used. Read as O.

00 Reader Enable—Set by program control to advance
the paper tape reader on a teletypewriter device to
input a new character. Automatically cleared by
the new character's start bit. Write-only bit.

RBUF 15—08 Not used. Read as O.

07—00 Contains five to eight data bits in a right-justified
- format. MSB is the optional parity bit. Read-only
bit.
XCSR 15—08 Not used. Read as O.
07 Transmit Ready—Set when XBUF is empty and can
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Table 59 Word Formats (Cont.)

Word Bit(s)

Function

06

05—01
00

XBUF 15—08

07—00

accept another character for transmission. It is also
set during the power-up sequence by the BDCOK
H signal. Automatically cleared when XBUF s
loaded. When transmitter interrupt is enabled (bit
6 also set), an interrupt request is asserted by the
DLV11 when this bit is set. Read-only bit.

Interrupt Enable—Set under program control when
it is desired to generate a transmitter interrupt re-
quest when the DLV11 is ready to accept a char-
acter for transmission. Reset under program con-
trol or by the BINIT signal. Read/write bit.

Not used. Read as 0.

Break—Set or reset under program control. When
set, a continuous space level is transmitted. BINIT
resets this bit. Read/write bit.

Not used.

Contains five to eight right-justified data bits.
Loaded under program control for serial transmis-
sion to a device. Write only.

DATASET
STATUS
(READ ONLY)

RECEIVER READER
D

ONE ENABLE
(READ ONLY) (WRITE ONLY)

RECEIVER
INTERRUPT
ENABLE
(READ/WRITE)

0

el |y

I T

b}

(NOT USED)

DATA AND PARITY

(5-7 BIT DATA IS RIGHT JUSTIFIED. PARITY IS BIT 7.
NO PARITY BIT IS PRESENT WHEN 8-BIT DATA IS USED.)

15 8 7 3]
xesR J J | ‘ ‘ ] l
I l [ [ L1 L1 :
TRANSMIT BREAK
READY (READ/WRITE)
(READ ONLY)
TRANSMIT
INTERRUPT
ENABLE
(READ/WRITE)
8 7 0

15
XBUF
Ll
—

L [

A

(NOT USED)

Figure 5-24

DATA

DLV11 Word Formats
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5.7 DRVI1 PARALLEL LINE UNIT

5.7.1 General :

The DRV11 Parallel Line Unit (PLU) is a general-purpose device inter-
face module that connects parallel 1/0 devices to the LSI-11 bus, as
shown in Figure 5-25.

5.7.2 Jumper-Selected Addressing and Vectors

The DRV11 Parallel Line (PLU) module is equipped with 15 jumpers
that can be configured to select device and interrupt vector addresses.
In addition, the board is ‘equipped with a set of split lugs for installing
an optional capacitor to adjust certain signal pulse widths that control
interfacing with external devices. The location of these jumpers and the
split lugs for the optional capacitor are shown in Figure 5-26. This unit
is jumper configured to implement recommended device and vector
addresses, and is not equipped with the split lug-mounted capacitor.
The factory-installed jumper configuration is summarized in Table 5-10.

{\"LALO_ 5L —l—l DROUTBUF I
e
BIRoL — INT ENB A INTERRUPT
BIAKO L INTENB B LOGIC
, foBoALO-ISL ORCSR
=]
s T9/FROM
0 DEVICE
] P—— L66I¢
T BsRE 8INIT [ ]
aoyeL ADDRESS -
DALG - 15L ADORESS Qb
BWTBT L . L REQB |
N CONTROL P
gggﬂ't LOGIC
BINITL DATA TRANS
BDALO- 15L IN 0-15
DRINBUF
Q—_—E‘ J -

A4

cp-1808

Figure 5-25 DRV11 Parallel Line Unit

Table 5-10 DRV11 PLU Factory Jumber Configuration

Jumper Jumper

Designation State i Function Implemented
A3 R This arrangement of jumpers A3 through Al12
A4 R  assigns the device address 16777X to the PLU.
A5 R This address is the starting address of a re-
A6 R served block in memory bank 7 which is rec-
A7 R ommended for user device address assignments.
A8 R~ The least significant digit X is hardwired on the
A9 R module to implement the three PLU device ad-
Al0 R dresses as follows:
All R '
Al2 1
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Table 5-10 DRV11 PLU Factory Jumper Configuration (Cont.)

Jumper Jumper
Designation -~ State Function Implemented
X = 0 DRCSR address
X = 2 Output buffer address
X = 4 Input buffer address
V3 This factory installed jumper configuration im-

|
V4 1 plements the two interrupt vector addresses 300
V5 I and 304 for use as defined by application re-
V6 R  quirements. _ :
v7 R
NOTE: R = Removed, | = Installed

5.7.2.1 Locations—Jumpers for device address and vector selection
are provided on the DRV11 as shown in Figure 6-10. Factory installed
jumpers can be cut or removed by the user to program the module for
a particular system application, as described in the following paragraphs.
5.7.2.2 Addressing—Jumpers involved with addressing include A3
through Al2. Only address bits 03 through 12 are programmed by jump-
ers for DRV11 addressing producing the 16-bit address word shown in
Figure 5-27. The appropriate jumpers are removed to produce logical
1 bits; jumpers installed will produce logical O bits.

5.7.2.3 Vectors—Jumpers involved with vector addressing include V3
through V7. Only vector bits 03 through 07 are programmed by the
jumpers for DRV11 vector addressing, producing the 16-bit word shown
in Figure 5-28. The appropriate jumpers are removed to produce logical
1 bits; jumpers installed will produce logical O bits.
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Figure 5-27 DRV11 Device Address
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BYTE SELECT
1+ high byte (8-15)
O+ low byte (0-7)

REGISTER

00X = DRCSR
01X = DROUTBUF
10X = DRIN BUF

* cP-1810



)
o o [ [ o [ o 0 o o
| L1 || N Y
l l ' ' ' L (DRCSR - 15)
!; g .;)) ; ;, ?)E‘QRUEEDSTAING DEVICE
1:REQB

VECTOR JUMPERS:
INSTALLED=0

REMOVED =1
cp-1743

Figure 5-28 DRV11 Vector Address
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Figure 5-29 J1 or J2 Connector Pin Locations

5.7.3 Installation

Prior to installing the DRV11 on the backplane, first establish the de-
sired priority level (Chapter 3) for the backplane slot installation.
Check that proper device address vector jumpers are installed, as di-
rected in Paragraph 5.7.2. The DRV11 can then be installed on the
backplane. Connection to the user’s device is via optional cables.
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5.7.4 Interfacing to the User's Device

5.7.4.1 General—Interfacing the DRV11 to the user’s device is via the
two board-mounted H854 40-pin male connectors. Pins are located as
shown in Figure 5-29. Signal pin assignments for input interface J2
(connector No. 2) and output interface J1 (connector No. 1) are listed
in Table 5-11 Optional cables and connectors for use with the DRV11
include: '

BCO8R-X*—Maintenance cable, 40-conductor flat with H856 con-
nectors on each end. Available in lengths of 1, 6, 10, 20, and 25
feet.

BCO7D-X*—Signal cable, two 20 conductor ribbon cables with a
single H856 connector on one end; remaining end is terminated -
by the user. Available in lengths of 10, 15, and 25 feet.

H856—Socket, 40-pin female, for user-fabricated cables.

* The -X in the cable number denotes length in feet. -10, -12, -20. For exafnple, a
10-ft BCO7D cable would be ordered as BCO7D-10.

When using the BCO7D cable, connect the free end of the ribbon cables
using the wiring data contained in Table 5-12. Refer to the Hardware/
Accessories Catalog for additional optional interface accessories.

5.7.4.2 Output Data Interface—The output interface is the 16-bit
buffer (DROUTBUF). It can be either loaded or read under program
control. When loaded by a DATO or DATOB bus cycle, the NEW DATA
READY H 750 ns pulse is generated to inform the user’s device of the
data transfer. The trailing edge of this positive-going pulse should be
used to strobe the data into the user's devicte in order to allow data to
settle on the interface cable. The system initialize signal (BINIT L) will
clear DROUTBUF.

All output signals are TTL levels capable of driving eight unit loads
except for the following: -

NEW DATA READY = 10 unit loads
DATA TRANSMITTED = 30 unit loads
INIT (Initialize) = 10 units per connector

Table 5-11 DRVI11 Input and Output Signal Pins

Inputs Outputs

Signal Connector Pin Signal Connector Pin
INOO J2 T OuUT00 J1 C
INO1 J2 LL 0ouTO1 J1 K.
INO2 J2 H, E 0uUT02 J1 NN
INO3 J2 BB ouTO3 J1 . U
INO4 J2 - KK 0ouUTO4 J1 L
INO5 J2 HH OuUTO05 J1 N
INO6 J2 EE ouUTO6 J1 R
INO7 J2 ccC ouTo7 J1 T
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Table 5-11 DRV11 Input and Output Signal Pins (Cont.)

Inputs Outputs
Signal Connector Pin Signal - Connector Pin
INO8 J2 z ouTO08 J1 w
- INO9 J2 Y ouT09 J1 X
IN10 J2 w OuUT10 J1 VA
IN11 J2 Vv 0uUT11 J1 AA
IN12 . J2 U ouT12 J1 BB
IN13 o J2 P OuUT13 J1 FF
IN14 J2 N ouT14 J1 HH
IN15 J2 M OUT15 J1 JJ
REQ A J1 LL NEW DATA RDY* J1 vV
REQ B J2 S DATA TRANS* J2 Cc
CSRO J2 K
CSR1 J1 DD
INIT J1 P
INIT J2 RR, NN

*Pulse signals, approxin‘iately 750 ns wide. Width can be changed by
user.

Table 5-12 BCO7D Signal Cable Connections

Cable 1 (connector pins B-VV) Cable 2 (connector pins A-UU)

Wire
Color Pins J1 Signal J2 Signal Pins J1 Signal J2 Signal
blk B open open A open open
brn D open open Cc OUTO0 DATA TRANS
red F  open open E open INO2
orn J GND GND H open INO2
yel L 0uTo4 GND K OUT01 CSRO
grn N OuUTO05 IN14 M GND IN15
blu R 0OUTO06 GND P INIT IN13
vio T OUTO07 GND S GND REQB
gry V  GND IN11 U OuUTO03 IN12
wht X 0uUTo9 GND w OouT08 IN10
blk - Z O0uT1o INO8 Y GND INO9
brn BB O0UTI12 INO3 AA OUT11 GND
red DD CSR1 GND cc GND INO7
orn FF OUT13 open EE GND INO6
yel JJ OUT15 GND HH OUT14 INO5
grn LL REQA INO1 KK GND INO4
blu NN 0uUT02 INIT MM GND GND
vio RR 0UTO02 INIT PP GND GND
gry TT open INOO SS GND GND
wht VV  New DATA open uu GND GND
RDY
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5.7.4.3 Input Data Interface—The input interface is the 16-bit DRIN-
BUF read-only register, comprising gated bus drivers that transfer data
from the user's device onto the LSI-11 bus under program control.
DRINBUF is not capable of storing data; hence the user must keep input
data on the IN lines until read by the LSI-11 microcomputer. When
read, the DRV11 generates a positive-going 750 ns DATA TRANSMITTED
H pulse which informs the user's device that the data has been ac-
cepted. The trailing edge of the pulse indicates that.the input transfer
has been completed.

All input signals are one standard'TTL unit load; inputs are protected
by diode clamps to ground and 45 V.

5.7.4.4 Request Flags—Two signal lines (REQ A H and REQ B H) can
be asserted by the user’s device as flags in the DRCSR word. REQ B is
available via Connector No. 2, and it can be read in DRCSR bit 15.
REQ A is available via Connector No. 1, and it can be read in DRCSR
bit 7. Two DRCSR interrupt enable bits, INT ENB A (bit 6) and INT ENB
B (bit 5), allow automatic generation of an interrupt request when their
respective REQ A or REQ B signals are asserted. Interrupt enable bits
can be set or reset under program control.

In a typical application, REQ A and REQ B are generated by Request
flop-flops in the user’s device. The user’'s Request flip-flop should be set
when servicing is required and cleared by NEW DATA READY or DATA
TRANSMITTED when the appropriate data transaction has been com-
pleted.

5.7.4.5 Initialization—The BINIT L prdcessor-generated initialize signal
is applied to DRV11 circuits for interface logic initialization. It is also
~available to the user’s circuits via connectors J1 and J2 as follows:

Connector/Pin Signal
J1/P .. AINITH
J2/RR BINIT H
J2/NN BINIT H

An active BINIT L signal will clear: DROUTBUF data; DRCSR bits 6, 5,
1, O0; bits 16 and 7 (when the maintenance cable is connected); and
Interrupt Request and Interrupt Acknowledge flip-flops.

5.7.4.6 NEW DATA READY and DATA TRANSMITTED Pulse Width Mod-
ification—An optional capacitor can be added by the user to the DRV11
module to extend the pulse width of both the NEW DATA READY and
DATA TRANSMITTED pulse widths. The module without external capaci-
tance (as shipped) will produce 750 ns pulses. The capacitor can be
added in the location shown in Figure 5-26 to produce the approximate
pulse widths listed below.

Optional External Approximate
Capacitance (uF) Pulse Width (ns)
None 750
0.0047 1150
0.01 1750
0.02 - 2650
0.03 3850
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5.7.4.7 BCO8R Maintenance Cable—When using the optional BCO8R
maintenance cable, the connections listed in Table 5-13 are provided.
Cable connectors P1 and P2 are connected to DRV11 connectors J1 and
J2, respectively. Note that CSRO (J2-K), which can be set or reset under
program control, is routed to the REQ A input (J1-LL); similarly, CSR1
(J1-DD) is routed to REQ B (J2-S). Hence, a maintenance program can
output data to DROUTBUF and read the same data via the cable and
DRINBUF. DRCSR bits O (CSR0O) and 1 (CSR1) can be used to simulate
REQ A and REQ B signals, respectively. If the appropriate INT ENB bit
(DRCSR bits 5 or 6) is set, the simulated signal will generate an in-
terrupt request.

5.7.5 Programming

5.7.5.1 Addressing—Addresses for the DRV11 can range from 16000
through 17777X,. The least significant three bits address the desired
DRV11 register as follows:

Address Device Register
1XXXX0 DRCSR
IXXXX2 DROUTBUF
1XXXX4 DRINBUF

Addresses 177560-177566 are reserved for the console device and
should not be used for DRV11 addressing. The following address assign-
ments are normally used:

First DRV11
DRCSR = 167770
DROUTBUF = 167772
DRINBUF = 167774

Second DRV11
167760 to 167764

Third DRV11
167750 to 167754

Table 5-13 BCO8R Maintenance Cable Signal Connections

J2 J1

Pin Name Name Pin
v OPEN OPEN A
uu GND OPEN B
TT INOO ouTOo0 C
SS GND . OPEN D
RR INITH : OPEN E
PP GND OPEN F
NN INITH OPEN H
MM GND GND J
LL INO1 ouTo1 K
KK INO4 ouTO04 L
J GND GND M
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Table 5-13 BCO8R Maintenance Cable Signal Connections (Cont.)

J2 ‘ J1

Pin Name . Name Pin
HH INO5 : OouUTO05 N
FF OPEN INITH P
EE INO6 ouTO06 R
DD GND GND S
cc . INO7 ouTo7 T
BB INO3 ouTo3 U
AA GND GND v
z INO8 ouTo8 w
Y INO9 0ouTO09 X
X GND GND Y
W IN10 OouT10 : z
\Y IN11 OUT11 AA
U IN12 ’ ' ouT12 BB
T GND GND cC
S REQB CSR1 ) DD
R GND GND EE
P IN13 . ouT13 FF
N IN14 ouT14 - HH
M IN15 OuT15 CJJ
L GND GND : ‘KK
K CSRO - . ’ REQ A LL
J GND GND MM
H INO2 OuUT02 NN
F OPEN GND PP
E INO2 - 0ouT02 RR
D OPEN = GND SS
Cc DATA TRANS OPEN T
B OPEN i GND uu
A OPEN NEW DATA RDY w

5.7.5.2 Interrupt Vectors—Two interrupt vectors are jumper-selected
in the range of O through 37X,. The least significant three bits identify
the interrupting function.

000XX0 Interrupt A -
000XX4 Interrupt B

Vectors 60 and 64 are reserved for the console device and should not be
used for DRV11 vectors.

5.7.5.3 Word Formats—The three word formats associated with the
DRV11 are shown in Figure 5-30 and are described in Table 5-14.
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REQUEST B

(READ ONLY)
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[
INTENB B

REQUEST A CSRI
(READ/WRITE) (READ/WRITE)

(READ ONLY)

INTENB A CSRO
(READ / WRITE) (READ/WRITE)

8 7

DROUT BUF [

(TR ST AN AR AR

—

15

DATA OUT
(READ/WRITE)

0

DRINBUF

I T AT A

DATA IN

(READ ONLY)
cP-i746

Figure 5-30 DRV11 Word Formats

Table 5-14 Word Formats

Word

Bit(s)

Function

DRCSR

15

14-08
07

REQUEST B—This bit is under control of the
user’s device and may be used to initiate an
interrupt sequence or to generate a flag that
may be tested by the program.

When used as an interrupt request; it is as-
serted by the external device and initiates an
interrupt provided the INT-ENB B bit (bit 05)
is also set. When used as a flag, this bit can
be read by the program to monitor external
device status.

When the maintenance cable is used, the state
of this bit is dependent on the state of CSR1
(bit 01). This permits checking interface oper-
ation by loading a 0 or 1 into CSR1 and then
verifying that REQUEST B is the same value.
Read-only bit. Cleared by INIT when in main-
tenance mode.

Not used. Read as O.

REQUEST A—Performs the same function as
REQUEST B (bit 15) except that an interrupt

is generated only if INT ENB A (bit 06) is also
set.

When the maintenance cable is used, the state
of REQUEST A is identical to that of CSRO
(bit 00).

Read-only bit. Cleared by INIT when in main-
tenance mode.
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Table 5-14 Word Formats (Cont.)

Word Bit(s) Function

06 INT ENB A—Iinterrupt enable bit. When set,
allows an interrupt request to be generated,
provided REQUEST A (bit 07) becomes set.

Can be loaded or read by the program (read/
write bit). Cleared by BINIT.

05 INT ENB B—Interrupt enable bit. When set,
allows an interrupt sequence to be initiated,
provided REQUEST B (bit 15) becomes set.

04-02 Not used. Read as 0.

Can be loaded or read by the program (read/
write bit). Cleared by INIT.

01 CSR1—This bit can be loaded or read (under
program control) and can be used for a user-
defined command to the device (appears only
on Connector No. 1).

When the maintenance cable is used, setting
or clearing this bit causes an identical state

/ in bit 15 (REQUEST B). This permits checking
operation of bit 15 which cannot be loaded by
the program.

Can be loaded or read by the program (read/
write bit). Cleared by INIT.

DRSCR 00 CSRO—~Performs the same functions as CSR1
(bit 01) but appears only on Connector No. 2.
When the maintenance cable is used, the state
of this bit controls the state of bit 07 (RE
QUEST A).
Read/write bit. Cleared by INIT.

DROUTBUF 15-00 Output Data Buffer—Contains a full 16-bit
word or one or two 8-bit bytes: High Byte =
15-8; Low Byte = 7-0. ]
Loading is accomplished under a program-con-
trolled DATO or DATOB bus cycle. It can be
read under a program-controlled DATI cycle.

DRINBUF 15-00 Input Data Buffer—Contains a full 16-bit word

: - or one or two 8-bit bytes. The entire 16-bit

word is read under a program-controlied DATI
bus cycle. )

5.8 DRV11-B DIRECT MEMORY ACCESS (DMA) INTERFACE

5.8.1 General
The DRV11-B is a general purpose Direct Memory Access (DMA) interface
used to transfer data directly between the LSI-11 system memory and an
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1/0 device as shown on Figure 5-31. The interface is programmed by the
processor to move variable length blocks of 16-bit data words to or from
specified locations in memory by means of the LSI-11 bus. Once pro-
grammed, no processor intervention is required. The DRV11-B can trans-
fer up to 250K, 16-bit words per second and is cable of operating in
. burst modes, with byte addressing. The control structure also allows
read-modify-restore operations.

The interface consists of five registers: Word Count Register (WCR), Bus
Address Register (BAR), Control Status Register (CSR), Input Data Buffer
Register (IDBR), and Output Data Buffer Register (ODBR). The module
also includes bus transceivers and logic for interrupt requests, address
control and protocol, and DMA requests.

The DRV11-B contains one switch bank used to assign an appropriate de-
vice address to the DMA interface and one switch bank to select an
interrupt vector address in the LSI-11 memory where the DMA routine
is stored.

Two 40-pin connectors, mounted near the edge of the module, facilitate
the connection of the 1/0 device with the DMA, using any two of several
cable assemblies available from DIGITAL. The module may be inserted
into any available slot of the LSI-11 backplane.

N

16- OUTPUT DATA BITS >

)<___16 -DATA/ADDRESS BITS ) READY

CYCLE REQUEST

DRV1i-B USER'S
MA FUNCTION 1/0
" INTERFACE DEVICE
2
@ STATUS BITS
3
-
BUSY
BUS CONTROL CONTROL BITS

KK 16-INPUT DATA BITS

V

Figure 5-31 DRV11-B Interface Diagram

5.8.2 Registers
Each of the five registers can be addressed by the processor. The IDBR
and ODBR are assigned the same address, and are read-only and write-
only, respectively.
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The register bit format and functions are described as follows.

Word Count Register (WCR)

15 ] 0
ADDRESS READ/ WRITE

- *XXXX0 L
1 L IR L ) " L s s L ) s s "
-

16 BITS COUNTER

* All logic ‘‘ones’” decoded by bus master to assert BBS7 L signal

The WCR is a 16-bit read/write counter which is loaded by the program
with the two's complement of the number of words or bytes to be trans-
ferred at one time between memory and the 1/0 device. At the end of
each transfer, the WCR is incremented. When the count becomes zero
(all 16 bits = 0), the DMA generates an interrupt request. The contents
of the WCR can be monitored by the processor program.

Bus Address Register (BAR)

154 2N 9 8 6 5 32 0
ADDRESS
‘XXXX2 A A i — 1 L i i s A
(N J \ N _J/\ _
0-1g 0-7 0-7 0-7g 0-7 0-7

* All logic ‘“‘ones’” decoded by bus master to assert BBS7 }L signal

The BAR is a 15-bit read/write register used to generate the bus address
which specifies the location to or from which data is to be transferred.
The register is incremented after each transfer. It will increment across
32K boundary lines via the extended address bits in the control status
register. Bus address blt 00 is driven by the user device.

Control and Status Register (CSR)

ADDRESS
*XXXX4

* All logic ‘“‘ones’” decoded by bus master to assert BBS7 L signal

The CSR contains 16 bits of information used to control the function and
monitor the status of the DMA transfers. The information in the CSR
can be modified or read by the processor program in either 8-bit bytes
or 16-bit words. Table 5-15 lists and defines each of the 16 bits.

Table 5-15 Control Status Register Bit Description

Bit Name Description
15 Error 1. Indicates a special condition.
(Read Only) a. NEX (bit 14)

b. ATTN (bit 13)
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Bit

14

13

12

11

10

09

08

07

06

05

04

03

02

01

00

Table 5-15 Control Status Register Bit Description (Cont.)

Name

NEX
(Read/Write
Zero)

ATTN
(Read Only)

MAINT
(Read/Write)
STAT A
(Read Only)
STAT B
(Read Only)
STAT C
(Read Only)
CYCL
(Read/Write)

READY
(Read Only)

IE
(Read/Write)

XAD 17
(Read/Write)
XAD 16
(Read/Write)
FNCT 3
(Read/Write)
FNCT 2
(Read/Write)
FNCT 1
(Read/Write)
GO

(Write Only)

= N WN

Description

. Sets READY (bit 7) and causes interrupt if IE

(bit 6) is set.

. Cleared by removing the special condition.

a. NEX is cleared by writing to zero.
b. ATTN is cleared by the user device.

. Non-existent memory indicates that as bus

master, the DRV11-B did not receive BRPLY
or that a DATIO cycle was not completed.

. Sets Error (bit 15).

. Cleared by INIT or by writing to zero.

. Indicates the state of the ATTN user signal.

. Sets Error (bit 15).

. Maintenance bit used with Diagnostic Pro-
gram.

. Device Status bits that indicate the state of

the DSTAT A, B, and C user signals.

. Set and cleared by user control only.

. Cycle is used to prime a DMA bus cycle.

. Indicates that the DRV11-B is able to accept

a new command. Requests an interrupt if IE
(bit 6) is set.

2. Set by NINT.

. Enables interrupts to occur when READY (bit

07) is set.

. Cleared by INIT.

EXTENDED Address bit 17, cleared by INIT.

EXTENDED Address bit 16, cleared by INIT.

. Three bits made available to te user device.

User defined.

. Cleared-by init.

. Causes “NOT READY” to be sent to the user

device indicating a command has been is-
sued. Clear READY (bit 7). Enables DMA
transfers. :
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Input Data Buffer Register (IDBR)

15 8 7 0

ADDRESS 8 BIT HIGH BYTE 8 BIT LOW BYTE
* XXXX6 ) \ ,
—

AL L I L L 1 L =t 1

16 BIT DEVICE INPUT DATA WORD

* All logic ‘‘ones’” decoded by bus master to assert BBS7 L signal

The IDBR is used for read-only operations. Data is loaded into the regis-
ter by the user's device. The data may be read from the IDBR as a 16-bit
word, an 8-bit high byte or an 8-bit low byte. Transfers are usually via
DATO or DATOB DMA bus cycles. The register input connects to J2
mounted on the module.

Output Data Buffer Register (ODBR)

15 8 7 0

ADDRESS 8 BIT HIGH BYTE } 8 BIT LOW BYTE
.XXXX6 1 1 L L 1 1 — — A il 1 1 i 1

16 BIT DATA WORD

* All logic ““ones’ decoded by bus master to assert BBS7 L signal

The ODBR is used during write-only operations. Data from the LSI-11
bus is loaded into the register under program control and read from the
register by the user’s device. The register can be loaded with a 16-bit
data word or with an 8-bit high byte, or as an 8-bit low byte. Transfers
are usually via DATI or DATIO DMA bus cycles. The output of the register
connects to J1 on the module.

5.8.3 Device And Vector Address Selection

5.8.3.1 General—The address of the DRV11-B interface and the interrupt
vector address in memory is selected by the position of the switches in
switch bank S1 and S2, respectively. The location of the switches on the
module is shown on Figure 5-32. The switches are set to the OFF posi-
tion (open) to select a zero bit in the address format and the ON position
(closed) to select a one.
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Figure 5-32 Connector and Switch Locations

5.8.3.2—Device Address Format—The DRV-11B decodes four address,
one for each of the registers listed:

Register Octal Address
WCR #XXXX0
BAR #XXXX2
CSR HXXXXE
DBR #XXXX6

Normally, the addresses assigned to the DMA start at 772410, and pro-
gress upward. Switches S1-1 through S1-10 select the base address as -
indicated by the X portion of the octal code and the individual registers
are decoded by the DMA interface. The relationship between the address
format and the switches are shown on Figure 5-33.
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17 15 4 12 1N 9 8 6 5 3 2 1

5

¢ . . l . * S1-1 |S1-2 S1-3 S1-4|S1-5 . S1-6 S|-7|SFB S1-9 Sl-lOl ¢ .
s L " ) L " n " o It

N AN J\ J\ : J —

6OR7 0-7 0-7g 0-7 l
REGISTER SELECT

BYTE CONTROL

* = All logic ““ones” decoded by processor as BBS7-L signal

Figure 5-33 Device Address Switch (S1) Selection

5.8.3.3 Interrupt Vector Address Selection—The interrupt vector ad-
dresses for the LSI-11 systems are allocated memory locations from
0-774,. The recommended location assigned to the DRV11-B is 124,.
Switches S2-1 through S2-8 are used to select the octal address and the
relationship between the switches and address format is shown on
Figure 5-34. -

09 08 06 05 03 02 00
I_Si-l IS?-Z $2-3 $2-4(S2-5 S2-6 S2-7]S2-B . .
" 2 L ! s "
—
oor1 97 0-7g 0OR4g

* = Preassigned as zero

Figure 5-34 Interrupt Vector Address Switch (S2) Selection
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5.8.4 Functions

5.8.4.1 General—The DRV11-B interface operates as both a slave and
master device. Prior to becoming bus master, all Data Transfers Out
(DATO) or Data Transfer In (DATI) are in respect to the processor. Once
DMA is granted bus mastership by the processor, all data transfers are
in respect to the DMA.

DMA operation is initialized under program control by: (1) loading the
WCR with the two’s complement of the number of words to be trans-
ferred; (2) loading the BAR with the first address to or from which data
is to be transferred; (3) loading the CSR with the desired function bits.
After the interface is initialized, data transfers are under control of the
DMA logic.

5.8.4.2 Program Control Transfers—Data transfers may be performed
under program control by addressing the IDBR or ODBR and reading or
writing data.

5.8.4.3 DMA Control Transfers—DMA input (DATI) or output (DATO)
data transfers occur when the processor clears READY. For a DATO cycle
(DRV11-B to memory transfer), the user's 1/0 device presets the CON-
TROL BITS [word count increment enable (WC INC ENB), bus address
increment enable (BA INC ENB), C1, CO, AOO, and ATTN], and asserts
CYCLE REQUEST to gain use of the LSI-11 bus. When CYCLE REQUEST
is asserted, input data is latched into the input DBR, the CONTROL
BITS are latched into the DRV11-B DMA control, and BUSY goes low. A
DATI cycle—memory to DRV11-B transfer—is handled in a similar man-
ner, except that the output data is latched into the output DBR at the
end of the bus cycle.

When the DRV11-B becomes bus master, a DATO or DATI cycle is per-
formed directly to or from the LSI-11 memory location specified by the
BAR. At the end of each cycle, the WCR and BAR are incremented and
BUSY goes high while READY remains low. A second DATO or DATI
cycle is performed when the user’s 1/0 device again asserts CYCLE RE- .
QUEST. DMA transfers will continue until the WCR increments to zero,
at which time READY goes high and the DRV11-B generates an interrupt
(if interrupt enable is set) to the LSI-11 processor.

If burst mode is selected (SINGLE CYCLE low), only one CYCLE RE-
QUEST is required for the complete transfer of the specified number of
data words.

5.8.5 Device Cables and Signals

Data, status and control signals are transferred between the user's 1/0
device and DMA by an input and an output cable assembly. The input
cable attaches to connector J2 and the output cable attaches to con-
nector J1 as shown on Figure 5-32, Table 5-16 and 5-17 list the con-
nector pin and designations for each signal. Table 5-18 lists several
recommended cable assemblies that are available from DIGITAL in the
lengths indicated. The H856 female connector mates with either J1 or
J2 on the DRV11-B. To order cable assemblies in lengths not listed,
contact a DIGITAL sales office.
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Table 5-16 Input Connector Signals

32
Connector Pin Signal Name Unit Loads
B BUSY H 10 (drive)
D ATTN H 1
F A0O H 1
J BA INC ENB H 1
K FNCT 3 H 10 (drive)
N co 4 1
R FNCT 2 H 10 (drive)
T Cl H 1
v FNCT 1 H 10 (drive)
DD , 08 IN H
FF 09 IN H |
3 10 IN H
LL 11 IN H
NN 12 IN H
RR : 13 IN H
T 14 IN H
w 15 IN H
cC 07 IN H L 1
EE 06 IN H
HH 05 IN H
KK 04 IN H
MM 03 IN H
PP 02 IN H
ss 01 IN H
uu " 00 IN H ’

*All remaining pins connect in common to logic ground by board etch.

Table 5-17 Output Connector Signals

“Connector Pin Signal Name Unit Loads
B CYCLE REQUEST H = 1
D INIT V2 H 10 (drive)
F INI H : 10 (drive)
J WC INC ENB H 1
K SINGLE CYCLE H 1
L STATUS A 1
N READY H 10 (drive)
R STATUS B 1
5 STATUS C ’ 1
DD 08 OUT H
FF 09 OUT H
JJ 10 OUT H
LL 11 OUT H
NN 12 OUT H
RR 13 OUT H -
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Table 5-17 Output Connector Signals (Cont.)

Ji=
Connector Pin Signal Name Unit Loads
T 14 OUT H
15 OUT H .
oo 07 OUT H 10 (drive)
EE 06 OUT H
HH 05 OUT H L
KK 04 OUT H
MM 03 OUT H
PP 02 OUT H
SS 01 OUT H
uu 00 OUT H

*All remaining pins connect in common to logic ground by board etch.

Table 5-18 Recommended Cable Assemblies

Cable No. Connectors Type Standard Lengths (ft.)
BCO7D-XX H856 to open end 2, 20 conductor 10, 15, 25
ribbon

BCO8R-XX H856 to H856 ‘Shielded flat 1, 6, 10, 12, 20, 25, 50
BC04Z-XX H856 to open end Shielded flat 6, 10, 15, 25, 50

5.9 LSI-11 BUS FOUNDATION MODULE

5.9.1 General

The DRV11-P (Figure 5-35) is a versatile wire wrap module that con-
tains the bus interface logic for operation with the LSI-11 or PDP-11/03
system and provides adequate board area for mounting and connecting
integrated circuits (IC’'s) or discrete components. Because the bus inter-
face logic is included, the module can be efficiently configured by the
user to satisfy a variety of device interface logic applications.

A 40-pin connector, convenently mounted at the board edge, facilitates
the connection to a device through several cable assembly types avail-
able from DIGITAL.

Except for the bus interface connections, all signals and voltages are
terminated to wire wrap pins for user connections. The bus control logic
is provided with wire wrap test points for monitoring the internal signals.
The test points are spaced at 0.1 in. (0.254 cm) between pins to allow
a 40-pin connector to be inserted over the wire wrap pins for automated
test functions.

Approximately 2/3 of the surface area on the module consists of plated-
through holes, each connected to a wire wrap pin. The user can mount
three different types of dual-in-line IC’s or a variety of discrete compo-
nents into the holes and connect the proper voltages and signals by
wire wrapping leads on the board.

The DRV11-P module can be inserted into any one of the available in-
terface option locations of the LSI-11, PDP-11/03 backplane, or back-
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plane extender unit. The module oécupies four.vertical slots. Refer to the
documentation supplied with the option for detailed information.

VALK
FQJNDA“ON
/\ | "Mooy

PEp——— Y

|
sus | _ .
! T8 DEVICE DATA BTS >

16-DATA/ADDRESS BITS TRANS-

CEIVERS : ..........
USERS
%) L —ll Dlejgféu STATUS/CONTROL R EVICE
2 | LOGIC
: ! {6 DEVICE DATA BI'S ~ ]
& K BUS_CONTROL LINES s | [eEEEE
- CONTROL |
LOGIC |
|
|
1

Figure 5-35 Typical DRV11-P Interface

5.9.2 Functions

5.9.2.1 General—The DRV11-P contains 16 bus transceivers, device
selection and vector address generation logic, interrupt control, and
control and status register functions. The device data inputs and out-
puts of the bus transceivers and the device control signals are made
available to user to complement control of up to four 16-bit registers.

5.9.2.2 Address Selection Logic—The address selection logic consists
of a device address comparator and the protocol control logic. Up to
four discrete addresses are made available with the existing logic on
the DRV11-P and can be assigned to data registers, status and control
registers, or word counters. By adding additional IC's, the user can in-
crease the total number of addresses available. The main address of
the DRV11-P is selected by monitoring the BBS7 bus line and decoding
the address information D03-D12 from the bus. The main device address
is assigned by the configuration of jumper leads (AO3-A08) attached to
wire wrap pins. When the selected and input bus addresses are the
same, the device address comparator provides an ENB H level to the
protocol control logic. The protocol control logic receives bus signals
and address bits DO1 D02 to assert one of the four available output
lines—SEL DEV OL, SEL DEV 2L, SEL DEV 4L, and SEL DEV 6L. In
addition, the protocol control logic provides output signals to specify
word or byte transfers.

Table 5-19 lists and defines the function of the control signals required
or available for the user logic.:
Table 5-19 Protocol Control Logic Signals

Signal Function

SEL DEV OL Select Device O through 4—One of four lines asserted
SEL DEV 2L by decoding the device address and available to select
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Table 5-19 Protocol Control Logic Signals (Cont.)

Signal Function
SEL DEV 4L one of four user word registers.
SEL DEV 6L
OUT LB L Out Low Byte, Out High Byte—Used to load (write)
OUT HB L data into low byte (8 bits) or high byte (8 bits) or
both bytes (16 bits) of the selected word register.
IN WD L In Word—Used to gate (read) data from the selected

word register to the bus.

The format for the device address selection is shown on Figure 5-36. A
logic one is specified when no jumper lead is installed between the ap-
propriate wire wrap pin from A3-Al2. A logic zero is specified when a
jumper lead is installed.

17 16 15 14 12 11 9 8 6 5 3 2 1 0

. * AR l Al AI0 A9 | AB A7 A6 [ A5 A4 A3 |0/| 0/1_‘ OIIJ
" 1 s

L I i L L L

[N i U '\ e
60R7a 0-7 0-7 0-7g ‘T
*=DECODED BY PROCESSOR
ALL LOGIC "ONES"= BBS7 L REGISTER SELECT 0-4g

BYTE CONTROL
* = Decoded by processor-all logic ‘‘ones” = BBS7-L

Figure 5-36  Device Address Selection

5.9.2.3 Interrupt Control Logic—The interrupt. control provides the
circuits necessary to allow a program interrupt transaction between the
LSI-11 and device. Two interrupt channels (A and B) are available to
the user with channel A assigned the highest priority. Table 5-20 lists
and defines the user available signals associated with the interrupt con-
trol logic.

Table 5-20 Interrupt Control Logic Signals

Signal Function

RQST A H Interrupt Request A—Asserted by device logic and
sets the channel A Interrupt Request flip-flop when
the channel A Interrupt Enable flip-flop is set.

ENB DATA A H Interrupt Enable A Data—Asserted by device logic
and sets the channel A Interrupt Enable flip-flop
when the ENB CLK A signa[_vis asserted.

ENB CLK A Interrupt Enable A Clock—Asserted by device logic
to cause the channel A Interrupt Enable flip-flop to
be set when ENB DATA A signal is asserted.

ENB A ST H Interrupt Enable A Status—Indicates the status of
the channel A Interrupt Enable flip-flop.-
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.Table 5-20 Interrupt Control Logic Signals (Cont.)

Signal Function
RQST B H Interrupt Request B—Same as RQST A H signal
except controls channel B interrupts.

ENB DATA B H Interrupt Enable B Data—Same as ENB DATA A H
- signal except controls channel B interrupts.

ENB CLK B Interrupt Enable B Clock—Same as ENB CLK A
signal except controls channel B interrupts.

ENB B ST H Interrupt Enable B status—Same as ENB A ST H -
except controls channel B interrupts.

VECTOR H Interrupt Vector Gate—Used by device logic to gate
vector address onto the bus and to generate B
RPLY signal.

VEC RQST H Vector Request—Asserted by device logic to specify

that channel A vector address is required; negated
to specify channel B vector address is required.

INIT O L Initialize Out—Buffered B INIT L signal from bus
used for general initialization.

5.9.2.4 Vector Address and CSR Logic—The vector address logic is
used in conjunction with the interrupt control logic to generate a vector
address on bus lines BDAL OOL-BDAL 07. The vector address is specified
by the user and selected by installing jumper leads between wire wrap
pins on the M7948 module. The addresses available are from 000g to
374g. The vector address range can be increased from 000g to 774g with
additional logic and wiring. '

When the VECTOR H signal is asserted as a result of a device interrupt
request, the vector address is placed on the bus lines.

Wire wrap pins V3 through V7 are used to assign the vector address. A
jumper lead installed selects a logic ‘‘zero’’ address bit for its associated
line and no lead selects a logic ““‘one’’ address bit according to the for-
mat on Figure 5-37.

BDALL 07 06 05 B 02 00
l V7 Ve I V5 va v3|on s e
# L 1 1 1 1
C AN _J
0-34 0-7 0 OR 44

* = Preset by M7948 to 0 bit

Figure 5-37 'Vector Address Select Format

Bit BDAL 02 L can be connected to the device interrupt request signal
RQST A signal to specify a separate vector address for channel A and
channel B. :
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Status and control information can be multiplexed through the same
logic used to generate the vector address. Up to eight status and con-
trol bits can be assigned by the user and transferred to bus lines BDAL
00 L-BDAL 07 L. The information can be gated onto the bus lines using
a select level generated by the address decoding logic.

5.9.3 Component Mounting Area

5.9.3.1 General—Twelve vertical areas (A-L) are available on the
M7948 module for mounting integrated circuits or discrete components
as shown on Figure 5-32. Each area has a double row of wire wrap pins
that connect to an associated plated through hole located at 0.1 in.
(.254 cm) vertical spacing. Area A is for multi-use and is capable of
accepting IC’s with pin centers at 0.3 in. (.762 cm), 0.4 in. (1.01 cm)
or 0.6 in. (1.52 cm). Area K will also accept IC's with pin centers at 0.3
in. 0.4 in. All remaining areas will only accept IC's with pin centers at
0.3 in.

Table 5-21 lists the total number of IC's with 0.3 in. spacing that can
be mounted in the user areas of the module, A through L.

Table 5-21 IC MOUNTING

IC Type . Total Number
14-pin 60
16-pin 52
18-pin 44
20-pin 44

5.9.3.2 Connector Wire Wrap Pins—The 36 contact pins in row C and
D at the edge of the module connect to a double row of wire wrap pins.
These two rows are made available to the user for connecting signals
and voltages from the backplane to the user installed logic circuits.
The following pins of row C and D are normally dedicated to +5V and
GND.

The user can connect the power to the IC or components using the row
C and row D wire wrap pins.

+5V CA2, DA2

GND CJ1, CML, CT1
DJ1, DM1, DT1
cC2, DC2

5.9.3.3 Device Signals—Input and output data, status and control
signals can be transferred between the device and the DRV11-P module
using any one. of several cable assemblies listed on Table 5-21 and
available from DIGITAL. One end of each cable is terminated with a 40-
pin female connector which mates with the 40-pin male connector J1
mounted on the M7948 module. The pins of J1 connect to the user
installed logic through a series of wire wrap pins.
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IC MOUNTING AREA B

IC MOUNTING AREA C

[A]
3 IC MOUNTING AREA D
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) ) IC MOUNTING AREA E
Z
" [TEST_CONNECTOR PINS ]
_ (TEST CONNECTOR PINS ] IC MOUNTING AREA F
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IC MOUNTING AREA G
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® . IC MOUNTING AREA H
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IC MOUNTING AREA
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IC MOUNTING AREA L
[en ] [ e2 1 [ e ]
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Figure 5-38 DRV11-P Component Mounting Locations
Table 5-21 Recommended Cable Assemblies
Cable No. Connectors Type
BCO7A-XX  H856 toopen end 20-twisted pair - 10, 15, 25
BCO7D-XX H856 to open end 2, 20 conductor 10, 15, 25
ribbon
BCO8R-XX  H856 to H856 Shielded flat 1,6, 10, 12, 20,
. 25, 50, 75, 100
BCO4Z-XX  ‘H856 to open end Shielded flat 6, 10, 15, 25, 50
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CHAPTER 6

INSTALLATION

6.1 GENERAL

This chapter contains the basic considerations and requirements for
configuring and installing LSI-11 or PDP-11/03 systems. The following
paragraphs apply to both LSI-11 systems and PDP-11/03 systems, ex-
cept where clearly stated otherwise.

6.2 CONFIGURATION CHECKLIST

LSI-11 and PDP-11/03 systems comprise user-selected moedule options
‘as required for a particular application. .Each module may require
jumper alterations or switch settings to provide the correct addressing,
operation, etc., for the user’'s application. A module configuration check-
list for each module type is provided below. Detailed information for
configuring the modules can be obtalned by referring to the paragraphs
listed in the checklist.

KD11 Processor Jumpers
Power-up mode (Paragraph 5.2.2)
Memory enable (Paragraph 5.2.2)
Line time clock enable (Paragraph 5.2.2)
Resident memory 4K address selection and reply (KD11-F only)

MSV11-B 4K by 16 Random Access Memory Jumpers
Memory address (Paragraph 5.3.2)
Reply to refresh (Paragraph 5.3.3)

MMV11-A Core Memory 4K Address Selection
4K address select switches (Paragraph 5.4.2)

MRV11-A PROM/ROM Memory Jumpers
Memory address (Paragraph 5.5.3)
Reply signal (Paragraph 5.5.4)
512 by 4-bit or 256 by 4-bit PROMs (Paragraph 5.5.2)

DLV11 Serial Line Unit Jumpers
Device address (Paragraph 5.6.2.2)
Vector address (Paragraph 5.6.2.3)
Universal asynchronous receiver transmitter operation (Paragraph
5.6.2.4) N
Baud rate selection (Paragraph 5.6.2.5)
EIA interface (Paragraph 5.6.2.6)
20mA current loop interface (Paragraph 5.6.2.7)
Framing error halt (Paragraph 5.6.2.8)

DRV11 Parallel Line Unit Jumpers and Pulse Width Modification
Device address (Paragraph 5.7.2.2)
Vector address (Paragraph 5.7.2.3)
NEW DATA READY and DATA TRANSMITTED pulse width modifica-
tion (Paragraph 5.7.4.6)
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DRV11-B DMA Interface .
Device address-(Paragraph 5.8.3.2)
Vector address (Paragraph 5.8.3.3)

DRV11-P LSI-11 Bus Foundation Module
Device address (Paragraph 5.9.2.2)
Vector address (Paragraph 5.9.2.3)

The following checklist is for LSI-11 system configurations. It includes
items that are not contained on particular modules byt which must be
checked to ensure that the system is properly installed.

1. BDCOK, BPOK, BEVNT, and BHALT signals connected as required to
backplane assembly (Paragraph 11.7.6).

2. Modules inserted in backplane slots according to desired priority
(Paragraph 6.3).

3. Jumpers added to backplane when core memory (MMV11-A) is lo-
cated between processor and 1/0 device modules (Paragraph 6.3.3).

4. Correct cabling selected for 1/0 device modules (Paragraph 6.5).

5. Modules inserted in backplane slots with components facing in the
correct direction (Paragrapﬁh 6.4).

6. Correct power and ground inputs to backplane connector block (Para-
graphs 6.7.3 and 6.7.4).
a. Voltage and current requirements met
b. Correct terminal block power connections made
c. Proper ground connection

7. Environmental requirements met (Paragraph 6.7.5).

NOTE
Special cooling considerations might be required
if more than one core or PROM module, or a
combination of core and PROM modules, is im-
plemented on one H9270 backplane assembly.

6.3 DEVICE PRIORITY

6.3.1 General

Device priority-is established by the relative position of the device inter-
face module along the 1/0 bus in which the devices are installed. The
H9270 and DRV11-B backplanes are structured to allow the user to con-
figure device priority by installing modules in appropriate positions. The
PDP-11/03 includes one factory-installed H9270 backplane.

6.3.2 Priority Selection Using the H9270 Backplane

Figure 6-1 is a front view of the H9270 backplane, showing typical
module locations. The processor module should be installed in backplane
slots A1-D1. .

The LSI-11 bus structure includes. two daisy-chained signals: BIAKO
L/BIAKI L (for interrupts) and BDMGO L/BDMGI L (for DMA grant).
These signals normally propagate through option modules until they
reach the requesting device. Option 1, as shown in Figure 6-1, is the
first device location to receive the daisy-chained signals when the pro-
cessor module is installed in slots A1-D1. Hence, six options can be in-

6-2



stalled in the backplane. The PDP-11/03 is shipped with the processor
module installed in the backplane as shown in the figure. Do not relocate
the processor module to another location; a separate non-bused (jumper)
connection is provided on the backplane to this location for proper RUN
indicator ‘operation.

CAUTION
Do not configure the system with unused option locations in the back-
plane between the processor module and I/0 devices that require either
of the two daisy-chained signals; an unused location will break the daisy-
chain signal continuity, and devices in higher numbered locations will
not receive interrupt or DMA grant signals. Unused locations should
occur only in the highest numbered option locations.

Note that the daisy-chained BIAK and BDMG signals always follow in
increasing numbered option locations, as shown in the figure.

6.3.3 H9270 Backplane/MMV11-A Configuration

The MMV11-A position on the backplane should be carefully. considered
when configuring the system. The MMV11-A’s physical size is four times
. greater than other LSI-11 memory options, and it will require either two
or four device (or option) locations on thesbackplane, depending on
where it is located on the backplane. It is actually comprised .of two 8.5
by 10 in. modules that are mated in a single assembly. However, only
one module has fingers that plug into the backplane. Hence, if the
MMV11-A is installed in backplane row 4, the MMV11-A module not
having backplane fingers will be located below the backplane (where
“row 5" should be located) and rows 2 and 3 will be available for other
options. Thus, row 4 is the recommended location for the MMV11-A.

VIEW FROM MODULE SIDE OF BACKPLANE

A B c o
PROCESSOR (- PREFERR‘D LOCATION FOR
q OPTION 2 OPTION 1 2 FROCESS0R MODULE .
c / OPTION 3 OPTION 4 3
° OPTION & OPTION & 4

CONNECTOR a
BLOCK

Figure 6-1 Typical H9270 Backplane Configuration
—Processor and Option Locations

A;ERRED LOCATION FOR

MMV11-A CORE MEMORY.
cP-1759

If the MMV11-A is installed in row 2, as shown in Figure 6-2, row 3 will
also be occupied by.the MMV11-A; however, the portion of the assembly
in row 3 does not have backplane fingers. If any device modules are
to be installed in row 4, it is necessary to install jumpers on the back-
plane in order to complete the DMA and interrupt grant signal chain.
These jumpers (two required) should be wire wrapped between the
backplane pins listed below:

H9270 Backplane/MMV11-A Jumpers

From - To Signal
CO1N2 C04M2 BIAKI/LO
Co1s2 CO4R2 BDMGI/OL
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NOTE

These jumpers are required only if the MMV11-A

is installed in row 2.

6.3.4 DDV11-B Expanded Backplane Configuration

Device priority on the DDV11-B backplane is established in the same
manner as described for the H9270 backplane. However, larger physi-
cal size allows up to 16 options (including a bus terminator module) to
be installed on the backplane. Device (option) locations are shown in
Figure 6-3. The highest priority location is Option 1; the lowest priority

location is option 16.

D c

PROCESSOR

MMV11-A CORE

DEVICE

DEVICE

MODULE SIDE

" NoTE:
This is not o preferred configuration, for the preferred
configuration, refer to figure 11 ~1.

Figure 6-2 H9270 Backplane/MMV11-A Core

VIEW FROM MODULE SIDE OF BACKPLANE

PREFERRED LOCATION FOR
PROCESSOR MODULE

A B c D £ F
( R PROCESSOR

OPTION 2 OPTION 1
OPTION 3 OPTION 4
OPTION 6 OPTION 5
TERMINAL OPTION 7 OPTION 8
BLock OPTION 10 OPTION 9
OPTION 11 OPTION 12
OPTION 14 OPTION 13
L OPTION 15 OPTION 16

USER DEFINED

SLOTS

~ ROW

cP-1760

a8 w N

N o u

Figure 6-3 Typical DDV11-B Backplane Configuration—
Processor and Option Locations
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F T I CHN

MODULE SIDE
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Figure 6-4 Module Installation in the H9270 Backplane

When using the MMV11-A core memory on the DDV11-B backplane, use
the lowest priority option locations for the MMV11-A. Memory options,
including core and semiconductor, are not priority dependent. If this
procedure is followed, it will not be necessary to install BIAKI/O and
BDMGI/O jumpers as described in paragraph 6.3.3. However, if the
MMV11-A is installed between the processor module and any device
requiring interrupt or DMA service, the jumpers must be installed.

When more than six options are installed on the backplane, a bus ter-
mination module is required. The TEV11 bus terminator module option
is normally used for this purpose. Install the TEV11 in the last location
(option 16 in Figure 6-3). )

NOTE
This configuration is similar to the ‘interme-
diate configuration’”” shown in Figure 3-11. The
bus must be terminated as specified in para-
graph 3.13 for minimum and intermediate con-
figurations.

The REV11-A terminator, DMA refresh, bootstrap ROM option can be
used as the bus termination instead of the TEV11. However, this option
requires DMA service and must be installed as directed in paragraphs
6.8. Improper REV11-A installation can result in improper memory re-
fresh operation; loss of semiconductor memory contents may result.

6.4 MODULE INSERTION AND REMOVAL

Modules must be installed or removed only when dc power is removed
from the backplane. The PDP-11/03 contains a control/indicator panel
on the front of the power supply; the DC ON/OFF switch allows the user
to turn off dc power for safe module insertion and removal.

Modules must be installed in the backplane with components facing row
1, as shown in Figure 6-4.

Certain modules are equipped with metal handles that facilitate module
installation and removal. These modules include the KD11-F and KD11-J
processor modules, the MMV11-A core memory unit, the DRV11-B DMA
interface, and the DRV11-P LSI-11 bus foundation module. When in-
stalling a module equipped with the metal handles into the H9270
backplane (or the DDV11-B backplane equipped with the H0341 card
' cage assembly), carefully start the module. fingers into the backplane
connector block while inserting the metal handle fingers into the card

6-5



cage as shown in Figure 6-5. Once the module has been started into the
backplane in this manner, insertion can be completed by pressing down-
ward on the handies; both handles must be pressed simultaneously.
Module removal can be accomplished by simultaneously raising both
handles until the handle fingers clear the card cage. The module can
then be easily removed.

HANDLE ' METAL -
FINGERS . HANDLE

W — 1 7

INSTALLi )REMOVE

MODULE

MODULE
FINGERS

BACKPLANE
CONNECTOR
BLOCK

Figure 6-5 Module Insertion Using Metal Handles

CAUTION
The LSI-11 modules and the backplane assembly
mounting blocks may be damaged if the mod-
ules are plugged. in backward.

DC power must be removed from the backplane
during module insertion or removal.

6.5 1/0 CABLING
Recommended 1/0 cable options for use with the DLV11 serial line unit
and DRV11 parallel line unit are listed below:

DLV11 Serial Line Unit Cable*
20 mA Current Loop BCO5M-X
EIA Interface BCO5C-X
DRV11 Parallel Line Unit Cable*
Data Cable— ' : BCO7D-X

Two data cables (input data and output
data) are required. Available in lengths
of 10, 15, and 25 ft. Can be cut and -
terminated at the user's device.

Maintenance Cable— ) "BCO8R-X
One maintenance cable is required for
certain diagnostic tests.

DRV11-B Parallel Line Unit Cable*
Two data cables (input and output data) BC04Z-X
are required.

*The -X in the cable number denotes length in feet, as follows: -1, -6, -10, -20, -25.
For example, a 10ft EIA interface cable would be ordered as BCO5C-10.
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6.6 PDP-11/03 INSTALLATION PROCEDURE

6.6.1 Packaging and Mounting

The PDP-11/03 is packaged as shown in Figure 2-5. It is desngned with
a removable front panel. Removing the front panel exposes the LSI
modules and cables. This enables replacement or installation of a mod-
ule from the front of the PDP-11/03. The 11/03 power supply is located
on the right-hand side of the PDP-11/03 when viewed from the front.
The power supply contains three front panel switches and indicators that
are accessible through a cutout in the front panel. Therefore, when the
front panel is removed, the lights and switches are still attached and
functional.

The PDP-11/03 is designed to mount in a standard 19 in. cabinet (Figure
2-6). A standard 19 in. cabinet has two rows of mounting holes in the
front, spaced 183 in. apart. The holes are located 14 in. or 54 in. apart.
Standard front panel increments are 13/ in.

6.6.2 Power Requirements
Input (primary) power requirements are listed in Paragraph 2.3.2.

An appropriate power cable and plug is supplied with all PDP-11/03
models. Note that a ground wire (and ground pin on the plug) must be
connected to the normal service ground to ensure safe operation.” Do
not cut or remove the ground pin.

.The H780 power supply provides the required dc power for the back-
plane in the PDP-11/03 enclosure. Typical dc power requirements will
range from 33 to 120 W (max). In addition, the power supply generates
the necessary BPOK H and .BDCOK H power supply status signals, dis-
plays the RUN and DC status, and contains the ENABLE/HALT, DC
ON/OFF, and LTC ON/OFF control switches.

Before attempting to operate the system, ensure that the system is con-
figured as previously described in this chapter, and that environmental
requirements are met.

6.6.3 Environmental Requirements

The PDP-11/03 will' operate at temperatures of 41° to 104° F (5° to
40° C) with a relative humidity of 10 to 90 percent (no condensation),
with adequate air flow across the modules. The fans in the H780 power
supply will provide adequate air flow within the specified temperature
range.

6.7 LSI-11 SYSTEM INSTALLATION

6.7.1 General

When installing the LSI-11 system, the user must mount the backplane;
provide dc operating power, ground, and externally generated bus sig-
nals; and observe system environmental requirements. The following
paragraphs describe the above items in detail.

6.7.2 Mounting the Backplane

The H9270 backplane (Figure 2-1) is designed to accept the KD11-F or
KD11-J microcomputer and up to six 1/0 interface or memory modules.
Mounting of the H9270 backplane can be accomplished in any one of
three planes, as shown in Figure 2-3.
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The DDV11-B backplane (Figure 2-4) is designed to accept the KD11-F
or KD11-J microcomputer and up to 15 1/0 interface or memory mod-
ules, and one bus terminator module. Mounting dimensions for the
DDV11-B are provided in the figure. The optional HO341 card cage as-
sembly can be installed on the backplane; special mountmg holes (not
shown) are provided for that purpose.

6.7.3 DC Power Connections

6.7.3.1 Voltage and Current Requirements—A power supply for a single
H9270 backplane LSI-11 system should have the following capacnty

45V *59, load; 0—18 A static/dynamic

+12 V £39, load; 0—2.5 A static/dynamic

+5 ripple: less than 19, of nominal voltage

+12 ripple: less than 150 mV pp (frequency 5 kHz)

NOTE
Regulation at the H9270 backplane must be
maintained to the specifications listed above.

A power supply for a DDV11-B, or a multiple-backplane system using.
H9270 -backplanes should have the same voltage regulation and ripple
specifications as listed for the single H9270 backplane. However, it will
be necessary to calculate the actual power requirements, based on in-
dividual power requirements for modules used in the system. Refer to
Table 2-1 for this information.

6.7.3.2 Backplane Power Connections—Perform the following steps to
connect power to the H9270 backplane (Figure 6-6):

1. Select wire size. (14 gauge is recommended.) Consider load current
and distance between the power supply and backplane.

2. For a standard system, connect the applicable wires to the H9270
connector block per Table 11-1.
For battery backup, remove the jumper between {5V and +5B and
connect the applicable wires to the H9270 connector block per Table
11-2.

3. Connect the ground terminals at the power sources.

4. 1t is recommended that the backplane frame/casting be electrically
connected to system/power supply ground.

SIDE 2

cP-1762

Figure 6-6 H9270 Backplane Terminal Block
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Table 6-1 H9270 Backplane Standard Power Connections

Power Source H9270 Connector Block
(From) (To)
+12v +12v
+5vV . +5V :} Factory
+-5B Connected
GND GND } Factory
GND GND Connected
—12v —12v (This voltage is not required. The

connection is available for cus-
tom interfaces.)

Table 6-2 H9270 Backplane Battery Backup Power Connections

Power Source H9270 Connector Block
(From) (To)

+12Vv +12v
+5V (System Power) +5V Remove Factory
+5B (Battery Backup) +5B Connection
GND GND Factory >
GND GND Connected
—12v . —12vVv (This voltage is not required. The

connection is available for cus-
tom interfaces.)

Power connections to the DDV11-B backplane are accomplished in the
same manner as described for the H9270. The DDV11-B backplane ter-
minal block power connections are located as shown in Figure 6-7.

A - B C

D E F

[®] +12v
(@] +5v
® | +5V
®]+58
® | GND
® | GNnD

[®] -12v

N o 0 2w N =

/
BPOK
BDCOK | SIGNAL
BHALT CONNECTIONS
BEVNT ( (IDENTIFIED ON
GND BACKPLANE)
SRUN

Figure 6-7 DDV11-B Backplane Terminal Block
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6.7.4 Backplane Ground Connection

Connect the backplane ground wire to system (or frame) ground in
which backplane is installed. The ground terminal is located as shown
in Figures 6-6 and 6-7. ’

6.7.5 Environmental Requwements

All LSI-11 modules will operate at temperatures of 41° to 122° F (5° to
50° C) with a relative humidity of 10 to 90 percent (no condensation),
with adequate air flow across the modules. When operating at the maxi-
mum temperature (122° F or 50° C), air flow must maintain the inlet to
outlet air temperature rise to 12.5° F (7° C) maximum. Air flow should
be directed across the modules as shown in Figure 6-8.

6.7.6 Externally Generated Bus Signals

6.7.6.1 General—Externally generated bus signals include BDCOK H
and BPOK H power status, BEVNT L (line time clock) (if required), and
BHALT L (if desired). The signals are applied to the H9270 backplane
via a connector ‘and an optional mating connector as shown in Figure
6-9. The signals must conform to LSI-11 bus specifications described in
Chapter 3. Connections made to the backplane via the ribbon cable
shown in the figure must not exceed 12 inches in length. The DDV11-B
includes signal connection pins in the same connector configuration. They
are located as shown in Figure 6-7. Each signal is discussed in the fol-
lowing paragraphs.

6.7.6.2 BDCOK H and BPOK H—Correct sequencing of the BDCOK H
and BPOK H signals is most necessary when the LSI-11 system contains
core memory. (Core memory is supplied with the KD11-J LSI-11 pro-
cessor and MMV11-A core memory option.) Proper sequencing of the
power signals will allow power-up and power-down sequencing without
loss of memory data. In addition, a power fail routine can be pro-
grammed that will save the contents of CPU registers during power
down, and automatically restore CPU registers and restart the inter-
rupted program (if desired) during the power-up sequence.

Since the 4K semiconductor memory used on the KD11-F processor and
MSV11-B option is volatile (data is lost during absence of power), proper
sequencing of power signals during power-down is not required; how-
ever, all systems can benefit through the use of proper power signal
sequencing to bring the processor to an orderly Halt during power off/
fail. This is important when the LSI-11 system is used in control appli-
cations that require an orderly Halt. Proper sequencing of the signals
is not required during power-up if .a manually operated INITIALIZE
switch is installed (Figure 6-10). If automatic initialization, or the or-
derly Halt is required, use the power signal generation circuit shown
for core memory applications (Figure 6-11). Otherwise, use the simple
initialization circuit described for non-core (MOS memory) systems.

NOTE
A switch bounce eliminator must be used with
the manual BDCOK switch shown in Figure 6-10.

If the manual method of applying. BDCOK H is
selected, contents of semiconductor read/write
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memory may be lost when the BDCOK switch is
depressed.

It is not necessary to negate the BPOK H signal
when manually initializing the processor. BPOK
H may be left unconnected.

The switch may be placed in the BDCOK ON
position only when +5 V and +12 V supply
voltages are applied to the backplane. Place the
switch in the INITIALIZE position during power
down or power up.

AIR
OUTLET

cP-1764

Figure 6-8 H9270 Backplane Air Flow
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MATING CONNECTOR DEC PART. No.12-11206-02
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Figure 6-9 H9270 Backplane ‘Signal Connections
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Figure 6-10 INITIALIZE Switch Circuit

Figure 6-11 shows the circuit for the generation of the power sequence
signals for the LSI-11 system. The circuit can be constructed by the user
from standard, off-the-shelf components and incorporated into the LSI-11
system. Operating power for the power signal generation circuit is de-
rived from the ac power line by means of a 28 Vac step-down transformer.
The rectified secondary is applied to two three-terminal regulators. The
7805 regulator produces regulated -+5-V, while the 320 regulator pro-
duces regulated —5 V for the power signal generation circuits. Circuit
operation is described in the following paragraphs.

NOTES
1. R-C valves shown are nominal for the delay
times shown. Trim valves to produce the de-
lay times shown.
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2. Adjust resistance to just maintain the retrig-
gered state with normal ac input. Sufficient
range is provided for 50Hz or 60Hz opera-
tion.

3. Use a transformer with an appropriate pri-
mary circuit for 115 V or 230 V operation.
Secondary voltage/current should be 28 V,
0.250 A (nominal).

4. All resistors are 14, W.

Power Up—During the power-up sequence, ac voltage from the trans-
former secondary is applied to a Schmitt trigger circuit (Q1 and Q2).
The Schmitt trigger squares the ac sine wave and drives level converter
Q3. Q3's output is a TTL-compatible signal. This square wave signal is
applied directly to one input of an exclusive-OR gate, and to the second
input of the exclusive-OR gate via a 5 us delay circuit. This gating of the
square wave produces a 5 x pulse on each transition of the square wave
at a rate of 120 or 100 pps (two times the line frequency). The pulse
triggers the 10 ms one-shot and its output goes high. Successive pulses
normally retrigger the one-shot and its output remains high.

During the power-up sequence, 4+5 V SEN and +12 V SEN (voltage
sense) signals rise to voltage levels that cause voltage comparators A
and B to produce high outputs. The comparator outputs are connected
together and applied to one input of gate A. The remaining input of gate
A is enabled by the high one-shot output signal that is applied (but not
delayed) via driver B and the 3 ms delay circuit. Gate A’s output goes
high. This signal is then delayed 4 ms and inverted, producing a low
signal that is applied to the non-inverting input of comparator C and
~driver C. Comparator C’s output goes low, turning off Q4 and producing
an active BDCOK H signal 4 ms (minimum) after ac power is applied.

Driver C's output goes high enabling gate B. The remaining gate B input
is enabled by the high one-shot output signal. Gate B’s high output
signal is delayed 70 ms and inverted, producing a low signal that is ap-
plied to the non-inverting input of comparator D. Comparator D’s output
signal goes low, turning off Q5, and producing the active BPOK H signal
70 ms after the active BDCOK H signal. With both signals in the active
(high) state, normal system operation can proceed.

Note that the one-shot circuit includes a 10K potentiometer. The poten-
tiometer allows for adjustment of the nominal 10 ms delay over an
appropriate range for 50-Hz or 60-Hz line operation. It is adjusted to a
point where the one-shot normally remains retriggered for the 10 ms
(50-Hz line) or 8.34 ms (60-Hz line) period between ac line transitions.

Power Down—When an ac power failure occurs, the trigger pulses to the
one-shot cease, and the one-shot times out. Its output goes low, in-
hibiting gate B and gate A (via driver B). Gate B’s output goes low; this
low signal is inverted, but not delayed, by the 70 ms delay circuit, and
the resulting high signal is applied to the non-inverting input of com-
parator D. Comparator D's output goes high, turning on Q5, and negating
BPOK H. Meanwhile, the high driver B output signal is dela)fed 3 ms
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and inverted. The resulting low signal inhibits gate A causing its output
signal to go low. The low signal is inverted (but not delayed) by the 4
ms delay circuit and applied to the non-inverting input of comparator C.
Comparator C's output goes high, turning on Q4 and negating the
BDCOK H signal 3 ms after BPOK H becomes negated.

A feature of the power signal generation circuit shown in Figure 6-11 is
the line time clock (LTC) output BEVNT L signal. This signal is pro-
duced by Q3's square wave output signal at the 60-Hz or 50-Hz line
frequency. Its use in the LSI-11 system is optional; however, if it is used,
the circuit described in Paragraph 6.7.6.3 should not be used.

The BEVNT L, BDCOK H, and BPOK H signals produced by the power
signal generation circuit are connected to the LSI-11 backplane by
means of the nine male pins on the backplane. A mating female nine-pin
connector (DIGITAL part no. 12-11206-02, or 3M part no. 3473-3) should
be used to connect the power signals to the backplane.

6.7.6.3 BEVNT L Signal—The BEVNT L signal input to the backplane
is the external event interrupt. Asserting the BEVNT L signal initiates the
LTC (line time clock) interrupt on the processor. The processor will trap
through location 100, if PS bit 7 = 0. A typical circuit for generating

BEVNT L is shown in Figure 6-12.

FREQ = AC PWR
LINE FREQ.
INPUT
FREQ. |
SOURCE 7413
888t BEVNT L
CP-2040

Figure 6-12 BEVNT Signal

6.7.6.4 BHALT L Signal—Manual control of the Halt mode can be ob-
tained by.connecting a BHALT L signal line to the backplane printed
circuit board. The BHALT L signal level should meet bus specifications
described in Paragraph 3.12.

When in the Halt mode, user program execution is not performed and
the processor executes ODT console microcode. However, the processor
will execute memory refresh in a normal manner and respond to DMA
requests, even when BHALT is asserted; all device and LTC interrupt
requests are ignored.

6.8 USING LSI-11 BUS ACCESSORY OPTIONS

6.8.1 General

Several LSI-11 bus accessory options are available for bus expansion,
.bus termination, DMA refresh, bootstrap ROM, and combinations of the
preceding. The options can be used in both LSI-11 and PDP-11/03 ap-
plications. A summary of the options is provided in Table 6-3.
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Table 6-3 LSI-11 Bus Options -

Option No. Includes System Functions

REV11-A M9400-YA Module 120 @ bus terminator, DMA refresh,
bootstrap ROM.

REV11-C M9400-YC Module DMA refresh, bootstrap ROM.

TEV11 M9400-YB Module 120 @ bus terminator.

BCV1B-XX Two BCO5L-XX Bus expansion: 250 Q terminator
cables, one (M9400-YE), two expansion cables,
M9400-YE module, backplane connector (M9401). Nor-
and one M9401 mally used for expansion from first
module. to second backplane in 2 or 3 back-

plane systems.
NOTE

The -XX in BCV1A-XX and BCV1B-XX options de-
notes cable lengths. Options are available with
cable lengths of 2, 4, 6, and 10 ft. For example,
a BCV1A-06 includes two 6-ft cables.

BCV1A-XX  Two BCO5L-XX Bus expansion: two expansion ca-
cables, one bles and two backplane connector
M9400-YD module, modules (M9400-YD and M9401).
and one M9401 Normally used for expansion from
module. second to third backplane in three-

backplane systems. (A TEV11 120 @
terminator must be installed in the
last device slot in backplane 3.)

NOTE

BCV1A-XX and BCV1B-XX options, when used in
a three backplane system, should be ordered
with a 4 ft (minimum) cable length difference.
For example, a BCV1A-02 and BCV1B-06 com-
prise a three-backplane set. The difference in
length will locate signal transients (if present)
to occur on the cables, rather than on one of
the backplanes.

6.8.2 Using the REV11-A
6.8.2.1 Installation—The REV11-A is normally factory-installed in a
system backplane as part of a complete system. However, if the module
is removed for service or system modifications, it must be properly in-
stalled to ensure proper system operation. Items to be considered when
installing the REV11-A are:

1. Jumpers (M9400-YA and processor module)
2. Module location on backplane

CAUTION
The use of other DMA devices that are installed
on the 1/0 bus between the REV11-A and the
processor module will likely result in ineffective
DMA refresh and loss of memory data. When
DMA devices are to be used in addition to the
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REV11 option, use the REV11-C (no termination
resistors) and the TEV11; install the REV11-C
as the highest priority DMA device and the
TEV11 as the 120 @ bus termination in the last
option location.

Jumpers—Three jumpers are normally installed on the M9400-YA mod-
ule, as shown in Figure 6-13. Jumpers W2 and/or W4 can be removed
to alter REV11-A operation as follows:

Normal Altered
Jumper (Installed) Function (Removed) Function
w2 DMA refresh enabled DMA refresh disabled
w4 Bootstrap ROM enabled Bootstrap ROM disabled

Module Location on Backplane—The REV11-A is used in two or three
backplane configurations that require a 120 © bus termination in the last
option location on the 1/0 bus. The REV11-A must not be used in system
applications that use other DMA devices on the 1/0 bus, since those de-
vices would have higher priority. Do not allow any option locations be-
tween the M9400-YA and the processor module to remain unoccupied;
- option locations must be occupied in order to pass the processor’s
daisy-chained BDMGI/O L signal to the M9400-YA module. Hence, the
module should be located in the last available” option location on the
last (second or third) backplane.

6.8.2.2 Operation—Bootstrap ROM programs included in this option
. are used as described in Section |l, Chapter 3.

6.8.3 Using the REV11-C

The REV11-C is identical to the REV11-A except the bus termination func-
tion is not included. This option should be installed as the first (highest
priority) DMA device in the system. As supplied from the factory, the
bootstrap ROM and DMA refresh functions are implemented. If desired,
one of the functions can be disabled by removing a jumper, as directed
for the REV11-A option (paragraph 6.8.2.1).

6.8.4 Using the TEV11

The TEV11 is a 120 Q@ terminator module that is used in LSI-11 multiple
backplane assemblies. Install the TEV11 in the last available location in
the last (second or third) backplane.

6.8.5 Using the BCV1B

The BCV1B option includes two BCO5L cables, one M9400-YE module,
and one M9401 module. This option is always used to connect the first
backplane to a second backplane in multiple backplane systems.

Install the M9400-YE module in the last location in the first backplane,
slots A4, B4. Ensure that all option slots in the first backplane are oc-
cupied. This is necessary to ensure that daisy-chained BIAK and BDMG
signals will be applied to the last option in the backplane (M9400-YE
module). Install the M9401 module in the first option slot (Al, B1) of
the second backplane. Install the two BCO5L cables between the M9400-
YE and M9401 modules. Note that J1 on each module are connected by
the same cable; similarly, J2 on each module are connected by the
second cable.
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Figure 6-13 REV11-A, -C, Jumpers

The completed installation for a two backplane system using the BCV1B
option-is shown in Figure 6-14. A 120 @ bus termination is required in
the last option slot in the second backplane in a two backplane con-
figuration. This function is normally provided by the TEV11 option,
previously described.

6.8.6 Using the BCV1A

The BCV1A option includes two BCO5L cables, one M9400-YD module,
and one M9401 module. This option is always used to connect the
second backplane to the third backplane in a three backplane system.
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EXPANSION
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AYYB C D

CABLE CONNECTOR (1) OPTION 6
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SECOND
BACKPLANE
OPTION 9 OPTION 10

120 Q TERMINATOR/
CABLE CONNECTOR (2)

OPTION 11

Notes:
1. Included in BCV 1B bus expansion option. (Cables are available
in 2, 4,6, or 12 ft. lengths.)

2. Included in TEV11 bus terminator option.

CP-2047

Figure 6-14 BCV1B Installation

Install the M9400-YD module in the last option location in the second
backplane, slots A4, B4. Observe that all option slots in the first and
second backplanes are occupied. This is necessary to ensure that daisy-
chained BIAK and BDMG signals will be applied to the last option slot
in the second backplane, in which the M9400-YD is installed. Install the
M9401 module in the first option slot (Al, B1) in the third backplane.
Install the two BCO5L cables between the M9400-YD and M9401
modules. J1 on each module are connected by the same cable. Similarly,
J2 on each module are connected by the second cable.

The completed installation for a three backplane system using the BCV1A
option is shown in Figure 6-15. In addition to this option, the BCV1B
option is required to connect the first backplane to the second back-
plane, a 120 @ bus termination is required in the last option slot in the
third backplane. The 120 @ bus termination function is normally pro-
vided by the TEV11 option, as previously described.

6.9 USING BA1l-ME AND BAl1l-MF EXPANSION BOXES

Install the BA11-ME (115 v, 60 Hz) or BA11-MF (230 v, 50 Hz) expansion
box into a rack using the procedure described for the PDP-11/03 (Para-
graph 6.6.1). When using an expansion box to expand from a single to
a dual backplane system, the BCV1B bus expansion option and TEV11
bus terminator options must be used. Install the BCV1B modules and
cables as shown in Figure 6-16. The TEV11 can be installed in option
location ‘8" in the expander box. Carefully fold excess cable as shown
in the figure. Refer to Paragraphs 6.8.4 and 6.8.5 for proper installation
of the BCV1B and TEV11 options.
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Notes:
1.

»

A ’ B c

D

4————————— PROCESSOR MODULE —————r-tp

OPTION 2 OPTION 1
OPTION 3 OPTION 4
250 2 TERMINATOR/
CABLE CONNECTOR (1) OPTIONS
EXPANSION
CABLES (1)
» T Y s c 0
CABLE CONNECTOR (1) OPTION 6
OPTION 8 OPTION 7
OPTION 9 OPTION 10
CABLE CONNECTOR (2) OPTION 11
EXPANSION
CABLES (2)
» T Y ® : o
CABLE CONNECTOR (2) OPTION 12
OPTION 14 OPTION 13
OPTION 15 OPTION 16 (4)
4 120 2 TERMINATION (3) OPTION 17 (4)

Included in BCV1B bus expansion option. (Cables are available
in2,4,6,or 12 ft. lengths.)

. Included in BCV 1A bus expansion option. {Cables are available

in2,4,6, or 12 ft. lengths.)

. Included in TEV11 bus terminator option.

The LSI11 Bus is restricted to 15 options, maximum. These
option slots would only be used when previous option(s)
occupy more than 1 option location.

. BCV1A and BCV1B expansion cables must differ in length

by four feet (minimum).

Figure 6-15 BCV1A Installation
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When expanding from a second to a third backplane, the BCV1B bus ex-
pansion option is required, in addition to the items required for expan-
sion to the second backplane. The BCVIA installation is described in
Paragraph 6.8.6. Note that the TEV11 is installed in the third backplane
(second expansion box).

NOTE
BCV1A and BCV1B cables must differ in length
by four feet (minimum).

SYSTEM

'BACKPLANE M9400YE
\
] 2 \\
4 3 \
¥.9400YE 5 6 \
—]
7
BCOSL-06
2 —— (2 CABLES)
i 3 £
M$401 3 " /
s 7 /

/
FRONT SIDE \wm,ﬂ/ / FRONT siDE
80X

M9401

Figure 6-16 BA11 Expansion Box
interconnections (two-backplane system)
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CHAPTER 7

USING PROMs

7.1 GENERAL
This chapter contains specific instructions for programming, loading, and
installing PROMs for use in the MRV11-AA module. MRV11-AC PROMs
and user-supplied 512 X 4 or 256 X 4 PROMs are covered in the follow-
ing paragraphs.

7.2 PROM TYPES

Basically, two general types of PROMs can be used in the MRV11-AA
module: 512 x 4 bit, and 256 X 4 bit. The MRV11-AA module contains
sockets for installation of up to 32 PROMs. Only the types listed in this
chapter are recommended; the particular pinning and 1/0 levels for the
devices listed are fully compatible with MRV11-AA addressing and data
interface. Note that PROMs are always used in multiples of four, com-
prising the 16-bit LSI-11 word format. Hence, a minimum configuration
of four PROM chips will comprise either a 256 X 16 or 512 X 16 read-
only memory function. Recommended types are listed in Table 7-1.

Table 7-1 MRV11-AA PROM Types

Manufacturer 512 4-Bit 256 4-Bit
er Source Chips Chips
Digital Equipment Corp. MRV11-AC —
Intersil IM5624 IM5623
Signetics 82S131 825129
MMI 6306 6301
NOTE

Refer to PROM chip manufacturer’s instructions
for actual blasting procedure and recommended
equipment.

7.3 PROGRAMMING NOTES
Generally, programs or data that can be read from read/write memory
can also be read from PROMs. However, special care is required when
using the MTPS-instruction and KEV11l-option EIS instructions. These
instructions are listed below:

Mnemonic Octal Code Instruction

MTPS 1064SS Move byte to PS

MUL 070RSS Multiply

DIV 071RSS Divide

ASH 072RSS Shift arithmetically
ASHC 073RSS Arithmetic shift combined
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These instructions, when executed on an LSI-11 processor (or PDP-
11/03 system), fetch source operands via the DATIO bus cycle, rather
than the DATI bus cycle. Hence, fetching a source operand from a PROM
or ROM location will result in a bus error (time-out) because the pro-
cessor will attempt to write into the addressed location after fetching
the operand.

This potential problem can be avoided when writing the program by
simply including a separate MOVe instruction. First, MOVe the source
operand from the PROM or ROM location to a general register or a lo-
cation in read/write memory. The MTPS or appropriate EIS installation
is then executed using the general register and read/write memory loca-
tion as the source operand.

Two examples are shown below using general register R4 and memory
location TEMP as the source operand:

1. Using a general register:

_MOV NEWPS, R4;  move source operand from PROM to temporary
(general) register.

MTPS R4; move NEWPS to PS.
2. Using a temporary read/write memory location:

MOV CONS, TEMP; move source operand from PROM to temporary
location in read/write memory.

MUL R1, TEMP; multiply the contents of R1 by the CONStant
in TEMP.

When programming PROMs for use as an RT-11 bootstrap, use 256 x 4
PROMs instead of 512 x 4 PROMs. This will allow the MRV11-AA ad-
dress to be configured in the 173000-173776 range. Processor module
power-up mode 2 can then be used for automatically bootstrapping
RT-11 during system turn-on. Avoid using 512 x 4 PROMs in this ap-

" plication. If 512 X 4 PROMs are used, the MRV11-AA will respond in the
172000-173776 address range and the RT-11 Editor (EDIT.SAV) cannot
run properly. This problem exists because the Editor tests for a periph-
eral device (the VT11) in the 172000-172776 address range. The prob-
lem can be avoided by using 256 X 4 PROMs, as described.

SYMBOLIC
CMPB (R3),—(R3)
CODE SEGMENT OR
CHIP NO.
- 4 3 2 1 ’——-I
——t—
MACHINE (S e
121343 01 000 10 1 | o 0 0 1 | PINS
CODE * ; ‘
H 12
L L |. L "
H H L H 10
L > H L H 9

11-3854
Figure 7-1 Data Format
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7.4 LOADING PROMs

7.4.1 General

Loading (blasting, burning, or programming) PROMs is the process
where the binary information is permanently stored in the PROM chip
locations. This is a destructive process that must be carefully executed
as directed by the appropriate PROM chip manufacturer’s instructions.

7.4.2 Word Format

Each PROM word, when read by the LSI-11 processor, is stored in four
4-bit slices in four separate PROM .chips. Each word is simultaneously
addressed and produces its respective 4-bit portion of the 16-bit word
that is read. For example, consider the CMPB instruction shown in
Figure 7-1. Its machine code, using the addressing modes shown, is
121343, or 1010001011100011,. The binary bits are stored in chips
numbered from 1 to 4. Chip output pins, as indicated, will yield the read
data bits for this instruction when addressed.

Since the word format is contained in four 4-bit slices (one slice in each
PROM chip), the user must load each PROM chip with successive mem-
ory locations, but dedicated to one 4-bit slice. This information can be
generated manually—an error-prone, time-consuming process—or it can
be generated automatically using the optional QJV11 ROM program
software, described later. :

7.4.3 Addressing

PROM chips, when installed in the MRV11-AA module, are addressed by
low-active address bits. When'loading PROMs, the user must be careful
that the correct addressing technique is used. An example of this ad-
dressing technique, relative to PROM chip pins, is provided in Table 7-2.
Note that 256 X 4 bit and 512 X 4 bit PROMs are addressed in exactly
the same manner, except for pin 14 which is A8 in the 512 X 4 bit part,
and CE in the 256 x 4 bit part. Also note that LSI-11 bus address bit
0 (DALO L) is not used in this application since all read operations are
16-bit word bus transfers.

The optional QJV11 ROM programmer software addresses PROM chips
in the manner described herein.

The MRV11-AA address word format for 512 X 4 and 256 X 4 PROM
applications is shown in Figure 7-2. Note the BDALO is not used in the
address word format; BDAL1 corresponds to PROM chip address bit AO.
The 4K bank select bits and 2K segment select bit (256 x 4 PROM
applications only) are jumper-configured on the MRV11-AA module.

7.5 PROM FORMATTING USING THE QJV11l PROGRAM

7.5.1 General

The QJV11 PROM formatter program is a software option that greatly
reduces the work required for coding binary patterns for individual PROM
chips. Input to the program is object tapes punched in absolute loader
format. It will produce and verify PROM tapes and listings for 256 X 4
bit and 512 X 4 bit PROMs for use in the MRV11-AA, and PROM chips
in other configurations for special user applications.
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Table 7-2 PROM Chip Addressing

Address* 8 7 6 5 4 3 2 1 «Address. (DAL) Bits

Octal Binary 141 2 3 4 7 6 5 «<PROM Chip Pins

0 000000000 H HHHHUHUHH

2 000000010 H HHHUHHUHIL

4 000000100 H HHHUHUHTLH

6 000000110 H HHHHHLL

10 000001000 H HHWHUHTLHH Actual

12 000001010 H HH H-H L H L L° ua

14 000001100 HHHHUHTLTLH L°g'°1

16 000001110 H HHHHLLL R‘:‘;iisre d

20 000010000 HHHUHTLUHUHH (256.. Locations)
774 111111100 L L L L L L H
776 111111110 L L L L

*Address bit O is not used, ‘hence, only even-numbered addresses are
shown. :

SOk 15 14 13 12 1110

09 08 01 00
512 x4
—‘ | l —[ —| PROM

_—s

PROM SET NO " 512 x 4
(CE NO) PROM ADDRESS BITS
4K
BANK
SELECT
PROM SET NO 256 x4
(CE NO PROM ADDRESS BITS
256 x4
PROM

_._.

1_ 2k secMeNT
SELECT BIT

11-3853

Figure '7-2 MRV11-AA Address Word Format

7.5.2 Loading QJV11

QJV11 is supplied on punched paper tape in absolute loader format.
Load the program using the Absolute Loader program (DEC-11-UABLB-
A-PO) or the REV11-A or REV11-C AL (absolute loader) command.

Hardware requirements include 8K read/write memory (minimum), and
either a high-speed paper tape reader (CSR address — 177550) or a
low-speed reader (Teletype®) used as the console terminal (CSR address
= 177560). A procedure for loading QJV11 is shown in Figure 7-3. If
problems are encountered, refer to the more detailed paper tape system
operating instructions contained in Section I, Chapter 4. QJV11 is self-

® Teletype is a registered trademark of Teletype Corporation.
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starting; when it has been correctly loaded the program automatically
starts and the initial méssage shown in Figure 7-4 is displayed. QJV11
is now ready to receive specific input parameters.

7.5.3 Entering Parameters

QJV11 requires certain inputs that must be supplied for each PROM
loading session. The dialogue between the QJV11 user and the program
is as shown in Figure 7-4; note that this is an example for 512 x 4
PROMs to be used in the MRV11-AA PROM module.

The first parameter to be entered is the number of words (locations) in
a PROM. The parameter is requested in the form of a question at the
end of the initial message. Operator response to QJV11 requests in
Figure 7-4 are underlined. Refer to Table 7-3 for a list of valid param-
eter inputs for specific applications.

When reading source tapes for MRV11-AA programs that are not greater
than 4K, only a single pass of the source tape is required; the QJV11's
source buffer is 4K words (4096 X -16 bits). However, longer programs
will require one additional pass for each 4K word buffer storage. The
appropriate portion of the program is read into the buffer when reading
the source tape as specified by the ‘‘starting address of the area to be
output.” Hence, the starting addresses shown in Table 7-3 are applicable
for both multiple-pass programs to specify the starting address for that
pass and programs that do not reside in the first 4K of system memory
(addresses 0-17776).

The final input to QJV11 is the source program to be loaded into the
PROMs. The program must be in absolute loader format. Place the
source tape in the tape reader. Press the RETURN key on the console
device to initiate tape reading.

7-5



9L

Table 7-3 QJV11 Input Parameter

MRV11-AA Applications
1-AA Application Special Applications

Parameter 512 x 4 PROMs 256 x 4 PROMs __ (not for MRV11-AA use)

No. words in a PROM (N,) 1000 400 Any integer power of two (2000

max.)

No. bits in a PROM word (N,) 4 4 1, 2, 4, or 10 (8,,)

No. PROMs used in parallel 4 4 Any number; however, No. bits

X No. PROMs must not exceed
~ 20 (16,,).

Are data bits inverted N N NorY

Are addr. lines inverted Y Y NorY

How many bytes in the area 20000 10000 Any integer power of two

to be output (N,) (20000 max.)

Starting Address 0, 20000, 40000, 0, 10000, 20000, Any integer multiple of the no.
60000, 100000, 30000, 40000, of bytes in the area to be out-
etc. etc. put

1/0 device on the H.S. YorN " YorN YorN

reader/punch




SYSTEM
START

EITHER
REV11-A OR
REV11.C OPTION
INSTALLED

CONSOLE
DISPLAYS

PLACE ABSOLUTE
LOADER TAPE
(DEC-11-UABLB-A-PO)
IN READER. PLACE
PORTION OF TAPE
PUNCHED 351, OVER
READER HEAD.
ENABLE READER

CONSOLE
DISPLAYS

PLACE QUV11
TAPE IN
READER

1S
HIGH-SPEED

READER
USED

TYPE:
177550 L

s
HIGH-SPEED
READER

USED

TYPE:
AL177550 <CR>

(CONSOLE DEVICE
1S READER.) TYPE:
177560L

TYPE:
AL <CR>

TAPE
IS READ. CONSOLE
DISPLAYS ABSOLUTE LOADER
STARTING ADDRESS AND
PROCESSOR HALTS

PLACE QJV11 TAPE
IN READER. TYPE: P,

REFER TO
SECTION 11,
CHAPTER 4

TAPE
AUTOMATICALLY

LOADS AND
PROGRAM
STARTS

ENTER OPERATING
PARAMETERS

Figure 7-3 Loading QJV11 in LSI-11 and PDP-11/03 Systems

11 -3849
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PROM VO1-00

ENTER AN OCTAL VALUE IN RESPONSE TO QUESTIONS
WHICH REQUIRE A NUMERIC RESPONSE. TYPE ‘Y’ FOR
YES AND ‘N’ OR NOTHING FOR NO. TERMINATE ALL
RESPONSES WITH A <CR> (CARRIAGE RETURN). Initial
RUBOUT MAY BE USED TO DELETE ONE CHARACTER AT Message
A TIME BEFORE <CR> IS TYPED. CTRL/U MAY BE

USED TO DELETE THE ENTIRE RESPONSE. CTRL/O

MAY BE TYPED TO TURN OFF OUTPUT TO THE

TERMINAL. J

HOW MANY WORDS ARE IN A PROM? 1000 b
HOW MANY BITS ARE IN A PROM WORD? 4

HOW MANY PROMS ARE USED IN PARALLEL? 4

ARE THE DATA BITS INVERTED? N

ARE THE ADDRESS LINES INVERTED? Y .
HOW MAY BYTES ARE IN THE AREA TO BE Llnput
OUTPUT? 20000 Parameters
WHAT IS THE STARTING ADDRESS OF THE AREA TO
BE OUTPUT? O

IS YOUR INPUT/OUTPUT DEVICE ON THE HIGH SPEED
READER/PUNCH? Y

READY INPUT, TYPE <CR> WHEN READY. <CR>

DO YOU WISH TO PUNCH TAPES? Y 1
NO OUTPUT FOR PROM ADDRESS 010000

NO OUTPUT FOR PROM ADDRESS 012000

NO OUTPUT FOR PROM ADDRESS 014000 0IV11
NO OUTPUT FOR PROM ADDRESS 016000 Operation
DO YOU WANT TO VERIFY A TAPE? N

DO YOU WANT A LIST OF THE PROM CONTENTS? Y
DO YOU WANT IT ON A LINE PRINTER? Y

DO YOU WISH TO MAKE ANOTHER TAPE? N )

Figure 7-4 QJV11 Program Execution (512 X 4 PROMs)

7.5.4 QJV11 Operation

7.5.4.1 General—Once the input parameters and source program have
been entered, the QJV11 is ready to output the desired tapes, listings,
or to verify tapes. Operation is simple: respond to QJV11 questions by
typing Y or N to indicate the operation(s) desired. The Y answers cause
the appropriate QJV11 function to execute immediately. The example
shown in Figure 7-4 does not contain the PROM program listing because
the separate line printer was selected for the listing. (QJV11 assumes
a line printer CSR address — 177514.) If the line printer was not se-
lected, the listing would appear immediately below the listing request.

7.5.4.2 PROM Paper Tape Format—The QJV11 output tape is punched
with as many segments as there are PROMs to be loaded for a partic-
ular application. A segment contains the information necessary for load-
ing one 512 X 4 bit or one 256 x 4 bit PROM. Since PROMs are re-
quired for the 16-bit LSI-11 word format, four segments are required,
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comprising a set. Therefore, the minimum-size QJV11 output would
occur when programming a single set of four 256 x 4 bit PROMs.

The actual tape is punched as shown in Figure 7-5. Special alternate
punched frames (16 total) identify that a PROM set follows. This area is
followed by 32 frames with all frames punched (377g), followed by an
unpunched frame (0). The first data frame follows immediately after the
unpunched frame.

This frame contains the low-order four bits of the 16-bit PROM word at
the lowest address (0) in this PROM set; the bits are read over BDALO-3
bus lines. Successive frames contain 4-bit slices, each representing the
4-bit contents of a PROM location. A frame is punched for each of the
256 or 512 locations in the PROM’'s segment. Frames are punched in
high-active PROM address sequence, rather than LSI-11 bus address
sequence. (LSI-11 bus address bits are inverted; hence, PROMs are
programmed starting at the highest bus address or lowest PROM loca-
tion address.)

7.5.4.3 Verifying Tapes—Tapes punched by OJV11 can be verified by
comparing the punched tape with the OJV11l's source buffer contents.
Respond to the ‘DO YOU WANT TO VERIFY A TAPE;"” request by typing
Y <CR>. The program responds with ‘“READY INPUT, TYPE <CR>
WHEN READY."” Place the tape in the reader and press the RETURN
key on the console device.

“SET" LEADER —
ALTERNATE FRAMES
OF 252g AND 125g

SINGLE UNPUNCHED FRAME FIRST DATA FRAME
_l 1_

UIPMENT CORPORATN)M oo lmooanml H 2 redeed § 25554 33T I T I I T S L I S I

Y v
"SEGMENT" LEADER SEGMENT 01
32 FRAMES DATA FRAMES
OF 377g EACH

) cocoe

— _ )

“SEGMENT "
LEADER

Y

SEGMENT
2, 03, OR 04
DATA FRAMES

SINGLE
UNPUNCHED
FRAME

11-3852

Figure 7-5 0JV11 PROM Tape Format

If an error is found, the program responds with “ERROR VERIFYING
TAPE;” when an error is found it is necessary to punch another. tape.
If errors are not found, the program responds with ‘DO YOU WANT A
LIST OF THE PROM CONTENTS?”
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7.5.4.4 QJV11l PROM Listing Format—A sample portion of a PROM
listing is shown in Figure 7-6. The listing is organized by sets. Each set
contains the successive PROM..addresses, octal and binary codes for
each of the four segments, the system memory address obtained from
the absolute loader format source tape, and the octal content of the
16-bit PROM word.

7.5.4.5 Using QJV1l PROM Tapes—PROM tapes can be used with
automatic PROM loaders, such as those manufactured by DATA 1/0
Corporation. Refer to the instructions supplied with that equipment for
proper use of PROM tapes.

7.6 INSTALLING PROMs

After PROMs are properly programmed, loaded, and verified, they can
be installed on the properly configured MRV11-AA module. Refer to
chapter 5, paragraph 5, for instructions on installing and removing
jumpers. Jumpers are used for configuring the module for 512 x 4 or
256 X 4 PROM use, module 4K bank address, and, for 256 x 4 PROM
applications, the upper or lower 2K segment selection within a memory
bank. In addition, reply jumpers can be removed to disable the MRV11-
AA’s response to unpopulated PROM set(s) sockets. Refer to Figure 7-7
for proper location of PROM chips. Observe that PROMs are always in-
stalled in sets of four—one for each segment. Segment and set num-
bers correspond to the numbers listed in Figure 7-6.

An addressing summary for PROM sets as arranged by physical loca-
tions (CE numbers marked on the MRV11-AA module) is provided in
Table 7-4.

Table 7-4 MRV11-AA PROM‘ Chip-Addressing Summary

Address Range

512 x 4 PROMs 256 X 4 PROMs
Physical Physical
Set No. Decimal Octal Location - Decimal Octal Location
0-511 0-1777 CEO 0-255 - 0-777 CEO
512-1023  2000-3777 CE1 256-511 1000-1777 CE4
1024-1545  4000-5777 CE2 512-767 2000-2777 CE1l

1546-2047 6000-7777 CE3 768-1023 3000-3777 CE5
2048-2557 10000-11777 CE4 1024-1279  4000-4777 CE2
2560-3071 12000-13777 ~ CE5 1280-1545 5000-5777 CE6
3072-3583 14000-15777 CE6 1546-1791 6000-6777 CE3
3584-4095 16000-17777 CE7 . 1792-2047  7000-7777 CE7
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PROM
PROM SET SEGMENT
IDENTIFIER IDENTIFIER leglR'\‘ED

|

MEMORY
ADDRESS
# # # PROM ZET Q00 3 3 3t
FROM #/ 04 o3 0z 0 A
PROM :
CHIP — 000 00 0000 00 0000 00 0000 10 1000 001776 000010
ADDRESS 001 01 0001 0s 0101 17 1111 07 o111 001774 012767
002 00 0000 0011 00 0000 11 1001 001772 001411
3 0z 0010 0000 14 1100 11 1001 001770 020311
004 00 0000 0001 00 0000 07 o111 001746 000407
005 00 0000 00 0000 12 1011 17 1111 001764 000277
006 10 1000 1z 1610 111001 17 1111 001762 105237
007 01 0001 00 0000 0z 0010 04 0110 001760 010046
010 00 0000 00 0000 01 0001 121010 001756 000032
011 00 0000 00 0600 00 0000 07 0111 001754 000007
012 01 0001 0S 0101 17 1111 o111 001752 012767

N
OCTAL VALUE OF | OCTAL —J |

PROM CONTENTS | B|NARY

775 17 1111 0L 0110 15 1101 16 1110
776 14 1110 17 1111 16 1110 Ot 0110 OO0
777 Q0 0000 00 0000 05 0101 17 1111 00 000137
STARTING /
ADDRESS

001 #  #

0Z 01

04
QOO0 0000 11 100t QOD011
1010 17 1111
00 04 0100
14 1110
01 QOOL1
o Q
11 GOL
17 1111
05 0101
16 1110 QL7774

11-3850

Figure 7-6 QJV11 PROM Listing Format



512 x 4 256 x 4

I — T — ! ;
s o s } oxs ‘ ;
g N : .
5 s e ] ces . :
€ N —  ces f——s :
c o e  ces : |
c [ ] cei . .
: e 7§ ) ceo o .

SEGMENT NO.
CHIP LOCATIONS

s

Figure 7-7 PROM Set and Segment Positions on the MRV11-AA Module
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CHAPTER 8

USER-DESIGNED INTERFACES

8.1 GENERAL

This chapter contains sample circuits and information which can be
utilized in user-designed hardware that is installed on the LSI-11 bus.
The user must ensure that the circuit, as used in a particular applica-
tion, conforms to the LSI-11 bus specifications included in Chapter 3.
The various interface module and prewired backplane previously de-
scribed in this handbook are designed to be easy to use in nearly any
application. However, in those applications that require a custom in-
terface, the user can construct the interface using the DRV11-P LSI-11
Bus Foundation module, on which all*required bus control and inter-
face logic is supplied, or a special module can be designed by the user.
Refer to the Logic Handbook and Hardware/Accessories Catalog for a
listing of backplanes, wire-wrap modules, blank modules, etc., that will
enable system components to be rapidly developed.

8.2 BUS RECEIVER AND DRIVER CIRCUITS

The equivalent circuits of LSI-11 bus-compatible drivers and receivers
are shown in Figure 8-1. Any device that meets these requirements is
acceptable. To perform these functions, Digital Equipment Corporation
uses two monolithic integrated circuits with the characteristics listed in
Table 8-1. A typical bus driver circuit is shown in Figure 8-2. Note that
DEC 8641 quad transceivers can be used, combining LSI-11 bus re-
ceiver and driver functions in a single package.

+3.4V
Sg RI=T20K,MIN.

IN—e > R2=20K, MIN.
‘,__I___k C1 =10pF, MAX
R2

| ,.[c1 3
e

vV

our—>
_[ ‘,[ TRANSMITTER OFF (LOGICAL 0)
2 gR3 R3 = 120K, MIN
C2 = 10pF, MAX

TRANSMITTER ON(LOGICAL1)
R3 = 11 OHMS, MAX
C2= 10 pF, MAX

Figure 8-1 Bus Driver and Receiver Equivalent Ciicuits
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+5V

TYPICAL BUS DRIVER

11-3307

Figure 8-2 Typical Bus Driver Circuit

Table 8-1 LSI-11 Bus Driver, Receiver, Transceiver Characteristics
Characteristic Specifications Notes
Receiver Input high threshold VIH 1.7 Vmin 1
(DEC 8640, Input low threshold VIL 1.3 Vmax = 1
DEC 8641) Input currentat2.5VvV  IIH 8 pAmax 1,3
Input currentat O v L 10 pPAmax 1,3
Output high voltage VOH 2.4 V min 2
Output high current IOH (16 TTL loads) 2,3
Output low voltage VOL 0.4 Vmax 2
Output Jow current 1oL (16 TTL loads) 2,3
Propagation delay to TPDH 10 ns min 4,5
high state 35 ns max
Propagation delay to TPDL 10 ns min 4,5
low state 35 ns max
Driver Input high voltage VIH 2.0 Vmin 6
(DEC 8881, Input low voltage VIL 0.8 V max 6
DEC 8641) Input high current IHH 60 pAmax 6
Input low current lIL —2.0 mAmax 6
Output low voltage VOL 0.8 V max 1
at 70 mA sink
Output high leakage 10H 25 yAmax 1,3
current at 3.5V
Propagation delay to TPDL 25 nsmax 5,7
low state
Propagation delay to TPDH 35 nsmax 5,8

high state
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NOTES

1. This is a critical parameter for use on the
1/0 bus. All other parameters are shown for
reference only.

2. This is equivalent to being capable of driving
16 unit loads of standard 7400 series TTL
integrated circuits.

3. Current flow is defined as positive if into the
terminal.

4. Conditions of load are 390 @ to 45 V and
1.6 k@ in parallel with 15 pF to ground for
10 ns min and 50 pF for 35 ns max.

5. Times are measured from 1.5 V level on in-
put to 1.5 V level on output.

6. This is equivalent to 1.25 standard TTL unit
loading of input.

7. Conditions of 100 @ to + V, 15 pF to ground
on output.

8. Conditions of 1k @ to ground on output.

Bus receivers and drivers should be well grounded and bypassed with
capacitors. They should be located within 4 in. (of etch) from the mod-
ule fingers which plug into the backplane.

8.3 PROGRAMMED INTERFACE

A typical programmed 1/0 interface is shown in Figure 8-3. Note that
only the control logic portion is shown in detail. This circuit is capable
of input and output data transfers to and from four addressable data
registers in the user’s device. In addition, the reply gate will respond
to programmed 1/0 and vector transfers.

Address/data bus interface is provided by DEC 8641 quad unified bus
transceiver ICs, keeping component count to a minimum. Note that the
DEC 8641 IC at the bottom of Figure 8-3 shows complete address/data
1/0 signal connections; the remaining DEC. 8641s include only the in-
terface signals required for device addressing. However, those ICs will
normally be connected for the same type of data 1/0 interface as shown
at the bottom of the figure for bits 0, 13, 14, and 15.

Addressing occurs in the 28-32K address range; ‘BBS7 L is always as-
serted for this address range. Received data/address bits R3H—R12H
and BS7 H are applied to 8136 (address) hex comparator/latch ICs
where they are compared to a user-configured device address produced
by switches or jumpers. The switches or jumpers must produce high
logic levels for logical 1s and low logic levels for logical Os. The result
of the address comparison is latched in each 8136 on the leading edge
of BSYNC L. The 8136 outputs will latch for the duration of BSYNC L,
producing an active device selected (DEV SEL H) signal. The 74175 hex
latch shown in Figure 10-3 latches address bits 0, 1, and 2 on the lead-
ing edge of BSYNC L. Bits 1 and 2 encode four unique bus addresses
for user-supplied 1/0 functions. Address bit O is a byte pointer which
is only used for DATOB or the write portion of DATIOB bus cycles.
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+5v
DEC
3300
8640 8s7 H % .
8BS7 L
iseon
£ 8136 Sl %DEVICE ADDRESS BITS FROM SWITCHES
BDALIZ2 L —q Tz ADOR [+ (OR JUMPERS)
80AL 11 L —q ML L]
a
B Dec | I x TYPICAL ADDRESS 81T CKT (10 RD.):
BDALIO L
T
o
B0ALO L —o ¢ ADDR BIT TO 8136
T i - 6800
6800 =
RE H -
80ALS L —qf - o—
R7H
BoALTL —d oo —~ o
o [~ReH | ei3e
BDAL6 L —O ADDR la—
COMPAR *
80ALS L —q Laven [+
BOMGI L [
BDMGO L ] [~
cLK
80AL4 L —q
— e R2 H
soAL3 L —o o R3H VECTOR EN L—y
R2 H sa2 H
BoALz L —o 864 ~ Dara
[RIH satH ADDR
80ALY L —o T o
74175 3l 13
BIAKI L ] ° $A0 H ‘@—*—o DATA  Jo—
BIAKO L SAO L ) —d stea g: BYTE
——— RO H —] Lﬁ
Moecee40 1 :@: oats  P— wmiTe
sswell D : SYNC H etk dstee b STROBES
P— Levre
BDIN L | | omnH {7a10 74155 o 1
1 | . b—
BOOUTL ' DouT H Jra10 o
—"—"‘ >—it 1
| | L reno | |wrire oata en L
BWTBT L WB H gﬁ'rLA
I D T eusment ‘40—96_ VECTOR &M L
BINITL INITIALIZE H Ny
Lo e REPLY
BRPLY L o] RPLY H 7a10 ENABLE
TN l—e— FROM
INTERRUPT
Ti8 oKT
BDALIS L —d 114 | FROM READ
e 113 [ DATA MUX
BDALIAL —Q pec [&— TO
8641
80ALI3L —O l— Rris 1
|—» R4 H | TOWRITE
soALO L —q [~ Rizw TOATA LATCHES R
RO H
Ts ?7 RO H TO ADDR LATCH
" cP-1758

Figure 8-3 Programmed 1/0 Interface
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ROST A H

EN A STATUS H

EN A DATA H

IAK ENB A H

ENACLKH

ENABLE A H |7“°3;

IRQOBL
+5
N 1802
BIAK I L Iosc IAK H
|asao
3900
DIN H =
RCVRS. ON
PROGRAMMED
I/0 INTERFACE INITIAUZEHI[@ INITL
+3
RAST B H §c
7400 o] Q
EN B STATUS H s3dp P olIaKENB B H M
it 7474
ENB B ' {iake
7a74_ c @
ENABLE B H_|7408 } . (d 7400

EN BDATAH

EN BCLK H

somor — |
BDMGO L

Figure 8-4 Dual Interrupt Interface

VECTOR REQB L
(VECTOR REQ A H)

+5Vv

1800

7400 BED: BIRQ L
8861

TO REPLY GATE
—LECTOR L, N PROGRAMMED
1/0 INTERFACE

TO USER'S DEVICE

| VECTOR L, READ DATA MULTIPLEXOR
(VECTOR EN L)

TO USER'S DEVICE
READ DATA MULTIPLEXOR
(VECTOR BIT DALO2)
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Read data should be multiplexed using stored address bits SAl and
SA2 H. In addition, an interfacF circuit that also includes interrupt logic
should use VECTOR EN L to inhibit register-read data and enable the
interrupt vector transfer during the interrupt sequence.

Write data strobed for the four addressable device registers are pro-
duced by a 74155 dual 2:4 demultiplexer; however, other devices and
circuits can be used. Both sections of the 74155 are simultaneously
strobed by the WRITE DATA EN L signal. During word transfers, WB H
is passive (low), enabling the DATA and DATB demultiplexer inputs. As
a result of the logical state of stored address bits SA1 H and SA2 H,
one Byte O and one Byte 1 write data strobe will go active, enabling
writing into all 16 bits of the addressed device register. However, when
outputting a byte to one of the registers, WB H goes active (high),
enabling stored address bit O (SAO H and SAO L) to assert only one
data input (DATA or DATB) on the 74155. Hence, only one of the eight
write strobes will go to the active state; an 8-bit transfer to the appro-
priate high or low byte in the addressed register is thus completed.

NOTE

All devices, when addressed, should acknowl-
edge with BRPLY to both BDIN and BDOUT
strobes, even if the addressed location is read-
only or write-only. This response is required
because the LSI-11 processor may generate
unnecessary BDIN or BDOUT strobes during
execution of certain instructions. For example,
the processor may execute a DATIO cycle when
only the DATI cycle is required; if BRPLY L is
not asserted in response to the BDOUT portion
of the DATIO cycle, a bus error (time-out) would
occur.

8.4 INTERRUPT LOGIC .

The basic logic functions required in an interrupt circuit are shown in
Figure 8-4. This is a dual interrupt circuit which will enable and control
two interrupt request sources (A and B) supplied by the user.- The
four flip-flops, ENABLE A and B, and INT REQ A and B comprise bits
of one or two control/status registers (CSR). The set/reset status of the
Enable flip-flops is established by a programmed output transfer. EN A
CLK H and EN B CLK H signals are the write data strobes shown in
Figure 8-3; EN A DATA H and EN B DATA H would then be two of the
received data bits (DEC 8641 ‘“‘Rn’’ outputs). Similarly, INT REQ A and
B flip-flop outputs INT REQ A and INT REQ B would be read as bits in
the CSR via the read data multiplexer in the device’s logic.

A typical interrupt sequence for ‘“device A" is described below. An in-
terrupt is enabled under program control by setting the ENABLE A flip-
flop. When the user’s device is ready for service, it produces ‘an active
RQST A H signal, which is ANDed with ENABLE A. The AND gate output
clocks the IAK ENB A flip-flop to the set state and IRQA L is produced.
Note that if the user's device terminates the RQST A H signal, the IRQA
L signal will go low (false), causing BIRQ to go false. IRQA L is ORed
with IRQB L and applied to a type DEC 8881 bus driver, asserting the
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BIRQ bus signal line. The processor responds by asserting BDIN L, pro-
ducing a high DIN H signal. This signal clocks the device states (A or B
requesting or not requesting service) into the IAK flip-flops. At a later
time, the processor asserts BIAKI L, producing a high IAK H signal.
IAK H is gated with the IAK flip-flop signals, giving the highest priority
to Request A, if both are requesting service. The 7400 gate associated
with the IAK A flip-flop Q output goes low, clearing the IAK ENB A flip-
flop, and producing VECTOR L and BRPLY L signals. VECTOR L is used
for gating the vector address bits onto the 1/0 bus. With the device's
IAK ENB flip-flop clear, it will not generate another interrupt until the
device again requests service.

When not requesting service, both Interrupt Acknowledge (IAK) flip-flops
remain cleared. The flip-flop Q outputs are both gated with IAK H, pro-
ducing an active BIAKO L signal which is passed to the next (lower
priority) device on the 1/0 bus. The INIT L signal, produced by a bus
receiver and inverter, clears all Enable and IAK flip-flops, and presets
¢a don’t care condition) all INT ENB flip-flops. When requesting service,
the IAK flip-flops inhibit passing BIAKO L to the next lower priority
device.

CAUTION
IAK flip-flops must function as synchronizers.
(Data setup has no guaranteed minimum time.)
Type 7474 and 74S74 are preferred.

8.5 DMA INTERFACE LOGIC

A simple DMA request circuit is shown in Figure 8-5. In addition to this
circuit, bus address, word count, control/status registers, and burst
transfer control logic would normally be included. All registers would
be accessible via programmed 1/0 operations.

A DMA request is initiated by a device by producing an active REQ H
signal. The RQST H signal must remain high until bus mastership is no
longer required. The type DEC 8881 bus driver then asserts BDMRL.

The processor arbitrates the request by asserting BDMGI L, setting the
Claim flip-flop in the first requesting device along the BDMG daisy
chain. The state of the Claim flip-flop is sampled by two gates after the
DMG delay. CLAIM (0) H is low (false) and it inhibits the DMGO EN H
gate. Hence, when the Claim flip-flop is set, BDMGO L is not passed to
lower priority devices. The active (high) CLAIM (1) H signal is gated
with DDMG H producing a low signal which enables one of the three
7427 gate inputs. When BSYNC L and BRPLY L become negated, passive
(low) SYNCR H and RPLYR H signals are gated with CLAIM (1) H and
the 7427 output goes high. This transition clocks the Master flip-flop to
the set state producing the active MASTER H signal, enabling BSACK L
and negating BDMR L signals. MASTER H is used by the DMA device to
enable its bus cycle. BSACK L informs the processor that the bus is in
use. At the end of the bus cycle, the device negates REQ H, clearing the
Claim and Master flip-flops. MASTER H and BSACK L signals then go
passive.

When not requesting DMA service, the device must pass BDHG signals
to lower priority devices on the 1/0 bus. The active (high) CLAIM (0) H
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signal is gated with DDMG H producing an active DMGO EN H signal.
This signal enables the BDMGO L bus driver and DMG H is gated onto
the bus.

The actual DMG delay is determined by the RC circuit shown on the
figure, and should be 100 ns (min). BINIT L initializes the circuit by
clearing the Claim and Master flip-flops.

REQ H

BOMR L
pECN RPLYR H
BRPLY L 8640,
DEC SYNCR H
BSYNC L oec
DDMG H
o
+5V o Q CLAIM (D H
cLIM BSACK L
o _OMG H T cLamin
DEC, DM 3
BOMGI L oeC . d
3900
CLR L
DEC
BINIT L - b 0
BOMGO L

DMG DELAY
(SEE NOTE)

NOTE :

The DMG Delay Circuit shown above
is preferred. However, the following
DMG Delay Circuit can be used:

DMG H 1000 p
7408 DDMG H

820pf

——

cP-1795

Figure 8-5 DMA Arbitration Logic

If dynamic MOS memory is used in the system (KD11-F processor
and/or MSV11-B memory), a DMA device is restricted to one bus cycle
for each BDMG signal from the processor. This must be done to allow
the processor to execute memory refresh transactions. In systems which
include dynamic MOS memory and use more than one DMA device, the
DMA interface designer must ensure that sufficient time will be allowed
for the processor to execute memory refresh transactions. As a general
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rule, to ensure that the processor performs normal memory refresh,
the DMA device should not occupy the 1/0 bus more than 200 us out
of any 400 us period. If the REV11-A or REV11-C DMA refresh option is
used in the system, it must be allowed to obtain the bus for one cycle
every 27 us.

CAUTION
The Claim flip-flop must function as a synchro-
nizer. (Data setup has no guaranteed minimum
time.) Types 7474 and 74S74 are preferred.
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CHAPTER 9

MAINTENANCE

9.1 GENERAL

This chapter contains general information that will aid the user in load-
ing and running diagnostic software. No attempt is made in this chapter
to include information that will allow the user to repair modules that
fail diagnostic tests. The user can return modules to DIGITAL for repair
as directed in Section V, Chapter 4.

In addition to using diagnostic programs for locating system hardware
faults, the programs can bhe used as an assurance test to ascertain that
modules, as received, function properly. Diagnostic programs are sup-
plied on punched paper tape or on floppy disk. Both diagnostic software
options include the required documentation (program listings and oper-
ating instructions).

Paper tape diagnostic programs are contained in option model No.
ZJVO1-RE. Minimum hardware requirements include the LSI-11 processor
and 4K memory, a console terminal, cable and DLV11l interface, and a
paper tape reader. The paper tape reader can be either a high-speed
reader and interface (user-supplied), or a modified ASR-33 Teletype.
DIGITAL can supply a modification kit for the ASR-33 (specify model
No. LT33-MB); machines modified by DIGITAL are also available (con-
tact your nearest DIGITAL sales office for more information and prices).

Diagnostic programs contained on floppy disk are available in option
model No. ZJ215-RY. Minimum hardware requirements include the
LSI-11 processor and 8K memory, a console terminal, cable and DLV11
interface, and the RXV11 floppy disk system.

9.2 OPERATIONAL CHECKLIST

9.2.1 General

Many hardware problems encountered with complex systems are a re-
sult of operating procedures or improper system configuration, rather
than. an actual hardware failure. These problems are easily overlooked
and sometimes are obvious when observed by a second person. Most
of these problems become apparent when the system is first turned_on.
If a problem seems to occur, check the items listed in the following
paragraphs.

9.2.2 LSI-11 System

e Are all power supplies turned on? Check power at the backplane ter-
minals to ensure that 4+5 V and 412 V power is applied. The system
should produce an appropriate power-up response (Section 1l, Chapter
1) when the user-suppliéd Initialize switch (Paragraph 6.7) is pressed
and released.

9-1



e |Is the system properly configured? Check:

1.

All modules are correctly plugged into the backplane to ensure
proper interrupt and DMA priority daisy chain. No empty slots
should exist between modules. Refer to Figure 6-1 and 6-3 for cor-
rect installation sequence. If spurious processor halts occur, use
the ODT ““M”’ command to determine the cause of the halt (Section
11, Chapter 2).

Console DLV11 serial line unit jumpers for compatability with the
console terminal.

. Console terminal controls (baud rate, line/local, etc.).

Processor module power-up mode:

—NMode O is normally used with core or PROM memory.

—Mode 1 can be used with any system hardware configuration.
Power-up response is the @ symbol prompt character display
on the console terminal. )

—Mode 2 is normally used with REV11-A, REV11-C, or other op-
tions containing programs in non-volatile memory, starting at
location 173000.

—Mode 3 is for special processor microcode (not |mplemented—
do not use).

e Are signal cables properly installed? Check that cables are properly
connected at each end.

e Can the console terminal be operated in the “local” mode? If the
console can be operated independent of the LSI-11 system, it is likely
that the terminal is operating properly.

9.2.3 PDP-11/03 System .

The same items, in general, as listed for the LSI-11 system in Para- .
graph 9.2.2 also apply to the PDP-11/03. system. However, lights and
switches on the PDP-11/03 front panel will aid in checking system
operation.

e Is dc power on? The DC ON indicator will be lit only if 45 V and

+12 V power supply circuits are operating and the DC ON/OFF switch
is in the ON position. If the indicator is not lit, check:

1.
2.

w

The DC ON/OFF switch is in the ON position.

The AC ON/OFF switch on the rear of the power supply in the
PDF-11/03 is turned on. This switch is normally left in the ON
position and application of AC power is controlled by an external
power control (user-supplied).

AC power is available to the PDP-11/03.

The line power fuse on the rear of the PDP-11/03's power supply.
If it is blown, replace it. If it blows again, do not replace it; a power
supply failure has probably occurred.

e Is the HALT/ENABLE switch in the HALT position? If it is, the normal
console terminal display is the @ symbol. Other power-up displays
are possible only when the switch is in the ENABLE position.

e Is the system properly configured? Check the items listed in Para
graph 9.2.2,
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e Are signal cables properly installed? Check that cables are properly
installed and connected at each end.

e Can the console terminal be operated in the “local’’ mode? If the con-
sole terminal can be operated independent of the PDP-11/03 system,
it is likely that the terminal is operating properly.

e |s the LTC switch in the ON position? If it is, software supporting the
event interrupt via vector location 100 must be provided. Otherwise,
the switch must remain in the OFF position.

9.3 USING PAPER TAPE DIAGNOSTICS

9.3.1 General

LSI-11 system diagnostic programs are supplied on punched paper tape
in the ZJVO1-RB software option. The diagnostic programs are capable
of providing a rigorous test of processor memory and interface modules.
They verify normal system operation, or identify specific fault symptoms.
Minimum system hardware requirements for running the diagnostic
programs include the LSI-11 processor, a console device (including in-
terface module at address 177560), 4K read-write memory (semicon-
ductor or core), a paper tape reader (LT33 teletype-writer or a high-speed
reader), and diagnostic software. The diagnostic software includes an
absolute loader and several diagnostic program tapes and listings. The
following paragraphs briefly describe each program and provide a gen-
eral guide for loading and using.

Diagnostic program abstracts are provided below. Each diagnostic pro-
gram listing includes a detailed description and information for loading
and using the program. -

MAINDEC-11-DVKAA-A-D
LSI-11 Basic Instruction Tests—This program tests the LSI-11 basic in-
struction set in all addressing modes.

MAINDEC-11-DVKAB-A-D

LSI-11 Extended Instruction Tests—This program tests the extended
arithmetic instructions ASH, ASHC, MUL, and DIV using general registers
RO-R5 at least once with each instruction. This diagnostic program can
only be used with LSI-11 procesors in which the KEV11 Extended Arith-
metic Chip option is installed. -

MAINDEC-11-DVKAC-A-D

LSI-11 FIS Instruction Tests—This program tests the floating instruc-
tions FADD, FSUB, FMUL, and FDIV. It uses fixed number patterns and
each general register at least once as the stack pointer. It also checks
stack overflow and that floating instructions can be interrupted by the
console device (if enabled by an operator option in the program). This
diagnostic program can only be used with LSI-11 processors in which
the KEV11 Extended Arithmetic Chip option is installed.

MAINDEC-11-DVKAD-A-D

LSI-11 Trap Tests—This program tests all operations and instructions
that cause traps, oddities of the SP (R6), interrupts, RESET, and WAIT
instructions.
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MAINDEC-11-DVKAE-A-D

DLV11 Test—This program tests the logic functions of the DLV11 Serial
Line Unit. The program is supplied with device addresses and vectors
for DLV11 use as the console device. However, the operator can easily
alter device address and vector assignments for the particular DLV11
module being tested.

MAINDEC-11-DVKAF-A-D

DRV11l Test—This program tests the logic functions of the DRV11
Parallel Line Unit. The program is supplied with device address and
vector assignments of 167770 and 300, respectively. The operator can
easily alter these values for the particular DRV11 module being tested.
When using this program, a special maintenance cable (BCO8R) must
be connected to the module. NEW DATA READY and DATA TRANS-
MITTED signals generated by the DRV11 are not tested by this program;
they can be checked by external hardware only.

MAINDEC-11-DVKAG-A-D

LSI-11 4K Read/Write Memory Tests—This program tests 4K semicon-

ductor and core read/write memory. Worst case tests (long galloping for.
semiconductor memory and worst case noise for core memory) are in-
cluded in the program. This program will run in (and test) read/wnte
memory systems of 4K or larger.

9.3.2 Loading Diagnostic Program Tapes

Program tapes are loaded into memory by the absolute loader tape
supplied with the diagnostic tapes, or by using the REV11-A or REV11-C
option AL command. Load the tapes as directed in Section I, Chapter 4.

9.3.3 Program Modification Procedure

Prior to executing diagnostic program tapes, the user must observe the
operating procedure stated in the diagnostic program listing. This pro-
cedure generally includes a procedure for setting software switch regis-
ter bits, simulating switch register bit positions which are available in
other PDP-11 systems that include a hardware switch register. In ad-
dition, entering a device address may be required, especially when test-
ing a device interface module that is configured to a device address
other than the factory-supplied configuration. ’

When setting software switch register bits, determine the octal value
required for the switch register word. This can be determined by adding
the listed values for the desired program options as directed in the pro-
gram listing. For example, the listing may state that the software switch
register is located at address 122, and you may conclude that the follow-
ing bits should be set:”

Bit dctal Value
15 100000
10 002000

9 001000 -

The octal sum to be entered is 103000 Enter the value from the above
example as follows:

@122/000000 103000 CR LE
@
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where @ is the prompt character typed out by the console ODT micro-
code; 122 is the address of the software switch register to be opened;
/ is the ‘“‘open location” command; 000000 is the preset contents of
location 122; 103000 is the new software switch register value to be
entered; CR (carriage RETURN key) enters the new value and closes the
location; LF (line feed) @ is printed and a new console ODT command
can be entered. )

Other program values may be altered, such as device addresses or
vector addresses, by using similar ODT commands shown for altering
the software switch register. Refer to the diagnostic listing to obtain the
procedure for these program changes.

9.3.4 Program Starting and Execution

Once a program has been loaded correctly, the Run mode can be en-
abled and- program execution started. Place the HALT/ENABLE switch
(PDP-11/03 panel, or equivalent user-supplied LSI-11 switch) in the
ENABLE position. Start normal program execution as follows:

@200G

The 200 in the above example is a typical starting address. Each pro-
gram listing specifies the correct starting address. G is the Go command,
and program execution will immediately commence starting at the spec-
ified location.

Single instruction execution, when desired, is obtained by operating the
processor in the Halt mode. Place the HALT/ENABLE switch in the HALT
position. Enter the starting address (or a desired address for the first
instruction to be executed) as described for normal program execution.
The G command causes the processor to execute the first instruction
and then Halt with the PC (R7) pointing to the next program instruction
to be executed. This address is printed on the console device as shown
in the following example:

@200G CR LF
000202 CR LF

@

=

Successive instruction executions will occur each time the Proceed (P)
command is entered via the console device, as shown below:

@200G
000202
@P

000204

000206
@

Note that after executing each instruction, the processor halts and
prints the address of the next instruction. Thus, Branch, Jump, and
Skip instruction will alter the PC, as required in normal program execu-
tion, allowing the operator to observe program and hardware operation.
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9.3.5 Diagnostic Program Results

Basic results from running diagnostic programs range from pass results
to error conditions. Error conditions may result in the program halting
and printing out an error message or simply a PC value (the error Halt
PC+42). The use of error information thus obtained is completely de-
scribed in the program listing of the diagnostic program in use. As the
operator becomes more familiar with the use of the diagnostic program,
it may be desirable to invoke certain program options, as described in
the listing, such as loop on error. This allows the operator to run (or
single instruction execute) the program in an area where a hardware
error is detected.

The key to effective use of diagnostic programs is in the ability of the
operator to read the diagnostic listing (especially the comments as-
sociated with program instructions that do not execute properly), and
relate the error conditions to hardware functions. Particular locations in
the program can be examined to obtain much useful information about
the fail conditions. Tags (symbolic labels) are associated with these lo-
cations, such as $FATAL, $MAIL, $TESTN, etc. Tags and their individual
functions vary somewhat in different diagnostic programs; refer to the
program listings for a complete listing of tags.

Pass conditions generally result in a printout of the flrst pass and print-
outs at certain multiples of passes that follow. A pass counter is located
in each program that can be examined by the operator. A typical tag for
the pass counter is $PASS. Intermittent errors can be detected by ob-
serving the contents of that location when errors are detected. |

Program operation can be halted and restarted by the operator at any
time. Restart at the beginning of the program, as previously described,
or continue from the point at which the program. halted by using the
P command. .

9.4 USING RXDP DIAGNOSTICS

RXDP diagnostics are contained on floppy diskette and provide the re-
quired diagnostics for testing processor, memory, and interface modules,
the RXV11 floppy disk system, and certain peripherals. Documentation
supplied with the RXDP software includes program listings and an
XXDP User's Manual. A listing of RXDP diagnostic programs applicable
to LSI-11, PDP-11/03, and PDP-11V03 systems is provided.

9.4.1 RXDP Diagnostics

MAINDEC-11-DVKAH
Basic System Exerciser—Tests serial line unit, memory, processor, EIS/
FIS, clock, and both floppy disk drives under dynamic interactive con-
ditions. Provides simple and rapid preliminary confidence check of over-
all system operation.

MAINDEC-11-DVKAA
LSI-11 Basic Instruction Tests—Exercises and tests the LSI-11 basic
instruction set in all addressing modes.

MAINDEC-11-DVKAB , )
LSI-11 Extended Instruction Set (EIS) Tests—Exercises and tests the
extended arithmetic instructions ASH, ASHC, MUL, and DIV using gen-
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eral registers RO-R5 at least once with each instruction. This diagnostic
program can only be used with LSI-11 processors in which the KEV11
Extended Arithmetic Chip option is installed.

MAINDEC-11-DVKAC

LSI-11 Floating Instruction Set (FIS) Tests—Exercises and tests the
floating instructions FADD, FSUB, FMUL, and FDIV. Uses fixed number
patterns and each general register at least once as the stack pointer.
Also checks stack overflow and confirms that floating instructions can
be interrupted by the console device (if enabled by an operator option
in the program). This diagnostic program can only be used with LSI-11
processors in which the KEV11 Extended Arithmetic Chip option is in-
stalled.

MAINDEC-11-DVKAD .

LSI-11 Trap Tests—Exercises and tests all operations and instructions
which cause traps, oddities of the SP (R6), interrupts, RESET, and WAIT
instructions.

MAINDEC-11-DVKAE

DLV11 Test—Exercises and tests the logic functions of the DLV11 Serial
Line Unit. The program is supplied with device addresses and vectors
for DLV11 use as the console device. However, the operator can easily
alter ‘address and vector assignments for the partlcular DLV11 module
being tested.

MAINDEC-11-DVKAF

DRV11 Test—Exercises and tests the logic functions of the DRV11
Parallel Line Unit. The program is supplied with device address and
vector assignments of 167770 and 300, respectively. The operator can
easily alter these values for the particular DRV11 module being tested.
When using this program, a special maintenance cable (BCO8R) must
be connected to the module. NEW DATA READY and DATA TRANS-
MITTED signals generated by the DRV11 are not tested by this program;
they can be checked by external hardware only.

MAINDEC-11-DZKMA
Memory Exerciser—Tests system memory from the basic 8K (required
for floppy disk system) to the maximum 28K.

MAINDEC-11-DZLAC

LA36 Diagnostic—Under software register control, executes tests on
four basic categories of LA36 DECwriter functions:

1. Printing. Tests LA36 printing mechanism and associated control logic.

2. Echo. Tests keyboard as an aid in isolating faults within the terminal.
Results are visually verified.

3. Options. Permits exercising LA36 options in whatever combination
they occur. Results are visually verified.

4. Standard 1/0 function. Tests system/terminal interface logic. Pro-
cessor halts in response to errors. .

MAINDEC-11-DZRXA
RX11 System Reliability Check—Composed of selectable tests that
write, read, and verify various-data patterns under various (selectable)
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head movements. Data transfer and error check can be performed over
entire diskette or between separately selectable track and sector limits.

MAINDEC-11-DZRXB :

Runs series of selectable RX11 Interface Diagnostics—Tests basic func-
tions of RX11 interface. Errors are reported by the program, and it is
possible to loop on the error or a particular test for scope testing.

MAINDEC-11-DZVTC
VT52 Diagnostic—Tests all characters and commands except for BREAK,
REPEAT, AUTO-PRINT, and SCROLL. Program is divided into four parts:

1. Presents a series of test patterns on VT52 screen. Operator visually
scans each pattern for errors.

2. Tests keyboard characters input by operator (from displayed instruc-
tions) to determine if terminal is generating valid ASCII codes.

3. Displays octal values and printable symbols corresponding to keys
depressed by operator.

4. Echoes on the screen characters whose keys the operator has
pressed.

- MAINDEC-11-DZM9A

Bootstrap Terminator—Exercises and tests to verify the ROM contents
of REV11-A and REV11-C modules. The program computes and checks
a cyclic redundancy character and a longitudinal parity character for
the contents of the ROM storage.

Error information consists of the following:

‘Location at which error was detected.

Bus address of VT52 under test.

Test pattern number of failing test.

Expected input character.

. Received input character.

agprwNE

In addition to the diagnostic programs, the RXDP diskette typically con-
tains the following programs:

RXDP Monitor

ggg; Update programs that allow patching of diagnostics

COPY Copies and verifies entire diskette

XTECO An ASCIl editor that provides for creating and updating
ASCII files

See XXPD User's Manual for detailed information.

Minimum hardware requirements include an LSI-11 processor, 8K (total)
minimum read/write memory, RXV11 floppy disk system, and a console
device.

9.4.2 Program Modification and Execution

The RXDP diskette can be run in either RXV11 disk drive (DX0 or DX1).
Insert the diskette in the appropriate drive and bootstrap the system;
instructions for bootstrapping the RXV11l are included in Section I,
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Chapter 5. Botstrapping the system causes the RXDP monitqr to identify
itself on the console device, followed by a restart address and the moni-
tor prompt character (.). A typical display is shown below:

RXDP-XXDP RX11/RX01 Monitor M-11-DZQUJ-B 21-FEB-76 8 K
RESTART ADDR: 032260

A help message describing RXDP commands is also output. Any or all
of the above messages can be aborted by CTRL/C (depressing CTRL
and C keys simultaneously on the console device).

NOTE
The operator can abort program execution and
return to the RXDP monitor at any time by
simultaneously pressing CTRL and C keys on
the terminal.

Once the disk monitor has been called successfully, the operator can
proceed to run pertinent diagnostic programs. To precisely confirm the
programs available on the diskette, the operator can issue the command

. D <CR>

The period is the disk monitor prompt character and is underlined here,
as elsewhere in this text, to indicate that it is generated by the system
rather than the user. D" requests that the disk directory be listed;
““<CR>" (carriage return) is the RXDP Monitor execute operator. The
system responds by outputting a list of all entries in the disk directory.
This. list should correspond with that packed with the diskette.

The normal procedure for running individual diagnostic programs once
the RXDP Monitor prompt character (.) has been issued by the system is

. R PROGRAM <CR>

where PROGRAM is the name of the RXDP diagnostic VKAAAO, VKABAO,
etc.) to be run. This will result in the program’s being transferred from
disk to memory and run. If there are no faults, the system will output
the “END PASS’ message at various intervals of from 3 seconds and
longer, depending on the particular diagnostic program in use, indi-
cating that the program has completed a test cycle and another has
begun. This operation will continue until the operator haits the pro-
cessor. To restart the RXDP monitor, enter the following command on
the console device:

@032260G

where “@"" is the ODT prompt character issued by the system, ‘‘032260"
is the restart address output by the RXDP monitor when the system was
bootstrapped, and ‘G is the ODT GO command.

Occaéionally, the user may wish to set initial conditions differently from
those assumed by a given program—to acommodate new device register
addresses, for example. This is accomplished as follows:

1. After receiving RXDP Monitor prompt character (.), type “L PRO-
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Sample Directory Printout:

000001 RXIF BIN 17-MAR-76 17 0000%0

5 LR . AN i a
000003 UFD2 JEIN 17-MOR~76 29 000112
000004 COFY L BIN 17-MAR~76 24 000147

L 23 . - l. - | '7 "
000006 UKAHAO.EIC 17-MAR-76 17 000232
000007  UKAAAO.BIC 17-MAR~76 17 000253
000010 VKAFAQ.RIN 17-MAR-74 é 000274
000011 VUKAEAO.EIN 17-MAR~76 5 000302
000012  VKAEAO . EIC 17-MAR-76 17 . 000307
000014 VKADAO.EIC 17-MAR-76 12 000350
000015  ZKMAEO.BIC 17-MAR-76 9 000364
000016 ZMYAAQ RBIL 17--MAR~76 4 000375
000017 ZRXADO.BIC 17-MAR~76 19 000403
000020  ZRXELDO.EBIC 17-MAR-76 15 000426
000021 ZLACCO BIN 17-MAR~76 16 000445
000022  ZUTCCL.BIN 17-MAR=76 22 000465
FREE FILESS 94

FREE BLOCKS: 163

GRAM," where “PROGRAM” is the name of the diagnostic to be
modified.

2. Halt the processor. The console device will dispay the ODT @ prompt'
character.

3. Determine from XXDP manual and program listing which -memo