































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*t
\ . All Transactions
1 TsCS(AS) CS to AS t Setup Time 0 0 1
2  ThCS(AS) CS to AS_t Hold Time 60 .40 1
3  TsS(AS) Status to AS 1 Setup Time 20 0 2
4  ThS(DS) Status to DS t Hold Time 55 40
5—TsA(AS) Address to AS t Setup Time 30 10 1—
6 ThA(AS) Address to AS t Hold Time 50 30 .1
7 TwAS AS Low Width 70 50 0
8 TdDS(DR) DS 1 to Read Data Not Valid Delay 0
9  TdDS(DRz) DS t to Read Data Float Delay : 70 45
10— TdAS(DS)— AS ! to DS | Delay 60——2095 - 40 5—
11  TdDS(AS) DS 1 to AS | Delay 50 25
12 ThDW(DS) Write Data to DS 1 Hold Time 30 20 1
Memory Transactions
13 TdA(DR) Address Required Valid to Read Data Valid Delay 320 255
14 TdAS(DR) AS 1 to Read Valid Delay 270 170
15—TdAz(DSR) —— Address Float to DS (Read) | Delay 0 0
16  TdDSR(DR)" DS (Read) | to Read Data Valid Delay 110 80
17 TwDSR DS (Read) Low Width 240 180
18  TdA(DS) Address to DS | Setup 160 100
19 TwDSW DS (Write) Low Width 150 105
20 TsDW(DSWf{) Write Data to DS (Write) | Setup Time 30 20
21 —TsDW(DSWr)— Write Data to DS (Write) 1 Setup Time 210 180
1/0 Transactions
22 TdA(DR) Address Required Valid to Read Data Valid Delay 570 420
23  TdAS(DR) AS 1 to Read Data Valid Delay 520 335
24  TdDSI(DR) DS (I/O) | to Read Data Valid Delay 250 180
25  TdAz(DSI) Address Float to DS (I/O) | Delay 0 0
26—TdA(DSI) Address to DS (I/O) | Setup 160 100
27  TwDSI DS (I/O) Low Width 390 250
28  TsRWR(DSI) R/W (Read) to DS (VO) | Setup Time 100 100
29  TsRWW(DSI) R/W (Write) to DS (I/O) | Setup Time 0 0
30  TsDW(DSIf) Write Data to DS (/O) | Setup Time 30 20
31  TsDW(DSIr) Write Data to DS (I/O) 1 Setup Time 460 305
32—TdAS(W) AS 1 to WAIT Valid Delay 195 160
- Interrupt-Acknowledge Transactions
33  TsIA(AS) INTACK to AS t Setup Time 0 0
34  ThIA(AS) INTACK to AS 1t Hold Time 250 250
35 TdAS(DSA) AS t to DS (Acknowledge) | Delay 940 675
36  TdDSA(DR) DS (Acknowledge) | to Read Delay Valid Delay 365 245
37 —TwDSA DS (Acknowledge) Low Width 475 310
38 TdAS(IEO) ~ AS | to IEO | Delay 3,4
39  TdIEI(IEO) IEI to IEO Delay 4
40  TsIEI(DSA) IEI to DS (Acknowledge) | Setup Time 4

NOTES:

1. Parameter does not apply to Interrupt Acknowledge Trans-
actions. .

2. Does not cover R/W for I/O Transactions.  ___

3. Applies only to a peripheral which is pulling INT Low at the
beginning of the Interrupt Acknowledge Transaction.

4. These parameters are device dependent. The parameters for the
devices in any particular daisy chain must meet the following
constraint: for any two peripherals in the daisy chain,
TdAS(DSA) must be greater than the sum of TdAS(IEQ) for the

inputs are 200 ns.

higher priority peripheral, and TdIEI{(IEO) for each peripheral
separating them in the daisy chain.
5. The maximum value for TAAS(DS) does not apply to Interrupt
Acknowledge Transactions.
* Timings are preliminary and subject to change.
t Units in nanoseconds (ns).
Except where otherwise stated, maximum rise and fall times for

00-2031-02
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ZBI
Z=-BUS Backplane
Imterconmect System

ZINOg]

Product
Description

September 1983

Features 0O The bus structure for the 80's O Designed-in reliability ,
O Compatible with the Z-BUS Component O Byte-oriented parity and parity error line

Interconnect system O High reliability pin and socket connectors
(n] Dgsigned for the powerful Zilog Family of O Distributed ground lines

Microprocessors O Hich cent distributi

igh-current power distribution
O 78 CPU DTg‘tdbp‘lA'l \
erminated bus lines
O 280 CPU ! ' e
0O Z8000 CPU | exenoep |
1 |
0O Future microprocessors
O Flexibility in application PR ESSORS SINGLE bounLE
Z80
0 8-, 16- or 32-bit operations 28000 —
0 Unsegmented, segmented, or memory I l l I
mapped systems k
o Future gI‘OWth 2-BUS BACKPLANE INTERCONNECT
O Allows 32-bit operations l l l l | l i I l
O 5-bit status field
EXPANSION PERIPHERAL o ACCESSORIES
MEMORY CONTROLLERS
Description The Z-BUS Backplane Interconnect (ZBI) puter bus structures, the ZBI bus is compatible
system is a high performance, application- ‘with the Z-BUS Component Interconnect (ZCI)
oriented system bus designed to utilize the full system used for communications at the chip
capabilities of all Zilog microprocessors—the level between Zilog processors and their
Z8, Z80 and Z8000. peripheral support modules.

Thirty-two address/data lines coupled with Reliability has been designed into the ZBI
twenty-eight control lines provide the structure: parity lines have been included;
resources needed for growth paths to future, ground lines are distributed between signals to
more complex 32-bit microprocessors. reduce noise; and all bus lines are terminated.

A member of the Z-BUS family of microcom-

Functional Mechanical Configuration. The ZBI bus is .100" (2.54 mm) centers which are aligned in 3
Description  defined for three sizes of modular boards. The rows of 32 pins each. A molded plastic housing
single size modules measure 6.3"” x 3.9” (160 surrounds the pin array, providing mechanical
mm X 100 mm). The double size boards are rigidity and protecting the pins from-
6.3" x 9.2" (160 mm X 233.4 mm), and the mechanical damage.
double extended size measure 11.0” x 9.2" The backplanes use a similar style of mating
(280 mm x 233.4 mm). All ZBI boards are connector. These connectors are highly
consistent with the standard European form reliable because connection surfaces are com-
factor. pletely enclosed and shielded from dirt and

The single size boards have a single bus dust when the connectors are mated. Another
connector while the double boards have two advantage of this connector is its high density
connectors. . which permits the design of compact boards.

The connector has a matrix of 96 pins on In addition, the connectors are self-aligning

1003-001 759
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Functional and keyed to prevent improper insertion. with double boards. The second connector on
Description All of the signals on the double boards are the double‘ boards is unspecified and available
(Continued)  assigned to one connector so that single for use by the designer.
boards can be used in the same backplane
-+ (UNSPECIIED y——f 7B}
e EXTENDED
9.187 (
233.400 i
+ & A
[ 9.187 ]
! 233.400 '
Figure 2. The ZBI backplane accepts two sizes of boards: both are compatible with
European standards. The dimensions are in inches (upper) and millimeters (lower).
Signal The ZBI consists of 96 lines: 32 bidirectional and is used as a master timing reference; the bus clock
address/data lines with four parity lines, nine is derived from the master.

Description

interrupt lines, 28 control lines, 21 power-
supply lines for £12 V, +5 V and ground and
two reserve lines. The pin layout was defined
to provide the most convenient connection
from the board and the backplane, with signals
collected into logical groups for placement on
the connector.

Address and Data. The address/data group is
laid out to enable the lines to enter the board
in order on both two-layer and four-layer
boards. Low-order lines are placed next to the
power pins for easier routing through buffers.
The high-order address/data pins are posi-
tioned near the control pins to facilitate
decoding of the state of the bus. Address and
data information is transmitted over 32 bidirec-
tional lines with separate address and data
strobe lines arbitrating the information flow.
The use of shared address/data lines enables a
compact connection while still allowing 32-bit
word sizes.

Word size is controlled by two lines that
indicate the data width of the current opera-
tion on the bus, making possible 8-bit, 16-bit
and 32-bit word transfers in the same system.
Data is aligned in the lower byte (ADg-AD;7) of
the data field for 8-bit transfers, and the lower
word (ADg-ADjs) for 16-bit transfers.

The ZBI includes four parity lines and an
error-indication line to detect errors in
memory devices and transmissions on the bus.
One parity bit is provided for each byte of the
32-bit address/data field, enabling parity-
checking at'both the byte and word levels.

Control Signals. The ZBI bus has 28 lines that
are used for bus control and status, grouped
into the following categories:

B Clocking. Two lines provide a master clock and a bus
clock. The master clock supplies a constant frequency

B Extended processor architectures. Two lines enable the
CPU to interact with an Extended Processor Unit.

B Resource sharing. Three lines enable processors to
_ lock other processors off the bus. This is a software -
implementation, and all processors must be aware of
these signals for the lockout to be effective.

B Direct memory access. Three lines provide the control
signals required for data to be transmitted in burst
mode across the bus. When a DMA device wants to
transmit information, it issues a request that causes the
processor to get off the bus. Once off the bus, the pro-
cessor issues an acknowledge signal indicating that the
bus is free. The DMA device then begins transferring
data to the specified address. When the transfer is com-
plete, the processor regains use of the bus.

B Muiltiprocessor. Four lines enable multiple processors
to share a common bus. (Arbitration logic to prevent
contention errors must be included on each module.)

B Data/Address Strobe. Two lines indicate whether
address or data information is on the address/data lines.

B Status. Five lines designate the kind of transaction
occurring on the bus.

B Word-size select. Two lines determine the word size of
the transaction on the bus.

Interrupts. The ZBI bus has three independent
interrupt groups. Each group has an interrupt
request line and an interrupt enable input and
output daisy chain. A different priority level is’
assigned to each of the three interrupt groups
and position-dependent priority is assigned to
each device within the groups.

The treatment of the interrupt signal is
processor-dependent and can be maskable,
non-maskable, vectored, or non-vectored
depending upon the configuration of the .
system CPU.

Bus Conditioning. All bus lines are ter-
minated in resistor pairs to provide the highest
integrity and best noise immunity for the
system. This forces all undriven lines to
approximately +3 V.
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Table 1 defines the signals necessary to the

Extended Processing Architecture

N/S

STOP

Address/Data Strobes

is

DS

1 TS

1 ocC

Signal NAME]/NAME2: a doubly named line,
Definition ZBI structure. High/Low logic levels
All signals, with the exception of the data The abbreviations used to describe signal
- and address lines, are negative true signals, types are:

where logical 1 =< 0.5 V and logical . .

0 = > +2.4 V. Any exception to this stan- BP' Bidirectional data lines

dard is noted in the table. Naming conventions TS: 3-state, undirectional lines

are as follows: , OC: Open collector

NAME: a single line, negative-true logic level HC; High-current driver line, not 3-state

NAME: a single line, positive-true logic level DC: Daisy-chained signal—OUT on one board

NAME<0.3>: 4 lines, positive-true logic level connects to IN of the next board

T T IIH" o ”w’ ”‘M . "

Signal Number  Signal

Name of Lines Type Function

Address and Data Group

AD<0:31> 32 BD Address and Data Lines. Address and data information is time-multiplexed onto
these lines. The times they are valid are defined by address strobe (AS) and data
strobe (DS). Additional information can be derived from the BCLK signal for syn-
chronous operation,

Parity Group .

P<0:3> 4 BD Parity-Check Bits. For bus transfer integrity, one parity bit is provided for each
byte of the 32-bit address/data bus. Even parity ensures that a read from a non-
existent resource will generate a parity fault.

PE 1 oC Parity Error, Indicates to the Bus Master that a parity error in a data transfer on
the bus has been caught by the parity check logic.

Interrupt Group

INT1 1 ocC ‘Level 1 Interrupts. Highest priority interrupt in the system. If a non-maskable
interrupt is present, it must be here.

INT2 1 oC Level 2 Interrupt, Second highest priority interrupt in the system. If a vectored
interrupt is present, it must be here.

INT3 1 ocC Level 3 Interrupt. Lowest priority interrupt in the system. If a non-vectored inter-

‘ rupt is present, it must be here.

1EIl 1 DC Level'l Interrupt Enable In

IEQ1 1 DC Level 1 Interrupt Enable Out

IEI2 1 DC Level 2 Interrupt Enable In

IEO2 1 DC Level 2 Interrupt Enable Out

IEI3 1 DC Level 3 Interrupt Enable In

1IEC3 1 DC Level 3 Interrupt Enable Out

Control Group

PWRBAD 1 ocC Power Bad, An early warning signal that the dc power for the system will soon
disappear. This signal is generated by the power supply to give the processor
enough time to store the machine state (1f appropriate storage is available) before
power drops below critical levels.

Clocking

MCLK 1 HC Mdste}' ? l; System mqster clock—16 to 32 MHz. Frequency is a 4x multlple of
the desired'bus clock frequency.

BCLK 1 HC Bus Clock. Bus transqct}pn clock, derived from Master Clock and used by all syn-

chronous elements in the system.

Normal/Sysﬁem Indicates the mode of the CPU controlling the bus—Normal user
made, or System mode (able to execute privileged instructions).

Stop Line. Stop the processor in control of the bus for synchronization of activities

with the CPU.

1 TS

Address Strobe. Indicates that the AD lines contain a valid address. The AS line is
pulsed low by a board controlling the transaction for program or data memory
access, Addwss%ﬁ are valid at the trailing (rising) edge of AS.

Data Strobe, Data is placed on or accepted from the AD bus lines when DS is low.
Table 1. Signal D,flniﬁons
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Signal Number Signal

Name of Lines Type. Function

Status

ST<0:4> 5 TS Status Lines. These lines designate the type of transaction occurring on the bus.

S¢ S3 S, 5, S Transaction
0 0 0 0 O Internal Operation 0 1 01 0 DataMem <> EPU
0 0 0 0 1 MemoryRefresh . transfer .
0 0 0 1 0 I/O Reference 01 01 1 StackMem <> EPU
0 0 01 1 Special /O transfer

Reference 0 1 1 0 0 ProgRef- nthcycle
0 0 1 0 0 SegmentTrap Ack 0 1 1 0 1 ProgRef- lstcycle
0 01 0 1 Intl Interrupt Ack 01110 EPU<>CPU
0 01 1 0 Int2Interrupt Ack transfer
0 0 1 1 1 Int3Interrupt Ack 0111 Reserved
01 0 0 0 DataMemory 1 X X X Reserved

Request
01 0 0 1 Stack Memory

Request

Word Size Select —

B/W 1 TS Byte/Word Select. Used in conjunction with W/LW to define data access width.

W/IW 1 TS Word/Long Word Select. Used in conjunction with B/W to define the data access
width. (A logical 1 is a high voltage level.)

B/W W/IW  Access Width °
1 1 Byte (8-bit)—Data on AD <0:7>
0 1 Word (16-bit)—Data on AD <0:15>
1 0 Double Word (32-bit)—Data on AD <0:31>
0 0 Reserved

Resource Sharing -

MMREQ 1 oC Multimicro Request. This is a software request to another processor for software
synchronization.

MMAI 1 DC Multimicro Acknowledge In, Forms the logical chain among processors to per-
form software arbitration, in conjunction with the MMAOsignal. The effect of this
line is dependent on the software present on the processor board.

MMAO 1 DC Multimicro Acknowledge Out. Completes the logical chain to the next processor’s

) MMALI pin.

Direct Memory Access

BAI ‘ 1 DC Bus Acknowledge In From Priority Chain. This signal and BAOform the bus

. priority chain. )

BAO 1 DC Bus Acknowledge Out to Priority Chain. Completes the circuit to the next device
in the bus priority chain. ,

BUSREQ 1 ocC Bus Request. Used to request access to the bus. A request to a processor to relin-
quish the bus at the end of the current instruction cycle. This signal is used with
the BAI and BAO signals to control bus sharing by DMA devices not able to
become bus masters.

Multiprocessor Control

CAl 1 DC CPU Acknowledge In.

CAO 1 DC CPU Acknowledge Out.

CPUREQ 1 DC CPU Request. A request to the processor currently in control of the bus to relin-

) quish control at the end of the current instruction cycle. This signal is used with
CAI, CAO, and CAVAIL to control sharing of the bus by devices able to become
bus masters.

CAVAIL 1 TS CPU Available. Used in conjunction with CAI and CAQ to transfer bus control
from one bus master to another.

Miscellaneous Control Lines - -

RESET 1 oC Reset. Connected to the master reset switch and power-up reset circuit.

WAIT ' 1 oC Wait. Causes a processor or peripheral to wait for the response to a request for

) . ) data. Such a wait could be caused by slow memory or by refresh contention
problems.

RW 1 TS Read/Write. If this line is high, the current operation is a read; if low, a write.

Table 1. Signal Definitions (continued)
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High-Reliability

Zilog

Microcivcouits

Military Specification
Standards

June 1982

General
Description

Zilog offers high-reliability versions of the
entire family of Z8, Z80, and Z8000 logic cir-
cuits, processed in accordance with the
requirements of MIL-STD-833 (Test Methods
and Procedures {or Microelectronics). The Z80
and Z8000 CPUs are currently Qualified Prod-
ucts, Level II MIL-M-38510.

General Considerations. Zilog high-reliability
microcircuits are designed to meet the full
military temperature range of -55°C to
+125°C and are packaged in hermetic dual-
in-line packages. These packages can reliably
withstand the thermal shock requirements of

MIL-STD-833, method 1011, Condition C
(-65°C to +150°C). For industrial users, Zilog
offers an extended operating temperature
range of —40°C to +85°C. All of Zilog's high-
reliability microcircuits receive 5004 process-
ing in accordance with the requirements of
MIL-STD-833. Table 1 lists the screening tests
performed on the two levels. An X indicates
that the test is performed 100% of the time.
Additional screening options are available
upen request. Table 2 lists the Zilog products
available with the 100% testing process shown
with X's in Table 1.

MIL-STD-883 Class

Test Condition Method Condition B C

Precap Visual — 2010 B X X
Seal and Lot I.D. — — — X X
Stabilization Bake 48 hrs. @ 150°C 1008 C X X
Temperature Cycling 10 cycles 1010 C X X
Centrifuge Y, Plane 2001 E X X
Fine Leak — 1014 A X X
Gross Leak - 1014 c X X
Electrical Test Per Zilog Data Sheets — — X X
Burn-In 160 hr. + 8-0 1015 160 hrs. X —
Final Electrical -85°C, — — X X
and +125°C — — X X

External Visual — 2009 — X X

NOTES: S = Sample testing only, X = 100% testing.

Table 1. Total Lot Screening
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"General
Description
{Continued)

883 Temp Extended

Product* Speed Range Temp Range
28611 8.0 MHz Yes Yes
28681 ) 8.0 MHz Yes - Yes
Z80 CPU ‘ 2.5 MHz Yes Yes
Z80A CPU 4.0 MHz Yes ~ Yes
280 PIO 2.5 MHz Yes . Yes
Z80A PIO 4.0 MHz Yes Yes
780 SIO 2.5 MHz Yes Yes
Z80A SIO 4.0 MHz Yes Yes
780 CTC 2.5 MHz Yes Yes
Z80A CTC 4.0 MHz Yes Yes
28001 CPU 4.0 MHz Yes Yes
Z8001A CPU 6.0 MHz Yes Yes
28002 CPU 4.0 MHz Yes Yes
. Z8002A CPU 6.0 MHz Yes Yes
Z8030 Z-SCC 4.0 MHz Yes Yes
Z8030A Z-SCC 6.0 MHz Yes Yes
78036 CIO 4.0 MHz Yes Yes
Z8036A CIO 6.0 MHz Yes Yes
28038 Z-FIO 4.0 MHz Yes Yes
ZB038A Z-FIO 6.0 MHz Yes Yes
28530 SCC 4.0 MHz Yes Yes
Z8530A SCC 6.0 MHz Yes Yes
28536 CIO 4.0 MHz Yes Yes
28536A CIO 6.0 MHz Yes Yes

"; NOTE: See Ordering Information for package and temperature designators.

Table 2. High-Reliability Products Available

Manufac- ,
turing and
Process
 Controls

Zilog high-reliability microcircuits will be
processed and assembled in accordance with
the requirements of Appendix A of MIL-
M-38510 or MIL STD 883, as specified by

‘customer purchase order. The following are .

some of the items contained in the Zilog Prod-

uct Assurance Program Plan:

B A clear, concise procedure for converting a
customer specification to a Zilog internal
specification,. assuring the customer that
parts received meet or exceed specified

requirements.

B A formalized training and testing program
for operators and inspection personnel to"
ensure that each operation is performed

correctly.

B An inspection system that includes a com-
plete Incoming Inspection Laboratory and a
Chemical Analys,is:,lfaborétory ensure that

all materials, utilities, and work-in-progress
meet Zilog requirements and specifications.

B Rigid requirements for the cleanliness of
work areas and the maintenance of a Class
100 environment at all statioris where
critical operations are performed.

B A document control system to control
changes in design, materials, and pro-
cesses.

B An instrument maintenance and calibration
program complying to the requirements of
MIL-STD-45662 (Calibration System ’
Requirements).

B A quality audit system in accordance
-with MIL-1-45208 (Quality Program
Requirements).

Zilog offers A number of standard flows,

which include both military and commercial
temperature ranges (see Table 3).
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Environmental Flow R B Bl G H K Q
Temperature Range S.E M M S,E S,E S,E M
Package C,D,L CD,L CD,L D,P CD,LP P CL
Pre-Cap Visual
Method 2010, X X X X X X X
Condition B
Stabilization Bake
Method 1008, X X X X X X X
Condition C
Temperature Cycle
Method 1010, X X X X X X
Condition C
Centrifuge Method
2001, Condition E X X X
(y, axis only) .
Fine and Gross Leak
Method 1014, :

Condition Fine Ay X X X X

Gross C

100% Electrical Test X X X X X
Burn-In Method 1015, X X X X
Condition D
100% Electrical Test X X X X X X
QA Test at Temperature ) X X X X X X X
100% Electrical Test X X X X X X X
Group B/C/D Generic X X

Data

Note: All test methods are per MIL-STD-883.

Table 3. Standard Flows

'

00-2027-03

765 -

Ayqeed-YsIH






ﬁﬂﬁﬁmﬂmmmm

Pioneering the
Microworld






Packaging Information

Z1log

September 1983

Package
Information

This table summarizes the microprocessor
components available from Zilog by number of
pins and package type. Following the table are
detailed drawings for each package type. For

further information on specific components,
see the Ordering Information section of each
product specification.

Pins Package Componont Pins Package Component
18 Ceramic, Cerdip, Plastic 728581 CGC 44 Leadless Carrier, Ceramic  Z8002 28000 CPU
28 Ceramic, Cerdip, Plastic 28430 280 CTC Zzgggg gg% %’g?g
28 Leadless Carrier, Ceramic  Z8430 Z80 CTC 78038 Z8000 Z-FIO
40  Ceramic, Cerdip, Plastic 28002 28000 CPU 28400 780 CPU
78030 28000 Z-SCC 28410 280 DMA
78036 28000 Z-CIO 28420 Z80 PIO.
78038 28000 Z-FIO 28444 780 SIO
28090 28000 Z-UPC 28530 SCC
28400 280 CPU 28536 CIO
Z8410 Z80 DMA 48 Ceramic, Plastic Z8001 Z8000 CPU
78420 780 PIO 28010 Z8000 Z-MMU
£8440 280 SI0/0 52 Leadless Carrier, Ceramic  Z8010 28000 ZMMU
28441 780 SI10/1 78001 Z8000 CPU
78442 780 SIO/2
78449 780 SIO/9 64 Ceramic, Plastic 78015 78000 Z-PMMU
78470 Z80 DART 28116 Z800 MCU
28530 SCC 28216 7800 MCU
28536 CIO 28612 Z8 DM
Z8538 FIO 68  Leadless Carrier, Ceramic 28015 Z8000 Z-PMMU
28590 UPC 78070 APU
28601 28 MCU 28116 2800 MCU
28611 28 MCU 28216 2800 MCU
28671 28 MCU 78612 28 DM
28681 Z8 MCU
40 Protopack 78093 Z8000 Z-UPC
28094 728000 Z-UPC
28593 UPC
78594 UPC
28603 Z8 MCU
78613 28 MCU

*NOTE: As a result of size of package, all three SIO versions are
included in one version, the 28444,
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Package .18 10

e W e Bl e B e B e B O O B

Information . T
ntin . 0.298
(Continued) Mix )
O O O OO OO OO O O OF
0.185 MAx
185 0.500
MAX I‘_—MAX
I 0.040
0207
0.010 ‘ .
=002 t ! .
0.300 0.018
I~ REF | 04251 [ — ﬁ +.003
MIN 0.050
+.015 0.100 0.045
BOTH ENDS =.010 +.005

18-Pin Ceramic Package

0.915

0.320

oz | MAX
euss}&&ﬁ&'ﬁﬁ&ﬁ&
) 10

l+-0.385.+ 025 0125~ et .060 MAX
. MIN - BOTH ENDS
0.100 0.056 0.018
=.010 +.003 =.003
TYP TYP TYP

18-Pin Cerdip Package

NOTE:

0.031 RADIUS 18 10
NOTCH ALT. \ | mam W o 3 o B e O s B e O s 6 e B |
Y]

010°I—II_II_IUI_IL_JL_JL_JI—I
0.025 1 0.920 9

0.030
0.300 MAX
"*—- *|  0.065 0.100
0.320 4_.f_0.200 —»| |«—0.040

0.I1 30
[ i 0.020
TT i MIN

0.325_>r_%gg ! | '—~j;125
I‘_:'.gfg_'l oo oo D g B a7

18-Pin Plastic Package

NOTE: Package dimensions are given in inches. To convert to millimeters, multiply by 25.4.
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Puélraga
Information
(Continued)

PIN 1
IDENTIFICATION

-

0.598
MAX

28 15

M rm e ey e ey e e e e ey e

+.007
- 0530 0.185 0,095 | 07530_’7-"“’—.002 e
MAX MAX  MAX [ maAX |_l l“
.._L [ 1
|- ‘ T
T
0.012
0008 " ||*
0.600 0125 0.065 0.110 0.021
REF | MIN | 7T ~Tgo3s —’l L‘o.oso "‘ L_o_.ots
0060  BOTH ENDS
0.020
20-Pin Ceramic Package
MAX 28 15
GLASS MM A O O Y P O
0.550
MAX )
?UUUUUUUUUUUUU
14
1.450
1AX
: 0.056
9,820 o SEALING GLASS 003 =
( 7/
= —
TvP r' _
0.100 0018
0.650 0.125 0.100 MAX
+.025 MmN | L—som Em:os”I =01 "““*:,933
0.040
=.020 .
28-Pin Cordip Package
) 28 15
0.555
0.5457/
0.062 .
RAD
1 14
1.470
. MAX
0135
0.620 0.050 025
0.600 — *TyP 0.125
= 0.020
MIN
0.015 5
|*—0.009 \ L v
- e S R — el 0.125
ot 0.100 0.018 0.050 MIN
TYP 003 TYP TYP

28-Pin Plastic Packago
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Package 40 21
nformation
(Continued)
0.598
MAX
PIN 1
IDENTIFICATION
"o
e T e e e e e e e e e e
- 1
2,020
MAX
0530 0485 0.005

0.040
L T B N il
—— I
L]

— TYP
0.010

+.002—>{|=— } 1
|

. 0.600 i o 0125 L_

0.050 L_ 0.100 _,l 0.018
REF MIN | ™ M s015B0TH ENDS - +.010 TYP L‘:.oos TP
0.060
0.020
40-Pin Ceramic Package
0.565
ar'Ass 40 21
ke TN e 0l 1 e O e e T e e Y e e e i 1 e T e O e O e s I ol Bl
0.550
MAX
2,080
MAX
0.230 0.056
0.620 MAX SEALING GLASS  =,003—
MAX TP
rL 4 \
oo I
YP _
0.650 0.100 MAX 0.100 0.018
- P g A ~ L—t;ro‘}g —’”‘—:TO;\;
0.040 :
+.020

40-Pin Cerdip Package

NOTE: Package dimensions are given in inches. To convert to millimeters, multiply by 25.4.
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Package
Information
(Continued)

AAAAAMAAMAANANAANAA N

0.555
0.545

VVUVUVVVVVVVVVUVVVV‘;{

2,070
MAX
0.620 0450
0600 — =5 MAX
=z 0.020
| MIN
0.015 —rr
0.009
0.650 0.090 0.110 0.021 0.060 B
0.610 g 0.060 0.090 _'| "_0.015 0.040 0.125
MIN
40-Pin Plastic Package
40 21
e e o e o o o o o o R o Y | = e
0.720 0.598 )
MAX MAX
nNnoooooogoooog T = T T =T
K|
PIN 1
IDENTIFICATION 2,020 MAX
—»| |*—0.050=.020
e 1,220 MAX————>|
- 0.530 SQ. 0.185
——’I MAX
} \ | o.:Iluo MAX _
MAX r 1
| -
| ._;’;3;2 0.040
t TYP +.020 4o v
0.590 g
e — N

— L 0.050+.015 BOTH ENDS  ~=l<—a 003
l<—0.100+.010 TYP TP
1.900

0.040 +.007 TYP
-.002

REF

40-Pin Protopack Package
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Package S e e e e e e e e B
Information
(Continued)
% D
PIN 1
IDENTIFICATION |
[*o ‘
T e T T S e e e ey
- 2.425
MAX
0.530 0.185 0.095 0530 3:83(7)
g M — . I — Nl
| | LT_ 1
#0101+ T [
TYP L,
e o - o T
0020
48-Pin Cemmic’chckcge
a8 25
i Wk W Wk W W Wik W W W Wk Wk Wik Wik W Witk Wik Wk Wik Wk Wk Wik W
0.062
RADIUS
\:)VUVVVVVVVVVVU VVVVVUVVV‘;{
0.620
150 | 0.600 0.155 __
aPLACES T /~ 0.145
0.018/0.015 RAD. TYP: ']/ —
0285_V THO O OO0 O OB E O E 0K
0_01§J REF /
0.009 l |
gie% 01251 — 0.060 TYP. g%%

48-Pin Plastic Package

NOTE: Package dimensions are given in inches. To convert to millimeters, multiply by 25.4.




Package 64 33
Information
(Continued)
0.050R 9\
750 &
730
R S — S
1, / 32
PIN 1
IDENTIFICATION
2.425 MAX
035 '
| . : !-—.530 sa. MAx-»! wp." l__ oy
I assmax | 085 MAX
o012 125 MIN *8%
008 TYP ' L
| | .018 =.002 070 x.005
| 750 REF { e P 130

64-Pin Ceramic Package

1.437
64 33
OO0O0000A0O000000000000A00000[00000

0.670
+.005

.0862R
1 32
\ 2.200 MAX /
.1968 DIA X .003 DEEP .236 DIA X .003 DEEP
TOP EJECT PINS BOTTOM EJECT PINS
025 .070 .150
l l i 4—‘ |—— 0.039

0.750 ——
15¢
.0181.015 ‘ 4 PLACES
RAD TYPE-_| [ T\ ——

rt

A e

}e——0.790 +.010 —]

0.125 MiN
—

070 TYP —-I }4- 018 +£.003

2170

64-Pin Plastic Package
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Package
Information
(Continued)

0.458 Q.
I~ o.4425Q.

0.409 SQ.
0.378 SQ.
“ MAX. "

e ams | e

METALIZATION

ONE CORNER ONLY
0.036
MIN. |

“"0.3995Q. ™ max.

0.050 TYP.
0.040 x 45°
TYP. 3

— 0.025 TYP.

28-Pin Leadless Package

0.662 SQ.
0.640 SQ.

0.528 SQ.
0.492 SQ.

0.475 SQ.
0.469 SQ.

e a7

I

0.077
™ [ooss -
0.013
T o011 0.085
0.020 x 45° REF. —» o008
EDGE METALIZED | -

0.040 x 45°
TYP. 3 REF.
TYP 0.058
=~ 0025 ™ 0.042
TYP

44-Pin Leadless Package

NOTE: Package dimensions are given in inches. To convert to millimeters, multiply by 25.4.
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Package ‘|
750 = 011 | 075 + 008
Information - {19.05 = 0.28) 5% > (191 £ 0.2)
(Continued)
- 820 o : | 015
- (578 5* — 038
580 |
{14.73) sa. |
. 080
" (.2n

.0.25
0.69 TYP.

I (f—g% TYP. REF.

52-Pin Leadless Ceramic Package

.
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Package
Information
(Continued)

2438

GUIDE BOSS
3PLCS

JEDEC Type A Package
1.210
- (30.73)50.
SN ININENINENI NI NSRRI N uﬁnr-x

=

h— 1}

-

-

-

=

-

=

=

=

=

="

' =

[a] 5
\—socxsr _ —

ORIENTATION PIN
LI T I I T T T I I T T IR T TT Illfl]l-——/

Textool Carrier Socket

68-Pin Leadless Ceramic Package

[« FRONT

NOTE: Package dimensions are given in inches. To convert to millimeters, multiply by 25.4.
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Package
Information
(Continued)

CHAMFERED

STOP ADs
Ml AD;3
AD1s AD; .
ADqs AD4q
+5V GND
NC CLK
Vi As )
NI RESERVED/ABORT*
NMi BIW
RESET NS
Mo RIW

* = 28004 Version
NC = No connection

Z8002/4 Leadless Package

CHAMFERED
CORNER

SNy
ADs
AD;3
AD;
ADy
SN2
GND
CLK
AS
RESERVED ABORT*
BW
NI§

RW

28003 only
No connection

NC

28001/3 Leadless Package
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Package % 5%, %
Inforrfmtion ‘%:;‘ B L L P, CHAMFERED
(Continued) 8899299133938 % /
BUSACK 15X ADy7 (SN2)
BRSTA . AD25 (SN3)
SIP/BRST/ABORT +5V
RIW ADgg (SNJ)
GND AD3p (SNs)
CSIAS ADg; (SNg)
bs NIS
BLW 104
BWIT zeoLd APU RESERVED
STo ! Do
STy INT
STz IEl
STy GND
BSY IEO
+5V RESET
ADy4 OPT4
AD13 OPTy
28070 APU Letidleds BPackage
CHAMFERED
CORNER 4 iy o
% > %
L ]
&K 5. 1
D4
“ D3
“or
. De
- NC 280 CPU
+5\(
D2
Dy

NC = No connectlon

28400 Z80 CPU Leadless Package
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Package CHAMFERED
Information
(Continued)

BIA

cib

RD

GND
WIRDYB
SYNCB
RxDB
RxCB
TxCB
xDB

NC = No connectlon

28444 SIO Leadless Package

%
CHAMFERED 2
CORNER « 2
LA

Do
Dy
D2
D3
Dg
GND
Ds
Dg
Dy
mi
NC

NC = No connection

28410 DMA Leadless Package
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Package
Information
(Continued)

CHAMFERED
CORNER

VPP LD LDOOD

FERPISHHEOEAM
FRPEIHUAREMmM

o
=

NC = No connectlon

28038 Z-FIO Leadless Package

CHAMFERED ) o'lgv
CORNER P>

NC = No connectlon

Z8010 Z-MMU Leadless Package

NC
ST
ST3
ADg
ADg
ADyo
AD1qy
CLK
GND
ADy2 -
ADq3
AD14
ADss
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Paclkago CHAMFERED

Information CORNER
(Continued)
GND Ne
NC NC
RD +5V
2CiT0, NC
© NC CLK/TRGo

NC
CLKITRG¢
CLKITRG2
CLK/TRG3
NC

[o1:3]

ZCITO4
2CIT0;
iORQ
NC

1EO

NC

NC = No connaction

28430 CTC Leadless Package

chamreren 2.2, 9.2, 9, 2 2. 2.2%
CORNER % % % 7
\ ¢ e 7 °
IEO RW AB*
1El €Sy CE*
INTACK Csy biCc*
+5V SELECT
. WIREQA 28030L GND
SYNCA - Z-8CCISCC WIREQB
RTXCA SYNCE
RXDA RTxCB
TRXCA RxDB
TxDA TRxCB
NC TxDB
* = Z8530 Version
NC = No connectlon
Both Z8030 and 28530 are Impl d In a single lead! L and

controlled by select pin 38 requldng 5 volts for Z8030; GND for 28530.

Z8030L Z-SCC/SCC Leadless Package
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Lkage cHanrERED 9, 9,2, 9, 9,9,9, 2.9
Information CORNER
: o %N
(Continued) \ 2%%99¢9
RIW WR* CSy A*
SELECT AS Ag*
GND PAg
PBg PA¢
PBy 28036L PA2
PB2 2-cloicio PA3
PB3 ' PAs
PBy PAs
PBs PAg
PBg PAy
NC

PB;

= Z8536 Verslon
NC = No connsction

Both Z8036 and Z8536 are Imp ted In a single tead! h
controlled by select pIn 8 requiring: 5 volts for Z8036; GND for 28536

Z8036L Z-CIO/CIO Leadless Package

CHAMFERED
CORNER o 2
/0\ Q‘\ a ‘3 3 0' ‘3\ % ’90
BIA 5 4 3 2 1 44 43 42 41 39 RD
A7 38 By
Ag 37 Bg

As 36 Bs
Ag 35 Bs
NC 34 B3
GND 33 B2
A3 32X By
A2 3 Bo
Ay 30 +5V
Ao CLK

NC = No connection

28420 PIO Leadless Package
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Comprehensive Development
Environments for
All Zilog Microprocessors

Zilog's development system
products feature ideal en-
vironments for software develop-
ment for the Z8 and Z8000 -
microprocessors. The modular-
ized design approach of the Zilog
development systems allows the
user a cthoice of hardware and
software modules to meet current
needs, while providing the
necessary upgrade possibilities
for future requirements.

The System 8000 concept par-
titions software and hardware
development tools into specially
tailored devices. Software and
hardware checkout are handled
by separate yet compatible prod-
ucts. Software can be developed
on both Zilog and non-Zilog hosts
using available compilers and
cross-compilers. In either case,
compatible hardware emulation
systems are available at several
levels of complexity. Standard

RS-232 links provide for uploading .

and downloading of programs
between hosts and emulators.
System 8000, a high-
performance, multiuser, multi-
tasking software development
host combines the commercial
system’s function and the
development system concept.
The 6 MHz Z8000-based System
8000 hardware incorporates a
high-performance Winchester
disk, as well as intelligent disk
and tape controllers, to further

*UNIX is a trademark of Bell Laboratories.

improve performance. ZEUS, the
UNIX*-based operating system is
specifically designed for software
development and text processing.

Numerous development tools are

available, including the program-
ming languages PLZ/SYS, C,
FORTRAN 77, and Pascal; various
libraries; and a symbolic debug-
ger. Because ZEUS treats
emulators as System 8000
peripherals, System 8000 can
combine with EMS 8000, Z-SCAN
8000, Z-SCAN 8, or non-Zilog
emulators to provide total product
development support for multiple
microprocessors.

Zilog has a stand-alone, low-
level emulation device called
Z-SCAN, and a high-level emula-
tion device called EMS 8000. The
basic idea behind Zilog develop-
ment systems is to allow hard-
ware and software to be
developed simultaneously from
the beginning of the project.
Along with Zilog's System 8000
host (or other UNIX hosts, such
as VAX or PDP 11), a multiuser
development environment can be
created in conjunction with the
Z-SCAN family and the EMS 8000.

The Z-SCAN family includes
Z-SCAN 8000 and Z-SCAN 8, with
future plans for Z-SCAN UPC and
Z-SCAN 800. Z-SCAN (Zilog
Stand-Alone Circuit Analyser) is
designed to be easy to master

and so low-cost that every
engineer can afford one.

The first in the family of the
Z-SCANs is Z-SCAN 8000, which

provides in-circuit emulation for

both Z8001 and Z8002. It in-
cludes user-friendly, screen-
oriented software and one com-
plex breakpoint. Z-SCAN 8 has
the same features as the Z-SCAN
8000; it also includes two hard-
ware breakpoints and a real-time
trace. Future Z-SCANs will pro-
vide additional features while still.
maintaining the Z-SCAN’s user-
friendly interface and low cost.

EMS 8000 is a sophisticated
emulation management system
that aids in the development of
Z8000 implementations. By pro-
viding logic state analysis, high-
speed emulations (up to 6 MHz),
complex triggering, a large real-
time trace buffer, and large map-
pable memory, EMS 8000 makes
emulation and debugging both
easier and faster. EMS 8000 also
provides in-circuit emulation for
Z8001, Z8002, and Z80083.

The Z8 and Z8000 Develop-
ment Modules are single-board
microcomputers that permit the
development of code for the Z8,
Z8001, or Z8002. They facilitate
prototyping with large wire-wrap
areas and are totally transparent
to the CRTs and host CPU
systems.

787






Z30CO™ Dual-Processor
Systemn Upgrade Package

Product
Description

September 1983

Features

O Upgrades an MCZTM or PDS system to a
16-bit system with 256K bytes of memory.

@ Provides complete Z8000-based software
development tools that execute at 6MHz:
screen editor, translator, compiler/
assembler, debugger.

O All software supplied in source code
form to allow customization for
applications.

O Existing Z80 programs continue
to run.

Overview

The Z8000 Dual-Processor System Upgrade
Package provides 16-bit processing power,
256K bytes of random access memory, and
software development tools for Zilog's
280-based MCZ and PDS systems. The package
consists of a Z8000 Microprocessor Board
(MPB/256), a screen editor, Z80 to Z8000
translator, and a Z8000 assembler and
debugger.

The Z8000 MPB plugs directly into the
backplane of the Z80 system and works with
the Z80 and RIO. When the Z8000 is running,
the Z80 acts as a peripheral processor that
manages the resources of the host system.
When the Z8000 is not activated, the system is
controlled by the Z80 and there is no func-
tional change due to the additional
28000 MPB.

Functional
Description

Hardware. The Z8000 MPB contains a 6MHz
28001 CPU and 256K bytes of RAM. The board
uses a FIFO for inter-CPU block transfers. The
FIFO is implemented using control logic and a
1Kx8 static RAM chip and can be accessed
sequentially by either the Z80 or the Z8000.
Software resolves any contention for
ownership. .

The MPB can be plugged directly into the
top slot of an MCZ-1/05 with no modification to
the system. Or, it can be used in any vacant
slot of an MCZ-1/20 or PDS 8000 system, and
may require minor modification to the
backplane.

Software. The software tools provided with the
78000 Dual-Processor System Upgrade
Package include a screen editor, Y (a multi-
level language compiler), a symbolic debug-
ger, a Z80 to Z8000 translator, and the
interface software between the Z80 and Z8000.
The screen editor takes advantage of the
6MHz Z8000 and 256K RAM to provide an
easy-to-use, efficient means of entering and
modifying programs. The screen provides a
“window" over the current copy of the file in
memory. The cursor may be moved anywhere
in the window to indicate the position where
characters are to be added, deleted or
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Functional
Description
(Continued)

replaced. In addition, commands are available
to find and change strings of text and to
delete, move or copy blocks of text. The
screen editor is designed to be used with an
Infoton 200 or a Visual 200 terminal. It can,
however, be modified to work with almost
any CRT.

The compiler, Y, is a multi-level language.
It includes Z8000 assembly language with Zilog
mnemonics, Pascal-like control structures, data
types, arithmetic expressions with automatic or
specified allocation of registers, procedure
calls with parameter passing, and a descriptive

‘compiler language. The different levels may,

for the most part, be freely mixed. The Y com-
piler features direct, one-pass code generation

into memory, immediate execution of
statements, conditional compilation, user-
defined language extensions and symbolic
debugging.

The debugger can operate in two modes:
Debug and Command. With the symbolic
debugger in Debug mode, any instruction
typed is executed immediately, with registers
preserved from one line to the next. In addi-
tion, there is a special set of debug commands.
The set includes commands to display and
change memory and/or registers, set and
remove breakpoints (up to eight), locate
strings in memory, display stack history and
execute a specific number of instructions.
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ES 8000
zmulator System

Zilog

Product

Description

September 1983

FEATURES

Snapshot feature permits partitidning of a large real-
time trace module into many small trace memories.

Up to 126K bytes of high-speed, ‘static, mappable
memory can be accessed by the target system.

‘Pulse output feature permits use of a high-end logic

analyzer. .
Network debugging is supported.

Fuill access to the target microprocessor’s registers,
memory, and I/O space is permitted.

Transparent mode allows the same terminal to be
used for host and EMS user interface.

Emulates Z8001/3 or Z8002 CPUs at 6 MHz clock
rates. )

a
a
a
w]

Complex triggering.
Large real-time trace buffer.
Large mappable memory space.

Real-time partitionable trace module for multiple re-
cordings of program execution.

Three parallel event comparators which can be
allocated for trigger, trace, breakpoint recognition,
and enable/disable functions.

General-Purpose counter for benchmarking critical
software routines.

Figure 1. Emulator System 8000 (EMS)
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GENERAL DESCRIPTION

The Emulator System 8000 (EMS), shown in self-test con-
figuration in Figure 1, is a state-of-the-art in-circuit sub-
system. The EMS supports the software/hardware
engineer in developing products using the Zilog Z8000
family of microprocessors and peripheral components.
Combined with Zilog's enhanced UNIX* System (ZEUS),
EMS 8000 provides the designer with a complete and
powerful set of tools for speeding up the product
development cycle.

The EMS links the application software developed on a
host system and the target system, and aids in the in-
tegration of the software into the target system by ex-
ecuting in a real-time environment. The EMS uses the full
capability of the target microprocessor and can start or
stop program execution or perform single-step execu-
tion. The user has full access to the target micro-
processor’s registers, memory, and 1/O space.

The EMS is modular in design with a friendly, screen-
oriented, self-prompting user interface. High perfor-
mance is gained with a 1024 entry, real-time trace that is
qualifiable and triggerable, and can be enabled with
multilevel event recognition. Aiso, newly developed pro-
grams can be loaded into the development (target) hard-
ware and executed in a real-time environment. The EMS
can be networked into eight distinct Z8000 microproc-
essors that start and stop simultaneously.

Individual emulator systems can be defined as being
either in or out of a break group. Systems which are out-
side of a break group can function as independent |
emulators with all of the EMS 8000 capabilities and full
use of host resources. Systems which are in the break
group are used to debug multiple processor systems.

SCREENS

The EMS is an interactive operating system that provides
self-prompting commands and a set of powerful tools for
complex debugging. The EMS command entry is organ-
ized into a set of pages called screens. Each screen is
dedicated to a particular function and contains the com-
mands and data fields necessary to accomplish specific
functions. The screens are designed to fit on a standard
display terminal, 80 columns wide by 24 lines long.

The user communicates with EMS through five com-
mand (menu-driven) screens and two support screens.
The command screens are entered by typing the first let-
ter of the screen name (e.g., A for allocation). Screens
can be changed by sequentially typing <TAB> and the
first letter of the screen name. Table 1 explains the
screens and their functions.

Table 1. EMS Screen Descriptions

Screen Function
Command (Menu-Driven) Screens
Allocation Assigns EMS resources to specific tasks such as tracing and breakpoints.

Configuration

Allows various hardware controls to configure global features of EMS.

Pattern Allows entry of recognized patterns,

Mapping Substitutes EMS mappable memory for target memory.

Debug " Examines and edits memory/registers, 1/0, displays trace results, begins emulation, sets
software breakpoints, turns watch area on and off, uploads and downloads files to and
from the host computer, single/muitiple steps through program execution.

Support Screens

Help Lists global command controls and helpful reminders not listed in the above menu
screens. It can be displayed on all other screens by typlng a<?>.

This is the intermediate step between two command screens and is entered by typing a

Change
. <tab>.

*UNIX is a trademark of Bell Laboratories.
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HARDWARE DESCRIPTION

The EMS is a full-featured emulation peripheral. The
heart of the EMS is a Central Controller Unit (CCU) with a
4 MHz Z80, 256K of dynamic memory, and 16K of ROM.
The CCU contains the monitor program that provides a
screen-oriented user interface, and operates con-
tinuously to allow the user to monitor the progress of
emulation and breakpoints in real-time. The other EMS

modules include a two-board Trigger module, a real-time.

Trace module, an External Probe interface module, a
Mappable Memory module, and a microprocessor Per-
sonality module with a CPU Pod (Figure 2).

Figure 3 shows a fully configured EMS system with the
following units:

m EMS 8000

CPU Pod/cable assembly. The CPU Pod contains the
processor chip to be .emutated plus the required inter-
face circuitry. Pods are available for the Z8001/3 and
Z8002.

64K mappable memory (standard).
62K mappable memory addition (optional).

o Host computer and user CRT terminal (required).
B External probes (optional).
o Target (the sys‘tem being emulated).

The EMS uses dual-processor architecture to unburden
the emulating processor from the configuration chores
of the emulation system. (The Z80 CPU is used for EMS
configuration and monitor functions and the Z8000 CPU
for actual emulation.) This independence allows for im-
proved debugging when unreliable target operation
occurs.

A 10 MHz Z8000 CPU is used to emulate the 6 MHz
maximum clock rate of the EMS to compensate for tim-
ing delays caused by buffering. The buffering provides
better emulation control in problem targets and allows
mappable memory to override existing target memory.
Fast (90 ns) mapped memory allows emulation at 6 MHz
with no Wait states. (Wait states can be forced if desired
for compatibility with target memory.) Multilevel pattern
recognition resources can be allocated in complex se-
quential, logical, and enable/disable combinations to the
functions of trace qualifying and triggering, event coun-
ting, and timer modes. The counter/timer modes support
a long count of 48 bits (40 when time is displayed in
microseconds). This ensures adequate count capability
for analysis of human-related events in real time.

TARGET SYSTEM

2x8 BITS
FRONT PANEL ~ GENERATES CLOCK PHYSICAL
TERL?NAL /—Z,F SOCKET (EMULATED PROCESSOR ENVIRONMENT) ADDRE:S
CEN ~ 2x8 BITS
TRAL CONTROLLER P',:EU%ESSOH Attty
EMS CPU PROBES
TEST BOARD
SERIAL
st <—] ¥ communicaions
CHANNELS
PROBE INTERFACE
y INTERRUPT BOARD
GROUP ENSs - GLITCH DETECTOR
DATA/ADDRESS READ-WRITE CONTROL l
“TRIGGER MODULE TRACEBOARD 64X1K | ypace |  EMULATOR BOARD MAPPABLE
> MAPPABLE . MEMORY BOARDS
OVER |
RESOURCE A MEMORY
RESOURCE B | CONTROL ;
RESOURCE C 63 BLOCKS OF
GENERAL PURPOSE 2K BYTES
COUNTER [SNAPSHOT( | CYCLE STATE
DELAY DELAY CONTROL
COUNTER | | COUNTER
L TRIGGER/
: TRACE 4
CONTROL 64 b
/ SAMPLE BUS
I TIMING STROBES l
SYNCHRONIZED TO EMULATED
Figure 2. EMS 8000 System Block Diagram
8216-006
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SOFTWARE DESCRIPTION

The EMS can use ZEUS when the System 8000 is the
host computer. This total system provides a complex
hierarchical file structure that includes C, PLZ/SYS, a
Z8000 assembler, a compiler writing system, and a
general-purpose microprocessor. Because the EMS in-
terfaces with Zilog computer systems, the user has ac-
cess to powerful development tools for speeding up the
product development cycle. Software downloads to
either the ZEUS (UNIX) or RIO operating systems.

EMS software is friendly and easy to use. The menu
prompt for each EMS screen reminds the user about the
type of data that is available or the options that are per-

" The EMS operating system is downloaded from a host

computer, allowing easy implemehtation of future up-
grades to improve its effectiveness and applicability. The
hosts that can be configured with the EMS are:

o Zilog System 8000

o Vax UNIX

o PDP 11 UNIX

o Zilog MCZ 1, MCZ 2, and ZDS 1/40

The términals that can be configured with EMS 8000 are:
n ADM 31

mitted. Error checking prevents the user from entering il- o CITOH
legal states and allows graceful recovery frqm emulation o Televideo 920
target problems (e.qg., bad clock or power failure). Global
command keys allow the user to control the starting and o VT 100
" stopping of emulation, execution of command scripts, o VTZ 2/10
and entering Transparent mode independently of the
command screens. A Help screen, which summarizes |,
global commands and command entry, is available to
help the user gain familiarity with EMS.
TERMINAL
(ADM 31, CITOH, ’
Televideo 920, VT 100, HOST
VTZ 2110) {MCZ-1, MCZ-2, PDP 11,
UNIX, Vax UNIX, ZDS
1140, Zilog System 8000)
o}
EMS 8000 el Zilog
. o] /
D v CPU POD
LOGIC ANALYZE! : o
fl1s o EXTERNAL PROBE
TARGET SYSTEM

Figure 3. EMS 8000 System Configuration
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HSTTH™
Dovelopment hiodule

1 - Preduct
A Deseription

September 1983

[ Z8001/Z8002 CPU Evaluation and
Debug Support
1 16K Words Dynamic RAM
(Expandable to 32K for User Code
Execution and Debug
, O 32 Programmable I/0 Lines
O EPROM Monitor and Debugger

O Transparent Operation Allows
Software Development without
Disconnection from CRT and Host
System ‘

O RS-232C Standard Serial Interfaces
Compatible with Most CRT Ter-
minals and Development Hosts

0 Wire-wrap Area for Prototyping

e

OVERVIEW

The Z8000 Development Module is a
complete, single-board microcomputer
that is used as a tool for the evaluation
and debug of Z8000-based micro-
processor systems. The Development

Module is used in the first stages of the

design and development process, not
only as a tool for evaluating Z8000
microprocessor capabilities, but also as
an environment in which code can be
executed and debugged.

Evaluation. The Development Module
provides a ready-made environment in
which the user can execute software

unique to his Z8000-based application,

evaluate the CPU’s performance, and
then reach a realistic decision about its
suitability for a specific application.

Software Debug. In addition to use as
an evaluation tool, the Z8000 Develop-

. ment Module can be used to debug

and modify user code. For the software
designer, the Development Module is a
real Z8000 environment in which he
can execute code and carry out fairly
extensive debugging. For the hardware
designer; the Development Module is
an example of Z8000 hardware design
which provides special hooks and wire-
wrap facilities to strap on additional
logic.
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FUNCTIONAL DESCRIPTION

78000 code developed on a software
host may be downloaded serially to the
Development Module RAM area via a
serial port, and executed and debugg-
ed under EPROM monitor control.
Once the system is connected, no fur-
ther disconnection is necessary as the
module has two serial ports (one con-
nected to a host and the other con-
nected to a CRT terminal). A simple
software command makes the develop-
ment process transparent in the serial
path, thereby allowing direct communi-
cation between the host and terminal.
The serial RS-232C interfaces allow vir-
tually any software development host
and CRT terminal to be used. For
PROM-based code testing, the devel-
opment module is self-contained and
can operate stand-alone with a CRT
terminal, since the host is only
required for storage of user code
on disk. )

A variety of jumper areas and
switches permit the selection of clock -
rates ranging from 2.5 to 3.9 MHz; the
use of 2708, 2716, or 2732 EPROMs;
the use of 4K or 16K RAMS; serial
interface to modem, terminal, or tele-
type; I/O port addressing; and baud-
rate selection from 110 to 19200 baud.

Hardware. The Z8000 Development
Module is available in two versions:
one supports the segmented Z8001
microprocessor; the other supports the
non-segmented 28002 microprocessor.

28001 Development Module. The
78001 Development Module consists of
a Z8001 CPU, 16K words of dynamic
RAM (expandable to 32K words), 4K
words of EPROM monitor (user-
expandable to 8K words), a Z80A SIO
providing dual serial ports, a Z80A
CTC peripheral chip providing four
counter/timer channels, two Z80A PIO
devices providing 32 programmable
I/O lines, and wire-wrap area for pro-
totyping hardware.

Z8002 Development Module. The
78002 Development Module consists of
a Z8002 CPU, 16K words of dynamic
RAM (expandable to 24K words), 2K
words of EPROM monitor (user-
expandable to 8K words), a Z80A SIO
device providing dual serial ports, a
ZB0A CTC peripheral device providing
four counter/timer channels, two Z80A
PIO devices providing 32 program-
mable I/O lines, and wire-wrap area
for prototyping. ’

COMMAND
INTERPRETER

I;

&

1l

DEBUGGER

TERMINAL
HANDLER

UPLOAD/
DOWNLOAD

e

Figure 1. Monitor Block Diagram

Software. The monitor software
(Figure 1) contained in EPROM (4K
words for the Z8001 and 2K words for
the Z8002) provides debugging com-
mands, I/O control and host interface.
It consists of a terminal handler, com-
mand interpreter, debugger and
upload/download handler.

Terminal Handler. A Terminal Handler
provides interface to the console
device to facilitate output to a display
or printing mechanism and input from
a standard ASCII keyboard.

Debugger. The Debugger provides a
basic set of debug commands to allow
the user to start and stop program exe-
cution, display and alter CPU
registers, flags or memory, and trap
instruction sequences.

Command Interpreter. The Command
Interpreter scans console inputs,

ensures command validity and passes
to other software modules in the
monitor.

Upload/Download Handler. The
Upload/Download Handler provides an
interface between the serial connection
and the host computer, the command
interpreter and the memory resources
of the Z8002 Development Module. It
formats and interprets asynchronous
data streams to and from the host and
provides error checking and recovery
for the serial interface (see Figure 2).

Memory Organization. Tables 1 and 2
show the memory maps for the two ver-
sions of the Development Module. The
organization of ROM and RAM in both
the segmented and nonsegmented
modes is indicated.

OUNT| SUM

I I

/ AopRess | BYTE [eneck]

CHECK
SUM

o
2
>

n0

Figure 2. Serial Data Format
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Segment 0 Segment 1

Address (Hex) Memory Address (Hex) Memory Address (Hex) Memory
0000 Monitor 0000 Monitor 0000 Expansion RAM
OFFF EPROM 1FFF EPROM 3FFF (User Installed)
1000 User EPROM 2000 User EPROM 4000 Unused
3FFF (User Installed) 3FFFF ‘(User Installed) FFFF
4000 Standard 4000 Monitor RAM
BFFF RAM 49FF (Scratchpad Area)
C000 Expansion RAM 4A00 Standard RAM
FFFF (User Installed) BFFF

C000 Expansion RAM

FFFF (User Installed)

Table 1. Z8002 Development Module Memory Map

Table 2. Z8001 Development Module Memory Map

MONITOR COMMAND SUMMARY

The following notation is used in the
command description:

< > Enclose descriptive names for the
quantities to be entered, and are
not actually entered as part of the
command. :

Il Denote optional entries in the com-
mand syntax.

| Denotes “OR", eg. W|B denotes that
either W or B may be used but not
simultaneously.

<  Prompt sign for the nonsegmented
28002 monitor.

[ Prompt sign for the segmented
28001 monitor.

The following commands apply when
the Z8001 monitor is used. All com-
mands listed remain the same except
those that peMmit reference to seg-

mented addresses as follows:

<address> =

[ <segment number>] <offset’

address>
< segment number> =
“<"“<hex number in
7-bit range>">"

BREAK <address>
[<n>]

COMPARE
<address 1>
<address 2> <n>

"DISPLAY < address>
<n>{[L|W|B]

FILL <address 1>
<address 2> <word >

Sets and clears a breakpoint at a
given memory address. The option
<n> allows specification of the
number of occurrences, where n is
from 1 to 128. The default is one.

Compares two blocks of memory
data beginning with the addresses
specified for <n> bytes, where n
is from 1 to 128. Errors are
reported on the console device.

Displays and modifies memory for
<n> number of words or bytes.
The optional entry allows data to
be handled as bytes, words, or
long words. The default is words.

Stores the <word> from memory
address 1 to and including
address 2.

GO

IOPORT < address >
[W|B]

JUMP < address >

MOVE < address 1>
<address 2> <n>

NEXT[<n>]

PUNCH<address 1>
<address 2>

QUIT

REGISTER
[ <register name > ]

TAPE

Begins program execution at the
address contained in the current
PC; execution is resumed where it
was last interrupted. All registers
are restored prior to execution.

Allows direct communications from

the console to a selected I/O port.
A word (W) or a byte (B) may be
read from the selected port and a
word or byte. may be sent to the
selected port; default is byte.

Unconditional branch to the speci-
fied address. All registers are
restored prior to execution.

Moves contents of a memory block
from source address <address 1>
to destination address

<address 2> for <n> bytes.

Executes the next <n> machine
instructions. <n> may be from
1 to 128. If.n is omitted, 1 is
assumed.

Punches a copy of memory from
address 1 to address 2 on paper
tape on the console device. Auto-
matically turns on punch and a
null leader is created.
Upload/Download section
describes the tape format used.

Places serial channels into trans-
parent mode. The Z8000 Develop-
ment Module must be connected to
both the Zilog host and the console
device, and the Development
Module acts as a message

switcher.

Allows examination and modifica-
tion of Z8000 registers. 8-bit, 16-bit
or 32-bit quantities may be
selected by the appropriate
register-naming conventions.

~ Loads memory from paper tape via

the console device. The
Upload/Download section
describes the tape format used.
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SPECIFICATIONS

Microprocessor
28001 or Z8002 CPU
Clock Rate: 2.5 MHZ or 3.9 MHz

Memory
ROM: 2K or 4K Words (Expandable
to 8K Words)
RAM: 16K Words (Expandable
to 32K Words)

i

Input/Output
Parallel: 32 Lines (Two Z80A-PIOs)
Serial: Dua! RS-232C or RS-232C and
Current Loop (Z80A-SIO)

Note
The user has access to all bus signals to allow
custom system expansion into the wire-wrap area
off-board.
Interrupts
Maskable Vectored (256), Maskable
Non-vectored, Non-maskable,
Segmentation Trap

Power
+5V,3A
+12V,1A
-12V,024
Physical
Height 1.75 in. (4.5 cm) Inclusive of

Standoffs
Width 14.0 in. (35.6 cm)
Depth 11.0 in. (27.9 cm)
" Weight  Approx. 30 oz. (850 gm)

ORDERING INFORMATION.

Part No. Description

05-6168-01 Z8001 Development Module

05-6101-01 78002 Development Module

05-6171-01 78001 Conversion Kit (converts Z8002 Development Module into
28001 Development Module)

Systems recommended for use with the above:

Description
ZDS-1 Series Development Systems

PDS 8000 Series Development
Systems

System 8000 Family

Prerequisite
78000 Software Development Package
28000 Software Development Package

Z8000 Software Development Package
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Z8° Dovelopmemnt
Module

Product
Description

September 1983

B Two 4K Z8s are used on the board:
one as board manager and one for
emulation (without real-time trace)
or other user-defined configuration.

B 4096 bytes of static RAM allow con-
venient creation and debugging of
user code.

On-board socket tests user code in a
2716 or 2732 EPROM.

B Up to 4096 hardware breakpoints on
address compare cover the entire
internal ROM space.

B Versatile monitor software allows
debugging, with register/memory
examination and manipulation,-and
file upload and download. !

B8 “Transparent” operation allows
terminal-to-host communication
without disconnecting the ‘Develop-
ment Module.

a Wire-wrab area for prototyping.

@ 78 board management is operated at
7.3728 MHz for baud rate purposes.
The User Z8 has switch-selectable 8
or 12 MHz crystals.

OVERVIEW

The Z8 Development Module is a
single-board microcomputer system
specifically designed to assist in the
development and evaluation of hard-
ware and software designs based on the
Z8 microcomputer family. It allows the
user to build a prototype using the Z8
prototyping device, thereby developing
code that will eventually be mask-
programmed into the Z8 on-chip ROM.

Two 28 devices exist on the Z8
Development Module: the Monitor Z8
serves as a board controller, while the
User Z8 is user-definable. All user
ports on the User Z8 are uncommitted
and can be configured to suit any ap-
plication.

Up to 4096 bytes of high-speed static
RAM are available to simulate internal
ROM. Also, an on-board EPROM
socket allows the user to substitute
EPROM for the ROM. This enables the
user to store the software without
building special hardware.

The EPROM-resident monitor soft-
ware offers register and memory
manipulation, as well as a convenient
means to upload and download soft-
ware between the host and user RAM
space. .

The Development Module connects
to the CRT terminal and host system
via two on-board RS-232-C serial ports;
this places the Development Module

between the CRT and host. A simple
command makes the Development
Module transparent in the serial path,
which allows software to be developed
on the host-resident assembler without
disconnecting the Development Module
from the CRT and host.

. The Development Module can
operate stand-alone for simple debug-
ging operations, or it can interface
directly to a host system such as the
Zilog System 8000 for software develop-
ment and file storage. -

Fourteen square inches of wire-wrap
area with 5 V and ground points are
provided near the User Z8 for proto-
typing.
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FUNCTIONAL DESCRIPTION

Hardware. The two Z8 microcomputer
units (Monitor MCU and User MCU)
are at the heart of the Z8 Development
Module. The Monitor MCU controls
operation of the User MCU using the
monitor/debug software, which resides
in 4K bytes of EPROM. Hardware
breakpoint logic provides a maximum
of 4096 breakpoints. Single-stepping
with software trace capabilities is also
available.

The User MCU is controlled by the
Monitor MCU via internal address/data
and control lines brought out to exter-

nal pins. This effectively leaves all
ports on the User MCU unconfigured
and available for the user. The 4K
bytes of static RAM on the internal bus
are reserved for code that is executed
by the User MCU. Execution is done in
real time at full processor speed.

In addition to the wire-wrap area, a
40-pin header (3M type 2395-1002) for
the User Z8 can connect to a ribbon
cable with a 40-pin plug, which will
then plug into a target system. Two
switches, Mode and Reset, provide a
means to re-enter the Monitor and to

Z8 Development Module

_reinitialize the system, respectively.
The baud rate, from 110 to 19200, is
the same baud rate used for the ter-
minal and host and is selected with an
on-board, four-element DIP switch.

Software. The monitor/debug program
includes debug, disassembly, input/
output, control, and host interface com-
mands. These commands are grouped
into four major functional blocks: =
monitor, debug, manipulation, and file
commands (see the following command
list).

Monitor Commands. This group of commands controls
execution of the User MCU, ‘monitors user interrupts and
transfers control from the monitor to the host system.

GO < ADDRESS>

Causes User MCU to execute its
program and disallows further

debugging until a BREAK or

HALT command is encountered.

HALT
User MCU.

QUIT

Halts program execution of the

JUMP < ADDRESS>
Returns control to the host system

and enters the “transparent” mode.

INTERRUPTS [E/Dj

Enables or disables all user-

generated interrupts. Note: All

user interrupts are automatically

NEXT [<n>]

disabled when a breakpoint is
encountered. It is necessary to

reenable such interrupts with this

command.

TRACE

KILL [< ADDRESS>}

Debug Commands. This group of commands allows the user
to debug code by tracing through code and setting break-
points and jumps to specified locations within the “internal”
ROM space, which is simulated in 4K bytes of RAM.

BREAK <ADDRESS>

Sets a breakpoint at the specified
address.

Clears the breakpoint at the
specified address.

Allows the User MCU to jump to a
specified address anywhere within
the internal ROM space by chang-
ing the value of the Program

- Counter.

Causes execution of n instructions
of the User MCU and then halts
the User MCU.

Causes single-step execution of the
User MCU. Every instruction
executed is output to the console.
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MONITOR
EPROM

IHL

TRACE
STOPIGO
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USER
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USER
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USER
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RS232C
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28 Development Module Block Diagram

ADDR
N

ADDR
BUS

Manipulation Commands. The manipulation commands
display and alter registers and memory. This group can be
subdivided into two categories: register manipulation and

memory manipulation.

Register Manipulation

REGISTER [<REG
NUMBER>] [<NEW
REG VALUE>]

WORKING REGISTERS

PHILL <STARTING

REGISTER> <NUMBER

OF REGISTERS>
[<DATA BYTES>]

Memory Manipulation
DISPLAY [ < STARTING .

ADDRESS>[<n>]]

SET <ADDRESS>
<LENGTH>
[<DATA BYTES> |

FILL <STARTING
ADDRESS>
<LENGTH>
[<DATA BYTES>]

MOVE <SOURCE
ADDRESS >

< DESTINATION
ADDRESS>[<n>]

Allows examination and modifica-
tion of the Z8 internal registers.

Displays contents of the current 16 '
working registers.

Stores the sequence of DATA
BYTES into User MCU registers
beginning at the STARTING
REGISTER and continues for the
NUMBER OF REGISTER
specified. :

Allows display and modification of
user memory contents for n
number of bytes.

Allows a sequence of data bytes
beginning at the ADDRESS speci-
fied to be written into user
memory.

Stores the sequence of DATA
BYTES into user memory begin-
ning at the starting ADDRESS and
continues for the LENGTH
specified.

Moves contents of a user memory
block from a source address to a
destination address for a length

of n bytes.

COMPARE
< ADDRESS 1>

<ADDRESS 2>[<n>]

ZAP[<STARTING
ADDRESS>[<n>]]

Compares two blocks of user
memory data, one beginning at
ADDRESS 1 and the other at
ADDRESS 2 for n bytes.

Disassembles and displays code at
a specified starting address for a
specified number of bytes.

File Commands. The file group enables the user to upload
and download programs to and from the host system.

LOAD
< FILE NAME>

UPLOAD
<FILE NAME>
<ADDRESS 1>

Downloads a file to user memory
starting at the low address of the
file and continuing until the entire
file is transferred.

Creates a RIO file image of user
memory, beginning at ADDRESS
1, creating default length records,

<NUMBER OF BYTES> and imaging memory for the

[<ENTRY ADDRESS> ]

specified number of bytes.

Note: The following notation is used in the command descrip-

tion.

<> Enclose descriptive names for the
quantities to be entered, and are not .
actually entered as part of the

command.

1l Denote optional entries in the com-

mand syntax.

| Denotes “or.”
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SPECIFICATIONS

Processor:
Two 64-pin DIP Z8s
Pin spacing is 0,070
Row spacing is 0.75

CPU Clock Frequency:
7.37 MHz for Monitor
8/12 MHz for User

Memory:
Monitor Z8
Scratch Pad RAM
RAM memory size: 1K bytes
RAM addressing: %2000 to %23FF
Minimum speed: 300 ns

EPROM

Word size: 8 bits

Memory size: 8K bytes

Addressing: 0 to %FFF internal
%1000 to % 1FFF external

Minimum speed: 350 ns

User Z8

RAM (EPROM equivalent)

Word size: 8 bits

Memory size: 4K bytes

Addressing: 0 to %FFF (relative to
User)
%9000 to %9FFF (relative
to Monitor)

Minimum speed: 350 ns

Baud rate: Programmable to 110, 150,
300, 600, 1200, 2400, 4800,
19200 bps

Emulator cable length: 12 inches max.

Input/Output:
Monitor 28
Baud rates: Programmable to 110, 150,
300, 600, 1200, 2400, 4800,
9600, 19200 bps
Connector type: Two 25-pin DB-255
connectors
User 28
Parallel interface: 32 I/O lines undefined
Connector type: 40-pin PC edge
connector
Dimensions (LxW):
29.94 cm (11 in.) x 35.56 cm (14%2 in.)

Power Requirements:
l.4Aat +5Vdec +5%

Environmental:
0 to 50°C (+32° to +122°F)
Up to 90% humidity without condensation

ORDERING INFORMATION
Part No. Description
05-6158-01 Z8 Development Module

(2K). Includes one serial
interface ribbon cable
and reference manual.

Z8 Development Module
(4K). Includes one serial
interface ribbon cable
and reference manual.

05-6222-01

Systems recommended for use with above:

Description
System 8000

Prerequisites
Z8 Assembler
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September 1983

FEATURES

O Portable, stand-alone, in-circuit
emulator (ICE) for Zilog’s
Universal Peripheral Controller
(UPC).

0 Emulates six versions of the -
UPC: Z8093, Z8090, Z8094,
28590, Z8593 and Z8594.

O Connects to the host and ter-
minal via standard RS-232-C
interface.

o Emulates Z-BUS and non-
Z-BUS UPCs with either mask-
ed ROM or proto RAM/EPROM.

a Single-step trace capability.

Monitor software allows file
upload and download, register
and memory manipulation.

OVERVIEW

The Z2-SCAN UPC is a simple and
cost-effective development tool
that emulates four versions of
‘Zilog's Universal Peripheral Con-
troller (UPC). As a portable in-
circuit emulator (ICE), the Z-SCAN
UPC is an ideal tool for system
development from design through
manufacturing.

Both Z-BUS compatible and non-
Z-BUS compatible types of UPC
are emulated by the Z-SCAN UPC.
The Z-BUS compatible Z-UPCs that
are emulated are the Z8090 and
Z8094. The non-Z-BUS compatible
UPCs that are emulated are the
Z8590 and the Z8594. Connection
with the host and a terminal is

accomplished via two RS-232-C in-
terfaces.

By supporting eight popular ter-
minal types and a wide variety of
hosts, the Z-SCAN UPC is easily in-
tegrated into most operating
environments.
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FUNCTIONAL DESCRIPTION

The Z-SCAN UPC is physically
located between the host system
and the user's terminal, connected
via the RS-232-C interface. The
target cable connects directly to
the front of the Z-SCAN for safety
and convenience. The Z-SCAN
UPC can operate in stand-alone
mode for simpie debugging opera-
. tions, or it can be placed in
transparent mode to allow software
development with the host.

Hardware

The Z-SCAN UPC contains both a
Z8 MCU and a UPC. The Z8 MCU
controls monitor functioning, in-
cluding operational commands and
debug software. The UPC itself
features a 256-byte register file in-

cluding three 1/O port registers,

234 general-purpose registers, and
19 control, status, and special 1/0
registers. .

Twenty-four pins can be dedicated
to 1/0 functions. These pins are
grouped logically into three eight-
line ports, which can be configured
in various combinations as input or
output, with or without handshake,
and with push-pull or open-drain
outputs.

Software

The monitor/debug program
resides in 4096 bytes of PROM and
contains debug, I/0, control, and
host interface commands. This
software is divided into four func-
tional groups:

Monitor commands control the
Z8 MCU to monitor interrupts
and transfer control from the
monitor to the host system.

Debug commands allow trac-
ing and jumps to user-specified
PROM locations.

Manipulation commands permitk
. display and alteration of
registers and memory.

File commands enable the user
to upload and download to and
from the host system.

In addition, Z-SCAN UPC software
supports eight popular terminal
types and easily interfaces to a
wide variety of host systems.

Z-SCAN UPC

(ICE)

IN-CIRCUIT EMULATOR

RS-232.C
INTERFACE

Figure 1. Stand-Alone Development System
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 2.SCAN 8

28° Emulator

Product
Description

September 1983

@ Provides real-time emulation
" capability for the family of Z8
Microcomputers.

Operates with Zilog systems
and other hosts; Z-SCAN 8
uses standard RS-232 links and
is compatible with many stan-
dard CRTs and software hosts.
This includes Zilog's S8000
systems, and others with user-

supplied load/save routines and
cross-software support.

& Hardware/software debugging
is fast and convenient. Two
screens display the status of
the Z-SCAN 8 monitor and Z8
target resources. Target mem-
ory can be displayed and mod-
ified in a scrollable window.

@ Fulfills the user’s essential
real-time debugging needs with
its real-time trace, two com-
plex breakpoints, single-step
capability, and four blocks of
mappable memory.

B Interactive and easy to use.
Commands are selected from
menus; command arguments
are self-prompting.

OVERVIEW

The Z-SCAN 8 Emulator is a com-
bination of hardware and software
that allows efficient, interactive
emulation of the Z8 Microcom-
puter. By the simple exchange of
target devices, the selected Z8
MCU can be emulated in a realistic
mode that allows user inspection
and control over the environment

being tested. Real-time trace, two
breakpoints, single-step capability,
and extensive mappable memory
ensure the user a tool that ac-
curately simulates the anticipated
Z8 operating environment.

Z-SCAN 8 is an in-circuit emulator
designed specifically for Zilog's

28601 (2K), Z8611 (4K), and
28681/82 (ROMless) Microcom-
puters. Z-SCAN 8 works with
Zilog's family of development”
hosts, interfacing via two RS-232
serial ports to the host and a CRT
terminal. A list of compatible CRT
terminals is provided in-Table 1.
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Table 1. Terminals Supported by the

Z-SCAN 8 Monitor

Table 2. Recommended Sources for Cross-Software

Manufacturer Model Source Description
Lear Siegler ADMB31 Zilog System 8000*. Cross-assembler for Z8 and
: 1315 Dell Avenue Z8-UPC microcomputers.
Televideo N Campbell, CA 95008
(408) 370-8000
Zentec Zephyr
Third Party
Soroc 1Q 120 Allen Ashley ASMB-Z8*. Cross-assembler; operates with any
~ 1Q 135 395 Sierra Madre Villa standard CP/M-based system.
Beehive Bee 100 Pasadena, CA 91107 System-Z8*. Cross-assembler; includes ASMB-
- Bee 107 (213) 793-5748 Z8 and text editor, operates with any standard
Micro-B 1 CP/M-Z80-based system.
DEC (any) VT52 Avocet Systems, Inc. Z8 Cross-assembler (XASMZ8), operates with
VT100 804 South State St. CP/M-80, CP/M-86, and MDOS.
ANSI A3.64 or Dover, DE 19901
ISO DP 6429 (802) 734-0151
compatible Microtec ASM Z8. Cross-assembler; operates with any

General Terminals, [-200

P.O. Box 60337
Sunnyvale, CA 94088

general-purpose mainframe (DEC, |BM, DG,

Inc. 1-400 etc.) in FORTRAN. .
H. i ] (408) 733-2919
azeltine 420 Relational Memory ASM Z8*, Relocatable macro cross-assembier;
1500 . )
Exec 80 Systems, Inc. operates with Intel Intellec 800 and Series |l
P.O. Box 6719 microcomputer development systems.
Hewlett Packard 2620 San Jose, CA 95150
2640
IBM 3101 *These include the upload and download software for communicating.

. Z-SCAN 8 can be disconnected
from the host and operated stand
alone. Transparent operation

Because it uses a standard serial
interface, Z-SCAN 8 can also be
used with virtually any software

“purpose computers. Only a simple
upload and download utility is
needed for operation since com-
host system that runs a cross- munication between the host allows the terminal to be used with

assembler or cross-compiler system and Z-SCAN 8 is through a the host in such a way that

capable of generating Z8 code (see standard serial port using Tektronix ~ Z-SCAN 8 effectively disappears

Table 2). This means software can hex format. Once software has from the terminal-to-host link,

be developed on many general- been downloaded into the target, without any physical re-cabling.

FUNCTIONAL
DESCRIPTION

The Z-SCAN 8 emulator is a com-
pact, portable device that can be
used in.a wide variety of functional
configurations and applications. It
has been designed to ease debug-
ging of both hardware and soft-
ware, to integrate hardware and
software in Z8-based systems, and
to provide the user with a powerfu!
and versatile tool for the develop-
ment of new systems and new ap-
plications for old systems.

The Z-SCAN 8 can be substituted Inspect and display the condi-
for a Z8 microprocessor in any of tion or status of internal

its configurations or operational registers and CPU pins for up
modes and can perform all the to 1,024 machine cycles
functions of the processor. Addi- preceding the breakpoint.
tionally, the Z-SCAN 8 allows the

@ Execute a program or an
user to : prog Y

number of instructions in single
Control any function or opera- step mode.
tion of the processor and its in- ‘
ternal (and in some cases, ex-

ternal) hardware.

2]

Substitute up to 8K bytes of
RAM for external program or
data memory.

806



Z-SCAN 8

Z8000 BOARD

MONITOR
PROGRAM
(EPROM)

TERMINAL

=~
bt

DEBUG * CONFIGURATION
SCREEN SCREEN

I 28 BOARD

8
2K CR 4K

HOST

| RS-232

28000
CPU

TRACE

MEMORY
1K x48

MAPPABLE
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S———————
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CONTROL 2 3
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Figure 1. Z-SCAN 8 System Block Diagram

User Interface, Z-SCAN 8 Com-
mand Screens

All communication between the
user and Z-SCAN 8 takes place
through the terminal. The format
consists of two selectable screen
menus: the Configuration menu
and the Debug menu. The operator
can manipulate each of these
primary menus to enable variations
for which the user can select a
particular set of conditions, such
as parameters and other variables,
for user control during emulation.

Z-SCAN 8 executes two types of
commands: screen commands and
manipulation commands. The latter
are used to control the display on
the monitor and are normally exe-
cuted by a control character or an
arrow key. Screen commands are
those used to define and control
the conditions of an emulation.

The Configuration Screen

The Configuration screen is pri-
marily used to inform the Z-SCAN
8-of certain default values to be

used for a specific emulation. It is
comprised of five submenus:

Host
Load
Save

Map

O o o oo

Target

These submenus allow the user to

O Set the host serial-link baud
© rate.

Connect the user directly to
the host system, in effect, mak-
ing the Z-SCAN 8 transparent.

o Download programs or data
from a host file.

O Allocate mappable memory in
the Z-SCAN 8.

O Inform the Z-SCAN 8 of target
configuration.

In practice, the Configuration
screen is seldom changed after ini-
tial setup until some other type of
test or exercise is contemplated.

The Debug Screen

Because it controls those condi-
tions most often changed, the
Debug screen is the screen most
frequently entered during a series
of tests or emulations. The Debug
screen is comprised of five
submenus:

Watch
Memory
Break
Xecute

Display

The Watch command allows the
user to designate up to twelve
16-byte lines of memory for
display. This display is automat- -

8200-001
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Figure 2. Bit Significance, Trace Memory Word

ically updated to show any change
occurring in the section of memory
specified.

The Memory command is used to.
compare two blocks of memory, fill
a block of memory with a hexa-
decimal string, or move a block of
memory to another range of ad-
dresses.

The Break command is used to
define two complex breakpoints,
which operate independently.

The Display command allows the
user to specify what portion or
range of program, data, or register
memory is to be displayed on the
screen.

Breakpolints

Two complex breakpoints are
available in the Z-SCAN 8. Each

. breakpoint can be programmed in-

dependently to stop all processor
activity at some arbitrarily selected
point and save the state of the
system in the trace memory for
later analysis. The breakpoints may
specify a stop on address, on data,
or on a status such as an interrupt
acknowledge. Or the breakpoint
may specify that a pulse be
generated and sent to the BNC
connector at the back of the
machine rather than stopping the
emulation.

Trace Memory

“The trace memory of the Z-SCAN 8
consists of a 48-bit by 1K block of
RAM that can be used by the
operator to record the condition
and status of certain elements of
the processor’s environment for up-
to 1,024 machine cycles. The trace
memory can then be displayed and
the display used to analyze an en-
tire series of steps in a routine.
The bit significance of the 48-bit
trace memory word is shown in
Figure 2. :

Mappable Memory

Mappable memory in the Z-SCAN 8
consists of four 2K blocks of high-
speed static RAM. Each of the
blocks can be assigned in-
dependently to replace a section or
block of the target system’s
memory. The block can be as-
signed anywhere in the Z8's
memory space and can be
specified to respond to program or
data memory or both. Mapping
must be done on 2K word bound-
aries only, and the entire block can
be write-protected. When a break
results from a write-protect viola-
tion, an error message appears on
the CRT.

SOFTWARE DESCRIPTION

The basic design of the Z-SCAN 8

software divides the emulator func-

_tions into two main tasks, the Net
Task and the Command Task. The
third major program module is the

Kernel, which performs the func-
tions of an operating system.

The two system tasks are written
inthe C programming language. To

take advantage of the system of
pointers available in this language,
the system software has made ex-
tensive use of tables that define

the collection of system commands.

INTERFACE TO NON-
ZILOG HOSTS

Load/save communication between
a Zilog (or other) host system and
the Z-SCAN 8 monitor is ac-
complished by exchanging
messages containing printable
ASCII characters. Message types
are:

B Single-character, data-block
acknowledgment

®m Error text
| ' Data block

All messages exchanged during a
Load or Save command are text
lines, each ending in RETURN (car-
riage return). Memory and other

data are converted into hexa-
decimal numerals for transmission,
and the resultant message is
readable left-to-right, high-order
digit first, as it is transmitted over
the RS-232 link.
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Z-SCAN 8 SPECIFICATIONS

Processor:
40-pin, 2K and 4K Z8 CPU
Clock Rate:
Internal to Z8000 board: 2.4 MHz
Emulation Frequency: -
Up to 12 MHz
110:
Two RS-232-C serial ports for ter-
- minal and host '
CRT Terminal:
Any standard CRT system, including
Zilog's S8000 systems.

Mappable Memory:
8K high-speed, static RAM assign-
able in 2K blocks

Broakpolnts:
Two comples breakpoints; breakable
on data, address, or interrupt
acknowledge

Emulator Cable;
24 inches

Front Panel:
TARGET RESET and MONITOR RE-
SET switches, POWER ON indicator,
40-pin connector type,

host), 3-pin power connector,
1% in., fuseholder (screwdriver re-
lease type), POWER ON switch
rocker type), 115/220 voitage selec-
tion switch (sliding type)

Power:
180-264 volts ac or 90-130 volts ac,
switch selectable; 47-63 Hz; 2 amp
maximum

Dimensions:
4 inches x 17.5 inches x 14.5 inches
(HWD); 10.2 centimeters x 44.5 cen-
timeters x 36.8 centimeters

Baud Rate:
Terminal: Rear Panel: Environment:
9600 BNC connector for pulse output, 10°C to 50°C (operating)
Host: standard LS-TTL level 2 x 25 pin con- Unit Weight:
Determined by user selection from nectors, 3M type 3483 (terminal and 25 pounds
300 to 38,000 ‘ .
”f"” bk memml \lv”H ! l mwv”rw Wﬁm = ;’nI ™ [ T

ORDERING INFORMATION

Part No.
05-0144-00

Description
Z-SCAN 8 Emulator
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Z-SCAN 800
Z300™ Emulator

Zilog

Product
Description

‘;%September 1983

INTRODUCTION

The Z-SCAN 800 is a low-cost
Z800™ MPU development system
designed to facilitate the integrated
hardware and software develop-
ment of Z800-based systems. The
Z-SCAN 800 represents the logical
choice for Z800 development, and
offers Z80® CPU system devel-
opers the ideal window to the
future.

Based on Zilog’s 16-bit Z8000™
CPU and connected via two RS-
232-C compatible ports, the
Z-SCAN 800 (Figure 1) offers in-
circuit emulation (ICE) in a stand-
alone mode or in a hosted multi-
user configuration, using any of
several common terminals and

various host development systems.

The stand-alone mode is especially
useful in manufacturing en-
vironments as it provides simple
testing and debugging for PROM-
based target systems. Configured
with a host, the Z-SCAN 800
becomes transparent, lending itself
to the development of high-level
software.

Figure 1. ZSCAN 800
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Z-SCAN software offers similar
flexibility. The user at a terminal
has a choice of screens to view,
and each screen offers a variety of

options to enable the user to focus
on specific needs. Real-time
emulation, extensive trace capabil-

ity, user-defined breakpoints, and a

MULTI-USER DEVELOPMENT
SYSTEM WITH HOST

Z-SCAN 800

STAND-ALONE DEVELOPMENT

SYSTEM

TARGET
BOARD

.

HOST
COMPUTER

RS 232
INTERFACE

IN CIRCUIT

(Icg)

Figure 2. Z-SCAN 800 Environment

2-SCAN 800
EMULATOR

INTERFACE

large mappable memory help main-
tain the Zilog tradition of advanced,
friendly development systems.
Figure 2 illustrates the Z-SCAN 800
environment.

RS 232
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Z800 EMULATION

The Z-SCAN 800 emulates all four
versions of the Z800 MPU. These
four versions are the Z8108,
28208, Z8116, and Z8216. All
Z800s are binary-code compatible
with the Z80, and incorporate ad-
vanced architectural features such
as dual mode (User/System) opera-
tion, on-chip peripherals, and
memory management.

The Z8108/8208 MPUs are

characterized by an 8-bit, Z80-type
bus. The Z8108, a 40-pin package,
includes on-chip the Z800-standard
Memory Management Unit (MMU),
clock oscillator, and refresh con-
troller. The 28208, a 64-pin
package, additionally includes four
24-bit Direct Memory Access
(DMA) channels, four 16-bit
counter/timers, and a full-duplex
UART to facilitate asynchronous
serial communication.

The Z8116/8216 MPUs operate on
the 16-bit Z-BUS® . As with the
28108/8208 CPUs, the Z8116 con-
tains the advanced features stan-
dard to the Z800s and the Z8216
includes the additional on-chip
peripherals.

Regardless of the package type,
the Z-SCAN 800 traces all address,
data, status, and control signals on
Z800 pins for development with
any Z800 MPU.

MAPPABLE MEMORY

In addition to providing MPU
emulation during system develop-
ment, the Z-SCAN 800 also
emulates user-board ROM by pro-
viding 64K bytes of static RAM.
This RAM may be divided in up to
eight blocks of 8K bytes each and
is mappable on any 4K byte bound-

ary. A special write-protection
feature can be individually applied
to any combination of the eight

~ blocks, providing a safe and ac-

curate representation of system
ROM.

The system developer can use the

mappable memory as a complete
substitute for eventual on-board
ROM, or as a partial supplement to
existing ROM. This supplement
may represent additional ROM
under development or even ‘‘throw
away’’ ROM to be used only during

~ debugging.

SCREEN-ORIENTED
DISPLAY

The screen-oriented display is one
example of the user-friendly soft-
ware of the Z-SCAN 800. The
screen-oriented approach frees the
user from the need to remember
all the possible commands
because the options are listed, and
it eliminates time-consuming and
error-producing keystrokes by re-
quiring only cursor placement for
selection. A first-time user can ef-

fectively learn the Z-SCAN 800 in‘a

few hours by-interacting with the
terminal display. The user chooses
between two screens: the Debug
Screen and the Configuration
Screen.

Debug Screen

The Debug screen acts as a “'win-
dow" into the target. The user can
configure the screen to display
preformatted presentations of
target resources such as special-

purpose and general-purpose
registers; target memory can be
displayed in scrollable fashion.

Configuration Screen

The Configuration screen provides
multiple options regarding the set-
up of mappable memory. This
screen contains information less
frequently used during the debug-
ging phase, such as baud rates
and target characteristics.

INTERFACE PROTOCOLS

Z-SCAN 800 is provided with pro-
tocols to permit uploading and
downloading with many host com-
puter systems. Protocols are pro-
vided for the Z800 family running
under several operating systems
as shown in Table 1. These stan-
dard protocols allow system

*UNIX is a registered trademark of Western Electric

developers to use their current
hardware configuration as a host
for Z-SCAN development work. In
addition, protocols are provided to
allow Z-SCAN 800 to interface with
such popular terminals as
ADM-31s, Hazeltine, HP and many
more.

Table 1. Z-SCAN 800 Interface

Protocols
Host Operating Z800 Mode
System Protocol
Apple Special
CP/IM ELOAD-binary
Intel MDS ELOAD-binary

System 8000, ZEUS ELOAD-binary
VAX, UNIX* ELOAD-binary
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BREAKPOINTS

The Z-SCAN 800 provides two
complex hardware breakpoints and
fifteen software breakpoints. The
two hardware breakpoints permit
the user to break on address, data,
and control signals, and can cause
breaks on specific combinations of
conditions. The additional software

breakpoints contribute to making
debugging a relatively simple task.

Additionally, the Z-SCAN 800 incor-
porates a break-in/break-out
feature, extremely useful in a Local
Area Network (LAN) debugging
situation. Break-in and break-out

pulses allow simultaneous breaking
within a multiple Z-SCAN environ-
ment. The break-in signal may
come from an external source or it
may originate in a previously set
hardware breakpoint within a
Z-SCAN 800.

TRACE

Another invaluable tool for debug-
ging is the trace feature. Trace
records up to 64-bits of data on up
to 1000 events, creating clear
histories of Z800 signal states.

*UNIX is a trademark of Bell Laboratories. Zilog is
licensed by AT&T. -

Finally, a disassembler provides
the user with easily recognizable
mnemonics to interpret results.

And the Z-SCAN 800 is an excep-
tional value. It comes at a very low

cost and includes a pod to ensure
reliable resuits even with high fre-
quencies and long cables. The
Z-SCAN 800 is fully UL/ICSA ap-
proved.
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Z8000™ Emulator
Z-SCEN 8020

Zilog

Product
Description

September 1983

B Provides Real Time Emulation up
to 4 MHz of the 28001 and 28002
CPUs. )

& Two RS-232C Serial Ports Make It
a Peripheral Usable with Most
Standard CRTs and Software
Hosts. ‘

Transparent Operation Permits
Direct Communication Between
CRT and Host without Physical
Disconnoct.

@ Highly Interactive, Screen-
Orientod User Interface Makes
Z-SCAN Easy To Use.

Shadow Monitor Removes All
Restrictions on Targoet Systom
Memory Space, Making It Fully
Avdilable To the User.

High-Speed Mappable Memory
(no wait states) Is Available to
Simulate Target System
RAM/ROM.

"OVERVIEW

The Z-SCAN 8000 Emulator is an in-
circuit emulator that has been designed
as a peripheral unit for Zilog’s Z8001
and Z8002 16-bit microprocessors.
Interfacing via two RS-232C Serial
ports to host and CRT terminal,
Z-SCAN 8000 can work with Zilog's
family of development hosts.

- Because it employs a standard serial
interface, Z-SCAN 8000 can also be
used with virtually any software host
system that runs a cross assembler or
cross compiler capable of generating
78000 code. Communication between
the host system and Z-SCAN 8000 is
with a standard serial format requiring

only a simple upload and download
utility to operate. For PROM-based
target systems, Z-SCAN can operate
stand-alone with'a CRT terminal
because the monitor and debug soft-
ware is EPROM-resident. ‘

In keeping with Zilog's design
philosophy of separating a develop-
ment system into two identifiable units
(the software host and an emulation
peripheral), Z-SCAN 8000 fits into
three scenarios, making it a highly ver-
satile unit:

B As a peripheral to Zilog’s PDS 8000,
ZDS-1, or System 8000, Z-SCAN
8000 completes the development

support package for the 28001 and

Z8002 microprocessors available
from Zilog.

As a peripheral to any development
host with the capability of compiling
or assembling Z8000 code, Z-SCAN

8000 allows a low-cost emulation

capability which precludes substan-
tial reinvestment in a software host

system.

As a stand-alone in-circuit emulator

that can operate with most CRT
terminals, Z-SCAN 8000 provides
simple testing and debugging

capability for PROM-based target”

systems.
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SYSTEM FEATURES

User Interface. Z-SCAN 8000 incor-
porates the use of a two-dimensional
screen-oriented user interface which
‘makes it easy to use. Because it is
general-purpose in nature, the user
interface does not require a customized
CRT terminal to operate. The only
requirements are that the CRT terminal
have screen erase, line erase, and cur-
sor addressing capability.

The objective of the user interface is
to provide a screen format with a
menu-like approach, which directs the
user through the operation of the emu-
lator. The user is aware at all times of
where he/she is in the debug process
because 2-SCAN 8000 provides the
CRT information about system para-
meters, system resources, current
execution, and error messages. When
the system is turned on, a bootstrap
routine produces a display informing
the user of the unit’s configuration and
requesting the user to define set-up
parameters. A menu of display choices
shows the user the different capabilities
of the system:

B The Memory/I/O command display
shows the various memory and I/O
manipulation commands which
access the target system.

W The Resources display presents the
user with the full complement of
arguments applicable to emulation
of the target system:

B The Execution display shows all the B

commands and parameters neces-
sary to cause emulation to take
place.

At all times, execution of spemfic
Monitor commands is possible, and
information on other relevant system
parameters and resources is always dis-
played. This highly intoractive user
interface makes it possible to use
Z-SCAN 8000 without frequent
reference to the operating manual.

Shadow Memory. Z-SCAN 8000 is a
single, CPU-based system that can be
configured to emulate either the Z8001
or Z8002 by simply exchanging the
CPU, monitor EPROM, and the
emulator cable.

Although the system uses a single
CPU for both monitor and emulation
functions, no restrictions are placed on
the target system memory size. This is
because the entire monitor resides in
shadow memory and, therefore, does

not appear in the target system memory 4

space. This feature also provides the
benefit of making future system expan-
sion possible without any hardware
redesign." .

ADDRE?’SIDATA

COMPARE
VAlI.UE

SEGMENT

COMPARE
VA%U E VALUE
1

STATUS

s COMPARE

ADDRESS/IDATA
COMPARATORS

SEGMENT
COMPARATORS

STATUS
COMPARATORS

DON'T DON'T
CARE CARE

DON'T
CARE

INSTRUCTION
FETCH
DETECT

MATCH

COUNTER

COUNTER

BREAKPOINT

LOGIC

Figure 1. Hardware Trigger Implementation

Hardware Trigger. Z-SCAN 8000
offers the capability of setting break-
points in three different fields or in a
combination of these fields. These are
the Address/Data Field, the Segment
Field, and the Control/Status Field. A
Pass Counter can be set up to a max-
imum of 255 counts to allow multiple
pass triggering. In addition, Z-SCAN
8000 may also be set to break on
instruction fetches only (single-step
execution), or, by using a Pass
Counter, may be set up to a maximum
of 247 counts to allqw triggering on
multiple instruction fetches (multi-step
execution).

With these two capabilities, a break-
point argument can be set up which is
on ORed condition allowing for either

" a break-on-field (or combination of

“n'

fields) argument or for instruction
fetches, whichever occurs first. This
ORed situation is convenient when
tracing through a program in search of

- a specific occurrence. A pulse output,

providing a trigger pulse on break-
point match condition is available on
the rear panel to trigger auxiliary test
instrumentation.

Mappable Memory. Z-SCAN 8000
offers a 4K work block of high-speed
static RAM. This block is available to
the user to simulate a target system

memory block which would typically
be ROM. No Wait states are required
at 4 MHz. This block is mappable
anywhere in the Z8001 and Z8002
address space and can be specified to
be Normal Code, Normal Data, Normal
Stack, System Code, System Data,
System Stack, or Space Independent.
Mapping must be done on 4K word
boundaries only, and the entire block
can be write protected against illegal
writes to cause system emulation either
to break on such occurrences or con-
tinue emulation. An error message
appears on the CRT display informing
the user of an illegal write.

Software Trace. Z-SCAN 8000 offers a
software trace feature which provides
insight into target system activity and
CPU resources. In the Trace Mode, the
system displays the address of the
instruction being executed and the
contents of the CPU registers (both
general-purpose and control) con-
secutively, covering one full screen
format.

For example, displaying the CPU
registers associated with every instruc-

. tion executed just prior to executing a

Break is tremendously useful to the
user during debug of target system
activity.
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SPECIFICATIONS

CPU
28001 or Z8002 per configuration

Clock Rato
500 kHz-4.0 MHz (external)

/0
Two RS-232C Serial Ports for CRT and
host

Baud Rate
Automatically selected from 50 to 19.2K

Mappable Memory
4096 x 16 Static RAM (no Wait states at
4 MHz while operating off User clock)
Inputs
One standard LS-TTL load plus 30 pF
maximum

Outputs
Capable of driving one standard LS-TTL
load plus 30 pF preload

Rear Panel Output

Front Panel
Target/Monitor, Reset, and NMI toggle
switches

Power ‘
110/220 Vac, 50/60 Hz switch selectable,
60 VA maximum

Dimensions
4 in. (10.2 cm) (H) x 142 in. (36.8 cm)
(W) x 18 in. (45.7 c¢m) (D)

Emulator Cable

Br;zl:ﬁzi:lt Data, Segment and Address, BNC connector for pulse output, standard 12 inches
Control, Address and Control, Data and LS-TTL
Control, Segment and Address and
Control, Instruction Fetch, OR combina-
tion of Instruction Fetch and any Field
argument
AC CHARACTERISTICS
MNumbker Z0001/2 Z-SCAN
Symbol Paramoter Min(ns) Max(ns) Min(ns) Max(ns)
1 TeC Clock Cycle Time 250 2000 250 2000
2 TwCh Clock Width (High) 105 2000 105 2000
3 TwCl Clock Width (Low) . 105 2000 105 2000
4 TIC Clock Fall Time 20 20
5—TrC Clock Rise Time 20 20—
6 TdC(SNv) Clock t to Segment Number Valid (50 pF load) 130 175
7 TdC(SNn) - Clock 1 to Segment Number Not Valid 20 35
8 TdC(Bz) Clock 1 to Bus Float 65 165
9 TdC(A) Clock 1 to Address Valid 100 163
10— TdC(Az) Clock t to Address Float 65 154 —
11  TdA(DI) Address Valid to Data In Required Valid 455 383
12  TsDI(C) Data In to Clock } Setup Time 50 76
13 TdDS(A) DS t to Address Active : 80 -4
14 TdC(DO) Clock 1 to Data Out Valid 100 163
18— ThDI(DS) Data In to DS t Hold Time 0 -20
16 TdDO(DS) Data Out Valid to DS | Delay 295 269
17 TdA(MR) Address Valid to MREQ | Delay ) 58 29
18 TdC(MR) Clock ! to MREQ | Delay 80 143
19a TwMRh MREQ Width (High) 210 193
19b —TwMRh—— MREQ Width (High) During Monitor Operation 184
20 TdMR(A) MREQ | to Address Not Active 70 53
21 TdDO(DSW) Data QOut Valid to DS | (Write) Delay 55 59
22 TdMR(DI) MREQ ! to Data In Required Valid - 350 287
23  TdC(MR) Clock | MREQ t Delay 80. 134
24— TdC(AS) Clock 1 to AS | Delay 80 , 134—
25 TdA(AS) Address Valid to AS t Delay 55 29
26 TdC(ASr) Clock | to AS t Delay 90 144
27 TdAS(DI) AS 1 to Data In Required Valid 340 277
28 TdDS(AS) DS t to AS | Delay 70 53
29 —TwAS AS Width (Low) 70 53
30 TdAS(A) AS 1 to Address Not Active Delay 60 43
31 TdAz(DSR) Address Float to DS (Read) | Delay 0 -41 4

CONTINUED ON NEXT PAGE
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AC CHARACTERISTICS

Number 28001/2 Z-SCAN
Symbol . Parameter Min(ns) Max(ns) Min (ns) Max (ns)
32 TdAS(DSR) AS t to DS (Read) } Delay 70 53
33 - TdDSR(DI) DS (Read) | to Data In Required Valid 185 122
34 TdC(DSr) Clock | to DS t Delay 70 65
35 TdDS(DO) DS 1 to Data Out and STATUS Not Valid 75 58
36 —TdA(DSR) —— Address Valid to DS (Read) | Delay 180 - 154
37 TdC(DSR) Clock 1 to DS (Read) ! Delay 120 174
38 TwDSR DS (Read) Width (Low) 275 258
39 TdC(DSW) Clock | to DS (Write) | Delay 95 149
40 TwDSW DS (Write) Width (Low) 185 168
41 —TdDSI(DI)—— DS (Input) | | to Data In Required Valid 320 266
42 TdC(DSf) Clock | to DS (/O) | Delay 120 174
43 TwDS DS (I/O) Width (Low) 410 393
44 TdAS(DSA) AS 1 to DS (Acknowledge) | Delay 1065 1048
45 TdC(DSA) Clock 1 to DS (Acknowledge) | Delay 120 . 174
46— TdDSA(DI)—— DS (Acknowledge) } to Data In Required Delay 435 381
47 TdC(S) Clock t to Status Valid Delay 110 162.
48 TdS(AS) Status Valid fo AS t Delay 60 45
49 TsR(C) RESET to Clock t Setup Time 180 208
50 ThR(C) RESET to Clock t Hold Time 0 15
51 —TwNMI ———— NMI Width (Low) 100 116
52 TsNMI(C) NMI to Clock 1 Setup Time 140 154
53 TsVI(C) VI, NVI to Clock 1 Setup Time 110 118
54 ThVI(C) " VI, NVI to Clock 1 Hold Time 0 22
55" TsSGT(C) SEGT to Clock 1 Setup Time 70 78
56-—ThSGT(C)—— SEGT to Clock t Hold Time 0 22
57 TsMI(C) MI to Clock 1 Setup Time 180 188
58 ThMI(C) MI to Clock ! Hold Time 0 22
59 TdC(MOQO) Clock t to MO Delay 120 165
60 TsSTP(C) STOP to Clock | Setup Time 140 148
61 —ThSTP(C)——— STOP to Clock | Hold Time 0 22
62 TsWT(C) WAIT to Clock |- Setup Time 50 78
63 ThWT(C) WAIT to Clock | Hold Time 10 25
64 TsBRQ(C) BUSREQ to Clock t Setup Time 90 98
65 ThBRQ(C) BUSREQ to Clock t Hold Time 10 32
66 —TdC(BAKr) Clock t to BUSACK t Delay -100 145
67 TdC(BAK{) Clock ! to BUSACK | Delay 100 145
ORDERING INFORMATION
Part No. Description Systems recommended: /
05-0100-00  Z-SCAN 8000/1 Emulator Degcription Prerequisites
) (Supp orts Z8001 Emula- ZDS-1 Series Development Systems 78000 SDP
tion and Control) ]
05-0100-01 7-SCAN 8000/2 Emulator PSDS 8000 Series Development Z8000 SDP
ystems
(Supports Z8002 Emula-
tion and Control) System 8000 Family 78000 SDP
05-0101-00 78001 Field Support Kit
(Converts Z-SCAN
8000/2 into Z- SCAN
8000/1) ’ ;
05-0102-00  Z8002 Field Support Kit
(Converts Z-SCAN ,
8000/1 into Z-SCAN
} 8000/2)
05-0103-01 Z-SCAN 8000 Emulator
Includes Z80C1 and
Z8002 CPU's, emulator
cables and serial inter-
face cables:
00-1041-03
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Systerm 80CO
Models 21 and 31

Z:1og]

Product Brief

September 1983

Features

a VLSI components include the 6
MHz Z8001A CPU and 6 MHz
Z8010A Memory Management
Units (MMUs), as well as 6
MHz Z80B CPUs. The Z8000 is
a 16-bit CPU that has 16
general-purpose registers, an
8M byte address space, and
capability to perform 8-bit,
16-bit, and 32-bit operations.

O ZEUS, Zilog's enhanced UNIX*
operating system, is a com-
plete, real UNIX, not a look-
alike. Enhancements include
additional utilities from Zilog
and the University of California
at Berkeley.

o System 8000 uses a powerful
screen-oriented text editor to
increase editing speed.

O A selection of high-level
languages is offered for the
Z8000: BASIC, COBOL, C,
FORTRAN 77, Pascal and
PLZ/SYS.

o Up to 4M bytes of ECC-
controlled memory increases
system reliability, and a large
physical memory size improves
system performance.

o Up to 24 users can be sup-
ported.

O Optional industry-standard
9-track, half-inch, magnetic
tape is available for informa-
tion interchange. Streamer
mode is used for disk backup.

High-Performance,
Time-Sharing
Computer Systems

The System 8000 Models 21 and
31 are general-purpose, multiuser,
time-sharing computer systems.
They offer versatile and economic
solutions for the commercial user,
since many users can be added to
the same system, all performing
different tasks simultaneously.
Sharing of files and transmission of
messages between users is easy.
The multiuser programming en-
vironment allows both
sophisticated and untrained users
to operate the computer.

State-of-the-Art Technology Plus
Future Expansion

For optimal performance, the
System 8000 utilizes many ad-
vanced components such as

S,

Z8000™ CPU, ECC (Error Checking
and Correction controlled memory,
Winchester disks, cartridge tape
and low power consumption
devices. System growth is made
possible by the addition of more
boards and more peripheral
modules.

As a supplier of both components
and systems, Zilog incorporates
the latest microprocessor
technology into system-level -
products.

The System 8000 family offers
high-performance systems at
reasonable cost.

*UNIX is a trademark of Bell Laboratories. Zilog is licensed by Western Electric, Inc. for the Seventh Editon and System IIl.
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Left to Right: Model 11, Model 31 with Optional
Expansion Chassis. Mode! 31 with Optional
9-Track Tape Drive. Model 21.

Software

For the operating system, Zilog
chose to implement UNIX, the op-
timum environment for application
software development and pro-
grammer productivity. The Zilog
“port"” of UNIX is named ZEUS, for
Zilog Enhanced Unix System. It
contains many additional features
and utilities designed by Zilog and
the University of California at
Berkeley.

Unlike some other implementations
of the popular UNIX operating
system, ZEUS, in conjunction with
the Z8001 CPU and the specialized
memory management hardware in
the System 8000; is able to support
extremely large user programs.
This can be especially important
for large FORTRAN and C applica-
tions.

ZEUS is a general-purpose,
multiuser, multitasking operating
system designed for software
development. Productivity in-
creases with ZEUS because with
it, the necessary software tools are
available. Documentation guality -
and availability also improve
because tedious jobs are
automated.

All of the software needed to make
system programmers, application
programmers, and technical
writers more productive is
available on the system. Commer-
cial users can choose from COBOL
and BASIC business languages;
system programmers have C,
Z8000 assembler, and PLZ/SYS for
their needs. Technical users can
select FORTRAN 77 or Pascal.

Programs for business such as Ac-
counts Receivable, Payroll, and
Order Entry can be quickly ported
and customized. In the technical
environment, special software and
test programs can be developed to
fit the needs of the task. The major
operating system features are:

e Hierarchical file system

e Compatible file, device, and
interprocess input/output

e Separate code and data
address space

e Multiple processes per user
e User configurability

o User programs address space
of up to 8M bytes (C,
FORTRAN 77, assembler)

System Utilities

The system utilities include the
command interpreter and file
maintenance, status inquiry,
system accounting programs, and
data communications. The com-
mand interpreter is selected on a
per-user basis, enabling the system
to be tailored to the needs of dif-
ferent users. Data communications
utilities are included for networking
over a serial link to other local or
remote ZEUS- or UNIX-based com-
puter systems.

The ZEUS programming tools con-
sist of languages, libraries, a sym-
bolic debugger, text processing

software, and more than 180 other

‘ utilities.

Hardware

The System 8000 hardware is
designed to support ZEUS soft-
ware. The memory management
architecture allows ZEUS to sup-
port, with minimal changes, pro-
grams that run under the UNIX
operating system. The memory ar-
chitecture also makes it possible
for user programs to have an ad-
dress space of up to 8M bytes.

Designed for performance, reliabil-
ity, and future growth, System
8000 is based on Zilog's 6 MHz
Z8001A CPU, with high-
performance, high-reliability Win-
chester and Storage Module Disks
(SMD). Intelligent /O controllers
aid performance. The large ECC-
controlled memory reduces swap-
ping. The Z-BUS Backplane Inter-
connect (ZBI™) and modular
system packaging allow for system
growth. Serial RS-232-C and
parallel interfaces allow attach-
ment of 1/O devices such as CRTs
and printers.

The modular design makes System
8000 easy to service. As many as
five modules can be stacked. Each
module is self-contained so that
modules can be unstacked without
tools. The unit can also be
mounted in a standard 19” rack.

Zilog is committed to the long-term
development of the System 8000
product family. A recent addition is
an industry-standard, half-inch
magnetic tape peripheral option.
This peripheral supports inter-
change of information on tape with
other systems and can also be
used in a ‘‘streaming’’ mode for
fast, high-capacity backup of the
on-line disks.
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System 8000 Model 21 and 31 Characteristics ]
" Storage Module Disk (SMD) Performance

Physical Cartridge Tape Drive Performance
Height 84 cm {33 in.) Rotation Speed 3,600 RPM - Speed Read/Write 30 ips (90 ips)
Width 48 cm (19 in.) Power ON to Ready Time 60 seconds (rewind/search)

Depth 61 cm (24 in.) Average Positioning Time Tracks 4
Weight 105 kg. (250 pounds) (Typical) 20 ms Recording Density 6,400 BPI
. approximate Number of Surfaces 7 Memo :
: ry
Winchester Disk Performance Tracks per Surface 589 1M bytes ECC (minimum)

Rotation Speed 3,600 RPM Sectors per Track 32 lect
Power ON to Ready 60 seconds Bytes per Sector 512 . Flectrical )

Time ' Data Transfer Rate 1.2M bytes/sec Phase Single
Average Positioning 45 ms Capacity Unformatted  84M bytes Frequency 47-63 Hz

Time (Typical) Environmental .
Number of Surfaces 4 Operating Temperature  10°C Nominat Current Current
‘Tracks per Surface 600 (50° F) min. Selectable Sustained Surge
Sectors per Track 24 40°C | Voltages (£ 10%) (max) = (max)
Bytes per Sector - 512 (104° F) max.
Data Transfer Rate 801K bytes/sec Relative Humidity 2080% . :?3 x :Zgg H; Zg 2 gg ﬁ
Capacity Unformatted 32M bytes (noncondgnsung) 220 V a0/50 Hz 25A 40A

240 V ac/50 Hz 25A 40A

00-1105-03
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System 8000
Model 11

Product Brief

Zilog

September 1983

Features

m Economical, time-sharing
system supports up to eight
users.

® Powerful ZEUS operating
system, Zilog's implementation
of UNIX*.

B ZEUS includes a screen-
oriented text editor and com-
prehensive text processing
software for fast and easy
editing applications.

@ Model 11 supports such high-
level languages as COBOL,
- BASIC, C, PLZ/SYS, FORTRAN
77, and Pascal.

B Up to 1M bytes of parity
memory or optional 1M byte of
ECC-controlled memory.

B Up to 36M bytes of disk
storage capacity.

B 17M byte cartridge tape for
backup and archiving.

A Compact Computer Powerful
Enough to Support Eight Users

The Zilog System 8000 Model 11

has been specifically designed for
business and office environments.
The system is small enough to fit

under a desk, yet can provide com-

puting power for up to eight users
simultaneously. This general-
purpose, time-sharing system is
ideally suited for commercial
needs.

State-of-the-Art Components

The Model 11 features reliable,
field-proven VLS| components such
as the Z8001A CPU (which sup-
ports separate code and data ad-
dress spaces) and three- Z8010A
Memory Management Units.

The basic Model 11 has 256K
bytes of parity random-access
memory (RAM). A 5V4-inch Win-
chester disk provides 18M bytes of
storage. The sealed, high-
performance Winchester disk drive
protects data from contaminants

- and provides economical, fast, and

highly reliable on-line storage of
data.

A 17M byte cartridge tape drive is
used for hard disk backup. This
tape drive offers virtually unlimited
off-line storage of data.

Powerful ZEUS Operating
System

For the operating system, Zilog
chose to implement UNIX, the op-
timum environment for application
software development and pro-
grammer productivity. The Zilog
“port”’ of UNIX is named ZEUS, for
Zilog Enhanced Unix System.

Unlike some other implementations
of the popular UNIX operating
system, ZEUS, in conjunction with
the Z8001 CPU and the specialized
memory management hardware in
the System 8000, is able to support
extremely large user programs.
This can be especially important
for large FORTRAN and C applica-
tions.

*UNIX is a trademark of Bell Laboratories. Zilog is licensed by Western Electric, Inc. for the Seventh Edition and System (Il
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ZEUS includes features and addi-
tional software developed by Zilog
and the University of California at
Berkeley. Major features of the
ZEUS operating system are its
hierarchical file structure and com-
patible file, device, and inter-
process input/output functions.

ZEUS includes an impressive array
of programs that comprise its
system utilities and development
tools. These software tools make it
easy for both OEMs and end-users
to develop new applications
quickly.

Reliable Hardware

- The system’s hardware has been
designed to complement its power-
ful software. Also, programs

developed on other units in the
System 8000 family are completely
transferrable to the Model 11.

Intelligent Winchester disk and
tape drive controllers free the

operating system from routine

device-handling functions.

The system’s 32-bit Z-BUS
Backplane Interconnect (ZBIT™)
provides flexibility in system con-
figuration and allows for future ex-
pansion.

Serial RS-232-C and parallel inter-
faces allow the system to com-
municate with input/output devices
such as CRTs and printers.

Flexible Hardware
Expansion

To accommodate system growth,
the basic Model 11 System 8000
can be expanded to include up to
1M bytes of parity or ECC- (Error
Checking and Correction) con-
trolled memory. A second 5 V-inch,
18M byte Winchester disk drive
can be added to the system to pro-
vide dual drives with a total of 36M
bytes of on-line data storage
capacity.

System Utilities

The ZEUS system utilities provide
programs for user access, com-
mand processing, file manage-
ment, status information, com-
munication with other devices or
systems, and system maintenance.

ZEUS features a command inter-
preter as an interface between the
user and the system. It is selected
on a per-user basis, allowing the
system to be tailored to meet the

needs of different users.

The ZEUS development tools in-
clude programming languages,
libraries, a symbolic debugger, text
processing and formatting soft-
ware, and more than 180 other
utilities. ZEUS also includes a two-
dimensional, screen-oriented text
editor to increase editing speed.

The system supports several high-
level programming languages for
business, scientific, and industrial
applications. Choose from-COBOL,
BASIC, C, PLZ/ISYS, FORTRAN 77,
and Pascal.

Left to Right: Model 11, Model 31 with Optional
Expansion Chassis. Model 31 with Optional
9-Track Tape Drive. Model 21.

' System 8000 Model 11 Charactéristics

Physical
Height 66 cm (26 in.)
Width 20 cm (8 in.)
"~ Depth 46 cm (18 in.)
Weight 43 kg. (95 pounds) -
approximate

Winchester Disk Performance
Rotation Speed 3,600 RPM
-Power ON to Ready Time 60 seconds
Average Positioning Time

(Typical) 75 ms
Bytes per Sector .~ 512
Data Transfer Rate 5M bits/sec
Capacity Unformatted 18M bytes

Environmental

Operating Temperature  10°C
(50° F) min.
40°C
(104° F) max.
Relative Humidity 20-80%

(noncondensing)

Cartridge Tape Drive Performance
Speed Read/Write 30 ips (90 ips)
(rewind/search)

Tracks 4
Recording Density 6,400 BPI
Memory

256K-byte parity (minimum)

Electrical
Phase Single
Frequency 47-63 Hz
Nominal Current Current
Selectable Sustained Surge
Voltages (£ 10%) (max) (max)
100 V ac/60 Hz 25A 40A
117 V ac/60 Hz 25A 40A
220 V ac/50 Hz 1.25 A 20A
240 V ac/50 Hz 1.25 A 20A
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Zilog oriers full support for all
its microprocessors and micro-
computers with the System 8000.
The System 8000 computer
system uses ZEUS, the UNIX*-
based operating system specific-
ally designed for software

development and text processing.

Numerous development tools are
available, including the program-
ming languages PLZ/SYS, C,
FORTRAN 77, Ada, and Pascal;
various libraries; and a symbolic
debugger.

Cross-software packages run
under ZEUS on the S8000 enable
complete code development for

*UNIX is a trademark of Bell Laboratories.

Development Systems
Seftware for
Bll Zilog Microprocessors

all Zilog microprocessors and
microcomputers. This includes C
compilers for the Z8000 and Z80
and assemblers for the Z8000,
7800, Z80, and Z8.

Emulators designed for the
complete range of Zilog products
are detailed in the Development
Section of this data book.
Because ZEUS treats emulators
as System 8000 peripherals,
System 8000 can be combined
with EMS 8000, Z-SCAN 8000, or
with non-Zilog emulators to pro-
vide total product development
support for multiple micro-
processors.

The ZRTS Kernel is a small ex-
ecutive program that provides the
core of a real-time multitasking
operating system in PROMable
form. In addition to development
languages, ZRTS 8000 and ZCL
are available to assist the user in
implementing a real-time target
operating system. ZCL is a high-
level configuration language that
permits the designer to configure
the target system in easy-to-use
statements. .

More software products for
Zilog components and systems
are described in the Zilog Soft-
ware Catalog.
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28000™
PLZ/SYS

Zilog

Product
Brief

June 1982

Features

B High-level procedure-oriented language
permits efficient writing of machine-
independent modules and programs.

B Structured format for fast and easy-to-
compile programs.

B Produces efficient code for economical
memory usage and processing time.

B Simplifies software production and
maintenance.

M Allows direct or interpretive execution of
program modules.

B Supports both segmented and nonsegmented
Z8000 processors.

Description

Z8000 PLZ is a family of different program-
ming languages designed to satisty a wide
range of microcomputer software development
requirements. The two members of the PLZ -
family, PLZ/SYS and PLZ/ASM, produce object
code-compatible modules and share common
control structures and data definition facilities.
Thus, selective portions of programs can be
written in the most appropriate language for
the specific application and still maintain a
consistent structure between modules.

PLZ/SYS is a high-level, procedure-oriented
language that is syntactically similar to Pascal.
It provides a medium for writing structured,
machine-independent programs with a
minimum of programming effort.

PLZ/ASM, on the other hand, is a structured
assembly language that permits access to the
low-level capabilities of the processor by mix-
ing assembly language and high-level control
structures.

Compiler. The Z8000 PLZ/SYS Compiler
translates source code modules into an
intermediate stage called Z-code. The Z-code
modules can then be executed interpretively or
processed by the code generator to produce a
machine-code object module.

The compiler provides support for both the
segmented and non-segmented Z8000 pro-
cessors.

Code Generator. The Z8000 PLZCG Code

Generator accepts a file of intermediate Z-code
generated by PLZ/SYS and produces the cor-

responding Z8000 machine code as a relocat-
able object module. This file can be linked
with other modules to form a complete
executable load module.

Interpreter. The intermediate Z-code modules
produced by the Z8000 PLZ/SYS Compiler can
be executed interpretively by ZINTERP. Link-

ing ZINTERP with the other modules generated

by the compiler produces an executable load

module.

Linker. The Linker, ZLINK, links Z-code,
ZINTERP and/or machine code modules into a
single relocatable load module, allowing the
user to control the overall size and speed of
the program.

Although interpretive Z-code runs more
slowly than machine code, the space savings
over machine code is usually substantial for
larger programs where the 3K bytes of
ZINTERP is a small percentage of the entire
program. By balancing the number of Z-code
and machine code modules, the user can max-
imize the efficiency of a particular program.

ZLINK resolves any external references
between separately assembled modules, so that
the load module produced is relocatable. It
also allows the reordering and combining of
named sections between modules and supports
incremental linking.

Operating Environment. Z8000 PLZ/SYS is
supported on Zilog's S8000 Development
System.
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ZB8070 Floating-Point
Software Emulation
Package

ZAOg

Product
Specification

September 1983

FEATURES

O Provides high-quality floating-point
capability for Z8000 series CPUs.

O Executes the same instruction set and simulates the
architecture of Zilog's Z8070 Arithmetic Processing
Unit (APU). The same application software can use
either this emulation package or the Z8070 APU
without modification.

arithmetic

O Conforms to the proposed |IEEE Standard P754 Draft

9.0 for binary floating-point arithmetic.

O Provides routines for the conversion of binary in-
teger and Binary Coded Decimal (BCD) to and from

binary floating-point formats.

GENERAL DESCRIPTION

The Floating-Point Software Emulation Package (also
referred to as the Emulator) provides floating-point
arithmetic capability in accordance with the proposed
IEEE Standard for binary floating-point arithmetic.

The proposed standard is designed to facilitate the por-
tability and increase the precision and reliability of
‘numerically oriented programs. The Emulator’s ability to
handle various numeric formats makes it amenable to
commercial as well as scientific applications. Because
the Emulator simulates the Z8070 APU, it is an ideal tool
for systems that may later include the Z8070 chip.

The Emulator is written in PLZ/ASM structured assembly

language and is fully operable on the Z8000 series
CPUs. 1t can be run in either segmented or
nonsegmented modes and in either Normal or System
modes. It is available with Zilog’s Real-Time Software
(ZRTS) and Zilog's System 8000.

The Emulator uses the Z8000 CPU's Extended Process-
ing Architecture (EPA). The EPA function provides the
capability for flexible hardware and software expansion
by the addition of Extended Processing Units or software
trap handlers. When the EPA bit in the CPU’s Flag and
Control Word is zero, the CPU traps to the Emulator upon
encountering a floating-point instruction.

FUNCTIONAL DESCRIPTION

The Emulator consists of a small system-dependent
module involved with memory accesses, and a system-
independent body. The system-dependent module
comes in PLZ/ASM source form, whereas the body is in
object code. Two versions of the body are provided: one
assembled for segmented operation, the other for
nonsegmented use. The Emulator can, consequently, be
run in either segmented or nonsegmented mode. The
Emulator uses no privileged CPU operations, and most
operations finish in under one millisecond on a 6 MHz
CPU, including the trapping and typical operating system
overhead.

The system-independent body is called by the system-
dependent module, using Zilog’s calling convention. The
system-independent body consists of approximately

5000 bytes of code and requires fewer than 30 words of
stack space for operation. After an operation, the body
returns a status code, indicating whether or not a trap
should be taken.

In the system-dependent module, the most important
aspect of the Emulator is its method of accessing the ad-
dress spaces of the process that generated the EPA

trap. A small set of assembly language interface routines

that can be tailored to the host system is provided in
PLZ/ASM source form. These routines are fully general
in that they permit trapped processes from either
nonsegmented or segmented operating modes and from
either System or Normal operating modes. Host systems
not supporting some of these combinations can simpiy
ignore them.
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A user with an average mathematical background
should be able to attain precise results with the floating-
point arithmetic supported by the Emulator, because the
software simplifies the development of accurate pro-
grams. The Emulator accepts numbers in any of several
data formats, operates on them in the very precise Ex-
tended format, returns results to any of the formats, and
indicates any exceptions that may arise.

Exceptions, as defined by the proposed IEEE Standard,
include detection of invalid operands or results, attemp-
ted division by zero, and overflows or underflows caused
by exceeding the limits of the data format. Exceptions
can be handled by user-controlled traps, or can be dealt’

with in an automatic manner by the Emulator. In addi-
tion, the Emulator records historical information on ex-
ceptions for later evaluation. This creates a flexible en-
vironment in which the user can tailor exception hand-
ling based on the needs of a specific application.

The capabilities of the Emulator are of use wherever
consistency of results, precision of results, manipulation
of a wide range of numbers, or generally increased
arithmetic processing capabilities are required. Such
widely divergent applications as guidance systems,
financial data processing, process control, graphics and
robotics can be enhanced by increased arithmetic
capabilities.

ARCHITECTURE

There are eight 80-bit data registers, two 32-bit status
registers, one 16-bit and one 32-bit control register, and
two 80-bit floating operand registers in the Emulator.
This software architecture is designed to simulate the
Z8070 APU.

The Emulator has a data register file of eight 80-bit
registers labelled FO to F7. This format corresponds to
the Double Extended format in which the Emulator per-
forms all of its internal numeric operations. Figure 1 ill-
ustrates the data register file.

79 78 64 63 0

FR7

FR6

FRS

FR4

FR3

FR2

FR1

FRO

SIGN EXPONENT SIGNIFICAND

Figure 1. Data Register File

There are two 32-bit status registers known as the Pro-
gram Counter register (PC1) and the Flags register. PC1
(Figure 2) holds the address of the instruction that
generated the trap. The Flags register contains historical
information on detected exceptions (sticky flags) and the
Emulator's Compare and Remainder flags (Figure 3).

31 0

L—I SEGMENT W//////////A OFFSET |

Figure 2. Program Counter Register (PC1)

Flags Register. Four fields provide information on ex-
ceptions and results. These fields are:

Sticky tlags. Eight flags are set when an exception oc-
curs, and remain set until they are cleared by the pro-
grammer. These flags are:

INV—Invalid
FOV—Floating-point Overflow
UN—Underflow
DZ—Divide-by-Zero
INX—Inexact Result
DE—Denormalized number
NAN—Signalling NaN
IX—Integer Overflow

Previous Operation flags. These are the same as the
sticky flags, except these bits reflect the exceptlon of the
previous operation.

Compare and Remainder flags. These status flags cor-
respond to the H, D, P/V, S, Z, and C flags in the Z8000
CPU’s FCW.

FOPIE. These bits are the two most significant bits
(MSB) of the exponent of Floatmq Operand register 1
(FOP1). :

FOP2E. These bits are the two MSBs of the exponent of
Floating Operand register 2 (FOP2).

There are two control registers in the Emulator: the
System Configuration register and the User Control
register. The System Configuration register is accessible
only to privileged users in System mode; it contains in-
terrupt controls and EPU information (Figure 4). The
User Control register (Figure 5) is accessible to Normal
mode users; it sets arithmetic modes and enables traps.
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System Configuration Register. Ten fields provide in-
formation on instructions and interrupts. These fields
are:

Interrupt Vector Number. |dentifies the source and
cause of an interrupt.

SV. Shifts the Interrupt Vector left.

VIS. Is set to include status information in the Interrupt
Vector.

NV. Is set when no vector is to be returned.

1US. s set when an interrupt is under service.
Interrupt Pending (IP). Indicates a pending interrupt.
Master Interrupt Enable (MIE). Enables all interrupts.

Used (U). Indicates that a floating-point instruction has
been executed.

~ID. Indicates the number in the ID field of EPU instruc-
tions to which the Emulator will respond.

Invalid ID. Specifies which ID fielus in EPA instructions
should cause a trap to be generated. 4

30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

User Control Register. Three fields enable traps and
determine arithmetic modes. These fields are:

Rounding mode (RM).

00 = Round to Nearest

01 = Round toward Zero

10 = Round toward Plus Infinity
11 = Round toward Minus Infinity

Trap Enables. The setting of these bits enables the trap
associated with each exception listed below.

INV—Invalid

FOV—Floating Point Overflow
UN—Underflow
DZ—Divide-by-Zero
INX—Inexact Result
DE—Denormalized number
NAN—Signalling NaN
IX—Integer Overflow

In addition, the Emulator contains two 80-bit floating
operand registers labelled FOP1 and FOP2, which con-
tain the input operand (FOP1) and result (FOP2) for use
by trap handlers (Figure 6).

15 14 13 12 11 109 8 7 6 5 4 3 2 1 O

T T =T T T 1
I ] l 1 l FOP1ElFDPZE [FC I FZ rl Fv IFDlFHl | IIX INAN' DEIINX 274 UN FOV INVI IX NAN DE INX DZ UN FOV INV
1 1 1 1 1 1 1 I 1 d 1

N P >

COMPARE AND REMAINDER FLAGS

~" ~"
PREVIOUS OPERATION FLAGS STICKY FLAGS

Figure 3. Flags Register

31 30 29 23 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 [1]
T 1 Ll
I EPUl IDS | iD I IF I u [0 | 0 ] 0 F [ 0 | 0 l ;IMIiIPIIUS |NV]VISEIF L INTERHUPTVECTOR NUMBER
1 1 |
Figure 4. System Configuration Register
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T 1 T T ] 1 T I ] 1 LB 1
IIXNANDE INX DZ UN FOVINV)] O 0 O 0 O 0| RMJ
1 ] L 1 L ] A 1 1 ] L 1 1
7
e
TRAP ENABLES
Figure 5. User Control Register
FLOATING OPERAND 1 (INPUT OPERAND)
| s I EXPONENT | SIGNIFICAND ]
15 LEAST SIGNIFICANT BITS OF
EXPONENT (2 MSB’s IN FLAGS REGISTER)
FLOATING OPERAND 2 (RESULT)
| s | EXPONENT I SIGNIFICAND I
15 LEAST SIGN!IFICANT BITS OF .
EXPONENT (2 MSB’s IN FLAGS REGISTER)
Figure 6. Floating Operand Registers
2283-001,2147-003
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DATA TYPES

The Emulator supports the data types shown in Figure 7.
All formats are automatically converted to the 80-bit
floating-point format for internal operations and can be
returned to any of the formats. The S bit is the Sign bit

specifying a positive (0) or negative (1) number. The .

negative or positive floating-point number is equal to:
significand x 2(exponent-bias)

The Emulator also supports extensions to the floating-
point arithmetic. Infinities are represented, and numbers
~ that cannot be represented in normalized form (i.e.,
where the most significant bit of the significand is a
binary 1) can be represented in a denormalized form
(i.e., with leading Os in the significand). In addition, cer-
tain values for NaNs (Not-a-Number) are defined, which
are useful in causing traps or providing diagnostic infor-
mation.

In the following description of the binary floating-point
formats, ‘s’ is the sign, ‘e’ is the exponent, ‘f’ is the
significand (or fraction), and j is a 1-bit integer part. The
integer bit.is implicit in single and double formats.

313 232 0
Ll = | ' |

Single Precision Binary (32 bits)

63 62 52 51

The value (v) of the 32-bit Single Precision Binary format
is determined as follows:

255 and f # 0, then v = NaN.

B Ife =255andf = 0, thenv = (-1)s(infinity).
m If0 < e < 255, thenv = (-1)s2e-127(L.f).

0 andf # 0, then v = (-1)s2-126(0.f).
Oandf = 0, thenv = (-1)s0,(zero).

The value of the 64-bit Double Precision Binary format is
determined as follows: ’

@ Ilfe =2047 andf # 0, thenv = NaN.

m Ife

m Ife

m Ife

If e = 2047 and f = 0, then v = (-1)8(infinity).
B If0 < e < 2047, thenv = (-1)s2e-1023( f),
B Ife =0andf # 0, thenv = (-1)82-1022(0.1).
o ife =

Oandf = 0, then v = (-1)s0,(zero).

[T 1 '

Ll

79 78

Double Precision Binary (64 bits)

64 63 62

1] !

Extended Precision Binary (80 bits)

BODos

UP TO 19 BCD DIGITS

Binary Coded Decimal Integer

s = sign bit

e = exponent field
t = fraction field

} = integer bit

Binary Integer (32 and 64 bit two’s complement integers)

Figure 7. Data Formats
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For the 80-bit Double Extended Precision Binary format,
the value is determined as follows:

B Ife = 32767 and f # 0, thenv = NaN.

B Ife = 32767 and f = 0, then v = (-1)s(infinity).
B |f0 < e < 32767, then v = (-1)s2(e-16383)(.f).
-]

Ife=0andj =1 =0, thenv = (-1)80, (normal
zero). ‘

m If e = 0 and j or f is nonzero, then v =
(-1)82-16383(j. ).

Flbating-point instructions are of the form:
FXXX[S,D,L,Q,BCD] rnd dst,src
The suffixes for floating-point binary formats [Single (S),

Double (D), or Extended (no suffix)], for binary integer
formats [Long-word (L) and Quad-word (Q)], and for
decimal format (BCD), refer to the size of the CPU

_register or memory operand. The suffix “‘rnd"’ refers to

the rounding precision, or the degree of precision used
in internal Emulator operations; SGL is used for Single
precision, DBL for Double precision, and no suffix for Ex-
tended precision. '

Addressing modes used include Emulator register (F)
and muitiple register (FF), CPU register (R), Index (X), In-
direct Register (IR), Direct Address (DA). Also permitted
are addressing of Emulator Control registers (FCTL) and
portions of the Control registers (FSEL, traplist, flaglist,
modelist).

INSTRUCTION SET

The floating-point instruction set provides the following
types of instructions:

B Primary arithmetic operations
B Load and store operations

B Compare and examine operations

Primary Arithmetic Operations

m Secondary arithmetic operations
m Control operations

Mnemonic Operands Addressing Modes Operation
FADD dst,src src: F,R,IR,DAX - Floating Add
FADDS
FADDD dst: F dst — dst + src
FDIV dst,src src: F,R,IR,DAX Floating Divide
FDIVS _ :
FDIVD dst: F dst «— dst/src
FMUL dst,src src: F,R,IR,DAX Floating Multiply
FMULS : :
FMULD _ dst: F - dst «— dst*src
FREMSTEP dst,src src: F Floating Remainder Step

dst: F dst — dstsrc

FCW « flag

FSQR dst,src src: F,R,IR,DA,X Floating Square Root
FSQRS )
FSQRD dst: F dst — SQR (src)
FSUB dst,src src: F,R,IR,DAX Floating Subtract
FSUBS ‘
FSUBD dst: F dst «— dst — src
FLD dst,src src: F,R,IR,DA X Floating Load
FLDS dst: F
FLDD or dst — src

src: F

dst: R,IR,DA X
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Load and Store Operations

Mnemonic Operands Addressing Modes Operation
FLDBCD dst,src dst: F Floating Load BCD Integer
src: R,IR,DA,X ‘
or -~ dst — Float (BCD__src)
dst: R,IR,DAX dst — BCD (float__src)
src: F
FLDIL dst,src dst: F Floating Load Binary Integér
Long Word
src: RR,IR,DA,X
or dst — Float (src)
dst: RR,IR,DA X dst — Fix (src)
src: F :
FLDIQ dst,src dst F Floating Load Binary Integer
Quad Word
src: RQ,IR,DA,X :
or dst — Float (src)
dst: RQ,IR,DA,X dst ~ Fix (src)
src: F
FLDM dst,src,n dst: F,FF Floating Load Multiply
src: R,IR,DAX
or dst — src
dst: R,IR,DAX
src: F,FF
FLDTL dst,src dst: RR,IR,DA X Floating Load and Truncate to
Integer Long Word
src. F dst «— Int(src)
FLDTQ - dst,src dst: RQ,IR,DA,X Floating Load and Truncate to
' src: F Integer Quad Word
dst «— Int(src)
-Compare Operations
FCP dst,src dst: F Floating Compare -
FCPS
FCPD src: F,R,IR,DA,X dst — src, set flags
FCPF dst,src dst: F Floating Compare and Transfer
Flags to FCW
src: F dst —src
FCW « flags
FCPFX dst,src dst: F Floating Compare, Transfer Flags to
FCW, and Raise Exception if
src: F Unordered
dst - src
FCW .« flags -
FCPX dst,src dst: F Floating Compare and Raise
FCPXS : Exception if Unordered
FCPXD src: F,R,IR,DA,X

dst — src, set flags

836



Compare Operatidns (Continued)

~ Mnemonic Operands Addressing Modes Operation
FCPZ dst dst: F Floating Compare with 0, and
Transfer Flags to FCW
dst — 0
FCW - flags
FCPZX dst dst: F Floating Compare with 0, Transfer

Flags to FCW, and Raise Exception
if Unordered

dst — 0
FCW « flags

Secondary Arithmetic Operations

FABS dst,src dst: F Floating Absolute Value
FABSS ‘
FABSD src: F,R,IR,DA X dst — |src|
FCLR dst dst: F Floating Clear
dst — +0
FINT dst,src dst F Floating Round to Floating Integer
FINTS
FINTD src. F,R,IR,DA X dst — Float[Int (src)]
— :
FNEG - dst,src dst: F  Floating Negation
FNEGS -7
FNEGD src: F,R,IR,DA X dst — (-src)
Control Operations
FLDCTL dst,src dst: FCTL | Floating Load Control
src:oI?R,lR,DA,X dst — src
dst: RR,IR,DA,X
src: FCTL
FLDCTLB dst dst: Fsel Floating Load Control Byte
FCW « flags
FRESFLG src dst: FFLAGS Floating Reset Flag
src: flaglist FFLAGS (flaglist) — 0
FRESTRAP » src dst: USER Floating Reset Trap
src: traplist USER (traplist) — 0
FSETFLG src dst: FFLAGS Floating Set Flag
src: flaglist FFLAGS (flaglist) — 1
FSETMODE src dst: FMODE Floating Set Mode
sre: modelist FMODE — modelist
FSETTRAP src dst: USER Floating Set Trap
src: traplist

USER (traplist) — 1
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Condition Codes

A set of condition code mnemonics are provided for
evaluating the results of floating-point comparisons
when the results have been transferred to the CPU'’s
Flag and Control Word. Table 1 shows the floating-point
mnemonics, the equivalent Z8000 condition code
mnemonics, and their meanings.

Table 1. Cond_ltlyon Code Equivalences

Floating-

‘point CC . 28000 CC Meaning
FEQ EQ Equal
FNEU NE . Not equal or unordered
FLT ULT Less than
FLE ULE Less than or equal
FGT GT Greater than
FGE GE Greater than or equal
FLU LT Less than or unordered
FLEU LE Less, equal or unordered
FGU UGT Greater than or unordered
FGEU UGE Greater, equal or unordered
FORD NOV Ordered
FUN ov Unordered

Programming Example

An example of a FORTRAN program and its possible
compilation is provided below. The example calculates
an average, using floating-point instructions and
Emulator registers as well as CPU instructions and
resources.

The FORTRAN segment assumes type REAL is a single
precision number. The possible compilation of the FOR-
TRAN segment assumes .that the compiler optimizes
variable usage in DO loops—it does not emulate full
FORTRAN DO loop conditions. PLZ/ASM is the code pro-
duced.

FORTRAN Program Segment

REAL SAMPLE(100),AVERAGE
INTEGER INDEX
° .
L ]
[
AVERAGE = 0.0
DO 100 INDEX = 1,100
AVERAGE = AVERAGE + SAMPLE(INDEX)
- AVERAGE = AVERAGE/100.0

100

Possible Assembler Compilation
SAMPLE ARRAY [100 LONG]

AVERAGE LONG
K100 LONG. = 100.0

LOOP

FCLR
CLR
FADDS
INC

cpP

FDIVS
FLDS

IREGISTER ASSIGNMENTS!
lINDEX - R2!
IAVERAGE - FO!
FO

R2
FO,SAMPLE(R2)
R2,#4

R2,#400
LT,LOOP
F0,K100
AVERAGE,F0
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ZRTS 8000
Gilog Real-Time Software
for the Z8CTD Microprecessor

Product

Description

Preliminary

September 1983

@ Real-time Multi-Tasking Software
Components

0 Synchronization of multiple tasks
© Interrupt-driven priority schedul-
ing
0 Real-time response
©® Dynamic memory allocation
B Modular and Flexible Design
o Efficient memory utilization
® 6K byte PROMable kernel

© Support for Z8001 and Z8002
16-bit microprocessors

® Configurable via linkable
modules

B Versatile Base for Z8000TM System
Designs

0 Segmented/non-segmented tasks
o System/normal mode tasks

@ Uses standard Zilog calling con-
ventions

0O Easy-To-Use System Generator

o High-level configuration
language

© Supports a wide variety of hard-
ware configurations

o Easily changed control
parameters allow system
optimization

* 0 Eliminates the requirement for

intimate knowledge of system in-
ternal structure

OVERVIEW

Zilog's Real Time Software (ZRTS)
provides of a set of modular software
components that allows quick and easy
implementation of customized
operating systems for all members of

the Z8000 16-bit microprocessor family.

In effect, ZRTS extends the instruction
set of the 28000, adding easy-to-use
commands that give the Z8000 the
capability for managing real-time,
multi-tasking applications.

The ZRTS package consists of a
small real-time, multi-tasking executive
program, the Kernel, and a System
Contfigurator. The Kernel provides
sychronization and control of multiple
events occurring in a real-time en-
vironment. All major real-time func-
tions are available—task synchroniza-
tion, interrupt-driven priority schedul-
ing, intertask communication, real-time
response, and dynamic memory alloca-
tion. The System Configurator is a -
language processor that allows the
target operating system to be defined
in high-level terms using the ZRTS
Configuration Language (ZCL).

These functions greatly simplify the
tasks of the designer, allowing
development efforts to be concentrated
on the application, instead of on real-
time coordination, task management
problems, and complicated system
generations, ZRTS provides a modular
and flexible development tool that
serves as a versatile base for Z8000
system designs. The Kernel requires
only 6K bytes of either PROM or RAM
memory, thus allowing configurations
for a wide variety of target systems,
while producing a memory-efficient.
cost-effective end product
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CONCEPTS

ZRTS is both easy-to-learn and easy-
to-use. Only a few simple concepts
need to be understood before design-
ing begins.

Tasks. Tasks are the components com- -

prising a real-time application. Each
task is an independent program that
shares the processor with the other
tasks in the system. Tasks provide a
mechanism that allows a complicated
application to be subdivided into
several independent, understandable,
and manageable units.

Semaphores. Semaphores provide a
low overhead facility for allowing one
task to signal another. Semaphores can
be used for indicating the availability
of a shared resource, timing pulses or
event notification.

Exchanges and Messages. Exchanges
and Messages provide the mechanism
for one task to send data to another. A
Message is a buffer of data, while an
Exchange serves as a mailbox at which
tasks can wait for Messages and to
which Messages are sent and held.

Two components make up the heart
of ZRTS—the ZRTS Kernel and the
ZRTS Configuration Language (ZCL).
An /O subsystem and a debugger are
also provided in ZRTS.

The ZRTS Kernel. The Kernel is the
basic building block of ZRTS and per-
forms the management functions for
tasks, semaphores, the real-time clock,
memory and interrupts. The Kernel
also provides for task-to-task com-
‘munications via Exchanges and
Messages. All requests for Kernel
operations are made via system call
instructions with parameters in
registers,. according to the standard
Zilog calling conventions.

Task Management. One of the main
activities of the Kernel is to arbitrate
the competition that results when
several tasks each want to use the pro-
cessor. Each task has a unique task
descriptor that is managed by the
Kernel. The data contained in the
descriptor includes priority, status and
other pertinent information. ZRTS sup-
ports any number of tasks, limited only
by the memory available to accom-
modate the task descriptors and stacks.

The Kernel maintains a queue of all
_ active tasks on the system. Each task is
scheduled for processor time based on
its priority. The highest-priority task
that's ready to run gains control of the
CPU; other tasks are queued. Tasks
can be prioritized up to 32767 levels,
with round-robin scheduling among
tasks with the same priority.

Tasks can run either segmented or
non-segmented code, in either normal

TABLE 1.

‘TASK MANAGEMENT

T__Census

T_Create
T__Destroy
T__Lock

T__Reschedule
T_Resume
T__Suspend
T__Unlock

T__Wait
T_Whoami

SEMAPHORE MANAGEMENT

Sem__Clear

Sem__Create
Sem__Destroy

Sem__Signal

Sem__Test
Sem__Wait

CLOCK MANAGEMENT
Clk__Delay__Absolute

Clk__Delay__Interval

Clk__Set
Clk__Time

MEMORY MANAGEMENT

Mem__Census.

Alloc
Release

INTER-TASK COMMUNICATION

M__Acquire

M__Assign

M__Create
M__Destroy

M__Get__Descriptor
M__Read
M__Receive
M__Receive__Wait

M__Release
M__Reply

M__Send
M_Write
X__Create

X__Destroy

Provides the status of tasks in the
system.

Creates a task dynamically.
Removes a dynamically created task.

Allows a task to take exclusive control
of the-CPU.

Changes the priority of a task.
Activates a suspended task.
Suspends another task.

Releases exclusive control of the CPU
for other tasks.

Suspends task execution.

Returns the name (address) of the task
making the request.

Clears semaphore queue and
reinitializes a semaphore.

Creates a semaphore dynamically.

Removes a dynamically created
semaphore.

Signals a semaphore, increments the
counter.

Tests a semaphore for a signal.

Causes a task to wait until a semaphore
is signaled, decrements the counter.

Places a task on the clock queue
waiting for absolute time.

Places a task on the clock queue
waiting for passage of an interval of
time. ’

Sets the real-time clock.
Reads the clock.

Provides status of the memory
resource.

Dynamically allocates memory.

Releases allocated memory.

Gets a message from an exchange pool
and assigns a destination or a reply
exchange to it.

Assigns a new source and destination
to an existing message.

Creates a message dynamically.

Removes a dynamically created
message.

Gets message's descriptor information
Reads the message data. -
Receives a message from an exchange.

Waits to receive a message from an
exchange.

Returns a message to the exchange
pool.

Sends a message back to destination
exchange.

Sends a message to an exchange.
Changes message data.

Dynamically creates an exchange with
a pool of messages.

Removes a dynamically created
exchange.
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or system mode. The numerous opera-
tions that may be performed on tasks
are listed in Table 1.

Semaphore Management. The Kernel
provides semaphore management for
synchronizing interacting tasks. A
typical use of semaphores is to provide
mutual exclusion of a shared resource.
When a resource is to be used by only
one task at a time, a semaphore with a
counter of 1 controls the resource.
Every task requiring the resource must
first wait on that semaphore. Since the
counter is 1, only one task will acquire
the resource. The others will be
queued on the semaphore and
suspended until the semaphore is
signaled that the resource is once
again available. At that time, the first
task on the semaphore queue will be
made ready to run and can use the
resource. After all tasks have acquired
the resource and signaled the comple-
tion of their use, the semaphore returns
to its original state with a counter of 1.
Counters greater than one are useful
when there are a number of similar
resources, (i.e., three tape drives, four
1/0O buffers, etc.).

In ZRTS, a semaphore can count up
to 32767 signals. The commands pro-
vided by the Kernel to manage
semaphores are listed in Table 1.

Clock Management. ZRTS operates
with a real-time clock that generates
interrupts at a hardware-dependent
rate. It is used for timed waits,
timeouts, and round-robin scheduling.
All times are given in number of ticks.
The clock may be manipulated by the
set of commands provided by the
Kernel that are listed in Table 1.

Memory Management. Storage for
ZRTS data structures is allocated either
statically at system generation time, or
dynamically at run time. Dynamic
allocation occurs via a system call that
specifies the attributes of the structure
to be created and returns a name that
can be used to refer to the structure.
Memory is allocated in 256-byte
increments, and can be released using
a system call. )

The storage allocator can also be
called directly to obtain blocks of
memory up to 64K bytes long, which
can be used by the task for any
purpose.

Interrupt Management. Interrupt-
handling routines are provided for
system calls, non-vectored interrupts
and a hardware clock. The user must
provide interrupt routines for whatever
other vectored interrupts are included
in the target system.

ZRTS can switch control to a task
waiting for an external event within
600-microseconds after the occurrence

TABLE 2.

CONSTANTS
EXCHANGES

INITIALIZATION

INTERRUPT

MEMORY

SEMAPHORES
SWITCHES

TASKS

Specifies system constants.

Defines the characteristics of applica-
tion exchanges.

Specifies routines that are to execute
prior to beginning execution of the first
task.

Associates an interrupt routine with an
interrupt vector or trap and system
call-handlers. Provides the facilities to
specify a NVI interrupt-handler that
will be called from the system NVI-
handler routine.

Detines sections or segments that con-
tain code, initialized data, or
uninitialized data and specifies the
location in memory where it will be
placed. The files to be included in the
configuration are also defined in this
section in conjunction with the sec-
tion/segment definitions.

Defines the characteristics of applica-
tion semaphores.

Allows flags that control the system
generation operation to be set.

Defines the characteristics of applica-
tion tasks.

of the event. This is a worst-case time
for a system using a 4 MHz Z8001 CPU
and is based on a Sem__Signal system
call awakening a higher priority task
that is waiting on a semaphore; this
causes a task switch to occur.

Inter-Task Communication. The
Kernel provides the capability for tasks
to exchange information. This com-
munication process occurs when one
task sends a Message to an Exchange
and another task receives the Message.
A Message contains a length indi-
cator, a buffer with a variable amount
of data, and a code that identifies the
Message type. The Exchange is a
system data structure that consists of a
queue for Messages sent but not yet
received, a semaphore on which a task
can wait for a Message, and an
optional “pool” list from which
Messages can be obtained quickly.

()

@ ZCL

PARAM -
ETERS

SYSTEM ||
./, CONFIGURATION

ZRTS provides several commands for
inter-task communications. These are
listed in Table 1.,

Logical I/0. ZRTS includes an op-
tional module which provides a device-
independent mechanism for interfacing
between tasks and customer-written I/O
device drivers. Sample device drivers
are included for terminal and disk-type
devices. ’

ZRTS Configuration Language (ZCL).
Since ZRTS's modular design leads to
so many different configurations, a
simple facility for generating the target
operating system is a critical part of
the ZRTS package. The ZRTS Con-
tiguration Language (ZCL) provides an
easy-to-use means for generating the
target system. Using ZCL, the designer
can specify hardware information, soft-
ware parameters, linkage information,
and system data structures in high-
level terms.

28000
DEVELOPMENT
MODULE

USER
APPLICATION

SYSTEM

Development Environment
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ZCL unburdens the user of the
necessity to learn the details of the
ZRTS internal structures. System data
structures can be generated simply by
specifying the appropriate parameters.
The ZCL syntax is free-format with
comments allowed to make the con-
figuration commands more readable
and maintainable.

ZCL input is comprised of a number
of descriptive sections, each containing
the details of the target operating
system. The functions of these sections
are described in Table 2. A sample
system generation using ZCL is il-
lustrated in Figure 1.~ :

DEVELOPMENT ENVIRONMENT.
Application modules for ZRTS are
developed on a Zilog System 8000. The
application or system generated can
then be downloaded into a Zilog S8000
Development Module or a customized
target system.

An interface package is provided for
making ZRTS system calls from pro-
grams written in C, Pascal, or FOR-
TRAN. Register usage by the system
calls is compatible with Zilog's calling
conventions.

A debugger is provided with ZRTS
for use in testing and debugging ap-
plications. After the application is .
debugged, the system can be easily
reconfigured (without the debugger)
into its final form.

SATTCHES:
application seamented

INTERRUPTSS

CONSTALTSS

MF40RY
section = [ tyve = code, b
section = | tyope = data, v

free_memory 1<<(>>%e000, , %t f

flles = tiver,2z
tiner iC,1
tinmer,fo,1
polled_sio,!l
Aderlo,.!

TNITIALTZATION:
S10_Tnit
TASKS!

fnput_handler_trask
= [ entry = INPOT_HWAADLER,

time_display_task
= [ entry = TLME_DISPLAY,

ega_timer_task
= [ entrv = INTERVAL_TIMKR

alarm_task
= [ entry = ALARv, priorit

one_second_task
= [ entry = ONE_SECOND_GEM

SEWAPHORES @

ONE_SFCOLD_SEMAPHORE

ase
ase
£f1

<<>>37800 )
<<U>>%3700 )

conti{ouration !
demo code !
10 & support |
4isplay 1/0 !
display primitives!

priority = 10, status = ready )

priority = 20, status

= ready )

. priority = 20, status = ready ]}

y = 20, status = ready ]

ERATHR, priority =

TIME_DJSPLAY_ENABLE_SFMAPHORE

EXCHANGES ¢

INPUT_HASDLER_ETE_FXCHANGE
INTERVAL_TIMER_EVARLE_EXCH
INPUT_HALDLER_A_FXCHANGE
ALARM_EXCHANGE

messaqes
messanes
messages
Tessaqges

ANGE

o

30, status = ready )

=
=

1, message_size
0}

1, message_size
1, nessage_size

Figure 1. ZCL Sample Input.

ORDERING INFORMATION

Description

ZRTS Zilog Real-Time Software for the Z8000

Prerequsites

System 8000 (Requires Software License)
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Produet

=7 0

Zﬂl@g Description
June 1982

0 High-Lovel Procedure-Oriented OVERVIEW

Language Permits Efficiont
Writing of Machine-Independent
Modules and Programs.

O Structured Format for Fast and
Easy-to-Compile Programs.

O Produces Efficient Code for
Economical Memory Usage and
Processing Time.

0 Simplifies Software Production
and Maintenance.

0O Allows Direct or Interpretive
Exccution of Program Modules.

780 PLZ is a family of different pro-
gramming languages designed to

- satisfy a wide range of microcomputer

software development requirements.
The two members of the PLZ family,
PLZ/SYS and PLZ/ASM, produce object
code-compatible modules and share
common control structures and data
definition facilities. Thus, selective por-
tions of programs may be written in the
most appropriate language for the
specific application and still maintain a
consistent structure between modules.

PLZ/SYS is a high-level, procedure-
oriented language that is syntactically
similar to PASCAL. It provides a
medium for writing structured,
machine-independent programs with a
minimum of programming effort.

PLZ/ASM, on the other hand, is a
structured assembly language that per-
‘mits access to the low-level capabilities
of the processor by mixing assembly
language and high-level control
structures.

FEATURES

Compiler. The Z80 PLZ/SYS Compiler
translates source code modules into an
intermediate stage called Z-code. The
Z-code modules may then be executed
interpretively or processed by the code
generator to produce a machine-code
object module.

Codo Generator. The Z80 PLZCG
Code Generator accepts a file of inter-
mediate Z-code generated by PLZ/SYS
and produces the corresponding Z80
machine code as a relocatable object
module. This file may be linked with
other modules to form the complete ex-
ecutable load module.

Interproter. The intermediate Z-code
modules produced by the Z80 PLZ/SYS

Compiler can be executed interpre-
tively by ZINTERP. Linking ZINTERP
with the other modules generated by
the compiler produces an executable
load module.

PLZ/ASM Translator. The PLZ FILTER
translates a PLZ/ASM source module
into a file of the corresponding Z80
Assembler source. This gives the
Assembler the benefit of logical data
structure, program flow control, and
modular program design, in addition to
its existing features.

PLZ Linker. The PLZ Linker, PLINK,
links Z-code, ZINTERP and/or machine
code modules into a single relocatable
load module, allowing the user to con-
trol the overall size and speed of the
program.

Although interpretive Z-code runs
more slowly than machine code, the

‘space savings over machine code is

usually substantial for larger programs

‘where the 3K bytes of ZINTERP is a

small percentage of the entire pro-
gram. By balancing the number of
Z-code and machine code modules, the
user can maximize the efficiency of a
particular program. )

PLINK resolves any external refer-
ences between separately assembled
modules, so that the load module pro-
duced is relocatable. It also allows the
reordering and combining of named
section§ between modules and supports
incremental linking.

ORDERING INFORMATION

Part No. Description

07-3301-01  Z80 PLZ
Object Diskette for use
with PDS 8000/05 and
PDS 8000/15

780 PLZ
Object Diskette for use
with ZDS-1 Series

07-3302-01

780 PLZ

Object Cartridge Disk
for use with PDS 8000/20
and PDS 8000/30

07-3303-01
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Figure 1. Z80 PLZ Language Modules.
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Z800™

- Craas Soltwaro Paclago

Zilog

Product

,Imescn'ipﬁimu

September 1983

OVERVIEW

The Z800 Cross-Software Package is a complete
development environment that provides all the tools
necessary to both generate and debug programs for the
Z800 MPU. The package—a comprehensive collection
of software routines and utilities—allows programmers
to prepare, modify, test, and debug their software prior
to release of the Z800 chip. The result of this com-
prehensive software testing and evaluation is a high-
quality design that will be ready for end use by the time
the hardware has been perfected.

The user interface for each of the program tools is
similar to the standard UNIX* interface. Code testing
and debugging can be done either with the Instruction

c
COMPILER

ASSEMBLER

Level Simulator (ILS) on the host system or by download-
ing to a Z800-based target system; mload and msend
utilities are included to manage the host-to-target
system communication. Use of the ILS facility allows
program debugging well in advance of prototype hard-
ware availability.

All the software tools in the Cross-Software Packége are
designed to run on either the DEC-VAX or the Zilog ZEUS
S8000, both with a UNIX operating system. The program-

‘mer can choose either the C programming language or

Z800 (Z80-compatible) assembly language to develop,
load, test, debug and run programs for the Z800 MPU.

LINKER

ar,

ranlib i@

DEVELOPMENT
BOARD

2800 Cross-Software Package

*UNIX is a trademark of Bell Laboratories.

2311-001
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FEATURES

The Z800 Cross-Software Package consists of the Object File Utilities. Standard UNIX object utilities
following tools: ‘ for MUFOM files, plus upload/download to target.
m C Cross Compiler. Produces efficient assembly- = Portable Debugger. Written in C language, the
language code. Standard run-time library included. debugger facilitates the use of different hosts. It not
m Cross Assembler. Relocatable assembler with only funs on 2800 target systems, but is also the
. . . user interface to the ILS.
macros, conditional assembly, and floating-point :
support. , B Test cases. Included with each tool for product
m Linker. Handles full address range of the Z800 testing.
MPU using proposed IEEE-standard MUFOM format. Documentation for each tool in the package.
m Instruction Level Simulator. Debugging environ-
ment for Z800 code on cross-software host.
DESCRIPTION

C Cross Compiler

The Z800 C Cross Compiler is a UNIX-Iicense-f'rée C
compiler, designed to run on either Zilog’s UNIX S8000
or the DEC-VAX. The Z800 Compiler includes a Bell
System V-compatible front end, and a back end
generated by an automatic code-generator. Running at
speeds similar to the Portable C Compiler, the Z800
Compiler features a variety of optimizations, some
machine-independent, others machine-dependent.

The compiler supports the latest version of the C pro-

gramming language, and thus includes longword and
floating-point support, enumerations, structure assign-

ment, and full “define” capability. The compiler can -

automatically invoke the C optimizer to produce more ef-
ficient code. The compiler produces assembly language
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code as output to allow easy debugging of the compiled
code, or to allow hand optimization for critical code sec-
tions. A listing file can be generated that shows the
assembly language interspersed with the C code that
produced it. ’

Options include:
\ o invokes the C optimizer.

B s compiles the source files but suppresses the
assembly and link steps.

B ¢ compiles and assembles the source files but sup-
presses linking.

Without the use of these options, the C Cross Compiler
by default compiles, assembles, and links Z800 code.
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Cross Assembler

The Z800 Cross Assembler utilizes expanded Z80
mnemonics and addressing modes to assemble and
generate MUFOM object modules (IEEE proposed stan-
dard #P695). The Z800 Cross Assembler is both
fast—assembling at least 1,000 lines per minute—and
efficient—consuming no more than 64K bytes of
code/data space. Written in the C programming
language, the assembler is designed to be easily
retargetted. Additional features include macros, condi:
tional assembly, and reldcation. The Z800 assembler is
upwardly compatible with Zilog’s Z80 assembler and
Microsoft’'s Macro-80 assembler.

The assembler supports a full set of pseudo-ops in-
cluding conditional pseudo-ops and a powerful macro
capability as well as pseudo-ops to support floating-point
operations. A cross-reference listing can be generated
to show the use and definition of all the symbols in the
program.

The assembler supports the complete list of opcodes in
the Z800 MPU Preliminary Product Specification (docu-
ment # 00-2259-01), plus the instruction set of the Z8070
Floating-Point Unit. All Z80 opcodes, pseudo-ops, and
commands supported by the Z80-RIO assembler are
also supported. Constants supported by the assembler
include integers, floating-point numbers, characters, and
character strings. In addition, the assembler supports
expressions using up to 80 bits of precision.

Addressing modes for the assembler are also derived
from the Z80 assembler:

@ Registar
Immediate
* Indirect Register
Direct Address _' R
Indexed
Short Index
Based Indexed
Stack Relative
PC Relative

Three kinds of macros are included in the Z800

assembler:

- MACROs are compatible with the Z80 assembler.
Parameters are separated by blanks or commas and are
substituted into the macro body as strings.

- PROCs are call-by-value macros. Parameters are ex-
pressions, separated by blanks or. commas, and are
substituted into the macro body as values.

FUNCs are function macros. They are similar to PROC
macros, except that they are recognized within expres-
sions as operators or operands.

Additional pseudo-ops are provided to extend macros,
conditional assembly, data definition, and object code
generation. A command-line option specifies a third pass-
for generating a cross reference.

Linker

The Z800 linker is a processor-independent linker that
combines MUFOM format-relocatable object modules
generated by the cross assembler and resolves external
references from within the modules or by searching ob-
ject code libraries. The result is an executable program
that can be sent to a target system for execution or
simulated on the ILS. The linker also provides many ad-
vanced features such as complex expression evaluation
with up to 80 bits of precision, multiple program/data
segments of any length, and memory protection at-
tributes for any portion of the memory space.

Object File Utilities

Z800 Cross Software Package includes a number of
machine-independent utilities "for processing object
modules created in MUFOM format. Because these
utilities can be used for different computer systems
without modification, the programmer is freed from such
constraints as variations in address and data size; these
potential snags are resolved by the MUFOM utilities
themselves. :

- MUFOM allows for up to 256 independently relocatable
. sections per module. This gives the programmer flexibil-

ity and control over how the program is mapped in
memory. Program size is approximately 96K bytes, with
64K bytes for code and 32K for data.

Object modules can be stored in either ASCII or binary
format. While ASCII is useful for downloading across
serial links, binary modules require less file space and

‘allow faster processing.

For linking and loading object modules, two utilities are
provided: .mlink and miload. mlink resolves external
references among modules, relocates addresses, and
combines the object modules into a single module called
a load module. mload downloads an object file from the

~ host system to the target system. mload and mlink can

send or receive object files in either Tektronix hex for-.
mat, Intel hex format, or ASCIl MUFOM format.

In addition to mlink and mload, there are several other
functions performed by the MUFOM utilities: mnm,
msend, mdump, mcb, and mbc. These facilities allow in-
spection of object. code files and the creation and
maintenance of object libraries for use by the linker.

mnm prints the name list (symbo! table) of an object
module. ‘
msend uploads the contents of memory from a target

system and creates an absolute MUFOM ob-
ject module on the host system.
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mdump dumps a hex object file along with relocation
information; object header information is also

displayed.
mcb converts an ASCII object module into a binary
module. '
mbc converts a binary object module into ASCII.

Portable Debugger

The Z800 Portable Debugger is a versatile debugging
system, able to run on either Z800 (8-bit) or Z8000
(16-bit) microprocessor systems. The debugger is writ-
ten in C language, using the standard C library as well as
a library for stand-alone /O and memory utilities ap-
propriate to the target system. To facilitate the use of dif-
ferent hosts (e.g., other UNIX systems, other operating
systems such as CP/M, or development module en-
vironments), the processor descriptor parameters, such
as state structure/display, memory and /O access, Mini
Assembly and Disassembly library routines (MAD) and
the ILS, are contained in separate, easily modified
modules.

Instruction Level Simulator (ILS)

The Z800 ILS is a powerful software tool that simulates
execution of Z800 instructions. These instructions can
then be displayed and manipulated by the portable

debugger. The ILS facility executes Z800 instructions at
slower than real-time rates and allows access to the
simulated processor registers and to the full range of
simulated memory. The ILS supports both symbolic and
mnemonic Z800 opcode assembly, disassembly, and
emulation. Additional features of the ILS include simula-
tion of the on-chip MMU to provide a large (24M byte) ad-
dressing space; multiple breakpoints; single-stepping;
I/O simulation; full memory, register and flag access;
and friendly error reporting.

The ILS software -program accepts as input Z800
machine code generated by the Z800 assembler; it then
simulates changes in processor state. Each simulation is
a single-step routine that works in conjunction with the
debugger. \

A typical process for using the ILS to generate,-assem-
ble, and debug Z800 software is as follows: ’

1. A conventional editor is used to create a Z800
assembly language source file.

2. The source file is then assembled and tested for syn-
tax errors.

3. The default MUFOM object file produced by the
assembler, named m.out, is then loaded into the
debugger/ILS and run.
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Z8° Software

Development Package

Zilog

Product
Description

September 1983

Structured Assembly Language
with High-Level Constructs.

B Relocatable and Absolute Object
Code Format.

B Free Format Statements Allow
Indentation and Spacing for
Readability.

B External Symbol References.
B Global Symbol Definitions.

OVERVIEW

The Z8 Software Development
Package consists of five utility pro-
grams which aid and simplify software
development for Z8-based systems. Z8
PLZ/ASM, part of Zilog's PLZ family,
brings all the advantages of modular
programming to Z8 software develop-
‘'ment. The programming task can be
broken into easily managed modules,
giving more work assignment options to
the engineering manager and a clear-
cut structure to the individual program-
mer. The Z8 linker completes the task
by combining the modules and resolv-
ing any external references.

FEATURES

Assembler. The Z8 PLZ/ASM
Assembler translates easy-to-read, free-
format PLZ/ASM source programs to
object code. Because the user may
specify that either absolute or
relocatable object code be produced,
he may choose a memory location for,

. the program or leave that responsibility

to the Linker. The Z8 PLZ/ASM
Assembler produces a listing file con-
taining both the source and assembled
code. :

78 PLZ/ASM allows an efficient mix
of powerful assembly language
mnemonics with high-level control
structures suchas IF . . . THEN . . .
ELSE...Fland DO. .. OD loops.
The PLZ/ASM programmer may map
instructions and information into the
Z8's register, program and data
memory spaces, and organize the data
space with such data declarations as
RECORDS and ARRAYS. The
PLZ/ASM Assembler supports external
symbol references and global symbol
definitions and is fully supported by

" the RIO™ operating system.

ZLINK. ZLINK links assembled modules
into a single relocatable module and
resolves any external references among

separately assembled modules. It can
also reorder and combine named sec-
tions found in the input assembly
language modules. ZLINK accepts a
symbolic specification of

the program entry point in the com-
mand line and, on request, produces a
detailed link map which gives the loca-
tions of global references and relocated,
modules and sections. Errors in the
linking process are reported in the
optional link map and at the system
console.

Imager. IMAGER accepts multiple ~
linked-object files from the linker and’
translates them into absolute code.
IMAGER can then either store the
absolute code in a disk file or leave it
in system memory. Named sections
found in the input object modules may
be reordered and loaded anywhere in
system memory.

Program Transfer. LOAD/SEND
downloads an absolute program file
into the Z8 Development Module for
debugging, then sends it back to the
disk for back-up and storage.

Prom Programming. Z-PROG stores
the perfected load module in PROM.

ORDERING INFORMATION

Prerequisites:
PDS 8000:Series
ZDS 1/40 or 1/25
MCZ-1 Series
RIO

Part No.
07-0086-01

Description

Z8 Software Develop-
ment Package

Object Cartridge Disk
for Use with PDS
8000/20A

Z8 Software Develop-
ment Package

Object Diskette for Use
with PDS 8000/5 and
PDS 8000/15

07-3361-01

Part No. Description

07-3362-01 28 Software Develop-
ment Package
Object Diskette for Use
with ZDS-1 Series

07-3363-01°  Z8 Software Develop-

ment Package

Object Cartridge Disk
for Use with PDS
8000/20 and PDS
8000/30

00-1042-01
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Reader’'s Comments

Your feedback about this document helps us ascertain your needs and fulfill them in the future.
Please take the time to fill out this questionnaire and return it to us. This information will be
helpful to us and, in time, to future users of Zilog products.

Your Name:

Company Name:

Address:

Title of this document:

Briefly describe application:

Does this publication meet your needs? [] Yes (] No

If no, why?

How are you using Ihis‘publication?
[ As an introduction to the subject?
O As a reference?

[ As an instructor or student?

Rated on ascale of 1 to 10, this data book is a

What would have improved the material?

How do you find the material?
Excellent Good

Technically O O
Organization O Od
Completeness O O

Poor

Other comments and suggestions:

If you found any mistakes in this document, please let us know what and where they are:

_ After you have filled out this page, please clip it and return to Zilog, Inc., Corporate Communications,
Building A, 1315 Dell Ave, Campbell, California 95008.
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