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INTRODUCTION

The CB2 is a CPU board, based onthe powerful Z-80 micro-
processor, for the S-100 computer bus structure. The

CB2 is designed to implement as many of the S-100 signals
as possible, with the exception of the following: Stack,
Interrupt Enable, and CPU status on the data bus during
PSYNC.

The CB2 provides the following user-selectable options
through on-board switches and wire-wrap jumpers:

e 2 or 4 MHz CPU clock.

e 2/4 MHz clock under XRDY/PRDY/RUN control signals.

e Two on-board sockets for 2716's, 2732's and/or
4016's, with independent addressing for each socket.

One wait state on each M1l cycle or on each PSYNC.
On-board MWRITE generation.

Emulate 8080 I/0 addressing.

Firmware vector jump on power-up/reset.

On-board RUN/STOP and SINGLE-STEP switches.

Eight lines of extended addressing or an 8-bit output
port.

Phase One or STVAL* signals available.

e NMI and Refresh signals available,

The PSYNC/91/92 signals are probably the most critical and
difficult to generate on a Z-80 based S-100 CPU board.

These signals are used by many of the other S-100 boards

you may want to use and therefore must maintain the correct
timing relationship between themselves and other S-100
signals. Considerable design effort went into the generation
of these signals by the CB2 in order to guarantee its opera-
tion with the majority of the S-100 boards being manufac-
tured. To obtain a more detailed description of these and
the other S-100 signals, see the theory of operation section
of this manual.

Many users may have heard of the proposed new IEEE 696.1
bus standard. The CB2 is designed to conform to this new

* STVAL is a new IEEE 696.1 bus signal.




standard as much as possible and yet remain compatible with
the old S-100 standard. The new IEEE standard eliminates
many of the old S-100 signals that are needed by many of
the systems with front panels. The CB2 is compatible with
the o0ld standard and with systems that have front panels,
while maintaining the ability to be converted over to the
new IEEE standard in the future. Details of this optional
capability and other user-selectable options are described
in the set-up section of this manual.




2.0 ASSEMBLY INSTRUCTIONS (refer to Assembly Drawing)

Check kit contents against parts list.

Check PC board for possible warpage and straighten if
required. To straighten the board, bend with the hands
(not a vise) against the warp. Sight down the edge of
the board after bending to check if the warp was removed;
if not, try bending again.

/ Insert the sockets into the component side of the board

with the "pin 1" index as indicated in the Assembly
Drawing. (The component side is the side on which
SSM®1979 is printed.)

e One (1) 8-pin socket at Location Ul3

e Thirty-three (33) 14-pin sockets at U1-12,14,15,
20-24,26-31,
33-35,37-39,41 ,46

e Seven (7) 16-pin sockets at U25,36,40,42,43,
Wl & W2

e Eight (8) 20-pin sockets at U18,19,44,45,
47-50

® Two (2) 24-pin sockets at Ul16,17

e One (1) 40-pin socket at U32

Example sockets:

SYMBOL oon gaao goa
INDEX ———t [ INDEX—0- {NDEX —
INDE X ——fo

%DDD ao og
PIN 1 PIN | PINI

/ Place a flat piece of stiff cardboard of appropriate size

on top of the board to hold them in place.

/ Holding the cardboard in place against the sockets, turn

the board over and lay it on a flat surface. (Be sure
that all of the socket pins are through the holes.)

/ NOTE: Keep soldering iron tip clean to prevent rosin

and sludge from being deposited on traces. Wipe tip
frequently on a damp cloth, damp sponge or steel wool.

On each socket, solder two of the corner pins, choosing
two that are diagonally opposite of each other.
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/ Once the sockets are secured, 1lift the board and check

to see if they are flat against the board. If not,
seat the sockets by pressing on the top while reheating
each soldered pin.

Complete soldering the remaining pins of each socket.
Touch pin and pad with iron tip, allowing enough solder
to flow to form a filet between pin and pad. Keep the
tip against the pin and pad just long enough to produce
the filet. Too much heat can cause separation of pad
and trace from the board. A 600 degree iron is

recommended.

'/ Insert and solder seven 2.7K SIP'S (RP1 thru RP6, and

RP9). Observe polarity. The end with pin 1 is marked
with a dot, notch or bump, and should be installed
pointing to the left or upper edge of the PCB.

Insert and solder one 10K SIP (RP8).
Insert and solder the following resistors:

9 - 2.7 ohm (red, violet, red) at R1 thru R3,
R6, R8, R10, R12, R13, and R18.
- 620 ohm (blue, red, brown) at R7 and RO.
- 470 ohm (yellow, violet, brown) at R4 and R5.
3.3 Meg ohm (orange, orange, green) at R11.
- 330 ohm (orange, orange, brown) at R14.
- 10K ohm (brown, black, orange) at R15 thru R17.

W K = NN
{

/ Insert and solder the following capacitors:

28 - 0.1 uf at C1 thru C3, C5 thru C7, C9 thru C22,
and C24 thru C31.

1 - 100 pf at C4.
2 - 4.7 uf at C8 and C23 (observe polarity).

/ Insert and solder the 16 MHz crystal (Yl). Two holes

have been provided on either side of the crystal to solder
a strap over the crystal to hold it down. :

7 Insert and solder the following Dip switches with the

numbers right side up (position 1 to the left; position
4 or 7 to the right).

2 - 4 position switches at SE and SF.
2 - 7 position switches at SC and SD.




Insert and solder a large momentary two position toggle
switch (red handle/with spring return) at SB (right of
SA at the top of the board). NOTE: The toggle lever
should spring back when pushed.

Insert and solder a large two position toggle switch
(red handle/non-spring return) at SA (left side at the
top of the board).

Install and solder a two pin right angle molex connector
at the top of the board (Jl1).

Cut, install and solder 46 header pins. To cut the pins
off, place the header strip on its side on some wood and
press down on the indentation with a sharp blade (X-acto
blade). BE CAREFUL. THE PARTS WILL COME APART WITH
ENOUGH FORCE TO SHOOT OFF THE WORKBENCH.

2 - 4 pin headers (E6 thru E13)
18 - 2 pin headers (E2-E5, E14-E27, E29-E46)
2 - 1 pin headers (E1, E28)

/ Place regulators on the board so that the mounting hole

in the regulator is in line with the hole in the board.
Mark leads for proper bending to match the board holes
(allow for a bend radius).

Bend regulator leads to match holes in board.

/ If available, apply thermal compound to the back side of

each regulator case (the side that will contact the heat
sink). Use just a little thermal compound. Too much is
worse than none at all.

Next, position heatsink and insert regulator IC for each
of the 3 regulators (X1, X2 & X3). Finally, position
the nut and lockwasher on top of regulator and secure
from behind with screw in each case. Be sure regulators
and heatsinks fit flat on board and then solder all
regulator leads.

/ Do not install any IC's at this time.







FUNCTIONAL CHECK

WARNING! DO NOT INSTALL OR REMOVE BOARD WITH POWER ON.
DAMAGE TO THIS AND OTHER BOARDS COULD OCCUR.

This functional check does not examine or verify every
signal or feature of the CB2, but does verify proper
operation of the on-board regulators, the clock, RUN/STOP
and SINGLE STEP circuits.

If an ohmmeter is available, measure the resistance between
pin 50 (-) and pin 1 (+) on the edge connector and verify
resistance of 20 ohms or greater. If your reading is below
20 ohms, check your board for possible shorts.

Apply power (+8v to +10v) to board by plugging into the
computer or by connection to a suitable power supply.
Measure the outputs of the +5v regulators.

O

7805

0 .5
H ' o outeuT

The voltage should be between +4.8v and +5.2v. If the
regulator doesn't meet this test, check the board for
shorts or errors.

CAUTION: WHILE IT HAS NEVER HAPPENED TO US, SHORTED
REGULATORS HAVE BEEN KNOWN TO EXPLODE WITH POSSIBLE INJURY
TO EYES OR HANDS. BETTER SAFE THAN SORRY--KEEP TACE AND
HANDS CLEAR OF THE REGULATOR SIDE OF THE BOARD DURING THIS
TEST.

Observing polarity, insert the following IC's into their
sockets: U6, U7, Ull, Ul2, and U38. C(Close all the contacts
on switch SF.

Reapply power to the CB2 and verify that U32 pin 6 (Z-80

IC socket) is toggling between logic 0 and 1 at 2 MHz. (Be
sure ST, position 4 is closed.) This can be done using
either an oscilloscope, counter, or logic probe (or even a
DVM set to measure volts; the DVM would read approximtely
+2.5 Vde).

Next, verify that the 2/4 MHz circuit is operating. Set
switch SIF, all positions, to the open or OFF position and
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verify a logic O at U38 pin 6 and U6 pin 8. Then set
switch SF, position 4, to closed or ON position (this
sets the CB2 to 2 MHz) and verify a logic 1 at U38 pin 6,
and that U6 pin 8 is toggling between logic O and logic 1.

If the clock measurements in paragraphs 3.4 and 3.5 were OK,

insert the rest of the IC's into their sockets except the
Z-80 (U32). Examine the board carefully for any bent IC
pins, then reapply power to the board and verify that the
three regulators are still working properly.

NOTE: Set SC and SD position 1 to the ON position to
disable the on-board EPROM and RAM for testing purposes.

Now turn off the power and insert the 7Z-80 IC (U32).

For testing purposes, temporarily wire-wrap the following
connections (refer to Jumper Drawing):

Connection Comment

E6 to E7 Put 2 MHz on bus pin 49.

E16 to E17 Disable vector jump circuit.
E22 to E23 Enable 8080 type of I/O.

E26 to E27 POC the 7Z-80 CPU.

If you have a
S-100 front

panel, connect: Comment

E31 to E32 Front panel Sense-Switch disable.
E37 to E38 Front panel SINGLE-STEP signal.
E39 to E40 Front panel RUN signal.

If you don't
have a front
panel, connect: Comment

E35 to E36 Generate MWRITE signal.

Set the RUN/STOP switch (SA) to the stop position (to the
left). Verify that U32 pin 24 is at a logic O, that U28
pin 6 is at a logic @, and that U25 pin 3 is at a logic O.

Toggle the SINGLE-STEP switch (SB) and verify that U28 pin 6

toggles once (a pulse).
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Set the RUN/STOP switch (SA) back to the right (RUN positioh)
and toggle the SINGLE-STEP switch (SB) once. Verify that
U28 pin 6 is pulsing continuously.

Run a small program to output all zeroes to port FE; such as:

AF LOOP: XRA A
D3, FE OUT @FEH
18,FB JR  LOOP

Then verify logic O's at Wl pins 9 thru 16.

Then, run a similar program to output all 1's to port FE
and verify logic 1's at W1l pins 9 thru 16.




SET-UP

There are a large number of user-selectable options on

the CB2 Z-80 CPU board. ' These options give the user
flexibility to configure the board to best meet individual
system requirements. The options are selected in one of
three ways: (1) by Dip switch, (2) by wire-wrapping, or
(3) by header.

Jumper Options

The jumper pads are indicated as E numbers on the jumper
drawing and the schematic.

Hold Acknowledge Option (PHLDA)

The PHLDA signal can be Jjumpered to come off the CB2
with the normal Z-80 timing for BUSAK, or it can be
Jjumpered to delay the PHLDA signal turnoff by one-half
cycle into the Tl state of the Z-80. The delayed mode
guarantees an overlap of the control signals from slave

and master during the exchange. See Figure 5.1.5.
Jumper Function Selected
(a) E2 to E3 Delayed turnoff.
(b) E4 to ES Normal Z-80 operation.

(If in doubt of which set-up to use,
then use the NORMAL MODE until your
DMA device is known.)




1.

1.

1.

Clock Option (CILK)

This option allows the user to select either a 2, 4, 8,
or 16 MHz clock to come out on the CLK bus line (S-100
pin 49). This clock signal does not change when the CPU
is switched between 2 and 4MHz as Phase 1 and Phase 2 do.
This clock is not synchronized to the Phase 1 or Phase 2
signals.

Jumper Function Selected
(a) E6 to E7 2 MHz (S-100 & IEEE standard)
(b) E8 to E9 8 MH=z
(c) E10 to E11 16 MHZz
(d) El12 to E13 4 MHz

Fixed CPU Wait State Option

This option allows the user to select either no extra

wait states or one extra wait for M1 (Op-Code Fetch)
cycles only, or one extra wait state for all data transfer
(Memory and I/0) cycles. The extra wait state for M1
cycles may be necessary with some memory boards because
the Z-80 M1 cycle is faster than the 8080 M1l cycle.

Jumper Function Selected
(a) El14 to E15 Extra wait state for M1l only
and
E20 to E21
(b) El14 to E15 Extra wait state for all data
transfers
(c) No jumpers No extra wait status

Power-On /Reset Vector Jump Option

This option allows the user to execute one instruction
at the beginning of ROM A (a ROM must be in the Ul6
position) like a "jump instruction" after applying power

and/or when the CPU receives a reset (from bus pin 75).

The CPU is forced to read the first instruction no matter
where the ROM is addressed and then reverts back to normal
operation.

The first instruction in the user's ROM should be a
"jump'" to the main entry point of the ROM program which
initializes and brings up the computer system.
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Jumper Function Selected

(a) E16 to E17 Vector Jump Disabled

(b) E24 to E25 Vector Jump on RESET

(e¢) "E18 to E19 Vector Jump. on POC

(d) E24 to E25 Vector Jump on either RESET or POC
and
E18 to E19

I/0 Address Multiplexing Option

This option allows the user to multiplex the low order
address onto the high order address bus during I/0 operations
to simulate the way the 8080 CPU operates. The user may

or may not want this feature depending on how his I/O cards
operate.

The Z-80 CPU puts the accumulator contents on the high
order address bus during normal I1/0, and the B register
(byte counter) is put on the high order address bus
during block I/0 operations. If the user wants this
information to come out on the high address bus, he can

disable the multiplexer circuit.

Jumper Function Selected
(a) E22 to E23 8080 configuration (Addrjy—s Addry)
(b) No Jjumper Z-80 configuration

Power-On Reset Option

The user can prevent POC (pin 99) from resetting the CPU
(Z-80) at the application of power to the board. (POC
will still occur at pin 99 as usual.)

Jumper Function Selected
(a) E26 to E27 POC resets Z-80 (most common connection)
(b) No Jjumper POC does not reset Z-80

Dynamic Memory Refresh Option

The Refresh signal is not part of the S-100 standard
signals, but it is possible to bring this signal out to
one of the S-100 bus lines if it is needed.




4.1.10

4.1.11

-

Jumper Function Selected

(a) No Jjumpers Refresh not available on S8-100 bus

(b) E28 to E29 Buffered Refresh signal to desired
and E30 to bus line
a solder
connection
at the top
of the
desired bus
finger

Spare Buffer

A spare buffer is located at U42 which may be used (if
not used elsewhere as in 4.1.7 above). This buffer is
not tri-stateable (the tri-state control line is always
at logic 0). E29 is the buffer input, and E30 is the
buffer output.

Front Panel Sense Switch Option

The IEEE bus standard deleted this function and put a
ground on this line (bus line 53). The old S-100 bus
standard used this line in conjunction with front panel
operations to disable data from coming in from the bus.

Jumper Function Selected
(a) E31 to E32 SSW enabled (old S-100)
(b) No jumper SSW disabled

Non-Maskable Interrupt Option

The Z-80 microprocessor has a non-maskable interrupt input
which the 8080 does not have. Therefore, the original
S-100 bus did not have this signal. The IEEE standard

has set bus pin 12 for a NMI line.

Jumper Function Selected
(a) No Jjumper NMI disabled
(b) E33 to E34 NMI enabled on bus line 12

MWRITE Option

Systems with front panels have the MWRITE signal generated
by the front panel circuit. Therefore, they do not need




this signal from the CPU board. Turnkey systems and
other systems without a front panel may need this signal
generated by the CPU in order to write into RAM memory.

Jumper Function
(a) No jumper MWRITE Disabled (front panel system)
(b) E35 to E36 MWRITE Enabled (no front panel)

4.1.12 RUN and SINGLE-STEP Options

These are signals on the original S-100 bus to provide
front panels with RUN and SINGLE-STEP control lines to
the CPU board. These signals are being eliminated in the
new IEEE bus standard.

Jumper Function
(a) E37 to E38 SINGLE-STEP enabled on bus line 21
(b) E39 to E40 RUN signal enabled on bus line 71

These signals, when disabled, will default to the normal
CPU run mode. The CB2's RUN/STOP and SINGLE-STEP switches
will work no matter how E37 thru E40 are connected.

4.1.13 Spare Tri-State Buffer

A spare tri-state buffer is located in U43 pins 9 and 10.
This buffer is tri-stated by the C/C DSBL control signal
on S-100 bus line 19. E44 is the input, and E43 is the
output.

4.1.14 2/4 MHz Clock Flag Option

In the original S-100 bus, bus line number 98 is the
STACK STATUS line. The Z-80 does not produce a STACK
status. Therefore, this line was used by *Cromemco to
indicate when the CPU is in 2 or 4 megahertz operation.
The CB2 will also indicate 2/4 MHz operation status on
this line if E45 and E46 are connected. The new IEEE
uses bus line 98 as an error signal line. Therefore, if
you are using the IEEE standard, E45 and E46 must not be
connected.

* Cromemco, 280 Bernardo Avenue, Mountain View, CA. Manufacturer
of 7Z-80 based products,




4.1.15

4.2.1.1

Jumper Function

(a) No jumper 2/4 MHz STATUS disabled
(b) E45 to E46 2/4 MHz STATUS enabled on bus line 98

@1 STVAL STROBE Option

The original S-100 bus has Phase 1 clock on bus line 25.
The new IEEE standard has a new signal STVAL on this 1line
which indicates when the status lines are valid.

Jumper Function
(a) E41 to E42 Phase 1 clock on bus line 25
(b) El1 to E44 STVAL on bus line 25

and

E43 to E42

Switgh Settings

There are six switches/Dip switches on the CB2. The
switches are labelled SA through SF on the schematic and
assembly drawings. The individual switch positions on
the Dip switches are labelled 1, 2, 3, etc. Position 1
is located on the left side of a Dip switch,

RUN/STOP and SINGLE-STEP

The two large toggle switches at the upper left side of
the CPU board are SA and SB, the RUN/STOP and SINGLE-STEP
switches respectively. These switches and their circuitry
are provided so the user can stop the processor and

single step it if he does not have a front panel. This

is a valuable tool when trying to troubleshoot the
hardware or software in case of difficulty.

RUN/STOP (SA)

When thrown to the left, switch SA stops the processor.
This allows the user to make logic measurements and to
single step the processor with switch SB.

When SA is thrown to the right and SB is toggled, the CPU
will go into the run state until SA is again thrown to
the left position.

Normally, switch SA will be in the RUN position (to the
right), and the processor will come up running when powered
up (POC resets the RUN/STOP flip-flop).




4.2.1.2 SINGLE-STEP (SB)

"This is a spring-loaded momentary switch that will single
step the CPU when the RUN/STOP switch (SA) is in the STOP
position (to the left). The CPU is single-stepped once
each time SB is toggled. SB is used to start the
processor when SA is returned to the RUN position (to the
right).

4.2.2 On-Board Memory Addressing

Dip switches SC and SD provide address selection for
memory sockets Ul6 and Ul7 respectively.

FUNCTION
Position ON/Closed OFF /Open
1x* Disable Memory Enable Memory
2 Select 2716/4016** Select 2732 (All1/Position 3
= don't care)

3 A1l logic O A1l logic 1

4 A12 logic O A12 logic 1

5 Al13 logic O Al13 logic 1

6 Al4 logic O Al4 logic 1

7 Al15 logic O Al15 logic 1
Hex Switch Position

Memory Address 3 4 5 6 7
000 On On On On On
72800 Off On On On On
100¢ On off On On On
1800 off Ooff On On On
E800 off On Off Off off
FO0O On off Off Off off
F800 Ooff off Off Off Ooff

* Disable if there is no memory IC in the socket.
*¥* 2716-pin-compatible RAM memory.
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On-Board Memory Type Selection

Dip switch SE allows the user to select between three
types of memory IC's (2716 - 2K EPROM, 2732 - 4K EPROM,
and 4016 or equivalent 2K RAM) for each memory socket
(U16 and U17). '

Memory Socket U1l6 Socket U17
Type Position 1 | Position 2 | Position 3 | Position 4
2716 Open Open Open Open
2732 Open Closed Open Closed
4016 Closed Open Closed Open
Open = OFF Closed = ON

(Positions 1 & 3 enable MWRITE to Ul6 & Ul7 respectively
for RAM memory only.)

(Positions 2 & 4 enable address bit All to Ul6 & U1l7
respectively for 2732 - 4K EPROM's only.)

CPU Clock Rate Control

Dip switch SF controls the user-selectable clock rate

options.

This switch is located at the lower left side

of the CPU board.

this switch causes the CPU
to go to 2 MHz operation when a front panel
stops the computer. This is provided because
some front panel circuits cannot operate at
This switch is tied to the S-100 RUN
signal on line 71 and will function only if
E39 and E40 are Jjumpered together.

When closed (ON),

When closed (ON), this switch allows XRDY
(S-100 line 3) to slow the processor to 2 MHz
during wait states. Therefore, if the user
has slow memory with wait states set for 2 MHZ
this will allow him to maintain the
same wait time delay.

Position Function
1
4 MHz.
2
operation,
3

Same as Position 2 above, except for PRDY

(S-100 line 72).




Position Function

4 When closed (ON), this switch selects 2 MHz
operation. If this switch position is open
(OFF), then 4 MHz is selected.

When all four switches are open (OFF), the CB2 will run
at 4 MHz all of the time.

Short Form Setup Worksheet/Record

Due to the large number of options, a short form setup
record is provided soO the user can record how his board
has been set up. This allows you to recall the features
and addresses selected at a glance. It also allows you
to return the CB2 to its original setup if it is changed
temporarily to use it in another system. To use the
short form provided, place a check mark in the right-hand
box corresponding to the features and switch settings you
use. Indicate, with O's and 1's, the addresses selected
for memories in Ul6 and Ul7 and write the Hex address in
the right-hand box. The numbers on the left are the
paragraphs which describe each one.




TABLE OF SWITCH SETTINGS

REFERENCE
PARAGRAPH
4.2.2 ON BOARD MEMORY ADDRESS SETTINGS
Switch SC (Address for memory A - IC Ul6).
Switch position 1 2 3 4 5 6 7
Address (A) - -]111 112 13|14 | 15
0=2716/4016 addressing
1=2732 addressing -
O=Memory enabled
1=Memory disabled
Switch SD (Address for memory B - IC U1l7).
Switch position 1 2 3 4 5 6 7
Address (A) - - 1111213 14 | 15
0=2716/4016 addressing
1=2732 addressing
O=Memory enabled
1=Memory disabled
REFERENCE
PARAGRAPH
4,.2.3 ON BOARD MEMORY TYPE SELECTION
Switch SE
Switch position 1|2 4
2716 1 |11f~|-
IC Ule 2732 110 -4 -
4016 Ol1]-1-
2716 -1-113i1
IC U17 2732 -{-1110
4016 -1 -107] 1
4-10




TABLE OF SWITCH SETTINGS (continued)

REFERENCE
PARAGRAPH
4.2.4 CPU CLOCK RATE CONTROIL SETTINGS
Switch SF
2 MHz on RUN Pos 1
Enabled 0
Disabled 1
2 MHz on XRDY Pos 2
Enabled 0
Disabled 1
2 MHz on PRDY Pos 3
Enabled 0
Disabled 1
2 MHz only Pos 4
Enabled 0
| Disabled 1
1=0FF=0PEN
0=0ON=CLOSED
-=NOT APPLICABLE
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Ref.
Para.

SHORT FORM SETUP WORKSHEET/RECORD OF JUMPER SELECTIONS

[2.1.1

PHLDA OPTION

E2-3

E4-5

Normal Z-80 operation

% cycle turnoff delay

[4.1.2

CLK FREQUENCY OPTION

1 |

2 MHz*

E6-7

4 MHz

E12-13

8 MHz

E8-9

16 MHz

E10-11

WAIT STATE OPTIONS

E14-15

E20-21

No added wait states*

1 extra M1 wait state

1 wait state per PSYNC

[4.1.4

VECTOR JUMP OPTION

E16-17

E18-19

E24-25

Vector jump disabled*

Vector jump on RESET

Vector jump on POC

Vector jump on RESET and POC

{3.1.5

I/0 ADDRESS OPTION

E22-23

8080 configuration*

Z-80 configuration

POWER-ON RESET OPTION

E26-27

POC resets the Z-80%*

POC does not reset the Z-80

DYNAMIC MEMORY REFRESH (Note 1)

E28-29

E30-(

Refresh signal on bus line (

No refresh signal*

SSW DSBL OPTION

E31-32

Enabled*

Disabled

NMI OPTION

E33-34

Enabled

Disabled*

MWRITE OPTION

E35-36

Enabled

Disabled*

[4.1.12

RUN/SINGLE-STEP OPTION

E37-38

E39-40

Both enabled*

SINGLE-STEP enabled only

RUN enabled only

Both disabled

[4.1.14

2/4 MHz FLAG OPTION

E45-46

Enabled

Disabled*

[4.1.15

@#1 STVAL OPTION (Note 1)

E1-44

E43-42

E41-42

$1 on bus line 25*%

STVAL on bus line 25

g0 AN ANAN AN AN OO AN OO O AN

* Indicates a standard S-100 set-up.
X Indicates a connection between the indicated E pads.

The STVAL and REFRESH signals must be put on the S$-100 bus through a
tri-state buffer so they can be disabled when necessary. There is only
one available tri-stateable buffer (U43). Therefore, only one of these

signals can be used.

Note 1:

4-12




4.4 Header Description

There are two headers (W1 & W2) on the CB2. W1 allows
the user to connect port FE to the S-100 bus to be used
as extended addressing or to a header with ribbon cable
to be used as an output port to an external device.
Connecting Pin 1 to Pin 16, Pin 2 to Pin 15, etc., on

Wl will provide the user with extended addressing on the
S5-100 bus through port FE.

W2 is the front panel socket for IMSAI and ALTAIR* type
front panels. W1l and W2 sockets are arranged as follows:

A16 (17)— _ PDY g | - NC
A17 (16) — — pD1 D1 —

A18 (15) — - PD2 D2 —

A19 (59) — L pD3 D3 —

A20 (61)— "' |—pp4 pa - "2

A21 (62) — L D5 D5 —

A22 (63)— — PD6 D6 —

A23 (64)—] - |—pD7 D7 — _ NC

T;Port FE Data Out
-S-100 bus line number

I1f the user wishes to make an adapter for the CB2 to the
ALTAIR connector, it should be connected as follows:

D3 | @
D2 | & |
I 4
L o 3
DY | & o 5
o <
D4 | e e o w2
o g
D5 | e- ® .
® ~
D6 | e— D7
D7

ALTAIR connector

*ALTAIR owners will have to adapt their front panel to CPU board
connector to plug into W2,
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CIRCUIT DESCRIPTIONS

This section is a short description of the various
circuits of the CB2. Some of the circuits described will
refer to partial schematics contained within this section,
others will refer to the complete CBZ2 schematics at the
back of the manual. The CB2 circuits will be described

in the following order: CPU "P" signals, CPU clock
circuits, CPU status "S'" signals, external control
circuits (i.e., RDY, Hold, INT, and Reset), Address Bus
circuits, Data Bus circuits, extended address port, on
board memory, and vector jump circuit.

CPU "P" Signals

The S-100 "P" signals generated by the CB2 consist of the
following signals: PSYNC, PDBIN, PWR, PWAIT, PHLDA, and
PSTVAL.

PSYNC

PSYNC is used by many of the S-100 cards and is the only
signal on the S-100 bus that indicates the beginning of
each byte processed by the CPU board (i.e., memory read
or write, I1/0 read or write, and interrupt acknowledges).
The falling edge of PSYNC indicates that the status "S"
signals are valid and that the CPU will look for the
WAIT (XRDY and PRDY) signals a half cycle later, if wait
states are needed. (See Figures 5.1.1la & b).

PSYNC is generated on the CB2 when IORQ and MEMRQ are
both at logic 1 on the leading (rising) edge of Phase 2.
(See Figures 5.1.1a & b.) Generating PSYNC this way
guarantees that the PSYNC signal will go low one-half
cycle prior to when the processor expects the first wait
request, if needed, which is identical to the 8080 timing
for PSYNC and WAIT.

One problem does occur when generating PSYNC this way;
some operations cause the PSYNC to exceed one clock cycle
in width (as much as 6 cycles). This occurs during I/0
operations and when the 7Z-80 must do internal operations
during the M1 machine cycle before proceeding to the next
machine operation, such as: index operations, double
precision register to register operations, double precision
register pushes to the stack, etc. These extra long
PSYNC pulses are acceptable to other S-100 boards as long
as only one Phase 2 and Phase 1 pulse occurs during PSYNC,
The CB2 has circuits to guarantee only one Phase 2 and




FIGURE 5.1.1 PSYNC
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Phase 1 pulse during PSYNC (see Paragraph 5.2 which
describes the clock section).

PDBIN

This signal is used to gate data onto the Z2-80's input when
data is to be transferred to the CPU from external devices
(such as memory and input ports).

FIGURE 5.1.2 PDBIN

1/6-U43 .
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b. PDBIN TIMING
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3
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PDBIN occurs during any data transfer into the CPU. The
7Z-80 RD signal occurs during all memory reads and input
operations, but not during interrupt acknowledge.
Therefore, this signal is generated when RD or INTA occurs
(U37 pins 10 & 9). PDBIN in the 8080 does not occur while
PSYNC is high; therefore, PSYNC is used to inhibit PDBIN

by U37 pin 1.

PWR
This signal occurs during any memory write or output

operation and is used to strobe the data into the memory
or output port device.

FIGURE 5.1.3 PWR

PWR DSBL . 1/6-U43
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g I O O
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© PWR L
Data i— Data Valid I
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b. TIMING DIAGRAMS




The 8080 does not produce_ﬂE until after PSYNC; therefore,
PSYNC is used to inhibit PWR (U29 pin 5). DWR is a special
input at the top of the CB2 card that can be used as an
inhibit signal to protect memory from being written into.

5.1.4 PWAIT

This signal indicates when the CPU is in a wait state.

Some 7Z-80 CPU cards use XRDY or PRDY as the PWAIT signal

on the S-100 bus. This is good for most cases, but some
S-100 cards use the PWAIT to generate one wait state by
feeding PWAIT inverted to XRDY or PRDY. When this happens,
the PWAIT and XRDY or PRDY signals will oscillate.
Therefore, the PWAIT signal on the CB2 is synchronized
with Phase 2.

FIGURE 5.1.4 PWAIT

6
_ - PSYN
72 | SYNC M
WAIT 3 PSYNC >
5 o 2 2 Ju39200- 12410 9
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(U35a B%
6 b
—x K é HicgQ 5

iﬁ : 1$T

< ONE WAIT STATE NO WAIT STATE RECURRING WAIT REQUEST N
{ T1y T2y TWy T317T1I y T2} T3 TL | T2 §T™W | TW | T3 | TI
¢__'—1__I—_L_J'"l_J“l__I*_L_J AN N TN [ I [ U B Ny N SNy B
PSYNC — L 1 L I
MREQ | 1 1 B s I s
WAIT | - - - o —
miutigte BN s Bl e bttt SR nm | P
U39 pin 1 fm——— | el N b R —
U35 pin 8 i e U e— m—
) —
U39 pin 4 J l s
U35 pin 5 ] { ] I 5
L L
PWAIT A | .

. TIMING DIAGRAM




1.

1.

The PWAIT circuit consists of: two flip-flops, U35A & B;
two NOR gates, U39B & C; and a tri-state driver, U34B, as
shown in Figure 5.1.4., At the beginning of each machine
cycle, PSYNC sets both flip-flops. If a WAIT signal is
present at the falling edge of @2, then U35A changes state
to indicate a PWAIT status. The PWAIT status will continue
until the WAIT signal is gone at the falling edge of 02.
Since the Z-80 CPU also checks for the WAIT signal on the
falling edge of ¢2, this circuit reliably indicates when
the CPU is waiting.

If a second WAIT signal were applied after the CPU left
the WAIT state, the CPU would not accept it until the

next machine cycle. Therefore, U35B, and U39B and C are
used to inhibit any PWAIT signals after WAIT goes away the
first time, or if it is not present on the first falling
edge of P2 after PSYNC. U35B is clocked to the RESET
state by @2 if WAIT is high. Because U35B Q is now high,
U39B & C will always remain low so that U35B cannot change
state and U35A is always being set (PWAIT inactive state).
This will continue until PSYNC occurs and sets U35B once
again.

PHLDA

This signal indicates to an external device that the CPU
is ready to turn over the bus control during a DMA operation.
Two methods of asserting and removing PHLDA are provided

on the CB2., The first is the Z-80's BUSAK signal inverted,
which is found on most CPU cards and is obtained by con-
necting E4 and E5 together. The second method uses U27 to
synchronize PHLDA to @2. This delays PHLDA slightly,

which guarantees that all lines are tri-stated by the CPU
when PHLDA is asserted, and that the CPU has reapplied all
signals just prior to removing PHLDA. This mode allows a
cleaner DMA transfer of control on the S-100 bus. In order
to select this method, E4 to E5 must be opened and E2 to
E3 must be connected.

PSTVAL

This is a new IEEE standard signal and goes low to indicate
when status is valid on S-100 bus. This signal goes low

at @1 during PSYNC and returns to a high state at the next
@1 clock after PSYNC. This signal is created by clocking
PSYNC into U10B by the @1 clock.




FIGURE 5.1.5 PHLDA
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b, TIMING DIAGRAM

PSTVAL was allocated to pin 25 on the S-100 bus, which

is the @1 pin on the old S-100 bus standard. Therefore,

the user will have to decide which signal he wants to use.
If PSTVAL is desired, then connect E1 to E44 and E42 to E43.
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FIGURE 5.1.6 PSTVAL
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CPU Clock Circuits

The CB2 clock circuits consist of a crystal oscillator,

a selectable divide-by-4/8 circuit, a circuit to generate
a non-overlapping ¢1/¢2, a circuit to inhibit all but one
?1/02 pulse during extended PSYNC's (see Figure 5.1.1),
and a selectable fixed clock frequency for the CLK signal
on the S-100 bus. The following descriptions will all
refer to Figure 5.2.

Crystal Oscillator

The oscillator circuit consists of two NAND gates (U7C
and U7D) connected to form an oscillator with the 16 MH=z
crystal as the tuned element. Resistors R4 and R5 are
feedback resistors to bias the NAND gates to operate in

their linear regions. Capacitor C4 provides a DC voltage
block for the crystal, which could be overstressed by a
large DC potential, It also provides an extra phase shift

to insure reliable operation.




FIGURE 5.2
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FIGURE 5.2 CPU CLOCK CIRCUIT (Page 2 of 2)
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@1/02 INHIBIT CIRCUIT TIMING

Divide by 4/8 Circuit

This circuit consists of U6, U7, Ull, and UlZ2, which
produce the two frequencies necessary to synthesize @1
and 92 for both 2 and 4 MHz operation.

The flip-flop U6B, when held in the set state by U38A,
applies a constant logic O to U1llD pin 12. The other U1l1lD
input (pin 11) is the crystal osciallator's output

(16 MHz), which passes straight through Ull and is
inverted. This provides the clock to U6A for 4 MHz operation.

When UGB is not held in the set state by U38A (a logic 1

at U6 pin 10), it changes states at half the frequency of
the 16 MHz osciallator and inhibits every other clock
pulse out of Ull. This provides an 8 MHz clock to UGA for
a 2 MHz operation of the CB2.

The dividers UBA and Ul2 divide the output of Ull by 4 to
provide the phases necessary to synthesize @1 and 92,

@1/92 Circuit

The @1 circuit consists of U7B and Ul1l1A. U7B produces a
@1 pulse by combining U1l2-QA (which is @2 before it is




processed through the control gates) and U6-Q. The @1
pulse is produced by gating @1 through Ul1lA along with
the ¢1 control signal, which is used to inhibit @1 during
extended PSYNC's.

The @2 circuit consists of Ul11B, U7A, and U20C. UllB
inverts the @2 signal of Ul2-QA to produce the Z-80 clock.
The Z-80 clock is gated (U7A) by the @2 control (which
eliminates all but the first §2 pulse during extended
PSYNC's) to produce (@2-PRIME.

The P2-PRIME signal is gated and inverted by U20C, along
with @1, to produce a @2 signal which cannot occur until
after @91 falls. 1In this way, @1 and @2 are guaranteed not
to overlap.

5.2.4 91/02 Inhibit Circuits

The ¢1 inhibit circuit consists of Ul1C, which combines
PSYNC from U28A pin 5 and (MREQ - IORQ) to produce a logic
1 when both of these signals are a logic 0. When Ull1C is
at a logic 1, @1 is inhibited by U1l1lA. This occurs during
PYSNC until eihter MREQ or IORQ goes to a logic @, which
allows @1 to occur and then PSYNC falls when @2 occurs.

The @2 inhibit circuit consists of U28B and U29A. U28B

is triggered by Z-80 CLOCK and its D input is PSYNC.
Therefore, U28B-Q output is generally a logic 1 until
PSYNC occurs. At this time, the Q output of U28B will go
low on the rising edge of Z-80 CLOCK. Now @2 cannot occur
again until @1 (generated by U29A) occurs. Effectively,
all 92 clocks during PSYNC are inhibited, except for the
first one.

During a normal PSYNC of one clock width, there is no
change to @1 and 92. During a stretched PSYNC, there is
still only one 91 and 2 pulse, but they may be separated
by the equivalent of several clock cycles of time.

5.2.5 CLK

In the original S-100 bus, this signal is the same frequency
as 92 (2 MHz but with the opposite phase). In the new

IEEE bus standard, it is still 2 MHz but has no definite
phase relationship to @2.

The CB2 CILK circuit consists of part of Ul2, which divides
the 16 MHz clock by 8. The 74197 does this by dividing

by 2 three times. The output of each divide-by-2 stage
and the 16 MHz clock are available to the user to be used
as the CLK signals. This means the user can select either
16, 8, 4, or 2 MHz as CLK.




CPU Status (S) Signals

In the original S-100 8080 CPU, these signals were taken
from the Data Bus during PSYNC, and were then latched onto
the 5-100 bus through an 8212 or similar tri-stateable

latch. The "S" signals indicate the type of data transfer

to be performed (i.e., Memory, I/0, or Interrupt Acknowledge),
the direction of data transfer (i.e., writing or reading)

and the state of the CPU (i.e., Op-Code Fetch, stacking
operation, and whether interrupts were enabled).

These signals do not occur on the data bus of the Z-80 as
they do in the 8080. They are generated by logically
combining the Z-80 control signals. An optional 2/4 MH=z
status signal is included to indicate when the CB2 is in
2 or 4 MHz mode of operation.

SINP

SINP (input) is used to indicate when the CPU is executing
an input operation and is used by I1/0 circuits, along with
address, to determine when they are being accessed. SINP
is generated by U31B when IORQ and RD are both at logic O.
See Figure 5.3.1b for a timing diagram of an input operation.

FIGURE 5.3.1 SINP
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SOUT (output) is used to indicate when the CPU is executing .
an output operation and is used by I/0 circuits, along
with address, to determine when they are being accessed.
SOUT is generated by U31D when IORQ and WR are both at
logic 0. See Figure 5.3.2b for a timing diagram of an
output operation.

FIGURE 5.3.2 SOUT
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b. SOUT TIMING

SINTA

SINTA (interrupt acknowledge) is used to indicate when the
CPU is ready to receive a byte from an interrupting device.
SINTA is generated by U31C when IORQ and MI are both at
logic 0. See Figure 5.3.3b for a timing diagram of an
interrupt acknowledge operation.
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FIGURE 5.3.3 SINTA
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SHLTA

SHLTA (halt acknowledge) is used to indicate when the CPU
is in a halted state. A RESET or Interrupt is required to
resume operation. SHLTA is generated by inverting the CPU
HALT signal through U24A.

FIGURE 5.3.4 SHLTA Schematic

1/6-Ubs U24a

SHLTA (4] 16<<i:}4 Z cx<::}1 HALT




.3.

.3.

.3.

sm1

SM1 indicates, to external devices, when the CPU is in an
Op-Code Fetch cycle. This signal is basically the same in
8080 and Z-80 operation, except for when the CPU is in a
HALT state. The Z-80 puts out an M1 and the 8080 does not.
Therefore, SM1 is the inversion of M1 from the Z-80 and is
inhibited by the SHLTA signal.

SMEMR

SMEMR (memory read) status indicates to external devices
that a memory read operation is taking place.

The SMEMR circuit consists of U41B & C, U30B, U24C, and
U37B. U41C puts out a logic 1 when both MREQ and RD are
low. This logic 1 passes through U24C/U37B to become
SMEMR, unless inhibited by U30B. Normally, U30B's Q
output is a logic 1, but an interrupt acknowledge sets
U30B, which inhibits SMEMR until the next M1l cycle.

The reason for a SMEMR inhibit circuit on interrupts is
because of the way the Z-80 CPU handles status on 2 or 3
byte instructions during an interrupt operation. The 8080
CPU did not turn on SMEMR during an interrupt operation,
since it was not a memory operation. The Z-80 will try to
indicate SMEMR on the second and third byte of an interrupt
operation, which would cause a hardware conflict between
the interrupt controller board and a memory board on the
S-100 bus. The CB2 is designed to inhibit the SMEMR signal
during an interrupt operation until the next SM1 cycle, to
prevent bus conflicts.

SWO

This signal indicates to external devices when data is
being put on the data bus during a memory write or output
operation.

The SWO circuit consists of U37D and U30A. The signal WR
(from the Z-80) occurs too late in a memory write operation,
so RD is used to generate the SWO signal. Therefore, if
the CPU is not reading data, then the operation is a data
out transfer.

SWO is generated by U37B, which inverts RD. Because RD does not
remain low during the entire memory read or input operations,
U30A is used to inhibit SWO until the next PSYNC, which does
occur on an M1 cycle. In this way, SWO does not change
except under PSYNC, and does occur prior to PWR as it should.
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FIGURE 5.3.6 SMEMR
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This cycle applies only if the interrupt instruction has an address byte
or word (i.e., JMP or CALL).
b. SMEMR TIMING
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FIGURE 5.3.7 SWO
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5.4.1.1

4/2 MHz* (Special Option)

This signal indicates the CPU clock rate to external
devices. U26B inverts the 2/4 MHz control signal from

U38A to generate this signal. A logic 1 means the CB2 is
operating at 4 MHz, and a logic § indicates 2 MH=z.

Because this is not a standard S-100 signal, it remains

for the user to connect it to the bus if desired. Bus

pin 98 is STACK on the old S-100; it is 4/2 MHz for Cromemco
systems; it is ERROR for the new IEEE standard.

External Control Signals

These are signals generated by external devices to control
the CPU operation. They include XRDY, PRDY, PHOLD, PINT,
NM1, PRESET/POC, SINGLE STEP, RUN, SSW DSBL, C/C DSBL,
STATUS DSBL, ADDR DSBL, and DO DSBL.

The RDY Signals

The XRDY and PRDY signals are used to cause the CPU to
enter into wait cycles. With these signals, slow memory
and I/0 devices can slow down the processor to their pace.
They also provide a means for a front panel to stop the
processor. The on board RUN/STOP and SINGLE-STEP circuits
will also be discussed in this section.

XRDY and PRDY

The basic XRDY and PRDY circuit is made up of U34A & B,
U20A, and U21. The XRDY and PRDY signals go to both the
A & B AND gates of U34. U34B immediately sends a logic O
to the Z-80 WAIT input when either XRDY or PRDY goes low.
This allows an external device to request a wait state as
late as 90 ns prior to the first falling edge of @92 after
PSYNC goes low. This is needed because some status signals
do not occur until just before PSYNC falls. The output of
U34A goes to the reset and D inputs of U21A. This holds
U21A reset until XRDY and PRDY are both high, and the next
@2 pulse strobes a logic 1 in. While reset, U21A Q is a
logic 1 and U20A is a logic 0. Therefore, U34B remains
low, holding the CPU in a wait state, and U21A insures
that the wait state is removed in sync to @2.

* This signal is similar to the speed flag used by Cromemco.
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FIGURE 5.4.1 RDY CIRCUIT
b. XRDY & PRDY Timing
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5.4.1.2

5.4.1.3

5.4.1.4

On-Board Memory Wait

The on-board memory, when enabled, generates one wait
state by gating PSYNC and MADDR (from the memory chip
select circuit) through U29D to apply a logic O to U34A

& B. This logic O looks the same as an XRDY or PRDY, and
remains low as long as PSYNC is high. Therefore, one wait
state is sent to the CPU.

Extra M1 Wait State '

An extra wait state can be added to each M1 cycle through
the circuit of UZ20A & B, U21B, and U29C. This cirucit

was incorporated in the wait circuit because the M1 cycle
on the Z-80 is shorter than the other cycles. U29C
combines PSYNC and M1 to set U21B, with a logic 1 to

U20A. U20A (through U34B) causes a logic O to be applied
to the CPU WAIT input. If XRDY or PRDY are also requesting
a wait state, then U20B will see a logic O on both inputs,
and a logic 1 is applied to U21B's D input. Therefore,
U21B remains set until U21A changes state and then, one
cycle later, U21B will be reset. If no XRDY or PRDY wait
states are requested, then U21B is reset after one wait
state is generated because of U20B applying a logic O to
U21B's D input. U21B can be set only through its SET
input because when it is in the reset state, it applies

a logic 1 (U21B Q output) to U20B, and a logic 1 on either
of U20B's inputs causes a logic O to be applied to U21B's
D input.

On-Board RUN/STOP and SINGLE-STEP

The on-board RUN/STOP (R/S) and SINGLE-STEP (SS) allow
the user to do some limited troubleshooting of the CPU
and computer systems without a front panel. The R/S
flip-flop USA is set by PSYNC whenever switch SA is
closed. This applies a logic 0 (U5A-Q) to U34A, which
puts the CPU in a wait state. The CPU will remain in a
wait state until USB is reset by a clock pulse from USA.
When clocked by USA, U5B will release the CPU from the
wait state but will again stop the CPU at the next PSYNC
if SA remains closed. In this way, the CPU is single-
stepped. To restart the CPU, the switch SA is opened and
SB is toggled to clock U5B. The flip-flop U5A is used
as a switch debouncer.




4.

.4.

.4.

PHOLD

The PHOLD is applied to U27B, which synchronizes it with
@2. PHOLD indicates that another device wishes to gain
control of the bus for a DMA (Direct Memory Access)
operation.

FIGURE 5.4.2 PHOLD

U27b
12 9 —
PHOLDL > )—feot— D Q BUSRQ
_I_L(* —Q -8__

PINT and PNMI

These are interrupt request signals from other devices,
and are buffered by U1l5B & D. PINT will be serviced by
the CPU if the interrupts are enabled. PNMI is always

serviced since the interrupt enable flag in the CPU has
no effect on it.

PRESET /POC

PRESET is buffered and combined optionally with POC to
produce a RESET to the CPU when either input is low. PRESET
resets the CPU, the PSYNC circuit, and the vector jump
circuit.

POC is generated by Ul3 (555 timer) connected as an
oscillator, except the discharge transistor (pin 7) is
not connected. Therefore, upon application of power, the
555 turns on (pin 2 is below 1/3 Vcec) and the capacitor
charges up. When the voltage on the capacitor reaches
2/3 Vee (pin 6), the 555 output is turned off. The
capacitor remains charged as long as power is applied.
U24 inverts the 555 output to produce a POC. POC resets
RUN/STOP flip-flop (so the CPU comes up running if the
RUN/STOP switch is open), and is applied to the POC bus
driver, and is optionally applied to Ul5C to reset the
CPU and PSYNC circuit.




FIGURE 5.4.4 PRESET & POC
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b. POC TIMING DIAGRAM

5.4.5 SINGLE-STEP - RUN - SSW DSBL

These three signals, along with PDBIN, PHLDA, Memory A
and B CS (which are on-board signals), control the data
coming into the CPU's bi-directional data bus. This is
necessary to insure that the DATA-IN (DI@ thru DI7) and
the on-board-memory tri-state drivers are not enabled
when the CPU is trying to output data, and to allow
front panel circuits to place instructions on the CPU's
data bus without interference from other devices.

The RUN and SINGLE-STEP signals are similar, except that
the RUN signal can also control the 2/4 MHz operation of
the board. Both of these signals are generated by front
panel circuits to control the DI bus and on-board memory




a.

b.

Run

(when both are low, the DI bus and on-board memory are
disabled). See Figure 5.4.5b for a truth table of this
circuit operation. RUN, SINGLE-STEP, and SSW DSBL are
optional signals on the CB2 because they are not part of
the new IEEE standard bus. If not connected to the bus,
they default to allow the CPU to operate normally.

FIGURE 5.4.5 SINGLE-STEP - RUN - SSW DSBL
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4.

SSW DSBL, when low, disables the DI bus tri-state drivers
and the on-board memory tri-state drivers, so an external
circuit (i.e., front panel) can put data on the CPU's
internal data bus via the header W2.

(STATUS, ADDR, C/C & DO) DSBL Signals

These signals, when low, disable the CPU's status, address,
control, and data output tri-state drivers. These signals
allow external devices to take control of the S-10Q bus
during DMA data transfers.

Address Bus

The Z-80 has 16 address lines (65,536 possible memory
locations and 256 I /O ports) that are not multiplexed

with anything else. These address lines are buffered by
7418244 octal bus drivers as shown in Figure 5.5. Two

sets of buffers drive the high address lines (A8 thru

A15) in order to duplicate the low address onto the high
address bus during I1/0 operations (as does an 8080 CPU).
IC's UlA & B, U3D, and U2Z23A control the address bus buffers,
as shown in the truth table of Figure 5.5b. The multi-
plexing of the low address onto the high address bus during
I1/0 operations is optional, and is enabled by connecting
E22 to E23 on the CB2.

Data Bus

The data bus in the S-100 system consists of two 8-bit
buses: a data-out bus (DO @ thru 7) for data transfers
from the CPU to external devices (i.e., memory and I/0
cards), and a data-in bus (DI ¢ thru 7) for data transfers
from external devices to the CPU,

The data-out bus is driven by U49 (which buffers the CPU
data lines from the heavy loads on the DO bus) and is
normally enabled (since only the CPU drives this bus,
except during DMA operations). DO DSBL controls tri-
stating of this bus on the CB2.

The data-in bus is buffered by U50, which is tri-stated
during CPU write operations, on-board memory operations,
and certain front panel operations. Tri-state control of
the data-in bus (U50) is discussed in Section 5.4.5 of
this manual. The data-in bus lines are pulled up to

+5 Vdc by RP9 (SIP) and R18, which helps to guarantee a
logic 1 on the bus when nothing is driving it.



FIGURE 5.5 ADDRESS BUS
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Internally, the CPU data bus is bi-directional and has

a pull-up resistor network (RP8 and R17) to help speed

up the transitions from logic O to logic 1 on the internal
bus lines. Also, a header socket (W2) is provided. This
allows front panel circuits to drive and sense the CPU
data bus directly.

Extended Address Port

This circuit is an output port at address @QFEH. U46 and
U20d decode the address @QFEH and put a logic O on U36 &
40 pin 10 as one write enable. IORQ from the Z-80
provides the other write enable to U36 & 40 at pin 9.
The data is clocked into U36 & 40 (pin 7) by WR. The
latches U36 & 40 are reset when the CPU is reset, so the
address will be Q9@@@QH. The tri-state output enable is
controlled by Ul, as are the low address buffers.

The port output goes to a header socket (W1l) so that it
can be used as an output port, or can be used as extended
address bits (if W1l is strapped straight across).

FIGURE 5.7 EXTENDED ADDRESS PORT
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On-Board Memory

There are two on-board-memory sockets with independent
address circuits. Each socket can accept either 2716,
2732, or TMS 4016 memory chips.

Data is transferred to and from the memories through the
tri-state buffers Ul8 and U19. U18, Ul19, and the output
enable (OE) of the memories are controlled by U2A & B.
When one of the memories is selected (U3C, pin 8=logic 1),
and SSW DSBL is high, and DBIN is high, then U2B outputs
a logic O to enable data onto the CPU data bus. When

any one of the signals to U2B is low, the Ul8 is tri-
stated and U1l9 is turned on. Because the memories are
also tri-stated, Ul9 and the memories are not in conflict.

The chip select (CS) circuit is identical for both
memories. Therefore, memory A will be described and the
appropriate circuit elements for the B memory will be
indicated in parentheses ().

U9 provides buffering and address inversion for the upper
6 address bits (upper 5 bits for 4K memories) to the
address comparator circuit. The address for memory A is
selected by dip switch SC (SD) and is compared by U8 &
U14D (U4 & Ul14A). When the address bits and the dip switch
settings are in opposite logic states, the comparator
outputs will all be a logic 1. The outputs are

open collector and pulled up by a resistor. Therefore,
if any XOR gate has matching inputs it will be a logic O
to U3 pin 2 (U3 pin 5). When U3A (U3B) receives a logic
1 from the comparator and MREQ from inverter Ul14C, then
memory A (B) is selected. The chip select (CS) for
memory A only is enabled by either Vector Jump enable or
by the output of U3A. (A jump instruction should be the
first three addresses of Memory A if a POC or RESET is
strapped for a vector jump.) U3C produces a logic 1
(MSEL) when either memory is selected.

Pin 21 on the memories is a multi-purpose pin. It is an
address (Al1l) input for 2732. It is WR input for TMS
4016 (or equivalent 2K RAM). It is the Vpp pin on the
2716, which is held at the +5 Vdc during normal operation.
The switches of SE select which type of input (All, WR,

or +5Vdc) each memory will receive.
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5.9 Vector Jump

A vector jump is initiated by POC and/or PRESET when jumpers
E18 & E19 and/or E24 & E25 respectively are installed. U23B
& C form an AND gate so that when either input is low, U22A
& B are both set. If no vector jump is desired, the E18,
E19, E24 & E25 should be left open and Ei6 & E17 should be
connected, so that U22A & B are reset by POC.

U22A & B are connected to form a two-bit shift register that
will shift logic O's across when clocked. M1 is the clock
signal for the shift register. Therefore, U22B is clocked

to logic O on the first M1, which is the vector jump Op-Code
Fetch. U22A is clocked to a logic ¢ on the second M1, which
releases memory A and allows the computer to operate normally.
In this way, one instruction at the beginning of memory A

is executed (which should be a jump instruction).

FIGURE 5.9 VECTOR JUMP
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b. VECTOR JUMr TIMING




TROUBLESHOOTING HINTS

This section assumes the user has some basic knowledge
of logic circuits and has read the theory of operation
section of this manual. It is also assumed that the
user has or has access to a voltmeter and a logic
probe or an oscilloscope.

Verify that all IC's are in the correct sockets, and
that none of the IC pins are bent under, and the IC is
installed with the correct orientation.

Verify that each regulator is putting out +5 volts.

Verify that all necessary options have been connected
properly.

Check for proper settings of DIP switches.

Inspect the back side of the board for any solder bridges.
Run a small sharp knife blade between traces that may
appear suspicious. A magnifying glass is recommended

for this inspection.

If the CPU does not appear to be working, then make the
following checks:

Verify that the RUN/STOP switch is in the RUN position
and try toggling the SINGLE-STEP switch.

Verify the clock (2 MHz or 4 MHz) at Z-80 pin 6.
(WARNING: IF THERE IS NO CLOCK AT THE Z-80, THE Z-80
COULD BE DAMAGED. THEREFORE, REMOVE THE Z-80 UNTIL THE
CLOCK IS FIXED.)

Verify +5Vdc at Z-80 pin 11.
Verify that RESET at Z-80 pin 26 is not continuously low.

Verify that WAIT at Z-80 pin 24 is not continuously low.




.6.6 Verify that BUSRQ at Z-80 pin 25 is not continuously low.

.6.7 Verify that C/C DSBL, STATUS DSBL, DO DSBL, SSW DSBL,
and ADDR DSBL are all at a logic 1 (> +2.4 volts) at
S-100 bus pins 19, 18, 23, 53, and 22 respectively.

.6.8 Verify that PSYNC at S-100 bus pin 76 is pulsing.

.6.9 Verify that PDBIN at S-100 bus pin 78 is pulsing.

.6.10 Verify that the vector jump enable signal at U22 pin 5
is at a logic O.

.6.11 Verify proper operation U2 pin 8, which enables data
onto the CPU data bus from the on-board memories.

7 If you have trouble with the RUN/STOP, SINGLE-STEP, or
PRDY circuit:

7.1 -éet the RUN/STOP switch to the STOP position; then verify
the following signals:

Location Logic State
a. Ub/pin 6 Logic @
b. U5/pin 1 Logic 1
¢c. US/pin 4 Logic 1%
d. U5/pin 9 Logic @
e. U34/pin 6 Logic @
f. U21/pin 6 Logic 1
g. U21/pin 3 pulsing
h. U20/pin 1 Logic 9§
i, U34/pin 8 Logic 9
j. U32/pin 24 Logic @
k. U20/pin 2 Logic ¢

*This pin should pulse negative once when the
RUN/STOP switch is toggled to the STOP position.

7.2 Switch over and hold the SINGLE-STEP switch; then verify
that U5 pin 9 is a logic 1.




7.3 Verify that the indicated signals occur each time the
SINGLE-STEP switch is toggled:

Location Logic State
a. US5/pin 4 Negative pulse
b. U5/pin 6 Positive pulse
¢. U34/pin 6 Positive pulse
d. U21/pin 6 Negative pulse
e. U20/pin 1 Positive pulse
f. U34/pin 8 Positive pulse
g. U20/pin 2 Logic ¢ (no pulse)
7.4 Set the RUN/STOP switch to the RUN position and

verify that U5 pin 6 remains a logic 0.

7.5 Toggle the SINGLE-STEP switch once and verify that
U5 pin 6 changes to a logic 1.

.8 If you have trouble with the vector jump circuit:

.8.1 If vector jump is desired:

.8.1.1 Verify that E16 to E17 is not connected.

.8.1.2 Verify that E18 to E19 and/or E24 to E25 is connected.

.8.1.3 Set the RUN/STOP switch to the STOP position and
initiate the vector jump circuit with RESET or POWER-ON,
depending on which option is selected. Then make the
following logic tests:

Location Logic State
a. U23/pin 8 Logic 1%
b. U22/pin 3 & 11 Logic 1
c. U22/pin 9 Logic ¢
d. U22/pin 5 ) Logic 1
e. U22/pin 12 Logic 0
f. U33/pin 1 Logic 0
g. U3/pin 8 Logic 1
h. U29/pin 11 Logic 1%
i. U2/pin 8 Logic 9
j. U18/pin 1 & 19 Logic @




Location Logic State

k. Ul6/pin 20 Logic @
1. U2/pin 6 Logic 1
m U19/pin 1 & 19 Logic 1

*These pins will pulse to logic @ at the time
of RESET and/or POWER-ON.

Verify that the desired vector jump code appears at
D@ thru D7 on U1l8 pins 16, 14, 12, 9, 7, 5, 3, and
18 respectively. If it is a RESTART instruction, go
to 6.8.1.7.°

Toggle the SINGLE-STEP switch once and repeat the
logic measurements of 6.8.1.3 thru 6.8.1.4, except
that 6.8.1.3a will not pulse to logic @.

Repeat 6.8.1.5 until the entire vector jump code has
been read into the CPU.

Toggle the SINGLE-STEP switch once and make the following
logic tests:

Location Logic State
a. U22/pin 1 & 13 Logic 1
b. U22/pin 4 & 10 Logic 1
c. U22/pin 5 & 9 Logic @
d. U22/pin 3 & 11 Logic 1

Verify that the CPU (Z-80) is at the correct address
by looking at the CPU address pins.

If vector jump is not desired:

Verify that E16 to E17 is connected.

Verify that E18 to E19 and/or E24 to E25 is not connected.

Set the RUN/STOP switch to the STOP position and
apply power to the system, verifying a negative pulse
on U22 pins 1 & 13, Then make the following logic
tests:




.9.

3

Location Logic State

a. U22/pin 5 & 19 Logic 9
b. U22/pin 1 & 13 Logic 1
c. U22/pin 4 & 10 Logic 1
d. U22/pin 2 & 12 Logic @

If you have trouble with the on-board memory:

Measure the memory (U16 & U17) Vecc voltage (+5.0 Vde)
at pin 24.

Check the addressing circuit as follows:;

Disable the vector jump circuit by disconnecting E18
to E19 and E24 to E25 and connecting E16 to E17. Also,
open switch SE positions 1 & 3 and close positions

2 & 4.

Set the RUN/STOP switch to the STOP position and power
up the card.

With the memories removed and both address switches set
to PPH (open all positions except position 2), verify
the following signals:

Location Logic State

a. U9/pins 2,4,6,8, Logic 1

10 & 12
b. U3/pin 5 Logic 1
c. U3/pin 2 Logic 1
d. Ul4/pin 9 Logic @
e. Ul4/pin 8 Logic 1
f. U3/pin 6 Logic @
g. U3/pin 3 Logic @
h. U26/pin 2 Logic 1
i. U33/pin 1 Logic @
j. U3/pin 8 Logic 1
k. U38/pin 8 Logic 1
1. Ul6 & Ul7/pins 1 Logic 0

thru 8, 19,21,

22 & 22

Check the data circuits as follows:




6.9.3.1 Perform 6.9.2.1 thru 6.9.2.2 and verify the following
signals:
Signal Location Logic State
a. MADDR U2/pin 10 Logic 1
b. PDBIN U2/pin 9 Logic 1
c. SSW DSBL U2/pin 12 Logic 1
d. DBUS CNTL U2/pin 13 Logic 1
e. MEMOE U2/pin 8 Logic @
f. OE Ul6 & Ul17/pin 20 Logic ¢
g. -- U18/pin 1 & 19 Logic @
h. -- U2/pin 6 Logic 1
6.9.3.2 Remove power from the board, close switch SD position 1,
set up switch SE for the type of memory used, insert a
memory IC into Ul6, reapply power and verify the
following signals:
Location Logic State
a. Ul6/pin 18 Logic @
b. Ul7/pin 18 Logic 1
c. Ul6/pin 20 Logic @
d. Ul8/pin 1 & 19 Logic ¢
e. U19/pin 1 & 19 Logic 1
f. U18/pin 16 = Ul8/pin 4
g. Ul8/pin 14 = Ul1l8/pin 6
h. Ul8/pin 12 = U1l8/pin 8
i, Ul1l8/pin 9 = U18/pin 11
j. Ul1l8/pin 7 = U18/pin 13
k. Ul8/pin 5 = Ul1l8/pin 15
1. U18/pin 3 = U18/pin 17
m. Ul8/pin 18 = Ul8/pin 2
6.9.3.3 Repeat 6.9.3.2, except close switch SC position 1, open

switch SD position 1,
and verify the following signals:

position,
Location
a. Ul6/pin 18
b U17/pin 18

c. thru m.

Logic State

Same as 6.9.3.2 c.

Logic 1
Logic @

thru m.

insert the memory IC into the U17



.9.4 If RAM memory is being used, then check the memory
write function as follows:

.9.4.1 Check the MWRITE option at E35 & E36.

.9.4.2 Perform 6.9.2.1.

.9.4.3 Remove any memory IC's from Ul6 & Ul7 and remove IC U1l8.

.9.4.4 Perform 6.9.2.2.

.9.4.5 Verify a logic 1 on all data lines at U32 pins 7, 8,
9, 10, 12, 13, 14, and 15 (this is a RST 7 instruction).

.9.4.6 Verify a logic @ at U32 pin 27.

.9.4.7 SINGLE-STEP the CPU once and check the following signals:

Location Logic State
a. U2/pin 9 Logic @
b. U2/pin 8 Logic 1
c. U2/pin 6 Logic @
d. Ul9/pin 1 & 19 Logic @
-e. Ul9/pin 16 = Ul9/pin 4
f. U1l9/pin 14 = U19/pin 6
g. Ul9/pin 12 = Ul19/pin 8
h. Ul9/pin 9 = U19/pin 11
i. U19/pin 7 = U19/pin 13
j. Ul9/pin 5 = U19/pin 15
k. U19/pin 3 = Ul19/pin 17
1. U19/pin 18 = Ul9/pin 2
m. Ul/pin 8 Logic @
.10 I1f you have trouble with the extended address/output
port:

6.10.1 Execute the following program:

100: 3E 00 MVI A, Q@H

102: D3 FE LOOP: OUT @FEH

104: C3 02 01 JMP LOOP
6-17




6.10.2 Set the RUN/STOP switch to the STOP position.

6.10.3 While observing the IORQ (U32 pin 20), SINGLE-STEP the
CPU until IORQ goes to logic 9.

6.10.4 Verify the following signals:

Signal Location Logic State
a. AQ U46 /pin 3 Logic 1
b. Al U46 /pin 6 Logic 1
c. A2 U46 /pin 4 Logic 1
d. A3 U46 /pin 12 Logic 1
e. A4 U46 /pin 5 Logic 1
f. AS U46 /pin 11 Logic 1
g. A6 U46 /pin 2 Logic 1
h. A7 U46 /pin 1 Logic 1
i. PORT ENABLE U46 /pin 8 Logic @
j. IORQ U36 & U40/pin 9 Logic @
k. RESET U36 & U40/pin 15 Logic @
1. WR U36 & U40/pin 7 Logic @
m. ADDR DSBL U36 & U40/pin 1 Logic @
n. -- U36 & U40/pin 2 Logic ©
o. D@ U36 /pin 12 Logic @
p. D1 : U36/pin 13 Logic 0
q. D2 U36/pin 11 Logic @
r. D3 U36/pin 14 Logic @
s. D4 U40/pin 14 Logic O
t. Db U40/pin 13 Logic @
u. D6 U40/pin 12 Logic 0@
v. D7 U40/pin 11 Logic ©
w. OUT 0 U36/pin 5 Logic §
x. OUT 1 U36/pin 4 Logic ©
y. OUT 2 U36/pin 6 Logic 9
z. OUT 3 U36/pin 3 Logic §
A OUT 4 U40/pin 3 Logic @
B ouT 5 U40/pin 4 Logic @
C OUT 6 U40/pin 5 Logic @
D ouT 7 U40/pin 6 Logic @
6.10.5 Execute the following program:

100: 3E FF MVI A, @QFF H
102: D3 FE LOOP: OUT Q@FEH

104: C3 02 01 JMP  LOOP




6.10.6 Repeat 6.10.2 thru 6.10.4, except 6.10.4 o. thru D
will be a logic 1.

6.10.7 SINGLE-STEP once and verify U36 & U40 pins 9 & 7 are
a logic 1.

6.11 If you have trouble with I/0 operations:

6.11.1 Check that the I/0 ADDR jumper option is correct for
your system (see 4.1.5).

6.11.1.1 If your I1/0 boards require the I/O address on the
high address lines (A8-A15), then jumper E22 to E23
should be connected.

6.11.1.2 If your I/0 boards only use the low 8 bits of the
address bus, then jumper E22 to E23 is not needed.

6.11.2 Execute a short program as shown in the following
example:
100: DB XX LOOP: 1IN PORT XX=port number
102: C3 00 01 JMP LOOP

where PORT is any I/O port. Then STOP the CPU with
the RUN/STOP switch.

6.11.2.1 SINGLE-STEP the CPU with the SINGLE-STEP switch while
observing the SINP (S-100 bus pin 46) and stop when
it is high.

6.11.2.2 Verify that the following signals are correct:

Signal Location Logic State
a. PDBIN S-100/pin 78 Logic 1
b. IORQ U25/pin 5 Logic 9
c. SINP S-100/pin 46 Logic 1
d. I/0 ADDR CNTL U23/pin 2 Logic @%*
e. HADDR EN U48 pin 1 & 19 Logic 1%
f. I/0 ADDR EN U47/pin 1 & 19 Logic @%*

* Verify these signals only if the I/O jumper
option is connected.




6.11.2.3

6.11.2.4

6.12.1

6.12.2

Toggle the SINGLE-STEP switch once and verify that
the following signals are correct:

Signal

IORQ
SINP

PDBIN

1/0 ADDR CNTL
HADDR EN

N HDOOO T

M1

I/0 ADDR EN

Change the program as

102 :
104 :

and repeat steps 6.11.

D3 XX

C3 02 01

steps a & c¢ should be

Signal
a. PWR
c. SOuUT

for 6.11.2.2 and 6.11.2.3 respectively.

Location

S-100/pin 78

U25/pin 5
S-100/pin 46
U23/pin 2
U48/pin 1 & 19
U47/pin 1 & 19
U25/pin 3
follows:

LOOP: OUT PORT

JMP LOOP

2.1 thru 6.11.2.3,

as follows:

Location

S-100/pin 77
S~100/pin 45

Logic State

Logic
Logic
Logic
Logic
Logic
Logic
Logic

VHQ A

XX=port number

except

Logic State

Logic 9/1
Logic 1/Q

If you have trouble with the PWAIT status:

Stop the CPU by setting the RUN/STOP switch to the
STOP position.

Make the following logic tests:

HRGHDR HO .0 T

Location

U32/pin
U35 /pin
U39 /pin
U39 /pin
U35/pin
U35/pin
U39/pin
U35/pin
U39 pin
U35/pin
U39/pin
U39 /pin

)}

HWOOOOHENNDN
w
g

Logic State

=
w

Logic @
Logic
Logic @
pulsing
Logic
Logic
Logic
Logic
Logic
Logic
Logic
Logic

HreveaeaaHpE



6.12.3

6.13.1

6.13.2

Location Logic State

m. U35/pin 10 Logic 1
n. U43/pin 1 & 15 Logic @
o. U24/pin 8 Logic 9
p. U24/pin 9 Logic 1
q. U43/pin 4 Logic @
r. U43/pin 5 Logic 1

Verify that the following signals occur when the
SINGLE-STEP switch is toggled:

Location Logic State
a. U32/pin 24 Positive pulse
b. U35/pin 2 Positive pulse
c. U39/pin 2 Positive pulse
d. U35/pin 1 & 13 Logic 1 (no pulse)
e. U35/pin 4 Negative pulse
f. U39/pin 6 Positive pulse
g. U35/pin 8 Positive pulse
h. U39/pin 5 Positive pulse
i. U35/pin 5 Positive pulse
j. U39/pin 3 Positive pulse
k. U39/pin 1 Negative pulse
1. U35/pin 10 Negative pulse
m. U43/pin 1 & 15 Logic @ (no pulse)
n. U43/pin 4 Positive pulse
o. U43/pin 5 Negative pulse

If you have any trouble with phase one (§1) or STVAL
at the S-100 bus pin 25, check the following items:

Verify that the ¢1/STVAL option has been properly
connected. Only one of the two options may be used
at any one time.

If the option is strapped for @1 operation, verify the
following logic conditions:




Location Logic Condition
a. U6/pin 5 Pulsing continuously
b. Ul2/pin 8 Pulsing continuously
c. U7/pin 5 Pulsing continuously
d. Ul2/pin 5 Pulsing at 4 the U6 pin 5

frequency

e. U7/pin 4 Same as (d) above
f. U7/pin 6 Negative pulses
g. Ull/pin 2 Negative pulses
h. Ull/pin 3 Positive pulses
i. Ul1l/pin 1 Positive pulses (0@1)
j. Ull/pin 8 Negative pulses
k. Ull/pin 9 Negative pulses
1. U42/pin 6 Positive pulses (0@1)
m. U42/pin 7 Positive pulses (0@1)
n. U42/pin 1 & 15 Logic ¢

Also,
input pin,
return pin.

verify +5Vdc on each of the above IC's power
and ground continuity for each IC's ground

6.13.3 If the option is strapped for STVAL, verify the
following logic conditions:
Location Logic Condition
a. Ul10/pin 2 Positive pulses (PSYNC)
b. Ul0/pin 3 Positive pulses (§1)
c. U1l0/pin 1 & 4 Logic 1 _
d. U1l0/pin 5 Positive pulses (STVAL)
e. U43/pin 10 Positive pulses (STVAL)
f. U43/pin 9 Negative pulses (STVAL)
g. U43/pin 1 & 15 Logic @ (C/C DSBL)
Also, verify +5Vdc on each of the above IC's power
input pin and ground continuity for each IC's ground
return pin.
6.14 If you have trouble with phase two (§2), verify the

following logic conditions:

Location Logic Conditions
a. Ull/pin 6 Logic @
b. Ull/pin 5 2/4 MHz clock (50% duty cycle)
c. Ull/pin 4% 2/4 MHz clock (50% duty cycle)
d. U7/pin 2 2/4 MHz clock
e, U7/pin 1 Negative pulses
6-12




Location Logic Condition

f. U7/pin 3 Pulsing
g. U29/pin 1 & 2 Positive pulses
h. U29/pin 3 Negative pulses
i. U28/pin 19 Negative pulses
j. U28/pin 13 Logic 1
k., U28/pin 11 Pulsing
1. U28/pin 12 Negative pulses
m. U28/pin 9 Negative pulses
n. U20/pin 9 Pulsing
o. U20/pin 8 Positive pulses
p. U20/pin 19 Pulsing
a. U42/pin 4 Pulsing
r. U42/pin 5 Pulsing
s. U42/pin 1 & 15 Logic @

Also, verify +5Vdc on each of the above IC's power
input pin and ground continuity for each IC's ground
return pin.







CB2 MANUAL REGISTRATION FORM

In our effort to continually upgrade our documentation, we would
appreciate any feedback that you may have concerning this manual.
Please mail your comments and suggestions to SSM Customer Service
at the address below.

COMMENTS & CORRECTIONS ON SSM CB2 INSTRUCTION MANUAL

CB2 Serial #

Name
Title
Company
Address

Telephone ( )

SEND TO: SSM MICROCOMPUTER PRODUCTS, INC.
2190 Paragon Dr.
San Jose, CA 95131

Attention: Customer Service Department
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CB2 SCHEMATIC INTERPAGE CONNECTION LIST

Schematic Page

1 2 3 4 5 Function Name
1 S D D - - Logic 1 (pull up resistor to Vece)
2 D S - - - P2
3 S - D - - RESET
4 S - - - D RESET
5! s | D| ~-| -] - POC
6 S - - D - Vector Jump Enable
7 D D S - - M1
8 - S D - - Z80~-0 (Z80 Clock)
9 - D S - - PSYNC
10 - D S - - IORQ + MREQR
11 - S D - - 2/4 MHz Control
12 - D S - - MWRITE to on-board memory
13 - S - D - MWRITE S100
14 - D S - - RUN
15 - S D - - @2 CONTROL
16 - D - S D MADDR (high = on board memory enabled)
17 - D S - - PSYNC
18| - | S| D}| - | - 72
19 - S D - - PWAIT
20 - - S D - MREQ
21 - - S D D IORQ
22 - - S - D WR
23 - - S - D PDBIN
24 - - S - D DATA-IN Control
25 - - - S D Ul6 PIN 21 (Memory A variable func)
26 - - - S D U17 PIN 21 (Memory B variable func)
27 - - - S P AQ thru Al9® for on board memory
28 - - - S D ADDR DSBL
29 - - - S D PORT FE ADDRESS DECODED
30 - - - S D Memory B chip Select (CS)
31 - - - S D Memory A chip Select (CS)

No connection.

Indicates which page the signal originates on.

Indicates which page(s) the signal goes to.
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CB2 BUS PIN DEFINITIONS
and
CROSS REFERENCE TABLE

BUS REFERENCED BUS REFERENCED
PIN  SIGNAL IN SECTION(S) PIN  SIGNAL IN SECTION(S)
1 +8V Unreg. 26  PHLDA 4.1.1, 5.1.5
2 27 PWAIT 5.1.4
3 XRDY 5.4.1, 5.4.1.1 28
4 29 AS 5.5
5 . 30 A4 5.5
6 31 A3 5.5
7 32 AlS 5.5
8 L33 Al2 5.5
9 34 A9 5.5
10 |35 D01 5.6
11 f 36 DO @ 5.6
12 PNMI * 4.1.10, 5.4.3 [ 37 Alg 5.5
13 38 DO 4 5.6
14 j 39 DO 5 5.6
15 A18 * 4.4, 5.7 [ 40 DO 6 5.6
16 Al7 * 4.4, 5.7 { 41 b1 2 5.6
17 Alé * 4.4, 5.7 2 42 DI 3 5.6
18  STATUS DSBL 5.4.6 43 DI 7 5.6
19 C/L DSBL 5.4.6 44  SM1 5.3.5
20 45 SOUT 5.3.2
21  Single Step 4.1.12, 5.4.1.4, 46  SINP 5.3.1
>-4.5 47 SMEMR 5.3.6
22  ADDR DSBL 5.4.6 48 SHITA s 34
25 DO DSBL >:4.6 49 TIX 4.1.2, 5.2, 5.2.5
24 P2 §:§f45'2'2’ 5.2.3 50 Ground
25  @1/STVAL ** 4.1.15, 5.1.6, 5.2,
5.2.2, 5.2.3, 5.2.4
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BUS REFERENCED BUS REFERENCED
| PIN  SIGNAL IN SECTION(S) PIN  SIGNAL IN SECTION(S)
% 51 +8V Unreg. 76 PSYNC 5.1.1
52 . 77 PWR 5.1.3
| 53 SSWDSBL *  4.1.9, 5.4.5 ' 78 PDBIN 5.1.2
54 ; 79 AP 5.5
| 55 © 80 Al 5.5

56 81 A2 5.5
57 82 A6 5.5
58 . 83 A7 5.5
| 59 A9 4.4, 5.7 84 A8 5.5
| 60 85 A13 5.5
61 A2 4.4, 5.7 . 86 Ald4 5.5
62 A2l 4.4, 5.7 87 ALl 5.5
63 A22 4.4, 5.7 . 88 DO 2 5.6
§ 64 A23 4.4, 5.7 ; 89 DO 3 5.6
| 65 . 90 DO 7 5.6
" 66 91 DI 4 5.6
67 92 DI 5 5.6
' 68  MWRITE * 4.1.11 93 DI 6 5.6
.69 94 DI 1 5.6
70 95 DI @ 5.6
i 71 RUN * 4.1.12, 5.4.1.4, 96  SINTA 5.3.3
| >.4.5 97 WO 5.3.7
72 RY >.4.1, 5.4.1.1 98  2/4 Mz 4.1.14, 5.3.8
73 PINT 5.4.3 | indicator
{74  PHOLD 5.4.2 | 99 POC 4.1.6, 5.4.4
75  PRESET 5.4.4 100  Ground
* Optional o
**Either @#1 or STVAL may be selected
A-4b




CB2 PARTS LIST

Chip

HHEHNOHDNWNIN - HDN D O -
[

Pack

U7
U3,23,29,37

U1l
U20,31,33,39,41
U1,9,24,26

U15

U2, 38

U34

U46

U6,28

U5,10,21,22,27,30, 35

U4,8,14
U36, 40

U12
U18,19,44 ,45 ,47-50
U25,42

U43

U13

U32

Socket Pack

HNONWHHKMHNDN

SD, SC
SE,SF
SA
SB

Capacitor Pack

1 -
28 -
2 _

C4
C1-3,5-7,9-22,24-31
C8,23

74300
74LS00
74802
74LS02
74LS04
74LS08
74LS20
74LS21
74LS30
74874
74LS74
74LS136
74LS173
74LS197
74LS244
74367/8
74368/ 8
LM555

780 /780C/MK3880

7 position Dip switch
4 position Dip switch

DPST sw

TO7
TO8

itch

1-9-80
SSM

DPST(M) Momentary switch

8 pin s
14 pin
16 pin
20 pin
24 pin
40 pin

100 pf ceramic disk

.1 uf m

4.7 uf Dip tantalum

ockets

sockets
sockets
sockets
sockets
sockets

ono.




Resistor Pack

- Rl4
- R4,5

- R1-3,6,8,10,12,13,18
R7,9

- R15-17

- R11

_ RP1-6,9

_ RDPS

HNHWNDO N
|

Regulator /Hardware Pack
1 -Y1

3 - X1,2,3

3

3

1
46 (Minimum)

Miscellaneous

1
30
1

1-9-80
SSM

330 ohm W (Orange, Orange, Brown)
470 ohm W (Yellow, Violet, Brown)

" 2.7K ohm W (Red, Violet, Red)

620 ohm W (Blue, Red, Brown)

10K ohm W (Brown, Black, Orange)
3.3M ohm %iW (Orange, Orange, Green)
2.7K ohm Single In-Line Package (SIP)
10K ohm SIP

16 MHZ Crystal

7805/340T-5

Heatsinks

Sets #6 Hardware

2 pin molex (male)

Header pins (0.1 inch spacing)

PC Board
14 pin sockets
Instruction manual




COMPONENTS

Product Specification

The Zilog Z80 product line is a complete set of micro-
computer components, development systems and support
software. The Z80 microcomputer component set includes
alf of the circuits necessary to build high-performance
microcomputer systems with virtually no other logic and a
minimum number of low cost standard memory elements.

The Z80 and Z8OA CPU’s are third generation single chip
microprocessors with unrivaled computational power. This
increased computational power results in higher system
through-put and more efficient memory utilization when
compared to second generation microprocessors. In
addition, the Z80 and Z80A CPU’s are very easy to imple-
ment into a system because of their single voltage require-
ment plus all output signals are fully decoded and timed to
control standard memory or peripheral circuits. The circuit
is implemented using an N-channel, ion implanted, silicon
gate MOS process.

Figure 1 is a block diagram of the CPU, Figure 2 details
the internal register configuration which contains 208 bits
of Read/Write memory that are accessible to the program-
mer. The registers include two sets of six general purpose
registers that may be used individually as 8-bit registers or
as 16-bit register pairs. There are also two sets of accumu-
lator and flag registers. The programmer has access to either
set of main or alternate registers through a group of ex-
change instructions. This alternate set allows foreground/
background mode of operation or may be reserved for very
fast Interrupt response. Each CPU also contains a 16-bit
stack pointer which permits simple implementation of

7-80°CPU
7Z-80A CPU

multiple level interrupts, unlimited subroutine nesting and
simplification of many types of data handling.

The two 16-bit index registers allow tabular data manipu-
lation and easy implementation of relocatable code. The
Refresh register provides for automatic, totally transparent
refresh of external dynamic memories. The I register is used
in a powerful interrupt response mode to form the upper 8
bits of a pointer to a interrupt service address table, while
the interrupting device supplies the lower 8 bits of the
pointer. An indirect call is then made to this service address.

FEATURES

® Single chip, N-channel Silicon Gate CPU.

® |58 instructions—includes all 78 of the 8080A instruc-
tions with total software compatibility. New instruc-
tions include 4-, 8- and 16-bit operations with more
useful addressing modes such as indexed, bit and relative.

® 17 internal registers.

® Three modes of fast interrupt response plus a non-
maskable interrupt.

® Directly interfaces standard speed static or dynamic
memories with virtually no external logic.

® 1.0 us instruction execution speed.

® Single 5 VDC supply and single-phase 5 volt Clock.

e QOut-performs any other single chip microcomputer in
4- 8-, or 16-bit applications.

e All pins TTL Compatible

® Built-in dynamic RAM refresh circuitry.

X104
DATA BUS

DaTA BUS
CONTROL

13

CPU AND
SYSTEM
CONTROL
SIGNALS

CPy
REGISTERS

16817
ADDRESS BUS

280, Z80A CPU BLOCK DIAGRAM
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280, Z80A CPU PIN CONFIGURATION

Ap-Als
(Address Bus)

Dg-D7
(Data Bus)

My
(Machine
Cycle one)

MREQ
(Memory
Request)

IORQ
(Input/
Output
Request)

RD
(Memory
Read)

WR
(Memory
Write)

Tri-state output, active high. Ag-Ajg
constitute a 16-bit address bus. The
address bus provides the address for
memory (up to 64K bytes) data

exchanges and for 1/O device data exchanges.

Tri-state input/output, active high.

Dg- D+ constitute an 8-bit bidirectional
data bus. The data bus is used for data
exchanges with memory and 1/O devices.

Output, active low.ﬁl indicates that the
current machine cycle is the OP code
fetch cycle of an instruction execution.

Tri-state output, active low. The memory
request signal indicates that the address
bus holds a valid address for a memory
read or memory write operation.

Tri-state output, active low. The IORQ
signal indicates that the lower half of the
address bus holds a valid 1/O address for
a 1/O read or write operation. An IORQ
signal is also generated when an interrupt
is being acknowledged to indicate that an
interrupt response vector can be placed
on the data bus.

Tri-state output, active low. RD indicates
that the CPU wants to read data from
memory or an 1/O device. The addressed
I/O device or memory should use this
signal to gate data onto the CPU data bus.

Tri-state output. active low. WR indicates
that the CPU data bus holds valid data to

be stored in the addressed memory or 1/O
device.

RFSH
(Refresh)

HALT
(Halt state)

WAIT
(Wait)

INT
(Interrupt
Request)

NMI
(Non
Maskable
Interrupt)

RESET

BUSRQ
(Bus
Request)

BUSAK
(Bus
Acknowledge)

Output, active low. RFSH indicates that
the lower 7 bits of the address bus con-
tain a refresh address for dynamic
memories and the current MREQ signal
should be used to do a refresh read to all
dynamic memories.

Output, active low. HALT indicates that
the CPU has executed a HALT software
instruction and is awaiting either a non-
maskable or a maskable interrupt (with
the mask enabled) before operation can
resume. While halted, the CPU executes
NOP's to maintain memory refresh
activity.

Input, active low. WAIT indicates to the
Z-80 CPU that the addressed memory or
1/0O devices are not ready for a data
transfer. The CPU continues to enter wait
states for as long as this signal is active.

Input, active low. The Interrupt Request
signal is generated by 1/O devices. A
request will be honored at the end of the
current instruction if the internal soft-
ware controlled interrupt enable flip-flop
(IFF) is enabled.

Input, active low. The non-maskable
nterrupt request line has a higher priority
than INT and is always recognized at the
end of the current instruction, indepen-
dent of the status of the interrupt enable
flip-flop. NMI automatically forces the
Z-80 CPU to restart to focation 0066yy.

Input, active low. RESET initializes the
CPU as follows: reset interrupt enable
flip-flop, clear PC and registers I and R
and set interrupt to 8080A mode. During
reset time, the address and data bus go to
a high impedance state and all control
output signals go to the inactive state.

Input. active low. The bus request signal has
a higher priority than NMI and is always rec-
ognized at the end of the current machine
cycle and is used to request the CPU address
bus, data bus and tri-state output control
signals to go to a high impedance state so
that other devices can control these busses.

Output, active low. Bus acknowledge is
used to indicate to the requesting device
that the CPU address bus, data bus and
tri-state control bus signals have been set
to their high impedance state and the
external device can now control these signals.
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Z80, Z80A CPU PIN CONFIGURATION

Ag-Als
(Address Bus)

Dg-D7y
(Data Bus)

My
(Machine
Cycle one)

MREQ
(Memory
Request)

IORQ
(Input/
Output
Request)

RD
(Memory
Read)

WR
(Memory
Write)

Tri-state output, active high. Ag-A|g
constitute a 16-bit address bus. The
address bus provides the address for
memory (up to 64K bytes) data

exchanges and for I/O device data exchanges.

Tri-state input/output, active high.

Dg- D7 constitute an 8-bit bidirectional
data bus. The data bus is used for data
exchanges with memory and 1/0 devices.

Output, active low.ﬁl indicates that the
current machine cycle is the OP code
fetch cycle of an instruction execution.

Tri-state output, active low. The memory
request signal indicates that the address
bus holds a valid address for a memory
read or memory write operation.

Tri-state output, active low. The IORQ
signal indicates that the lower half of the
address bus holds a valid I/O address for
a I/O read or write operation. An IORQ
signal is also generated when an interrupt
is being acknowledged to indicate that an
interrupt response vector can be placed
on the data bus.

Tri-state output, active low. RD indicates
that the CPU wants to read data from
memory or an 1/O device. The addressed
1/0 device or memory should use this
signal to gate data onto the CPU data bus.

Tri-state output, active low. WR indicates
that the CPU data bus holds valid data to
be stored in the addressed memory or 1/O
device.

RFSH
(Refresh)

HALT
(Halt state)

WAIT
(Wait)

INT
(Interrupt
Request)

NMI
(Non
Maskable
Interrupt)

RESET

BUSRQ
(Bus
Request)

BUSAK
(Bus
Acknowledge)

Output, active low. RFSH indicates that
the lower 7 bits of the address bus con-
tain a refresh address for dynamic
memories and the current MREQ signal
should be used to do a refresh read to all
dynamic memories.

Output, active low. HALT indicates that
the CPU has executed a HALT software
instruction and is awaiting either a non-
maskable or a maskable interrupt (with
the mask enabled) before operation can
resume. While halted, the CPU executes
NOP’s to maintain memory refresh
activity.

Input, active low. WAIT indicates to the
Z-80 CPU that the addressed memory or
1/O devices are not ready for a data
transfer. The CPU continues to enter wait
states for as long as this signal is active.

Input, active low. The Interrupt Request
signal is generated by 1/O devices. A
request will be honored at the end of the
current instruction if the internal soft-
ware controlled interrupt enable flip-flop
(IFF) is enabled.

Input, active low. The non-maskable
nterrupt request line has a higher priority
than INT and is always recognized at the
end of the current instruction, indepen-
dent of the status of the interrupt enable
flip-flop. NMI automatically forces the
Z-80 CPU to restart to location 0066y.

Input, active low. RESET initializes the
CPU as follows: reset interrupt enable
flip-flop, clear PC and registers I and R
and set interrupt to 8080A mode. During
reset time, the address and data bus go to
a high impedance state and all control
output signals go to the inactive state,

Input. active low. The bus request signal has
a higher priority than NMI and is always rec-
ognized at the end of the current machine
cycle and is used to request the CPU address
bus, data bus and tri-state output control
signals to go to a high impedance state so
that other devices can control these busses.

Output, active low. Bus acknowledge is
used to indicate to the requesting device
that the CPU address bus. data bus and
tri-state control bus signals have been set
to their high impedance state and the
external device can now control these signals.



7-80°CPU Z-80A CPU

INSTRUCTION OP CODE FETCH

The program counter content (PC) is placed on the
address bus immediately at the start of the cycle. One half
clock time later MREQ goes active. The falling edge of
MREQ can be used directly as a chip enable to dynamic
memories. RD when active indicates that the memory
data should be enabled onto the CPU data bus. The CPU
samples data with the rising edge of the clock state T3.
Clock states Tz and T4 of a fetch cycle are used to refresh
dynamic memories while the CPU is internally decoding
and executing the instruction. The refresh control signal
RFSH indicates that a refresh read of all dynamic memories
should be accompiished.

MEMORY READ OR WRITE CYCLES

Ilustrated here is the timing of memory read or write
cycles other than an OP code feich (M| cycle). The MREQ
and RD signals are used exactly as in the fetch cycle. In
the case of a memory write cycle, the MREQ also becomes
active when the address bus is stable so that it can be used
directly as a chip enable for dynamic memories. The WR
line is active when data on the data bus is stable so that it
can be used directly as a R/W pulse to virtually any type of
semiconductor memory.

INPUT OR OUTPUT CYCLES

Iltustrated here is the timing for an 1/O read or /O write
operation. Notice that during I/O operations a single wait
state is automatically inserted (Tw*). The reason for this is
that during I/O operations this extra state allows sufficient
time for an I/O port to decode its address and activate the
WAIT line if a wait is required.

COMPONENTS
Timing Waveforms
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INTERRUPT REQUEST/ACKNOWLEDGE CYCLE

The interrupt signal is sampled by the CPU with the
rising edge of the last clock at the end of any instruction.
When an interrupt is accepted. a special M cycle is
generated. During this M cycle, the IORQ signal becomes
active (instead of MREQ) to indicate that the interrupting
device can place an 8-bit vector on the data bus. Two wait
states (Tw*) are automatically added to this cycle so that a
ripple priority interrupt scheme. such as the one used in the
Z80 peripheral controllers, can be easily implemented.

MREQ
10RQ
Do D7

WAIT

RD
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8-BIT LOADS

16-BIT LOADS

EXCHANGES

7-80°CPU Z-80A CPU

COMPONENTS

The following is a summary of the Z80, Z80A instruction

Instruction Set

set showing the assembly language mnemonic and the sym-
bolic operation performed by the instruction. A more de-
tailed listing appears in the Z80-CPU technical manual. and
assembly language programming manual. The instructions
are divided into the following categories:
Miscellaneous Group
Rotates and Shifts

Bit Set, Reset and Test
Input and Output

" 8-bit loads

16-bit loads

Exchanges

Memory Block Moves

Memory Block Searches

8-bit arithmetic and }ogic

] 6-bit arithmetic

General purpose Accumulator
& Flag Operations

Jumps
Calls

Restarts
Returns

In the table the following terminology is used.

[=8
(o
i ne

any 8-bit destination register or memory location
any 16-bit destination register or memory location
8-bit signed 2's complement displacement used in

relative jumps and indexed addressing

—
I

= 8 special call locations in page zero. In decimal

notation these are 0. 8. 16. 24,32, 40, 48 and 56

=]
=1
i m

any 8-bit binary number
any 16-bit binary number
any 8-bit general purpose register (A, B. C.D.E.

H.or L)

S

Sb
s$

subscript L™
subscript “H™

()

any 8-bit source register or memory location
a bit in a specific 8-bit register or memory location

any 16-bit source register or memory location

= the low order 8 bits of a 16-bit register
= the high order 8 bits of a 16-bit register

= the contents within the ( )'are to be used us a

b = abit number in any 8-bit register or memory pointer to a memory location or I/O port number
location 8-bit registers are A, B, C, D, E.H, L, Iand R
cc = flag condition code 16-bit register pairs are AF, BC, DE and HL
NZ = nonzero 16-bit registers are SP, PC, IX and 1Y
Z = zero
NC = noncarry Addressing Modes implemented include combinations of
C = carry the following:  Immediate Indexed
PO = Parity odd or no over flow Immediate extended  Register
PE = Parity even or over flow Modified Page Zero Implied
P = Positive Relative Register Indirect
M = Negative (minus) Extended Bit
Mnemonic Symbolic Operation Comments Mnemonic Symbolic Operation Comments
LDr.s r<s s=r1.n.(HL), LDl (DE) «~ (HL), DE ~ DE+1
IXte) (1Y+ 2 L~ . <~ BC-
(IX+e). (1Y+te) = H HL+1.BC < BC-1
LDd,r der d=(HL). 1 2 LDIR (DE) < (HL). DE <~ DE+1
(IX+e) (IY+te) < HL < HL+1.BC « BC-1
LDd.n d+<n d = (HL). ‘3’ Repeat until BC =0
(IX+e), (IY+e) @ | LDD (DE) < (HL).DE + DE-1
LD A.s Avs s=(BC).(DE). | & HL < HL-1.BC < BC-1
(), 1. R 2| LDDR (DE) « (HL). DE « DE-}
LDd. A d—A d=(BC).(DE).| = HL < HL-1. BC < BC-1
(nn).I.R Repeat until BC =0
LD dd.nn dd < nn dd = BC. DE, w | CPI A-(HL) HL < HL+1
HL.SP.IX.1Y = BC < BC-1
»
LD dd.(nn) | dd < (nn) dd = BC. DE. Z| CPIR A-~(HL), HL < HL+1 A-(HL) sets
HL.SP.IX. 1Y = BC < BC-1, Repeat the flags only.
LD (nn). ss (nn) < ss ss= BC. DE. f until BC =0 or A = (HL) A is not affected
HL.SP.IX. 1Y >
SR =1 CPD A-(HL). HL < HL-I
LD SP_ss SP < ss ss=HL.IX.1Y | = BC < BC-1
. Ty e o : x
PUSH ss (SP-1) < ssp4:(SP-2) <55/ | ss=BC. DE. 2| cPDR A—(HL). HL « HL-1
HL. AF. X, 1Y = BC « BC-1. Repea
POP dd dd; < (SP):dd}y —(SP+1) | dd = BC. DE, until BC= 0 or A = (HL)
HL. AF. IX, 1Y
. ‘M ADD s A-A+ts
EXDE HL | DE~HL ADC s A<A+s+CY CY is the
EX AF.AF" | AF - AF' :j’ SUB s AwA-s carry flag
EXX BC\ /BC” = | SBCs AcA-s-CY s=r,n. (HL)
gE —~| DE 2| AND s A-AANs (IX+e), (1Y+e)
L HL;
ORs A<AVs
EX (SP). ss (SP)~-55L.(SP+1)--55H ss=HL, IX. 1Y XOR s A« Ads




8-BIT ALU

16-BIT ARITUMETIC

GP ACC. & FLAG

MISCELLANEOUS

ROTATES AND SHIFTS

: ®
Z-80 CPU Z-80A CPU COMPONENTS
Mnemonic Symbolic Operation Comments Mnemonic Symbolic Operation Comments
-
CPs A-s s=r,n(HL) «| BITb.s Z5, Z is zero tlag
IX+te) (IY+ / - =
INC d ded+ (IX+te). (IY+e) % | SETb.s 5, < | s=r.(HL)
d=r.(HL) . | RESb.s S0 (1X+e), (IY+e)
. (IX+e), (IY+e) @
DEC d d+«d-1! IN A, (n) A<+~ (n)
IN 1, (C) 1+ (C) Set flags
ADD HL.ss | HL < HL + s , INI (HL) <(C).HL —HL + |
ADC HL.ss | HL < HL + s+ CY ss = BC, DE BoB-l
X ’ T HL, SP INIR (HL) «(C).,HL « HL + 1
SBC HL. ss HL « HL -ss - CY BeB-1
ADD IX, ss IX <X +ss ;;ESI;C‘DE_ Repeat until B=0
' IND (HL) < (C),HL « HL - |
ADDIY.ss | IY <~ 1Y +ss ss = BC. DE, o BeB-1i
Y. 5P z INDR (HL) ~(C).HL « HL - |
INC dd dd < dd + 1 dd = BC. DE. E BeB._1 )
= -
DE HL.SP.IX, 1Y 9 Repeat untul B =0
Cdd dd < dd - | Sl(i‘zg?’cl)l()ElY : OUT(n). A (n) « A
. e 21 OUT(C). v (O)ye=r
DAA Converts A contents into | Operands musi Z | ouUTl (C)=(HL). HL < HL + 1
packed BCD following add | be in packed BB-1
, BCD f
or subtract. ormat OTIR (C) (HL). HL « HL + 1
— B~B-1
CPF A<A Repeat untit B =0
NEG A<00-A OUTD (C)« (HL). HL « HL - |
CCF CY «CY B~B-1
SCF CY < i OTDR (Cy« (HL). HL < HL - 1
NOP No operation BB-1 .
A Repeat until B =0
HALT Halt CPU e
DI Disable Interrupts JP nn PC < nn NZ PO
El Enable Interrupts JP cc, nn If condition cc is true Z PE
: cc
IMO Set interrupt mode 0 8080A mode PC < nn, else continue EC ;
IM 1 Set interrupt mode | Callto0038y | ,,|R¢ PC-PC e
M2 Set intersupt mode 2 Indirect Call S JRKk.e If condition kK is true Kk NZ NC
2 PC < PC + e, else continue Z C
RLC s 7 -— JP (ss) PC «ss ss = HL, IX. 1Y
> DINZ e B—B-1.ifB=0
RL s .- 74_(.. continue, else PC « PC + e
. e
s
CALL nn (SP-1) < PCYy .
H NZ PO
RRC's 7 (SP-2) « PC| .PC < nn 7 b
S 2 CALL cc.nn | If condition cc is false ) NC P
RR s “ continue, else same as cC M
s CALL nn
w
SLA s 7 -— ‘ SEY.(HL) E RSTL (SP—])“PCH
s (IX+e). (1Y+e) = f)scp'z)IPCL‘PCH -0
wn “«—
SRA's : L
. § RET PCy «(SP),
SRL s . PCy = (SP+1)
S RET cc If condition cc is false NZ PO
) 2 continue, else same as RET z PL
RLD 7 3]s n 7 4] 7]an % oo NC P
A = RETI Return from interrupt, ( M
— 3 same as RET
RRD Y EXANE R FARNE) COCD I RETN Return from non-
L AL T maskable interrupt
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Z-80 CPU Z-80A CPU COMPONENTS
. .
- ] )
Z-80 CPU A.C. Characteristics
_ N o .
Tp=0Ct070°C. Vce = +5V £ 5%. Unless Otherwise Noted.
Signal Symbot Parameter . Min Max Unit Test Condition
I Clock Pertod 4 112) HsEC IE2E = by * w0t Y
» ty, (PH) Clock Pulse Width, Clock High 180 |E) nsev
ty 1hL) Clock Pulse Width, Chock Low 180 2000 nsew
[ Clock Rise and Full Tone 30 nsev
NDAD) Address Qutput Delay 148 nse¢
UE(AD) Delay 1o Float 1o nsec
A Tyem Address Stuble Prior to MRFQ Memary Cycle) [ nsev ¢ = SOpF
0-15 Lo Address Stable Privi 10 TORQ. RD or WR 1/0 Cy cle) T3 nsev L=P T Gem = taqary * 1= 78
Loy Address Stable trom @_ WR, IORQ or MREQ [Ri] nsec
teat Address Stable From RD or WR Duning Float 3] nsec 2] 1, 71 R0
WD Duta Output Delay 230 nsec 3]t = )ty -0
(D) Deluy 10 Float Durimg Wate Cycle 90 nse.
1S4 (D) Duta Sertup Tone 10 Rising Fdge ot Clock Duning M1 Cycle %0 nse. 11 g = eyt - 00
Dy_7 1SE (D) Data Setup Time tar Falling Fdge of Clack Duning M2 to MS 60 nsec CL = 50pk
Ldem Data Stable Prine to WR (Memory Cy cled 157 nsce (51 tgem =t - 210
tder Datu Stable Privor to WR (1:0 Cycle) 167 nse.
tedl Data Stable From WR 170 ol tgei = taqaLy * 4y - 210
1y Any Hold Time for Setup Time 0 nsec 17 tedf = lw(¢>L) +1, -80
IDL® (MR} MREQ Detay From Falling Edge of Clock. MREQ Low 100 nsed
{DH® (MR) MREQ Delay From Rising Ldge of Clock. MRFQ High 100 nseq
MREQ IDHE (MR} MRFOIDeJx_\ From Faling Edge of Clock. MREQ High 100 nsec = Sopk
tw (MRL} Pulse Width, MREQ Low 18] nseu IX] W MRL) = -0
lw (MRH) Pulse Width, MREQ High 9] nsev
—— —— 191 g MRHY ™ gty * 1y = 0
IDLS (IR) IORQ Delay From Rusing Edge of Cluck. IORQ Low 90 nsev
TORO DL (IR) JORQ Delay From Falling Edge of Clock. IORQ Low 110 nsec €, = SOpF
{DH® (IR) IORQ Delay From Rising Edge of Clock, IORQ High 100 nsec L=
'DHD (IR) IORQ Delay From Falling Edge of Clock, IORQ High 110 nsec
'pL¢ (RD) E Delay From Rusing Edge of Clock. @Low 100 nsec
RD 'DLT (RD) RD Delay From Falling Edge of Clock, RD Low 130 nsec C. = <0pF
IDH® (RD) RD Delay From Rising Edge of Clock. RD High 100 nsec L-ovP )
IDH® (RD) RD Delay From Falling Edge of Clock, RD High 110 nsec -
DL® (WR) _\\r__R Delay From Rising Edge of (‘lock.W__RLow 80 nsec
WR IDLE (WR) WR Delay From Falling Edge of Clock, WR Low 90 nsec C. = S0pF
1DH® (WR) |  WR Deiay From Falling Edge of Clock, WR High T00 | nsec L™%P
tw (WRL) Pulse Width, WR Low (10} nsec
— p— Oty (WRL) = tc - 40
Wi DL (M) M1 Delay From Rusing Edge of Clock, M1 Low 130 nsec Cy =SO0pF
DH M1) M1 Delay From Rising Edge of Clock, M1 High T30 | mec | L VP
P DL {RF}) RFSH Delay From Rising Edge of Clock. RFSH Low 180 nsec -
RFSH tDH (RF) RFSH Delay From Rising Edge of Clock. RFSH High 150 nsec CL 50pF
WAIT s (WT) WAIT Setup Time to Falling Edge of Clock 70 nsec
HALT 1D (HT) HALT Delay Time From Falling Fdge of Clock 300 nsec € = 50pF
INT S (IT) INT Setup Time to Rusing Fdge of Clock 80 nse¢
NMI L (NML) Pulse Width, NMI Low 80 nse¢
BUSRQ s (BQ) BUSRQ Setup Time to Rising Edge of Clock 80 nsec
BUSAR IDL (BA)} BUSAK Delay From Rising Fdge of Clock. BUSAK Low 120 nsec ¢ = SOoF
tDH (BA) BUSAK Delay From Falling Fdge of Clock, BUSAK High 110 nsec L P
RESET S (RS) RESET Setup Time to Rising Edge of Clock 90 nsec
1E(C) Delay 10 Float (MREQ. IORQ, RD and WR) 100 nsec
Uiy M1 Stable Prior 1o TORQ (Interrupt Ack.} [RRN] nsev [t = 24 g ahy ¢ - 80
e
NOTES
0 EAN 31

A Duara should be enabled onto the CPU data bus when RD 15 active Duning interrupt acknowledge data
should be enubled when M1 und IORQ are both actrve

B Al contiol signais are internally svnchronized. so they may be totally asvichronous with respect

1o the clock

€ The RESET signal must be uctive 1or o nummum of 3 clock oy eles
D Quiput Delay v Loaded Capacitance

Vee = 48V =57

Add 10nsec delay for each 50pf increase in load up to 2 maximum of 200pf for the data bus & 100pf for

TA =70 (

address & control lines

b Although stanc by desgn, testing guarantees 1 gy o 200 wsec maximum
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TEST POINT

FAOM OUTFUT
UNDE R TEST

Load circunt for Output




7Z-80°CPU Z-80A CPU

COMPONENTS
o 4o
Z-80A CPU A.C. Characteristics
PN o . .
T, =07Cto70°C.Vee = +5V 2 5% Unless Otherwise Noted.
Signal Symbol Parsmeter Min Max Unit Test Condition
t Clock Penod .25 [N usec [12) 1=t 4t o+t
¢ - $H SL f
. , (SH) Clock Pulse Width, Clock High 10| 1) nee €7 WPH) L) T
1, (dL) Clock Pulse Width, Clock Low 110 2000 nseq
[P Clock Rise and Fall Time 0 nsev
D (AD) Address Qutput Delay 110 nsec
'f (AD) Delay 10 Float 90 nsé.
Yaem Address Stable Prior to MRFQ (Memaory Cycle) (17 nsec Cr = SOk
Ap-1s Lo Address Stable Prios to TORQ. RD or WR (1'Q Cycle) [N nse. L™-P ) aem = bl * 68
1, Address Stable from RD. TR_ 10RO or MREQ 137 nsce
teaf Address Stable From RD or WR Dunng Float Ta] nse. 12}ty =70
D (D) Data Output Detay , 150 nsee 131 lca=lw(¢>L)+‘r'50
'F (D) Delay to Float During Wnite Cycle 90 nseq
152‘[)) Data Setup Time to Rising Fdge ol (‘!uck Duning M1 (yde 35 nse. 3] taar=tyely? =48
D7 1S (D) D2ta Setup Tame to Falling Fdge ot Clock During M2 to MS <0 nse. (‘L = 50p!t
tdem Data Stable Prior 10 WR {Memury Cy cle] <7 nse. 11 YQ9em =Y - 170
4o Data Stable Prior to WR (10 Cydie) 6] nsev
tedf Data Stable From WR [k 16) ‘dci = (w(¢L) + ([ - 170
tH Any Hold Time for Setup Time 0 nsec 171 tcdf=‘W(¢L)+ [{_70
DL (MR) MREQ Delay From Falling Edge of Clock. MREQ Low 85 nsec
'DH® (MR) MREQ Delay From Rusing Edge of Clock, MREQ High 85 nsec
MREQ IDHT (MR) MREQ Delay From Falling Edge of Clock, MRFQ High 8S nsec €= SOpt
'w (MRL) Pulse Width, MREQ Low 18] nsec 18]ty (MRLj =t~ 30
tw (MRH) Pulse Width, MREQ High [El] nsec
91 iRy = ! +-20
Ja— JR— wMRH) ™ ‘w(®H) " 'l
'DLY (IR) TORQ Delay From Rising Edge of Clock, JIORQ Low 75 nsew
0RO IDLP (IR) TORQ Delay From Féumg Edge of Clock. JORQ Low 8S nsec C, = SOpF
IDH® (IR) [ORQ Delay From Rising Edge of Ciock, IORQ High 85 nsec 3
{DHF (IR) JORQ Delay From Falling Edge of Clock. IORQ High 85 nsec
'DL® (RD) E) Delay From Rusing Edge of Clock, @Low 85 nsec
) 'DL3 (RD) RD Delay From Falling Edge of Clack, RD Low 95 nse¢ C, = sopk
{DH® (RD) RD Delay From Rising Edge of Clock, RD High 85 nsec L
{DH® (RD) RD Delay From Falling Edge of Clock, RD High 85 nsec
IDL® (WR) —W__R Delay From Rising Edge of (‘lock‘_\V—_RLow 65 nse¢
WR ‘DLE(WR) WR Delay From Fall.mg Edge of Clock, WR Low 80 nsec €, = SOpF
'DHP (WR) WR Delay From Falling Edge of Clock, WR High 80 nsec
w (WRL) Pulse Width, WR Low (10) nsec o) 20
tuqsvpry = 1. -
— — WRL
i DL (M) M1 Delay From Rising Edge of Clock. M1 Low 100 nsec C: = SOpF w ) e
IDH (M1) M1 Delay From Rising Edge of Clock, M1 High 100 nsec L P
RFSH DL (RF) RFSH Delay From R.\s!ng Edge of Clock, RFSH Low 130 nsec CL = 50pF
tDH (RF) RFSH Deiay From Rusing Edge of Clock, RFSH High 120 nsec
WAIT Is (WT) WAIT Setup Time tc Falling Edge of Clock 70 nsec
HALT 1D (HT) HALT Delay Time From Falhng Edge of Clock 300 nsec CL = 50pF
INT 5 (1T) INT Setup Time 10 Rising Edge of Clock 80 nsec
NMI tw (NML) Pulse Width, NM1 Low 80 nsec
BUSRQ ls (BQ) BUSRQ Setup Time to Rising Edge of Clock S0 nsec
BUSAK DL (BA) BUSAK Delay From stmg Edge of Clock, BUSAK Lo.w 100 nsec CL = SOpF
IDH (BA) BUSAK Delay From Falling Edge of Clock, BUSAK High 100 nsec
RESET ts (RS) RESET Setup Time to Rusing Edge of Clock 60 nsec
1E (C) Delay to Float (MREQ, TORQ. RD and WR) 80 | nsec
tmr M1 Stable Prior 10 IORQ (Interrupt Ack.) (RER nsec D) 4= 2+ L @H)y * " 65
Voo
NOTES

A Data should be enabled onto the CPU data bus when RD i active. During interrupt acknowledge data
shoutd be enabled when M1 and Marc both active
B. All control signals are internally synchromized, so they may be totally asynchronous with respect
to the clock
C. The RESET signal must be active for a mimmum of 3 clock cycles.
D. Output Delay vs. Loaded Capacitance
TA=70°C  Vec=+SV 5%

Add 10nsec delay for each 50pf increase in load up to maximum of 200pf for data bus and 100pf for

address & control lines,
£ Although static by design. testing guarantees L OH) of 200 usec maximum

TEST POINT A 210

FROM OUTPUT
UNOER TEST

Load circuit for Qutput
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Z-80 CPU Z-80A CPU COMPONENTS
. & s
A.C. Timing Diagram
Timing measurements are made at the following
voltages, unless otherwise specified: B "o
CLOCK VCc -6V 45V
OUTPUT 20V BV
1 INPUT 20V 8V
FLOAT AV +05V
W (H)
'F (AD)
tw (L) -==r~4,
.
Ag-A15 o
'0 (AD)
< i
A TS —55 ”~ Af=1—=-F_f 1} S<r"
0-15 /'gr _ >\ £( X'L L £\
- ) R I
'St (D} [=—
. P N i
IN N
' (D) s i Sy
Dg_7 T ty ( H—F (D)
{ T=Fs W7 £
ouT e
et "\-L—‘)S— 1
oL M 1DH (M1)—={ l—~— 1 Veal
— -\S l /F ] [
M1 K | ¢ l 1
)T OH (RF) - b— ot
‘oL (RF)——f |
o~ 5 gy
RESH i / f
oM T (MR ! —
LT (MR 'DHI- (MRt DHT:tMRI 1D HT: (MR} t—
: = —
MRE( L | -1 1 o, -
MREG aem{~H N | ) W (MRL) \\_5( -
¥ w (MRH) y -
‘DLt (RO D HI (RDI— 'DHT (RD)— —
. —
RD \ T
., {¢ I £
Y ‘oLt Rl - "nHT: (WR}
_ | 1 .
WR bl — tgcm l“’“’-’"“'j pI Vg
‘oLt (IR) DL (R) T
'DH (IR} — ; 'OHT (1R}~ —
[—.
10RQ 1 “epad
= 'mr ¢ A 1 'C'*ﬂ_‘
o ‘oLt (RO; T
DHT (RD)-~] —
— H\
RD ; Nd-u”
L i
oL (WR) '” I [_
ot DHT (WR)=
) —.\‘ /_
WR -
[ Tde Ly
WAIT & .
~— 0 (HT) D 1))
HALT
'Suny| W
INT
___-I, N e
ST Py
fNMI
w m“mtj
BUSRQ
'DH (BA)
oL (BA)
BUSAK
'S(RS)| | 'H
RESET N

e e s




Z-80°CPU Z-80A CPU COMPONENTS

'Absolute Maximum Ratings

Temperature Under Bias Specified operating range. *Comment Note  For ZXO-CPU 41l AC and DC charactenstics stemain the
o o
%/torage 'Ic')empera;)ure -65V(‘ to +150°C Stresses above those histed under "*Absolute same for the nulitary grade parts except |
oltage On Any Pin 0.3V 1047V Maximum Rating™ may cause permanent
with Respect to Ground damage to the device. This is a stress rating lpe = 200 mA
Power Dissipation 1.5W

only and functional operation of the device
at these or any other condition above those
indicated in the operational sections of this
specification is not imphed. Exposure 10
absolute maximum rating conditions for
extended periods may affect device reliabifity

Capacitance

Tp =25°C.f=1 MHz,
unmeasured pins returned to ground

7Z-80 CPU D.C. Characteristics

Ty =0°C 10 70°C V=5V 2 S unless otherwise specified

Svmbol | Parameter Min. Typ. | Max. | Unit Test Condition Svmbol Parameter Max Unit
Vi Clock Input Low Voltage 0.3 0.4s v Cp Clock Capacitance 3s pF
Ve Clock Input High Voltage Va6 Vet vV N Input Capacitance 3 pF
\"“_ Input Low Voltage 0.3 0.8 v ColrT Qutput Capacitance 10 pF
Vi Input Thgh Voltuge 2.0 Vee \
\.()l Output Low Voltage 0.4 \Y lopL=1.8mA
Von Output High Voltage 2.4 v lop=250uA 7.-80 CPU
Vee Power Supply Current 150 | mA Ol‘del'ing Information
[y Input Leakage Current 10 | wA VINTO o Ve C — Ceramic

. ) , P -~ Plastic
1 Lon Tri-State Output Leakage Current n Flout 10 uA Vout=24to Ve S — Standard 5V +5% 0° to 70°C

) ‘ ] K E — Extended SV :5% -40° to 85°C
oL Tri-State Output Leakage Current in Float 10 | kA VouT=0.4\v M — Military SV £10% -55° to 125°C
o) Data Bus Leakage Current in Input Mode 10 | uA 0V INE Ve

Z-80A CPU D.C. Characteristics Capacitance

. . E _ [P
Ta =0"Cto 70°C. V. =5V259 unless otherwise specified Fa=25C1=1MH7
unmeasured pins returned to ground

Symbol | Parameter Min. Typ. | Max.| Unit Test Condition Symbol Parameter Max. | Unit
ViLc Clock Input Low Voltage -0.3 0.45 Y Cop Clock Capacitance 35 P
Vine Clock input High Voltage Veen6 Veet3| Vv CIN Input Capacitance 5 pF
ViL Input Low Voltage 0.3 0.8 v CouT Output Capacitance 10 pF
Vin Input High Voltage 2.0 Vee v
VoL Output Low Voltage 0.4 Y oL =1.8mA
Vou Output High Voltage 2.4 A% loH=-250uA Z 80A CPU
lcc Power Supply Current 90 200 mA 0 3 .
rdering Information
I Input Leakage Current 10 HA ViN=010 Vi,
¢ . Ceramic
'LOH Tri-State Output Leakage Current in Float 10 HA VouT=24 to Ve IS’ ;Im: 45 25 0F 1o 70°C
- Standard 5V 25% 1o
lLor Tri-State Output Leakage Current in Float -10 HA Vout=04V
ILD Data Bus Leakage Current i Input Mode +10 LA 0V NSV
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Z-80°CPU Z-80A CPU , COMPONENTS

.
Package Package Outline
N .
Configuration
b — o 2100 MAX - e
Ay — 1 40— Aqg ‘ {5334 cm}
:‘2'—; " ‘ ninintieininisinininininieinin! o
13 -— 38— Ag '
Ajga—ro4 37 f——e A,
Alsw—ro5 36 |——e= A | 514 (1 3056
PO 35— Ag : S8R (1 49351
D4et—af7 34— Ag !
e L 33— Ay '
Dg —a=i 9 32 f—— Ay L1501 0 5 S0 S0 6 0 0 O 6
Dg «—={ 10 31— Ay
sy —— 11 ZBOCPU it o Ay 230 MAX (5842
Dyw—112 ,00a 29f@——GND [}
D7 t——e13 28 f——e-RFSH [———— [
Dpw—ad1a CPU ——} _L_ ,,,,, _
D) w—ei15 26 f@——— RESET N '
TNT ——e16 25 («—— BUSRQ 0020 MIN 4
NMi——a»d 17 24 fa—— WAIT (0 05081 i | [ 100§ 2541 I
HALT «-¢—18 23 ——#BUSAK 01510381 i __ }__ .090 { 2286} W 590 (1 4986! -i
MREG «#——1 19 2 b——»WR 023 (05847 ! i 1001 7541 770 (180341 i
10R0 w——{20 21 ——» RD e
*Dimensions for metric system are in parentheses




PROBLEM:

CAUSE:

FIX:

CB2 ENGINEERING NOTE

USING ON-BOARD VECTOR JUMP OPTION WITH THE SECOND RAM/ROM
SOCKET ADDRESSED AT 9@0® HEX. The CB2 cannot read the bytes
from the first ROM socket (U1l6) during a vector jump process.

During POC or RESET, the data from the Ul6 is sent to the Z80
chip for the first instruction fetch cycle,if the vector

jump option is selected. During this fetch cycle, the CPU's
address was reset to @0PP Hex. 1If the second socket (U1l7) is
addressed to PPPP Hex, then there is a data conflict between
Ul6 and Ul7. (This problem does not occur with external
memory addressed at QOPPP Hex.)

The second socket (Ul7) must be disabled during an on-board
vector jump operation. Connect a 1IN270 diode (germanium)
between the jump circuit and the address decoder for Ul7.

DIODE | SYMBOL

— 1
N— BAND ANODE——/ N—— BAND END

Connect the anode of the diode to U3, pin 5, and the cathode
(band end) to U22, pin 6.

5 —Q VECTOR JUMP

)6
4 IN270 . FLp-FLoP
I

FROM ADDRESS
DecoDeR

I
3]

SSM Microcomputer Products, Inc,

5-13-81
MTW





