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1.0

INTRODUCTION

The CB2 is a CPU board, based onthe powerful Z-80 micro-
processor, for the 5-100 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:

® 2 or 4 MHz CPU clock.

® 2/4 MHz clock under XRDY/PRDY/RUN control signals,

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

One wait state on each M1 cycle or on each PSYNC.
On-board MWRITE generation.

Emulate B080 1/0 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/@1/¢2 signals are probably the most critical and
difficult to generate on a Z-BO based S-100 CPU board.

These sigrals 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 S5-100 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 o0ld S8-100 standard. The new IEEE standard eliminates
many of the o0ld 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.
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2.0 ASSEMBLY INSTRUCTIONS (refer to Assembly Drawing)

L7
L7

L7

L7

Check kit contents against parts list.

Check PC board for possible warpage and straighten if
required. To straighten the board, bend with the hands
(nhot 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 0f 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

® Seven (7) 16-pin sockets at U25,36,40,42 ,43,
Wl & w2

e Eight (8) 20-pin sockets at U18,19,44,45,
4750

e Two (2) 24-pin sockets at Ul16,17

e One (1) 40-pin socket at U32

Example sockets:

SYMBDL ocDD poQo oo
INDEX e [ INDEX =g INDEX
INDE X ——7%
i oDo oo Do
PIN | PiN | PN

7/ 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, 1ift 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.

7 Insert and solder one 10K SIP (RP8).

Insert and solder the following resistors:

g - 2.7k ohm (red, violet, red) at Rl thru R3,
R6, R8, R10, R12, R13, and R18.
- 620 ohm (blue, red, brown) at R7 and RS.
- 470 ohm (yellow, violet, brown) at R4 and RS5.
3.3 Meg ohm (orange, Orange, green) at R11.
- 330 ohm (orange, orange, brown) at Rl4.
- 10K ohm (brown, black, orange) at R15 thru R17.

W NN
!

7 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 (Yl1). Two holes
have been provided on either side of the crystal to solder
a strap over the crystal to hold it down.

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.




7 Insert and solder a large momentary two position toggle

switch (red bandle/with spring return) at SB (right of
SA at the top of the board). NOTE: The toggle lever
should spring back when pushed.

7 Insert and solder a large two position toggle switch

(red handle/non-spring return) at SA (left side at the
top of the board).

7 Install and solder a two pin right angle molex comnector

at the top of the board (J1).

/ 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 SBOOT 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.

7 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.

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




3.0 FUNCTIONAL CHECK

3.
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.2
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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. 1If your reading is below
20 ohms, check your board for possible shorts.

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

O

78@5

O -z

QUTPUT

The voltage should be between +4.8v and +5.2v. 1If 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 FACE 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, U12, and U38. 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 O and 1 at 2 MHz. (Be
sure SF, 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 Vdc).

Next, verify that the 2/4 MHz circuit is operating. Set
switch SF, all positions, to the open or OFF position and
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verify a logic 0 at U38B 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 1C

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 Z-B0O 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 EZ23 Enable B0B0 type of 1I/0.

E26 to E27 POC the 2-80 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 0O, 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 (a2 pulse).
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3.11 Set the RUN/STOP switch (SA) back to the right (RUN position)
and toggle the SINGLE-STEP switch (SB) once. Verify that
U28 pin 6 is pulsing continuously.

3.12 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 W1 pins 9 thru 16.

Then, run a similar program to output all 1's to port FE
and verify logic 1's at W1 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 jumpered to come off the CB2
with the normal Z-80 timing for BUSAK, or it can be
Jumpered to delay the PHLDA signal turnoff by one-half
cycle into the Tl state of the Z-80. The delayed mode
guarantees an overiap of the control signals from slave
and master during the exchange. See Figure 5.1.5.

Jumper Function Selected
(a) E2Z2 to E3 Delayed turnoff.
{b) E4 to E5 Normal Z-8B0 operation.

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

This option allows the user to selegz_either a2, 4, B,
or 16 MHz clock to come out on the CLX bus lipe (5-100
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 MHz
(¢) E10 to E11 16 MH=z
(d) E12 to E13 4 MH=z

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 1/0) cycles. The extra wait state for Ml
cycles may be necessary with some memory boards because
the Z-80 M1 cycle is faster than the 8080 M1 cycle.

Jumper Function Selected
(a) E14 to E15 Extra wait state for M1 only
and
E20 to E21
(b) E14 to E15 Extra wait state for all data
transfers
(¢) No jumpers No extra wait status

Power-On/Reset Vector Jump Option

This option sllows the user to execute one instruction

at the beginning of ROM A (a ROM must be in the vilé
osition) like a '"'jump instTuction" after applying power
and,;or when the CPU receives a reset (from bus pin 79).

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 &
“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

(c) "E1B to E19 Vector Jump.on POC

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

I1/0 Address Multiplexing Option

This option allows the user to multiplex the low order
address onto the high order address bus during 1/0 operations
to simulate the way the 8080 CPU operates. The user may

or may not want this feature depending on how his I/0 cards
operate.

The Z-80 CPU puts the accumulator contents on the high
order address bus during normal 1/0, and the B register
(byte counter) is put on the high order address bus
during block I/O 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 EZ23 BOBO configuration (Addry—s Addry)
(b) No jumper Z-80 configuration

Power-On Reset Option

The user can prevent POC (pin 99) from resetting the CPU
(2-80) at the application of power to the board. (POC
will still occur at pin 92 as usuzal.)

Jumper Function Selected
(a) E26 to E27 POC resets Z2-80 (most common connection)
(b)) No jumper 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 §-100 bus lines if it is needed.



Jumper Function Selected
(a) No ijumpers Refresh not available on 8-100 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

4.1.8 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.

4.1.9 Front Panel Sense Switch Option

The IEEE bus standard deleted this function and put =z
ground on this line (bus line 53). The o0ld 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 SS¥ enabled (old §-~100)
(b) No jumper S5W disabled

4.1.10 Non-Maskable Interrupt Option

The Z-80 microprocessor has a non-maskable interrupt input
which the B0B0 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 jumper NMI disabled
(b) _E33 to E34 NMI enabled on bus line 12

4.1.11 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 wilhout 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 JEEE 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 mlso 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 1EEE standard, E45 and E46 must not be
connected,

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



4.1.15

4.2.1

4.2.1.1

Jumper Function

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

¢1 STVAL STROBE Option

The original S5-100 bus has Phase 1 clock on bus line 25.
The new 1EEE standard has a new signal STVAL on this line
which indicates when the status lines are valid.

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

an

E43 tg E42

Switch 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 toocl 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 U17 respectively,

FUNCTION
Position ON/Closed OFF /Open
= Disable Memory Enable Memory
2 Select 2716/4016** Select 2732 (All1/Position 3
= don't care)
3 All logic O All logic 1
4 Al2 logic © Al2 logic 1
5 Al3 logic O© Al3 logic 1
6 Al4 logic O Al4 logic 1
7 Al5 logic O Al5 logic 1
Hex Switch Position
Memory Address 3 4 5 6 7
.1 Ie Cn On On On On
@BOQ Off On On On On
1090 On Off On On On
1800 off Off On On On
E800 Off On Ooff Off Off
FO00 On Ooff off Off off
Fg800 off Off off Off Oof f

* 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 memoTy socket

(Ul16é and U17).
Memory Socket Ul6 Socket Ul7
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 & Ul7
respectively for 2732 - 4K EPROM's only.)

CPU Clock Rate Control

Dip switech SF controls the user-selectable clock rate
This switch is located at the lower left side
of the CPU board.

options.

Function

Position
1
2
3

When closed (ON),

this switch causes the CPU

to go to 2 MHz operation when a front panel
This is provided because

stops the computer,

some front panel circuits cannot operate at

4 MH=z.

This switch is tied to the S-100 RUN

signal on line 71 and will function only if
E39 and E40 are jumpered together.

When closed (ON),

this switch allows XRDY

(S-100 line 3) to slow the processor to 2 MHz
during wait states.

has slow memory with wait states set for 2 MHZ
this will allow him to maintain the
time delay.

operation,

same wait

Same as Position 2 above,

(S-100 line 72).

Therefore,

except

if the user

for PRDY




Position Function

4 5 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 CBZ2 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 so 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 Ul16 and Ui7 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

REFERENCE
PARAGRAPH
4.2.3

ON BOARD MEMORY ADDRESS SETTINGS

Switch SC (Address for memory A - IC Ulé6).

Switch position

1

2

3

4

5

6

ki

Address (A)

11

12

13

14

15

Switch SD (Address for memory B - IC Ul17).

0w

] 0=2716/4016 addressing
1=2732 addressing

O=Memory enabled
1=Memory disabled

Switch position 1 2 3 4 5 6 7
Address (A) - - 111112} 13[14115
0'4‘
0=2716/4016 addressing
1=2732 addressing
O=Memory enabled
l1=Memory disabled
ON BOARD MEMORY TYPE SELECTION
Switch SE
Switch position 112
2716 1111 -1]-
IC Uls 2732 1J0]-17-
4016 Oj11-1-
2716 -|l-1]111}1
IC U117 2732 -|1-1J110
4016 -]1-7J01]1




TABLE OF SWITCH SETTINGS (continued)

REFERENCE
PARAGRAPH
4.2.4 CPU CLOCK RATE CONTROL SETTINGS
Switch SF
2 MHz on RLUN Pos 1
Enabled 0
Pisabied 1 ¥
MHZz on XRDY Pos 2
Enabled 0
Disabled 1 X
MHz on PRDY Pos 3
Enabled 4]
Disabled 1
MHz only Pos 4
Enabled 0
. Disabled 1

1=0FF=0PEN
0=0ON=CLOSED
~=NOT APPLICABLE




Ref,
Para.

SHORT FORM SETUP WORKSHEET/RECORD OF JUMPER SELECTIONS

[3.1.1

PHLDA OPTION

E2-3

E4-5

Normal Z-80 operation

k cycle turnoff delay

[31.2

CLK FREQUENCY OPTION

2 MHz*

E6-7

4 MH:z

E12-13

8 MH:

E8-9

16 MH:

E10-11

{4.1.3

WAIT STATE OPTIONS

E14-15

E20-21

No added wait states*

1 extra M1 wait state

X

1 wait state per PSYNC

X

VECTOR JUMP OPTION

E16-17

E18-19

E24-25

ﬂII- *

Vector jump disabled*

Vector jump on RESET

X

Vector jump on POC

Vector jump on RESET and POC

X

{13

1/0 ADDRESS OPTION

E22-23

8080 configuration*

X

2-80 configuration

.16

POWER-ON RESET OPTION

E26-27

POC resets the Z-.BO*

X

POC does not reset the Z-80

[4.1.7

DYNAMIC MEMORY REFRESH (Note 1)

EZ2B-29

E30-(

Refresh signal on bus line (

X

X

haed
I ‘ ‘4

No refresh signal*

~

SSW DSBL OPTION

E31-32

]

Enabled*

X

Disabled

[4.1.70

NMI OPTION

E33-34

Enabled

X

Disabled*

4111

MWRITE OPTION

E35-36

Enabled

X

Disabled*

r4.1.12

RUN/SINGLE-STEP OPTION

E37-38

E35-40

1

Both enabled*

X

SINGLE-STEP enabled only

RUN enabled only

X

Both disabled

[1.14

2/4 Mz FLAG OPTION

E45-46

Enabled

X

Disabled*

[4.1.15

@1 STVAL OPTION (Note 1)

E1-44

E42-42

E41-42

#1 on bus line 25%

X

STVAL on bus 1ine 25

* Indicates a standard S-100 set-up.

X Indicates a connection between the indicated E pads.

Note 1: The STVAL and REFRESH signals must be put on the $-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.




4.4 Header Description

There are two headers (W1l & 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
8-100 bus through port FE.

W2 is the front panel socket for IMSAI and ALTAIR* type
front panels. W1 and W2 sockets are arranged as follows:

Al6 (17) — _ pDg g -} — NC
A17 (16) — — pD1 D1 -

A18 (15) — _ pD2 D2

A19 (59)— L PD3 D3 —

A20 (61y— "' |- ppa pa - W2

A21 (62) — __ pD5 D5 —

A22 (63)— L PDG D6 —

A23 (64)— - |-PD7 D7 — _ NC

I I"Port FE Data Out
S5-100 bus line number

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

D3 | »
D2 | @ 1
Dpp
D1 [ & L_...g_._.h
1 o
® T
D@ | » o $
e £
Ddt e L I w2
1 5
D5 | & - o
-~
D6 | @ b7
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 CB2 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 5-100 "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, I/0 read or write, and interrupt mcknowledges).
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 5.1.1a & b).

PSYNC is generated on the CBZ when TORQ 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 1/0
operations and when the Z-B0O 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



d AUV ad e d oo b rolive

+5 Vdc

1/6-U43
. &
MRE 3 R 3
‘fﬁa"g' 1 p " gt PSYNC
U28a ’

(#) 280 clock 2|C 6

—1* s PSYNC
1 4
o 2{usa)
RESET—1 22/
a. SOHEMATIC
bl or2l 13t orel 1
e :
W = f -
SE J ME—T— 1
o .
© PSYNC—] L —*
£ . W oo o
- 0 \
V) eev
=Th .,J]'IH2H3|4|5'6|T7|3|19|T
EEg p—

L ow “r
g_fjga PSYNC—] L I Extended PSYNC
o& N ' ___READ >e  WRITE ,

d Til T2 L T3L T T21 T3¢
P L L LM e
g MRLQ —1— | —
o= - |
E& < PSYNC L 5 I
&S W g =
g ﬁ ——— r
[~ WR —I l 2
R i I iyt el a4
- TL ] T2 T™ T3 |
E ¢ p {1
[38]
5 PSYNC—| 1 —
v g—r e - - PE— -y . - i - 4
S Q WAIT_ Y. - ° —_——— g
T1 T2 0 ™| ™| T3 I
S GO paw W e WO o Y o 0 B o
% g Hl—l J'_—f
& x < ToRg L
ZE
—g PSYNCo| 1 I
W[l oo f
b. TIMING




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

.1.2 PDBIN

This signal is used to gate data onto the Z-~-B0'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 :
|~ PSYNC
PDBIN | 7 6 3 ofu37a 2 c
8 uw = _ﬁ
19 TNTA
a. SCHEMATIC
é n|'rz|'r3|n|
& P o W e O o M e M
W PSYNC — I w
g S RD [ —
(]
2
o poBIN ] T L .
O T
> T | T2 1 T3
I e U e W e B
;‘é‘ PSYRC — J L

AW4
-

L
3
)
]
=
-3
v

,,

2

E
I
-

INPUT
Fa
x
o
|

(4]

EE PSYRC —
]

om W
g2 £ INTA L____I——S
E s

= y f_—__l_____{
=g DBIN

“

b. PIBIN TIMING
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1.

3
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PDBIN occurs during any data transfer into the CPU. The
Z2-80 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 80B0 does not occur while
PSYNC is high; therefore, PSYNC is used to inhibit PDBIN
by U37 pin 1.

P¥R
This signal occurs during any memory write or output

operation and is used to strobe the data into the memory
Oor cutput port device.

FIGURE 5.1.3 PWR

PWR"DSBL 1/6-U43
12

4
»
— 5
E—]_ PSYNC

a. SCOIEMATIC

d Ty | 12 T3 |
} p I LI 1L M1
£ |psynC ] | 5
% < MREQ L |
E | R0/
o —
A e T
=
Data — Data Yalid— }—
\
~ T | 12 TW Tsl__l
g I I T e U e B
PSYNC _] 1 p
T0RQ — —
S< _Q L
Eq m 1 —
PHR SR
Data fp—{ Data Valig -
.
b. TIMING DIAGRAMS
5-4



The 8080 does not produce WR ¥R 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 2-8B0 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
72 PSYNC @.

WATT 3 PSYNC 3
1 12010
2 Juag DS ol
B3
11 CrQ -
1
a. SCHEMATIC
ONE WAIT STATE "Eno WAIT STATE RECURRING WAIT REQUEST
| T T21 TWy¢ T3P °T1 ¢ T21 T3 T1 | T2 §TW | TW | T3 Tl
PSYNC — L f L 1 | a ?
MREQ 1 | s  p—
WAIT - - - —_———— ———
U39 pin 1 f——— 1 g IR Py L I
U35 pin B I S e | j L
. _—......_l [ N
U39 pin & L ) - —5
Uss pin 5 [ 1 { 1 ' 5
I R
PWAIT | L

b. TIMING DIAGRAM
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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 §2.
Since the Z-80 CPU also checks for the WAIT signal on the
falling edge of 92, 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 92 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 $-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 Ul0B by the @1 clock.

”

4

Pl s




y—

FIGURE 5.1.5 PHLDA
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BUSAK —J——zb Qs E3,
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5

a. SCGEMATIC

PHLDA

Normal PHLDA
A\
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\Control Signals
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L
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o Addr,

e Data,

k\Control Signals

b. TIMING DIAGRAM

PSTVAL was allocated to pin 25 on the S5-100 bus, which
ijs the @1 pin on the old S-100 bus standard. Therefore,
the user will have to decide which signal he wants to use.

1f PSTVAL is desired, then connect E1 to

5-7

E44 and E42 to E43.
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FIGURE 5.1.6 PSTVAL
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CPU Clock Circuits

The CB2Z clock circuits consist of a crystal oscillator,

a selectable divide-by-4/8 circuit, a circuit to generate
& non-overlapping $1/92, a circuit to inhibit all but one
?1/92 pulse during extended PSYNC's (see Figure 5.1.1),
end 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 MHz
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 CPU CLOCK CIRCUIT (Page 1 of 2)
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FIGURE 5.2 CPU CLOCK CIRCUIT (Page 2 of 2)
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5.2.2 Dbivide by 4/8 Circuit
This circuit consists of U6, U7, Ull, and Ul2, which
produce the two frequencies necessary to synthesize Q1
and @2 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 U11D pin 12. The other Ul1D
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 U3BA (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 Uli. This provides an 8 MHz clock to UEA for
a 2 MHz operation of the CB2.
The dividers U6A and W12 divide the output of Ull by 4 to
provide the phases necessary 1o synthesize @1 and 92.
5.2. 01/@2 Circuit

The @1 circuit consists of U7B and UllA. U7B produces a
@1 pulse by combining Ul2-QA (which is $2 before it is
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processed through the control gates) and U6-Q. The @1
pulse is produced by gating P1 through UllA along with
the @1 control signal, which is used to inhibit @1 during
extended PSYNC's.

The @2 circuit consists of UllB, U74, and U20C. Ul11B
inverts the P2 signal of Ul2-QA to produce the Z-80 clock.
The Z2-80 clock is gated (U7A) by the 92 control (which
eliminates all but the first @2 pulse during extended
PSYNC's) to produce P2-PRIME.

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

@1/92 Inhibit Circuits

The @1 inhibit circuit congists of U11C, 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 Ul1lC is
at a logic 1, @1 is inhibited by Ul11A. This occurs during
PYSNC until eihter MREQ or IORQ goes to & logic @, which
allows @1 to occur and then PSYNC falls when 02 occurs.

The @2 inhibit circuit consists of U28B and U28A. UZ28B

is triggered by Z2-80 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 P2 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 @¢2. During a stretched PSYNC, there is
still only one @1 and 92 pulse, but they may be separated
by the equivalent of several clock cycles of time.

L

-~

In the original S-100 bus, this signal is the same frequency

as P2 (2 MHz but with the opposite phase). 1In the new
IEEE bus standard, it is still 2 MHz but bhas no definite
phase relationship to @2,

The CB2 CLK circuit consists of part of Ul2, which divides
the 16 MHz clock by B. 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.

5-11
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CPU Status (S) Signals

In the original §5-100 8080 CPU, these signals were taken
from the Data Bus during PSYNC, and were then latched onto
the S-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, 1/0, 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 B080. They are generated by logically
combining the Z-80 control signals. An optional 2/4 MHz
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 1/0 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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b. SINP TIMING
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SOUT
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 TOR0D 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
1/6-044 1 —_—
, 1 10RQ
WR
a. SOEMATIC
| Ti{ T2 TWwx] T3 |
o LI
PSYNC ] L I
g2
0! N S o D o
IDRQ—ﬁ o
WR |
[ L /
sout_} | W
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 TORQ and M1 are both at
logic D. See Figure 5.3.3b for a timing diagram of an
interrupt acknowledge operation.
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FIGURE 5.3.3 SINTA

1/6-U44 g

L. SINTA TIMING

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 UZ24A.

FIGURE 5.3.4 SHLTA Schematic
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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 Ml and the BO80 does not.
Therefore, SMi is the inversion of ¥1 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. U41iC puts out & 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 B80BO
CPU did not turn on SMEMR during an interrupt operation,
since it was not a memory operation. The Z-B0 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
$-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 U3CA. 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 operatiomns,
U30A is used to inhihit 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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riovute 5.3.6 SMEMR

47| SMEMR

MREQ 10
D 9
4 U24c 1/6-U44
5/v37n 2 k s\a2
U24b l,r
M1 3 4 1 c ‘E ]
12 . NE
—
5 -:_': U30b
Nt~ LS 10
“(from U31 pin 10)
. a. SOHEMATIC
M1-OP CODE FETCH MEMORY READ MEMORY WRITE
< -
TI 1 T2 TW* | TW%, T | I ’! ; | ﬁ
8/02 — Jj W L_{ W_I‘L_r
PSYNC | J‘ L J l =
MI—h / | ; I
T A N — e W
RD —f—m ] } "\ r ’ i
_ INTA ] [ [
Q-U30b pin 8 I ' I
Uslc pin 10 |__/ \ / \
SMEMR |/ ) | (
I | 1
< INTERRUPT ACKNOWLEDGE 2/3 Byte of INIT
Tl g T2 TW¢ Twxy T3, 714 | TI T2 | 13 Tl
¢ — J 1J l_{ | I I N I | li L1
PSYNC— j - J L L
MI_L J , |
MREQ Ly T e
10RQ
— | |
RFSH j — T
= J
_ INTA [ l I
G-U30b ?in 8 — ! f————
Udle pin 10 l l
SMEMR I 2 WS S
|

2. SMEMR TIMING

This cycle applies only if the interrupt instruction has an address byte

or word (i.e., JMP or CALL}.
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FIGURE 5.3.7 §Wo

13

1/6-U4s

9z oL -2dc o

I_UI

{(from U28 pin B)

a. SCHEMATIC

14
12 [u37e OH-E L\r 97

SWO

M1
OP-CODE FETCH MEMORY READ MEMORY WRITE .‘|
L T10 12t 13 ' T4 Tl T2 | T | T2 + T3
8/62 ~ / A ]
PSYNC — L ll 1 | L II_
@2 CNTL U28 pin 8 M t 1 i J1 I
M1 r | l
MREQ +— i e N e U oy
RD —+— r l 1 ! | |
WR
) D B
- I I
RFSH \ 7 I |
Q-U30z pin 6 TSN n f |
Yy [] |
SWO Iy i} l | I
OUTPUT INPUT
et
0l o2l et o3 b br2 ! oqux!l 13
¢ _‘L‘l .. .J" T I s rur—
i |
PSYNC .| 1 I — {—
@2 CNTL U28 pin 8 —— L ; - ! |
M1 : :
TORQ \ ] | \ J l
WR L 4y t
RD | 1 ,——I
Q-U30a pin 6 |
[]
" b. SWO TIMING
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5.3.8 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 MHz.

Because this is not 2 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.

5.4 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 DSEL.

5.4.1 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.

5.4.1.1 XRDY and PRDY

The basic XRDY and PRDY circuit is made up of U344 & 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 §2 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
UZ21A reset until XRDY and PRDY are both high, and the next
92 pulse strobes a logic 1 in. While reset, U21A Q is =
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 Q2.

* This signal is similar to the speed flag used by Cromemco.
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FIGURE 5.4.1 RDY CIRCUIT
b. ZXRDY & 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 & logic 0 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 U204 & B, U21B, and U29C. This cirucit

was incorporated in the wait circuit because the M1l cycle
on the Z-BO 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 0O to be applied
to the CPU WAIT input. 1f XRDY or PRDY are also requesting
a wait state, then U20B will see a logic 0 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 & logic 1 on either
of U20B's inputs causes a logic 0 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 US5B is reset by a clock pulse from U5SA.
When clocked by US5A, USB 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 USB. The flip-flop U5A is used
as a switch debouncer.
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HOLD

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
PROLD| % [o] D Q f————B05RQ
"‘LC 'E} _8

PINT and PNMI

These are interrupt request signals from other devices,
and are buffered by U15B & 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 Vcc) and the capacitor
charges up. When the voltage on the capacitor reaches
2/3 Vec (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 U1l5C to reset the
CPU and PSYNC circuit.

el



FIGURE 5.4.4 PRESET & POC

Vector Jump Circuit E24

814 Reset (Extended Address Circuit
U6 & 40 pin 15)
| ¢ 3 D°m To RUN/
o o RUN/STOP FIF (U5 pin )
[ 21 A Qs 1/6-042 (US pin 1)
6;1:

+5Vdc Power oo J %
45V — — — — -
U13 pins 2 & 6 _f
ov—
U133 pin 3 1 —
POC - U24 pin 10 L —F

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 D17) 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.

e e e

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
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{when both are low, the DI bus and on-board memory are
disabled). BSee 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

To on-board wemory 8§
Tri-state buffer control 1

N ¢

12

10 .
3e )O-—— BT CNTL
CEl-+

e P

Single Step
Run
SSW DSBL [53 >—0O Ofe]

a. SCHEMATIC

CE]l - Memory A chip enable
CE2 - Memory B chip enable

B

&

[

L 2

=]

<> v
Zi&8| o Sl alele
f.a‘,;zgg_mm.‘mgmmm ON-BOARD
EES::%%SSIBI‘SS BUS  |MEMORY READ
1/x[1(x|1]0fj0|1]1]1]0 |Enabled | Disabled
tlxix]ili1|lof0o]111(1.]10 |Enabled | Disabled
xti1j1|/x}1j0¢§0]1]1]11]0 |Enabled Pisabled
xli|xi1}1({0]JOo|1]1]1]0C|Enabled Disabled
01Ol XiX|XI|1]X|0{X!X]l |Disabled} Disabled
xIx{ofof{x{x]1 {0} X|X:) IDisabled| Disabled
X x| xtxloixX]|X|X|XiX]|] |}Disabled| Disabled
1:x11|xl1j0]0ojJ1j0}1]1 jpisabled| Enabled
1ix| x!1{1t0fo§1!0]1]1 |Disabled] Enabled
xli1l1]lxt1]/010}110]11]1 |pisabled| Enabled
X|l1lxli1l110{0}140]1]1 |Disabled| Enabled
11x11]xX]11010|131]10]1 |Disabled| Enabled
1{xlx]111|/010]1}3110|1 |Disabled| Enabled
xli1l1lxl1lojo]1i{1]0]|1 |Disabled| Enabled
xfi1btx{1frlofoe|1{1]10)]1 {Disabled| Enabled

b. TRUTH TABLE
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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 & DQO) 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-100 bus
during DMA data transfers.

Address Bus

The Z-80 has 16 address lines (65,536 possible memory
locations and 256 I/0O ports) that are not multiplexed

with anything else. These address lines are buffered by
7415244 octal bus drivers as shown in Figure 5.5. Two

sets of buffers drive the high address lines (A8 thru

Al5) in order to duplicate the low address onto the high
address bus during I/0 operations (as does an 8080 CPU).
IC's UlA & B, U3D, and U23A 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
1/0 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 B-bit
buses: a data-out bus (DO @ thru 7) for data transfers
from the CPU to external devices (i.e., memory and 1/0
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 U550, 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.
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FIGURE 5.5 ADDRESS BUS

N
Address Bits 15-8 )
P d

$~100 Address Bus
Al15-A8

N/

T\?

\
Address Bits 7-0 } U47
Vd

/

J1>s-1oo Address Bus ’
A7-AQ

U45

b

0
7

—{o}—7] woow peeL
tQ—l E22 E23
-

e 10RQ
Jumper for 8080 I1/0 mode
of operation.

a. SCHEMATIC

Z-80 I/C MODE l 8080 1/0 MODE ’.{
| I [ N | |
p— LTI _r 1 M o L e r
PSYNC—| L I 1 I
IORQ™ T\ g L J
2h Addr 15-8_ DX Tpaier 295 brig & D GELEED G =TI V7TIYT R 8.5 §
ow Addr 7'9: Part Addrasd Y Wory Address X

* The high address bits during I/0 in the 2-80 contain the accumulator contents
during normal I/0 and contain the B register bits during block trgnsfer 1/0
(B register is the byte counter).

b. ADDRESS BIS T/0 TIMING




Internally, the CPU data bus is bi-directional and has

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

up the transitions from logic 0 to logic 1 on the interpal
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 @¢FEH. U46 and
U20d decode the address @FEH ang put a logic O on U36 &
40 pin 10 as one write enable. TORQ from the 2-80
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 @PQQPPPH. The tri-state output enable is
controlled by Ul, as are the low address buffers.

The port output goes to a header socket (¥W1) so that it
can be used as an output port, or can be used as extended
address bits (if Wl is strapped straight across).

FIGURE 5.7 EXTENDED ADDRESS PORT

10RQ
f—-—'w_n
:—N o)
a1 H>—1 6_5 12 e
Al7 [ 16 2 1> 4 13 D1
on
3 14 6] e~
218715 Ry LB ¥
4 13 3 ~ N4
A9 [ 59 D3
9 Z-80 Bidirectional
A20 [ 61 g 14 B4 Data Bus
6
A21 [ 62 11 4 r‘13 DS
: 10 s| ©~ 2
22 7 =
A [EE:>' 23 D6
a23 &% & .6 11 D7
2 ey
Reset (from U39c pin 10)
ADDR DSBL (from Ul6é pin 4)
46

»
0.
[« %
e
(1]
n
L/
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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 U18 and U19. Ul8, Ul9, 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 Ul9 is turned on. Because the memories are
also tri-stated, U19 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 & Ul4A). When the address bits and the dip switch
settings are in opposite logic states, the comparator
outputs will a1l 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 ©
to U3 pin 2 (U3 pin 5). When U3A (U3B) receives a logic
1 from the comparator and MREQ from inverter Ul4C, 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 (All) 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, V22A
& B are both set. If no vector jump is desired, the E1B,
E19, E24 & E25 should be left open and E16 & 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 Mi, 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).

. El7, Elb ‘EB
o Rl3 9 ) 4%1 ; Vector
., ° A i
El19 EIE 4 = 11 L'EZb— 3 U22§_-
oC 3—{53—4 6 Ml C Q— C O
:T—-—lgﬁD > 5‘

}
J
FIGURE 5.9 VECTOR JUMP j
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U23b S 5
s B et ) wf o
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a. SOEMATIC
L. M1 {, Memory Read ! Memory Read
| N ! IS | | |
e 1 ‘ J vl
POC or RESET
L,
PSYNC g g 1 — 1 |
Ml < &
! | C—

U23¢ pin B

L,
Q-U224 pin 9 —-r‘ |
Vector Jurpmahle"""——r‘7

G-122a pin 5

b. VECTOR JIMG TIMING




TROUBLESHOOTING HINTS

This section assumes the user has some basic knowledge
of logic circuits and has read the thecry 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: 1IF THERE IS NO CLOCK AT THE Z2-80, THE Z-8B0
COULD BE DAMAGED. THEREFORE, REMOVE THE Z-80 UNTIL THE
CLOCK IS FIXED.)

Verify +5Vdc at Z-BO 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.




6.6.6 Verify that BUSRQ at 2-80 pin 25 is not continuocusly low.
6.6.7 Verify that C/C DSBL, STATUS DSBL, DO DSBL, SSW DSBL,
and ADDR DSBL are all at a logic 1 (> +2.4 volts) at
5-100 bus pins 19, 18, 23, 53, and 22 respectively.
6.6.8 Verify that PSYNC at $-100 bus pin 76 is pulsing.
6.6.9 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 0.
6.6.11 Verify proper operation U2 pin 8, which enables data
onto the CPU data bus from the on-board memories.
6.7 I1f you have trouble with the RUN/STOP, SINGLE-STEP, or
PRDY circuit:
6.7.1 Set the RUN/STOP switch to the STOP position: then verify
the following signals:
Location Logic State
a. US/pin 6 Logic ¢
b. U5/pin 1 Logic 1
c. US/pin 4 Logic 1%
d. U5/pin 9 Logic 0
e. U34/pin 6 Logic @
f. U21/pin 6 Logic 1
g. U21/pin 3 pulsing
h., U20/pin 1 Logic ¢
i. U34/pin 8 Logic @
J. VYU32/pin 2 Logic @
k. U20/pin 2 Logic @
*This pin should pulse negative once when the
RUN/STOP switch is toggled to the STOP position.
6.7.2 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
c. U34/pin 6 Positive pulse
d. U21/pin 6 Negative pulse
e. U20/pin 1 Positive pulse
f. U34/pin 8 Pogsitive 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 ¢@.

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.
.B.1.2 Verify that EI18 to E19 and/or E24 to E25 is connected.

.8.1.3 Set the RUN/STOP switch to the STOP position and
inpitiate 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 @
f. U33/pin 1 Logic @
g. U3/pin 8 Logic 1
h. U29/pin 11 Logic 1%
i. U2/pin 8 Logic @
j. U18/pin 1 & 19 Logic @




Location Logic State

k. Ul6/pin 20 Logic @
l. U2/pin 6 Logic 1
m. Ul9/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 Ul8 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 9.

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

Uv22/pin 1 & 13 Logic
v22/pin 4 & 10 Logic
U22/pin 5 & 9 Logic
v22/pin 3 & 11 Logic

anow
Qb

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 @
b. U22/pin 1 & 13 Logic 1
¢c. U22/pin 4 & 10 Logic 1
d. U22/pin 2 & 12 - Logic @

I1f you bave trouble with the on-board memory:

Measure the memory (Ul6 & Ul1l7) Vcec 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 @PH (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 @
Jj. U3/pin 8 logic 1
k. U38/pin 8 Logic 1
1. U16 & U17/pins 1 Logic @

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. PDEIN U2/pin 9 Logic 1

c. SSW DSBL v2/pin 12 Logic 1

d. DBUS CNTL U2/pin 13 Logic 1

e. MEMOE U2/pin 8 Logic @

f. OE Uli6 & Ul7/pin 20 Logic @

g. -- Uil8/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. Ul17/pin 18 Logic 1
c. Ul6/pin 20 Logic 9
d. Ui8/pin 1 & 19 Logic @
e. Ul9/pin 1 & 19 Logic 1
f. UlB/pin 16 = Ul8/pin 4
g- Ul8B/pin 14 = Ul8/pin 6
h. Ul8/pin 12 = U18/pin 8 .
i. Uig/pin 9 = Ul8/pin 11
j. Ul8/pin 7 = Ul18/pin 13
k. Ul8/pin & = Ul8/pin 15
1., Ul8/pin 3 = Ul18/pin 17
m. Ul8/pin 18 = Ul8/pin 2

6.9.3.3 Repeat 6.9.3.2, except close switch 8SC position 1, open
switch SD position 1, insert the memory IC into the Ul7
position, and verify the following signals:

Location Logic State
a. Ul6/pin 18 Logic 1
b Ul7/pin 18 Logic ¢

C. théu m. Same as 6.9.3.2 c. thru m.



6.10

6.10.1

If RAM memory is being used, then check the memory

write function as follows:

Check the MWRITE option at E35 & E36.

Perform 6.9.2.1,

Remove any memory IC's from Ul6é & Ul7 and remove IC U1S.
Perform 6.9.2.2.

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).

Verify a logic @ at U32 pin 27.

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. U2Z2/pin 6 Logic @

d. Ul9/pin 1 & 19 Logic @

e. Ul9/pin 16 = Ul9/pin 4

f. U19/pin 14 = Ul19/pin 6

g. U19/pin 12 = Ul19/pin 8

h. Ul9/pin 9 = U19/pin 11
i. UVi19/pin 7 = U19/pin 13
J. Ul9/pin 5 = Ul9/pin 15
k. Ul9/pin 3 = Ul9/pin 17
1. U19/pin 18 = Ul9/pin 2

m. Ul/pin B Logic ¢

1f you have trouble with the extended address/output

port:

Execute the following program:

100: 3E 00
102: D3 FE
104: C3 02

01

LOOP:

MVI

A, QpH
OUT @FEH

JMP LOOP




6.10.2

6.10.3

6.10.4

6.10.5

Set the RUN/STOP switch to the STOP position.

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

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 L
d. A3 U46 /pin 12 Logic 1
e. A4 U46 /pin 5 Logic 1
f. A5 U46/pin 11 Logic 1
g. A6 U46/pin 2 Logic 1
h. A7 U46/pin 1 Logic 1
i. PORT ENABLE U46 /pin B Logic @
j. IORQ U36 & U40/pin 9 Logic @
k. RESET U36 & U40/pin 15 Logic @
1. VWR 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 @
g. D2 U36/pin 11 Logic @
r. D3 U36/pin 14 Logic @
s. D4 U40/pin 14 Logic @
t. Db U40/pin 13 . Logic @
u. D6 U40/pin 12 Logic @
v. D7 U40/pin 11 Logic ¢
w. OUT @ U36/pin 5 Logic @
x. OUT 1 U36/pin 4 Logic @
y. OUT 2 U36/pin 6 Logic ¢
z. OUT 3 U36/pin 3 Logic @
A ouT 4 U40/pin 3 Logic @
B OouT 5 U40/pin 4 Logic @
C OUT 6 U40/pin 5 Logic @
D ouT 7 U40/pin 6 Logic @
Execute the following program:
100: 3E FF MVI A, @QFF H
102: D3 FE LOOP: OUT @QFEH
104: C3 02 O JMP LOOP



.10.6 Repeat 6.10.2 thru 6.10.4, except 6.10.4 o. thru B
will be a logic 1.

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

.11 If yvou have trouble with 1/0 operations:

111 Check that the I/O ADDR jumper option is correct for

your system (see 4.1.5).

.11.1.1 If your 1/0 boards require the 1/0 address on the
high address lines (A8-A15), then jumper E22 to E23
should be connected.

.11.1.2 I1f your I/0 boards only use the low 8 bits of the
address bus, then jumper E22 to E23 is not needed.

.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/0 port. Then STOP the CPU with
the RUN/STOP switch.

.11.2.1 SINGLE-STEP the CPU with the SINGLE-STEP switch while
observing the SINP (8-100 bus pin 46) and stop when
it is high.

.11.2.2 Verify that the following signals are correct:

Signal Location Logic State
a. PDBIN S-100/pin 78 Logic 1
b. 1IO0ORQ U25/pin 5 Logic @
¢c. SINP §-100/pin 46 Logic 1
d. I/0 ADDR CNTL U23/pin 2 Logic 0*
e. HADDR EN U48 pin 1 & 19 Logic 1*
f. 1/0 ADDR EN U47/pin 1 & 19 Logic @+

* Verify these signals only if the I/0 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

10RQ
SINP

PDBIN

1/0 ADDR CNTL

HADDR EN

mMm=-»ooanop

M1

TI/0 ADDR EN

Change the program as

102
104 :

and repeat steps 6.11.

D3 XX

C3 02 01

steps a & ¢ should be

Signal
a. PWR
c. 8OUT

for 6.11.2.2 and 6.11.2.3 respectively.

2.1 thru 6.11.2.3,

as follows:

Location

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

Location Logic State
5-100/pin 78 Logic 1
U25/pin 5 Logic 1
S-100/pin 46 Logic @
vU23/pin 2 Logic 1
U48/pin 1 & 19 Logic @
U47/pin 1 & 19 Logic 1
U25/pin 3 Logic @
follows:

LOOP: OUT PORT XX=port number

JMP LOOP

except

Logic State

Logic @/1
Logic 1/0

I1f 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:

et K R0 =D OO DR

lL.ocation

U32/pin
U35/pin
U38/pin
U39 /pin
U35/pin
U35/pin
U398 /pin
U35/pin
U39 pin
U35 /pin
U39/pin
U39 /pin

(o}

W
=

HWLoo Oh = NN

Logic State

[
[ 9]

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

HO 9999 -




e

Location Logic Stawe

m. U35/pin 10 Logic 1

n. U43/pin 1 & 15 Logic @

o. U24/pin 8 Logic @

p. U24/pin 9 Logic 1

q. U43/pin 4 Logic @

r. U43/pin 5 Logic 1

6.12.3 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. U38/pin 6 Positive pulse

g. U35/pin 8 Positive pulse

h. U39/pin 6 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

6.13 1f you have any trouble with phase one (§1) or STVAL

at the 5-100 bus pin 25, check the following items:

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

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




6.13.3

6.14

Location

U6/pin 5
Ul2/pin 8
U7/pin 5
Ul2/pin 5

80 or

U7/pin 4
U7/pin &
Ull/pin 2
Ull/pin 3
Ull/pin 1
Ull/pin 8
Ull/pin 9
U42/pin 6
U42/pin 7
U42/pin 1 & 15

=53 G o s O

Logic Condition

Pulsing continuously

Pulsing continuously

Pulsing continuously

Pulsing at ¢ the U6 pin 5
frequency

‘Same as (d) above

Negative pulses .
Negative pulses

Positive pulses

Positive pulses (1)
Negative pulses

Negative pulses

Positive pulses (@1)
Positive pulses (Q1)

Logic @

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

return pin.

If the option is strapped for STVAL, verify the

following logic conditions:

Location

Ul0/pin 2
Ul0/pin 3
Ul0/pin 1
Ul0/pin 5
U43/pin 1
U43/pin 8
U43/pin 1 & 15

Moo

Logic Condition

Positive pulses (PSYNC)
Positive pulses (@1)
Logic 1

Positive pulses (STVAL)
Positive pulses (STVAL)
Negative pulses (STVAL)
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.

If you have trouble with phase two (§2), verify the

following logic conditions:

Location

Uil/pin 6
Ull/pin 5
Ull/pin 4+
U7/pin 2
U7/pin 1

oo

Logic Conditions

Logic @

2/4 MHz clock (50% duty cycle)
2/4 MHz clock (50% duty cycle)
2/4 MHz clock

Negative pulses




Location

U7/pin 3
U29/pin 1 & 2
U29/pin 3
U28/pin 19
U28/pin 13
U28/pin 11
U28/pin 12
U28/pin 9
U20/pin 9
U20/pin 8
U20/pin 19
U42/pin 4
U42/pin S5
U4Z2/pin 1 & 15

MOV ODE MKW -

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

return pin.

Logic Condition

Pulsing
Positive pulses
Negative pulses
Negatsive pulses
Logic 1
Pulsing
Negative pulses
Negative pulses
Pulsing
Positive pulses
Pulsing
Pulsing
Pulsing
Logic @
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CB2 SCHEMATIC INTERPAGE CONNECTION LIST

Schematic Page
1 2 3 4 5 Function RName

1 S D D - - Logic 1 (pull up resistor to Vece)
2 D S - - - 2

3 S - D - - RESET

4 S - - - D RESET

5 8 D - - - POC

6 S - - D - Vector Jump Enable

7 D D S - - M1 :

8 - S D - - Z80-9 (ZBO Clock)

9 - D S - - PSYNC

10 - D S - - JORQ + MREQ

11 - s D - - 2/4 MHz Control

12 - D S - - MWRITE to on-board memory

13 - S - D - MWRITE S100

14 - D 8 - - RUN

15 - ) D - - @2 CONTROL

16 - D - S D MADDR (high = on board memory enabled)
17 - D S - - PSYNC

18 - ) D - - ¥

19 - ) D - - PWAIT
20 - - S D - MREQ
21 - - ) D D I0RQ
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 Ul7 PIN 21 (Memory B variable func)
27 - - - S L AQ thru Al1¢ for on board memory
28 - - - S D ADDR DSBL
29 - - - S D PORT FE ADDRESS DECODED
30| -1 -1t-|s|D Memory B chip Select (TS)
31 - - - S D Memory A chip Select (CS8)

S:
D:

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 A5 5.5
5 30 A4 5.5
6 31 A3 5.5
7 32 Als 5.5
8 33 AL2 5.5
9 ©34 A9 5.5
10 135 o1 5.6
11 | 36 DOg@ 5.6
12 PANT * 4.1.10, 5.4.3 {37 A1p 5.5
13 : 38 DO 4 5.6
14 39 Dpos 5.6
15 Al18 * 4.4, 5.7 . 40 DO 6 5.6
16 Al7 * 4.4, 5.7 [ a1 p12 5.6
17 Al6 + 4.4, 5.7 i 42 D13 5.6
18  STATUS DSEL 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
5-4.5 47 SMEMR 5.3.6
22  ADDR DSBL 5.4.6 48 SHLTA 5 34
23 DO DSBL 5.4.6 49 TIX 4.1.2, 5.2, 5.2.5
24 2 2:3145 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




{BUS REFERENCED BUS REFERENCED
PIN SIGNAL IN SECTION(S) PIN SIGNAL IN SECTION(S)
| 51 +8V Unreg. | 76 PSYXC 5.1.1
52 i 77 PWR 5.1.3 :
| ¢3 SSWDSBL *+  4.1.9, 5.4.5 } 78 PDBIN 5.1.2
. 54 79 A 5.5
S . 80 Al 5.5
56 ' 81 A2 5.5
57 © B2 A6 5.5 }
58 83 A7 5.5 :
| 59 A19 4.4, 5.7 . 84 AS 5.5 :
|60 g5 A13 5.5 ;
61  A2p 4.4, 5.7 86 Al4 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 | 89 003 5.6
65 ' 90 DO 7 5.6
66 91 DI 4 5.6
67 i 92 DIS 5.6
68  MWRITE * 4.1.11 . 93 DI 6 5.6
.69 | 94 D11 5.6
70 | o5 b1 5.6
© 71 RUN * 4.1.12, 5.4.1.4, | 96 SINTA 5.3.3
5:4.5 o7 ®O 5.3.7
72 PRDY 5.4.1, 5.4.1.1 98 2/4 MH2 4.1.14, 5.3.8
73 PINT 5.4.3 i indicator
i 74  PHOLD 5.4.2 I 99 POC 4.1.6, 5.4.4
| 75  PRESET 5.4.4 ! 100 Ground
* Optional

**Either #1 or STVAL may be selected



CB2 PARTS LIST

Chip Pack

- U7
- U3,23,29,37

- v11

- U20,31,33,39,41

- Ul1,9,24,26

- U15

- UZ,38

- U34

- U46

U6,28

- U5,10,21,22,27,30,35
- U4,8,14

- U36,40

- 12

- U18,19,44,45,47-50

- U25,42

- U43

- U13

- U32

o RO 00 B 0D a0 DD e i O
1

Socket Pack

SD,SC
SE,SF
- SA
- SB

A0S W NN

Capaciteor Pack

1 - C4
28 - C1-3,5-7,9-22 24-31
2 - (8,23

L Ve i

SSM™

74500
74LS00

745802

741502
74LS04
74L508
741520
741521
74LS30

74S74

74L574
7415136
7415173
7415197
7415244
74367 /8T97
74368 /8T98
LM555
280/780C/MK3880

7 position Dip switch

4 position Dip switch
DPST switch

DPST(M) Momentary switch
B pin sockets

14 pin sockets

16 pin sockets

20 pin sockets

24 pin sockets

40 pin sockets

100 pf ceramic disk
.1 uf mono.
4.7 uf Dip tantalum




Resistor Pack

- R1l4

- R4,5

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

- R15-17

- R11

- RP1-6,9

- RP8

H el e
|

Regulator /Hardware Pack
1 -Y1
3 -X1,2,3
3
3
1
46 (Minimum)

Miscellaneous

1
30
1

330 ohm iW (Orange, Orange, Brown)
470 ohm %W (Yellow, Violet, Brown)
2.7K ohm }W (Red, Violet, Red)

620 ohm #W (Blue, Red, Brown)

10K ohm 4W (Brown, Black, Orange)
3.3M ohm 4W (Orange, Orange, Green)
2.7X 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

o,

e L AN |



Product Specification

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

The 280 and Z80A CPUI'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 MicToprocessors. 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 circuil
is implemented using an N-channel, jon 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 of 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
7-80A 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-
fation and easy implementation of relocatable code. The
Reflresh register provides for automatic, totally transparent
refresh of external dynamic memories. The 1 register is used
in a powerful interrupt response mode to form the upper 8
bits of a pointer to a interrupt service address table. whiie
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.

e 158 instructions—includes alt 78 of the BOBOA instruc-
tions with tota! 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 ps instruction execution speed.

Single 5 VDC supply and single-phase 5 volt Clock.
Out-performs any other single chip microcomputer in
4. B-, or 16-bit applications.

Al pins TTL Compatible

Built-in dynamic RAM refresh circuitry.
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7-80°CPU Z-80A CPU

COMPONENTS B

Z-80, Z-80A CPU Pin Description
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ZB0, 280A CPU PIN CONFIGURATION

Tri-state output, active high. Ag-Aj 5
constitute a 16-bit address bus. The
address bus provides the address for
memory (up to 64K bytes) data

Ap-As
{Address Bus)

exchanges and for 1/0 device daia exchanges.

Dg-Dy Tri-state input/output, active high.

{Dats Bus) Dg - Dy consutute an &.bit bidirectional
data bus The data bus is used for data
exchanges with memory and 1/O devices.

M, Output, active low, M indicates that the

{Machine current machine cycle is the OP code

Cycle one} fetch cycle of an instruction execution.

MREQ Tri-state output, active low. The memory

{Memory request signal indicates that the address

Request) bus hoids a valid address for a memory
read or Memory wrile operation.

10RQ Tri-state output. active low. The IORQ

(Input/ signal indicates that the lower half of the

QOutput address bus holds a valid 1/O address for

Request) a 1/0 read or write operation. An IORQ
signa! is also generated when an interrupt
is being acknowledged to indicate that an
interrupt response vector can be placed
on the data bus.

RD Tri-state output, active tow. RD indicates

(Memory that the CPU wants to read data from

Read) memory or 2n 1/O device. The addressed
1/0 device or memory should use this
signal 1o gate data onto the CPU data bus.

WR Tri-stzte output. acuive low. WR indicates

(Memory that the CPU data bus holds valid data 10

Write ) be stored 1n the addressed memory or 1/0

device.

RFSH
(Refresh)

HALT
(Halt s1ate)

WwWAIT
(Wait)

INT
(Interrupt
Request)

NMI
{Non
Maskable
Interrupt)

RESET

BUSRQ
{Bus
Request)

BUSAK
{Bus
Acknowiedge)

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

Output. active low. HALT indicates that
the CPU has executed 2 HALT software
instruction #nd 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 1o maintain memory refresh
activity.

PR e e mh-uwuorwh-.f_m.wu .

“nya

Input. active low. WAIT indicates to the
7-80 CPU that the addressed memory of
1/O devices are not ready for 2 data
transfer The CPU continues 1o enter wail
states {or as long as this signal is active.

Input, active low. The Interrupt Request
signa! 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 3
(IEF) is enabled ;

ol e = e

Input. active low. The non-maskable
nterrupt request line has a higher priority
than TNT and 1s always recognized at the
end of the current instruction, indepen-
dent of the status of the interrupt enable
flip-flop. NMT automatically forces the
2-80 CPU to restart to location 0066}

Input, active low. RESET initializes the
CPU as follows: reset interrupt enable !
flip-Nop. clear PC and registers and R /
and set interrupt to 8080A mode. During
reset time, the address and data bus go 10
a high impedance state and all control

output signals go to the inactive state.

Input. active low. The bus request signal has
2 higher priority than NM1 and 15 always rec-
ognized at the end of the current machine
cycle and is used 10 request the CPU address
bus, data bus and tri-state output control
signals to go 10 a high impedance state so
that other devices can control these busses

Qurput, active iow. Bus acknowledpe s
used to indicate 10 the requesting device
that the CPU address bus. data bus and
tri-state contro! bus signals have been sei

10 their high impedance state and the
external device can now control these sigrals




®
Z-80 CPU Z-80A CPU COMPONENTS
Timing Waveforms
INSTRUCTION OP CODE FETCH
The program counter content (PC) is placed on the N
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 1o dynamic 4_—"——}——\—‘ ) T
memories. RD when active indicates that the memory “ e hd ) ST
data should be enabled onto the CPU data bus. The CPU e s | m _r——\__l_
samples datz with the rising edge of the clock state Ty, e T —
Cluck states Ty and T4 of a fetch cycle are used 1o refresh e o de b
dynsmic memories while the CPU is internally decoding Y rerreae - Lj ----- o S ———= r
and executing the instruction. The refresh control signal - . J ) S
RFSH indicates that a refresh read of all dynamic memories o o1 — R oy J

should be accompiished.

MEMORY READ OR WRITE CYCLES

Musirated here 15 the iming of memory read or write
cycles other than an OP code fetch (M cycle}. The MREQ
and RD signals are used exactly asn the fetch cycle. in
the case of a memory write cycle, the MREQ also becomes
active when the address bus 1s stable so that it can be used
directly as a chip enable for dynamic memories. The WR
hine is active when data on the data bus is stable so that it
can be used directly as u R/W pulse 10 virtually any type of
sermiconductor memory.

INPUT OR OUTPUT CYCLES

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

INTERRUPT REQUEST/ACKNOWLEDGE CYCLE

The interrupt signal is sampled by the CPU with the
nsing edge of the last clock at the end of any instruction,
When an interrupt is accepted. a special M, cycle is
generated. Duning this M| cycle. the TORQ signa! becomes
active (instead of MREQ) 10 indicate that the interrupting
device can place an 8-bit vecior on the data bus Two wait
states (Tw*) are automatically added 10 this cycle sn that a
ripple priarity snterrupt scheme. such as the one used in the
250 penpheral controllers, can be easily implemented
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Z-8U LPU L'bUA Lru UMMy LD
Instruction Set

B-RIT LOADS

16 BIT LOADS

FXCHANGES

The following is a summary of the ZBO, ZBOA instruction d = any B-bit destination register or memory location
set showing the assembly language mnemonic and the sym- dd = any 16-bit destination register or memory location
tolic operation performed by the instruction, A more de- e & 8-bit signed 2's complement displacement used in
tailed listing appears in the ZBO-CPL technical manual. and relative jumps and indexed addressing
assen_\b_ly language progrm'frm'ng mmgal. The instructions L = 8special call locations in page zero. In decimal
are divided into the following categories: notation these are 0, B, 16, 24,32 40, 4K and 56

8bit loads Miscellaneous Group n £ any B-bit binary number
16-bit loads Rotates and Shifts nn = any 16bit binary number
:-::.:h;nggnsl M Bit Set, Reset and Test T E :{ny St;t general purpose register (A, B.C.D. k.
emory Block Moves input and OQutput .or
Memory Block Searches Jumps 5 = any B-bit source register or memory location
B-bjlrarj:‘hmem: and logic Calls S E abut in a specific B-bir register of memory location
16-bit arithmetic Restarts ss = any 16-bit source register or memory location
G'—‘f:';: P“O'Pf’“l‘_‘““m”mo' Returns subscript “L™ = the low order B bits of 3 16-bit register
g Dperations subscript "H™ £ the high order 8 bits of a 16-bit repister
In the fable fhe {0"0‘“_"3 terminology 1s used. () = the contents within the { ) are 1o be used as u
b = 2 bit number in any 8.bit register or memory pointer 1o a memory location or 1/O port number
location 8.bit regisiersare A B.C.D.EH. L. 1and R
cc = flag conduion code 16-bit register pairs are AF. BC, DE and HL
PZ42 £ non zero 16-bit registers are SP.PC IX and 1Y
E zero
NC = noncarry Addressing Modes implemented include combinations of
C f carry the following  Immediate Indexed
PO = Pan_ly odd or no over flow Immediate extended  Register
PE = Parity even or over low Modified Page Zero  Implied
P = Positive Relative Register Indirect
M = Negalive (minus) ) Extended Bit
Mnemonic Symbolic Operation Comments Mnemonic Symbolic Operation Comments
LDr s T35 s=r1.n (HL). LDI (DE) -~ (HL). DE ~ DE+!
X ‘ » - - RC.
(IX+eh (1Y +e) = HL = HL+1 . BC < BC-1
LDd r d=~r d=(HL).¢ g LDIR (DE)+ (HL). DE + DE+!
{(IX+eb. {1Y+e) o HL « HL+1. BC « B(-)
LDd. n {d-n d=(HL). § Repeatuntil BC = 0
(IX+e), (1Y +e) : LDD {DE)~ (HL).DE - DE-|
LD A.s A-s s=(BOL(DE). | = HL - HL-1.BC = BC-1
(nn). 1R #1 LDDR (DE) - (HL). DE +~ DE-1
LDd. A d-A d=(BC).(DE).| ¥ HL « HL-1.BC ~ BC-1
(nn). 1 R Repeatuntil BC =0
.
L.Ddd. nn dd ~ nn dd = BC. DE. w i CPI A-{HL). HL — HL+1}
HL.SPIX.lY | E BC < BC-I
w
LD dd.(nn} | dd ~ (nn} dd = BC. DE. X | 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. ; unt! BC =0 0r A=(HL) A s not affected
HL . SP.IX. 1Y !
s = | CPD A-{HL) HL « HL-}
LD SP.ss SP + 55 ss = HL.EX. 1Y : BC ~ BC-1
T - - . = . x )
PUSH ss {SP-1} = sy (SP-2) =55, | s = BC. DE. 2| cror A-(HL). HL = HL-1
HL.AF.IX. TY - 8C - BC-|. Repeat
: .
POP dd dd; ~ (SP).ddyy = (SP+1} :;1::5.:’3(5 until BC= 0 or A = (HL}
. XY
se— ADD A-Ad+s
EXDE HL | DE—-HL _{ ADCs A~ A+s+CY CY is the
EX AF.AF" | AF - AF' 5| suBs A-A-s carry fiag
EXX BC B("' - SBC s A~-A-s-CY s=r.n (HL)
SE ~{ bt =! ANDs A-ARNs (1X+e).(1Y+e)
EX (SP SPL HLP = ORs AmRY
(SPhss | (SPy--ss; (SP+1)--s5y ss-HL.lX.L XOR s A-A®s

A-6d
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1607 ARITUMETIC

GP ACC. & HLAG

MISCHLLANYOUS

ROTATES AND SHIETS

. on®
:Z-80 CPU Z-80A CPU COMPONENTS
Mnemonic Symbolic Operation Comments Mnemonic Symbolic Operation Comments
-
CPs A-s s=r.n(HL) «|BITb.s Z-?b Z is zeto ag
INC d dede (Xve).(0¥4e) § o 1gETHs |5+ $E 1 (HL)
d=1. (HL) ~|RESb.s |3 -0 IXve). (1Y +e)
(UX+e). (IY+e) £
DECd d~d-t INA, (n) A~ (n)
INT(C) 1+ {C) Set flags
ADDHL.ss | HL = HL 455 < BC. DE INI (B“L’s"{f]‘m‘ =HL+|
ADCHL.ss | HL = HL + 55+ CY 6= DL -
. P - -
SBC HL.ss | HL = HL - s - CY HL.S INIR (HL) = (C).HL - HL + §
ADDIX, ss | IX < IX + 35 :;(Esl:’c- DE. Repeatuniit B=0
: N HL) - (C).HL - HL - 1
ADDIY.ss | 1Y = 1Y + 55 ts = BC. DE. IND G ©
1Y.SP Z }
&= ‘ - - .
INC dd dd = dd + | d4d = BC.DE. £ | INOR gﬁfz_(f"HL L~
DEC dd HL‘_SP‘ IX. Ty § Repeat unul B = 0
d dd-dd-1 :":;Cifﬁ'y < oUTini A [i-aA
s Elovtcrs b=
DAA Converts A contents into | Operands must Z | ouTt (Ch—(HL). HL =~ HL + |
packed BCD following add | be in packed B~E-|
BCDY
or subtract ormat OTIR (C)=(HLLHL « HL + |
—_ B-~B-1
CPL A-A Repeat unuit B =0
NEG A-00-A OUTD (Ch=(HL). HL = HL - |
CCF CY ~CY B-B-i
SCF CY ~ | OTDR (Cr=(HL). HL ~ HL - |
NOP Nu uperation i_ Bl- ! WB=0
HALT Hali CPU ikl .
Di Drsabie Enterrupis I an PC = nn NZ PO
El Enable Fnterrupts JP cc.an tf condition cc s true Z PE
cc
MO Set interrupt mode 0 8080A mode PC = mn. else continue EJC :'
IM 1 Set interrupt mode | Call 10 0038y e JRe PC-PCee
M > Set snterrupt mode 2 tndirect Call 3 JR kk. e If condition kk is true "k NZ NC
2 PC « PC + e_else continue Z C
RLC s IP gs5) PC - 55 3= HL.1X_ 1Y
: DINZ e B~B-1.(B=0
RLs .-. conunue. else PC ~PC +e
_
5
CALL wn (SP-1)~PCy NZ PO
RRC s = “ (SP-2) « PC .PC = nn 7 P
i :ﬂ: CALL cc.nn | If condition cc 1s false e ne o p
RR .-‘ ,.. o - continue, else same as C M
: = CALL nn
)
SLAs 3 S 0 (HL) E|RSTL (SP-1) - PCy
s (IX+e) (1Y+e) x S_P"’:PCL'PCH"‘)
L -—
SRA's =~ £ L
|7 RET PC, - (5P,
SRL s vl T PCy = (SP+1)
s RET cc If condition cc is false N2 PO
v .
RLD ,-... H continue. else same as RET . i( zl
A [ ] E RETI Return from interrupt, ¢ M
® same 35 RET '
RRD I ) I A D L RETN Return from non-
A ] maskable interrup!




7-80°CPU Z-80A CPU COMPONENTS

Z-80 CPU A.C. Characteristics
T,=0Co 70°C. Ve = +5V ¢ 5% . Unless Otherwise Noted.

Sagus! Symbol Poramertet - M Mas Umit Test Conditinn
" Chak Prrad 4 1N e B 6=ty ety o) " it Y
- e (W Chak Pt Width Clak Thgh 1 %0 {E] i,
g 1L Cha bk Puie Wil Clrak Leve 1AD 2000 nic,
L) Chnk Rine and FAI Toe 0 s,
NaLn Addresy Ouiput Laebay 14% L
1F tAD) Detay b Flowt (L] e,
em Address Stabie Proor v M{Hrsmw_\ Cuile) 111} nat, Con £
Ap-1¢ [ Asdiews Stable Pooe o TORD BD o TR 00 O ey ™ nse, L 09 ] '.cm"ﬁ.ﬂl”!’“
Lu Addicss S1abiv bom _I_D‘WL m D’m T PN . .
Lat Address Statdc bt RO on WR Buong Howl 131 YN 121 n 1 =0
DD Dois Cutput Dl 230 et [ L R S N
P Detuy 1o Float Durig Wene Ty ke ] R,
1Se 1L Brata Setup Towe 10 Rusang | dge o Chak Durmp Wt £aoie 0 nie, B gt et ™
D, [y Dt Serup Teowe 10 Fatting | dge ot Chond Duning M2 1o WM< i) nic., Ty = 50pt
0.7 LY ¥ 1 dpe ¥ n
o Dty Stable Prav 1o WR ivemars Cyuled T8 nac, L 1 tgem=t.-210
Taus Duta Stable Prow 0 WR 10 O Cailes To? .
i Dass Sisble Feoni WR Y 1 1ge ® taqwr) * Y- 210
[ Ay Huold Tove 1or Sevop T i} me. | tegr ™ tﬂ@L) *1, A0
'DLE (MR MR Deivy From Fatling Rage ol Chat MREG Low D .
IDHe (MR) | MRIQ Delay Frum Rung kdpe of Clk MREO Hopht o0 Py
WRLD tDHT (MR | MREQ Delas From Faling tdge of Clink MREQ High OO P ¢, = <ot
To (MBS Pulse Sudin, MREQ Low LA 8 LTINS 0
o (MRH | Pulse Widihh MRLO High 187 TN
— — 191 Cagmmtrt ™ttty * 1t M0 }
IDLe (IR TORQ Delay From Ryung Edge o Cluch 1ORO Low K e,
TS DIEUR) TORD Detay From Fatlng Edgr of Ciuek TOROD Low T T70 ] £+ sour
1DHe (IR) 10RO Drlay From Raung Edpe of Ciock  ORD High TOO e L
IDHE (1R} IORG Detay From Fathing Edpe of Ciock 10RQ High TIC e L
IDL& (RD} -l_li Delay From Reing Edge of Clock. E[}_Lo-r 100 ol ﬁ
D IDLE (RD: RD Drisy From Falimg Edge of Ciock RD Low 130 Ase, C. . F
\DHS (RD RD Delay From Ruuing Edpe of Clock RD Hupl 100 nse, T
IDHE (RD) RD Detay From Falling £dge of Clock, RD Hugt Til ne
IDL# (WR E Deisy From Runing Fdge of Cloch -"ELDI 30 necc
R DL (R WE Driay From Fatling Edgr of Clock, WR Low L]0 Y
w
b \DHE (WR: | WR Delay From Fating Edpe of Clock. ¥R lugr ] 1= %0eF
Iy (WRL) Puise Width. WR Low (KLl TS
11O} Ry "1 - 40
IDL M1 M Delay From Rasing Tdge of Oloci. M1 Low 130 neec
i i1y | B Delay From Ruumg Lage of Cloch M1 Mg TS CL " 50¢F
ETSH DL (RF) RFSH Drlsy From Ruung Edge of Cluck . RFSH Low 100 | e
H OH (RF 1 RFSH Delay Frum Ryung Edye of Cluck RFSH Migh T e L " 50°F
WAIT 5 (WT) WAIT Setup Tome w Fatling Edge of Olach " meo
HALT 1D HT) HALT Detey Tomw From Fatling Fdgr of Cliwd 300 RyeC (L = 50pF
(3 YWAETE KT Setup Tome 10 Rung Edge of Clck 80 LU
i I~ Pulse Widti, NM1 Luw L) e
BUSRO Wy (9O) BUSRQ Setup Time o Runing Edge of Clnk N neEo
: DL DA} BUSAL Detay From Rauing Fdge vt Clock . BUSAK Lo 120 nwmc .
USAL IDH (BA) WOTAK Detav From Falling Fdge of riock . BUSAK Hgh 1o Lo CL sopf
TR Iy (RS} RESET Sciup Tame 10 Ruung Edge of Chick 0 L7
iE 0y Delav 1o Float (MRIQ TORO KD and WR L] C
tme Wi Siable Moo 1o WORD (interrupt Ack | 114l Lo - :.A o) -
NOTES
A Dats domild b enabied BLINY the CPlL duio bus mien ﬁ) mnoative Dunng wiertup acknowicdgr dois
gt W peghied weie Wi oand HORG sre hondi active e on e
A & 1Y
H AL onno ugngh e miernalle suncbionized e Hies pws be toiglle g pchsnus with reapeat
b ihe 3

U Toe RESET wgna? must Be wtne Lar g mavemum of J diih ke

D Owrput Deles o0 Lugded [ apacrisnne
Ta® Wt Voo mefy oty
Add 10nsec delay for each SOpS incrense in load up 10 & maxumum of 200pT for the data bus & 100pf for
address & control lmnes Load cweuit for Ouiput

bADLcul e B e TESUNE Fudiatiees L gy oot U e e uimum

A-RT



Z-80°CPU Z-80A CPU COMPONENTS'
Z-80A CPU A.C. Characteristics

Tp =0°C 0 70°C. Ve = 45V £ 5% Unless Otherwise Noted

St Sy mbol Parameser M Max Uwit Test Comiviran
1 Clock Peniad 25 112 e, [LN BT .y LAY
. 1, 18H) Clovi Puise Width. Cluck Hgh 110 1] TN € wteH) T weL) Y
by tOL) Clock Pulse Wk, Clock Low 110 2000 LN
[ Clock Rust and Fall Time w ner,
iniap Addrens Dutput Detay 116 it
'} (AD) Delay 1o Flaat a0 e,
Faen Addiess Suadle Pror (o MR D (Memory Craled T nie. .
A1 Laes Address Stable Prun 1o JORY KD &R (10 0y chey Ll nye. (= sopt 16 e ® tagapt * Y 8t
[ Addiess Suadle rom BB, WR. 10RO or MRED ™ TR
- Addrrss Stable From RD 0 WR Duning Floa T3t e~ 12t =t =%
o] Bata Outpul Delsy 150 [N AT Y] + =50
E(D) Deelsy 10 Fiast During Write Cy e 90 "R a”wel) "
'@ (D) Dats Serup Time 10 Rusing bdge v Chnd Buning M1 4 ke L LI 4} lu!"q‘tl"l'“
Dy v E (D Dn1s Serup Time v Fathng tage ot Chock Buiing M 1o Wt <0 nae . (L = S0On1
dem Du1a Stabie Proon Lo WR (Memuns Crcles T ne. %1 eem™'c - 170
[P Duta Stabic Proce 1o @R (1 OOyl [l [
1, 4 Dura Stabte From WR i} I»] 1“1.:[.(‘L)01' - 170
[ Any Huid Tire for Setup Tume ¢} nee. (]| ':df”'(ﬁ[.)*lr-"o
IDL® (M MRIQ Detay Fiom Falisng Edge ot Clak HRLO Lirw gs e,
"DH® (MR MREQ Detay From Ruing £dpe of Clock, MREQ High ES .
MEFD IDHE (MR WRED Detar From Falling Edgr of Clock, MRFQ Migh 85 nar. (I. = SDpt
l (WAL Pulse Widir MRED Low lEA nse, 18]ty (MR =1~ %0
la (MRH Pulse Widih MREG Mgt 141 TN
pa— 191 b SR ™ Lat) * 5~ 70
DLe (1R} IGRG Drtsy From Ruung Edge of Ciock  TORD Low 75 e
o116 ‘DL (IR TORO Dr!ay From Falting Edge of Clack I0RD Low ES R, €, * SopF
1DH® (IR 10RQ Deiay From Runng Ldge of Clock, TORG High (B . t
DHE (IR} TORQ Dxiay From Faliwng Edge of Clock IORD Migh BS e
‘DL® (RD) E Detay From Rusing Edge of Clach @Lo- B L1
i DLE (RD RD Detsy From Falting Edge of Ciock RD Low [H nus. € = \gpi
IDHe (RD) RD Delay From Risang Edpe of Clock RD kgt BT L' L=
'DHE (RD) KD Deiay From Faling Edge of Cioch RD Hip~ BS e
DL (WR) E Delay From Reung Edge of (‘iud_&_'iLm- £5 e
— ‘DL‘(“R} WR Deiay From Fating Egge of Clock WR Low an [T*H
W
¥ 'DHE (WR) WE Deiay Frﬂ Faling Edge of Cloch, WR Hgr 80 he. € * sopf
Ve (WR L Puise Widih, WR Low 110l nie.
150} t WRL) " ~30
i Dy (M1} M1 Drlay From Rang Edge of Clack M| Low 100 LI Cy = 50pF !
YDH M1} M1 Delay From Busng Eage of Clack. M1 Hugh 100 L' L
KSR DL {RF}; RFSH Delay From Reung Fdge of Clock, RFSH Low 130 L
FSH 'DH (RF) KFSH Delsy From Runng Edge of Clock  RFSH High 120 nec CL = 505F
wAlY Iy (W) WAIT Seiup Time 1c Faliing Edge of Clock 0 e
HalT thIHT) HALT Drlay Tame From Falling Fdpe of Clock 00 L1v rl. = 30pF
54 4 (T) KT Seiup Time o Rusing Edge of Clocs 80 e,
i te (WML Puise Width W1 Low 1] nse.
BUSRO 5 (B BUSRO Setup Time 10 Poung Edpe of Clock %0 LY
o ‘DL (BA} BUTAX Delsy From Rusing Edge of Ciock, BUSAK Low 100 [ c - F
Ak DM (BA) FU5AR Deiay From Faliing Edge of Clock, FUSAK High 100 LN L b
RESTY 1y (RS, KESET Serup Tume to Rosng Edge of Cioxk o0 miec
tE(Cy Delay 1o Flaat (MREQ lOlO.i-ﬁmdﬁl 80 o
[P M Siatie Prior to FORD (interrupt Ack ) nij LI" i e " 21‘ . ol * lf'“
L3
NOTES
TURT WOemt A-rvan
A Datz thould b enabied onto the CPL dats bus when KD g active Duting mvierrupt acknowledge data o oo
should be enabied when W1 ang m“r both schive gy ,"',"'
B All conuot sgnabs ate wternatly synchiomized 1o they may be 101y asynchronous with respect
10 the clock

-

The RESET wugnat must tar active (o1 2 mimmum of 3 tlock cycies
D Qurput Delay v Lowses Capacitance
TA«C  Wicmelvarn
Add | 0nsec delay for each S0pf mcrease in load up 1o maxsmum of 200pf (o7 data bus and 100pf for
address & control lines. Load cireun for Chipur
b Ahhough atk by dengn testing guaraniees |t @y ©f N0 wrwr e smum




Z-80°CPU Z-80A CPU COMPONENTS
A.C. Timing Diagram

Timing measurements are made at the following

voltages. unless otherwise specified: e I
CLOCK Ve -6V A5V
ouUTPUT 20V v
b mrUT 10V AV
FLOAT AV 2048V
L
._.J. | ¢ (AD}
— f—
L ZLLN --uv-v--.,,q "
Ag. AlS "
0 AD)
N - -y 4 \’- %""——-‘"\ 1( R'
G- 15 s I —‘)(r 4 "f"""' L ol N
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Z-80°CPU Z-80A CPU COMPONENTS

Absolute Maximum Ratings

Temperatuze Under Bias Sf!clf:rd npfralu-lp ranpe *Comment Note  For Za0CPU o AL and TN charsciensics romun the
o T eC o Sueses e o e undes “Abca iedival ety finiiny
oliage ¥ ° Maamum Rating” may caust peimhantni
with Respect 10 Ground damage 10 the device Ths u s sLress ratang bt UmA
Power Duspation 1.5W only and funcuons! operation of the dence

at these of any other condition sbove those
mdicated m the operational sections ol tha
specification 5 not implied Exposure 10
asbsolute maximum raimg conditions for
exrended penods may affect device reliabelity

Capacitance

Ta*25°C.0= | MHz,
unmeasured pans returned to ground

Z-80 CPU D.C. Characteristics

TA® 0°C 1 70°C V= SV 2 S undess utherwise speuified

Svmbel | Paramecict Min Tvp | Mar Unit | Test Condition Sumbol | Parameter Ma Unit
YiLe Cluck Input Low Vohage 01 gas v Cq Clock Capacitance As 13
Y Cluck fuput High Voltape Viob v+ v LN Input Capacitance S pl
A L Inpun Low Vallage 0.1 On v Cout Ouiput Capaciiance 10 pF
AT fnput High Voltage 2.0 Veo v
\ oL Outpit Low Valiape [} v lpL=! M
VOie Ouiput Hiph Voltage b} v IOH“':SO.W\ Z-BO CPU
Lee | Puwer Supphy Curem 150 { ma Ordering Information
Y] input Leakage Curient 10 HA VD e Ve C - Ceramic

: . ! P - Plastic
Lpon ] TrStie Qutput Leakape Current in Floa 1IC | wa | Vourridiev, S - Standsrd SV 2 5% 0° 10 70°C

; ‘ E - Eciended SV 2 4% -20° 10 85°C
Lol TrStste Quiput Ledhape Current ir Floae A0} pA Vo T=0ah M - Miitary 3V $10% -55° 10 425°C
fip Data Bus Leakape Currentin dnput Maode 1D | pA L NS T

Z-80A CPU D.C. Characteristics Capacitance
Ta=25°%C. F =1 MH7.

Ta=0'Cro70°C. V=3V 37 uniess othermise specified
unmussured pins returned o ground

Simbul' | Paramerer Min Tvp Mas Unit Test Condition Symbol Parameler Mar Unit
Ve Clock Lrput Low Volispe 03 04s A Ce Cioch Capacnance 34 pF
Vb Clock Input High Vollage Ve b Veet3| Cin Input Capactiance 5 pF
Vie Input Lo Voliage .3 0.8 v Cout | Duput Copacitance | 10 | pF
ViH Input High Voltage 20 Ve v
VoL Output Low Yoltage 04 v lg =i.Bma
N ot Output Hagh Voitage hE | v loy=-250uA Z BOA CPU
lec | Power Supph Currens I Mt i Ordering Information
Iy Input Leakape Current 10 uA VinEbio Vo
. € Ceam

! _ Vagrzdd oV P Pavic

P ILoH Tre-State Quiput Leadape Current in Fioar 10 uA ouT ¥ S . Siandard SV 257 0° 1e 0%

! Low Tn-Staie Qurput Leakage Current in Float 10 A | V=04

i Dars Bus Leakage Current in Input Muode 10 | wA LAY IR PR




Z-80 CPU L-BUA LY U ‘ et e

Package Package Outline
Configuration

u o ——— - 2V00MAX i —t
1 -—t ! a|—e %10 . 5 134 conl
Ay —df? »nl——eiy .
Ay 3 ot ag lalsinlieiniainiasislaisisiasinlsbalialstialsiy
Ay e 4 37 e 4y
Ay e b % f—a Ay
- el & o SRy $14¢1 0%
:‘-—-—? »— B e
y i nl—e*;
Cg ap—mt 3 32 p——e= A3 1
= /
o, ‘Ornmﬂ al R EPANID ARG RAREINE DS NEwEL Y SN
ey ——aimd 1 20— &g 230 Wax » 5842

07 et 17 3 40a FE{S-—— GND

O3 mp st 1 m}o—aKFn

D - —d 14 U gy e W

Dy | s = o ——WESET

WY ——at 16 » po-— BUSRT

_— N
WA ———elid 47 M p—— WAIT ?uoo?om‘
HALT apiamd 11 n.._..."(‘];‘ix 015 ¢ 038 090 | 2786 loo % | S0 1 4GBE
RO -— 1y o Wk 075 OsBa "". —. W 180 M - R T
BRT e 20 s
21 p—=—a ED Tve

*Dimensions for metric system are in parentheses




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 a&nd suggestions to SSM Customer Service

at the address below.

COMMENTS & CORRECTIONS ON SSM CB2 INSTRUCTION MANUAL

CBZ Serial #

Name
Title
Company
Address

Telephone ( )

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

Attention: Customer Service Department




