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CAUTI ONS

Correct this docunent fromthe errata sheets, if any, before doing
anyt hi ng el se.

Building this product froma kit is a conplex, demanding project. It
shoul d not be attenpted w thout prior kit building experience.

Do NOT insert or renove the ZPB fromthe conputer while the power is
turned on. Note that the power is not conpletely off until the
capacitors have discharged, several seconds after turning of the power
swi t ch.

Do NOT insert or renmove IC s fromthe board while the power is turned
on.

Be sure each 5 volt regulator is generating 5 volt output voltage
before installing any I1C s.

Be careful to insert all I1Cs in correct positions and with correct
orientation. Be sure all IC pins are correctly inserted into the
socket holes and are not bent under the IC and are not outside the
socket .

Carefully observe the anti-static handling procedure for the static
sensitive devices (these are the Z80A and the 2708 PROM i n t he PROM
option). The procedure is described in the

Assenbly Information section of this manual.
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| NTRODUCTI ON

The North Star Conputers Z80A Processor Board (ZPB) provides Z80
m croprocessor capability on the S-100 bus. The use of the Z80A
chip allows full speed 4MHz operation as a standard feature. The
ZPB can be used in any standard S-100 bus conputer and w ||
operate in conjunction with nearly all other S 100 bus boards.
However, the ZPB has been specifically designed to integrate into
the North Star Conputers HORI ZON conputer system In addition to
t he ZBOA m croprocessor and support logic to interface to the
standard S-100 bus, the ZPB contains the follow ng features and
opti ons:

1. AUTO-JUMP feature that will cause an automatic junp to any
address at power-on or reset.

2. VECTORED | NTERRUPTS. ZPB logic will respond to eight |evels of
interrupt requests, determ ne the highest priority request
pendi ng and generate the appropriate RST instruction. The logic
may be disabled to allow the function to be perfornmed on
anot her board.

3. FRONT PANEL | NTERFACE for direct connection to | MSAl and ot her
simlar front panels.

4. ADDRESS M RROR feature to sinulate the input/output
characteristics of the 8080 m croprocessor. This feature
mai ntains conpatibility with some S-100 bus peripheral boards.
Address mrroring may be disabled to allow use of the nore
power ful Z80 protocol

5. PROM OPTION. 1K of 2708 type erasable PROM can be added to the
ZPB. This allows configuration of systenms that require resident
nmoni t or and bootstrap prograns.

| f you have purchased the ZPB as a kit, first skimthis entire
manual . Before beginning assenbly, carefully read the Assenbly
| nformati on section.

Whet her you purchased the ZPB as a kit or assenbled, read the
Configuration section before attenpting to use the ZPB. Note
that a Z80 Techni cal Manual has been included to fully describe
t he operation of the Z80A.
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LI M TED WARRANTY

North Star Conputers, Inc. warrants the el ectrical and nechanica
parts. and workmanship of this product to be free of defects for a
period of 90 days from date of purchase. |If such defects occur, North
Star Conputers, Inc. will repair the defect at no cost to the
purchaser. This warranty does not extend to defects resulting from

I nproper use or assenbly by purchaser, nor does it cover
transportation to the factory. Also, the warranty is invalid if al
instructions included in the acconpanyi ng docunentati on are not
carefully followed. Should "a unit returned for warranty repair be
deened by North Star Conputers, Inc. to be defective due to
purchaser's action, then a repair charge not to exceed $30 w t hout
purchaser's consent will be assessed. ANY UNIT OR PART RETURNED FOR
WARRANTY REPAI R MUST BE ACCOMPANI ED BY A COPY OF THE ORI G NAL SALES
RECEI PT. This warranty applies to units |ocated outside the United
States of America only if all costs and arrangenents for
transportation of the product to and fromthe factory are borne
entirely by the custoner. This warranty is nmade in lieu of all other
warranties, expressed or inplied, and is limted to the repair or
repl acenent of the product. No warranty, expressed or inplied, is
ext ended concerning the conpl eteness, correctness, or suitability of
the North Star equi pnment for any particul ar application. There are no
warranties which extend beyond those expressly stated herein.

QUT OF WARRANTY REPAI R

I f your unit is out of warranty and you are unsuccessful at

di agnosing or repairing the problem out-of-warranty service may be
arranged with a | ocal dealer or other experienced | ocal conputer
technician. Alternatively, any North Star products may be shi pped
PREPAID to the North Star address with a clear witten description of
the problem Include as many details as possi ble about the problem
and about your system configuration. Your unit will be returned,
C.OD., wthin 30 days after receipt by North Star. Qut-of-warranty
repair service is billed at the rate of $25.00 per hour. If you w sh
to place an upper limt on the anount of tinme spent on your unit,
mention this in the witten description.

North Star Z80A PROCESSOR BOARD 4



ZPB- A PARTS LI ST

ZPB Manua

Z80 Techni cal Manual

ZPB printed circuit board, 5" x 10"
40-pin | C socket

20-pin |1 C sockets

16-pin |1 C sockets

14-pin |1 C sockets

16-pi n DI P header

1N4148 di ode

5 volt regulators, 7805 or 340T-5
heat sinks, 6107E-14

crystal, 8MHz

6- 32x3/ 8" machi ne screws

#6 | ock washers

6-32 nuts

NNONNRPNNRRRRNRRRRE
NN

Integrated Circuits

3 74LS00 1 741L.S132
2 74L.S02 1 741L.S148
1 74LS03 3 74LS175
2 74L.S04 7 741L.S241
7 74L.S08 2 741L.S257
1 74L.S14 1 7404

1 74L.S32 3 74367

1 74LS74 1 8T97

1 74LS75 1 Z80A
Resi stors

1 100 ohm (br own- bl ack- br own)

1 330 ohm (or ange- or ange- br own)

2 470 ohm (yel I ow vi ol et - br own)

11 1K ohm (br own- bl ack-r ed)

1 10K ohm (br own- bl ack- or ange)

4 1K ohm networ ks, Part No. 10-9-1-R1K

1 2. 2K ohm network, Part No. 10-9-1-R2.2K
Capacitors

1 33pf Di pped m ca (may be nmarked "330J03")
1 470pf Di pped m ca

19 .047uf ceram c disc

2 6. 8uf Di pped tantal umr

1 39uf Di pped tantal umr

1 100uf El ectrol ytic
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PROM OPTI ON PARTS LI ST

7415136 | C

2708 EPROM

+12 volt regulator, 78L12

-5 wvolt regulator, 79L05

24-pin I C socket

14-pin | C sockets

14-pin DI P header

1K resistor (brown-black-red)
3.9K resistor (orange-white-red)
3.9K resistor network, Part No. 10-9-1-R3.9K
2. 2uf di pped tantal um capacitors
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ASSEMBLY | NFORMATI ON

Read conpl etely through each section before beginning the first
instruction step of that section. Performall operations in the
sequence indicated. Read each step entirely, including any notes that
acconpany the step, before beginning to follow the step.

WORK AREA AND TOOLS

Start with a clean, well-lit and well-ventilated area to work. The
area should be | arge enough to accommopdate the kit, tools. parts and
assenbly instructions. Suggested tools are: screwdrivers, needl e-nose
pliers, diagonal cutters, soldering iron, solder, and nmasking tape. A
nunber of tests will require using a VOM (ohnmeter-voltneter) or VIVM
Al so highly desirable, but not necessary, are an IC inserter, a
screw hol di ng screwdriver, an oscilloscope or |ogic probe, and an
extender card. [Note that if you do not have an oscilloscope or |ogic
probe, wavefornms can be detected by one of the procedures described
in Appendi x 1.]

SOLDERI NG TI PS

a
tenperature controlled tip (approximately 700 degrees). The ip
should be no wider than the sol der pads on the printed circuit board.
Use only a fine gauge rosin core solder (60/40 or

63/ 37). Do NOT use acid core solder as this can severely danage a
printed circuit board. Wien sol dering, keep the soldering iron tip on
the pad just | ong enough for the solder to conpletely flow |If the
sol der does not draw up the wire then nore solder is required. Do

not use so nmuch solder that it overflows the pad. If a solidified
joint is not shiny. it may be a cold solder joint and should be re-
nmelted. The soldering iron tip should be cleaned frequently by w ping

on a danp sponge

For best results use a 15 to 25 watt soldering iron or an iron with
t
r

When you have conpl eted assenbly of a board, inspect it for
uni nt ended sol der connections or "bridges", as well as unsol dered
| eads. After soldering, it is recomended that the rosin flux be
removed fromthe board using flux renmover, FREON or paint-thinner
type solvent. This will make | ooking for sol dering problens easier
and give the board a cl ean, professional appearance.

| C SOCKET | NSTALLATI ON

Integrated circuit (1 C) sockets can be installed by first i nserting
theminto the printed circuit board, then placing anot her fl at
board over the |1 C sockets and finally turning over this sandw ch. Be
sure that each I C socket is inserted into the proper location and is
oriented such that pin 1 of the socket corresponds to the pin 1

i ndi cation on the PC board | ayout | egend. (Refer to figure 1A to
identify pin 1 on an | C socket.) To solder I C sockets, first

sol der just two opposite corner pins

7 North Star Z80A PROCESSOR BOARD



for all sockets being installed. Then re-nelt the corner
connections while applying pressure down on the board. This wll
renove any gaps that may be present between the I C sockets and the
PC board. Finally, solder the remaining pins of the IC sockets.

DI P HEADER SOLDERI NG

When making junper connections on a DI P header, solder resistor or
capacitor lead clippings between the | eads to be connected. \When
more than two pins are to be connected together, bend a single
wire so that it routes to each pin, and sol der each pin once.

| nsert the header in an I C socket on a PC board to hold it during
sol dering. Overheating the pins with the soldering iron wll nelt
the plastic of the header. If there are nmultiple junpers on a
header, make sure that no unintended connections are made by
carefully routing the junpers, or insulating each junper with sonme
w re insulation.

RESI STOR AND CAPACI TOR | NSTALLATI ON

To install resistors or capacitors, first make right angle bends
in the leads to fit the PC board hole spacing. (Sone capacitor

| eads are al ready appropriately spaced and do not need bending).
Then insert the |eads as far as possible through the correct holes
in the PC board and spread the leads slightly on the sol der side
of the board to keep the part in place. After a group of resistors
or capacitors has been inserted, then solder the | eads on the

sol der side of the board and snip off the excess |leads as close to
the board as possible. Use caution to avoid eye injury from
flying bits of wire. Save the lead clippings for later use in
maki ng j unper connecti ons.

PRI NTED CI RCUI T BOARD LAYOUT

The white conponent | ayout |legend is printed on the conponent side
of a printed circuit (PC) board. AlIl conponents are inserted from
this side (conponent side) and sol dered on the other side (sol der
side). Locations on the PC board are identified by two-character
codes as marked on the board: a digit followed by a letter

i ndicating the horizontal and vertical coordinates of the

| ocation. Note that in North Star kits, 1C s can be found on
styrene pads in positions corresponding to their intended

| ocations on the PC board.

Pi n numbering conventions for the S-100 edge pins are as foll ows:
When viewi ng the component side of the board (with the pin edge
facing down), pins 1 2, .... 50 range fromleft to right. \Wen
viewi ng the sol der side of the board, pins 100, 99, ..., 51 range
fromleft to right.

North Star Z80A PROCESSOR BOARD 8



MOS | NTEGRATED CI RCUI' T HANDLI NG

Sonme North Star PC boards use sonme MOS-type ICs. These parts are
identified as such in the instructions. MOS devices can be damged
by static electricity discharge, so special handling is necessary
to protect them Handle MOS devices as little as possible and
avoi d touching the pins. Place the conductive foam or tube which
contains the MOS device onto the PC board before renoving the
device fromthe foam or tube. Also, be sure both hands are
touching the foam or tube when the device is renoved fromthe foam
or tube.

Once an MOS device has been installed in a PC board, handle the
board as little as possible. OF course, never insert or renove any
| C while power is applied to the board, and never renpve or insert
a PC board while power is applied to the notherboard.
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ZPB ASSEMBLY

Bef ore begi nning assenbly of the ZPB, first check that you have al
the parts listed in the parts |ist.

Note that in the followng instructions, "left" and "right." refer to
t hose directions when view ng the conponent side of the PC board with
t he 100-pi n edge faci ng down.

Z1.

Z2.

Z3.

Z4.

Z5.

Z6.

Z7.

Z8.

11

Usi ng an ohmmeter, check for open circuits between the pair of
sol der pads for each of the foll ow ng seven capacitor |ocations:
C22, (C23, C25, 26, C27, C28, and C29. If any shorts are found,
| ocate and correct the problemor return the PC board for

repl acenent.

I nsert and sol der the 40-pin I C socket at |ocation 3C, follow ng
the procedure given in the Assenbly Information section.

I nsert and sol der the seven 20-pin I C sockets with correct
orientation.

Insert and solder a 16-pin |IC socket at |l ocation 1G Note that
this socket has reverse orientation fromall the others, with
pin 1 in the upper right corner.

Insert and solder the remaining thirteen 16-pin sockets with
correct orientation.

Insert and solder the fourteen 14-pin sockets wth correct
orientation. Do not install sockets in |ocations 5C, 5D, and 5E
(inside dashed line) unless you are assenbling the PROM option
at this tine.

Insert and solder the five single-in-line (SIP) resistor
networ ks | abel ed RN1, RN2, RN4, RN5, and RN6 on the | ayout
legend. RN6 is a 2.2K ohm network and the remai ning four are 1K
ohm networks. RN3 is part of the PROM option. Orient each SIP so
the end nmarked with a "1" (sonetinmes this end has a bevel ed
corner) corresponds to the end nmarked with a dot on the | ayout

| egend.

Insert and sol der the. follow ng sixteen resistors. Refer to
the Assenbly Information section for resistor installation
pr ocedur es.

Resi st or Val ue Col or - code Locati on
() R 470 ohn vel | ow- vi ol et - br own 1F
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Z9.

Z10.

Z11.

Z12.

Z13.

Z14.

Z15.

Z16.

R2 470 ohn vel | ow- vi ol et - br own 1F

()

() RB 1K ohnm br own- bl ack-red 2E
() R 1K ohn br own- bl ack-r ed 5C
() R 1K ohn br own- bl ack-r ed 4F
() RT 330 ohnm or ange- or ange- br own 4C
() RB 1K ohnm br own- bl ack-red 6B
() RO 1K ohn br own- bl ack-red 6B
() R11 1K ohn br own- bl ack-red 4C
() R12 1K ohn br own- bl ack-red 7C
( ) R13 1K ohn br own- bl ack-red 7A
() R4 1K ohn br own- bl ack-red 7A
( ) R1I5 1K ohn br own- bl ack-red 8F
( ) R16 10K ohn br own- bl ack- or ange 8C
( ) R17 100 ohn br own- bl ack- br own 8C
( ) R18 1K ohn br own- bl ack-red 8C

I nsert and sol der the 1N4148 di ode at | ocation 8G The end of
the diode marked with a band is the cathode end and shoul d be
oriented toward the top of the board.

I nsert and sol der the 100uf electrolytic capacitor (C29) |ocated
near 8A. The positive end (marked with a "+" or a red dot)
shoul d be oriented toward the right as indicated on the |ayout

| egend. Sone capacitors mark the negative end with a "-" instead
of the positive end.

I nsert and sol der the 39uf tantal um capacitor (C21) near

| ocation 7G Be sure to orient the capacitor so that the | ead
marked with a "+" is inserted through the hole marked with a
n +ll .

I nsert and sol der the two 6.8uf tantalumcapacitors (C22 and
C23) at locations 8F and 8G Be sure to orient the capacitors so
that the lead nmarked with a "+" is inserted through the hole
marked with a "+".

I nsert and sol der the 470pf di pped m ca capacitor (Cl) at
| ocation 1F. Sonme 470pf capacitors are marked "471JO

I nsert and sol der the 33pf di pped m ca capacitor (C5) at
| ocation 2F. Sone 33pf capacitors are marked "330JC3".

I nsert and sol der the nineteen ceram c disc bypass capacitors in
| ocations marked wth an asterisk on the |ayout |egend.

I nsert and sol der the 8MHz crystal at |ocation 1F. Mke right
angle bends in the two | eads so the crystal will lie parallel
with the PC board. To hold the crystal package in place, use a
pi ece of snipped resistor lead to solder the top of the crystal
package to the corresponding hole in the board. A little space
shoul d be | eft between the crystal and the PC board to avoid the
possibility of shorts.
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Z17.

Z18.

Z20.

13

NOTE: The 8MHz crystal is used for 4MHz operation of the
processor. |f 2MHz operation is desired, then a 4VMHz crystal
(not supplied) should be used. See the Configuration section
for details.

Recheck the circuits between the capacitor leads as in step Z1
and make sure they are still open circuits. Note that the
capaci tors which have been installed may cause the ohmeter
needle to junp when first contact is nmade but the indication
should rapidly return to a high resistance.

I nsert and solder the two 5-volt regulators (@@ and ). These
parts will be marked "7805" or."340T-5". Bend down t he
three | eads of the regulator 90 degrees so that the | eads go
into the correct holes while the machi ne screw holes |ine up.
Install the heat sink and regulator so that the foll ow ng
sequence results frombottomto top: 6-32 machi ne screw head,
PC board, heat sink, regulator, |ock washer, and nut. Finally,
make sure the | eads do not touch each other or the heat sinks
and then tighten the machi ne screw and sol der the regul ator

| eads.

NOTE: Heat sink grease may be used though it is not generally
needed. Tightening the bolts too tight can crack the PC board.

Wth the conputer power off, plug the partially assenbl ed
board into the notherboard. Then turn on the power. Wth a DC
volt nmeter check that both regulators are generating 5 volts
out put. These voltages can be neasured across the pins of C22
and C23. Wait a few m nutes and neasure again. The regul ators
shoul d not get very hot in this configuration. However, wth
all parts installed it is normal for the regulator to fee
quite hot to the touch. Renenber to turn off the power before
renmovi ng the board.

Construct a 16-pin DI P header with junpers set up for a
starting address of E800 hex. This is the standard HORI ZON
starting address. |If some other starting address is desired,
change the header after conpleting the checkout instructions.
See figure 1Z for the details of the header configuration.
Refer to the Assenbly Information section for header
construction procedures. Plug the conpl eted header into

| ocation 2E (the PQJ ADDRESS socket) with the correct
orientation.

Insert the 33 integrated circuits (all except the Z80A chip).
Be sure that all 1C s have pin 1 oriented to the bottom|eft

corner. Do not insert any IC s inside the area for the PROM

option (outlined with a dashed |ine).

Recheck the regul ator output voltages as in step Z19.

North Star Z80A PROCESSOR BOARD



Renove the PC board from the conputer and then plug in the Z80A
chip with correct orientation. Refer to the Assenbly Information
section for MOS device handling procedures.

| nspect the board in a good light to insure that:

A all solder joints are good, i.e. there are no bridges of sol der
beween adj acent solder joints, no unsoldered joints, and no cold
solder joints indicated by a dull finish on the sol der.

B. all 1Cpins are in the IC socket holes, not outside the socket
and not fol ded under the chip. Pins folded under can often be
detected by sighting down a row of chips to see if there is any
bl ockage of |ight under the chips.

C. all parts are installed in the correct locations with the
correct orientation.

The ZPB is now conpl etely assenbl ed. Proceed to the ZPB Board
Checkout secti on.
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BOARD CHECKOUT

The follow ng checkout procedure should be followed for a newWy
assenbl ed board. It can also be used to di agnose problens in
previ ously operational boards.

Thi s checkout procedure assunes that no ot her board besides the ZPB
is plugged into the S-100 bus. This nmakes it possible to get the ZPB
operational even if no other board in the systemis yet working. This
procedure assunes only that the correct unregul ated voltages have
been applied to the bus, that the conputer has a reset switch, and
that the bus lines are not shorted to each other.

The following terns are used in specifying expected test results.

GN\D ground, 0 volts DC

LOW | ogic zero, O-.7 volts, normally about .3 volts
H GH | ogic one, 2.4-5.0 volts, normally about 3 volts
+5V +5 volts from power supply

AC Signal with pul ses (as opposed to DC signal)

Wen referring to the nane of a signal fromthe schematic draw ngs,

if the signal is identified wwth a bar over its name then the nane of
the signal is followed by a slash (e.g., STORE/) in the checkout

i nstructions. \Wen describing an AC pul se, the notation (tWP) refers
to a positive or negative pulse with a wwdth of Wand a period of P.
For exanple, a positive pulse of width 125 nanoseconds appeari ng
every 25 m croseconds woul d be represented as (+125ns, 25us). See
Appendi x 1 for details on how to detect pul se signals.

The abbreviation MB before a pin nunber indicates a bus pin on the
not her boar d.

If an oscilloscope will be used to test the board, a "scope ground”
may be installed by soldering a "bridge" of junper wre between the
two PC board holes that connect edge connector pins 50 and 100 near

| ocation 2A. Note that either of the two regul ator machi ne screws can
al so be used for ground test points.

Cl. Check for correct clock signals on the ZPB as foll ows:

A Install a junper wire at PE (near location 4G if the PE trace
was has been cut.

B. Renove the 1Wjunper (near location 6G if it was previously
i nstal |l ed.
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C. Install a junper wire at MN (near |ocation 6A) if the MV
trace has been cut.

D. Wth the conmputer power off, install only the ZPB in the
conput er not her boar d.

E. Turn on the conputer power and check for the foll ow ng
signals. Note that all timng signals given bel ow assune
the ZPB is configured for standard 4MHz operati on.

Si gnal Locati on Descri pti on

PHI Z80 pin 6 AC, (+125ns, 250ns)
PH 2 MB pin 24 AC, ( +125ns, 250ns)
PH 1 MB pin 25 AC, (+62ns, 250ns)

2MHZ CLOCK/ MB pin 49 AC, (-250ns, 500ns)

If any of these are wong, trace back to the crystal to
determ ne the cause.

C2. This step will check the reset logic. Use the sane setup as
the previous step and check the follow ng signals while
alternately depressing and rel easing the conputer reset

swi t ch.
Switch Switch
Si gnal Locati on Depr essed Rel eased
RESET/ MB pin 75 LOY HI GH
7G pin 6 HI GH LOW
RST/ 5G pin 6 LOW HI GH
POC/ MB pin 99 LOW HI GH

C3. Check the auto-junp logic as foll ows:
A. Leave the board configured as in the previous step

B. Turn off the conputer power and renove the ZPB fromthe
conmputer. Tenporarily connect the PRDY signal to ground by
sol dering a piece of junper wire beween 7F pin 5 and 7F pin 7
on the sol der side of the ZPB

C. Install only the ZPB in the conputer notherboard and then turn
on the power and depress and rel ease the reset switch. The
processor should pause imedi ately after perform ng the auto-
junmp sequence and just before executing the first instruction
at the auto-junp address. Check that: the SML signal at
not her board pin 44 is H GH

D. Assum ng the junp address specified on the header at |ocation
E2 is E800, then E800 should be on the notherboard address
lines. H GH signals should be observed on the follow ng
not her board pi ns:
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pi ns 32, 85, 86, and 87

LOW si gnal s shoul d be observed on the follow ng notherboard
pi ns:
pins 29, 30, 31, 33, 34, 37, 79, 80, 81, 83, and 84

The processor should have executed a single instruction (JWM
E800) and then gone into a wait state during the instruction
fetch at that address. The Theory of Operation section

descri bes the auto-junp sequence. If SML is high but the
address is wong, check the data paths through the PQJ header
and nultiplexers. If SML is LON skip to the next step to see
if the processor can execute instructions at all. If SML has an
AC signal, check the wait logic from PRDY to WAIT/.

This step checks out the Z80A while executing a one instruction
program

Wth the power off, renove the junper from PRDY to ground
fromthe ZPB.

Turn on the power and then depress and rel ease the reset
switch. The Z80 should be executing an RST 7 instruction
repeatedly. Cbserve that all the data input (D) lines are
H GH by checking the foll ow ng notherboard pins:

pins 41, 42, 43, 91, 93, 94, and 95

If you have an oscilloscope, then check that the signals ZDO-
ZD7 are HIGH during M at the Z80A chip pins:

pins 14, 15, 12, 8, 7, 9, 10, and 13

Check that the foll ow ng notherboard address |ines are AC
si gnal s:

pi ns 29-34, 37, and 79-87.

The RST 7 instruction causes a subroutine call to |ocation 0038
hex, thus the stack address stored will be 0039 hex (stored as
alternating 00 byte and 39 hex byte). Thus, if you have an
osci |l |l oscope, observing the data output bus(DO, the follow ng
nmot her board bus pins should have AC signals that go |low tw ce
every 2.75 m croseconds:

pi ns 35, 40, 88, and 90.

and the follow ng notherboard bus pins should have AC signals
that go | ow once every 2.75 m croseconds:

pins 36, 38, 39 and 89
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F. Check for the follow ng signals at the Z80 chi p:

Si gnal Locati on Descri pti on
PHI pin 6 AC, (+125ns, 250ns)
ML/ pin 27 AC, (-500ns, 2750ns)
| NT/ pin 16 HI GH
NM / pin 17 H GH
VI T/ pin 24 HI GH
RST/ pin 26 HI GH
Vcc pin 11 +5V
ground pin 29 GND
G The follow ng signals should be observed on the notherboard
bus |i nes:
Si gnal Locati on Descri pti on
XRDY Pin 6 HI GH
VI 0/ Pin 4 HI GH
VI 1/ Pin 5 HI GH
VI 2/ Pin 6 HI GH
VI 3/ Pin 7 HI GH
VI 4/ Pin 8 HI GH
VI 5/ Pin 9 HI GH
VI 6/ Pin 10 HI GH
VI 7/ Pin 11 HI GH
NM / Pin 12 HI GH
STAT- DSBL/ Pin 18 HI GH
CC- DSBL/ Pin 19 HI GH
ADDR- DSBL/ Pin 22 HI GH
DC- DSBL/ Pin 23 HI GH
PHL DA Pin 26 LOW
PWAI T Pin 27 LOW
Pl NTS Pin 28 HI GH
SML Pin 44 AC, (+500ns, 2750ns)
SOUT Pin 45 LOW
SI NP Pin 46 LOW
SVEMR Pin 47 AC, (+375ns, 2750ns)
SHLTA Pin 48 LOW
SSW- DSBL/ Pin 53 HI GH
PVREQ Pin 65 AC, 4 —pul ses every 2750ns
PRFSH/ Pin 66 AC, (-475ns, 2750ns)
MARI TE Pin 68 AC, (+250ns tw ce, 2750ns)
RUN Pin 71 HI GH
Pl NT/ Pin 73 HI GH
PHOLD/ Pin 74 HI GH
PSYNC Pin 76 AC, 3 +pul ses every 2750ns
PWR/ Pin 77 AC, (-250ns tw ce, 2750ns)
PDBI N Pin 78 AC, (+360ns, 2750ns)
SWOY Pin 97 AC, (-250ns twi ce, 2750ns)
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| f these checkout steps have been successful, then the ZPB has
successfully done an auto-junp and executed a sinple program
Therefore, nost of the circuits on the ZPB have been tested. The ZPB
shoul d now have its configuration options set. Be sure to renove al
speci al junpers added during the checkout. It is then ready to be
used in conjunction with the other boards in the conputer system |If
the PROM option is being used, install it at this tine.

Di agnosis of a problemin a previously operational board will usually
be successful using the follow ng procedure:

1. Determne that the ZPB is in fact the board that has the probl em
by attenpting to use it in another conputer.

2. Check that the regulator outputs are correct. Then, in an
orderly fashion begin replacing ICs in the ZPB with known good
parts until the problemdi sappears. If a board that was worKking
has not been subjected to any abnormal abuse then an IC failure
will be the cause of the problemin nearly every case.

3. If the board is still failing then the problemnay be a result
of any of the following less likely conditions: dirty edge
connector contacts, bad parts other than the I Cs, bad connection
in an | C socket, or introduction of a short or open in the
traces on the board.
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PROM OPTI ON ASSEMBLY AND CHECKOUT

Before assenbling the PROM option, the rest of the ZPB should be
conpl etely assenbl ed and checked- out.

P1.

P2.

P3.

P4.

P5.

P6.

P7.

P8.

P9.

P10.

| nsert and sol der the 24-pin I C socket at |location 4E with the
correct orientation.

| nsert and sol der the three 14-pin | C sockets with correct
orientation.

I nsert and solder the resistor network RN3 at |ocation 4D so
that pin 1 (or the beveled corner) corresponds to the dot on
the | ayout | egend.

I nsert and solder R4 (3 9K, orange-white-red) at |ocation 3E
and R10 (1K, brown-bl ack-red) at |ocation 5C.

| nsert and sol der the +12 volt regulator (marked "78L12") at

| ocation QL (near |ocation 8B). Also insert and solder the -5
volt regulator (marked "79L05") at location Q2 (near |ocation
8B). The regulators should be oriented so that the flat sides
of the parts face the direction indicated on the |ayout

| egend.

| nsert and sol der the four 2.2uf tantal um capacitors (C25,

C26, C27, and C28) at |ocation 8B oriented so that the | eads
marked with a "+" correspond to the holes marked with a “+” on
the | ayout | egend.

Using the 14-pin DIP header and sone | ead snippings construct
a header to determ ne the PROM | ocation in nmenory. Refer to
the Configuration section (step J8) for details. Plug the
conpl eted header into | ocation 5E with correct orientation.

Enabl e the PROM option by cutting the "PE" trace between
| ocations 3G and 4G

Insert the 3 integrated circuits as indicated on the |ayout
| egend with correct orientation. When inserting the PROM
observe the MOS devi ce handling precautions given in the
Assenbly I nformation section.

The PROM option can now be checked out by reading the
contents of the PROM using a nonitor program or control panel.
Not e, however, that control panels which display the DI bus
(e.g., Altair) will not display the PROM contents.
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CONFI GURATI ON OPTI ONS

There are a nunber of configuration options possible on the ZPB that
are specified by wiring junpers on the board. The desired
configuration should be wred according to the follow ng instructions
before the board is used.

J1.

J2.

J3.

J4.

J5.

21

Si gnal groundi ng. Backpl ane pins 20 and 70 nay be optionally
connected to ground. These connections can be nade by

installing the junpers |abeled "EC20" and "EC70",

respectively, located at 6A. These connections shoul d be nade
unl ess these grounds would interfere with the operation of other
boards on the bus. G ounding these pins will reduce backpl ane
noi se and thus provide nore reliable performance. Both pins
shoul d be grounded with a HORI ZON. Pin 20 should not be grounded
for use with the IMSAI. Neither pin should be grounded on an

Al tair.

Menory wait states. The "1W junper to the right of location 7G
if connected, forces at. |east one wait state on every nenory or
|/ O reference nade by the processor. (I'f a menory board
specifies one or nore wait states, then that nunber of wait
states will be used for references to that board.) The junper
should be installed if nenory in the systemis not fast enough
to run with zero wait states at 4MHz (about 300ns or faster) and
the nmenory itself cannot be configured to have one wait state.

| f you are not sure your nenories are this fast, connect the
junper to get the systemrunning and experinent |ater. The North
Star 16K RAM Board does not require any wait states.

Processor speed. Normally the processor runs at 4MHz.
However, provision has been made to run at 2MHz. To achieve
2MHz operation, replace the 8WMHz crystal at location 1F with
a 4MHz crystal (not supplied). Then cut the "4" trace above
| ocation 6F and install the "2" junper instead. This keeps
the cl ock on backplane pin 49 at 2MHz as required by sone S
100 bus boards.

Address mrroring. As required by sone S-100 bus boards the ZPB
simul ates an 8080 during IN and QOUT instructions by driving the
port address onto both 8-bit hal ves of the address bus. To

di sable this feature and take advantage of the greater
flexibility of the Z80, cut the "AM' (address mrror) trace to
the left of location 7F and install the "NM (no mrror) junper
i nst ead.

Control panel. The ZPB normally generates the MARI TE signal to
backpl ane pin 68. if the ZPB is used in systens with control
panel s or other boards that generate MARITE, then the "MW trace
bel ow | ocati on 6B should be cut. Leave the trace in place for
use in the HORI ZON. Cut the trace when used with an Altair or

| MBAI .
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J6.

J7.

J8.

JO.

Vectored interrupts. The ZPB is supplied with logic to
respond to an interrupt request on the vectored interrupt
request lines VIO-VI7 by generating the indicated RST
instruction. This logic may be disabled by installing the
"1 D" junper above location 7E. This will allow sonme other
board to respond to interrupt conditions.

PROM option. If the PROM option is installed, then the "PE"
trace to the left of location 3G nust be cut to enable the
on- board PROM

PROM Address Sel ection. The 1K bytes of on-board PROM can be
selected to reside in any of sixty-four 1K regions of the Z80
address space. The address selection | ogic conpares the six
hi gh order address bits (Al0-Al15) from the Z80 agai nst the
six bits specified with junper wires on the header at

| ocation 5E. Pins 8-13 correspond to the six address bits
Al10- A15, respectively. Al bits that should match a "zero"
bit should have their corresponding pins connected to pin 1
or pin 2 with junper wires. All bits that should nmatch a
"one" bit should have their corresponding pins connected to
pin 6 or pin 7 with junper wires. Figure 1P shows the junper
pi n assignments and sonme exanpl es.

Aut o- Junp Address Selection. Any of the 64K different
addresses may be specified as the auto-junp address with
junper wires on the 16 pin header at |ocation 2E. The ei ght
pins 9-16 on the header correspond to pairs of address bits
according to the follow ng table.

Pin Low Addr Bit Hiqg Addr Bit

J 0

10 1 9
11 2 10
12 3 11
13 4 12
14 5 13
15 6 14
16 7 15

The address bit pins 9-16 should each be connected to one of
the pins 1-8 according to the follow ng table:

Connect to pin 1 or 2 if both the high order and | ow order
address bits of the pair are "ones".

Connect to pin 3 or 4 if the high order address bit is a
"one" and the | ow order address bit is a "zero".

Connect to pin 5 or 6 if the high order address bit is a
"zero" and the | ow order address bit is a "one".
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Connect to pin 7 or 8 if both the high order and | ow order
address bits of the pair are "zeros".

For exanple, if bit 9 of the junp address is a "one" and bit 1
is a "zero" then pin 10 should be connected to pin 3 or pin 4.
If junp address bit 15 is a "zero" and bit 7 is a "zero" then

pin 16 should be connected to pin 7 or pin 8. Figure 1Z shows

the junper pin assignnments and sone exanpl es.
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THEORY OF OPERATI ON

Z80A AND CONTROL CI RCUI TS

The primary function of the ZPB is to interface the Z80A processor
to the S-100 bus with its control lines. The following |list gives
the S-100 control signals along with pertinent coments about
their use and derivation. A slash at the end of a nane indicates
that the signal is active |ow (negative logic).

Pin Signal Descri ption

22 ADDR- DSBL/ Di sabl es the address line drivers onto the S-100
bus when true.

19 CC- DSBL/ Di sabl es drivers for PSYNC, PDBIN, PWAIT, PWR,
PVREQ, and PRFSH when true.

23 DO DSBL/ Di sabl es the data output bus (DO) drivers when
true.

68 MARITE True during a nenory wite operation of the Z80.

This signal should be disconnected if the ZPB is
used in a system where MARITE i s generated on the
control panel board or sone other board.

78 PDBI N | ndi cates that the Z80 is reading the DI bus
during a nmenory read, input, or interrupt
acknow edge operati on.

26 PHLDA The hol d acknow edge response by the Z80 to a
hol d request (PHOLD). Indicates that the Z80
execution is suspended and that a DMA bus
operation may begin.

74  PHOLD/ Used to request the Z80 to suspend activity and
all ow direct nmenory access by a peripheral
devi ce.

73 Pl NT/ I nterrupt request line to the Z80 fromthe on-
board Vectored interrupt |logic or from sone other
boar d.

28 PINTE/ This signal ("interrupts enabled" on 8080

systens) is normally true but goes false
momentarily during interrupt acknow edge
sequences thus providing an edge to latch the Vi
lines for boards such as the | MSAl PIC 8.

65 PMREQY Menory cycle request signal fromthe Z80.
12 PNM Non- maskabl e i nterrupt request to Z80.
99 POC/ System reset synchronized to the Z80 clock. True

when the RESET switch is depressed or nonentarily
when power first cones on.

72 PRDY When fal se, causes the Z80 to WAIT. Usually
generated by nmenory boards to extend nmenory
cycles for slow access tine nmenories. See al so
XRDY.
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75 PRESET/ Connected to the reset switch.

66 PRFSH Dynam c nenory refresh signal generated by the Z80.
76 PSYNC This signal is true between nenory and/or 10 cycles
of the Z80. Usually one clock cycle wi de (sonetinmes
two). Usually used by wait state counters on nenory

boar ds.

27 PWAIT True when the Z80 is in the wait state caused by
PRDY or XRDY.

77 PWR/ Ti m ng signal generated during nenory wite and

out put operations which indicates that valid data
is on the DO bus.

71 RUN Signal generated by a control panel to indicate the
processor should be in run node

48 SHLTA True if the Z80 is executing a halt instruction.

46 SI NP True during an input operation.

96 SI NTA True during an interrupt acknow edge operation.

47 SMEMR True during a nenory read operation.

44 SML True during the instruction opcode fetch portion of

each instruction cycle of the Z80. For instructions
with two opcode bytes, this signal is true tw ce.

45 SOUT True during output operations.

21 SS Generated by a control panel to indicate that the
Z80 should be in run node during a single step
operati on.

98 SSTACK Al ways false. On 8080 systens indicates that a

stack reference cycle is in progress.

53 SSW DSBL Di sabl es DI bus receivers and enables CP bus
receivers. Used during input of sense switches from
a control panel.

18 STA-DSBL/ Disables drivers for SMEMR, SWO, SINP, SHLTA, SML,
SOUT, and SI NTA.

97 SWO True when the Z80 is sending data out on the DO bus

03 XRDY Causes the Z80 to enter wait node when fal se.
Usual | y generated by a control panel to cause a
control panel stop. There has been sonme conflict of
use between this signal and PRDY so care should be
taken to guarantee that drivers on this line from
di fferent boards cannot be sinultaneously active.

DATA BUS

NOTE: This and the followi ng sections will be nmore meani ngful if
the schematic drawi ngs are referenced while they are read. The
capitalized signal nanes refer to nanmes used in the draw ngs.

The Z80 data bus (ZD0-ZD7) is the 8 data bits directly connected
to the Z80 processor. The data bus fromthe control panel (CPO-
CP7) is gated onto the ZD bus by the CPIN-EN signal during control
panel operations. The S-100 data input bus (DIO-DI7) is
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gated onto the ZD bus by the DI -EN signal during Z80 read
operations (RD-D) except on-board PROM reads and during interrupt
operations (XINTA). The ZD bus is gated onto the control panel

bus whenever a control panel operation is not in progress. The

ZD bus is gated onto the S-100 data output bus (DQ0-DO7) by DO EN
during nenory wite and out put operations of the Z80. The data
fromthe on-board PROMis gated onto the ZD bus directly by the
PROW EN si gnal during on-board PROM read operations.

ADDRESS BUS

The si xteen address lines fromthe Z80 (ZAO-ZAl5) are connected
through drivers to the S-100 address bus (AO-Al5) except during

i nput/output operations. In this latter case, if the address
mrroring feature is enabled then the | ow order 8 address bits
fromthe Z80 are gated onto both the top and bottom 8 bits of the
S-100 address bus. This feature allows sinulation of 8080 I/0
operations for systens that include S 100 boards that take

advant age of this 8080 characteristic.

VECTORED | NTERRUPTS

The on-board vectored interrupt capability provides for a
priority response to 8 interrupt |evels. \Wenever the Z80
generates an interrupt acknow edge condition (INTA), the state
of the eight interrupt request lines (VIO-VI7) is latched (8B, 8C)
and the latch outputs are fed to a priority encoder (8D). The

t hree encoder outputs indicate the highest priority pending
interrupt request. These lines are nmerged with "I" bits at the
mul tiplexers (2D, 1E) to provide the correct RST instruction on
the Z80 data bus (ZDO-2zD7) when the nultiplexer is enabled by MX-
EN. The I NT-RQ signal out of the encoder indicates that at | east
one interrupt request level is pending and causes an interrupt
request to the Z80 if on-board interrupts are enabled (COBIE)

AUTO- JUWP

The auto-junp feature causes an automatic junp to a junper-wre-
speci fied address (2E) upon power-on or reset. The regi ster at
4G is configured to be a four state counter. The restart
condition (RST) resets the register and each successive read
cycle (RD) causes the register to shift to the next state until
the auto-junp sequence is done in the fourth state (AUJ- DONE)
The first three states cause the three bytes of an unconditiona
junp instruction to the specified address to be nultipl exed (1E,
2D) onto the Z80 data bus (ZDO-ZzD7). The AUJ- DONE si gna

di sabl es the auto-junp feature until the next restart condition
reinitiates the entire sequence. The AUJS signal causes the two
address bytes to be selected by the multiplexers (1E, 2D) during
the second and third states. The junp opcode is generated during
the first state as a special case of the interrupt | ogic which
generates a JMP instruction rather than an RST.
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The auto-junp feature can be disabled by renoving the 74LS175
chip fromlocation 4G

ON- BOARD PROM OPTI ON

The ZPB has provision for one on-board 2708 type EPROM The PROM
address can be specified by junper wire selection (5E) to start
on any 1K address boundary. The address conparison to test for
on- board PROM addresses is perfornmed by the exclusive-or gates
(5C, 5D) The PROMis enabled (PROMEN) if the high order 6
address bits conpare during a nmenory read operation. A wait

state is provided for the PROM so that the rest of nenory may run
at full speed.
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APPENDI X 1. PULSE SI GNAL DETECTI ON

Sonme steps in the checkout procedure will require test equi pnment
capabl e of distinguishing a signal containing pulses froma DC
signal. Any one of the following will suffice.

1.

Use of an oscilloscope is best since the shape and frequency of
t he pul ses can al so be determ ned.

Use a | ogic probe that detects pul ses.

If the RAM16-A is being assenbled for use with a HORI ZON, then
use a counter on the notherboard to divide the frequencies down
to the audio range and then play the result through a hi-fi
anplifier. To do this, renove the 74LS161 at | ocation 7D on the
not her board. Then attach the test probe wire to junper 2D pin
16 (this is the input to the divider). Next, take the output of
the divider at junper 10A pin 11 and connect to the AUX input
of the audio anplifier. Finally, connect the AUX input ground
on the audio amplifier to signal ground on the notherboard.
This arrangenent will divide high frequency signals by 4096 and
thus put the resulting signal in the audible range. Thus a 4
MHz signal will be heard as a tone one octave higher than a
2MHz signal .

Construct the "probe" shown in figure 1C on a piece of
cardboard or perf-board. This probe converts high frequency
signals to DC signals. The voltage of the resulting DG signal
w ||l be proportional to the duty factor of the tested wave
form
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APPENDI X 2. S-100 BUS S| GNALS

SI GNAL
+8 VOLTS 51
+16 VOLTS 52
XRDY 53
VI 0/ 54
Vi 55
VI 2/ 56
VI 3/ 57
VI 4/ 58
VI 5/ 59
VI 6/ 60
VI 7/ 61
NM / 62
63
64
65
66
67
STA- DSBL/ 68
CC- DSBL/ _ 69
GROUND (opti onal) 70
SS 71
ADDR- DSBL/ 72
DC- DSBL/ 73
PH 2 74
PH 1 75
PHLDA 76
PWAI T 77
Pl NTE 78
Ab 79
A4 80
A3 81
Al5 82
Al12 83
A9 84
D01 85
D00 86
Al10 87
D04 88
D05 69
D06 90
Dl 2 91
D 3 92
Dl 7 93
SML 94
SOUT 95
SI NP 96
SMVEMR 97
SHLTA 98
2\VHZ CLOCK/ 99
GROUND 100

North St ar

Pl N #

SI GNAL

+8 VOLTS
-16 VOLTS
SSW- DSBL/
EXT- CLKR/

GROUND

PVREQY
PRFSH/
PHANTOM
MARI TE
PS/
GROUND
RUN
PRDY

Pl NT/
PHOLD/
PRESET/
PSYNC
PWR/
PDBI N
A0

Al

A2

A6

A7

A8

Al3
Al4

All

D02
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