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1.0 DEFINITIONS AND IUTRODUCTION

The first section of this wanual, DEFINITIONS and INTRODUCTION, defines some
of the terms used in the manual and gives an overview of the front panel
functions.

The =second ssction, INITIAL OPERATION and CHECK OUT, serves two purposes,
First to check the condition of the circuliiry and also as a prograpmed
course on how Lo use the front panel. The user will toggle in a simple
program and use all of the different funections to wmanipulate it. This
section will not assume any technical knowledge.

The third section, LIGHT EMITTING DIODES, SWITCHES, JUMPERS, and TESTPOINTS,
serves as a reference manual for the board., It covers the funetion and the
meaning of each LED, switch, Jumper, and testpeint with a self-contained
paragraph. It is intended to provide both the beginning and the experienced
user with a quick and esasy way $0 lccate information.

The fourth sectiom, CIRCUIT DESCRIFPTION, REPAIR, and the SCHEMATIC, assumes
some technical ability. It describes how the froni panel circuitry works
and how the front panel is used to  repair itself and the rest of the
computer.

The InterSystems front panel was designed as a hardware development and
diagnostio'toolﬁ Information is input and displayed in binary format teo
provide the user with the most immediate access %o the computer circuitry.
The basic functions of the front panel are to run, stop, ant reset the
Processor; read, write and junp to any memory location; single step and slow
step through a program; and stop or breakpoint the computer at an address or
data byte. In addition te its basic functions, the front panel can force
the computer to execute a variety of simple rebetitive insiructions.  This
proquces waveforms that are easy to display and understand on an
Fanel Trscuecs & Ttonen o verteue LS SOUPLE prograse, Lre front
shot and low dUt§ cycle events ;%e rigger signal Tor cbserving single

; " trigger can be characterized by a

combination of address or data, status signals, control signals, and an
external input,

Features of the front panel include its ability to run at 2 op i niz, to
péff@ﬁm‘bloem menory tests, to display and change the accumulator, and to
aid in the quick, economical repair of complex computer circuitry. The
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front panel?s most important feature is its straight~-forward and easy to
undaprstand circuit design.

DEFINITIONS

RUN

WALT STATE

STOP

LEDs

MODE

Mode where the front panel Run signal is active high,
indicating that the Run/Stop flip flop is reset to Run.

A machine state, one or more of whieh oceours between the
T2 and T3 =ztates. Used to slow down the processor., At 2
miz, 1 wait state lasts for 500 nsec. At 4 mHz, 1 wait
state lasts for 250 nsec. '

Mode where the front panel requests an extremely large
number of consecutive wall states.

Light Emitting Diodes.

2.0 INITIAL, OPERATION AND CHECK OUT

INITIALTZATION

Before turning power on for the first time, all switches and jumpers should
be set as follows:

FRONT PANEL

S0 -~ 815 Arl down

316 - 821 A1l middle position

$22 - 524 All middle position

S25 " All positions open except close AD

326 All positions open

327 D7, D&, D1, and DO closed,
D5, D4, 03, and D2 cpen

J1 Not used

JZ2 See Jjumper secticn

J3 See jumper section

J4 4 -~ B

J5 A - B

Jo See jumper section

J7 L~ B

J& Leave cpen

45 B~ C

J10 A - B

Ji1 B - C

412 A - B

313 Leave open
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OPERATION

1)

2)

4}

33

&)

7)

Tnstall a memory board addressed to start ab zero.

Turn the power of.

. Reset the computer by raising S20 to the Reset position. You

should see all of the address LEDs, AQ - A15 on. The status
LEDs, LO - L7, should be off except for L6 (MEMR) and L5 (WO).

Note: Different processor boards may drive some of the LEDs
differently. An Ithaca Audio Z-80 Revision 1.3 was used for
these instructions.

Return 320 to the middle position. All of the addresz LEDs
should go off. The LT (M1), L6 (MEMR), and L5 {(WO0) LEDs should
be on, The pattern on the Data LEDs; DO ~ DT, displays the
contents of the memory byte with an address of zero, all address
LEDs off. No memory will appear as 211 Data LEDs on.

Raise several of the S50 -~ 515 switches. Momentarily raise the
516  switch to the examine position. The AD ~ A15 LEDs
corresponding to the raised 20 -~ S15 switches will go on. The
computer has just jumped to the binary address set in the 30 -~
515 switehes and is presently examining the contents of the
memory lccation on the AQD - A15 LEDs. The Examine function will

_only work properly if the L7 (M1) LED is omn.

Momentarily raise the 320 switch fo the Reset position. The AQ -
A15 address LEDs should return to all zero ({(off),. Now,
mopentarily lower the S16 switeh to the Examine Next, EX NT,
position. The A0 LED should come on. OCbserve that as the switch
is lowered repeatedly, the address LEDs count up in binary
fashion. The computer is inecrementing its address and displaying

on the DO - DY data LEDs the contents of the memory loaation on
the A0 -~ A15 LEDs. :

Reset the computer. IMomentarily raise the 817 switch to the
Deposit position. The pattern set on the 80 - ST switches will
appear on the D0 - D7 data LEDs. The front panel has just
deposited into the memory location on the ‘A3 ~ A15 LEDs the
pattern on the S0 ~ ST switches, The address does not change
during a Daposit. '
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&) Momentarily lower the 817 switch to the Deposit HNext, DEP NT,
position. The pattern set on the S0 - ST switches will appear on
the DO - D7 data LED3 and the address on the AG - 415 LEDs will
be inecrenmented. The computer bhas just deposited into the
ircremented memory location.

9) Enter the FF PORT TEST PROGRAM.

Addreas Instruction
Hex Binary Pattern
M3B L3B
0000 DB 1101 1011
001 FF 1111 1711
0002 D3 1101 0011
0003 FF 1111 1111
060N 3 1100 0011
G005 00 0000 0000
6006 0o 0000 0000
This program inputs the positions of the S8 ~ 315 switeches into
the processor accumulator. It then latches the contents of the
accunulator ontoc the FO -~ F7 programmed output LEDs. It then

Jumps back to the beginning of the pregram, looping endlessly.
To enter the program:

a) Reset the computer.

b} Futer the First instruction, DB, on the 30 -~ 37 switches.

@) Raise 517 momentarily to the Deposit position.

d) Enter the sscond byte; FF, on the 30 -~ S7 switches.

e} Lower 517 momentarily to the Deposit Next position.

f) Enter each subsequent byte by repeating the operaticns in d

and e.

10) Check to see if the program has been properly deposited inte
megpory by:

aj Lower all S0 - 815 switches.:
b} Momentarily raise 315 to the Exapmine position. 411 AD - A1S

address LEDs will be off and the first byte, DB, should be
displaved on the DO - DY data LEDs. o )
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¢) Momentarily lower S16 to the Examine Next pesition. The
next data bvte should appear on the DD - D7 data LEDs. The
addreas at which the data byte is located is displayed on
the 40 -~ A15 address LEDs.

d) FRepeat step &, checking the remzining bytes.

Run the FF PORT TEST PROGRAM

a) Return to zerc address by lowering a1l SO0 - 315 switches and
momentarily raising S16 to the Examine position. You should
again see DB.

b) Momentarily raise 521 to the Run position. The Run LED, L8,
wWill go on and the Wait LED, L9, will go off, unless wait
states are belng reqguested.

¢} The pattern on the S8 - 315 switches will now appear on the
FO - F7 programned output LEDs. Change the pattern on the
38 ~ 315 switches and note that the FO - P7 LEDs change with
no apprecizble delay.

Using T.P. B; nomeéentarily ground T.P: B. The computer will stop.. .
The Wait LED will go on.

Using T.P. A; momentarily ground T.P. A. The cdmputer will run. The
Run LED will go oin. -

Single stepping the FF PORT TEST PROGRAM, The single step and slow
step functions are only enabled when the computer is in Stop node.

a} HMomentarily lower S21 to the Stop position.

b} Mopmentarily lower 8518 to the 3ingle Step_.position¢- The
computer will execute one instruction and then return to the
Stop mode. :

e} By repeatedly lowering Si8 %o the Single Step position, you
can single step thru the prograx loop many times. Change
the S8 - 817 switches and note that the FO ~ FT pragrammed
output LEDs are updated once per program loop.

15) Slow stepping the FF PCRT TEST PROGRAM. With the computer still
in Steop wode, reaise the 318 switeh to the Slow Step position.
The computer will continuously execéute single step instruections.
You can control the slow step repetition rate by adjusting the R
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potenticmeter. it may be necessary to remove the cover to
obtain access to R9. R9 dis located to the left of the
Examine/Examine Next switch. Note that at slow repetition rates,
there ig8 an appreciable delay between changing a S8 - 815 switch
position and the corresponding change on the FO - F7 programmed
output LED.

16) Using breakpeints with the FF PORT TEST PROGRAM.
a} Place the computer in Run mods.
b) Lower all of the 30 -~ 315 switches.

e¢) Lower 319 to the Address Breakpoint position. The computer
will stop at the zero address. A1l of the AD -~ A15 address
LEDs will be off. The DB byte will be on the DO - DT data
LEDa. Both the Run LED, L8, and the Wait LED, L9, will be
on.

4) Momentarily ground T.P. H; the computer will run while T.P.
H is prounded. When the ground is removed, the computer
Wwill again stop at the zero address.

e} Raise the 382 switch. The conputer will run for an instant
and stop at the new addprass ¢on the 30 ~ 3815 switches. The
A2 address LED will be on and the (3 byte will appear on the
Do -~ DY data LEDs.

) HRaise the 58 switch. The computer will not stop beczuse the
address on the 30 -~ 515 switches is not used by the FF PORT

TEST PROGRAM.

g) Raise all of the 30 - 815 switches. The computer will
stop. All of the A0 - A15 address LEDs will be on. Either
the LY Input LED or the L3 OCutput LED will be on. The
computer has stopped not on a program address but rather on
the 1/0 port nuamber, FF, which is placed on the upper znd
lower address bytes during an input or output instruction.

n) Raise 819 to the Data Breakpeint position. If you are using
an BC8C processar in your cozputer, -close switch W1 in
switch pack 325. This provides additional time for the Data
Breakpoint function to oceur.

1) Place the first byte of the FF PORT TEST PROGRAM on the S0 -
S7 switchezs. The computer will stop when a comparison is
made between the pattern on the 80 -~ 37 switches and the DO
-~ D7 data LEDs. 1In this case, thbe computer will stop at the

- zero address with DB on the DO -~ D7 data LEDs. If this doss
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k)

1}

o)

il

D}

q)

not ocecur, check to see if the memory board is jumpered %o
request wait states. Then add one more wait state than the
number of wait states being reguested by memory. For
example, if memory is requesting 1 waii state, close the W2
switeh in switen pack 825, Only one of the four following
switohes can be closed at any given time: W1, W2, W3, 5.

Piace the other bytes in the FF PORT. TEST PROGRAM on the 30
- 87 switches. MNote that those bytes that only occur once
in the program always stop at the seme memory location.
Thoseée bytes that occur twice stop at either lecation.

Place the same byte on both the S0 - 87 and the S8 ~ 215
switches. The FF PORT TEST FPROGRAM ipputs the pattern on
the S8 -~ 515 aswitches and ocutputs this byte to the FO - FT7
programmed output LEDs. Therefore the byte on the S5 ~ 315
switches appears twice on the data bus, once during an input
and once during an output cyele. The breakpoint occurs on
either cvecle.

Open AD in switch pack S25.

Repeat steps =z, b, and c¢. The computer will not stop
because the AD switch is open.

Connect an cscilioscepe to T.P. E. With an Ithaca Audic Z80
CPU board you should see 1/gsec negative going pulses every
16 Msec at 2 wHz operation and 0.5 Ajsec negative going
pulses at 4 mHz operation. These times assume that no wait
states are being used. TYou should also see much fainter
negative going pulses. These are due to +the address
comparator sensing the refresh addrass output by the 280
Drocessor.

Close the B3 awitch in switch pack S25. The negative going
pulses will become shorter; 200 nsec at 2mHg and 150 nsec at
L pHz. The faint pulses due to the refresh operation will
disappear. If you have a leglc analyzer or a triggered
oscilloscope you can use this signal as a trigger. The B3
switch has eliminated false triggers.

Observe the T.P. E. =signal for different data and address
breakpoints. Observe the effect of opening and closing the
BS switch,

Cpen B3 and close AD in switch pack S25.
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Characterizing breakpoints with the 522, 523 and 324 switches.

Thése switches enable the data and address breakpoints. They enasbls
all breakpoints in the center position.

al

b)

e)

Continue to run the FF PORT TEST PROGRAM.

Set the switches for an address breakpoint at address zero.
The computer will stop while inputting the first
instruetion, DB. The status LEDs show that the conputer is
in an instruction fetch wait state with the M1, MEMR, and WO
LEDs on. If the 822, 823, or 324 switches are set Lo any of
the positions that do not characterize the address on the 30
- 515 switches, thenm a breakpoint will not occur. In this
case, selecting the ITA, HDA, OUT, INP, or M1 peoiitions
prevents the address breakpeint,

Set the switches for a data breakpoint with the sane byte on
both the 30 - 37 and S8 ~ 315 switches. The breakpoint will
occur either during an input or output cycie. 3et 323 to
the OUT position., The computer will stop with the L3 0UT
LED on. HNow set $23 to the INP position. The computer will
stop with the L4 INP LED on.

18) Status Breakpoint.

The Wi, Wz, and W3 switches in switceh pack 8Z5 wmust be open
before <¢losing the Status Breakpoint switeh 8 in switeh pack

525.
al

b)

e)
d)

e)

FRONT PANEL

Continue to rum the F¥ PORT TEST PROGRAM.

Close switch 3 in 38S25. A status breakpoint will now oceour
regardless of the position of S$19. If 322, 323, and 524 are
all in the center pogiticn, the computer will stop at any
location.

Set S22 to the M1 position. The compubtér will stop on ahy
M7 dinstruction.

Set S22 to the M1 position. The computer will now stop on a
non-M1 cyele.

Return S22 to the center position and sef 323 to the 0UT

position. The compuber will stop during an output eycle
regardless of the positions of the S0 -~ 315 switches.
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Set S22 kLo the INP position. The computer will stop during
an input cyele regardless of the positions of the 30 - 315
switches.

Return S22 to the center position. The computer will stop.
How set 524 to the ITA or HDA positions. In either casa the
computer will run beecause interrupts and DMA, direct nmemory
access, are not used in the FF PORT TEST PROGRAM,

Return 823 to the center positiocn. Open switeh 3 and close
one of the walt reguest switches if you found it necessary
before.

Latched Breakpoint.

a)

b)
)

d)

e)
)
z)

n)

Open the AD switeh and ciose the L switch in switceh pack
325.

Continue the FF PORT TEST PHOGRAM.
Lower all of the S0 -~ 315 switches.

Lower 319 to the Address Breaskpoint position. The computer
will stop at address 0001H. Note that the computer has
stopped on the cycle after the coycle that triggered the
breakpoint. This delay is characteristic of the latched
breakpoint Dbecause the breakpoint signal occurs teoo late in
the triggering cyele to meet set up times to stop the
processor in the current cycle.

Note also that when the breakpoint ecccurs the TU LED goes
on. The breakpoint lateh can be reset by closing pushbutton
S28. The T& LED will gzo off and the computer will run until
the pushbutton is released and another breakpoint occurs.

The TH LED will go on during any breakpoint and will stay on
until the 528 pushbutton is closed. Closing 328 will cause

the computer to leave the breakpoint only in the latched
breakpoint mode.

Raise S19 to the Data Breakpoint position.

Examine location 0.

FEeset the breskpoint latch by closing the 328 pushbutton.
Raise the Run switch (S21). The computer will stop with

0005 on the address bus and (00 on the data bus, The T4 LED
will go on. Closing the S28 pushbutton will cause the
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computer to run the program until the switch is released.
The computer will stop at the same location. Note that the

computer stops on the cyele after the cycele that triggered
the breakpoint.

i} Close the AD switeh and open the L switch in switch pack
525. Return the 319 breakpoint switeh to the middls

position.

Continuous NOP.

Stop the computer, Close switch CN in switeh pack 526. LED TY will
£0 on. The computer will centinuously exscute NOP instructions. The
address outputl by the processor will count up in binary. The A15 and
A1Y4 address LEDs will flicker wvisibly. With an oscilloscope, you can
observe that each address is itwice as long as the previcus address
signal. Alsc observe the PSYNC signal, line 76, and the DBIN signal,
line 78. Cpen switech CH.

Continuwous Deposit.

Close switeh CD in switch pack S26. The bylhe on the S50 —~ 37 switches
will appear on the DO -~ DY data LEDs. The conmputer will remain
stopped. The fronb panel is continuously depositing the byte on the
SO -~ 87 awitches into the address on the A0 -~ Al15 LEDs. With an
oscillioseope, obszerve the Memory Write, MWRITE, pulses on 3-100 line
66. The T2 LED will go on when the €D switch is closed.

Continuous Exanine.
a) Clese switeh CF in switch pack 326. The T3 LED will go on.

b) Raise 316 to the Examine position. The address LEDs, A0 -~
215, will assume the same pattern as the S0 - 815 switches.

¢) Continue to hold S16 in the Examine position. Change some
of the S0 =~ 815 switches. Note that the corresponding
address LEDs, A0 -~ A15, also change. Normally, raising 316
causes one FPFxamine sequence. With CF closed, raising 316
gauses the Examine sequence fo oceur approximately 1000
times per second.

PANFEIL ~ 10 -



With an oscilloscope, vou will see the following waveforms:
= i
*ROY _ E 1

The intensity of the oscilloscope will have to be turned up because of the
high beam writing speed and the low repetition rate. A&djusting R9 will vary
the repetition rate somewhat and will increase the intensity. At a slower
beam writing speed the display would look like this:

}m« ~olms —mﬁ
| - | ]
GJBHS«mﬁﬂﬁ

The timing of anv 1, 2, or 3 cycle instruction ecan be displayed
as the C3H jump instruction was displayad in step ©. OCpen all
of the switches in switch pack 327.

_Place the DB, Input, instruction on the S50 - 57 switches (1101
1011) .

Place the FF byte on the S8 - 315 switches {all up).

faise 316 to the Examine positien with the CF switch c¢losed.
The INP, LY, and W0, LS LEDs will go on indicating that an inpub
instruction is ogceurring. A1l of the A0 - A1% address LEDs will
be on, indicating that the FF port is being read.

If vou change any of the 38 - 315 switches, the correéespending LEDs in
both the upper and the lower address bytes will change. This is
because the processor is ocutputting the port nunber twice on both high

and low address bytes. The S8 ~ 3815 switches are in this case
interpreted as the port number. Return switches to their original
state.
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Continuous Examine Next.

Lowsr $16 Lo the Examine Next position with the CF switch closed. The
address bus will begin counting up at approximately a 1 kHz rate. The
computer is executing a NOP instruction once every 1 msec.

Continuous Deposit Next -~ Data Breakpoint.

a)
b)
c)
a)

)

£)

£)

i)
3J

k)

m)

FRONT PANEL

Reset the computer.
Lower all of the 30 -~ 38 aswitches.
Cloze the CF switch.

Raise S17 to the Deposit pesition. The front panel will
perform a normal deposit. The B0 ~ DT data LEDs will go
out.

Lower 317 to the Deposit HNext position. The address LEDs
will start to count upwards. The data LEDs will all stay
off.

After about 10 seconds, return 317 to its center-off
position, The front panel will have written into a
contiguous block of memory the pattern on the S0 -~ 87
switches, The highest address of that block willi be

dizplaved on the address LEDs.

Open the CF switch im switch pack 326.

h} Examine a memory location in the contiguous block. Set
atl of the 30 - 815 switches low except for 88 and
mementarily raise 316, the Examine switch.

Deposit into the memory locaticn 0100H all ones. Raiss S0
thru 38 and then momentarily raise the Deposit switceh.

Return to the zerc addresas by lowering S0 - 315 and
momentarily raising S16 to the Examine positiocn.

Raise 819 to the Datz Breakpoint pozition.

Open AD and clese D in switch pack S825. Check to see that
S22, 823, and 324 are in their center-off positicns.

Raise tThe Run switeh, S21. The computer will run for an
instant and then =step at the address inte which wyou
deposited the FF byte. The Run and Wait LEDs will be on.
This method ecan be used to find simple faulits in memory



boards. It will not deteeit faults in address lines on a
memory board. Use an oscillosceope and the Continpuous NOP
function for testing address lines.

n) Repeat steps ¢ through m for different data test patterns.
The bytes 00, AA, and 55 will work because they are
interpreted as instructions that do not alter nemory or
cause the computer to branch to an address. The byte FF
will not work.

Displilaying the Accumulator.

25)

al Set 327 to:

Dy Do O=Cpen
CcCcCoOoCcCoOoO0OCC Cz=Closed

b} Raise 30 through ST, the S8 -~ 315 switches don't matter.
¢) Momentarily raise the Examine switch; the contents of the
accumlator will be displayed on the programmed oubput LEDs
FO ~ F7.
The Examine functicn has been redefined to execute:
D3, FF {QUT FF)
The c¢ontents of the zccumulator are net changed by this

operation. The address is incremented by 3. If vou are stopped
in the middle of a program and want to continue the program, then

you will have to reset 827 te C C 0 C O OCC . You can then use

the Examine function to jump back to the original address.

Changing the contents of the accumulator.

a) Set 827 to:

D7 DO O=Cpen
ccoccocCcc C=Closed

b} Raise 30 through S7.

¢} Place the byte that you wish to deposit into the accummlator
o1 the 38 ~ 315 switches.

d} HMomentarily raise the Examine switch; the 30 ~ S15 byte will
e lozded into the accumulator.
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The Examine function has been redefined to execute:
DB, FF (In FP)

If you are stopped in the middle of a progranm and want to continue the
program, then you will have to reset S2T to CC O 000 CTC . You can then
use the Examine function te jump to the original address.

REFERENCE SECTION

4.2 LIGHT EMITTING DIODES
4,2.1 A0 - A15 LEDs -~ displays the 16 address bits on the S-100 bus,

4.2.2 DO - DT LEDs -~ displays the 8 data bits on the processor
bidirectional data bus. These signals are routed to the front
panel by 'a ribbon cable from the processor boeard instead of
thru the S-100 bus.

1.2.2 L0 -~ LT LEDs -~ displays the following S-100 bus status
signals:

LO SHALTA HALT ACKNOWLEDGE

LT SINTA INTERRUPT ACKNOVLEDGE

1.2 Jumper selectable for SSTACK or INT
L3 30UT CUTPUT CYCLE

L4  SINP INPUT CYCLE

L5 5WO WRITE CR OUTPUT CICLE
L6 SHEMR MEMORY READ CYCLE
LT S INSTRUCTION FETCH CYCLE
4.2.4 FO « F7 LEDs - displays the contents of a register which
stores the data byte output by the proecessor during an OUT FF
instruction.

¥.,2.5 L8 LED ~ RUN -~ indicates the state of the front panel Run
signal. :
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4.z2.8

L.3.0

4,31

5.3.2

4.3.4

4.4 SWITCHES

4,451

L9 LED -~ WAIT -~ processor walt acknowledge.
L0 LED -~ PHLDA -~ HOLD ACKNOWLEDGE - processor DMA
acknowledge.

L11 LED - Jumper selectable for PINTE or PHANTOM.

The T1 ~ T4 LEDs can't be =een with the front panel cover in
place.

T1 LED - indicates that the Continuous NOP function is on.
T2 LED - indicates that the Continucus Deposit function is on.

T3 LED - indicates that the Continuous Functions function is
enabled.

T4 LED - indicates that the latch cirecuit has been friggered.

Power Switch: Keyswitch-under the InterSystems logo.

30 -~ 573 The 30 - 37 switches have four functions:

1) During a Deposit, Deposit Next, or Continuous Deposit, 30 -
57 determine the data byte written into memory.

2} During a Data Breakpoint the byte on the bidirectional data

bus is compared to the 30 - 37 pesitions.

1) During an Address Breakpoint the low order bdyte on the S-100

address bus (AQ - A7) is compared to the 30 ~ 37 positions.

4} During an Examine or Continuous Examine, 30 ~ ST determine

the seccond byte on the bidirectional data bus which may be
input by the processcor. During a C3 jump sequence, Gthis
byte 1is interpreted by Lhe processor as the low order
address byte. '
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S8 = S15: The 38 -~ 315 switches have three functions:

1) When the processor executes an IN FF instruction, the
positicns of the 88 - 315 switches are decoded az the FFH

o+

input poirt.

2} During an Address Breakpoint the high order byte on the
5-100 address bus (A8 - A15) is compared to the 38 -~ 815
positions.

Las
T

During an Examine or Continucus Examine, 88 -~ 815 deternine
the third byte on the bidirectional data bus which may be
input by the processor. During a €3 jump sequence, this
byte 1s interpreted by . the processor as the high order
address byte.

316: Examine/Examine Next.

S16 is disabled in Run mode. When the 316 toggle is raised the front
panel causes the processor to execute three machine cycles. During
the first oyele the byte on S27 is input to the processor if it is
inputting data. During the second cyecle the byte on S0 - 57 is input
if the proressor is inputting data. During the third cycle the byte
on 88 - 815 ia input if the processor is inputiting data.

In normai use, the C3H jump instruction is imput on 527, S0 - 57 is
Lhen interpreted as the low jump address and 38 -~ 315 is interpreted
as the high jump address. In this case, raising S16 to the Examine
position causes the processor to jump to the address on the 30 - 315
switches. The processor is then placed in Stop mode while executing
an ilnstructicn fetceh and the memory board that is addressed by the new
jump address outputs a data byte that is displayed on the data LEDs DO
~ DT.

f the 816 switeéh is raised while the Contipnucus Funection switeh, CF,
in 826 is on, the three cycle sequence 1is repeated approximately every
1 msec.

I

When the 316 toggle is lowered to the Exemine Next positicn, the front
panel cirecuitry causes the processor to execute one NOP instruction.
This increments the address without executing progranm instructions.
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If the 316 switeb is lowered while the Continuous Function switech, CF,
in 826 is on, the NOP instructicn is repeated approximately every 1
msee.

517: Deposit/Deposit Next.

817 is disabled in Run mode. When 317 is raised. to the Deposit
position the data byte on the S0 ~ 87 switches is deposited into the.
memory location on the AD ~ A15 address LkDs.

When 817 is lowered to the Deposit HNext position an Examine Next
function iz first executed and ¢then a Deposit is made into the
incremented address.

If 817 is lowered while the Continuous Function switceh is on, the data
bvte on 80 - 87 dis deposited into successive memory locations
approximately every 1 mssc.

318: Slow Step/Single Step.

318 is disabled in Run mode. VWhen S18 is lowered to the Single Step
positicon, the front panel ecircuitry causes the processor to execute
one cycle. The processor exscutes instructions out of memory.

When 318 is raised to the Slow Step position, the 3ingle Step function
is executed at a rate of approximately 1/5 Hz to 1kHz. The rate is
set by potentiometer RI.

819: Data Breakpoint/Address Breakpoint,

When S$19 is raised tc the Data Breakpoint position, a data breakpoint
signal is generated if the following conditions are met:

1) A4 comparison is made between the 30 ~ 8T switches and the
bidirecticnal data bus.

2} The status conditions set by switches S22, S23 and S28 are
wet.
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3} The external input on pin B of the test point header is at a
high TTL logic level., This input is normally held high by a
puli-up resistor.

4)  If switch BS in switch pack 825 is closed, then the bus
stable signal, BS must be high.

The Data Breakpoint signal is output on pin E of the test point
neader. It can be used to trigger an oscilloscope or logic analyzer.
I switeh AD in switch pack 325 1s closed, then the Data Breakpoint
signal will =top the processor.

The wait state reguest signal output by the front panel, XRDY, must
meat the tiwing requirements of the processor and memory used in the
computer. 4n B0B0 processor doss not oubtput stable dete until it is
toe late fo make a comparison and step the computer inm the current
cycle. In order to make a data breakpoint with the 8080, a wait state
Zenerator cirecult is used to request one waillt state during every cycle
that meets the status input conditions. If a data match is not made,
the processor continues to execute its program after being slowed by
the walt state. Slow memory wmay reguire nore walt states. One, two,
or three walt states can be reguested by closing Wi, W2 or W3 in
switeh pack 52Z5. If a data match is made, then the momentary wait
state(s} provide enough time for the breakpoint wait request to
successiully reguest a Stop. It is not necessary to slow a 280
vrocessor with the wait =tate generator because the Z80 outputs data
gzrlier in its cyvele than the §080. Note: only one of four of the
following switches in switch pack 325 can be closed at the same time:
W, 2W, 3W, 8,

When 879 is lowered to the Address Breakpoint position, an address
breakpoint signal 1is generated if the fellowing conditions are metb:

1) A compariscn is made between the 30 - 815 switches and the
S~100 address bus.

2} The status conditions set by switehes 522, 823, and 524 are
met,

3} The external input on pin H of the test point header is at =
high TTL logic level. This ipput is normally held high by a

pull-~up resistor.

4y  If switeh BS diun switeh pack S25 is closed, then the bus
stable signal, BS, must be high.
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Stop

The Address Breakpoint signal is output on pin E of the test point
header. It can be used Lo trigger an cscilloscope or logic analyzer.
If switeh AD in switch pack 825 is closed, then the Data Breakpoinb
signal will stop the processor.

520: Reset/External Clear.

Reset When S20 is raised to the Reset position, a
Heset and an External Clear signal 1is
generated. These signals are not debounced. A
Reset will cause the front panel eirecuitry to
stop the processor.

External Clear When 3520 is lowered to the External Clear
position, an External clear signal is
generated. This =ignal is not debounced.

4.5.6 321: Run/Stop.

Run When 321 is raised teo the Run position, the processor will
run if no other device in the system is reguesting a steop
and if the following front panel breskpoint functions are
not requesting a stop:

Latched Breakpoint, 325 L
Status Breakpoint, S25 3
tddress-Data Breakpoint S25 A D
Data Breakpoint 325 D

When 321 is lowered to the Stop position, a 3top mode is

requested during the first instruction fetch to occur.

The processor will stop while it is in the process of .
inputting the next dinstruction to be executed and that

instruction will be displayed on the DO - DT LEDs.

S22: M1 - Dont't Care - M1,

322 is a three position switeh which enables the four Lypes of
breakpoint: Latched, Status, Address - Data, and Data.

In the i position the breakpoints are enablied when the $-100 status
line, M1, is at a logic low.
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In the Mi positicn the breakpoints are enabled when the S5-100 status
line, M1, is at a logie high.

In the center Don't Care position the breskpoints are always enabled.
323: OUT - Don't Cars -~ INP.

323 i3 a three position switch which enables the four types of
breakpoints: Latehed, Status, Address -~ Data, and Data.

in the OUT position the breakpoints are enabled when the 3-100 status
line, SOUT, is at a leogic high (output instruction).

In the INP position the brezkpoints are enabled when the 5-100 status
line, SINP, is at a logic high {input instruetion).

In the center Don't Care position the breakpoints are always enabled.

S24: ITA -~ Don't Cars ~ HDA.

S22 is a three position switch which enables the four types of
breakpointa: Latched, Status, Address - Data and Data.

In the ITA position the bréakpoints are enabled when the S3-100 status
line, INTA, is at a logic high (Interrupt fAcknowledge signal).

In the HDA positicn the breakpoints are enabled when the S-100 HLDA
signal is at a logic high (DMA Acknowledge).

in the center Dontt Care position the breakpoints are zlways enabled.
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325

825 4is an octal switech pack. Only cne of W1, W2, W3, or S can be ¢losed at
a time.,

S25: Wi, W2, W3

These switches request 1, 2, 3 wait states respectively when they are
c¢losed and enabled by the following conditions:

1) 819 iz raised to the Data Breakpoint positicn.
2) The status conditions set by switches 322, S23,; and S24 are met.

33 The external input on pin H of the testpoint header is at a high
TTL level. This dimput is normally held high by a pull-up
resistor.

The 3 and BS switches in 5325 should not be clesed if the W1, W2 and W3
switches are to function normally. These walt states are needed during a
Data Breazkpoint in order to slow the processor until a decision is made
whether to stop the computer. B080 processors require 1 wait state. 3Slow
memory réegquires one more wait state than the board is itself requesting in
order to provide reliable data breakpoints.

525: 8§

When the Status, S, switch is closed, the breakpoint enable signal is used
Lo stop the computer. BSince the address and data comparators will not go
active unless this signal 4is already active, the address and data
brezkpoints are superceded by the status breakpoint. For example, with 323
set to the INP position and switch 5 c¢losed, the computer will stop during
any dinput instruction instead of when the computer 13 inputting a  byte
specified by switches 80 -~ 57.

Because the data breskpoint is not used when S is closed, the W1, Wz, W3
swltches in S25 are not needed and should be left open. If Wi, W2, or W3 is
closed while 3 is closed, a circuit conflict will develop.
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When the BS switch is clozed the Bus Stable signal is used to characterize
the breakpoint enable signal. The B3 signal is zctive high, indicating that
the data and address buses are stable and valid. Jumpers J2, J3 and J5% must
be sel properly in order to produce the correct BS signal. The BS switch
should only be closed when the breakpoint signal on testpoint header pin E
iz belng used to trigger an osclllozcope or logle analyzer. The BS signal
pravents the data and address comparators from producing false triggers when
the buses contain invelid information. Do not close the BS switeh while
trying to stop the computer using a breakpoint. The breakpoint signal when
enabled by BS does not occur early enough to stop the processor.

325; L

When the Latched, L, switech is closed, the computer can be stopped by a
latched breakpoint signal. The latch is triggered if the breakpoint signal
iz active low at the beginning {rising edge} of the Bus Stable signal, When
the latch is triggersd the T4 LED goes on. The latch is reset by cleosing
528,

The latched breakpoint occurs too late to stop Lthe computer in the current
cyele so the computer stops in the next cycle.

The latched breakpoint serves as a visual indicztion of the cccurence of &
breakpoint signal. It can stop the computer if the breakpoint event occurs
too late in the cyele to stop the computer with an address, datas or status
breakpoint. It also outputs the latched breskpoint =signal on testpolint
header pin F. '

S525: AD

iWhen the AD switeh is closed, the address or data breakpoint signal can stop
the computer. The data breakpoint =signal is selected by raising 319 to the
DATA pesition. The address breakpoint signal is selected by lowering 319 to
the ADDR position.
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When the D switch is closed the Data Ereakpoint can stop the computer il the
data comparator does NQT sense & match between the 80 - ST switches and the
bidirectional data bus, Switches 3522, 323, S24 should be set te their
center-of f positicns, the S switch in switech pack S25 should be open, and
testpoint header pin H should be laft disconnected or held high so that the
breakpoint enable signal will always be active low. The L, &, and AD
switches in switch pack S25 should be open so that oniy the D breakpoint can
occur. If an BOB0 processor is being used, the 1W switeh should be closed
and 519 should be raised to the Data pesition.

The Data Breakpoint is normally used in conjunction with the Continuous
Deposit Next function. First, a pattern is written into & block of memory.
Then,; with the freont panel in the Data Breakpoint mode and the compufer
stopped at the beginning of the blcek, S21 is raised to the Run position.
The computer interprets the pattern as a program and reads each memory
locaticen in the block. It stops when it resds a pattern thabt is not the
same as the 30 -~ 87 switches. The mismatched pattern and its address will
be displayed on the Data and Address LED=. Cnly wuse patterns or
instructions that do not alter memory or cause the program to branch away
from the next address.

For example, the following patterns are acceptable because they only change
internsl registers of the processor and increment the program counter.

| MSB LSB

0000000 HOoP
01T 8T 010 MOV D,L
101010170 XRA D

This type of memory test cannot replace the exhaustive software based memory
tests available for debugging and qualifyving memory boards. It does,
however, provide a very straight forward nethod for repairing simple memory
chip failures.
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826

526z CN

When the Continuous WGP, CN, switch is closed, the processor iz forced by
the front panel to execute the NOP instruction continuously at full
Procasser speed. The Tt LED geces on to indlcate that the CN switeh is
closed. No operation 1s performed during a HNOP instruction except for
incrementing the address. The processcr essentially hecomes a 16 bit
counter. This is wvery useful for testing for continuity and shorts in
address lines. Starting at address line A0, each subsequent address line
has twice the period of the previous address line.

The CN function forces the computer to operate in a simple repetitive mode
that is easy to understand and observe on an oscilloscope and logile
analyzer. The timing relationships between the clocks, PSYNC, M1, and DBIKN
are very easy to display.

S2h: CD

lnen the Continuous Peposit, CD, switch iz closed, the front panel circuitry
produces MWRITE pulses at approximately a 1 kHz rate. The processor remains
in a wait state and therefore the address does not change.

This function is normally used for testing the circuliiry on memory boards.

S26: CF

When the Continuous Function switch,

CF, di= closed; the Examine, Examine Nex{ and Depcsit Next functions are
modified so that instead of being one-shot events, they ccecur at a
repetition rate of approximately 1 kHz., Thus, the timing of these functions
can be displaved on a regular oscilloscope instead of a storage oscilloscope
‘or logic analyzer.

The Continuous Examine and the Continucous Examine Next are normally used for
self-diagnosis of the front panel ciprcuitry. The Continuous Deposit Next is
used %o write the pattern on switches 80 - 87 into a block of memory. Using
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the Data Breakpoint function, D in S25, a simple memory test can be
performed.

827 is an octal DIP switch. The positions of the eight switcbes determine
the #irst byte to be input to the processor during an Exapine or Exapine
Continuous sequence. A closed switeh represents a one. An open switch
represents a gero. D7 represents the most significant bit, DO the least
significant bit.

In normal use, DO, D1, D6 and D7 are closed and D2, D3, DI, and D5 are
open. This pattern represents a C3H jump imstruction and is interpreted as
such if the processor iz executing an instruction feteh cyele when the (3
byte dis input. With normal Jjumpering om J11, the Examine and Examine
Continuous functions <ause three machine cyeles to ogcur., If the processor
is inputting data during any of these cycles; 327, S0 - 37 and 38 - 815
input respectively, the first, second and third byte. The processor is in a
wait state betwsen thesze cycles. The number of cycles can be modified by
J11 so that only one or only non-instruction feteh second or third cycles
ocour.

The FEzamine funection is a single shoft event. Its timing is difficult to
display without a storage ozcilloscope or a logic analyzer. Its main
purpose 1is the C2 Jjump sequence which allows the user to examine the
contents of any memory location. The Continuous Examine function is usaful
because while the processor is eXecuting the 1, 2, or 3 ecycle sequence,
circultry anywhere in the computer can produce simple repetitive wavelomms
that are easy to display and understand. To produce a stable display, the
processor must start each sequence with the same status conditions,
otherwise the processor would interpret the data bytes differently on
different passes. For example, b6, 70, 46 will be exscuted as:

CYCLE M1 STATUS DURING STOP
11
z

STOP » MOV B,M M > 0

MOV B,M

3 MOV M, B

0 L MOV B,M

The processor is stopped for approximately 1 msec between each three cycle
sequence. The oscilloscope will trigger at the start of sach sequence and
two different waveforms will be superimposed on the display.
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S2h:

The 328 pushbutton resets the breakpoint latch. The T4 LED will go off when
328 is closed. If TH goes back on, the breakpoint signal is still present.

JUMPERS

Hote: the front panel PC bhoards are delivered with Shnrting Straps acrogs
some jumpers. AlL of these straps are on the solder side of the board and
should be cut If the jumpering is changed.

it J1 J1 dis a 20 pin socket area for mounting a T4LS244. This octal
driver can supply more courrent for the FF port LEDs than the
TELS273  register, The T4LS244 is normally not needed. To
install, first eut the eight shorting Jumpers under J1.

2,J3,J6; The J2, J3 and J5 jumpers are usaed to define the Bus Stable signal.
The Bus Stable signal is wused to indicate wheh the Data and Address
Buses contain valid jinformation. The junmpers are set Lo accommoedate
the timing of different CPY boards. Set the jumpers as follows:

Ithaca Audio 8080
ZB0 ~ 1010
Jz A~ B A~ B
J3 B~ C A~ B
Jé £ -~ B B~ C

For a more detailed explanation of the Bus Stable signal, see the
Circuit Description section of this manual.
J4é:  J4 selects alternste signals for the L9 Wait LED.

A - B The L9 Wait LED turns on to Indicate that 5-100 line #27,
WALT, is high.

B~ C The L9 Wait LED turns on to indicate that either of S~700
lines #3 or #27 is low.
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JS:  J5 provides for combining the Single Stép signal, S8, on 5-100 line

#21, and the Status Word Disable signal, SS 3B, on S5-100 lire #53.

A~ B 55 and S5W DSB are not combined.

A - C 35S and S35W DSB are cowrbined.

J6: See J2.

J7: JT7 selects alternate signals for the L2 LED.

A - B The L2 LED turns on to indicate that S-100 line #73, I
is low.

]

B - C The L2 LED turns on to indicate that S-100 1line #98§,
Error or 3STACK, is high.

J8: Wher closed, the J8 jumper bypasses the breakpoint cicuitry. U5 must
be removed when JB is closed. With J8 closed, the following switches
will be non-functional: S$19, S22, S23, S24, S25, L, S, AD, D, 1W, 2W,
3W, BS and 528,

With JB closed the zbove switches and the following compenents can be
omitted frow the board: U5, U10, U13, U144, U019, U22, and T4,

Ja: 49 selects zlternate signals for the Li1 LED.

A - E The L11 LED turns on to indicate that S-100 line #28,
INTE, is high.

B~ C The L11 LED turns on to indicate that 3-100 line #67,
PHANTOM, is high.

Ji0: The J10 jumper provides an alternate method for performing an
Examine. Instead of executing a C3 jump instruction, the processor
executes NOPs up to the address on the &0 - 315 switeches.

- 2 - FRONT PANEL



vy

e

Ll

€3 jump J10:z &4 - B
J1i: B -~ ©
327: C3 pattern

HOP Jump J10: B -~ C
Jit: o~ D
S22, 823, S24: Center position
S25, BS: Open
Testpoint header pin H: Open or High
S26, CF: May need to be closed.
S27: A1l open.

: iig provides alternate definitions of the Sense Switeh Disable, S5SW

DSB, signal.

4 - B 3W DS
]

lwel
tH

SINFP. Addr

B-C SWD SINP.AGCr.DEIN

for}
i}

The second definition provides a shorter pulse width and. has
traditionally been used in front panels. However, this allows
transitory bus conflicts to occur. The first method has been selected
with normal Jumpering.

Ji3 is a 14 pin socket area for wounting a T4LSOL, TUCCY or THLOU hex
inverter. The: inverier IC is used to add time delay to signals that
drive the bidirectional data bus and to the front panel deposit
pulse. The IC is normally not needed. To install it, first cut the
jumpers between pin pairs 1 & 2, 2 & U, 5 & 6, 8 & G, 10 & 11, 12 & 13
on the solder side of' the board.

TEST POINTS

Fight testpoints are gathered at the: Test Point Header, located under 325.

Either individual test point pins or-a socket for a ribbon cable can be used
in the header.

T.P., A T.P. A is normally held high by a pull-up resistor. Grounding
T.P. A will reset the Run/Stop flip flop to the: Run state if
the flip flop is not being set to the Stop state by the: POWER
O CLEAR, POC, signal, by T:P. B or by lowering the S19
Run/Stop togegle switch. .
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T.P. B T.P. B is normally held high by a pull-up resistor. Grounding
T.P. B will set the Run/Stop flip flop to the Stop state. If
the processor is running, 2 negative pulse on this line will
stop it until the flip flop is reset.

T.P. D T.P. C is connected to the input of a TULS2L0 inverter. T.P.
D is connected to the output of the same inverter. The input
is normally held high by a pull-up resistor. This inverter is
ugsed to change the polariity of external inputs te the other
test points. If T.P. C is left open, T.P. D can be used as a
ground signal for the other test poinis.

T.P. E The address or data breakpeint signal is output on T.P. E.
The data breakpoint signal is selected by raising 319 te the
Data position. The address breakpoint signal is selected by
lowering 319 to the ADDR position. Refer to the section on
the 51§ awiteh - for more informaztion on the breakpoint
signals,

I.P. F T.P. F indicates the state of the breakpoint latch. T.P. F
will go high when a breakpoint occurs.

T.P. G The Bus Stable, B3, signal is output on T.P. G. See S525: B
and in the Jjumper section J2, J3, J6, :

T.P. H T.P. B is normally held high by a pull-up resistor. The data
and address breakpoint signal is disabled when T.P. H is low.

There are 15 additional test points that are located over the gold edge
conngctors. These test points are directly connected to the following 5-100
bus signals:
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T.P, Name Use

S8W DSB  Sense Switch Disable Disables CPU ippub data drivers
AEDY External Ready Stops the processor when low
MR Memory Write Memory Write strobe

SS Single Steo Disables CPU input data drivers
PRDY Processor Ready Stops the processor when low

02 0z 2 or & mHz cleck signal

01 01 2 or 4 nHz clock signal

PSYNC PSYNC Indicates start of cycle

PWR Processor Write Proceasor Write strobe

DBIN Data Bus In Indicates proec. inputting data
M1 - M1 Instruction fetch status signal
SOUT SOUT Cutput status

3INP SINP Input status

CLK Clock 2 wmHz clock

POC Power on Clear

CIRCUIT DESCRIPTIOCH

The front panel controls the computer with five S~100 signals and a ribbon

cable that goes directly to the CPU board.

1

2}

3)

1)

FRONT PANEL

The five S-100 signals are:

External Ready, XRDY - S-100 line #3, active low. XRDY iz used

toc reguest a wait state.

Single Step, SS - 3-100 line #21, active low, open collector. 35
is used to disable the CPU boardt®s data input drivers so that the
front panel cireuitry can drive the processor's bidirectional
data bus thru the ribbon cable. 85 is disabled in the Run mode.

Sense Switch Disable, SSW D8B - 3-100 line #53, active low, open
collector. &S8W DSE is used to disable the CPU beard®s data input
drivers "~ so that the front panel circultry can enter the
Programmed Input byte into thes processer's bidirectional data bus
thru the ribbon cable. The Programmed Input byte is determined
by ‘the positions of the 38 ~ 815 switches during the execution of
an IN FF instruction. SS§ DSB is not disabled in Run or Stop

node.

Memory Write, MWRITE ~ S-100 line #68, active high. MWRITE is
used as the wrlte strobe signal to memory and wmemory-mapped
beoards. The front panel drives the MWRITE signal high during
Deposit, Deposit Next and Continucus Deposit functions. These
functions are disabled im ERun mode. The front papel will also
produce a MWRITE strobe. if the processor outputs a Processor

Write, PWR, =trobe on 3-100 iine #77 and the SOUT status, line
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#45, is low.

5) Run -~ S-100 line #71, active high in Run mode. Run is used to
indicate the state of front panel Run/Stop flip flop.

S5 and 58W DSB are both used to diseble the CPU board's input data driver.
Their functions are redundant and &re used only by the CPU board. Three
opticns are provided for routing these signals to the CPU board:

Separate signals on S~100 lines #21 and #53.

Combine on either lines #21 or £53 using Jjumper J45.

Combine and route over the ribbon cable, not using the 5-100 bus at
all.

The ribbon cable carries the fcllowing connections from a 20-pin header.

Pins 1 -~ 8 The processor's bidirectional data hus. LSB on pin 1.

Pin 12 The Single Step signal. The S3W DSB signal can also be
routed over pin 9 by Jumper J5.

Pin 10 The Reset signal which is normally output on S-100 line
#75.

Fin 11 Ground.

Existing processors use 16 conductor ribbon cables. 16 conductor cables are
connected to pins 1 -~ 8 and 13 - 20 of the header.

Reset D7 D&EDS D4 D3I D2 D1 DO
| WS U TS N N B N N
10 1
71 : 20
[ T T T D T

GND 55 ™ v s

RESERVED FOR 18 81T
PROCESSORS
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The block diagram illustrates the baszie front panel cireuitry. The
breakpoint circuitry drives XHDY low thru U5 and U26 when the breakpoint
conditions are met, thus stopping the computer. The control logic bloeck can
drive XRDY high, causing the processor to run, even through US is requesting
that the processor stop. he Examine, Examine Mext, Deposit, Deposit Next,
Single and Slow Step functions are producad by a combination of the control
logic starting and stopping the processor and imposing data on the
bidirectional daita bus at the appropriate times. VWhen the front panel Is
driving the bidirectional dabta bus, the CPU board®s data drivers, which also
drive the same bus, are disabled by the SS signzl. The control logic drives
the MWRITE signal high during the Deposit and Deposit Next functions.

The following section of the manual discusses the froant panel functions in
greater detail. The shorthand notation, U3Q pi>0 is used instead of the
deseription, IC U30 pin L goes from a loglc state of cne to a logic state of
zerv. To clarify the operation of the front pansl funetions, the seguence
of events during each function is broken into numbesred blocks. ERach block
contains those events that occur within a few gate delays of one another.
Events that are separated in tine by a clock pericd or a one~shot period are
in different bleocks. The blocks are numbered chrecnologically.

Run/Stop

The computer 1s placed in Run mode by driving XRDY, S8-100 line #3, high.
The computer is stopped by driving XRDY low. The Run signal, S-100 line
#71, indicates the state of the Run/Step flip flop output, U30 p§. Run is
set high in Run mode.

Sequence of Events

Frow Stop te Run mode

13 The Run/Stop switeb, 827, is raised, grounding U30 pf0. T30
pG>Q, U6 p7rt, US pl3»0, U26 pi13 {(XRDY)>»1. This sequence will
cccur if a breakpoint is not being reguested, i.e8. U5 p9, 10,

11, 12 all high. The Run signal is alsc used to disable some of
the front panel functions in Hun mods,

From Bun to Stop mcde
The Run/Stop flip flop is set to the Stop state in twe ways, a and b:

a) The Power Cn Clear, POC, signal on 3-100 line #99 will set
the flip flop when POC goes low. U330 pl2>0.

b) When the Run/Stop switch, 321, is lowered to the Stop
position and the S-100 signals M1, PSYHC, and 01 are high
indicating the start of an instruction fetch cyecle. U9
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ph>0.

Both a and b start the same sequence: U30 pg>1, U16 p7>0, UG5 p13»1, U26 p1i3
{XRDY)>1.

Single Step

This function consists of the processor executing one instruction. Single
Step is only enabled during Stop mode. In Stop wmode, the processor doess not
produce PSYNC pulses and therefore the U31 debounce one~-cshot which isw
triggered by PSYNC has timed out, U31 p10>0.

_ Sequence of Events

1)  The Single/Slow Step switch, S18,. is lowered to the Single Step
position. Capacitor €3, which has been discharged by resistor
R2, grounds U25 p5; U25 pb>0, U206 p13 (XRDY)>1. When the
processor senses that XHEDY is high, it finishes executing the
cycle in which it had been stopped and then starts to execute the
next cyecle.

2) At the start of the next cyele, the processor generates a PSYNC
pulse. The PSYNC pulse triggers the debounce one-shot driving
U1 p10 highs U25 p6>t, U26 pl13 (XRDY)>0. XRDY going low stops
“the processor. Another single. step cannot occur until the
debounce one-shot timss out after about 1 msec. The processor is
stopped in the wmiddle of the "next® cycle.

3) Capacitor C3 is charged to 2 logic 1 by the resistor connected to
Uzs p5.

4) The debounce one-~shot times out, U31 p10>0.
51 The 318 switch opens.
'6) C3 is discharged to ground by R2. The circuitry has returned to
its initial conditions.
Slow Step
This funetion consists of continuous Single Step functions. The time period
between single steps is determined by the period of the deboumce one-shot.

Slow Step iz the same as 3ingle Step except for:

a) U255 p5 is continuously grounded when 518 is raised. Thus whenever
the debounce one-shot times out a Single Step starts.
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b) The debounce one-shot timing resistor, R6, is switched out of the
circuit by reverse biasing diode D1. This leaves the much larger
variable resistor, R9, to determine the one-shot's time constant.
In Siow Step mode, the one-shot!s period can be varied from
approximately 1 msee to 5 sec.

Examine Next

This function consists. of the processor executing one No Operation, NOP,
instruction. The Computer must be in Stop mode.

Sequence of Events

1) The Examine/Examine Next switeh, S16, is lowered, capacitor C3
grounds U28 pY. U28>p8 0, U30 p7>0, U9 p8>1, U27 pT7>0.

At this point, the =ignadl splits into three paths a, b, and c:

a) U26 pb>1, UIT p6 (Single Step)>0. When Single Step, SS,
S-100 lime #21 goes low, the CPU board's input data buffers
are disabled. This allows the front panel datea drivers to
drive the bhidirectional data bus without conflict.

b} U26 pTB {XRD¥)>1. When XRDY, S-100 line #3, gces high the
procegsor will start to run.

e) U2k p2>1, U2L p1>0,; UP5 p3>0. U8 outputs 2ll go low when
DBIN is high. U24 is normally & THLOL. This part provides
long gate delays. The delay provides time for the S8 signal
to turn off the CPU boardts data buffers before the f{ront

panel's data drivep U8 is turned on.

2] The processor executes the NOP instruction and starts an

instruction fetch, M1, oyecle. At the start of the M1 cyele the

. proecessor produces a PSYNC pulse. This triggers the debounce

one~shots U31 0920, U0 p7>1, U9 p8>0, U27 pT7>1. The three paths
return to their coriginal conditions:

a) U26 pbr0, UIT pb (S8)>1.

b) U266 pi3 (XRDY)>0, stopping the processor.

e) Uz5 p3»1, U8 outputs tristated. This removes the NOP ehnable
signal. HNote that the NOP is turned off faster than it is
turned on because the =ignal does not have to pass thru the

24 inverters.

3) Capacitor C3 is charged to a logic 1 by the resistor connected to
U28 p9. '

FRONT PANEL - 34 -



4)  The debounce one-shot times out, U31 p9>1.
5)  The Examine Next switch is opened.

6) £3 is discharged to ground by RZ.

Deposit

To perform  a Deposit, the front panel disables the CPU board’s data input
buffers, drives the data bus and outputs a MWRITE pulse. Special attentien
has been given tc avoiding data bus conflicis and to provide adeguate data
aet-up and hold times. The processor remains in Stop mode during a
Deposit.

Sequence of Events

1) The Deposit/Deposit Next switch, S17, is raised. (3 grounds U28
p13, U28 p1i»0d, and the debounce one-shot is triggered, U3
pl10>1. This removes the overiding set input to the Tlip flep and
U30 pl>»0. The signal splits into twe paths, a and b.

a) U26 p6>1, U1] pé (Singie Step, 58)>0. The low S8 will
disable the CPU board‘*s input data drivers.,

b) U24 pi>1, U24 p10>0, U25 pl11>0. U24 is normally a TULOA.
This part provides a relatively long gate delay. U224 and
25 are connected so that the falling edge of a signal is
delayed by both U24 and U25, the rising edge is delayed only
by U25. This two way delzy allows the front panel data
drivers to be turned on late and turned off earliy relative
to S3. '

The signal at U2% pl11 splits into two paths, ¢ and d.

¢) UzB p3»0. This turns the U1% data bus drive on. The byte
on the 50 - 37 switches is placed on the bidirectional data
bus, This byte is output by the CFU board onto the S$-100
data out hbus. '

d) The sigmal is further delayed by two iow power inverters and
then triggers the FWEITE cne-shot that preoduces the HWRITE
pulge. Uz2& pb6>1, Uz4 p8>0, U31 p7>0, U28 pb»0, U25 pBrO,
U16 p9 (MWRITE)>t. The MWRIYE pulse is delaved so that the
data set. up time of the mewmory is met.

2) The MWRITE one-shot times out afier approximately 0.1 msec.
- MWRITE>D.
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3) Capacitor C3 iz oharged to a logde 1 by the resistor connected to
Uzg pt3.

L) The debounce one-shot times out after approximately 1 msec. U3
p10>0, this geta the flip flop, U30 pi>1. The signal splits
into two paths, a and b,

a) U26 pb>0, UIT7 pb (SS)>1.

b) U25 p11>1. Note that there are no time delays due to U24,
The signal splits into two paths, ¢ and d.

e) U2B p3>1, Ui5 is tristated, removing the data byte from the
data bus.

d} The MWRITE one-shot has already timed out, this path does
nothing.

5) The Deposit/Deposit Next switech is released.

6} Capacitor C3 is discharged to ground by resistor R2.

Deposit Next

The Deposit Next function censists of an Examine Next followed by a
Deposit. Both R3 flip flops that control the Deposit and the Examine Next
functions are triggered simultaneouzly, U300 pi1&5, when the Deposit Next
switeh is closed. The Deposit RS flip flop is disabled until the debounce
flip flop is triggered, U331 pl10>1, and DBIN goes bhigh. This delays the
Beposit sequence until the Examine Next is ccmpleted. Refer to the Deposit,
Examine Next, and the Deposit Next timing diagram for more detail.
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cxenmlne

With normal jumpering, the Examine function forces the processor to execute
three cycles. Hormally, the first cyecle is an instruction fetch and the C3H
jump instruection is placed on the bidirectional data bus. The second eycle
is a memory read and the byte on the S0 -~ S7 switches is input and
interpreted as the low order jump address. The third cycle is a memory read
and ‘the byte on the 38 -~ 315 switches is ipput and interpreted as the high
crder jump address. The Examine function is cnly enabled during a Stop
mede.

Sequence of Eventis

1) The Examine/Examine Next switch, 216, is raised; capacitor C3
groundas U30 p1%, this resets the RS flip flop, U30 p13>0, U9
pi>»1, U27 p7>0. This part of the Examine sequence 1is very
similar to the Examine Next timing except that the common side of
S27 is low in the Examine case. This places the byte on 527 on
the data bus instead of the NOP. The signal =plits into three
paths, a, b, and c.

a) U266 p6>1, UNT p6 (Single Step)>0. This disables the CPU
board's input data huffers.

b} U26 p13 (XRDY)>1. This starts the processor.

e) Uz4 p2>1, U24 pi12>0, U25 p3>0c. The UB data driver is
enabled, placing the C3H byte on the data bus. U24 is used
to delay the signal to U8 so that the 5SS signal has time to
turn off the CPU boardts data drivers.

2) The processor executes the C3H instruction and starts a memory
read cycle. At the start of this cyele the processor outputs a
' PSYNC pulse. The PSYNC pulse triggers the debounce one-shot, U3T
p9>0, =etting the Examine RS flip flop, U30 pl13>f. The PSYNC
pulse also clecks the D flip flop, U29 p3>0. U330 and U29% act as
shift register elements.

When U30 p13>1, 38>1, XRDY>0, and UB will be disabled. U29 p3>0,
however, will force S3>0, XRDY>1, and enable the U15 data driver,
placing SO - S7 on the bidirectional data bus. Since XRDY is
still high the processor will remain running.

3) The processor executes the second cycle, a2 memory read, and
starts to execute the third cycle, another memory read. At the
start of this third cyecle ihe processor outputs a PSYNC pulse.
The PSINC pulse clocks both D flip flops in U29. UP9 po>t and
U29 ph>0. The flip flops are acting as shift register elements.
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5)

6)

7)
8)

When U29 p9>1, SS>1, XRDY>0, and the U155 data driver will be
disabled. U29 p5>0, however, will force 88>0, IRDY>1, and énable
the Ut data driver, placing S8 -~ S15 on the bidirectional data
bus. Since ARDY is s8till high the processor will remain
running.

The processor executes the third cycle, a memory read, and starts
to exeocute the fourih cyele, an instruction fetch. At the start
of this fourth oyele the processor outputs a PSYNC pulse. . The
PSYNC pulse clocks U29 and U29 p5>1. U29 p5>1 causes S88>1,
XRBY>0, and disables the Ul data dpiver. Since XRDY>0, the
computer stops during the instruction fetch cyele.

Capacitor C3 is charged to a logic 1 by the resistor connected to
U30 pid.

The debounce one-shot times out after approximately 1 msec. U311
p8>1.

The Examine switch is released.

Capacitor C3 iz discharged to ground by resistor R2.
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Contimious Functions, CF

The CF switch grounds ecapacitor C3. When the Examine, Examine Next,
Deposit, Deposit HNext and Single Step switches are clesed, =z continuous
ground instead of a low pulse enables the respective function. When the
debounce one-shot times out, the fupction starts again. The timing is
similar to the single occurence timing.

Continuous NOP, CN

The CN eswitch grounds U9 pi1. This drives U9 p8>1, U27 pT7>1. The signal
splits into three paths, 2, b, and c.

a) U26 pb>1, U7 pé (S5S)>0.
b) U26 p13 (XRDI)I>1.

e} U2k p2>1, 024 pi2>0, U25 p3>0. U8 output all go low when
DBIN dis high. This is interrupted as a HNOP instruction.
The NOPs are executed endlessly.

Continuous Deposit, CD

The CD function triggers a Deposit sequence approximately once every |
msec.

The Deposit RS flip flop, U30 pi#, is set by the debounce one-shot when its
output, U371 pl10, goes low. This terminates the Deposit sequence.

When the CD switch is closed and U31 pl10>0, U27 pid>1. This enables the
cutput of Ui7 p8 and the 02 clock sigral is fed to the one-shot trigger U31
p11 and the Deposit RS flip flop trigger, U28 pi3 to U30 pt. This starts a
new sequence.

Breakpoints

The breakpoint funciions stop the computer when certain conditions are met,
by driving XRDY low. The conditions address, data, status or T.FP. H, must
ccceur early enough te meet the wait set up time reguirements of the
processor being usad. If the wait set up time is not met the computer will
not stop. If the breakpoint conditions are late because of a long access
time, then wall states can be added to possible breakpoint eyeles. If the
breakpoint condition does not ocewr in a T2 or Tw atate then the latched
breakpeint or T.P. B ¢an be used to stop the computer.
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As an example, consider the seguence of events during an address breakpoint
on input port mmber FF while running the FF PORT TEST PROGRAM.

The AD switch in switch pack 325 i3 closed, 323 is set to the INP positioen,
519 is set to ADDR BREAK, and all S0 -~ 3515 switches are raised. The
processor executes . an OUT FF 4instruetion; SO0UT>1, all address bita>l; U5
p6>0, U19 p19>0, U22 p19>»0, U5 p12>0, U5 pi3>1, U6 pi3 (ZRDI)>0. The
computer will remain in this condition until S19 or AD is operned or a front
panel function: Examine, Examnine Next, Single Step, Deposit, Deposit Next or
Reset changes the breakpoint conditions.

Bus Stable

The Bug Stable signal goes high when the data or address bus contains valid
information. The address bus is always valid during the DBIN and PWR
strobes. The data bus is always valid during the PWR strobe. The data bus
does mnot have to be wvalid during all of DBIN. When the processor is
inputting data from memory or an input port, data will not be available
until after the access time of the memory or port. Because an unknown
number of wait states can be inserted into the DBIN period, the data bus
should not be sampled until at least the end of the last walit state.

The Bus Stable signel is implemented in the Tfollowing manner:
a2} U13 p5 1s normally cleared Low because DBIN is normally low.

b) PWR is normally high. It is connected to the set input, U13% pi,

When FWR>0, U13 p5>1 because the set input overrides the clear

©input. When PWR>1, the flip flop is immediately cleared by DBIN
and U113 p5r0.

¢) Wben DBIN 'is high, U13 is neither set or cleared and will clock
its D input, U13 p2 {PRDY), to U13 p5. The jumper J3 selects the
polarity of the clock Dbecause the different processors output
either polarity. When PRDY is high 113 p5>1.

dY When C and B are connected in J6, U13 p5 is used a3 the Bus Stable
signal. Sometimes it is necessary to clip the beginning or end of
the U113 p5 =signal. For example, if the Z80 refresh address can
overlap the DBIN strobe, then the end of the BS signal should be
clipped. If the memory access time is very long, then the
beginning of the BS signal should be clipped. The clipped BS is
used by Jjumpering A to B in J6&. The type of c¢lipping is
determined by J2. J2 also allows for different polarities of (2.
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Programmed Output Port

The front panel latches the contents of the bidireciional data bus when the
logical econdition

PWR. S0UT.(FF on AG -~ A7 address bita) = FF Port Out

iz metb. U3 i= clocked on the low to high transiticn or end of the above
aignal.

Programmed Input or Sense Switches

The front panel places the byte or the 38 - 315 switches conto the
bidirecticnal data bus when the logieal condition

DBIN.SINP.(FF on &0 ~ AT address bits} = FF Port In

iz net. The processor interprets the 38 - 815 byte as data frow the FF
port.

REPATR

The basic meithod used by the front panel to debug itself and the rest of the
computer is to provide many functicns, simple and complex, that indicate or
identify faults in the computer circuitry. Scometimes the front panel will
very directly display an error, such as having both the SINP and SOUT LEDs
on at the seme time. At other tipes the error will be indicated by the
Faijure of a f{ront panel function to work properiy. For example, after
discovering that his disk system will not boot, the user finds that the
Examine Next funection will not work either. This does not ddentify the
problem, but it is much easier to debug Examine Next than a front panelless
disk syetem.  Experience has shown that most hardware faults that would
cause a high level task to malfunction will also cause relatively simple
front panel tests or functions to fail. The problem is to select the
simpiest test or function that will indicate or identify the error.

This method requires some technical ability from the user. An alternative
front panel design would be an intelligent, self-contained "black bex™ that
would exercise the system and flash an error message to the unsophisticated
user, The "black box" front panel would be expected to operate normally
even if the rest of the compuiter was totally broken.
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This second method was rejected for several reasons:

1) The circuitry in the Pblack box" would be as complex as the rest
of the computer, and would be as difficult to repair. In
contrast, the InterSystemsz front panel has the powerful ability
to lncrementally break down and be repalred. The user is never
left without any information. He can bootstrap the system by
repairing the simple funections first znd the complex last,

2) An intelligent front panel and an unsecphisticated user is not as
flexible as a siwple front panel and a knowledgeable user,
Especially when hardware development instead of repair work is
being done.

33 The InterSystems front panel i= also an instructional tool. Its
very intimate association with the rest of the computer eircuibry
leads the wuser to a dseper understanding of the computer
hardware, |

The following contains notes and recommended procedurses for diagnosing
© hardwvare faultis. The general theory i1s to find the simplest test or
function that will not work or that will identify the fault. It is always
preferable to display the fault statiecally, i.e. while the computer is
stopped or being reset. The problem then reduces to tracing the fault back
to an IC whose inputs and outpuis are logically inconsistent.

& very useful technique is to isolate a questionable IC pin by bending the
pin out of the IC socket.

I the problem cannot‘ be displayed statically then a function like the
Continuous NOFP, CHN, can be very useful. Using an oscilloscope, the timing
relationships of signals can be checked. Because the computer is executing
a relatively simple repetitive program, the waveforms are relatively easy to
display and understand.
if the computer is not working; first check the simple things:

Power supplies.

Alignment of S~100 cards in the connectors.

The front panel to CPU ribbon ecable. Is it plugged and oriented
properly?
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Remove all of the boards in the system except for the front panel and the
CPU beard. Check the empty 100-pin connectors for loocse pieces of metal
that may be shorting S~100 signals, testpoints and LEDs while the computer
is being reset, stopped, run, and Continuous liOPed.

Signal S~100 # Reset Stopped Run with Continuous
Name after Reset no memory NOP
no menory
XRDY 3 0 0 1 1
58 21 1 1 1 0
§2 24 ol p P p
&1 25 D p p Y
M1 il 0 1 P P
S0uUT iy 0 0 0 Q
SINP 16 3] 0 G 0
SMEMR Ny 1 1 P 0
Clock g D p L b
35w TSB 53 1 1 1 1
MWRITE 68 #] 0 o} 0
RUH T1 0 0 1 #
PSYNC 76 G 0 p j2
PWR 77 1 1 D 1
DBIN 78 0 1 P P
SWO 97 1 ( p 1
Addre=ss AD-A15 211 on All off © All on A1l on .
LEDs AL, A15% A4 ,815%
Data Lo-D7- All on All on All on A1l on
LED=
‘Programmed FO-FT A11 on All on A1l on AlL on

Cutout LED=s

Status LEDs: :
M1 ofre On Dim Dim

g@MR on On On On
WO Cn On On On
INP arr orse off orf
ouT off orr off orge
IN org off off orf
HLDA orf orfe off - Qrr
Run LED ofrf orf On orf
Wait LED On On orf orf
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# LEDs flickering,

The above table only applies to an Ithaca Audio Z80 processor. Some
of the LED readings may differ because of differences in front panel
Jjunpering.

If a fault is found, locate the socurce of the fault and fix it

immediately. It is usually a mistake to go on to a more complicated
test.

If you can't find anything wrong, test to see if the following front
Panel functions work properly. They are listed in order of
complexitys

Single 3tep

Examine Next

Deposit {look for MWRITE pulse)
Deposit Next (look Ffor MWRITE pulse)
Examine

Use the Examine function to determine if any address lines are open or
shorted.

How place a memory board in the computer. A static memory is best for
debugging. Check the front panel funetions again. Debosit different
patterns . into the memory to determine if any data lines are open or
~ shorted. '

If everything still works, toggle in the FF PORT TEST PROGRAM. Starting at
zero: DB, ¥F, D3, FF, C3, 00, 00, The FF PCRT TEST PROGRAM was discussd in
the CHECK OUT section.

If the FF PORT TEST PROGRAM runs, add more boards to the system. If the
program fails after a board is added, Single Step through the program to
find the instruction that is not being executed properly.

If the fully-loaded computer runs the FF PORT TEST PROGRAM,"™ try to run one
of the commercially available ROM based monitors. If this works but your
high level application still dees not, check to see if your application uses
Features that the ROM and FF PORT TEST PROGRAM don't use, such as DMA or
interrupts. Use the breakpoint functions to examine the operation of your
application or write short test programs to test possible faults.
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The preceding procedure and tests are dintended only as an initial guide.
The user should feel free to develop his own debugging ftechniques.

NOTES

It is often helpful té remember that the CPU "thinks"™ that the front panel
is memeory. During an Examine sequence the CPU's status and control signals
are for an instruction feteh and two memory reads.

Because the CPU "thinks"™ that the front parel is memory, if the CPU board
has a wait state reguest switch for the MEMR cycle, then you can add a wait
state t¢ the Examine, Examine Next, Deposit Next, Continuous NOP, and
Continuous Function functions. If one of these functions only works
properly with the added wait state then check the timing very carefully.
For an example, at 4 mHz, if PSYNC is delayed during an Examine Next
sequence, then the IRDY signal, which is triggered on PSYNC, will not go low
soon enough to stop the compubter. The computer will execute another cycle.
It is possible to use the onhoard wait state generator, U110, to add wait
states to every cycle,

If you can't get a system to work at & mHz, try 2 mHz First.

The «i6V line is next to the S5W DSB signal on 5-100 line #53. The -16V
supply is usually lightly loaded and will bleed—down slowly when the power
is turned off. If boards are removed soon after turning off the power, they
can short -16V to SSW DSE and burn out the CPY board input or the front
panel driver. This ocecurs often-if vour front panel doesn't worl, c¢heck

SSW DSH.

Always use both the CPU board and the front panel. Don't run the front
panel alone.

In switeh pack S25, only close one of the following four switches at a time:
K1, W2, W3, 8.

]

In switch pack 326, only close one switoh at 2 time.
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FRONT PANEL PARTS LIST

PART NUMBER Ic DESCRIPTION MANUFACTURER
Ui 81LS95 Octal Buffer National Semiconductor
Uz 74L5240 (¥5)
Uz 7418273

U4 741519

15 8092 S-input NANDs NS

U6 741508

u7 TID126 Diode pack Texas Instruments (TI}
s 81LS56 Octal Tnverter NS

[ 741510

U0 | 7415173

it 741500

Uiz 7415240

U13 741574

ul4 25182521 Octal Comparator Advanced Micro Devices
U1s 811895 Octal Buffexr NS (AMD)
uls 74L5240 |
Ui7 7403

uig 7415240

Uig ‘ 25182521 Octal Comparator - AMD

uzo 7415240

Uz21 , T4A1.5240

22 25152521 Octal Comparator AMD

UzZ3 74L830

24 74L04 Low Power TTL

uz2s 741832

uze 3092 5-input NANDs NS

27 - T4LS240

1728 74L508

{729 741574

3o 7415279

Uz1 8965072 Schottky One-Shet Fairchild



Front Panel Parts List (continued)

PART NUMBER

o1, €2
3

C4 - C18
£19

€20, €21
€22

023

RL
R2
R3
R4
RS
R6&
R7
RE
R9

URL
UR2

UR4
URS
URG
URY
UR3
URoe
UR10

"Dl

Qb, 02
48

COMPONENT VALUE § TYPE

0.1 uf
0.01 pf
0.1 uf
G.0L pf
8.1 pf
47 uf

2.2 uf

33040

220 KO

1 KA

1 K0

4,7 KO

1 X0

20 KA.

1.5 KO

2 MO trimpot

2200
220 .0
4.7 K.
£.7 X0
220 &%
4.7 Kou
2200
220 (4
220 fL
4.7 XL

IN4AL4S
7805
LEDs °

DIy
DIP
SIP
SIP
DIP
51p
nre
DIP
DIP
SIP

20V



Front Panel Parts List {continued)

PART_NUMBER

50 -
516,
518
Si¢g

315
517

521
$23, S24

COMPONENT VALUE & TYPE

Address/Data Toggle ON - ON SPDT
Ex/ExNt, Dep/Dep Nt Toggle {ON) - OFF - [ON) SPDT
Single Step/Slow Step Toggle {ON) -~ OFF ~ ON nept
Breakpoint Toggle ON - OFF -« ON DPDT
Run/Stop, Reset/Ext Clr Toggle (ON) - OFF - (ON) DPDT
P.C. mount Toggle ON -~ OFF - ON : SPDT
Octal DIP Switch ON -~ OFF SPST
Quad DIP Switch ON -~ OFF DPSf
Octal DIP Switch ' ON - OFF SPST
Fushbutton Normally open

7 is an optional part. Tt is a diode pack used to clip
overvoltages on the ribbon cable. It 1is normally not needed,
We don't ship the item with our mainframe. U7 can be purchased

from Ithaca Intersystems. Please call or write for current

pficing.



TTHACHA THNTERSYSTEMS LIMITED WARRANTY

A1l equipment menufactured by ITHARCA INTERSYSTENS shall be guaranteed
against defects in materials and vorkmanship for a period of ninety (30)
days from date of delivery to the Buyer by the Seller, and the Seller agrees
to repair or replace, at its sole option, any part which proves to be
defective and attributable to any defect in materials or workmanship.

EXCEPT FOR THE WARRANTIES THAT THE GOCDS ARE MADE IN A
WORKMANMLTKE MANMNER AND IN  ACCORDAMCD WITH THE
SPECITFICATIONS SUPPLIED, SELLER HMAKES P10 WARRANTY
EAPRESS OR  TMPLIED, AND ANY IMPLITD WARRANTY OF
NERCHAMNTARBILITY OR FITNESS FOR A PARTICULAR PURPOSE
WHICH EXCREDS THE FOREGOING UARBAMTY IS5 HERLBY
DISCLATHED BY SELLER ANMD EXCLUDED FROM ANY AGREEMEMNT.

Buyer eo¥pressly wailves 1ts rights to any conseduential damages, loss or
erpense arising in connection with the use of or the inability to use its
goods for any purpoese whatsoever,

Ho warranty shall be applicable to any damages arising out of any act of the
Buyer, his emnployeesg, agents, patrons or other persons.

in the event that a unit proves to be defective, and after authorization by
Seller, the defective part and/or unit, as autherized, must be securely
packaged and returned Freight Prepaid by the Buyer to ITHACA INTERSYSTEMS
for repair. Upon receipt of the unit, ITHACA INTERSYSTENMS will repair or
replace, at 1itg sole option, the defective part or preduct and return such
part/product Freight Prepaid to the Buyer,

The remedies set forth herein are exclusive and the liability of Seller to
any contract or sale or anything done in connection therewith, whether in
contract, in tort, under any warranty, or c¢otherwise, shall not, except as
expressly provided herein, exceed the price of the eqguipment or part on
which said liability is based.

This warranty is given solely to the original BRuyer. No emplovee oOF
representative of Seller is authorized to change this warranty in any way or
grant any other guaranty or warranty.



ALIDEMDA =od EARRATA
Freliminery Editiony Ithacs I[nterswstems Fromt Fanel Mamwsl
Juily 22 1980

The followirng materisl Wwill be incorrorasted imto Edition 1L
of Lthe front sanel manual.

ATIDENDA

Lifferent CPU Cards

fAa drdicated st vsrious rlaces in the front rssnel marusls
starting a2t radge Zr item Tr bthe manual waz writtern with the
aasumpetion thset it would be orerated with the Ssries I
ITthaca Intersgstems Z2-80 ecard ([thace Audio Z-80 10102 im
the latched mods (l.e.s With #8YNL latehing statuses! before
ravigion 2.0 of this card: the latcohed mode was the suerrlied
cireult dorlementations a8t revision 2.0 armd shove: an orbtion -
is rrovided: so Lhaet the board ds ronming i lateted mode
when J3 dg selt Lo AEY.

Oreration with other S$-100 CFU carvde dis nolt onlw srossible
bt was anticierated? nevevtheless: the timing disgrams and
other techrnical informzstion references the Series I Z-8O

care. I most casses  the differences 1 fromt ranel
orerabion hatweer One CFUY card a2nd another are not

sigrnificsnt, Some soints!?

W Terending on the CFU card, pererating the  front
ramel Resel switch will rnot necessarilw s=roduce
the results described in the front ssnel wanusl.
I rarticulisry 311 of the address LEDs maw not
mecessarile Lisght. This may he the csse with the

Itheaca Intersystemns MEU-80 26 (INENN card
(Fraguently  shirred with  the fromt ranel in an
Itheeas Interswstems DFS- guwstom) derernding on

whettier the MPU~B0 is set Lo the Ffullu-latched or
prertial-latehed mode.



# Qreration of the brezkesoi
front ranel is derendernt
PrOocessoyr ocuwcle. Sometimes
pecedgsarwy to add one or tuwo
ey #ed, p orelianle breabreoi
b nececgard Lo use tine lato
Pifferent rrocessors srodu

hetuween verTiou
Facilitw st
these difference

relationshirs
nreakeoint
accommocdate

Bus Btable «
{ger pasg
more affe
The Dus
fuadio
ITthaca

front panel
i, wvarious wads
manusl) to alliow
VETLOWS PrOCeS55008
26 For the *Ithaca
arrrarriate for  the
MPL-2G,

The

ERRATA

Logie Siste Chaerl om Fa

operating in
the fullu

Series 1 Z-8¢
MEU-80 orerating in

Wit
Series 11
BCYs e
grrarss which should bhe corrected to th

2

Continuous

NOF
Ml 1 L
BMEME 1 L

8]

~latched
"Continuows NOFY columm of the chart contzins two

Mt circuitry  on bhe
on the rarticulasr
at 4 MHzs it mavw be
Wwait sltaetes (3t 826)
rt, Sometimes it maw
nhed bpreskroint mode.
e different timins
& bus eventsr and the
he addusted ta

9

)

may be sdiusted
e 248 asnd A0 of the
ctive oreration with
Stzkle setur on rade
Z-80  1010" +is also
Tthace Intersgstems

TdEnal

ge 44

s

latched mode or =B
mode (JH-L

the

=3 Follmwingi

MOT "="]

NOT "0"1



FOCR and RESETX

The Series T Z-8B0 card produces an zctive FOCK everwe time a2
RESET®  pecurred on the 5100 bus, The frombt ranel run/stor
circuitry wes reseot by POCYs rather then RESETX. The Series
I1 MFU-80 and other cords that follow +the IEEE 6946 S5-100C
standard o ot rroduce FOC% 3t every RELBETX: and
conseauentlvrs using the fromt spanel Reset switch wouwld not
stor Lhese Processors.

Fromt. ransls manufactured asfter Junes: 1980 were modified so
that the rur/stor clirenitre was resedt by RESETH  rather than
FOCH - Simee  RESETX  is azn wuntermineted lirmer an RC filter
wag sdded to erevent noise from accidentally a2ffecting the
ciroitre.

Wait LED

The §-100 Wait sizmal i3 mot sart of the IEEE S-100
standards amd cormnseocuvertls the Wait LED on the front ranel
ciid rat wyroperly rorresaent the status of TEEE 5-100

asvelons.,

After Jumey 1980, Ithaca Irnterswztems fFront ranels were
mangfectured with J4 set to RC instesd of ABs so that TEEE
5-100 wignals XRDY%X OR ROY® will drive the frent reenel WATT
LEL. {Users with Front ranels from before this seriod.
should note that J4 maw be suewrlied with & connected to B by
s PC btracesy thise trace showld be cul before sttemstind to
z2plt J4 Lo RC.D :

Tha Front Panel gnd S-100 line £71 (Run/Stae)

The ITEEE 496 5-100 standsrd mo lonsger suerorts the Runs/Stor
sisgral  on lTirme Fram e T 71, Congeauentlsy on cerds
manufactured 2fter Mowe 19890, Lthis cormection from the fromot
ranel  to the &-100 bus is ot (near be 58y on the solder
side of the cardl.

The front ranel zcltuzslly stors the CFU bw  agsserting  XRDYX:
Fun/Stor was 3 status lime. For cards that use the Run/Stor
e -~ such as bLhe Tthacs Intersgestems’ Beries I Z~-BC card
----- the cormectiorn must bhe left i rlzees or  recormected if
it hag beern cut.



58X and SSWDSEX

These Lo sidnala aceomrelish gsimiliar tasihs i an 5-100
suatem (When zetiver sither sidgnal disables deats  inset Lo
the CFUs =0 that +the front srenel cen drive the CFU dats
lines). The TEEE 494 5100 standard swureports line 21 35
NOEF  (robt definedrs which g8llows its traditions]l use as 535%
{(Qdngle Ster) to be comtinued in swstems  that wse front
FEnels . Lirfe S3:; howewver: which wzs SSHLEEY (Semse Switch
Niganied) in some rpre-I1EEL swustemss 15 imrlementead  in the
IEEE 4946 shandard 8 a drounds. The Tthaos Irntersystems
Fromt rangl surrorted this S8WILERY imrlementation until Maus
1980y after which Ffronmt ranels were marnufasctured surrorting
onis limne 2 e 8% ~—- Lo rpevrform boith bthe Sense Switoh
Diwabhle amd Sindgls Stee functions.

This ds asccomplished bw cuttind the Lrzee bhetueen JSs B and
& (discormecting R -- which is connected to line 53 ~- from
gy drivers: and Jumrering -~ with wire wras wWwire =— U5, A
to O {earmecting the outsut which used to drive line 53
directls to the driver of line 21% since boih these drivers
are owen collectors mo adverse resulis ooour).

A card which recuires Lthe BEUNSEY sigmal - like the Ithacs

Trterswstenss Seviegs 1 Z-830 card - showuld have this
rrocedure reverssd,
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