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1.0 DEFINITIONS AND INTRODUCTION

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

The second section, INITIAL OPERATION and CHECK OUT, serves two purposes,

first to check the condition of the circuitry and also as a programmed

course on how to use the front panel. The user will toggle in a simple
program and use all of the different functions to manipulate 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 function and the
meaning of each LED, switch, jumper, and testpoint with a self-contained
paragraph. It is intended to provide both the beginning and the experienced
user with a quick and easy way to locate information.

The fourth section, CIRCUIT DESCRIPTION, REPAIR, and the SCHEMATIC, assumes
some technical ability. It describes how the front 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
diagnostic tool. Information is input and displayed in binary format to
provide the user with the most immediate access to the computer circuitry.
The basic functions of the front panel are to run, stop, and reset the
processor; read, write.and jump 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 to its basic functions, the front panel can force
the computer to execute a variety of simple repetitive instructions. This
produces waveforms that are easy to display and understand on an
oscilloscope or a logic analyzer. When running complex programs, the front
panel produces a latched or unlatched trigger signal for observing single
shot and low duty cycle events. The 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 or Y4 mHz, to
perform -block memory 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
understand circuit design.

DEFINITIONS

RUN

WAIT STATE

STOP MODE

LEDs

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 which occurs between the
T2 and T3 states. Used to slow down the processor. At 2
mHz, 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 wait states.

Light Emitting Diodes.

2.0 INITIAL OPERATION AND CHECK OUT

INITIALIZATION

Before turning power on for the first time, all switches and jumpers should

be set as follows:

S0 - 315 All down
S16 - 821 ~ All middle position
S22 - S24  All middle position
S25 All positions open except close AD
S26 All positions open
sa7 D7, D6, D1, and DO closed,
D5, D4, D3, and D2 open
J1 Not used
J2 See jumper section
J3- See Jjumper section
Jy A-~B
J5 A-B
Jb See jumper section
J7 A - B
J8 Leave open
J9 B-C
J10 A-B
J1 B-C
- Jd12 A -B
J13 Leave open
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3.0 OPERATION

1)
2)

3)

4)

5)

6)

7

Install a memory board addressed to start at zero.

Turn the power on.

Reset the computer by raising S20 to the Reset position. You
should see all of the address LEDs, A0 - 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 S20 to the middle position. All of the address LEDs
should go off. The L7 (M1), L6 (MEMR), and L5 (WO) LEDs should
be on. The pattern on the Data LEDs, DO - D7, displays the
contents of the memory byte with an address of zero, all address
LEDs off. No memory will appear as all Data LEDs on.

Raise several of the S0 - S15 switches. Momentarily raise the
S16 switech to the examine position. The A0 - A15 LEDs
corresponding to the raised SO0 - S15 switches will go on. The
computer has just jumped to the binary address set in the S0 -
S15 switches and is presently examining the contents of the
menmory location on the A0 - A15 LEDs. The Examine function will

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

Momentarily raise the S20 switch to the Reset position. The AQ -
A15 address LEDs should return to all zero (off). Now,

‘nomentarily lower the S16 switch to the Examine Next, EX NT,

position. The A0 LED should come on. Observe that as the switch
is lowered repeatedly, the address LEDs count up in binary
fashion. The computer is incrementing its address and displaying
on the DO - DT data LEDs the contents of the memory location on
the A0 - A15 LEDs.

Reset the computer. Momentarily raise the S17 switeh to the
Deposit position. The pattern set on the S0 - S7 switches will
appear on the D0 - D7 data LEDs. The front panel has just
deposited into the memory location on the A0 - A15 LEDs the
pattern on the SO0 - ST switches. The address does not change
during a Deposit.
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-8) Momentarily lower the S17 switch to the Deposit Next, DEP NT,
position. The pattern set on the S0 - S7 switches will appear on
the DO - D7 data LEDs and the address on the A0 - A15 LEDs will
be incremented. The computer has just deposited into the
increnented menory location.

9) Enter the FF PORT TEST PROGRAM.

Address Instruction
Hex Binary Pattern

MSB LSB
0000 DB 1101 1011
0001 FF 1111 1111
0002 D3 1101 0011
0003 FF 1111 1111
0004 C3 1100 0011
0005 00 0000 0000
0006 00 0000 0000

This program inputs the positions of the S8 ~ S15 switches into
the processor accumulator. It then latches the contents of the
accunulator onto the FO0 - F7 programmed output LEDs. It then
Jjumps back to the beginning of the program, looping endlessly.
To enter the program:

a) Reset the computer.

b) Enter the first instruction, DB, on the SO - S7 switches.

e¢) Raise 317 momentarily to the Deposit position.

d) Enter the second byte, FF, on the SO - S7 switches.

e) Lower S17 momentarily to the Deposit Next position.

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

and e.

10) Check to see if the program has been properly deposited into
memory by:

a) Lower all SO - S15 switches.
b) Momentarily raise S16 to the Examine position. All AQ - A15

address LEDs will be off and the first byte, DB, should be
displayed on the DO - D7 data LEDs. "
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c)

d)

Momentarily lower S16 to the Examine Next position. The
next data byte should appear on the DO - DT data LEDs. The
address at which the data byte is located is displayed on
the A0 - A15 address LEDs.

Repeat step ¢, checking the remaining bytes.

Run the FF PORT TEST PROGRAM

a)

b)

c)

Return to zero address by lowering all SO - S15 switches and
momentarily raising S16 to the Examine position. You should
again see DB.

Momentarily raise S21 to the Run position. The Run LED, LS,
will go on and the Wait LED, L9, will go off, unless wait
states are being requested.

The pattern on the S8 - S15 switches will now appear on the
FO - FT programmed output LEDs. Change the pattern on the
S8 - S15 switches and note that the FO - F7 LEDs change with
no appreciable delay.

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

Using T.P. A; momentarily ground T.P. A. The computer will run. The
Run LED will go on.

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

15)

a)

b)

c)

Momentarily lower S21 to the Stop position.

Momentarily lower S18 to the Single Step position. The
conmputer will execute one instruction and then return to the
Stop mode.

By repeatedly lowering S18 to the Single Step position, you
can single step thru the program loop many times. Change
the S8 - S17 switches and note that the FO - F7 programmed
output LEDs are updated once per program loop.

Slow stepping the FF PORT TEST PROGRAM. With the computer still
in Stop mode, raise the S18 switch to the Slow Step position.
The computer will continuously execute single step instructions.
You can control the slow step repetition rate by adjusting the R9
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potentiometer. It may be necessary to remove the cover to
obtain access to R9. R9 is 1located to the 1left of the
Examine/Examine Next switch. Note that at slow repetition rates,
there is an appreciable delay between changing a S8 - S15 switch
position and the corresponding change on the F0 - F7 programmed
output LED.

16) Using breakpoints with the FF PORT TEST PROGRAM.
a) Place the computer in Run mode.
b) Lower all of the SO - S15 switches.

¢) Lower S19 to the Address Breakpoint position. The computer
will stop at the zero address. All of the A0 - A15 address
LEDs will be off. The DB byte will be on the DO - D7 data
LEDs. Both the Run LED, L8, and the Wait LED, L9, will be
on.

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

e) Raise the S2 switch. The computer will run for an instant
and stop at the new address on the S0 - S15 switches. The
A2 address LED will be on and the C3 byte will appear on the
DO - D7 data LEDs.

f) Raise the S8 switch. The computer will not stop because the
address on the SO -~ S15 switches is not used by the FF PORT

TEST PROGRAM.

g) Raise all of the S0 - 815 switches. The computer will
~ stop. All of the A0 - A15 address LEDs will be on. Either
the LY Input LED or the L3 Output LED will be on. The

" computer has stopped not on a program address but rather on
the I/0 port number, FF, which is placed on the upper and
lower address bytes during an input or output instruction.

h) Raise S19 to the Data Breakpoint position. If you are using
an 8080 processor in your corputer, close switeh W1 in
switech pack S25. This provides additional time for the Data
Breakpoint function to occur.

i) Place the first byte of the FF PORT TEST PROGRAM on the SO -
S7 switches. The computer will stop when a comparison is
made between the pattern on the SO0 - ST switches and the DO
- D7 data LEDs. In this case, the computer will stop at the
zero address with DB on the DO - D7 data LEDs. If this does
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3)

Y

1)

m)

n)

o)

p)

a)

not occur, check to see if the memory board is jumpered to
request wait states. Then add one more wait state than the
number of wait states being requested by memory. For
example, if memory is requesting 1 wait state, close the W2
switch in switch pack S25. Only one of the four following
switches can be closed at any given time: W1, W2, W3, S.

Place the other bytes in the FF PORT.TEST PROGRAM on the SO
- ST switches. ©Note that those bytes that only occur once
in the program always stop at the same memory location.
Those bytes that occur twice stop at either location.

Place the same byte on both the SO - ST and the S8 -~ S15
switches. The FF PORT TEST PROGRAM inputs the pattern on
the S8 - S15 switches and outputs this byte to the FO - FT
programmed output LEDs. Therefore the byte on the S8 - S15
switches appears twice on the data bus, once during an input
and once during an output cycle. The breakpoint occurs on
either cycle. '

Open AD in switch pack S25.

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

Connect an oscilloscope to T.P. E. With an Ithaca Audio 280
CPU board you should see 1}Qsec negative going pulses every
16 Msec at 2 mHz operation and 0.5 Ajsec negative going
pulses at 4 mHz operation. These times assume that no wait
states are being used. You should also see much fainter
negative going pulses. These are due to the address
comparator sensing the refresh address output by the Z80
processor.

Close the BS switch in switch pack S25. The negative going
pulses will become shorter; 200 nsec at 2mHz and 150 nsec at
4 mHz. The faint pulses due to the refresh operation will
disappear. If you have a logic analyzer or a triggered
oscilloscope you can use this signal as a trigger. The BS
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.

Open BS and close AD in switch pack S25.
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Characterizing breakpoints with the S22, S23 and S24 switches.

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

18)

FRONT PANEL

a) Continue to run the FF PORT TEST PROGRAM.

b) Set the switches for an address breakpoint at address zero.
The computer will stop while inputting the first
instruction, DB.  The status LEDs show that the computer is
in an instruction fetch wait state with the M1, MEMR, and WO
LEDs on. If the S22, S23, or S24 switches are set to any of
the positions that do not characterize the address on the SO
- 815 switches, then a breakpoint will not occur. In this
case, selecting the ITA, HDA, OUT, INP, or M1 positions
prevents the address breakpoint.

c) Set the switches for a data breakpoint with the same byte on
both the S0 - 87 and S8 ~ S15 switches. The breakpoint will
occur either during an input or output cycle. Set S23 to
the OUT position. The computer will stop with the L3 OUT
LED on. Now set S23 to the INP p031t10n. The computer will
stop with the L4 INP LED on.

Status Breakpoint.

The W1, W2, and W3 switches in switch pack S25 nust be open
before closing the Status Breakpoint switch S in switeh pack
S25.

a) Continge to run the FF PORT TEST PROGRAM.

b) Close switch S in 825. A status breakpoint will now occur
regardless of the position of S19. If S22, S23, and S24 are
all in the center position, the computer will stop at any
location. -

c) Set S22 to the M1 position. The computer will stop on any
M1 instruction.

d) Set S22 to the Mi position. The computer will now stop on a
non-M1 cyecle.

e) Return S22 to the center position and set S23 to the OUT
position. The computer will stop during an output cycle
regardless of the positions of the SO - S15 switches.



f)

g)

h)

Set S22 to the INP position. The computer will stop during
an input cycle regardless of the positions of the SO - S15
switches.

Return S22 to the center position. The computer will stop.
Now set S23 to the ITA or HDA positions. 1In either case the
computer will run because interrupts and DMA, direct memory
access, are not used in the FF PORT TEST PROGRAM.,

Return S23 to the center position. Open switch S and close
one of the wait request switches if you found it necessary
before. :

Latched Breakpoint.

a)

b)
c)

d)

,e)
£)

g)

h)

Open the AD switch and close the L switch in switch pack
S25.

Continue the FF PORT TEST PROGRAM.
Lower all of the SO - S15 switches.

Lower S19 to the Address Breazkpoint position. The computer
will stop at address 0001H. Note that the computer has
stopped on the cycle after the cycle that triggered the
breakpoint. This delay is characteristic of the 1latched
breakpoint because the breakpoint signal occurs too late in
the triggering cycle to meet set up times to stop the
processor in the current cycle.

Note also that when the breakpoint occurs the T4 LED goes
on. The breakpoint latch can be reset by closing pushbutton
S28. The T4 LED will go off and the computer will run until

the pushbutton is released and another breakpoint occurs.

The T4 LED will go on during any breakpoint and will stay on
until the S28 pushbutton is closed. Closing S28 will cause
the computer to leave the breakpoint only in the latched
breakpoint mode.

Raise S19 to the Data Breakpoint position.

Examine location 0.

Reset the breakpoint latch by closing the S28 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
conputer stops on the cycle after the cycle that triggered
the breakpoint.

i) Close the AD switch and open the L switch in switch pack
S25. Return the S19° breakpoint switch to. the middle
position.

Continuous NOP.

Stop the computer. Close switeh CN in switech pack S26. LED T1 will
go on. The computer will continuously execute NOP instructions. The
address output by the processor will count up in binary. The A15 and
A1Y4 address LEDs will flicker visibly. With an oscilloscope, you can
observe that each address is twice as long as the previous address
signal. Also observe the PSYNC signal, line 76, and the DBIN signal,
line 78. Open switch CN.

Continuous Deposit.

Close switch CD in switch pack S26. The byte on the SO - S7 switches
will appear on the DO - DT data LEDs. The computer will remain
stopped. The front panel is continuously depositing the byte on the
S0 - S7 switches into the address on the AQ0 - A15 LEDs. With an
oscilloscope, observe the Memory Write, MWRITE, pulses on S=100 line
68. The T2 LED will go on when the CD switch is closed.

Continuous Examine.
a) Close switch CF in switeH pack S26. The T3 LED will go on.

b) Raise S16 to the Examine position. The address LEDs, A0 -
A15, will assume the same pattern as. the SO - S15 switches.

c) Continue to hold S16 in the Examine position. Change some
of the S0 - S15. switches. Note: that the corresponding
address LEDs, A0 - A15, also change. Normally, raising S16
causes one Examine sequence. With CF closed, raising S16
causes the Examine sequence to occur approximately 1000
times per second.
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With an oscilloscope, you will see the following waveforms:

DBIN

M

PSYNC

N

EW

17

J [ 1

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

P‘— ~1ms -‘ﬁ .
| I | ]
~v5us 1

The timing of any 1, 2, or 3 cycle instruction can be displayed
as the C3H jump instruction was displayed in step c¢. Open all
of the switches in switch pack S27.

_Place the DB, Input, instruction on the S0 - S7 switches (1101
1011).

Place the FF byte on the S8 - S15 switches (all up).

Raise S16 to the Examine position with the CF switch closed.
The INP, L4, and Wﬁ, LS LEDs will go on indicating that an input
instruction is occurring. All of the A0 - A15 address LEDs will
be on, indicating that the FF port is being read.

If you change any of the S8 - S15 switches, the corresponding LEDs in
both the upper and the lower address bytes will change. This is
because the processor is outputting the port number twice on both high
and low address bytes. The S8 ~ S15 switches are in this case
interpreted as the port number. Return switches to their original
state.
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Continuous Examine Next.

Lower S16 to 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)
d)

e)

)

g)

i)
J)

k)

1)

m)

FRONT PANEL

Reset the computer.
Lower all of the SO - S8 switches.
Close the CF switch.

Raise S17 to the Deposit position. The front panel will
perform a normal deposit. The DO - DT data LEDs will go
out.

Lower 817 to the Deposit Next position. The address LEDs
will start to count upwards. The data LEDs will all stay
off.

After about 10 seconds, return S17 to its center-off
position. The front panel will have written into a
contiguous block of memory the pattern on the SO0 - S7
switches. The highest address of that block will be
displayed on the address LEDs.

Open the CF switch in switch pack S26.

h) Examine a memory location in the contiguous block. Set
all of the S0 - 815 switches low except for S8 and
momentarily raise S16, the Examine switch.

Deposit into the memory location 0100H all ones. Raise SO
thru S8 and then momentarily raise the Deposit switch.

Return to the zero address by 1lowering SO - 815 and
momentarily raising S16 to the Examine position.

Raise S19 to the Data Brezkpoint position.

Open AD and close D in switch pack S25. Check to see that
S22, S23, and S24 are in their center-off positions.

Raise the Run switch, S21. The computer will run for an
instant and then stop at the address into which you
deposited the FF byte. The Run and Wait LEDs will be on.
This method can be used to find simple faults in memory
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boards. It will not detect faults in address lines on a
memory board. Use an oscilloscope and the Continuous 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 memory or
cause the computer to branch to an address. The byte FF
will not work. ~

Displaying the Accumulator.

26)

a) Set S27 to:

D7 DO 0=0pen
ccocoocCc C=Closed

b) Raise SO through S7, the S8 - S15 switches don't matter.
c) Momentarily raise the Examine switch; the contents of the
accumulator will be displayed on the programmed output LEDs
FO - F70
The Examine function has been redefined to execute:

D3, FF (OUT FF)

The contents of the accumulator are not changed by this
operation. The address is incremented by 3. If you are stopped

' in the middle of a program and want to continue the program, then
you will have to reset 827 to C C 0 0 0 0 C C. You can then use

the Examine function to jump back to the original address.

Changing the contents of the accunulator.
a) Set S27 to:

DT DO 0=0Open
ccoccocc C=Closed

b) Raise SO through ST.

c) Place the byte that you wish to deposit into the accumulator
on the 38 - S15 switches.

d) Momentarily raise the Examine switch; the SO - S15 byte will
be loaded into the accumulator.
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The Examine function has been redefined to execute:

DB, FF (IN FF)

If you are stopped in the middle of a program and want to continue the
program, then you will have to reset S27 to CC 0 0 0 O C C . You can then
use the Examine function to jump to the original address,

REFERENCE SECTION

4.2 LIGHT EMITTING DIODES

4.2.1

4-2-2

4.2.3

h.2.4

4.2-5

FRONT PANEL

A0 - A15 LEDs - displays the 16 address bits on the S-100 bus.

D0 - D7 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 board instead of
thru the S-100 bus.

LO - L7 LEDs -~ displays the following S-100 bus status
signals:

LO SHALTA HALT ACKNOWLEDGE

L1 SINTA INTERRUPT ACKNOVLEDGE
L2 Jumper selectable for SSTACK or INT
L3 SOuT OUTPUT CYCLE

- L4 SINP INPUT CYCLE

L5 SWO WRITE OR OUTPUT CYCLE
L6 SMEMR MEMORY READ CYCLE
L7 SM1 INSTRUCTION FETCH CYCLE

FO - F7 LEDs - displays the contents of a register which
stores the data byte output by the processor during an OUT FF
instruction.

L8 LED - RUN - indicates the state of the front panel Run
signal.
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4.2.6

h.2.7

4.2.8

4.3.0

)4.3-1
§.3.2

4.3.3

4.3.4

4.4 SWITCHES
4.4.1

4h.4.2

L9 LED - WAIT -~ processor wait acknowledge.
L10 LED =~ PHLDA - HOLD ACKNOWLEDGE - processor DMA
acknowledge.

L1t LED - Jumper selectable for PINTE or PHANTOM.

The T1 - T4 LEDs can't be seen with the front panel cover in
place.

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

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

T4 LED - indicates that the latch circuit has been triggered.

Power Switch: Keyswitch under the InterSystems logo.

S0 - ST: The SO - S7 switches have four functions:

1) During a Deposit, Deposit Next, or Continuous Deposit, SO -

S7 determine the data byte written into memory.

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

bus is compared to the SO - ST7 positions.

"3) During an Address Breakpoint the low order byte on the S-100

address bus (A0 - A7) is compared to the SO -~ S7 positions.

4) During an Examine or Continuous Examine, SO - S7 determine

the second byte on the bidirectional data bus which may be
input by the processor. During a C3 jump sequence, this
byte is interpreted by the processor as the low order
address byte. ’
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S8 ~ S15: The S8 - S15 switches have three functions:

1) When the processor executes an IN FF instruction, the
positions of the S8 - S15 switches are decoded as the FFH
input port. '

2) During an Address Breakpoint the high order byte on the
S-100 address bus (A8 - A15) is compared to the S8 - S15
positions. .

3) During an Examine or Continuous Examine, S8 - S15 determine
the third byte on the bidirectional data bus which may be
input by the processor. During a C3 Jjump sequence, this
byte is interpreted by the processor as the high order
‘address byte. :

S16: Examine/Examine Next.

S16 is disabled in Run mode. When the S16 toggle is raised the front
panel causes the processor to execute three machine cycles. During
the first cycle the byte on S27 is input to the processor if it is
inputting data. During the second cycle the byte on SO - S7 is input
if the processor is inputting data. During the third cycle the byte
on S8 - S15 is input if the processor is inputting data.

In normal use, the C3H jump instruction is input on S27, SO - S7 is
then interpreted as the low jump address and S8 - S15 is interpreted
as the high Jjump address. In this case, raising S16 to the Examine
position causes the processor to jump to the address on the SO - Si5
switches. The processor is then placed in Stop mode while executing
an instruction fetch and the memory board that is addressed by the new
Jjump address outputs a data byte that is displayed on the data LEDs DO
- DT. '

If the S16 switch is raised while the Continuous Function switeh, CF,
in S26 is on, the three cycle sequence is repeated approximately every
1 msec.

When the S16 toggle is lowered to the Examine Next position, the front
panel circuitry causes the processor to execute one NOP instruction.
This increments the address without executing program instructions.
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If the S16 switch is lowered while the Continuous Function switch, CF,
in S26 is on, the NOP instruction is repeated approximately every 1
msec.

S17: Deposit/Deposit Next.

S17 is disabled in Run mode. When S17 is raised to the Deposit
position the data byte on the S0 - S7 switches is deposited into the
memory location on the A0 - A15 address LEDs.

When S17 is lowered to the Deposit Next position an Examine Next
function is first executed and then a Deposit is made into the
incremented address.

If S17 is lowered while the Continuous Function switch is on, the data
byte on S0 - S7 is deposited into successive memory 1locations
approximately every 1 msec.

S18: Slow Step/Single Step.

S18 is disabled in Run mode. When S18 is lowered to the Single Step
position, the front panel circuitry causes the processor to execute
one cycle. The processor executes instructions out of memory.

When S18 is raised to the Slow Step position, the Single Step function
is executed at a rate of approximately 1/5 Hz to 1kHz. The rate is
set by potentiometer R9.

S19: Data Breakpoint/Address Breakpoint.

When S19 is raised to the Data Breakpoint position, a data breakpoint
signal is generated if the following cornditions are met:

1) A comparison is made between the SO - ST switches and the
bidirectional data bus.

2) The status conditions set by switches S22, S23 and S24 are
met.
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3) The external input on pin H of the test point header is at a
high TTL logic level. This input is normally held high by a
pull-up resistor.

4) If switch BS in switch pack S25 is closed, then the bus
stable signal, BS must be high. ‘

The Data Breakpoint signal is output on pin E of the test point
header. It can be used to trigger an oscilloscope or logic analyzer.
If switch AD in switch pack S25 is closed, then the Data Breakpoint
signal will stop the processor.

The wait state request signal output by the front panel, XRDY, must
meet the timing requirements of the processor and memory used in the
computer. An 8080 processor does not output stable data until it is
too late to make a comparison and stop the computer in the current
cycle. In order to make a data breakpoint with the 8080, a wait state
generator circuit is used to request one wait 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 wait state. Slow memory may require more wait states. One, two,
or three wait states can be requested by closing W1, W2 or W3 in
switch pack S25. If a data match is made, then the momentary wait
state(s) provide enough time for the breakpoint wait request to
successfully request a stop. It is not necessary to slow a 280
precessor with the wait state generator because the Z80 outputs data
earlier in its cycle than the 8080. Note: only one of four of the
following switches in switch pack S25 can be closed at the same time:
1w, 2W, 3W, S.

When S19 is lowered to the Address Breakpoint position, an address
breakpoint signal is generated if the following conditions are met:

1) A comparison is made between the SO - S15 switches and the
S-100 address bus.

2) The status conditions set by switches S22, S23, and S24 are
net.

3)  The external input on pin H of the test point header is at a
high TTL logic level. This input is normally held high by a
pull-up resistor. ‘

"4) If switch BS in switch pack S25 is closed, then the bus
stable signal, BS, must be high.
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The Address Breakpoint signal is output on pin E of the test point
header. It can be used to trigger an oscilloscope or logic analyzer.
If switch AD in switch pack S25 is closed, then the Data Breakpoint
signal will stop the processor.

S20: Reset/External Clear.

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

External Clear When S20 is 1lowered to the External Clear
. position, an External clear signal is
generated. This signal is not debounced.

4.,5.6 S21: Run/Stop.

Run VWhen S21 is raised to the Run position, the processor will
run if no other device in the system is requesting a stop
and if the following front panel breakpoint functions are
not requesting a stop:

Latched Breakpoint, S25 L
Status Breakpoint, S25 S
Address-Data Breakpoint S25 A D
Data Breakpoint S25 D

Stop - When S21 is lowered to the Stop position, a Stop mode is
requested during the first iInstruction fetch to occur.
The processor will stop while it is in the process of
inputting the next instruction to be executed and that
instruction will be displayed on the DO - D7 LEDs.

S22: M1 - Don't Care - Mi.

S22 1is a three position switch which enables the four types of
breakpoint: Latched, Status, Address - Data, and Data.

In the Mi position the breakpoints are enabled when the S-100 status
line, M1, is at a logic low.
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In the M1 position the breakpoints are enabled when the S-100 status
line, M1, is at a logic high.

In the center Don't Care position the breakpoints are always enabled.
S23: OUT - Don't Care - INP.

S23 is a three position switch which enables the four types of
breakpoints: Latched, Status, Address - Data, and Data.

In the OUT position the breakpoints are enabled when the S-100 status
line, SOUT, is at a logic high (output instruction).

In the INP position the breakpoints are enabled when the S-100 status
line, SINP, is at a logic high (input instruction).

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

S24: ITA - Don't Care - HDA.

S24 is a three position switeh which enables the four types of
breakpoints: Latched, Status, Address - Data and Data.

In the ITA position the breakpoints are erabled when the S-100 status
line, INTA, is at a logic high (Interrupt Acknowledge signal).

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

In the center Don't Care position the breakpoints are always enabled.
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S25

S25 is an octal switch pack. Only one of W1, W2, W3, or S can be closed at
a time.

S25: Wi, W2, W3

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

1) S19 is raised to the Data Breakpoint position.
2) The status conditions set by switches S22, S23, and S24 are met.

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

The S and BS switches in S25 should not be closed if the W1, W2 and W3
switches are to function normally. These wait states are needed during a
Data Breakpoint in order to slow the processor until a decision is made
whether to stop the computer. 8080 processors require 1 wait state. Slow
memory requires one more wait state than the board is itself requesting in
order to provide reliable data breakpoints. .

S25: S

When the Status, S, switch is closed, the breakpoint enable signal is used
to stop the computer. Since the address and data comparators will not go
active "'unless this signal is already active, the address and data
breakpoints are superceded by the status breskpoint. For example, with S23
set to the INP position and switch S closed, the computer will stop during
any input instruction instead of when the computer is inputting a byte
specified by switches SO0 - S7.

Because the data breakpoint is not used when S is closed, the W1, W2, W3
switches in S25 are not needed and should be left open. If W1, W2, or W3 is
closed while S is closed,, a circuit conflict will develop.
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S25: BS

When the BS switch is closed the Bus Stable signal is used to characterize
the breakpoint enable signal. The BS signal is active high, indicating that
the data and address buses are stable and valid. Jumpers J2, J3 and J6 must
be set 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
is being used to trigger an oscilloscope or logic analyzer. The BS signal
prevents the data and address comparators from producing false triggers when
the buses contain invalid information. Do not close the BS switch 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.

S25: L

When the Latched, L, switch is closed, the computer can be stopped by a
latched breakpoint signal. The latch is triggered if the breakpoint signal
is active low at the beginning (rising edge) of the Bus Stable signal. When
the latch is triggered the T4 LED goes on. The latch is reset by closing
S28.

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

The latched breakpoint serves as a visual indicztion of the occurence of a
breakpoint signal. It can stop the computer if the breakpoint event occurs
too late in the cycle to stop the computer with an address, data or status
breakpoint. It also outputs the latched breakpoint signal on testpoint
header pin F.

S25: AD

When the AD switch is closed, the address or dataza breakpoint signal can stop
the computer. The data breakpoint signal is selected by raising S19 to the
DATA position. The address breakpoint signal is selected by lowering S19 to
the ADDR position.
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S25: D

When the D switch is closed the Data Breakpoint can stop the computer if the
_ data comparator does NOT sense a match between the SO - ST switches and the
bidirectional data bus. ~Switches S22, S23, S24 should be set to their
center-off positions, the S switch in switch pack S25 should be open, and
testpoint header pin H should be left disconnected or held high so that the
breakpoint enable signal will always be active low. The L, S, and AD
switches in switeh pack S25 should be open so that only the D breakpoint can
occur. If an 8080 processor is being used, the 1W switch should be closed
and S19 should be raised to the Data position.

The Data Breakpoint is normally used in conjunction with the Continuous
Deposit Next function. First, a pattern is written into a block of memory.
Then, with the front panel in the Data Breakpoint mode and the conmputer
stopped at the beginning of the block, S21 is raised to the Run position.
The computer interprets the pattern as a program and reads each memory
location in the block. It stops when it reasds a pattern that is not the
same as the SO - S7 switches. The mismatched pattern and its address will
be displayed on the Data and Address LEDs. Only 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
internal registers of the processor and increment the program counter.

 MSB LSB

00000000 HoP
01010101 1OV D,L
10101010 XRA D

This type of memory test cannot replace the exhaustive software based menory
tests available for debugging and qualifying memory boards. It does,
however, provide a very straight forward method for repairing simple memory
chip failures.
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S26

When the Continuous NOP, CN, switch is closed, the processor is forced by
the front panel to execute the NOP instruction continuously at full
processor speed. The T1 LED goes on to indicate that the CN switch is
closed. No operation is performed during a HOP instruction except for
incrementing the address. The processor essentially becomes a 16 bit
counter. This is very useful for testing for continuity and shorts in
address lines. Starting at address line AQO, 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 1is easy to understand and observe on an oscilloscope and logic
analyzer. The timing relationships between the clocks, PSYNC, M1, and DBIN
are very easy to display.

S26: CD

When the Continuous Deposit, CD, switch is 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 circuitry on memory boards.

S26: CF

When the Continuous Function switch,

‘CF, is closed, the Examine, Examine Next and Deposit HNext functions are
modified so that instead of being one-shot events, they occur at a
repetition rate of approximately 1 kHz. Thus, the timing of these functions

can be displayed on a regular oscilloscope instead of a storage oscilloscope
or logic analyzer. ~

The Continuous Examine and the Continuous Examine Next are normally used for
self-diagnosis of the front panel circuitry. The Continuous Deposit Next is.
used to write the pattern on switches SO0 - ST into a block of memory. Using
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the Data Breakpoint function, D in S25, a simple memory test can be
performed.

S27

S27 is an octal DIP switch. The positions of the eight switches determine
the first byte to be input to the processor during an Examine or Examine
Continuous sequence. A closed switch represents a one. An open switch
represents a zero. D7 represents the most significant bit, DO the least
significant bit.

In normal use, DO, D1, D6 and D7 are closed and D2, D3, D4, and D5 are
open. This pattern represents a C3H jump instruction and is interpreted as
such if the processor is executing an instruction fetch cycle when the C3
byte is input. With normal jumpering on J11, the Examine and Examine
Continuous functions cause three machine cycles to occur. If the processor
is inputting data during any of these cycles; S27, SO - S7 and S8 - S15
input respectively, the first, second and third byte. The processor is in a
wait state between these cycles. The number of cycles can be modified by
J11 so that only one or only non-instruction fetch second or third cycles
occeur.

The Examine function is a single shot event. Its timing is difficult to
display without a storage oscilloscope or a logic analyzer. Its main
purpose is the C3 jump sequence which allows the user to examine the
contents of any memory location. The Continuous Examine function is useful
because while the processor is executing the 1, 2, or 3 cycle sequence,
circuitry anywhere in the computer can produce simple repetitive waveforms
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, U6, 70, 46 will be executed as:

CYCLE M1 STATUS DURING STOP
1
2 MOV B,M
3

STOP » MOV B,M M1 -> 0
1
2
3 MOV M,B :

STOP M1 => 1
0 MOV B,M
2
3

The processor is stopped for approximately 1 msec between each three cycle
sequence. The oscilloscope will trigger at the start of each sequence and
two different waveforms will be superimposed on the display.
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S28:

The S28 pushbutton resets the breakpoint latch. The T4 LED will go off when
S28 is closed. If T4 goes back on, the breakpoint signal is still present.

JUMPERS

Note: the front panel'PC boards are delivered with shorting straps across
some Jjumpers. All of these straps are on the solder side of the board and
should be cut if the jumpering is changed. :

J1:

J1

J1 is a 20 pin socket area for mounting a T74LS244, This octal
driver can supply more current for the FF port LEDs than the
TLLS273 register. The T4LS244 is normally not needed. To
install, first cut the eight shorting jumpers under J1.

J2,33,J6: The J2, J3 and J6 jumpers are used to define the Bus Stable signal.

- The Bus Stable signal is used to indicate when the Data and Address
Buses contain valid information. The jumpers are set to accommodate
the timing of different CPU boards. Set the jumpers as follows:

Ja:

J2

J3
Jé

Ithaca Audio 8080
Z80 - 1010
A - B A -B
B-C A~ B
A - B B~-C

For a more detailed explanation of the Bus Stable signal, see the
Circuit Description section of this manual.

JU selects alternate signals for the L9 Wait LED.

A - B The L9 Wait LED turns on to irdicate that S-100 line #27,
WAIT, is high.

B -~ C The L9 Wait LED turns on to indicate that either of S-100
lines #3 or #27 is low.
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J5:

J6:

J7:

J8:

J9:

J10:

J5 provides for combining the Single Steg_fﬁgggl, SS, on S-100 line
#21, and the Status Word Disable signal, SSW DSB, on S-100 line #53.

A - B SS and SSW DSB are not combined.

A - C SS and SSW DSB are combined.
See J2.

JT7 selects alternate signals for the L2 LED.

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

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

When closed, the J8 jumper bypasses the breakpoint cicuitry. U5 must
be removed when J8 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 S28.

With J8 closed the above switches and the following components can be
onitted. from the board: U5, U10, U13, U114, U19, U22, and T4.
J9 selects alternate signals for the L11 LED.

i A - B 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 S-100 line #6T7T,
PHANTOM, is high.

The J10 jumper provides an alternate method for performing an
Examine. 1Instead of executing a C3 Jjump instruction, the processor
executes NOPs up to the address on the SO - S15 switches.
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C3 jump J10: A - B
J11: B - C
S27: C3 pattern

NOP jump J10: B - C
. J11: B - D
S22, S23, S24: Center position
S25, BS: Open
Testpoint header pin H: Open or High
S26, CF: May need to be closed.
S27: All open.

Ji2: glg provides alternate definitions of the Sense Switch Disable, SSW
DSB, signal.

A - B SW DSE

SINP.Addr

B - C 3w D3B

SINP.Addr.DBIN

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

J13: J13 is a 14 pin socket area for mounting a TA4LSOL4, T4CO4 or THLOY hex
inverter. The inverter 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
Jjumpers between pin pairs 1 &2, 3 & 4, 5& 6, 8 &9, 10 & 11, 12 & 13
on the solder side of the board.

TEST POINTS

Eight testpoints are gathered at the Test Point Header, located under S25.
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
ON CLEAR, POC, signal, by T.P. B or by lowering the S19
Run/Stop toggle 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, a 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 TULS2U40 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
used to change the polarity of external inputs to 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 points. '

T.P. E The address or data brezkpoint signal is output on T.P. E.
The data breakpoint signal is selected by raising S19 to the
Data position. The address breakpoint signal is selected by
lowering S19 to the ADDR position. Refer to the section on
the S19 switch for more information on. the breakpoint
signals.

T.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, BS, signal is output on T.P. G. See S25: BS
and in the jumper section J2, J3, J6.

T.P. H T.P. H 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
connectors. These test points are directly connected to the following S-100
bus signals:
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T.P. Name

Sense Switch Diéable

Use

SSW DSB Disables CPU input data drivers
XRDY External Ready Stops the processor when low
MWR Memory Write Memory Write strobe

33 Single Step Disables CPU input data drivers
PRDY Processor Ready Stops the processor when low

02 02 2 or 4 mHz clock signal

01 01 2 or 4 mHz clock signal

PSYNC PSYNC Indicates start of cycle

PWR Processor Write Processor Write strobe

DBIN Data Bus In Indicates proc. inputting data
M1 M1 Instruction fetch status signal
SOUT SOUT OQutput status

SINP SINP Input status

CLK Clock 2 mHz clock

POC Power on Clear

CIRCUIT DES

CRIPTION

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

cable that

1)

2) -

goes directly to the CPU board. The five S-100 signals are:

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

to request a wait state.

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

3)

~drivers

%)

FRONT PANEL

Sense Switch Disable, SSW DSB ~ $-100 line #53, active low, open
collector. SSW DSB is used to disable the CPU board's data input
"so that the front panel circuitry can enter the
Programmed Input byte into the processor's bidirectional data bus
thru the ribbon cable. The Programmed Input byte is determined
by ‘the positions of the S8 - S15 switches during the execution of
an IN FF instruction. SSW DSB is not disabled in Run or Stop
node.

Memory Write, MWRITE - S-100 line #68, active high. MWRITE is
used as the write strobe signal to memory and memory-mapped
boards. The front panel drives the MWRITE signal high during
Deposit, Deposit Next and Continuous Deposit functions. These
functions are disabled in Run mode. The front panel will also
produce a MWRITE strobe if the processor outputs a Processor
Write, PWR, strobe on S-100 line #77 and the SOUT status, line
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#U45, 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.

5SS and SSW DSB are both used to disable the CPU board's input data driver.
Their functions are redundant and zre used only by the CPU board. Three
options 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 jumper J5.

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

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

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

Pin 12 The Single Step signal. The SSW 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.

Pin 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&6D5 D4 D3 D2 D1 DO

B N N A O O O A
10 : . 1

11 20
L T T T T 1T 7171
GND 55 ~/ v
RESERVED FOR 16 BIT
PROCESSORS
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The Dblock diagram illustrates the basic front panel circuitry. The
breakpoint circuitry drives XRDY low thru U5 and U26 when the breakpoint
conditions are met, thus stopping the computer. The control logic block can
drive XRDY high, causing the processor to run, even through U5 is requesting
that the processor stop. The Examine, Examine Next, Deposit, Deposit Next,
Single and Slow Step functions are produced by a combination of the control
logic starting and stopping the  processor and imposing data on the
bidirectional data bus at the appropriate times. When the front panel is
driving the bidirectional data bus, the CPU board's data drivers, which also
drive the same bus, are disabled by the SS signal. The control logic drives
the MWRITE signal high during the Deposit and Deposit Next functions.

The following section of the manual discusses the front panel functions in
greater detail. The shorthand notation, U30 pi#>0 is used instead of the
description, IC U30 pin 4 goes from a logic state of one to a logic state of
zero. To clarify the operation of the front panel functions, the sequence
of events during each function is broken into numbered blocks. Each block
contains those events that occur within a few gate delays of one another.
Events that are separated in time by a clock period or a one-shot period are
in different blocks. The blocks are numbered chronologically.

Run/Stop

The computer is placed in Run mode by driving XRDY, S-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/Stop flip flop output, U30 p9. Run is
set high in Run mode.

Sequence of Events

- From Stop to Run mode

1) The Run/Stop switch, S21, is raised, grounding U30 p10. U30
p9>0, U16 p7>1, U5 p13>0, U26 p13 (XRDY)>1. This sequence will
occur if a breakpoint is not being requested, i.e. U5 p9, 10,
11, 12 all high. The Run signal is also used to disable some of
the_front panel functions in Run mode.

From Run to Stop mode

The Run/Stop flip flop iS'set to the Stop state in two ways, a and b:

a) The Power On Clear, POC, signal on S-100 line #99 will set
the flip flop when POC goes low. U30 p12>0.

b) When the Run/Stop switch, S21, is 1lowered to the Stop
position and the S-100 signals M1, PSYNC, and 01 are high
indicating the start of an instruction fetch cycle. U9
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p6>0.

Both a and b start the same sequence: U30 p9>1, U16 p7>0, U5 p13>1, U26 p13
(XRDY)>1.

Single Step

This function consists of the processor executing one instruetion. Single
Step is only enabled during Stop mode. In Stop mode, the processor does not
produce PSYNC pulses and therefore the U31 debounce one-shot which is
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 C3, which has been discharged by resistor
R2, grounds U25 p5; U25 p6>0, U26 pi13 (XRDY)>1. When the
processor senses that XRDY is high, it finishes executing the
cycle in which it had been stopped and then starts to execute the
next cycle.

2) At the start of the next cycle, the processor generates a PSINC
pulse. The PSYNC pulse triggers the debounce one-shot driving
U31 p10 high; U25 p6>1, U26 p13 (XRDY)>0. XRDY going low stops
the processor. Another single step cannot occur until the
debounce one-shot times out after about 1 msec. The processor is
stopped in the middle of the "next"™ cycle. '

3) Capacitor C3 is charged to a logic 1 by the resistor connected to
U25 p5.

4) The debounce one-shot times out, U31 p10>0.
5) The S18 switch opens.
6) C3 is discharged to ground by R2. The circuitry has returned to
its initial conditions.
Slow Step
This function consists of continuous Single Step functions. The time period
between single steps is determined by the period of the debounce one-shot.

Slow Step is the same as Single Step except for:

a) U25 p5 is continuously grounded when S18 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 Slow Step mode, the one-shot's period can be varied from
.approximately 1 msec 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 switch, S16, is lowered, capacitor C3
grounds U28 p9. U28>p8 0, U30 p7>0, U9 p8>1, U2T pT7>0.

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

a) U26 p6>1, U17T p6 (Single Step)>0. When Single Step, SS,
S-100 line #21 goes low, the CPU board's input data buffers
are disabled. This allows the front panel data drivers to
drive the bidirectional data bus without conflict.

b) U26 p13 (XRDY)>1. VWhen XRDY, S-100 line #3, goes high the
processor will start to run.

c¢) U24 p2>1, U24 pi1>0, U25 p3>0. U8 outputs all go low when
DBIN is high. U24 is normally a TY4LOY4. This part provides
long gate delays. The delay provides time for the S8 signal
to. turn off the CPU board's data buffers before the front
panel's data driver U8 is turned on.

2) The processor executes the NOP instruction and starts an
instruction fetch, M1, cycle. At the start of the M1 cycle the
processor produces a PSYNC pulse., This triggers the debounce
one-shot: U31 p9>0, U30 p7>1, U9 p8>0, U27 p7>1. The three paths
return to their original conditions:

a) U26 p6>0, U17 p6 (SS)>1.

b) U26 p13 (XRDY)>0, stopping the processor.

e) U25 p3>1, U8 outputs tristated. This removes the NOP enable
signal. Note that the NOP is turned off faster than it is
turned on because the signal does not have to pass thru the

U24 inverters.

3) Capacitor C3 is charged to a logic 1 by the resistor connected to
U28 p9.
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4)
5)
6)

Deposit

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

C3 is discharged to ground by R2.

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 attention
has been given to avoiding data bus conflicts and to provide adequate data
set-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. C3 grounds U28
p13, U28 p11>0, and the debounce one-shot is triggered, U31
p10>1. This removes the overiding set input to the flip flop and
U30 p4>0. The signal splits into two paths, a and b.

a) U26 p6>1, U1T p6 (Single Step, SS)>0. The low SS will
disable the CPU board's input data drivers.

b) U24 pi>1, U24 p10>0, U25 p11>0. U24 is normally a TULOY.
This part provides a relatively long gate delay. U24 and
U25 are connected so that the falling edge of a signal is
delayed by both U24 znd U25, the rising edge is delayed only
by U25. This two way delay allows the front panel data
drivers to be turned on late and turned off early relative
to SS. '

The signal at U25 p11 splits into two paths, c and d.

2)

e¢) U28 p3>0. This turns the U15 data bus drive on. The byte
on the SO - S7 switches is placed on the bidirectional data
bus. This byte is output by the CPU board onto the S-100
data out bus.

d) The signal is further delayed by two low power inverters and
then triggers the MWRITE one-shot that produces the MWRITE
pulse. U24 p6>1, U24 p8&>0, U31 p7>0, U28 pb6>0, U25 p8>0,
U16 p9 (MWRITE)>1. The MWRITE pulse is delayed so that the
data set up time of the memory is met.

The MWRITE one-shot times out after approximately 0.1 msec.
MWRITE>O.
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3) Capacitor C3 is charged to a logic 1 by the resistor connected to
U028 p13.

L) The debounce one-shot times out after approximately 1 msec. U31
p10>0, this sets the flip flop, U30 p4>1. The signal splits
into two paths, a and b.

a) U26 p6>0, U1T p6 (SS)>1.

b) U25 p11>1. Note that there are no time delays due to U244,
The signal splits into two paths, ¢ and d.

e) U28 p3>1, U15 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 switch is released.

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

Deposit Next

The Deposit Next function consists of an Examine Next followed by a
Deposit. Both RS flip flops that control the Deposit and the Examine Next
functions are triggered simultaneously, U30 p1&5, when the Deposit Next
switeh is closed. The Deposit RS flip flop is disabled until the debounce
flip flop is triggered, U31 p10>1, and DBIN goes high. This delays the
Deposit sequence until the Examine Next is completed. Refer to the Deposit,
Examine Next, and the Deposit Next timing diagram for more detail.
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DEPOSIT NEXT SEQUENCE 2 OR 4 MHZ

—#250 01 500 ns e ‘ 0.1ms 1.0ms
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Examine

With normal jumpering, the Examine function forces the processor to execute
three cycles. HNormally, the first cycle is an instruction fetch and the C3H
jump instruction is placed on the bidirectionzal data bus. The second cycle
is a memory read and the byte on the SO - S7 switches is input and
interpreted as the low order jump address. The third cycle is a memory read
and the byte on the S8 - S15 switches is input and interpreted as the high
order jump address. The Examine function is only enabled during a Stop
mode.

Sequence of Events

1) The Examine/Examine Next switch, 816, is raised; capacitor C3
grounds U30 p1l4, this resets the RS flip flop, U30 p13>0, U9
p8>1, U27 p7>0. This part of the Examine sequence is 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 S27 on
the data bus instead of the NOP. The signal splits into three
paths, a, b, and c.

a) U26 p6>1, U17T p6 (Single Step)>0. This disables the CPU
board's input data buffers.

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

e) U24 p2>1, U24 p12>0, U25 p3>0. The U8 data driver is
enabled, placing the C3H byte on the data bus. U284 is used
to delay the signal to U8 so that the SS signal has time to
turn off the CPU board's data drivers. :

2) The processor executes the C3H instruction and starts a memory
‘read cycle. At the start of this cycle the processor outputs a
PSYNC pulse. The PSYNC pulse triggers the debounce one-shot, U31
p9>0, setting the Examine RS flip flop, U30 pi13>1. The PSYNC
pulse also clocks the D flip flop, U29 p9>0. U30 and U29 act as
shift register elements.

When U30 p13>1, SS>1, XRDY>0, and U8 will be disabled. U29 p9>0,
however, will force SS>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, a memory read, and
starts to execute the third cycle, another memory read. At the
start of this third c¢ycle the processor outputs a PSYNC pulse.
The PSYNC pulse clocks both D flip flops in U29. U29 p9>1 and
U29 p5>0. The flip flops are acting as shift register elements.
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EXAMINE

STATE
b2

pSYNC

DBIN

U330 P14

U31 P9
U30P13
uz29 P9
u29 rP5
Single Step

XRDY

Data Bus

|

]

]

Memory“ uB-Cc3 l'

-={ j8. 50ns Delay
u1s5-L.A. U1-HA. Data From Memory
Debounce One C3 Charges Debounce
Shot Triggered To Logic 1 One Shot

By pSYNC - Times Out




4)

5)

6)

7)
8)

When U29 p9>1, SS>1, XRDY>0, and the U15 data driver will be

~ disabled. U29 p5>0, however, will force SS$>0, XRDY>1, and enable

the U1 data driver, placing S8 - S15 on the bidirectional data
bus. - Since XRDY is still high the processor will remain
running.

The processor executes the third cycle, a memory read, and starts
to execute the fourth cycle, an instruction fetch. At the start
of this fourth cycle the processor outputs a PSYNC pulse. The
g§§gc pulse clocks U29 and U29 p5>1. U29 p5>1 causes §§>1,
XRDY>0, and disables the U1 data driver. Since XRDY>0, the
computer stops during the instruction fetch cycle.

Capacitor C3 is charged to a logic 1 by the resistor connected to
U30 p14.

The debounce one-shot times out after approximately 1 msec. U31
p9>1.

The Examine switch is released.

Capacitor C3 is discharged to ground by resistor R2.
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Continuous Functions, CF

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

Continuous NOP, CN

The CN switch grounds U9 p11. This drives U9 p8>1, U27 p7>1. The signal
splits into three paths, a, b, and c.

a) U26 p6>1, U17 p6 (SS)>0.
b) U26 p13 (XRDY)>1.

c) U2y p2>1, U24 pt12>0, U25 p3>0. U8 output all go low when
DBIN is high. This is interrupted as a NOP instruction.
The NOPs are executed endlessly.

Continuous Deposit, CD

The CD function triggers a Deposit sequence approximately once every 1
msec.

The Deposit RS flip flop, U30 pl4, is set by the debounce one-shot when its
output, U31 p10, goes low. This terminates the Deposit sequence.

When the CD switch is closed and U31 p10>0, U27 pi14>1. This enables the
output of U17 p8 and the 02 clock signal is fed to the one-shot trigger U31
p11 and the Deposit RS flip flop trigger, U28 p13 to U30 pl. This starts a
new sequence.

Breakpoints

The breakpoint functions stop the computer when certain conditions are met,
by driving XRDY low. The conditions address, data, status or T.P. H, must
occur early enough to meet the wait set up time requirements of the
processor being used. 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 wait states can be added to possible breakpoint cycles. If the
breakpoint condition does not occur in a T2 or Tw state then the latched
breakpoint or T.P. B can be used to stop the computer.
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As an example, consider the sequence of events during an address breakpoint
on input port number FF while running the FF PORT TEST PROGRAM.

The AD switch in switch pack S25 is closed, S23 is set to the INP position,
S19 is set to ADDR BREAK, and all SO -~ S15 switches are raised. The
processor executes. an OUT FF instruction; SOUT>1, all address bits>1, U5
p6>0, U19 p19>0, U22 p19>0, U5 pi12>0, U5 p13>1, U26 p13 (XRDY)>0. The
conputer will remain in this condition until S19 or AD is opened or a front
panel function: Examine, Examine Next, Single Step, Deposit, Deposit Next or
Reset changes the breakpoint conditions.

Bus Stable

The Bus 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 not have to be valid 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 wait state.

The Bus Stable signal is implemented in the following manner:
a) U13 p5 is normally cleared low because DBIN is normally low.

b) PWR is normally high. It is connected to the set input, U13 ph.
When PWER>0, U13 p5>1 because the set input overrides the clear
input. When PWR>1, the flip flop is immediately cleared by DBIN
and U13 p5>0.

¢) When DBIN i$ 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 because the different processors output
either polarity. When PRDY is high U13 p5>1.

d) When C and B are connected in J6, U13 p5 is used as the Bus Stable
signal. Sometimes it is necessary to clip the beginning or end of
the U13 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 jumpering A to B in J6. The type of clipping is
determined by J2. J2 also allows for different polarities of f2.
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Programmed Output Port

The front panel latches the contents of the bidirectional data bus when the
logical condition

PWR. SOUT. (FF on A0 - A7 address bits) = FF Port Out

is met, U3 is clocked on the low to high transition or end of the above
signal.

Programmed Input or Sénse Switches

The front panel places the byte on the S8 - S15 switches onto the
bidirectional data bus when the logical condition

DBIN.SINP.(FF on A0 - A7 address bits) = FF Port In

is met. The processor interprets the S8 -~ S15 byte as data from the FF
port.

REPAIR

The basic method used by the front panel to debug itself and the rest of the
computer is to provide many functions, simple and complex, that indicate or
identify faults in the computer circuitry. Sometimes the front panel will
very directly display an error, such as having both the SINP and SOUT LEDs
on at the sazme time. At other times the error will be indicated by the
failure of a front panel function to work properly. For example,  after
discovering that his disk system will not boot, the user finds that the
Examine Next function will not work either. This does not identify the
problem, but it is much easier to debug Examine Next than a front panelless
disk system. 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
simplest 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 box™ that
would exercise the system and flash an error nmessage to the unsophisticated
user. The "black box"™ front panel would be expected to operate normally
even if the rest of the computer was totally broken.
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This second method was rejected for several reasons:

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

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

3) The InterSystems front panel is also an instructional tool. Its
very intimate association with the rest of the computer circuitry
leads the user to a deeper understanding of the computer
hardware.

The following contains notes and recommended procedures for diagnosing
hardware faults. The general theory 1is 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 statically, 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 outputs are logically inconsistent.

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

If the problem: cannot’ be displayed statically then a function 1like the
Continuous NOP, CH, 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
dlsplay 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 cable. 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 board. Check the empty 100-pin connectors for loose pieces of metal
that may be shorting S-100 signals, testpoints and LEDs while the computer
is being reset, stopped, run, and Continuous HOPed. ,

Signal S-100 # Reset Stopped Run with Continuous
Name after Reset no memory  NOP

no menory
XRDY 3 0 0 1 1
SS 21 1 1 1 0
p2 24 p p p P
o1 25 P p P P
M1 Ly 0 1 p p
SOUT 45 0 0 0 0
SINP 46 0 0 0 0
SMEMR y7 1 1 g 0
Clock 49 P p P p
SSW DSB 53 1 1 1 1
MWRITE 68 0 0 p 0
RUR 71 0 0 1 0
PSYNC 76 0 0 p P
PWR 77 1 1 P 1
DBIN 78 0 1 p p
SWo 97 1 1 p 1
Address A0-A15 All on - All off All on All on
LEDs A1Y4,A15% A1L,A15%
Data DO-DT All on All on All on A11 on
LEDs
Programmed FO-F7 A1l on All on All on All on

Outout LEDs

Status LEDs:

M1 offr On Dim Dim
MEMR On On On On
WO On On " On On
INP off off off off
ouT off off orf off
IN off. - off orf off
HLDA orf off orf off
Run LED off off On off
Wait LED On On off 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
Jjumpering.

If a fault is found, locate the source 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 1listed in order of
complexity:

Single Step

Examine Next

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

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

Now place a memory board in the computer. A static memory is best for
debugging. Check the front panel functions again. Deposit different
patterns - into the memory to determine if any data 1lines are open or
shorted.

If everything still works, toggle in the FF PORT TEST PROGRAM. Starting at
zero: DB, FF, D3, FF, C3, 00, 00. The FF PORT 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 does 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 zare intended only as an initial guide.
The user should feel free to develop his own debugging techniques.

NOTES

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

Because the CPU "thinks"™ that the front panel is memory, if the CPU board
has a wait state request switch for the MEMR cycle, then you can add a wait
state to 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 PSYHNC is delayed during an Examine Next
sequence, then the XRDY signal, which is triggered on PSYNC, will not go low
soon enough to stop the computer. The computer will execute another cycle.
It is possible to use the onboard wait state generator, U10, to add wait

states to every cycle.
If you can't get a system to work at 4 mHz, try 2 mHz first,.

The -16V line is next to the SSW DSB signal on S-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 716V to SSW DSB and burn out the CPU board input or the front
panel driver. This occurs often--if your front panel doesn't work, check
SSW DSB.

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

In switch pack S25, only close one of the following four switches at a time:
Wi, W2, W3, S.

’

In switch pack S26, only close one switch at a time.
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FRONT PANEL PARTS LIST

PART NUMBER Ic DESCRIPTION

31 81LS595 Octal Buffer
U2 74LS240

U3 74LS273

U4 74LS10
- US 8092 S-input NANDs
U6 741508

u7 TID126 Diode pack

U8 81LS96 Octal Inverter
us ’ 74LS10

uio 74LS173

U1l 74LS00

U1z 74158240

U13 74LS74 ,

ui4d 25LSs2521 Octal Comparator
U1s 81LS95 Octal Buffer
Ulé6 74LS240

U7 7403

U18 ‘ 74LS240

U19 ) 25152521 Octal Comparator
U20 7415240

u21 , 7415240 ,

u22 25LS2521 Octal Comparator
U23 74LS30

U224 74L04 Low Power TTL
U25 741532

U26 8092 5-input NANDs
u27 7415240

U28 74LS08

U29 74LS74

U3o 7418279

U31 96502 Schottky One-Shot

MANUFACTURER

National Semiconductor
(NS)

NS

Texas Instruments (TI)
NS

Advanced Micro Devices
NS (AMD)

AMD

NS

Fairchild



PART NUMBER

c1, C2
c3

c4 - C18
19

€20, C21
€22

€23

RI
R2
R3
R4
RS
R6
R7
RS
RO

URL
UR2
UR3
UR4
URS
UR6
UR7
URS
UR9
UR10

D1
Q, Q2
48

COMPONENT VALUE & TYPE

0.1 uf
0.01 pf
0.1 uf
0.01 pf
0.1 pf
47 uf

2.2 uf

330 Q
220 KQ

1 KQ

1 Xa

4.7 KQ

1 X

20 KN

1.5 KN

2 MQ trimpot

2200
220 N
4.7 KO
4.7 KQ
2200
4.7 KN
2200
220 00
220
4.7 KL

IN4148
7805
LEDs

DIP
DIP
SIP
SIP
DIP
SIP
DIP
DIP
DIP
SIP

20V



Front Panel Parts List (continued)

PART NUMBER

S0 - S15
S16, S17

518

519

$20, S21

S22, S23, S24
S25

S26

s27

s28

COMPONENT VALUE § TYPE

Address/Data Toggle

Ex/ExNt, Dep/Dep Nt Toggle
Single Step/Slow Step Toggle
Breakpoint Toggle

Run/Stop, Reset/Ext Clr Toggle
P.C. mount Toggle

Octal DIP Switch

Quad DIP Switch

Octal DIP Switch

Pushbutton

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

from Ithaca Intersystems. Please call or write for current

pricing.

ON - ON
(ON) - OFF - (ON)
(ON) - OFF - ON
ON - OFF - ON
(ON) - OFF - (ON)
ON - OFF - ON

ON - OFF
ON - OFF
ON - OFF

Normally open

SPDT
SPDT
DPDT
DPDT
DPDT
SPDT
SPST
DPST
SPST

U7 can be purchased



ITHACA TINTERSYSTEMS LIMITED WARRANTY

All equipment manufactured by ITHACA INTERSYSTEMS shall be gquaranteed
against defects in materials and workmanship for a period of ninety (90)
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
WORKHMANLIKE = MANNER AND IN ACCORDANCLE WITH THE
SPECIFICATIONS SUPPLIED, SELLER HMAKES 10 WARRANTY
SXPRESS OR IMPLIED, AND ANY IIPLID WARRANTY OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE
WHICH EXCEEDS THE FOREGOING WARRANTY IS HEREBY
DISCLAIMED BY SELLER AND EXCLUDED FRO!M ANY AGREEMENT.

Buyer expressly waives 1its rights to any consequential damages, loss or
expense arising in connection with the use of or the inability to use its
goods for any purpose whatsoever.

No warranty shall be applicable to any damages arising out of any act of t
Buyer, his enployees, agents, patrons or other persons. :

In the event that a2 unit proves to be defective, and after authorization by
Seller, the defective part and/or unit, as authorized, must be securely
packaged and returned Freight Prepaid by the Buyer to ITHACA INTERSYSTEMS
for repair. Upon receipt of the unit, ITHACA INTERSYSTEMS will repair or
replace, at 1its sole option, the defective part or precduct 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 otherwise, shall not, except as
evpressly provided herein, exceed the price of the equipment or part on
which said liability is based.

This warranty is given solely to the original Buyer. No employee or
representative of Seller is authorized to change this warranty in any way or
grant any other guaranty or warranty.
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ALNDENDA znd ERRATA
Freliminery Editions Ithses Intersystems Fromt FParnel Manuzl
July 22 1980

The following materizl will be incorrorated into Edition 1
of the front =arol marnual. . :

ANMENDA

Nifferent CFU Cards

fs indicsted st vorious places in the fromt warnel manualy
starting at sade 3y item Iy Lhe mornusl was written with the
gesumetion that it would be orerated with the Series I
Ithaca Intersustems Z-80 card (Ithzscae Audio Z-80 1010) inm
the lztcohed mods (i.e.r with #8YNC latching statuses! before
revision 2.0 of tnhis cardy the latched mode was the surrlied
cirouit imelementztions at revision 2.0 and zbovesr an ostion:
is erovidedrs so that the board is running in latched mode
whenrn J3 is selt to AR,

Oreration with other §-100 CFU cards is riot only rossible
bt was anbticiratods meverthelessy the timing disdgrams and
other technical information references the Series I Z-80
card. In wmost cases the differences ir fromt rarnel
oreration hetweearn onc CFU card and asnotbther are not
significant. Somo sointst

X lleronding omn the CFU cardy orersting the {front
ramel  Reset switeh will rnot necessarily =roduce
the reswlts described in the fromt s=amel manusl.,
In razrticulary 3ll of the address LEDs maw not
necesserily light., This maw be the caese with the

S Ithzca Intersustems MFU-380 Z-80 cFu card
(Freaquentle shirred with the fromt ranel in a2n
Ithaecas Intersystems IFS-1 sustem)y derending on
whelher the MFU-B0O is =zet to the fullu-latched or
rartiazl-latched mode.



X Oreration of the breskroint circuitry on the
fromt ranel is derendent on the rarticular
rrocessor cucle. Sometimessy at 4 MHzy it maw be
necessary to add one or two wait states (at $26)
to dget a reliable breaskroint. Sometimes it maw
be necessary to use the lasteched bresgkroint mode,
LDifferent rrocessors eroduece different timing
relstionshirs bhetween various bus eventsy and the
hrealkroint facility must be addusted to
accommodate these differences.

¥ The front sanel RBus Steble gidnasl mew be addusted
i various wavys (see rgge 26 and 40 of the
marnusl) to allow more effective oreration with
various processors. The Bus Stable seltur om rade
26 for the *Ithacs Audio Z-80 1010" is also
arsrorriate for the Ithacae Ithascs Intersustems
MFU-80.,

ERRATA

lL.ogic State Charl on Fade 43

With a3 BSeries 1T Z-80 orerzating in the latched mode or 2
Series Il MFU-80 orerating in the fullu-latched mode (JH-1»
ECYs  the T"Continuous NOF' column of the chart contains two
errorsy Wwhich should be corrected to the following?

Contirnuous

NOF
M1 1 CNOT *#"3]
SMEMR 1 CNOT *0*1



FOCX amd RESETX

The Series I Z-80 card sroduces sn active FOCX everwy time &
RESET¥ occurred on the $-100 bhus, The front ranel run/stor
circuitry was resot bw FOCXy rather tham RESET%. The Series
11 MFU-80 and other cards that follow the IEEE 696 5-100
standard - do not rroduce FOCx a3t every RESETXy and
conseauentlyy using the front ranel Reset switch would not
stor these #rocessors.

Fromt rarnels marufasctured sfter Junes 1980 were modified so
that the rur/stor circuitry was reset bw RESET*% rather than
FOCK. Simce RESETX is am unterminsted lirmes am RC filter
wags added to sroevernt noise from scecidentslley affecting the
circuitry.

Wait LED

The 6-100 Wait sign2l 1is not sert of the IEEE £-100
standardy and consecuently the Wait LED on the front ranel
chief ot rrorerly  rerresent the status of ITEEE §-100
sustemns.

Afleyr Junes 1980, Ithacae Intersustems fromt ranels were
marmfactured  with J4 set to RC instesd of ARy so that IEEE
8-100 sigmals XROYX OR RIOY¥ will drive the front ranel WAIT
LET. (Users with +ront rarels from before this reriod -
stauld mote that J4 mew be susplied with A cormnected to R b
g PC traces this trace should be cut before astitemerting to
set J4 to RC.)

The Front Fanel and $-100 1ine 71 (Rurn/Stor)

The TEEE 4946 $-100 standard no longer surrorts the Run/Stos
sigmnal  an lire number 71 Concequently:, on cards
manufactured after Maws 1980y this cornmection from the front
anel  to  the S-100 tws is cut (riesar by 5-8s on the solder
gicle of the card).

The fronmt sarnel actusllye stors the CRU by asserting  XRDY¥s
Rum/8tor was a status line. For cards thzt use the Rur/Stor
dime - such as the Ithacs Intersustems’ Series I Z-80 card
== the cornection must be left irm slacesr or recornected if
it has bheen cut,



68% and SSWISEX

These two signals sccomrlish similar  tasks inn anm §-100
sustem (when activer either sidnal disables data inrut to
the CFUs s0 that the fromt s=anel can drive the CFU datas
lines)s, The JIEEE 696 $-100 standard surrorts line 21 as
NIEF  (not defined)y which 3llows its traditionsl use s3s 59%
(Single Ster) to e continued in suvstems thaet wuse front
ranels. lLirne 53y howevery which was SSWISEX (Sernse Switch
NNisable) in some pre-IEEE swstemsy is dimrlemented in the
IEEE 6946 standard 35 28 dround, The Ithsca Intersustems
front ranel surrorted this SSWISEBY imrlementation umtil Maw,
1980y afler which fromt ranels were manufasctured surrorting

ornlw line 21 --  88% ~-- {to rerform both the Sernse Switch
isable and Sindla Ster functions.

This is accomrlished bwe cutting the trace between JS5y B and
A (discornmecting B -- which is connected to line 93 ~- from
any driver)y and Jumrering ~- with wire Wwrar wire -~-—  J9%» A
to £ (eonmecting the ouwlrut which used to drive lime 93
cirectlw Lo the driver of lime 213 since both these drivers
are orern collectors no sdverse results occur).

A csrd which reauires the SSWIDRSEY sidgnal -- like the Ithacs
intersgstems Series 1 Z-80 card -- showld have this
Frocedure reverserd,



