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USER GUIDE

A. INTRODUCTION

The ZPU Card, TDL's Altair/IMSAI compatible 2z-80
CPU card was designed to allow the Z-80 microprocessor
to run, without modification to the mainframe, in either
an Altair 8800 or an IMSAI 8080. At the same time, the design
was configured to allow maximum versatility to the user,
allowing the full potential of the Z-80 to be available
to the user. ‘

The 2PU Card is constructed of only the finest
materials throughout. All components are first quality
prime and obtained from reputable distributors, factories,
or their representatives. No surplus material is used
anywhere in the design.

In order to complement the Z80, which regquires only
a regulated +5 Volt supply, no components were used which
require any other voltage. The total current drain is
typically 750ma.

_ Separate jacks are provided to accomodate the front
panel connectors of both the Altair and the IMSAI, and the
ZPU user may at his discretion elect to install either
one, or both during assembly.

B. SYSTEM DESCRIPTION

1. The Z-80

The specifications and details of the Z-80 are
covered in depth in Zilog's Z-80 CPU Technical Manual which
is provided with this kit. A complete understanding of the
theory of operation for this board requires a careful study
of this manual.

2. Theory of Operation

Proper operation of the Z-80 in the Altair Bus
requires the generation of a number of bus signals not generated
by the Z-80. The ZPU Card creates these by interaction and
gating of the Z-80's status signals and the clock lines.

The most important status signals generated by the 2Z-80 are:

1, Memory Request
2. I/0 Request

3. Read
4, Write
5. M1

These 5 signals properly gated are used in conjunction with
the clock to generate all of the required control timing.
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The Z-80, unlike ‘the 8080, outputs continuous status
information wheras the 8080 information is strobed into an 8
bit latch (usually an 8212) during "Sync" time. Consequently,
the Z-80 generates no sync pulse. In order to retain the
Altair Bus structure, a “"psuedo-sync pulse" was created.

Specifically, PSYNC is generated by gating I/0 request
and Memory Request thru a NAND gate (IC21l) whose output
goes to the input of a 74LS74 (IC1l6) which is clocked
by the Phase 2 signal. PSYNC is taken off of the {
of ICls.

A wait is accomplished by gating the PRDY signal
and forcing a low into the wait control line of the
Z80. In addition, an extra PRDY line has been made available
which may be jumpered to any unused bus line for future
applications. When not in use these lines should ke jumpered
together. (Pins 3 and 5 of IC17) The wait signal is
initiated by the coincidence of the clock pulse with the
pulling down of any of the 3 ready lines (PRDY,XRDY,
LRDY)

The Interrupts Enabled flag is not provided on
.the Z-80. This has been simulated by the use of an 8
input NAND gate {ICl4) and some decode gating (IC17)
feeding a set-reset flip flop (ICl8) to provide the
user with a proper indication when the interrupts are
enabled.

The interrupt pin of the Z-80 is handled in exactly
the same fashion as that of the 8080, coming to the
same bus pin. However, the non-maskable interrupt pin
of the Z-80, which represents a significant feature of
the 280 is brought out to a pull-up resistor, and may be
jumpered to pin 4 on the bus, VIF, the highest priority
interrupt line. Thus configuring the 2z-80 into the Altair
Bus does not detract from this 2-80 feature.

The SSTACK status signal of the 8080 is not generated.
Instead, the Z-80 REFRESH signal may be jumpered out
to this line for use with future dynamic memory designs.

Processor write is generated by the %-80, however in
this application we have added some additional delay
in order that the STATUS OUT or MWRITE may be properly
decaded.

Handling of the remaining control timing is straight-
forward. HALT ACK is generated by the Z-80. The MREAD
signal is a function of the 2-80 READ and MREQ signals.
STATUS OUTPUT is a function of WRITE in conjunction
with an I/0 Request. STATUS INPUT is a function of a
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READ in conjunction with an I/0 Request. PDBIN is a
function of the READ signal. The Interrupt Acknowledge
signal is a function of a simultaneocus M1l and I/O
request.

All processor signals with the exceptions of Phase One,
Phase Two and Not CLOCK are tri-statable thru the
normal Altair Bus Signal.

3. The Clock

The 2ZPU card features two clocks on-board.
The first is fixed at 2Mhz thru crystal control, and the
second is variable between less than 1 and greater than
4 Mhz by means of a 20 turn trimpot.

The 2Mhz crystal controlled clock is selected by
placing a jumper between the augat pins labeled "C" and
- " ZM" .

The variable speed élock is selected by jumpering between
"C" and "V". (The pins "C","2M" and "V" are located in
area A on the 2PU Card.)

The crystal oscillator is a parallel resonant
circuit using a 2Mhz crystal in conjunction with
several gates of IC24, a 4049 CMOS oscillator chip.
This clock generates Phase One, Phase Two, and system
Not CLOCK.

The variable oscillator utilizes the remaining
sections of IC24 in a free-running oscillator whose
frequency is controlled by a precision RC network, and the
frequency may be varied by adjusting R33, a 20K 20 turn
trimpot. The variable oscillator presents Phase One and
Two to the bus. Not CLOCK is always a function of the
crystal oscillator and is always maintained at 2Mhz by
that cleock so that peripheral cards may be made to
operate correctly regardless of processor speed. See
the section on High-speed operation for details on
this.

Regardless of which clock is selected, if the
variable clock is tuned to within 100Khz or so of the
crystal, there is a tendency for the 2 clocks to "lock
in" to each other, that is to go into a fixed resonance.
The operational effect of this is that when the variable
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clock is selected in this condition, initial frequency
change either up or down will tend to be resisted, until
the frequency "jumps" roughly 50khz, at which point smooth
frequency adjustment may be made.

Twe augat pins (in area "B" and "C" respectively on
the board) are provided for observation of the Phase
One and Phase Two signals. These points are test points
only and not intended feor adjustment of clock speed.
Clock speed should always be measured at point C in area
A,

By removing the jumper choosing either of the two
on-board clocks and connecting the common pin (C) to
an external frequency source, the ZPU card may be
synchronized with another system if the user chooses.
This also makes it possible to run the processor at
very low speeds (down to DC) which on occassicon can be
tremendously useful. (For example, individual T-states
. may be observed on the front panel.)

4. I/0 Operation

A visual inspection of the ZPU card reveals
more buffers (8T%7s or 74367s, ICs 1 - 10) than are
usually seen on a CPU card. This additional buffering
was necessary to reduce bus locading and to assure normal
front panel operatiocn.

~ The front panels of both the Altair and the IMSAI
look at the high order addresses for information about
the I/0 port number during I/0 operations. This was
optional with the original designers of the 8080
systems because the I/0 port number is output to
both the high and low order addresses by the 8080.

The 2-80 outputs I/0 port information only to
the low order addresses. (Contents of the accumulator
are then present on the high order addresses.) So, in
order for the sense switches to operate normally 8
additional buffers have been added which transfer
the lower 8 bits to the high order address lines during
I/0 operations.

C. OPERATION

The normal configuration of the ZPU card is that which
enables it to operate in an Altair or IMSAI with other
peripheral boards,
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The kit as supplied and the instructions as given result
in a CPU card which may act as a direct replacement for
your current 8080 processor. There are however some options
which may be exercised by the user which take advantage
of several of the 2-80 options. These are:

l. Connecting the REFRESH signal to pin 98 on the bus.

2. Connecting the Non-maskable lnterrupt to vectored
interrupt lines.

3. Altering the processor speed.

4. Use of the duplicate PRDY line.

1. The Refresh Line

Pin 28 of the Z-80 outputs a RFSH signal, which may
be used to provide refresh timeing for dynamic memories.
This signal may be placed on pin 98 of the bus. Pin 98
is normally occupied by SSTACK on your 8080 system, however,
this status indicator is not terribly useful and was ommitted
"on the 7%-80 altogether. So, we chose this line for RFSH.

The RFSH signal may be picked up at Area F, immediatly
to the left of the Z-80, and jumpered to the pad in
Area G, straight down and slightly to the left from the
z-80. This places the signal on the bus.

When the signal is on the bus, the status light on your
front panel labeled STACK will now stay lit when the
processor is running, indicating that the REFRESH signal is
on the bus.

For the exact timing information about the RFSH
signal, see the 7Z-80 manual.

2. The Non-maskable interrupt

On the Z-80, pin 17 is NMI, the non-maskable
interrupt. To quote the Z-80 manual:

"The non maskable interrupt reguest line has a
higher priority than INT and is always recognized at the end of
the current instruction, independent of the status of the
interrupt enable flip-flop. NMI automatically forces
the Z-80 CPU to restart to location 0066H."

This powerful interrupt capability is made available
to the ZPU user.

Pin 17 of the Z-80 and pin 4 of the bus (VIf) are normally
both held high by pullups. Solder pads at location H and location
E may be jumpered together, thus making the NMI available



(6)

at VIf, the highest priority vectored interrupt line.

3. Altering the Processor Speed.

The Z-80 has the capability of operating from DC on
up to some maximum limit greater than 2.5Mhz due to its
static nature. To take full advantage of this capability
the ZPU card has been designed with a variable speed
clock on-board.

Pl, an augat pin pin soldered to a wire represents
the phase one and two inputs to the processor. If the pin
is placed in J2, the augat pin labeled "V" in area A, then
by adjusting the trimpot located above the crystal, the
frequency may be varied over a range of approximatly
3 Mhz.

Normally, when one is reducing the speeds, simply
turning the speed down is sufficient, and no problems will
_be encountered. For individuals whose systems may currently
be marginal at 2Mhz, reducing the processor speed may well
greatly increase reliability of your system.

When speed is increased it is sometimes necessary
to readjust the timing of the 74123 for stable operation.
This RC network (R36 and C26) effects the Phase one 'and
Phase two relationships, which become more critical
as processor speed is increased.

The procedure for speed adjustment is covered in the
section on high-speed operation.

4. Use of the duplicate PRDY line.

This line was included in order to facilitate
operation with the Altair 8800B, or for any other
use the user might dream up.

The extra PRDY line comes off of ICl7. Area D, immediatly
to the left of the IC has 2 pads which are normally jumpered
together. If one wishes to use the extra PRDY line, remove the -
jumper, and take the PRDY signal off of pin 3, the top
of the two pads.

The 8800B requires 2 additional RDY lines. XRDY2 is
on bus line 12, If operation with the 8800B is desired,
jumper the additional RDY line on the ZPU to this bus pin.
The other RDY line is FRDY, which is pin 58 on the bus.
The user may use this line as he wishes.
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In addition to these options, there are two points
about operation which bear mentioning:

1. Single stepping the processor
2. Use of 500ns memory

The 2-80, unlike the 8080 does not necessarily stop on
an M1. The processor however must be in an M1 for the
front panel to operate normally. Rather than create circuitry
to stop the 2-80 on an M1, we felt the simpler approach was
simply to single step the processor to an M1, and then
operate the front panel.

With the 280, system integrity is even more important
than with the 8080. In part due to its more efficient
architecture (remember that the Z-80 executes 8080 software
10% faster at the same 2Mhz clock speed) and also due to
slight timing variations, the Z-80 is more demanding
of your system at 2Mhz. The primary practical importance
of this occurs when 500ns memory is in use.

Memory manufacturers rate their memory speed as

chip access time, neglecting to add the select and enable
logic time. These add up with chip access time to what may be
termed board access time. While the 8080 may not note the
difference, the 7Z-80 may. Therefore, it is recommended
that when 500ns memory is in use, if any problems
~in running programs are encountered, the simple addition

of one wait state will resolve it. If the small reduction
of execution time is of any importance, switch the Z80 to
its variable clock, and increase the processor speed to
accomodate for the difference. (It is due to the presence
of otherwise minor inefficiencies in current systems that
TDL implemented the variable speed clock. It allows you
to get the most out of your system.)

The best approach to system integrity when using a
faster, more efficient chip such as the Z-80 is to gradually
upgrade your system to very high speed memory such as
TDL's Z16K.

Other than these mentioned points, operation of your
ZPU is rather identical to that of yvour 8080.

D. HIGH SPEED OPERATION

Among the many features of the Z80 is its ability
to operate at clock speeds higher (and lower} than that
of the 8080.
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The ability to have a Z-80 operate in your system
which was originally designed for a 2Mhz processor at
clock speeds higher than 2Mhz is determined by 4 primary
variables: 1. The 280 chip itself, 2. The access time
of your memory 3. The integrity of your system as a
whole, 4. Your own technical knowledge.

The Z2-80 chip itself is guaranteed to operate up
to speeds of 2.5MHz. In practice we have found that
the overwhelming majority of Z-80 chips operate com-
fortably at 3MHz. A good many operate at 4MHz. It is
expected that Zilog will release 280's tested good for
4MHz, at slightly higher cost. Pending the general
availability of these chips, the ZPU is designed to
operate at clock speeds up toc 4Mhz.

Operation at 4Mhz requires a memory access time
of 250ns. 3 Mhz requires 333ns. 2MHz requires 500ns.
The quality and rated access time of the memory you
possess should give a fair estimate of the maximum
processor c¢lock speed withcut wait states at which you
can expect to operate your 280 successfully. Bear in
mind however that most manufacturers rate memory access
time as chip access time, not board access time, as
was described earlier. The 2-80 is less tolerant of
slightly slow memory than is the 8080. ‘

NOTE: Do not try to operate the Z-80 at higher than
2Mhz with unbuffered memory. This create excessive
loading.

The integrity of your system is affected by many
variables. Bear in mind that the Altair/IMSAI systems
were not designed for 2MEz+ operation, and the system
itself presents a final limit beyond which increased
processor speed will be useless. The problems of noise,
inductive and capacitive coupling, impedence matching etc.
become increasingly significant as processor speed 1is
increased.

A system of high integrity can operate at 4Mhz.
High integrity impiles that the common faults which a
home built computer may suffer from are absent. Such
factors as sloppy construction, cold solder joints,
or out of spec, but not quite "bad" components which
might go un-noticed at 2MHz would be likely to present
serious problems at 4MHz. Your own technical skill
is the only solution to these problems.

Your own ability is the greatest variable you
will encounter. A thorough understanding of how your
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system operates, and in particular how the ZPU

and the Z80 operate is the best quarantee of
successful operation at 2MHz+. The better you
understand your hardware, the more success you'll have
at getting the last bit of speed from your processor.

The simplest procedure for increasing the speed
of your processor is as follows:

1. Place Pl (from point C Area A) into the augat
pin marked V.

2. Using an insulated adjustment tool, adjust the
processor speed to 2MHz as measured at
Point C.

3. If no accurate freguency measuring instrument
is available, turn the 20 turn trimpot
clockwise to maximum resistance which gives you
the lowest clock speed, and then proceed.

4. Load a program into the processor which will
show if the processor is operating properly.
A listing of some sort would be ok. The '
DISPLAY MEMORY command of the monitor is
very good.

5. Increase the processor speed by turning the
trimpot counter-clockwise until the processor
bombs. Turn the adjustment screw back % turn
or so.

6. Run various programs on the processor at this
speed and test for reliability. If any problems
show up, reduce the speed a bit more.

Your processor is now running at the maximum speed
which your system, without tune-up or adijustment, and
without tweaking the values of any components, is
capable of handling. Your own skill, of course,
can cause this figure to rise.

It is important to note here that although the
system TLUCK line is maintained at 2MHz regardless of
processor speed, some boards, particularly I/0 boards,
use Phase 1 or Phase 2 for their timing, and will not
operate correctly when the Z-80 speed is altered. In
this case, the fix is very simple =~ cut the malfunctioning
board trace from the phase 1 or 2 and jumper it to the
CLOCK line. It will now operate correctly at processor
speeds other than 2MHz and will still operate with your
8080 as well.
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E. COMPATIBILITY

Due to the pin for pin compatibility which the
ZPU shares with the Altair Bus structure, it is highly
compatible with existing hardware. Bear in mind that
the design of the 2ZPU was aimed at simulating the bus
while not impeding the %-80 in any way, or confining
it by hardware compromises. Generally this has been
achieved.

You will find that the front panel of your system
will operate in the usual fashion with all switches
serving their normal function and all lights (save
STACK) indicating their normal signal conditions.

The only hardware "incompatibility" ever noted
is that slightly out of spec memory which the 8080
will tolerate at 2Mhz will on rare occassions be
found unacceptakble to the Z-80. The soclution would be
to introduce one wait state in the memory, or slowing
the processor down by a small fraction.

The Z-80 is 100% machine code compatible with
the 8080's 73 instructions. Thus standard 8080 software
will run without modification on the Z2-8§0.

However, where the actual execution time ({in
real time) of each machine cycle is used to create
a timing loop, 100% compatibility may not be found.
This situation is created by a feature of the Z-80.

The architecture of the Z-80 is more efficient
than that of the 8080. In its design, many instructions
of the 8080, while having the same machine code, have
fawer "T-states" and thus the instruction is executed
faster in real time. It should be clear then, that
8080 software timing loops where real time length of
execution is controlled in software will have to be
readjusted to the higher real time execution speed
of the %2-80. Note that this is true when the 8080 and
the Z-80 are both run at 2MHz.

While this feature of the Z-80 may require minor
software modifications for an occassional user, in
general it is a very useful feature. For example, a member
of the Amateur Ccmputer Group of NJ has a benchmark
program in basic which he has run ¢n a large array of
machines, both minis and micros. This program was
run using Altair Basic using both the 8080 processor and
the ZPU. Only the 8080 instructions of the Z-80 were used,
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and both processors were maintained at a 2MHz clock
speed. However, the ZPU executed the same program in
10% less time. This is a significant improvement.

As for 8080 languages, TDL procured and tested
versions of virtually every language yet written for
an 8080 processor. With one exception, they ran without
a hitch.

This sole exception is Altair Basic. This basic
has as part of its routines several occassions where
the Parity Flag is checked as part of the function.
In the 2-80, the parity flag indicates QVERFLOW
during math routines, not Parity. As a result, Altair
basic will not run on the 2-80.

The exact mechanics of this bug may be examined
by studying the sections on Flags in the 8080 and
Z-80 Technical Manuals.

Since the several routines which cause this bug
to occur were written to reduce program space by several
bytes, and are not required by the structure of the
language, it can be patched by those who wish to do
so. Appendix C of this manual describes the patching
technique.

For those who do not wish to go to the trouble of
generating the patch, it is advised that they procure
TDL's 8K basic which is Altair compatible and which has
a large number of exclusive and desirable features. It
will be available as of Mid-September 1976.

No software incompatibilities other than the above
have been encountered. In any applications of existing
software, if a problem is found please inform us
of the exact details in writing and we will be pleased
to advise you on a proper solution.
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ASSEMBLY

CAUTION

THE ZPU KIT CONTAINS TWO STATIC SENSITIVE DEVICES.

DO NOT REMOVE THESE DEVICES FROM THEIR PROTECTIVE
PACKING UNTIL NEEDED IN ASSEMBLY. HANDLE ONLY AS

PER THE INSTRUCTIONS IN THIS MANUAL. FAILURE TO

HEED THIS PRECAUTION MAY RESULT IN PERMENANT DAMAGE
TO THESE DEVICES AND AUTOMATICALLY VOIDS THE WARRANTY.

ALS0O, THE Z-80 IS NOT PIN FOR PIN COMPATIBLE WITH

THE 8080. ATTEMPTING TO RUN THE Z-80 IN YOUR 8080
CPU CARD WILL DESTROY THE 2-80.

A. General Kit Building

It's a good feeling to construct a kit on your

. own, plug it in, and have it work the first time up.

Two factors are of the utmost importance in this: gquality
engineering which makes the kit easy to build, and
careful construction. We've taken care of the engineering,
the construction is up to you. We've listed here some
construction tips which are considered standard operation
in most commercial shops. Following these procedures in
your own construction will increase the likelyhood that
your kits will work first time, every time.

1. ALWAYS read all of the instructions before
starting construction.

2, Always work in a clean, well-lit area.

3. Use only high quality rosin core solder of a
guage similar in size to the leads being soldered.

4. Ensure that you have all the necessary parts
for a given stage of construction before starting
that stage.

5. Use the lowest power soldering iron that will
get the job done. A 25 watt iron is quite
adequate for this kit.

6. Use a fine point soldering iron, and keep the
tip clean and well tinned.

7. Avoid overheating the PC board and components.

8. Before soldering, check and make sure that the
right component is in the right place., Having to
remove and resolder a wrongly placed component
is difficult, and there is a great likelyhood of
damage to the board or component.
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9. Apply the solder to the iron tip, the pad
and the component lead at the same time. The
solder will melt and flow in a second or two.
If it doesn't, stop and find out why before
continuing.

10. Use only enough solder to assure electro-mechanical
integrity. 1/8th inch or so of the solder
supplied with this kit is generally adequate
around IC pads.

11. Look carefully at each joint both during and
after soldering it. It should have a clean,
bright appearance. If the surface is rough or
dull it might be a "cold" solder joint. If so,
reheat and apply very little or no additional
solder.

12. Don't work on construction if you're wvery tired.

13. Always check the voltages on the appropriate
IC pins after soldering and before installing
the ICs in their sockets.

14, Never install ICs in sockets when there is
voltage on the board.

15, ALWAYS install MOQS/CMOS devices LAST, when you're
sure that all else is perfect.

l6. NEVER insert the board intoc its socket when
power is on the machine,

B. Handling MOS/CM0OS Devices

When handled correctly, static damage to these
sensitive devices is quite unlikely to occur. The rules
for correct handling are simple:

1. Keep everything in contact with everything else.
While the IC is still in its case, hold it in
your hand, touch both to the table, the PC board
etc. This allows any static to discharge.

2. Work on a conductive surface. Bare grounded metal
(a cookie tin or piece of aluminum foil will do.)
is best. Glass very bad, plastic the worst.

3. Wear cotton clothes instead of synthetics.

4. A medium humidity environment is better than
a very dry room.
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These Rules are very simple. Remember: the most basic
rule is to keep everything in contact with everything
else. If you adhere to this rule and the others, plus
add some common sense, it's very unlikely that you
will ever damage a static-sensitive component.
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ZPU PARTS LIST

8T97 or 74367
74LS0C2
741504
74LS30
74Ls74
741810
741.500
74123
4049
Zz-80
7805

1X, 5%, Brown, Black, Red, Gold

lK, 5% ] ]

lK, 5% " "

100 ohm, 5%, Brown, Black, Brown, Gold
47 ohm, 5%, Yellow, Violet, Black, Gold

4.7, 5%, Yellow, Violet, Red, Gold
4.7K, 5% " "
3.3K, 3%, Orange, Orange, Red, Gold
10K, 5%, Brown, Black, Orange, Gold
12K, 5%, Brown, Red, Orange, Gold

20K, 20 turn trimpot

47Mf, 25V, dipped tantalum electrolytic
.1Mf disc ceramic

. le ” "

.001Mf Disc Ceramic

33Mf, 25V dipped tantalum electrolytic
.IMf Disc Ceramic

.1Mf Disc Ceramic

l OPf 1] n

6 Pf " "

27 Pf Disc Ceramic

4 7 Pf [}] 1]

2Mhz Crystal

10 pin molex connector

16 pin high profile DIP socket
Augat pins

Augat Pin
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1 Heatsink
l ea. 6/32 x 5/16" machine screw, lockwasher, nut

1 ZPU PC board

12 14 pin low profile IC sockets
12 16 pin low profile IC sockets
1 40 pin high profile IC socket
Miscellaneous

6" jumper wire

5! solder

1 Zilog 780 CPU Technical Manual
1 ZPU Documentation Manual

1 Paper tape of the ZAP monitor
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E. Detailed Assembly Instructions

(

) 1.

() 2
() 3

() 4.

Read these instructions through once from
beginning to end before continuing.

Inventory all parts against the parts list.

Open out the board layout diagram at the end
of this section, and place the board so that
it is similarly oriented in front of you. Compare
the two and familiarize yourself with the layout.

Install the twenty 1K resistors (R 1 to 10,
12 to 20 and 30) in the appropriate locations,
and solder.

NOTE: In soldering in large numbers of similar components,

(

() 6.

() 7.

(

)

8.

NOTE:

(
(

)
)

9.

10.

it is quickest to perform all similar actions on

all of the components at the same time. For the

above, you can bend the leads, insert the resistors,
pull them close and bend the leads out to hold them in
place, and then solder as 4 actions for all the
resistors.

Repeat the above for the nine 4.7X resistors.
(R 22 to 29, 32)

Install the two 100 ohm resistors (R11l,31):
the 10K resistor (R35); the 47 ohm resistor
({R21); the 12K resistor (R36); the 3.3K
rasistor (R34)

Insert the twelve 14 pin IC sockets and the
twelve 16 pin IC sockets in their respective
positions, with all pin 1ls toward the top of the
board. (IC sockets have a notch or chamfer to
indicate pin 1.)

Invert the board and solder all of the pins.

Make sure each socket is all the way in before you
solder - it's difficult to correct not fully
inserted sockets after soldering.

If the sockets tend to fall out, either bend

two diagonally opposite leads on each, or place

a plece of thin stiff cardboard over all the sockets
and turn the board cver holding them in place with the
card board. Then slide the cardboard out.

Insert the 20K trimpot (R33) and solder in place.

Insert the 40 pin high profile socket in place,
and solder. (NOTE: PIN ONE OF THE Z-80 GOES DOWN
ALL OTHER PIN ONES ARE QB.)
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() 11. Insert the 16 pin high profile socket (J1B) and
solder. - Pin one goes to the upper right.

( ) 12. Solder a 1%" piece of jumper wire into the top of
one of the Augat pins. Be sure to not get any solder
on the tip of the pin.

( ) 13. Trim back %" of insulation from the other end
of the wire and insert this end into hole C of
Area A on the board and solder. The pin is now Pl.

() 14. Place another Augat pin on the tip of Pl. Insert the
tip of this second Augat pin into Hole V in Area
A. Using the stiffness of the wire to hold the
pin in position, solder the pin in Hole V.

( ) 15. Again using Pl as a holder, repeat the above procedure
placing Augat pins in hole 2M of Area A and Hole
1l of Area B.

() 16. Cut another piece of jumper wire about 2" long.
Use it as a holder while soldering the remaining
Augat pin into hole 2 in Area C.

() 17. Install the 4 small disc ceramic capacitors
(C22, 10pf; C23, 6pf; C25, 27pf; C26, 47pf)
in their respective posgsitions and solder.

() 18. Install the two .001Mf disc ceramic capacitors
(C15 and 17) in position and solder.

( ) 19. Install the twenty-one .1Mf disc ceramic
capacitors (C 3 to 13, 16, 18-19, 21, 24 and -
27 to 31) in their respective positions and solder.

NOTE: The leads of C3 need to be left 3/1l6ths of an inch
or so, and the disc¢ pushed in toward the center of
the board in order for the board edge to clear any
card guides., Also, to get the discs close to the board,
it may be necessary to bend the leads inward from the
base slightly. If the insulation on the leads is too
far down, grasp the lead in the teeth of long-nose
pliers, rotate the lead, and pull the insulation off.

() 20. Install the three 47Mf dipped tantalum electrolytics
in their positions and solder. Make sure that
they are properly oriented for polarity.

() 21. Install the 33Mf dipped tantalum electrolytic (C20)
and solder. Insure that the polarity is correct.

NOTE: Polarity of tantalums is marked in 3 ways. PLUS is either
the lead with the dot next to it, the side of the
component with the + stamped on it, or if the unit has
one large dot on it, it is the right hand lead when the
dot is oriented towards you.
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Install the 7805 voltage

regulator. Refer to the

picture for correct corientation. The shortest
distance to the hole in the heatsink goes under
the 7805. The longest distance goes toward the
top of the board. The leads of the 7805 should be
bent down at 90 degree angles to go into the

holes. Solder the leads.

NOTE: The screw helding the 7805 is inserted with the
nut and lockwasher on the component side of the
PC board.

() 23.

() 24,

() 25.

Install a short jumper between the two solder

pads to the left of ICl7
eption - only install if
is NOT being used.)

If you are using or plan
with an Altair 8800, now
molex connector (J1A) at
corner of the board.

Install the crystal (Y1)

in Area D. (This is an
the extra PRDY line

to use the ZPU Board
install the 10 pin
the upper right hand

immediatly below the

3 augat pins in area A. Bend the leads approximatly
3/1l6éths of an inch from the crystal body down

90 degrees in a smooth arc. Solder. (Don't

overheat - it can damage the crystal.)

This compleats soldering of the board.

() 26.

() 27.

NOTE:

Trim all leads, including IC socket pins down as
close to the bcard as you can using the flat
side of diagonal cutters.

Using Acetone, Alcohol, or some other solvent,

plus a stiff % inch artist's brush and a clean

cloth, clean all the residue from the soldering
operation off of the board.

This is the construction step most often ommitted

by the unwise. Cleaning the board will handle 95%

of those "solder splashes™ that can cause so much
trouble, and make finding the remaining few a snap.
Start in a corner, apply the solvent liberally by
pouring on and "scrubbing" with the bruch. Before all
the solvent evaporates, BLOT off the remainder with

the c¢loth. (You can't rub over the sharp cut edges.)
Repeat if necessary. Then apply some solvent to the rag
and clean the board edges, connector etc. well.
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() 28. Now examine the board carefully for solder shorts,
cold solder Jjoints, unsoldered leads etc.
Corrent any problems which you find.

( ) 29. Check once more to be sure that you have all
the right components in the correct spot.

Now you are ready to proceed with electrical checkout.

( ) 30. Measure the resistance between pins 1 and
50 on the edge connector. It should measure
a fairly high resistance, 20,000 ohms or
so. Completly open means the voltage regulator
is not connected, or broken. A dead short
indicates that either the regulator is blown, or
.you have a solder short.

() 31. If the resistance is OK, now insert the ZPU
card (with no ICs other than the 7805)
into your motherboard (with no other cards
in the slots.) apply voltage, and measure the
voltage between the center lead and the right lead
of the 7805, pin 7 and pin 14 of the 14 pin IC sockets,
and pin 8 and 16 of the 16 pin IC sockets. All
should measure within a very small fraction of
+5 volts. If they do not, find the problem
and correct it before proceeding.

( ) 32. When these voltages are correct, install all the
ICs except the 4049 and the Z-80. Put the
board back in the motherboard, turn on the
power and check the voltages again. They should be
the same.

() 33. If the voltages are OK, now install the 4049 and
then the Z-80. Be sure to adhere strictly to the
procedure for handling MOS/CMOS devices outlined
at the beginning of this section.

( ) 34. Insert Pl into pin 2M in area A (this places the clock
on the 2MHz crystal.

This completes mechanical construction and electrical
checkout of the ZPU card. Now go to the ZAP MONITOR
section for procedure to checkout the operation of the
Z80 board itself.

WARNING: NEVER INSERT ANY IC OR BOARD INTO ITS SOCKET WHEN POWER
IS APPLIED. THIS IS LIKELY TO SEVERLY DAMAGE THE
BOARD OR COMPONENT.
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THE ZAP MONITOR

A. FEATURES

The ZAP Monitor is a 1K version of TDL's 2K
ZAPPLE Monitor. It is relocatable (can be placed
anywhere in memory), expandable ("modules" of additional
commands can be tacked on at the end, like cars on a
freight train.), and quite powerful as a system
executive.

The expandable feature should be of great interest
to the user. Since it is designed in a modular fashion,
and since the ZAPPLE is its direct parent, this monitor
features tremendous expandability - either of routines
generated by the user, or by routines provided by
Technical Design Labs. Several "modules" which
will be of great interest include powerful "breakpoint",
"search" and "register display" commands. Paper tapes
of these modules will be available from TDL in the
early fall. (Contact us for the latest word on availability.)

B. LOADING PROCEDURE

The loading procedure is presented on the following
two pages exactly as it was prepared on the computer.






TDL Z80 RELOCATING ASSEMBLER VERSION 1,2
APPENDIX A. SUPPORT PROGRAMS FOR RELOCATING BOOT LOADER, V3.2

GENERAL DESCRIPTION

+LIST
.REMARK /

THIS VERSION OF THE TDL BCOT LOADER AND
TDL RELOCATING LOADER SHOULD MAKE IT EASIER
FOR PEOPLE WITH WIDELY DIVERGENT HARDWARE
TO LOAD THE MONITOR.

THE GENERAL MEMORY MAP LOOKS LIKE THIS:
0000 - OOFF BOOT LOADER

0100 - OlFF RELOCATING LOADER

0200 - FFFF WHERE MONITOR MAY BE PLACED

THE BOOT LOADER MEMORY MAP:

0000 - 00l9 HARDWARE INITIALIZATION ROUTINE

00l1A - 00lC LXI sSPp,200H

001D -~ CQlF LXI H,01F3H (CHANGED BY UPPER LOADER)
0020 - 0022 CALL READER (CALL CHANGED TO- JMP) ‘
0023 - OOFF BOOT LOADER AND READER ROUTIRES

THE THREE INSTRUCTIONS SHOWN IN THE BOOT LOADER
MEMORY MAP ARE FIXED AND MUST BE AS SHOWN,
BECAUSE THE RELOCATING LOADER USES OR MODIFIES
THEM.

THE READER ROUTINE IS EXPECTED TO RETURN AN
8 BIT CHARACTER FROM THE TAPE EACH TIME IT
IS CALLED.

THE BOOT LOADER ROUTINE LOADS THE RELOCATING
LOADER INTO MEMORY STARTING AT OlF3H AND
DOWNWARD TO 0100H,

/
. PAGE

PAGE 1
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APPENDIX A.

UART STYLE BOOT LOADER ROUTINES

0000
00la

00la
001D
0020
0023
0024
0026
0027
0028
002a

0028
002D
002r
0031
0033

0028
002D
002F
0031
0033

C31a00

310002
21F301
CD2B00
BD
28FA
2D

77
20F6
E9

DBOO
E601
20FA
DBOl
C9

DBOO
E640
28FA
DBO1
C9

+LIST

:.INIT: JMP

H

.LOC 1AH

:.LOAD: LXI
LXI

+..RDR: CALL
CMP
JRZ
DCR
MOV
JRNZ
PCEL

« . LOAD

SP, 200H
B,0LlF3H
« +READ
L

. .RDR

L

M'A

. «RDR

SUPPORT PROGRAMS FOR RELCCATING BOOT LOADER, V3.2

7NO INITIALIZATION NEEDED

:SET STACK"

;LOAD LOADER

;GET A CHARACTER
;TEST LEADER
;WALK OVER LEADER
sMOVE POINTER
:SAVE DATA

;GET MORE DATA OR
;7 GO TO LOADRER

; ALTAIR SIOA REV 1.0 READER ROUTINE
H

.READ: 1IN
ANI
JRNZ
IN
RET

LIST

+ Ne wme we ¢ we

.READ: IN
ANI
JRZ
IN
RET

~. e

. PAGE

0
1
« .READ
1

0

040H

. +READ
1

;STATUS PCRT

sDATA AVAILABLE BIT
:0=DATA AVAILABLE
sDATA PORT

: DONE

PTCO 3P+S READER ROUTINE

;STATUS PORT

;DATA AVAILABLE BIT
s 1=DATA AVAILABLE
:DATA PORT

: DONE

PAGE 2
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APPENDIX A.

MOTOROLA ACIA BQOT LOADER ROUTINE

0000
00c2
0004
0006
ooos

001a

go0la
001D
0020
go23
0024
0026

0027.

ooz2s
oo2a

002B
002D
002F
0031
0033

3E03
D320
3Ell
D320
C31A00

310002
21F301
ChD2B00
BD
28FA
2D

77
20F6
E9

DB20
E601
28FA
DB21
C9

L]
-
’
-
’
.
r
.
’
.
[
-
’
L4

LIST

SUPPORT PROGRAMS FOR RELOCATING BOOT LCADER, V3 2

THIS ROUTINE WOULD BE USED FOR AN I/O BOARD
THAT USES A MOTOROLA ACIA.
SUCH AS AN ALTAIR 2SI0.

.INIT: MVI A,C03H
ouT 2081
MVI A,011H
ouT 208
JMP » - LOAD
LOC 1AH
+LOAD: LXI SP,200H
LXI H,01F3H
«RDR: CALL « «READ
CMP L
JRZ « «RDR
DCR L
MOV M,A
JRNZ i+ & RDR
PCHL

READER ROUTINE

+READ: IN 20H
ANI 1
JRZ . .READ
IN 214
RET

PAGE

sRESET

;CLOCK/16,
:NO FARITY

8 DATA BITS

;SET STACK
; LOAD LOADER
;GET A CHARACTER
;TEST LEADER
;WALK OVER LEADER
sMOVE POINTER
:SAVE DATA

. $GET MORE DATA OR

; GO TO LOADER

;STATUS PORT

;DATA AVAILABLE BIT
;1sDATA AVAILABLE
;DATA PORT

: DONE

PAGE 3
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INTEL USART BOOT LOADER ROUTINE

0000
0002
0004
0006
0008

001a

001A
001D
0020
0023
0024
0026
0027
0028
002a

0028
002D
002F
0031
0033

3ECE
D303
3E17
D303
C31la0a¢

310002
21F301
CD2B00

DBO3
E602
28Fa
DBO2
C9

LIST

SUPPORT PROGRAMS FOR RELOCATING BOOT LOADER, V3.2

THIS ROUTINE WOULD BE USED FOR AN I/O BOARD

SUCH AS AN IMSAI 2S5I0.

~INIT: MVI, A,QCEH
ouT 3
MVI A,017H
ouUT 3
JMP « « LOAD
.LOC lAH
. .LOAD: LXI 5P, 200H
LXI H,0lF3H
««RDR: CALL . « READ
CMP L
JRZ . RDR
DCR L
MOV M,A
JRNZ +« RDR
PCHL
’
s READER ROUTINE
(4
. +READ: IN 3
ANI 2
JRZ « « READ
IN 2
RET

L] e e

PAGE

;
;
; THAT USES AN INTEL USART.
i
H

;CLCCK/16, 8 DATA BITS
:NO PARITY, 2 STOP BITS
sENABLE XMIT & REC
sRESET ERROR FLAGS

;SET STACK

;LOAD LOADER

;GET A CHARACTER
;TEST LEADER
;WALK QVER LEADER
sMOVE POINTER
;SAVE DATA

;GET MORE DATA OR
; GO TO LOADER

;STATUS PORT

;DATA AVAILABLE BIT
;1=DATA AVAILABLE
:DATA PORT

; DONE

PAGE 4
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CONTROLED PARALLEL READER

0000
0002
0004
0006
00cC8
000A
000C
000E
0010

go0la
001a

001D
0020

0023.

0024
0026
0027
0028
002a

o02B
002D
002F
003l
0033
0035
0037
0039
0038
003C
003D
003F
0041
0043
0045
0046

3E20
D31B
3E30
D31B .
3E28
D31B
3E20
D31B
C31A00

310002
21FEQL
CD2B0O
BD
28Fa
2D

77
20F6
E9

LIST

SUPPORT PROGRAMS FOR RELOCATING BOOT LCADER, V3.2

THIS IS AN EXAMPLE OF A ROUTINE THAT

READER.

+INIT: MVI a,20H
ouT 0lBH
MVI A,30H
ouT 01BH
MVI A,28H
ouT 01BH
MVI A,20H
ouT 01BH
JMP . « LOAD

.LOC lAaH

..LOAD: LXI sp,200H
LXI H,0lFER

++RDR: CALL « «READ
CMP L
JRZ . «RDR
DCR L
MOV M,A
JRNZ . «RDR
PCHL

H
; READER ROUTINE
H

-READ:

.. LOOP:

" we we

END

MVI
our
MVI
ouT
IN
ANT
JRZ
IN
CMA
PUSH
MVI
ouT
MVI
ogT
POP
RET

A,20H
1BE
A,30H
1BE
1BE

L LOOP
1AR

PSW
A, 28H

A, 208
1BH

PSW

; "MIGHT" BE USED TO CONTROL A PARALLEL

;INITIALIZE THE HARDWARE

;SET STACK

;LOAD LOADER

1GET A CEARACTER
sTEST LEADER
:WALK OVER LEADER
:MOVE POINTER
:SAVE DATA

:GET MORE DATA OR
; GO TO LOADER

:+STATUS

+DATA
;UPSIDE DOWN

PAGE 5
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TITLE / APPENDIX B. <*TDL RELOCATING LOADER, VERSION

3.2 - DEC. 28, 1976*>/

; STAND-ALONE VERSION, TO BE USED

7 AS A BINARY BOOT-STRAP LOADER.

. PABS +ABSOLUTE ASSEMBLY

?
00FF SENSE = OFFH ;ALTAIR/IMSAI/TDL/ETC SENSE SWITCHES
001lE HLMOD = QlEH ;ADDRESS MODIFIED TO A JMP
0020 USER = Q020H ;USER WRITTEN I/0 ROUTINE
0200 TOP = 0200H ;STACK AREA
0100 .LOC lo0H :LOADER ON PAGE ONE

H SET-UP
0100 3EeC3 BEGIN: MVI A,JMP ;IN CASE OF TROUBLE
0102 32 001D STA HLMOD-~1 ; STORE A JMP TO HERE
0105 21 G100 LXI H,BEGIN ; AT BOTTOM
0108 22 00l1E SHLD HLMOD ?
0108 32 0020 STA USER ;MODIFY READER CALL

; TO A JIMP

010E 31 0200 LXI SP,TOP ;INSURE A STACK
0111 DBFF IN SENSE ;SEE WHERE TO LOAD
0113 FEO2 CPI 2 ;CAN'T BE LESS THAN PAGE 2
0115 DA 0159 JC ERROR ;ABORT IF SO
0lls 47 MOV B,A :SAVE RELOCATION
0119 OEO00 MVI c,0 sFORCE PAGE BORDER
01l1B D9 EXX ;SAVE IT IN BC'

H ACTUAL LOADER CODE

’
0ll1C Cp 01BE LODO: CALL RDR ;GET A CHARACTER
OllF D63A sUI 'y sABSOLUTE FILE?
0121 47 MoV B,A ;SAVE INFO
0122 EG6FE ANI OFEH :KILL BIT ZERO
0124 20F6 JRNZ LOCO ;PILE NOT STARTED YET
0126 57 MOV D,A :ZERO CHECKSUM
0127 " CD 01lAQ CALL SBYTE ;GET FILE LENGTH
0l2a SF MOV E,A ;SAVE IN E
0l2B CD 01AQ CALL SBYTE ;LOAD MSB
Ql2E FS PUSE PSW ;SAVE IT
012F CD 01A0 CALL SBYTE ;LOAD LSB
0132 El POP H ;H=MSB
0133 6F MOV L,A s L=LSB
0134 ES PUSH H
0135 DDEL POP X ;INDEX X=LOAD ADDR
0137 ©D9 EXX tALTERNATE REG.'S
0138 <C5 PUSH B ;BC'=RELOCATION
0139 D9 EXX

013a Cp 01a0 CALL SBYTE ;GET FILE TYPE
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APPENDIX B. <*?DL RELOCATING LOADER, VERSION 3.2 - DEC. 28, 1976%*>
0130 3D DCR A ;1=REL. 0=ABS.
013 78 MOV A,B ;GET OLD INFO
013F Cl POP B ;s RELOCATION FACTOR
0140 2003 JRNZ . B $MUST BE ABSOLUTE LOAD
0142 DDO9 DADX B ;ELSE RELOCATE
0144 Q9 : DAD B ; BOTH HL & X
0145 1C ..A: INR E ;TEST LENGTH
0146 1D BCR E : 0=DONE
0147 2822 JR2 DONE '

0149 3D DCR A ;TEST OLD INFO
014A 2824 JR2Z LODR sRELATIVE FILE
0l4C CD 0Q1AQ ..Ll: CALL SBYTE sNEXT...
0l14F CD 01C4 CALL STORE ;STORE IT
0152 20r8 JRNZ « Ll ;MORE COMING
0154 CD 01a0 LCD4: «+ CALL SBYTE ;GET CHECKSUM
0157 28C3 JRZ LODO ;ALL O.K.
3 :
0159 ar ERROR: XRA A +FLASH ADDRESS & SENSE LINES
¢l15a 2F cMa .
0158 D3FF QuT SENSE
015D 1B ..SIT1l: DCX D
Gl5E '7A MOV A,D
015F B3 - ORA E
0160 20FB JRNZ ..SIT1
0162 D3FF ouT SENSE
0164 1B ..8IT2: DCX D
0165 7A Mov A,D
0166 B3 ORA E
0167 20FB JRNZ «+SIT2
0169 18EE JMPR ERROR
0leB 7C DONE: MOV A,H
0l6C BS ORA L ;CAN'T GO TO ZERO
016D 28FE JRZ . ;TIGHT LOOP HERE
0ls6r E9 PCHL ;ELSE SIGN ON PROGRAM
0170 2EQ1 - LODR: MVI L,1
0l72 CD 0190 . Ll CALL LODCB ;GET CONTROL BYTE
0175 3807 JRC ..L3 ;DOUBLE BIT
0177 CD 0lcC4 ..LS: CALL , STORE JWRITE IT
0l7a 20F6 JRNZ «s Ll ;MORE TO GO
017C 18D6 JMPR LOD4 ;TEST CHECRSUM
0L7E 4F ..L3: MOV C,A :LOW BYTE
017Fr CD 0190 CALL LODCB ; NEXT
0182 47 MOV B,A ;HIGH BYTE
0183 D9 EXX
0l84 C5 ' PUSH B 1GET RELOCATION
0185 D9 EXX
0lsé E3 XTHL
0187 09 DAD B
0lss 7D MOV A,L ;RELOCATE LOW BYTE
0189 CD 01lcC4 CALL STORE $SAVE IT

018c 7C Mov A,H +RELOCATED HIGH BYTE
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APPENDIX B. <*TDL RELOCATING LOADER, VERSION 3.2 - DEC. 28, 1976%>
018D E1 POP H ; RESTORE HL
018E 18E7 JIMPR ..LS ;SAVE HIGH, REPEAT
0190 2D LODCB: DCR L ;COUNT BITS
0191 2007 JRNZ ..LC1  ;MORE LEFT
0193 .CD 0lAQ CALL SBYTE  ;GET NEXT
0196 1D DCR E ;COUNT BYTES
0197 67 MOV g,A ;SAVE THE BITS
0198 2E08 MVI L,8 ;8 BITS/BYTE
0192 €D 01A0 ..LC1: CALL SBYTE ;GET A DATA BYTE
0190 CB24 SLAR H ;TEST NEXT BIT
019F C9 RET
01A0 C5 SBYTE: PUSH B ; PRESERVE BC
0lal CD 01B3 CALL RIBBLE ;GET 1/2 BYTE
01a4 07 RLC
01a5 07 RLC
01a6 07 RLC
01Aa7 07 RLC
01A8 4F MOV c,A ;SAVE LEFT BALF
01a9 CD 01B3 | CALL RIBBLE :GET OTHER HALF
01AC Bl ORA c ;MAKE WHOLE
01AD 4F MOV C,A ;IN C
01AE 82 ‘ ADD D ;UPDATE CHECKSUM
01AF 57 MOV D,A sNEW VALUE
01B0 79 MOV A,C s CONVERTED BYTE
0181 C1 POP B
01B2 C9 RET
01B3 CD 01BE RIBBLE: CALL RDR
01B6 D630 SUT g
01B8 FEOA CPI 10
01BA D8 RC
01BB D607 SUI ‘'A'-'9'=1 ;ADJUST
01BD C9 RET
01BE CD 0020 RDR:  CALL USER ;USER WRITTEN ROUTINE AT 108
01C1 EG7F ANI 7FH
6lc3 ¢9 RET
01C4 DD7700 STORE: MOV 0(X),A ;WRITE TO MEMORY
01C7 DDBEOO CMP 0 (%) ;VALID WRITE?
01CA 208D JRNZ ERROR ; NO.
01CC DD23 INX X ;ADVANCE POINTER
01CE 1D DCR E ;DECREMENT COUNT
01CF C9 RET

’
. END
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+++++ SYMBOL TABLE A4+++

BEGIN 0100 DONE 016B ERROR 0159
LODO 0l1C LOD4 0154 LODCB 0190
RDR 01BE RIBBLE 01B3 SBYTE 01AQ
STORE 01C4 TOP 0200 USER 0020
ADDENDUM:

Here is a DUMP of the LOADER, Version 3.2. It
may be used to insure proper loading after the boot
part of the tape has been read. This should not be
reguired unless you are having trouble locading the
monitor.

Remember: The new format requires the monitor
be loaded at 02008 minimum. We strongly urge that
you load at OF0Q00H. If you still wish to locate the
monitor between 0 and 0200H, first load a temporary
copy up higher, and then use THAT one to load it
elsewhere. This monitor runs ANYWHERE when loaded
by a copy of itself, but when using an initial boot
strap, it is forced to a page boundry. Running the
monitor on other than a page border sounds a little
pointless in any case.

addr 6 1 2 3 4 5 6 7 8 9 A B C D E F
0100 3E C3 32 1D 00 21 00 01 22 1E 00 32 20 00 31 00
0110 02 DB FF FE 02 DA 59 Q1 47 0E 00 D9 CD BE 01 D6
0120 3A 47 E6 FE 20 F6 57 CD A0 01 SF CD AQ 01 F5 CD
0130 AQ Ol E1 6F E5 DD E1 D9 C5 D9 CD AQ Ol 3D 78 Cl
0140 20 03 DD 09 09 1C 1D 28 22 3D 28 24 CD AO0 01 CD
0150 C4 01 20 F8 CD A0 01 28 C3 AF 2F D3 FF 1B 7A B3
0160 20 FB D3 FF 1B 7A B3 20 FB 18 EE 7C BS 28 FE E9
0170 2E 01 CD 90 01 38 07 CD C4 01 20 F6 18 D6 4F CD
018G 90 01 47 D9 C5 D9 E3 09 7D CD C4 01 7C E1l 18 E7
0180 2D 20 07 CD A0 01 1D 67 2E 08 CD AQ 01 CB 24 C9
0l1AQ0 CS CD B3 01 07 07 07 07 4F CD B3 01 Bl 4F 82 57
01B0 79 C1 C9 CD BE 01 D6 30 FE 0OA D8 D6 07 C9 CD 20
01C0 00 E6 7F CS DD 77 00 DD BE 00 20 8D DD 23 1D C9

HLMOD
LODR
SENSE

<*TDL RELOCATING LOADER, VERSION 3.2 - DEC., 28, 1976%*>

001lE
0170
00FF

PAGE 4
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C. COMMAND SET AND USAGE

The following are the commands and operating
symbols of the 2ZAP Monitor.

COMMAND

D

DESCRIPTION

DISPLAY COMMAND = this command displays
the contents of memory in base hex. Memory
ig displayed 16 bytes per line, with the
starting address of the line given as

the first information on the line.

In use, first the command is given, then
the starting address, the ending address
and a carriage return. The form is:
D@@,FFF{cr). (This would display memory
from @@ to FFF.)

END COF FILE - this command outputs the end
of file pattern for the checksum loader.
It is used after punching a block of memory
with a "W" command. An address parameter
for the End of File may be given. .

For use, when the file being dumped is
finished, type: E(cr)}.

FILL - This command fills a block of memory
with a specific value. It is handy

for initializing a block to a specific
value (such as for tests, zeroing memory
when starting up, etc.)

In use, first the command, then the
starting address, ending address, and the
value to be entered, followed by a carriage
return. The form is Fl@@g@,l1FFF,AA(cr).

This would £fill the block 1088 to 1FFF
with AA.

GOTO - this command causes the processor
to go to the specific address named and
start executing. If a Return command is
included in the program, the processcr may
jump back to the monitor after execution of
the program. (RETURN is C9 hex).

To use, the command is followed by the
address chosen to execute from and a
carriage return. The form is:

G2FD4 (cr). The processor will goto

address 2FD4 and execute.
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MEMORY TEST - this is a "hard" memory

test which will locate bad bits and
represent them in their binary form.

It is not meant to be the definitive

memory test, but rather serves as an

aid. It can also serve to very quickly
locate accidentally or mistakenly protected
areas of memory. It is non destructive

of the memory contained in the area being
examined.

In use, the command is followed by
starting and ending addresses. A read/
complement/write is executed and if any
errors are found, the bad address will
be printed followed by the binary rep-
resentation of the bit pattern. The
form is: J@F,PF(cr). If address AA were
bad on its fourth bit, the processor will
print back AA 00010000, the "1" representing
the bad bit found.

LOAD A BINARY FILE - This reads a
binary file, either from cassette or
tape. The form is: L@g@ (cr). This
would load a binary file starting at
address 000. To use, enter the c¢ommand
and the starting address, type carriage
return, and start the reader with nulls
on the tape.

MOVE COMMAND - this command can move a
block of memory from one location to another.
This command should be used with some caution
as careless placing could "smash" memory
locations containing wanted data.

To use, type M followed by the starting
address of the memory block to be moved,
the ending address of the block to be moved,
and the starting address of the new location.
The form is: M@@g,AA,CC. This would move the
block of memory starting at location
g9 and extending to location AA up to location
ccC.

NULL - this command may be used to print
nulls on paper tape as a leader. To use
simply type N - and nulls will be
punched.
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OUTPUT OR DISPLAY FROM/TO I/0O PORTS =~

this command instructs the processor where to
look for or where to send data to.To use,
enter the command, indicating wether the
processor is to input or cutput, name the
port, and name the value to be output,

if you are outputting. The form is:

QOg,AA or QIf. The first would cutput

an AA to rort g, the second would input

from port zero.

READ CHECKSUMMED HEX FILE - this command reads
the check-summed hex files for both the
normal Intel format and the TDL relocating
format. On both f£iles, a "bias" ( a shift
in the address) may be added which will
allow the object code to be placed in a
location other than its intended execution location.
The bias is added to what would have been
the normal loading location and may wrap
around. When used with the TDL relocating
assembler, it allows generating a program to
execute anywhere, and to be stored anywhere
else in memory. When loading a relocatable file,
an additional parameter may be added which
represents the actual execution address
desired. This may also be any location
in memory.
To use, with a normal file, type R(cr)
and start the reader.
With a relocating file, the following examples
should clarify the use of bias.
R(cr) = @# bias, @ execution address
Rl(ecr) = 1 bias, f execution address
R,1l(cr)= @ bias, 1 execution address
Rl,1l(cr) = 1 bias, 1 execution address

SINGLE BYTE INSPECT AND MODIFY - this

command allows single bytes of memory to

be examined and modified or not as the user
desires.

To use, give the command followed by an
address and push the space bar - the
data at that address will be displayed followed
by a "-", If you wish to change the data at
that address, simply type in the new data in
hex and press the space bar. The old data will
be replaced, and then the next byte of data will
appear. If you wish to retain the old data,
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simply press the space bar and the next
byte will appear. Typing a carriage
return ends the sequence.

U BINARY DUMP - this command simply dumps
core to the punch device. It may be used
with a cassette system as well, with no start-
up problems. It does not generate checksum.
The format which will be generated is
a leader, 8-@gFFH's, and a trailer. The
rub-outs are called file ques and are
detected and counted to determine the
start and end of files.
To use, type the command followed by the
starting and ending addresses, start the
reader and (cr). The form is: U@@,FF(start
reader - cr). This would generate a binary
tape in the above format of the core contained
in memory location #@ to FF.

W HEX DUMP - this routine dumps memory in the
standard Intel-style hex file format. The
start and end parameters are required and
the End of File should be separately generated
with the "E" command.

To use, enter the command, starting address,
ending address, start the reader, (cr). When
dump finished, type E(cr) to generate end

of file. The form is: W@g@,FF(start punch - cr)
~=-==E(cr). (N here is optional). ‘

Z TOP OF MEMORY - this command locates and names
the top byte of RAM in the system. It does
not include the space the monitor is occupying.
Simply type 2 - no (cr) is needed. The top
of memory will be displayed in hex.

H HEXIDECIMAL MATH - this command allows hex
addition and subtraction to be executed.
To use, type H, and the two hex figures to be
added and subtracted. The form is:H00,11(cr).
The computer will print out first the hex
sum and then the hex difference, in hex.

This concludes the command set of the ZAP Monitor.

In addition to these commands there are two symbols
which you will observe. The first is an *, which is an error
message. The second is a » (greater than) which is a prompter
basically saying "OK, continue...".
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To interrupt a routine such as a D or J command,
just type a CONTROL C. This ends the routine.

D. ZPU FINAL CHECKOUT USING MONITOR

Assembly and electrical checkout of the ZPU was conducted
elsewhere. However, only operation will show if the ZPU
is actually operating correctly. The monitor is
the best means of achieving this. Load the monitor
as per the preceeding instructions, and experiment
with its various commands. The FILL and DISPLAY,
plus MOVE and J commands provide good exercise for the
processor and if they seem to functicon normally,
all is probably well.

E. SOQURCE LISTING

The following pages are an "off the
printer" copy of the ZAP Monitor source code. It is
provided for your understanding, plus as an invitation
to experiment with Z-80 programming which can be
qguite exciting given 696 opcodes.
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<< ZAP 1<K MONITOR SYSTEM »>>
by

TECHN ICAL DESIGN LABS, INC.
RESEARCH PARK
PR INCETON, NEW JERSEY 08540

COPYRIGHT JAN. 1977 TDL INC.

-t we B0 wa we W e a8 A

ASSEMBLED by Roger Amidon
«PREL $ THIS MONITOR SUPPLIED IN RELOCATING FORMAT
3 ‘

04007 LENGTH = 2 3SIZE OF THIS MONITOR

.TITLE * <Zap Monitor, Version 2.0, Jan. 16 1977>%
+SBTIL 7 Copyright 1977 by TECHNICAL DESIGN LABS, INC./

<I/0 DEVICES>

3 =TELEPRINTER
i

-k e -9

0001 TTI = | $ DATA IN PORT
0001 T = | $DATA OUT PORT
0000 TTS =0 $STATUS PORT (IN)
Q001 TIYDA = | iDATA AVAILABLE MASK BIT
0080 TIYBE = 80H 3§ XMTR BUFFER EMPTY MASK
H
0003 RCP = 3 $READER CONTROL PORT.
$THIS PORT IS PULSED ONCE
: FOR EACH READER REQUEST
§ 10 SUPPORT A CONTROLLED
iREADER.
i
; <CONS TANTS>
H .
0000 I =0 11/ REG. VALUE
0000 FALSE =0 s ISN/ T SO
FFFE TRUE = # FALSE :IT IS SO
0000 CR = ODH $ASCIT CARRIAGE RETURN
000A LF = OAH $ASCII LINE FEED
0007 BELL =7 sDING
OGFF RUB = OFFH IRUB OUT
0000 FIL = 00 ;FILL CHARACTERS AFTER CRLF
0007 MAX =7 sNUMBER OF QUES IN EOF
; PROGRAM CODE BEG INS HERE
0000/ C3 03087  ZAP: JVP BEGIN  3GO AROUND VECTIORS

i GET MEMORY SIZE,
i AND CONTINUE AHEAD

e
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<VECTORS rOR CALL ING PROGRAMS>

THESE VECTORS MAY BE. USED BY USER WRITIEN
PROGRAMS TO S IMPL.IFY THE HANDLING OF I/0
FROM SYSTEM TO SYSTEM. WHATEVER THE CURRENT
ASSIGNED DEVICE, THESE VECTORS WILL PERFORM
THE REQUIRED I/U OPERATION, AND RETURN 10 -
THE CALLING PROGRAM. (RET)

THE REGISTER CONVENTION USED FOLLOWS-

ANY INPUT OR OUTPUT DEVICE-
CHARACTER TO BE OUTPUT IN #C”/ REGISTER.
CHARACTER WILL BE IN /A’ REGISIER UPON
RETURNING FROM AN INPUT OR GUTPUT.

JCS'ISI..

" RETURNS TRUE (OFFH IN #A” REG.) IF THERE IS
SOME THING WAITING, AND ZERO (00) IF NOT.

2 IOCHK /-

RETURNS. WITH THE CURRENT 1/0 CONF IGURATION
BYTE IN “A’/ REGISTER.

# 10SET’ -

[/0 CANNOT BE MODIFIED IN THIS 1K VERSION

#MEMCK” - | |
RETURNS WITH THE HIGHES1 ALLOWED USER

MEMORY LOCATION. #B#=HIGH BYTE, “A’=LOW.

#TRAP/ - -

THIS IS THE “BREAKPOINT/ ENTRY POINT.
NOT USED IN THE 1K VERSION, GOES 10 THE
#ERROR/ ROUTINE TO RESET THE MON ITOR’S

‘.O...“‘.‘.‘."O‘.“‘.‘."“““'.CO;C““"‘.

s N6 B9 WE WS W Wa WM S b

S TACK.

00034 C3 0374/ JMP CI s CONSQLE INPUT

00064 C3 037D JMP RI $READER INPUT

00097 C3 0222~ JMP Co yCONSOLE OQUTPUT

000Cs C3 0233~ JMP PO $PUNCH QUTPUT

Q00f# C3 02227 JMP COo sLIST OUTPUT

Q0127 C3 0282/ JMP CsTS $CONSOLE STATUS
- 00157 3EQO MVI A,Q $ [70 CHECK

00174 C9 IOSET: RET $SET T0O .TIY CONFIGURATION
00184 C3 00177 JMP IOSET © CAN“T SET I/0 ON 1K VERSION
00187 C3 Q2FF” JMP MEMCK $MEMORY LIMIT CHECK

COI1E” CD 03137 ERRORs CALL MEMSIZ $RESET BACK TO MONITOR (TRAP)
Q0217 F9 SPHL $RE-ESTABLISH A STACK

00227 0E2A MVI Cy/%x? $ ANNOUNCE ERROR

0024”7 CD 02227 CALL C3a

00277 1815 JMPR START
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$
i MONITOR NAME & VERSION

00297 0ODOAOQOCO0 MSG: .BYTE CR,LF,FIL,FIL,FIL

002E” 5A61702056 +ASCII 7Zap V/
00337 322E30 - +ASCII 2.0/
r
000D ' MSGL = ,=MSG
i
00347 ‘ STACK = =2 $A FAKE STACK TI0 GET STARTED
L
00364 00387 ' _ .WORD  AHEAD $ AFTER MEMCRY SIZE
00387 F9 AHEADs SPHL . sSET TRUE STACK
00397 060D MVI B,MSGL sSAY HELLO TO THE FOLKS
003B” CD 0O1re’ ' CALL TOM tQUTPUT SIGN-ON MSG '
O03E’ OE3E START: MVI C,’> sPROMPT CHARACITER
00407 21 003k’ LXI H,START sMAIN “WORK+ LOOP
00437 E5 PUSH H $SET UP A RETURN TO HERE
00444 CD 02787 CALL CRLF
00477 CD 02227 CALL Cco
004A7 CD 030C“ STARQ: CALL TI $GET A CONSOLE CHARACTER
004D’ EG6TF - ANI 7FH 3 IGNORE NULLS
004F”/. 28BF9 JRZ STARO $GET ANOTHER
Q0517 OEO2 MVI C,2 iSET-UP C REG.
00%37 rEa44 CPI /D’ $SEE I[F /DISPLAY~” COMMAND
005574 2017 JRNZ - EOF

THIS DISPLAYS THE CONTENTS OF MEMORY IN BASE HEX
WITH THE STARTING LOCATION ON EACH LINE.(BETWEEN
THE WO PARAMETERS GIVEN). 16 BYTES PER LINE MAY.

- et we s ue

00574 CD 02737 DISP: CALL EJF $GET DISPLAY RANGE
005A’ CD 02147 .« D08 CALL LFADR $CRLF & PRINT ADDR.

005D¢ CO 02207  ..DIt  CALL  BLK {SPACE OVER
00604 7E MOV AM

00617 CD 02E3” CALL  LBYTE )
00644 CD 02BD’ | CALL  HILOX  3RANGE CHECK

00677 7D MoV A,L

00687 ESOF “ANI OFH . $SEE IF TIME 10 CRLF
006A¢ 20F] JRNZ ..DI

006C” 18EC . JMPR ..Do

THIS QUTPUTS THE END OF FILE (EOF) PATTERN
FOR THE CHECKSUM LOADER. IT IS USED AFTER
PUNCHING A BLCCK OF MEMUORY WITH THE /W/
COMMAND. AN ADDRESS PARAMETER MAY BE GIVEN,
NHICH WILL BE INCLUDED IN THE END FILE.

we M0 S8 W a2 e we

OQ6E” FE45 ECFs CPI ’EZ i1SEE IF ZEOF/

00707 Z201A JRNZ FILL

00724 CD 02967 CALL EXPRI $iGET OPTIONAL ADDR.
00757 CD 022C” CALL PEQL tCRLF TO PUNCH
00787 OE3A MV I C,7:7 sFILE MARKER CUE

CO7A7 CD 0233~ CALL PO
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007D’
007E*
00817
0082
. 00857
00867
00897

008C”
008E“
0090”
0093”
0094/
00977
00997
0o9A”

009C’
Q09E~
00 AQ”
00 A3/

00 A6’
00A8~/
00 AAY
Q0AD~’
COAE”
00 AF/
0oBO”
coB1”
00B2”
00B4/
00]=1-0¢

<Zap Monitor,
Copyright 1977 by TECHNICAL DESIGN LABS,

AF
CD 034D~
El
CD 0348”7
AF
CD 034D/
C3 025F7

FE46
200C

CD 02887
71

CD 02C3/
30FA

D1

18A2

FE47
2006
CD 02967
C3 0278/

FE4A
2018

CD 0273/
TE

47

2F

77

AE

2808

o8

CD 0210

"T) e we w0 we e ws we ws

16 1977>

Version 2.0, Jan.
INC.

XRA A $ZERO LENGTH

CALL PBYTE

POP H

CALL PADR $PUNCH OP TIONAL ADDR.
XRA A $FILE TYPE=0

CALL PBY TE $PUNCH IT

JMP NULL $ TRAILER & RETURN

THIS COMMAND WILL FILL A BLOCK OF MEMORY
WITH A VALUE. IEs FO,IFFF,0 FILLS FROM

<I> TO <2> WITH THE BYTE <3>. HANDY FOR
INITIALIZING A BLOCK TO A SPECIFIC VALUE, OR
MEMORY TO A CONSTANT VALUE BEFORE LOADING

A PROGRAM. (ZERO IS ESPECIALLY USEFUL.)

ILLs CPIl i $SEE IF /FILL”
JRNZ GATO .
CALL EXPR3 $GET 3 PARAMETERS

eoF: MOV M,C $STORE THE BYTIE
CALL HILO
JRNC «oF :
POP D $ RESTORE STACK
JMPR START i IN CASE QF ACCILENTS

i
}
H
4
G

We B8 G W G W 96 B gs WE B wa W

THIS COMMAND ALLOWS EXECUTION OF ANOTHER
PROGRAM.

OTQ: CPI 7G $SEE IF /GOTUL”
JRNZ TEST
CALL EJXPRI $GET AN ADDRESS TO GO TO
JMP CRLF $CRLF & EXECUTE
THIS IS A #QUICKIE” MEMORY TEST TO SPQOT

HARD MEMORY FAILURES, QR ACCIDENTLY
PROTECTED MEMORY LOCATIONS. IT IS NOT
MEANT TO BE THE DEFINITIVE MEMORY DIAGNOSTIC.
IT IS, HOWEVER, NON-DESTRUCTIVE. ERRORS ARE
PRINTED ON THE COMNSOLE AS FOLLOWS-

"<ADDR> 04" WHERE, IN THIS PARTICULAR

E XAMPLE, BIT 2 IS THE BAD BIT.

BIT LOCATION OF THE FAILURE IS EASILY
DETERMINED. NON-R/W MEMORY WILL DISPLAY

<ADDR> FF (ALL BITS BAD)

TEST: CPI 217 $SEE IF 2 TEST”
JRNZ MQVE
CALL EXLF $GET TWO PARAMS

oo It MoV A, M {READ A BYTE
MOV By A $SAVE IN B REG.
CMA
MOV My A $ READ/COMPL IMENT/WR ITE
XRA M $ & COMPARE
JRZ .o 12 $SKIP IF ZERO (OX)
EXAF $SAVE BAD BYTE
CALL HLSP $PRINT BAD ADDR

PAGE 4
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ooBg” 08 EXAF iGET BAD BYTE BACK
00B9” CD 02E3”/ CALL LBYTE $PRINT IT

COBC” CD.0278/ CALL CRLF

00BF” 70 .o 128 MOV M,B $REPLACE BYTE
00CO” CD 02BD” CALL HILDX  3RANGE TEST

00C3” 13E8 JMPR ee I1

THIS COMMAND MOVES MASS AMOUNTS OF MEMORY
FROM <i> THRU <2> TO THE ADDRESS STARTING
AT «3>, THIS ROUTINE SHOULD BE USED WITH
SOME CAUTION, AS IT COULD SMASH MEMORY IF
CARELESSLY IMPLEMENTIED. .

M<i>,<2>,<3>

OVE: CPI M’ §SEE IF /MOVE”

T wr ws v We @ v we we we

00C57 FE4D
00C74 200B , JRNZ READ
00C9s CD 028B~ CALL EXPR3 $GET 3 PARAME TERS
00CC” 7E oo M1 MOV A i $PICK UFP
00CD” 02 STAX B §PUT COWN
O0CE” 03 ' INX B . $MOVE UP
00CF” CD 02BD’ CALL HILOX. 3$CHECK IF OONE
Col2# 18F8 JUPR oM
H
# THIS COMMAND READS THE CHECK-SUMMED HEX FILES
i FOR BOTH THE NORMAL INTEL FORMAT AND THE TDL
3 RELOCATING FORMAT. ON BOTH FILES, A /BIAS” MAY
$ BE ADDED, WHICH WILL CAUSE THE QBJECT CODE 1O
3 BE PLACED IN A LOCATION OTHER THAN ITS
¢ INTENDED EXECUTION LOCATION. THE BIAS IS ADDED TO
i WHAT WOULD HAVE BEEN THE NORMAL LOADING
s LOCATION, AND WILL WRAP AROUND 70 ENABLE
§ LOADING ANY FROGRAM ANYWHERE IN MEMORY.
'
i WHEN LOADING A RELOCATABLE FILE, AN ADDITIONAL
3- PARAMETER MAY BE ADUED, WHICH REPRESENTS THE
# ACTUAL EXECUTION ADDRESS DESIRED. THIS ALSO MAY
3 BE ANY LOCATION IN MEMORY.
3 EXAMPLES:
¥
i RICR] =0 BIAS, 0 EXECUTION ADDR.
i R<ADDRI>(CR] =«<|>BIAS, O EXECUTION ADCR.
§ R,<ADDRI>[CR] =0 BIAS, <|> EXECUTION ADDR.
i R<ADCR!>,<ADDR2>{CR] =<1>BIAS, <2> EXECUTION ADCR.
: ¥ .
00D47 FEBZ2 READs CPI ’R” $SEE IF #READ” COMMAND
C0D6s C2 017¢C” : JNZ SUBS
00094 CD 02967 CALL EXPR! $GET BIAS, IF ANY
QopcCs 78 MOV A,B ;LOOK AT DELIMIIER
00DDs C60D SUI CR $ ALL DONE? .
OODF* 47 MOV B, A $SET UP RELOCATION OF O
OOEQ” 4F MOV C, A i+ IF CR ENTERED
OCEl” DI ‘ POP D $BIAS AMOUNT

O0E2”/ 2804 JRZ «. RO $CR ENTERED
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00E4~/
OQE7“
00EB”’

00E9”

OOEA“
00ED”/
00FQ“
Q0F2”7
Q0F4~/
O0F57
QOF7”
00 F9#
OOFA“
QOFD”
O0FE”
0l0i~”
01027
0105
0106”7
01077
0108”
01097
010A”
o10B”
Q1o
010D”
O10F~
otio”
oli1~
0114”7
0115”7
ol16”
o117
C1197
Ql1A
orics
Q11D
OHIE”

Ol1F*

01207
01227
0125”7
01287
01247
012D”
O12F7
0132/
0134/
01377
01397
013C’
013E”
01407
01417
0144/

CD 02967

CD 0278/
CD 020C”/
ESTF
D63A

47

EG6FE
20F4

57

CD 01627
SF

CD 01627
F5

CD 01862/
Do

D1

5F

C3 001E”
2E0!1

CD 01527
3807

CD 01757
20F6
18EA

4F

CD 0152”7
47

««RO3

LODOos

‘..A:

‘.L]‘

LCD4:

LODR:
..LI'

.eLB2

. .L3:

Version 2.0, Jan.
Copyright 1977 by TECHNICAL DESIGN LABS, INC.

CALL
POP
XCHO
E XX
CALL
CALL
ANI
SUT
MOV
ANT
JRNZ
MOV
CALL
MOV
CALL
PUSH
CALL
E XX
POP
MQav
PUSH
PUSH
PUSH
DAD
XTHL
POP
E XX
POP

CALL

OCR
MgV
POP
JRNZ
DAD
DADX
INR
DCR
RZ
DCR
JRZ
CALL
CALL
JRNZ
CALL
JRZ
JMP
- MVI
CALL
JRC
CALL
JRNZ
JMPR
MOV
CALL
MOV

EXPRI
B

CRLF
RIFF
7FH
r37
B,A
QFEH
LoLo
D,A
SBYTE
EgA
SBYTE
PSW
SBY IE

2

T > Orxowmog

BYTE

oo B ¥) ]
. -
- o]

mimo.

LODR
SBYTE
S14RE
..LI
SBYTE
LODO

ERROR

L'I
LODCB
IOL3
STORE
..LI
LOD4
Cy A
LODCB
B’A

16 1977>

$GET RELOCATION
$ACTUAL RELOCATION VALUE

$HL/=BIAS, BC/=RELOCATION

tGET A CHARACIER
tKILL PARITY BIT
$ ABSOLUIE FILE CUE?
$SAVE CUE CLUE
sKILL BIT 0

t{ NO, KEEP LOOKING
§ZERO CHECKSUM
$GET FILE LENGTH
$SAVE IN E REG.
3GET LOAD MSB
$SAVE IT

$GET LOAD LSB
sCHANGE GEARS
$RECOVER MSB

s FULL LOAD ADDR
sBC,=RELOCATION
sDE/=L0OAD ADDR

$ HL/=BIAS

s BIAS+LOAD
$RESTORE HL~’

§ X=B IAS+LOAD
$DOWNSHIFT

s HL=LLOAD ADDR
sGET FILE TYPE
31=REL. FILE, O=ABS.
$SAVE CUE BIT
$BC=RELOCATION
$ABSOLUTE FILE
$ELSE RELOCATE
1BOTH X & H
$TEST LENGTH
$0=D0NE

$ IEST CUE
$RELATIVE
sNEXT

$STORE IT
$MORE COM ING
$GET CHECKSUM
$GOOD CHECKSUM
31BAD, ABORT
$+SET-UP BIT COUNTER
$GET THE BIT
$O0OUBLE BIT
$WRITE IT

$+TEST CHECKSUM
$SAVE LOW BYTE
sNEXT CONTROL BIT
$SAVE HIGH BYTE

PAGE 6
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<Zap Monitor,
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01457
01467
01477
01487
01497
014 A7
01487
O14E”
Ol 4F”
01507
01527
01537
01557
01587
01597
01547
Q15C”
O15F~7
01617
01627
0163~
01667
Q1677
01687
01697
Ol6As
01 6B4
01 6E”
Ot 6k’
01707
01717
01727
01737
0174~

0175~

01787
01747
017B7

09

C5

D9

E3

09

70D

CD 0175
7C

El

1BE7

2D

2007

CD 01627
1D

67

2E08

CD Q162”7
CB24

co

C5

CD 0333/
o7

Q7

a7

07

4F

Bl

4F

82

57

79

of

co
DD7700
DD23
1D

o

CD 03337

-

‘.“‘I«“‘.‘.““'.““‘.“’l"

THIS. ROUTINE ALLOWS BOTH INSPECTION OF &
MODIFICATION OF MEMORY ON A BYTE BY BYTE
BASIS. IT TAKES ONE ADDRESS PARAMETER,
FOLLOWED BY A SPACE. THE DATA AT THAT
LOCATION WILL BE DISPLAYED., IF [T IS
DESIRED 10 CHANGE I1, THE VALUE IS THEN
ENTERED. A FOLLOWING SPACE WILL DISPLAY
THE NEXT BYTE. A CARRIAGE RETURN [CRI
WILL TERMINATE THE COMMAND. THE SYSTEM
ADDS A CRLF A1 LOCATIONS ENDING WITH EITHER
XXX0 OR XXX8. TO AID IN DETERMINING THE
PRESENT ADDRESS, IT IS PRINTED AFIER-
EACH CRLF. A BACKARROW [_] WILL BACK

UP THE POINTER AND DISPLAY THE

PREVIOUS LOCATION.

PAGE 7

EXX '
Pg&ﬂ B $GET RELOCATION
E
XTHL § INTO HL
DAD B $RELOCATE
. MOV A,L sLOW .BYTE
.CALL SIORE . $STORE IT
MOV A,H {HIGH BYTE
R H $RESTORE HL
‘ JMPR YR i00 THIS AGAIN
- LODCBs  DCR L $sCOUNT BITS
' JRNZ «oLCl iMORE LEFT
CALL SBYTE $iGET NEXT
DCR E $COUNT BYTES
. MOV Hy A 3ISAVE THE BITS
MVI L.,8 $8 BITS/BYIE
«.LCls  CALL S8YTE $GET A DATA BYTE
SE%R H $TEST NEXT BIT
SBYTE: PUSH B $PRESERVE BC :
CALL RIBBLE $GET A CONVERTED ASCII CHAR.
RLC
RLC
RLC
RLC $MOVE IT 10 HIGH NIBBLE
MOV CyA . 3SAVE IT
CALL RIBBLE $GET OTHER HALF
ORA C iMAKE WHOLE
MOV C,A §iSAVE AGAIN IN C
ADD D sUPDATE CHECKSUM
MOV D,A $NEW CHECKSUM
MOV A,C $sCONVERTED BYTE
pap B
"RET
STORE: MOV 0(X),A sSWRITE TO MEMORY
INX X $ADVANCE POINTER
DCR E $COUNT COWN
RET
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017C* FES3 SUBS: CP1I S’ $SEE IF /SUBSTITUIE’
0177 202E JRNZ WRITE

01807 CD 0296’ CALL EXPRI - 3$GET STARTING ADDR.
01837 EI . POP H

01847 TE «+S03 MOV A.M

01857 CD Q02E3/ CALL LBYTE $DISPLAY THE BYTE
01887 CD 03607 CALL COPCK 3MODIFY?

01887 D8 RC $ NO, ALL DONE

018Cs 2814 JRZ «e 51 3 DON/ T MOOIFY

Ol8E’ FESF CPI ’.’ $ BACKUP?

01907 2819 JRZ +eS2

01927 E5 PUSH H 3SAVE POINTER

01937 OEOQI MVI (O

C1957 21 0000 LXI H, O

01987 CD 029E” - CALL EXx] $GET NEW VALUE

01987 DI PQP D iVALUE IN E

019C” EI POP H

0190’ 73 MOV M, E sMAODIFY

Ol9EZ 78 Mav A.B $TEST DELIMITER
019F” FEOD CP1 CR

OtAl”Z C8 RZ $DONE

OIAZI 23 ..SI: INX H ’
O01A37 7D eeS33 Mav AL tSEE IF TIME TO CRLF
O1A4” E607 ANI 7

01A6” CC 02147 cZ LFADR $ TIME TO CRLF

O1A97 1809 JMPR eSO

Ol ABY 2B eeS5d8 DCX - H s DECREMENT POINTER
O1AC” 18F5 : JMPR «eS3 $ AND PRINT DATA THERE.

‘THIS ROUTINE DUMPS MEMORY IN THE STANCARD
INTEL HEX-FILE FORMAY. A START & END
PARAMETER IS REQUIRED. AT THE CONCLUSION
OF THE DUMP, AN ®END OF FILE" SHOULD BE
GENERATED WITH THE "E" COMMAND.

S0 M B0 We et

OV AE” FEST7 RITE: CPI 7N $SEE IF /WRITE/ COMMAND
01B0” 2061 JRNZ SIZE

01B2” CD 0273~ CALL . EXLF $GET TWO PARAMETERS
01BSs CD 03747 CALL CI $PAUSE FOR PUNCH-ON
01887 CD 022¢C’ . o ¥i01 CALL PECL iCRLF TO PUNCH

OIBBs 01 003A LX1I By’8” $START-OF-FILE CUE
OIBEZ CO 02337 CALL PQa $PUNCH IT

oiCi” D5 PUSH D $SAVE

01C27 E5 PUSH H t POINTERS

01C37 04 oW1 INR B - $CALCULATE FILE LENGTH
01C4s CD 02C3” CALL HILO

01C77 3824 JRC «s N4 $SHORT FILE

.01C94 3E18 MVI A,24 324 BYTES PER FILE
0i1CB” 90 sSuB B $ENOUGH YET?

01CC” 20F5 JRNZ vell § NO.

QICE” EI PGP H $GET START ADDR BACK.
OiCF CD 0ID5” CALL o N2 $SEND THE BLOCK

o102 Di POP D $RESTORE END OF FILE POINTER

0103”7 18E3 JMPR « o O $ KEEP GOING
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01057
01D6”
01D77
O DA’
CiDD~
Ol DE”
QlEV”
OlEZ2”

O1E5?’

O1E&”
OlE8”/
O1E9”
QlEA”
CiED”’
OlEE’

QIEF”
OtFO”

Q1F274

0lIF5~7
01F&”
01F77
O1FA’
Ol FCs
Q1FF”
02007

02017
Q2047
02067
0208~

0209’

020C~
Q20F“
02117
0212’

<Zap Monitor,

57

78

CD 034D/
CD 03487
AF

CD 034D/
1E

CD 034D/
23

10F9

AF

92

C3 034D’
El

D1

AF

18E3

21 0029’
4E

23

CD 02227
10F9

CD 02827
B7

C8

CD 0374~
ES7F
FEO3

Cco

C3 OO0IE”

CD 03707
38F8

BA

Co

Version 2.0, Jan. 16 1977>

Copyright 1977 by TECHNICAL DESIGN LABS, INC.

e W28 MOV D, A $ INITIALIZE CHECKSUM
MOV A,B sFILE LENGTH
CALL PBYTE $PUNCH 1IT
CALL PACR sPUNCH ADDRESS
XRA A $FILE TYPE=O
CALL PBY TE $PUNCH IT

. W32 MOV ALM $GET A DATA BYIE
CALL PBYTE $§PUNCH IT
INX H $POINT TO NEXT BYTE
DJNZ oo N3 $ DECREMENT FILE COUNT
XRA A
'SUB D $CALCULATE CHECKSUM
JMP PBYTE $PUNCH IT, RETURN

a4t POP H sCLEAR STACK
POP D $ OF POINTIERS
XRA A $SET=-UP A
JMPR e e N2 sFINISH UP & RETURN

IT IS USED BY THE SIGN-ON AND CRLF.
POQINTER IS IN HL (WHEN ENTERED AT
$ TOMI1) AND LENGTH IN B REG.

v
TOM:

: :
$ THIS IS A MESSAGE QUTPUT ROUTINE.
i

LXI H, MSG
TOM1s MOV CeM $GET A CHARACTER
INX H - tMOVE POINTER
CALL Cco $OUTPUT IT
DJNZ. JTOMI $KEEP GOING TILL B=0
CALL CSIS $SEE [F AN ABORT REQUEST
ORA A i NAITING.
RZ . iNC.
\
3 SEE IF CONTROL~C IS WAITING
§ ABORT IF S0.
¥
CALL Cl
ANI . 7FH tKILL PARITY BIT
CPI 3 +CONTRCOL-C?
RNZ

RRXs JMP ERROR

AND COMAPRES IT WITH /D’ REG.
IT ABORTS ON AN.“0OUT-OF-DATA’

3

E

H

¥

§ THIS GETS A READER CHARACTER,
$

i

s+ CONDITION.

R

IFFt  CALL RI $GET READER CHARACTER

JRC ERRX ~ $ABORT ON CARRY
CMP D {TEST D
RET :

3 .
i THIS ROUTINE WILL RETURN THE

PAGE ¢
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02137
02157
02177

02 1A”

Q21D

02207

02227
- 0224/
02267
02287
0229/
0228/

022¢C/
022E7
02317

02337
02357

FESA
2026
CD 03137

CD 0278’

CD 02DE“

0E20

DBOO
E680
20FA

D301
co .

OEOD
CD 02337
OEOQA

CBOO
E680

3 CURRENT VALUE OF THE HIGHEST

i READ/WRITE MEMORY LOCATION THAT

7 IS AVAILABLE ON THE SYSTEM.

$# IT WILL "SEARCH" FOR MEMORY

3 STARIING AT THE BOTIOM OF MEMORY

# AND GO UPWARDS UNTIL NON-R/W MEMORY
i+ IS FOUND.

3

S

IZE: CPI i $SEE IF #S[ZE” COMMAND
JRNZ UNLD
CALL MEMSIZ 3$GEI THE VALUE

CRLF BEFQRE HLSP ROUTINE

FADRs CALL CRLF

$ PRINT THE CURRENT VALUE OF HL,
+ AND A SPACE.

s [ we ws we we

14
- HLSP: CALL LADR

§
i PRINT A SPACE ON THE CONSOLE

$
BLK3 MVI Cy” 7

THIS IS THE MAIN CONSOLE
QUTIPUT ROUTINE.
TELEPRINTER CONFIGURATION
1/0 DRIVER.

() we we e wr ws we

O: IN TS
AN TIYBE
JRNZ co
Mav A, C
ouT .T10
RET

§

$ SEND CRLF 10 PUNCH DEVICE

PEOL: MVI C,CR
CALL PO
MVI C,LF

THIS IS THE “PUNCH’ OUTPUT
DRIVER. IT IS SET UP FOR THE
TIY PORTS, BUT MAY BE MODIFIED
FOR ANOTHER PORT, FOR TRUE
SEPARATION OF THE CONSOLE

AND READER/PUNCH DEVICES.

(I.E. - PORT 6 & 7 FOR CASSETIE, ETC.)
as IN TTS $STATUS PORT

"IJ we ws we St e WS ws Wt op s

ANI TIYBE $TRANSMITTER BUFFER EMPTIY?

PAGE I
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02377
02397
023A°
023¢C/

023D/
023F”
02417
02447
02477
024 A7
02407
024E’
02517
02547
02567
02597

02587
025D~/
025F7
02627

02657
02667
02677
02687

02697
Q2687
026D’
026E“
02707
02714
02727

<Zap Monitor,
Copyright 1977 by TECHNICAL DESIGN LABS,

20FA
79
D301
c9o

FE55
201A

CD 0273~
CD 03747
CD 02F 67
CD Q2F 17
4E .
CD 02337
CD 02C3”

"30F7

CD Q2F 7
1804

FE4E
206E
CD 02r67

C3 00447,

i
H

i

:
3
3
3
i
3 USING THE "L* COMMAND.
3
1
3
§
U

16 1977>
INC,

Version 2.0, Jan.

JRNZ PO s IF NOT, LOOP.

MOV A,C $GET CHARACTER TO QUTPUT
ouT TTC +TO DATA PORT

RET s DONE

THIS IS A BINARY DUMP ROUTINE THAT MAY BE
USED WITH BOTH PAPER-TAPE AND/OR CASSETIE
SYSTEMS. IT PUNCHES. A START-OF-FILE MARK
AND THEN PUNCHES IN FULL 8=BITS DIRECILY
FROM MEMORY. IT IS FOLLUWED BY AN END-OF-
FILE MARKER., 1HESE DUMPS MAY BE LOADED
THEY ARE USEFUL

FOR FAST LOUADING.

U<Al>,<A2>(CR]
PUNCHES FROM <Ai> THRU <A2>

NL Ds CPI 7y’ $SEE IF /UNLOAD’ COMMAND
JRNZ NULL X
CALL EXLF $GET TWO PARAMETERS
CALL Cl $PAUSE FOR PUNCH-ON ( 1TY)
CALL LEAD $PUNCH LEADER
CALL MARK $PUNCH FILE MARKER
JUs Mmav C,H yGET MEMORY BYTE
CALL PO $PUNCH IT
CALL HILO $SEE IF DONE
JRNC eel
CALL MARK {PUNCH END FILE MARKER
JMPR NULL

THIS PUNCHES NULLS (LEADER/TRAILER).

IT RETURNS “QUIET™

NULLXs CPI /N~ $SEE IF “NULL”
JRNZ . HEXN

NULLs CALL LEAD $PUNCH NULLS
JMP STARO $RETURN QUIET

O -y ae dv

CON Vs

-u 4% @0

- CONVERT HEX TO ASCII
BYTE: RRC
RRC
RRC -
RRC

OFH
90H

40H

ANI
ADI
- DAA
ACI
DAA
Mav
RET

GET TWO PARAMETERS, PLACE
THEM IN DE & HL, AND THEN

sLOW NIBBLE ONLY

C,A

PAGE

i
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0273/
0276*
02777

02787
02797
0274
027¢C”
Q27F #
02807
02817

02827
0284~
02867
02887
02897

028A7

02887
028C~
028F7
0292/
02937
02947
0295/

02967

CD 0298’
Ot

Version 2.0, Jan. 16 1977>

Copyright 1977 by TECHNICAL DESIGN LABS, INC.
i CRLF.
'
EXLF CALL EXPR
POP D
POP H

E!

E5

cs

0604

CD 01Fe’

El
o

DBoO
E6O1
3E0O

2F
co

CEOI

"CONSOLE CARRIAGE RETURN &
LINE FEED ROUTINE.

THE NUMBER OF FILL CHARACTERS
MAY BE ADJUSTED TO 0-3 BY THE

() s w0 96 @4 2t Wb o as w+ o

VALUE PLACED IN THE B REG. MINIMUM
VALUE FOR "B" IS TWO (2). MAXIMUM
IS FIVE (5).
RLF: PUSH H 3SAVE HL
PUSH B i & BC
MVI B, 4 $CRLF LENGTH (SET FOR 2 FILLS)
CALL TOM $SEND CRLF
POP B
POP H
RET

TEST THE CONSOLE”S
KEYBUARD FOR A KEY-PRESS.
RETURN TRUE (OFFH IN A REG)

WAITING.

P AGE

STS: IN
ANI
MVI
RNZ
CMA
RET

i
4
i
i IF THERE IS .-A CHARACIER
]
4]
C

TIS

TTYDA

A, FALSE
iMAY NEED PATCHING*¥+%
s IF DIFFERENT 1/0 USED

$ GET THREE PARAMETERS AND

$ CRLF.

¥

EXPR3% INR C
CALL EXPR
CALL CRLF
POP B
pPoP D
pop H
RET

H

$ GET ONE PARAMETER.

i NO CRLF.
s
EXPRI® MVI

C,1

i THIS IS THE M#IN "PARAMETER-GE TTING* ROUTINE.
i THIS ROUTINE WILL ABORT ON A NON-HE X CHARACTER.
v IT TAKES THE MOST RECENTLY TYPED FOUR VALID

14
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02987
02987
02%9E/
029F7
02A2°
02 A4/
Q2A57
Q2A67
Q2 A7’
02 A87
02 A9
02AA’
Q2 AC”
02 AD’
O2AE”
02AF~
02B2”
02B47
02854
02B67
0289~
Q2BA’
02BC’

02BD”
02C0/
02C17
02C2/

02C3”
02C4~7
02C57
02C6*
02C7”
02C8”
czCo’
02CA“
Q2CB”
02CC~

<Zap Monitor,

21 0000
CD o30DcC’
47

CD 03387
3808

29

29

29

29

85

6F

| 3EF

E3

E5

718

€D ¢368/
3002

oD

c8-

C2 001E”
oD

200C

o

CD 02C37.

DO
Di
Co

23
7C
B5
37
ca
7B
95
TA
oC
co

.
’
s
A
’

{
i

EXPR1
EXOs
EX113

«+EX213

e« EX33

e @0 we we

H
HILOs

e @ @ Wi 95 B 9 G

ILOX:

Version 2.0, Jan.
Copyright 1977 by TECHNICAL DESIGN LABS,

P AGE

16 1977>
INC.

HEX CHARACIERS, AND PLACES THEM UP ON THE STACK.

(AS ONE 16 BI1 VALUE,
3 8-BIT BYTES.)
IT WILL PLACE THE VALUE OF "0000"

LXI
CALL
MOV
CALL
JRC
DAD
CAD
DAD
DAD
GRrRA
MQv
JMPR
XTHL
PUSH
MOV
CALL
JRNC
DCR
RZ
JNZ
DCR
JRNZ
RET

RANGE
CARRY

CALL
RNC
POP
RET

INX
MOV
ORA
ST
RZ

MOV
SUB
MOV
SBB
RET

H,0

TI

B,A

N IBBLE
o EX2

mrrIIoaom
y.
Q>

Qe > I
nie
[

ERROR
c
EXPR

 HILO

- #+IF CARRY. WAS SET,

CONTAINED IN TWO

IF A CARRIAGE RETURN IS ENTERED,

IN THE STACK.

$INITIALIZE H. TO ZERO

$+GET SOMETHING 'FROM CONSOLE
$SAVE IT
$CONVERT ASCII TO HEX.

t ILLEGAL CHARACTER DETECTED
$MULTIPLY BY 16

O0R IN THE SINGLE NIBBLE

$GET SOME MCRE
$SAVE UP [N STACK
$REPLACE THE RETURN
$TEST THE DELIMITER

$DELIMITER ENTERED?
;CR, SHOULD GO TO ZERO
$ RETURN IF IT DOES
$SOME THING WRONG

$DO THIS AGAIN?

i YES.

- $ELSE RETURN

TES TING. ROU TINES.
SET INDICATES RANGE E XCEEDED.

$0K
$RETURN ONE LEVEL BACK

3 INCREMENT HL
sTEST FOR CROSSING 64K BORDER

$CARRY SET=S70P

sYES, BORDER CROSSED
§NOW, JEST HL VS. DE

THEN SIOP

HE XADEC IMAL MATH ROUTINE

THIS. ROUTINE IS USEFUL FOR
DETERMINING RELATIVE JUMP

IT RETURNS THE SUM

& DIFFERENCE OF IWO PARAMETERS.,

OFFSETS.

13
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02CD”
02CF”
02D2’
02057
02D6”
02077
02DA’
02DB”
020DC”

02LE”
- 02DF
02E2/
Q2E3”
02E4/
Q2E7”
Q2EA”
02EB”
O2EE’

02F1”
Q2F4”/

02F 6/
Q2F9”
Q02FC~”
02FE”

Q2FF“
03607
03037
Q304
03067
03077

FE48

C2 039C”
CD 0273~
ES

19

CD 021D/
El

B7

EDS2

7C
CD 02E3/
7D
F5
CD 02657
CD 02227
F1
CD 02697
C3 0222/

Ot O8BFF
1803

01 4800

CD 02337

10FB
c9o

ES

CD 03137
44

3ECO

El

co

P AGE

Version 2.0, Jan. 16 1977>

H} He)>, <Y>
iX+Y X-Y
; -
HEXNs CPI s H” $SEE IF HEX MATH
JNZ LOAD
CALL EJLF
PUSH H $SAVE HL FOR LATER
DAD D $GET SUM
CALL HLSP $PRINT IT
PopP H $THIS IS LATER
ORA A $CLEAR CARRY
DSBC. D $GET DIFFERENCE & PRINT IT

3 PRINT H8L ON CONSOLE

LADRs MOV A,H
. CALL LBYTE
MOV A, L
LBYTEs PUSH PSW
CALL CBYTE
CALL Co
POP PSW
CALL COnvV
JMP co

i THIS ROUTINE SENDS EIGHT RUBOUTS
# TO THE PUNCH DEVICE.

;
LXI B,08FFH 3SET-UP B&C
JMPR LEO :

MARKS

s THIS ROUTINE SENDS BLANKS TO THE
: PUNCH DEVICE.

H

LEADs LXI B,4800H 3PRESET FOR SOME NULLS
LEO: CALL PO

DJNZ LEO

RET

THIS. ROUTINE RETURNS TO A USER
PROGRAM THE CURRENT 10P QOF
MEMORY VALUE MINUS WORKSPACE
AREA USED BY 1HE MONITCR.

B oA wa w4 G S8 we

EMCKt PUSH H
CALL MEMSIZ
Mov B,H
MVI A,OCOH SLEAVE SOME ROCM FOR STACK
PGP H
RET
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WE BEGIN IN THE MIDOLE......

U] we we we

0308/ 3E00 EGIN: MVI Al $INITIAL I/ REG. VALUE
030A” ED47 STAI | $NEEDED IF USING INTERUPT.
030C” AF XRA A $CLEAR READER CONTROL
0300 D303 OUT ~  RCP § PORT. .
030F# 31 00347 LXI SP, STACK $SET UP A FAKE STACK
; |
0312 06 BYTE  (MVD 3SKIP OVER PUSH
3
s THIS IS A CALLED ROUTINE USED
$ TO CALCULATE THE TOP OF MEMORY
; STARTING FROM THE BO1TOM OF |
§ MEMORY, AND SEARCHING UPWARD UNTIL
i FIRST R/W MEMORY IS FOUND, AND THEN
$ CONTINUING UNTIL THE END OF THE R/W
5 MEMORY. THIS ALLOWS R.O.M. AT ZEROQ,
i AND INSURES A CONTINUOUS MEMORY BLOCK
;i HAS BEEN FOUND.
s IT IS USED BY THE ERROR ROUTINE TO
3 RESET THE STACK POINTER.
H
0313 5 MEMSIZ: PUSH B | -
63147 01 00007 LXI B,ZAP  $POINT TO START OF MONITOR
0317/ 21 FFFF LXI - Hy=1  $RAM SEARCH STARTING PT.-1
031A7 24 .. MOt  INR H sEIRST FIND R/W MEMORY
031B/ 7E MoV A M
031C”s 2F CMA
63107 77 MOV Mo A
031E’ BE  CMP M
031F* 2F CMA
0320 77 MOV M, A
03217 20F7 JRNZ . MO
0323/ 24 ..M1: INR H sR/W FOUND, NOW FIND END
0324/ TE MOV AM
03257 2F CMA
c3267 17 MOV M, A
03277 BE CMP M
03287 2F CMA
03297 77 MoV M, A
032A7 2004 JRNZ . M2
032C’ 7C MOV A H s TEST FOR MONITOR BORDER
03207 B8 CMP B
032E” 20F3 JRNZ M $NOT THERE YET
03307 25 ..M2t  DCR H $BACK UP
03317 CI ‘ POP B
03327 C9 RET ;VALUE IN HL

THIS GETS A READER CHARACTER, AND
$ CONVERTS IT FROM ASCII TO HEX.

03337 CD 020C” RIBBLEs CALL RIFF
C3367 E6TF ANT 7FH
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03387
0334/
033B”
03307
033E’
033F~
03417
0342/
0343/
0345/
0347~

0348/
03497
034C~

034D’
034E~
03517
0354~
03557
03567
03597
035C”
0350
035E~
035F /

0360/
03627
0365~

03687
03647
036B7
036D/
036E“
03707
Q3717
03727
03737

03747
03767
03787
037A“

D630
08
FE17
3F
D8
FEOA
3F
0O
D6Q7
FEOA
C9

7C
CD 034D’
7D

QE2D
CD 0222¢
CD o3DC/

FEZ20

FE2C
C8
FEOD
37
C8
3F
co

DBOO
ESOI
20FA
DBO1

an - -8

NIBBLEs® SUI
RC
CPI
CMC
RC .
CPI
CMC
RNC
SUI
CPI
RET

¥

IOI
IGI_.’OI

10

PN =G
10

16 1977>

$QUAL IFY & CONVERT
$<0

i>F?

§PERVERT CARRY

§NMBR?

$PERVERT AGAIN
$RETURN CLEAN

$ ADUST

$FILTER W3 THRU ®@4

$ SEND HAL VALUE TO PUNCH DEVICE

y
PADR: MOV

CALL
MOV

“e wy we

PBYTE: PUSH
CALL
CALL
POP

PUSH-:

CALL
CALL
POP
ADD
MOV
RET

3

]

COPCK: MVI
CALL
CALL

QCHK:s CPI
RZ
CPI
RZ
CPI
STC
RZ
CcMC
RET

Is - IN
ANI
JRNZ
IN

A,H
: PBYTE
A,L

PUNCH A SINGLE BYTE

PSW :
CBYTE
PO

PSW
PSW
CONV
PO

PSW

D

D,A

C| s
co
TI

TEST FOR DELIMITERS

s 7
s, 7
’

CR

TTS
TTYDA
ClI
T1l

tNIBBLE AT A TIME

§NEXT NIBBLE
$SAVE FOR CHECKSUM

$ORIG INAL BYTE HERE
$ ACDED TO CHECKSUM
$UPDATE CHECKSUM

$RETURN ZERO IF DELIMITER

$RETURN W/CARRY SET IF CR

$ELSE NON-ZERO, NO CARRY

MAIN CONSOLE INPUT ROUTINE

PAGE 16
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037C/

037D’
Q37E~
0380’
03827
0383/
03857
0386/
03887
03847
038C”
038D/
038F~
0390/
Q391
03937
03947/
03957
0397/

03987
03947
03987

039C/
Q39E”
03A07
0343/
03447
03A77
03 A9/
03AB”
Q3AE“
03BO“
03B2/
0385’

<Zap Monitor,

co

FE4C
205F

CD 02967
El

CD 02787
1 6FF
0604

CD 020C”
20F9
I0F9

CD 020C”
28FB

T e e e WE MR B0 e wb w S g

L |
L]

RIOS

DLOs3

RIls

RI2s
RIDs

I ae we 9 00 9 48 wa e de

BADs

.. L0t
ttLl‘

» ‘LZ'

RET

PUSH
MVI
QuT
XRA
auT
MOV
IN
ANI
JRZ
PUSH
MVI
XTHL
XTHL
DJNZ
PoP
OCR
JANZ
STC

IN
POP
RET

CPI
JRNZ
CALL
POP
CALL
MVI
MVI
CALL
JRNZ
DJNZ
CALL
JRZ

H
A,OFFH
RCP

A

RCP
Hy A
TI1S
TTYDA
RI2

8
B,OFFH

DLO
8
H
RIO

T11
H

ILI
NEXT
EXPR1
H
CRLF
D, OFFH
B,4
RIFF
..LO
..L‘
RIFF
‘IL2

PAGE 17

16 1977>

READER INPUT ROUTINE, WITH
TIME-CUT DELAY.
PULSING OF HARDWARE PORT
T0 INDICATE REQUEST FO

READER DATA.

THIS MAY BE ALTERED 10 ANY
170 PORT CONF JGURATION TO ENABLE
SEPARATE READER/PUNCH

INCLUDES

DE VICE.

$MAY BE ALTERED TO SUIT
$PULSE READER CONTROL PORT
sCLEAR IT

sCLEAR FOR TIME-OUT TEST
$MAY BE MODIFIED #%*
sBUT ALWAYS USE “ANI/
$TO CLEAR CARRY

$SHORTEN FOR HIGH~SPEED DEVICE
§WASTE TIME
$FOR DELAY

$*NOTEt CARRY SET TO INDICATE
s NO DATA.

THIS. ROUTINE READS A BINARY FILE

IN THE FORM AS PUNCHED IN

THE "U* (UNLOAD) COMMAND. IT1 TAKES
ONE PARAMETER, WHICH IS THE STARTING
ADDRESS OF THE LOAD, AND WILL PRINT
THE LAST ADDRESS{+1) LOADED ON THE
CONSOLE DEVICE.

3SEE IF /LOAD” COMMAND
$ INITIAL LOAD ADDRESS

$START-OF=FILE TAG
$FIND AT LEAST FOUR OFFH”’S

34 FOUND, NOW WAIT FOR NON-OFFH
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03B77
03B8”/
03BA’
03BC”
03BD~
03Cc’
03C27
03C3/
03C5~7
03C7/
03CA’
03cc’
03Cl
03CF~
03DC~”
0302
03D5~
03D6”
03077
Q3L9’
03DA”

03DC~
03DF”
Q3E1~”
03E2”’
03E3“
03E4/
03ES”
03E7”
03E8”/
Q3EA”
03EC~
O3EE”’
O3EF”
03F0*
03F1~
03F4/
03F5”
03F¢6’
03F8”
03F9’
03FB”

<Zap Monitor,
Copyright 1977 by TECHNICAL DESIGN LABS,

77

3EQ7
D301

23

CD oz2ocC’
2803

77

18F7
0601

CD o20¢/
2009

04

3EOQ7

B8

20F5

C3 020E“
72

23

10FC

77

18EO

CD 03747
E6TF

3C

F8

3D

c8
FE4E

c8

FEGE
2810
FEOD

cs

c5

4F

CD 02227

H.I“‘I“““«ﬂ‘.“ s de¢ W

16 1977>
INC,

Version 2.0, Jan.

M,A

MOV iFIRST REAL DATA BYTE
MVI A,BELL STELL TTY
ouT TTO
L33 INX H
CALL RIFF
JRZ «+EL $POSS IBLE END OF FILE
MOV M,A
JMPR «L3
.EL? MVI B, ! $ INITIALIZE
+ELOs CALL RIFF
JRNZ «oELI
INR B sCOUNT QUES
MVI A, HAX $LOOK FOR EGF
CMP B $FOUND MAX?
JRNZ «.ELO i NOPE
JMP LADR $YEP, PRINT END ADOR
JELI1z MOV M,D ‘
INX H
DJNZ «oEL1
Mov M, A s REAL BYTE
JMPR L3 :

THIS IS THE INTERNAL KEYBOARD
HANDLING ROUTINE. I1 WILL IGNORE
RUBOUTS (OFFH) AND BLANKS (00),
AND 1T WILL NOT ECHO CR’S & N-“S.
(NO NvS FOR THE “NULL" COMMAND).
IT CONVERTS. LOWER. CASE TO UPPER
CASE FOR THE LOOK-UP OF COMMANDS.

OTHER CHARACTERS ARE ECHOED AS THEY
ARE RECIE VED.

I CALL CI
ANI TFH sKILL PARITY BIT
IﬁR A $ IGNORE RUBOUTS
R
DCR A $ IGNORE NULLS
RZ
CPI N+ $ IGNQRE N’/S FOR NULL CMND
RZ
CPI ’n’
JRZ el
CP1 CR $t IGNORE CR’S
RZ
PUSH B
MOV C,A
CALL co
MOV A,C
PaoP B
CPI 7A7 =] sCONVERT TO UPPER CASE
RC
CPI 727+
RNC
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03FC’ E65F wals ANT O5FH
03FE” C9 . RET
i
’
; .
03FF” C9 NEXT? RET $ ADDITIONAL COMMANDS
$tMAY BE TESTED FROM HERE,
$AND THE MONITOR EXTENDED
$ FROM BEYOND THIS POINT.
H
]
0400’ Zs
$END OF PROGRAM
0000~ «END ZAP

++4+++ SYMBOL TABLE ++4++

AHEAD 0038/ BEGIN 0308/ BELL 0007 ' BLK 02207
CBYTE 02657 Cl 0374~ Co 02227 CONV 02697
COPCK 0360~ CR 0QoD CRLF 0278”7 CSTS 0282/
DISP 0057 DLO 038F/ EOQF 006E~” ERROR OQOIE”
ERRX 02097 EXO c29B” E XI 029E” EXLF 02737
EXPR 02987 EXPR1 0296/ EXPR3 02887 FALSE 000C

FIL C000 FILL  00Q8C’ GOTO 009C” HEXN  0zCD’
I0SET 0017- LADR. OsDe- -  LBYE 033,  Leo  o2F0

IOSET 00177 LA s 0 0 o
LEAD O02F67 LENGTH C4Q00” LF O0CA LFADR 021A’
LOAD 039Cr LODO  OCED” LOoD4 012A LODCB 0152/
LODR 01327 MARK. 02F1}~” MAX 0007 MEMCK Q2FF~
MEMSIZ 0313/ MOVE  CoC5¢ MSG . 00297 MSGL 000D

NEXT O3F#/ NIBBLE 0338~ NULL  025F/ NULLX 025B“
PADR 03487 PBYTE 034D/ PEOL  022C/ PO 02337
QCHK 03687 RCP 0003 READ Q0D4/ RI 037D’
RIO 03867 RIN 0397/ RI2 03987 RIBBLE 0333/
RID 03%A7 RIFF  Q20C~ RUB OOFF SBYTE 0162/
SIZE 02137 STACK 0034~/ STARO 00447 START O0O03E“
SIDRE 01757 SUBS 0i7C” 1IEST 00A6” T Q3DC”
TOM 01F27 TOM | O1F57 1RUE FFFF TT1 000t

TIO 000l TS 0000 TIYBE 0080 1TYDA 000!

UNLD 02307 WRITE OIlAE” - Z 0400/ ZAP 0000’

NOQ PROGRAM ERRORS






GENERAL INFORMATION

A. Customer Service

Customer service falls into two broad categories:

1. Equipment troubleshooting
2. User applications counseling.

In the case of Equipment troubleshooting when
you wish to return the unit for factory service, the
following procedure should be adhered to whether the unit
is under warranty or not.

l. Write up the exact symptoms of the problem.
Give exact details of what you observed, what
you noticed, what you were doing when the proble
was first noticed, etc.

2. Describe the system you had in operation when
the problem developed. Note kind of mainframe,
accessory boards in use, program being run,
etc. Also note if the other boards are still
working correctly.

3. Describe what you have done to try and handle
the problem. Please be as specific as possible.

4, Pack the unit well (You would be wise to keep
the shipping carton and materials this unit came
in for this possibility.) and return it postpaid
to TDL.

5. If the unit is NOT under warranty, enclose an
authorization to repair and bill to whatever
dollar limit keyond which you would want to
be informed before we continue.

6. If the unit is under warranty, it will be treated
as per the conditions as laid out in the warranty.

In the case of user applications counseling, the
service is generally free of charge. This service is
designed to aid you in applications where your own ability
or experience is not sufficient to provide the answer.

This is not intended tc provide a broad educational

service of a general nature. Rather it is designed to answer
specific applications problems where a "how to" may not be
clear to a less than very experienced computerist. If your



questions are specific, you will receive an answer as
fast as is possible.

For questions of a more general nature, such as
those that might repeat from many users, or for items
which we feel would be of interest to a broader public,
such will be printed up and distributed as part of
the 2Z2-80 User's group Newsletter which is currently
being established. The newsletter will publish any
information, program development, novel computer
applications etc. which are either submitted to us
by you, the user's, or by our engineers and programmers.
Please feel free to contribute to this effort in any
way.

As our development progresses, and as your programming
ideas come in, a software library will be established
for your use.



TDL WARRANTY

TECHNICAL DESIGN LABS INC., in recognition of its
responsibility to provide quality components and adequate
instructions for their proper assembly, warrants its
products as follows:

All components sold by Technical Design Labs Inc.,
(hereinafter referred to as TDL) are first quality prime
and are procured from reputable distributors and/or
factories and their representatives, and any part which fails
because of defects in manufacture or material will be replaced
at no charge for a period of 3 months for kits, and one
year for assembled products following the date cf purchase
as shown on the customer's invoice. For replacement, the
defective part must be returned to TDL postpaid within
the warranty period.

Any malfunctioning unit or subunit, purchased as a
kit and returned to TDL within the 3 month warranty period,
. which in the judgement of TDL has been c¢onstructed with
care, and has not been subject to electrical or mechanical
abuse, will be restored to proper operating condition or
replaced at TDL's discretion and returned, with a minimal
charge to cover postage.

Any units or subunits purchased as a kit and returned
to TDL within the 3 month warranty period, which in the
opinion ¢f TDL is not covered by the above conditions
will be repaired and returned at a cost sommensurate with
the work required. In no case will this charge exceed
$30.00 without prior notification and approval of the
owner.

~ Any unit or subunit, purchased as assembled units
are guaranteed to meet the specifications in effect at
the time of manufacture for a period of at least one
year following purchase. These units are additionally
guaranteed against defects in materials or workmanship for
the same one year period. All warranted factory assembled
units returned to TDL postpaid will be repaired and returned
without charge providing only that no evidence of electrical
or mechanical abuse exists.

This warranty is made in lieu of all other warranties
expressed or implied and is limited in any case to the
repair or replacement of the unit or subunit involved.



APPENDIX A: Pinout
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TDL ZPU CARD BUS SIGNAL LIST

(For explanation of asterisks (%*)

see next page.)

1 +8v 51 +8v
2 +16v 52 -16v
3 XRDY 53
4 VI J 54  EXT CLR
5 VI 1 55 *
6 VI 2 56 *%
7 VI 3 57 * %
8 Vi 4 " 58 *F
9 VI 5 59 CMW (1)
10 VI 6 60
11 V1 7 61
12 62
13 53
14 64
15 65
16 66
17 67 *FE
-7 18 STATUS DGBL 68 MWRITE
19 CCDSBL 69 KEXKE
20 T EEL] 70 ' X EEE L]
21 Ss 71 RUN
22 ADPR DSBL __ 72 PRDY
23 DO _DSEL 73 PINT
24 b2 74 PROLD
25 gl _ 75 PREGCET
26 PHLDA 76 PSYNC
27 PWAIT 77 PWR
28 PINTE __ 718 PDBIN
29 A5 79 AG
30 Ad 80 Al
31 A3 81 A2
32 Al5 82 A6
33 Al2 83 A7
34 A9 84 FX:]
35 DO 1 85 Al3
36 DO @ 86 Al4
37 Al0 87 ATl
38 DO 4 88 DO 2
39 DO 5 ) DO 3
40 DO 6 90 DO 7
41 DI 2 91 DI 4
42 DI 3 52 DI 5
13 DI 7 93 DI 6
44 SMI 94 DI 1
45 SOUT o5 DI #
4% SINP 96 SINTA
47 SMEMR 97 SWO
48 SHLTA 98 RFSH (optional)
49 CLOCK (2MHz) 99 POC
50 GND 100 GND




* reserved for chassis ground

* reserved for Altair 8800B

fadala reserved for PTCO PHANTOM

kokkk reserved for protect status

falaalald reserved for memory unprotect

hkk kKK reserved for memory protect

1. CMW reserved for Conditional Memory Write,

which is a system protect signal on TDL's
Memory Management Board.
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