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SECTION 1
INTRODUCTION

1-1 GENERAL

Congratulations on your choice of the Z80 STARTER KIT!
This kit has been designed to be the best value on the market
for the hobbiest/experimenter/student who wants to learn about
and work with microcomputers. Its expansion capabilities are
limited only by your imagination with the on-board wire ‘wrap
area and the two optional S-100 bus connectors. Compatibility
with S-100 provides you with a varied selection of modules
from several manufacturers to accomplish your task whether it
be learning, running Basic, or industrial control. Use of
this expansion capability is entirely optional, as the Z80
STARTER KIT enclosed is a fully functional microcomputer with
debug Monitor (ZBUG) by the addition of a 5 volt power supply.

The choice of the Z80 Microprocessor as the "brains" of
this kit was no accident. The Z80 is the most powerful 8-bit
machine available on the market, as its instruction set capa-
bility and throughput exceeds that of any other 8-bit machine
available. Its vast instruction set of 158 instruction types
and clear, easy-to-learn mnemonics make it an ideal processor
on which to learn assembly language programming. The 8080A
instruction set is a subset of the Z80's, so that programs
written for the 8080A will run on the Z80 allowing you access
to many programs written for the 8080A and documented in the

trade and personal computing magazines. The straightforward



hardware architecture (no multiplexing) of the Z80 make it
ideal for the experimenter who wants to connect other periph-
erals or custom circuitry onto the bus. The Z80's indexing
capability, 16-bit Op Codes, and 16-bit Arithmetic operations
provide features normally found only in a 16-bit minicomputer.
Two forms of permanent storage for your programs have
been provided in the 2Z80 STARTER KIT. The first is a Kansas
City Standard audio cassette interface that can be used with
inexpensive home audio recorders. Programs can be transferred
from RAM to cassette tape using this feature, providing an
inexpensive method of saving and reloading your programs.
Second, on-line Non-Volatile memory has been provided in the
form of two EPROM sockets on the Z80-CPU bus and an EPROM
Programmer for 2758/2716 5 volt only EPROMs. With this facil-
ity, user programs can be placed in EPROM and on the bus for

immediate access by the Z80-CPU.

1-2 USES FOR THE Z80 STARTER KIT

The Z80 STARTER KIT was designed with five major types
of user in mind. These are the computer hobbiest, electronics
experimenter, amateur radio operator, instructor/student, and
industrial OEM evaluation/control.

The computer hobbiest may have experience with other
microcomputers or minicomputers, but needs a low-cost method
to get "hands on" experience with the Z80. The diagnostic
capability of the Z80 STARTER KIT and its mass storage facil-

ities provide the user with the capability to meet this goal.



The expansion capabilities make it possible to add memory and
a CRT Interface in order to turn the KIT into a BASIC terminal
for high level language experience.

The electronics experimenter is probably familiar with
TTL integrated circuits and is looking for a low-cost method
to "get into microcomputing”. The wire wrap area with the
Z80-CPU signals brought to wire wrap pins is intended for
those who want to connect additional circuitry onto the Z80
bus for experimentation. With the on-board keyboard and dis-
play, no computer peripherals such as Teletypes are required
to communicate with and to control the Z80-CPU. The experi-
menter can easily learn how to substitute Z80 instructions
for gates, flip-flops, adders, and shift registers.

The amateur radio operator may be looking for methods to
integrate computers into his "shack" in order to more fully
automate his station. Areas the power of the Z80 could be
used is in automatic keying - the key could be connected to
the Z80-PIO and the Z80 Microcomputer programmed to make pre-
cise "dits" and "dahs". A Morse code to ASCII conversion pro-
gram could be written for the Z80 STARTER KIT to allow the
operator to type on an ASCII keyboard and view a CRT Display
while communicating in Morse code.

An instructor of, or a student in a course in microcom-
puters, can use the Z80 STARTER KIT to provide a low-cost
method to provide lab experience with a microcomputer. Each
student could have his own cassette of the program being de-

veloped and would load it into the Z80 STARTER KIT(s) during



the lab session in order to debug it. Timeshare could be used
as a supplement to provide experience in Assembly Language
Programming, but "hands on" experience at the hardware level
is needed to gain a working knowledge of microcomputers. The
timeshare charges from one class would be sufficient to equip
an entire lab with Z80 STARTER KITS!

The engineer in industry can use the Z80 STARTER KIT as
an evaluation tool in order to determine if microcomputers,
or the Z80 in particular, can solve the problem. Short pro-
grams or benchmarks can be written and debugged using the di-
agnostic features of the ZBUG Monitor (Single Step, Break-
points, etc.). The Restart to EPROM feature of the KIT would
allow its use as a dedicated computer in a test fixture or
process control system. Whenever power was applied, the KIT
would begin to run the Control Program in EPROM. The integral
Keyboard/Display and the ZBUG Monitor would also be available

should debugging be required in the final installation.

1-3 Z80 OVERVIEW

The Z80 component set is a third generation design based
on the Intel 8080A. The Z80 has at its base the entire 8080A
instruction set with an additional 80 instruction types added
(158 total). The Z80-CPU hardware configuration with no mul-
tiplexed signals and a simple to generate TTL compatible sin-
gle phase clock is straightforward and easy to understand.
Enhanced features such as Relative Addressing, two 16-bit In-

dex Registers, bit addressing, full Rotates and Shifts, 22 CPU



Registers, 16-bit Arithmetic capability, Block operations,
dynamic memory refresh, and 16-bit Op Codes make the Z80 a
more flexible and more powerful Microcomputer than any other
8-bit machine available including: 8080A/8085, 6502, or the
6800/6802. It is this computing power that has made the Z80
STARTER KIT possible.

Included in the Z80 STARTER KIT is the MOSTEK Z80 Micro-
Reference Manual. This is a summary of the Z80 Instruction
Set and will be used in the following discussion. Further
information on the Z80 can be found in Section 1-4. The cover
shows the Z80-CPU registers as viewed by the programmer. The
main register set is exactly the same as those in an 8080A/
8085 and are used by the 8080A compatible instructions. The
alternate register set is an exact duplicate of the main set
and is a unique feature to the Z80. These registers can be
used to handle additional variables/flags, or can be used to
preserve the status of the Z80-CPU during an interrupt or sub-
routine. The Special Purpose Registers contain the two 16-bit
Index Registers, the I register used to provide the fast Z80
Mode 2 interrupts, the R register used in dynamic memory re-
fresh, the Stack Pointer, and the Program Counter.

Page 1 is a summary of the Z80 Flag (F) Register and how
instruction types affect it. Pages 2 and 3 are a summary of
the 8-bit load operations. Those blocks shaded are the in-
struction Op Codes compatible with the 8080A. Unshaded blocks
are the new Z80 instructions. The new instructions deal with

Indexed loads, as the 8080A has a rather complete 8-bit load



group. Page 3 details each instruction--additional informa-
tion is provided in the Z80 Programming Manual. The 16-bit
loads on pages 4 and 5 show the addition of the load and store
of the two Index Registers. BC and DE have additional pointer
capability, as they can be loaded directly from memory without
having to go through HL. The Exchange group shows the Z80
Block Operations which are complete subroutines implemented

in a single Z80 instruction. The Exchange instructions allow
the programmer access to the Alternate Registers. Pages 8

and 9 contain the 8-bit arithmetic instructions, most of which
are compatible with the 8080A. The indexed operations show up
here as new instructions. Pages 10 and 11 contain some mis-
cellaneous instructions. New instructions include the 2's
complement (negate) and interrupt mode selection. Mode zero
emulates an 8080A, while Mode 2 is used by Z80 Peripherals
such as the Z80-PI0 and Z80-CTC included in this kit.

The 16-bit arithmetic instructions allow additions with
the index registers for pointer address modifications. Two
new instructions (ADC and SBC) use the HL register pair as a
16-bit accumulator providing 16-bit arithmetic capability
normally found only in minicomputers. Pages 14 and 15 detail
all of the new Rotates and Shifts added to the 8080A subset.
Note that these instructions can also operate on memory with
the HL, IX, and IY registers as pointers much like the 6800,
The RLD and RRD instructions allow the packing and unpacking
of BCD digits from memory to the accumulator. The Bit Manip-

ulation Group allows the programmer to address any one bit in
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memory or the CPU registers. Individual bits can be tested,
reset, and set. On pages 18 and 19 the Relative Jump addi-
tions, which allow two byte jumps rather than the 8080A three
byte jumps are described. The hexadecimal arithmetic capa-
bility of the ZBUG Monitor make Relative Jump offsets easy to
calculate. The Call and Return group is the same with the ad-
dition of two new Return instructions (RETI and RETN). RETI
is decoded by the Z80 Peripherals to signal the end of an In-
terrupt Service Routine and RETN is used to exit Non-Maskable
Interrupts. Several new instructions have been added to the
Input and Output group on pages 22 and 23. These new instruc-
tions allow the use of the C register as a pointer to the port,
and data can be transferred from all 8-bit CPU registers to
the I/0 Port. The Block I/0 instructions also use C as the
port pointer with HL used as the memory buffer pointer. Page
24 is a summary of the Z80-CPU Interrupt Structure which will
be useful when programming an interrupt driven system. Pages

25 and 26 are programming summaries for the Z80-PI0 and CTC.

1-4 ADDITIONAL INFORMATION
Additional information on the Z80 hardware and software
is available from your local dealer or S.D. Sales. References

are given below in two catagories:

General information on Microcomputers

1) An Introduction to Microcomputers, Volume O-

The Beginner's Book, Osborne and Associates.



If you know nothing about computers, then this
is the book for you. It introduces computer
logic and terminology in language a beginner

can understand. Computer software, hardware,
and component parts are described, and simple
explanations are given for how they work. The
text is supplemented with creative illustrations
and numerous photographs. Volume O prepares the

novice for Volume 1. (300 pages)

2) An Introduction to Microcomputers, Volume 1-

Basic Concepts, Osborne and Associates.

This best selling text describes hardware and
programming concepts common to all microproces-
sors. These concepts are explained clearly and
thoroughly, beginning at an elementary level.

(350 pages)

More information on the Z80

1) 280-CPU Technical Manual, MOSTEK/Zilog.

2) 280-CTC Technical Manual, MOSTEK/Zilog.

3) 280-PI0 Technical Manual, MOSTEK/Zilog.

These manuals completely describe the three
Z80 chips that form the heart of the Z80 STAR-

TER KIT.
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h)

5)

780 Programming Manual, MOSTEK/Zilog.

A complete description of how every Z80 instruc-
tion operates--the absolute reference when pro-

gramming the Z80.

Z80 Programming for Logic Design, Osborne and

Associates.

Describes programming/logic design tradeoffs.
Detailed examples to illustrate effective usage
of microprocessors in traditional digital appli-

cations.



SECTION 2

CONSTRUCTION

2-1 INTRODUCTION

The Z80 STARTER KIT is intended for those people who have
had some prior experience with kit building and digital elec-
tronics. If you do not fall into this catagory, it is highly
recommended that you find an experienced person to help you in
assembly and check out of the board. Appendix I shows the

parts list for the Z80 STARTER KIT.

2-2 ASSEMBLY PROCEDURE - Check ( ) when done.

() 1. Install the nylon legs and metal screws in the holes
spread around the board. Use Figure 2-1 to locate
holes for the nylon legs. Do not overtighten the
screws (finger tight is OK) or be concerned if the

metal screws touch a PC etch run - this is normal.

() 2. Install the IC sockets in their proper locations as
follows: (Pin 1 alignment is shown with a ".")

() a. Three 8-pin sockets at U4, U5, and U6.

() b. Twelve 14-pin sockets at U7, Ul4, U36, U37, U39,
uko, Ub1, UL2, U43, ULL, U45, and UL6.

() e. Eleven 16-pin sockets at Ul15, U24, U25, U26, U27,
U28, U29, U30, U31, U35, and U47.

() d. Four 20-pin sockets at U11, U12, U13, and U48,

2-1
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()

()
()
()
()

Three 24-pin sockets at U32, U33, and U34.

()

f. One 28-pin socket at U10.
Two 40-pin sockets at U8 and U9.

= B

Three 18-pin sockets at U1, U2, and U3.

Install the resistors as follows:

a. R3, R6, R9, R12, R15, R18, R21 - 68 Ohm, ZW, 5%
(Blue, Grey, Black)

b. R22, R46 - 330 Ohm, W, 5% (Orange, Orange,
Brown)

c. R23, R27, R28, R33, R43, R45, R48 - 1K Ohm, W,
5% (Brown, Black, Red)

d. R2, R5, R8, R11, R14, R17, R20 - 4.7K Ohm, W,

5% (Yellow, Violet, Red)

e. R1, R4, R7, R10, R13, R16, R19, R25, R30, R34,
R35, R36, R37, R38, R39, RLO, R41, R42, R47, R50,
R51, R52, R53, 854, R55, R56, R57, R58, R59 -
10K Ohm, %W, 5% (Brown, Black, Orange)

f. R26, R31, R49 - 100K Ohm, W, 5% (Brown, Black,
Yellow)

R24 - 220K Ohm, %W, 5% (Red, Red, Yellow)
h.” R29, R32 - 470K Ohm, W, 5% (Yellow, Violet,
Yellow)

i. R44 - 47K Ohm, W, 5% (Yellow, Violet, Orange)
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()

()

()

()

Install diodes CR1 and CR2 with the banded ends as

shown on the PC board.

Install the capacitors as follows:

a. C1 - 10uF Tantalum

(note polarity)
b. C21 - 10pF Mica 2%
c. C4, C5 - 620pF Mica 2%
d. C16 - .0047uF Ceramic 20%
e. C22 - .01uF Ceramic 20%
f. C23 - .O47uF Ceramic 20%

g. C2, C3, C6, C7, C8, C9,
cio, C11, C12, C13, Ci4,
ci5, C18, Cc19, C24, C25,
c26, C27, C28 - .1 Ceramic 20%

h. C20 - 1uF Tantalum 20%
(note polarity)

Install the three display modules at U1, U2, and U3.
Make sure that the decimal point on the display is

oriented away from the edge of the PC board.
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() 7. Install the LED at DS1 observing the cathode orien-
tation (the flat portion of the LED housing is the
cathode) .

() 8. Install transistors Q1, Q2, Q3, Q4, Q5, Q5, and Q7

observing the proper orientation marked on the pc

board. TYrPe # 1
’ e riN
BOARD Wove PRITERN B PiN
< PiN
E o
B o
cC © Tyee %2

<C PIN
<-5 PIN
Ole—C PN

() 9. 1Install the Crystal at location Y1.

( ) 10. 1Install the two audio jacks J1 and J2 in % in. holes.
On J2 connect the TIP to the pad with "A" next to it.
Connect the SLV terminal to the "G" pad as shown.
On J1 connect the TIP to the pad with "E" next to
it and the SLV terminal to the "G" pad.

AUDNO X AN —REAR N Vew
3;5

To Aor e

—_—
T\v7v
SYHUNT

S\

N o

( ) 11. 1Install the Push Button Switch at S1.
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() 12.

() 13.

() 14,

Install the two Toggle Switches at S2 and S3.

Install a switch bank at locations S4-S27 and lock
down with the plastic nuts provided. Make sure that
the switch bank is securely mounted against the pc
board before soldering it in. Make sure that the
switch leads are coming straight out of the switch

body for easier assembly.

Mount the keytops using the layout given in the fol-

lowing sketch:

PROM CASS CASS BREAK
PROG LOAD DUMP  POINT

MEM PORT REG REG'
EXAM EXAM EXAM EXAM

7 8 9 A NEXT

4 5 6 B MON

1 2 3 C SINGLE
STEP

0 F E D EXEC
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2-3 VOLTAGE CHECK

() 1. Connect a +5vI5% power supply capable of supplying
at least 1 Ampere to the designated points on the
left hand side of the board.

() 2. Measure the power at socket U35--pin 16 should be
+5v with pin 8 being ground. Do not proceed past
this point until this voltage reading is correct.

Remove the power from the board.

( ) 3. 1Install the IC's in their sockets observing pin 1

designation (small solder spot on PC board).

() a. U4, U5, U6 75452
() b. U7 339
() c. U9 MK3880 Z80-CPU
() d. U0 MK3882 Z80-CTC
() e. U8 MK3881 Z80-PIO
() f. Ul1, U1z 7415273
() g. U13, U48 LTS24
() h. Ulk 14013
() i. U1s 14538
() j. Uu24, v25, U26, U227, U28,
U29, U30, U31 21102
() k. U32 8316/2316 ZBUG ROM
() 1. U35, U47 7415138
() m. U36 741508
() n. U37, ULL 74LSO4



()

()

()

()
()
()
()

o. U39, ULo, U46 74LS32

p. Ul41l, UL2 7UT1.S74L
q. U45 741502
r. U43 7404

Double check all IC's for proper orientation and lo-

cation.

Make sure S3 is in the MONITOR RST position. Apply

power to the board (5vI5%) and depress the Reset
switch (S1). A "=" should appear on the display in-
dicating the kit is alive and well. If this is the
case, read Section 3 concerning the ZBUG Monitor

commands.

If the prompt "—" does not come up, remove the power
and carefully inspect the underside of the board for
cold solder joints, unsoldered joints, and solder
shorts. Experience has found these problems to be

the most likely cause of kit malfunction.

If the kit still fails to operate and you do not have
the equipment available to diagnose the problem con-
tact your dealer or S.D. Systems for further instruc-

tions.
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SECTION 3
ZBUG MONITOR DESCRIPTION

3-1 INTRODUCTION

The ZBUG Monitor program is a 2048 byte program written
for the 780 which allows the user to enter and debug machine
level Z80 prggrams. This program is supplied in a mask pro-
grammed Read Only Memory (ROM) in the Z80 STARTER KIT. The
ZBUG Monitor uses a Hexadecimal keyboard for data entry and
a six digit Hexadecimal display for data readout. Also in-
cluded in ZBUG are Load and Dump programs which allow inex-
pensive audio cassette recorders to be used for storage of
programs. An EPROM Programmer for 2716/2758 EPROMs is includ-
ed so that user's programs can be placed in these non-volatile
memory devices for on-line use at any time. Advanced diag-
nostic capability such as multiple Breakpoints, Instruction
Single Step, and Z80-CPU Register display/modification pro-
vides the user with diagnostic capability normally found only
in expensive development equipment. The ZBUG Monitor provides
the user with a Hexadecimal arithmetic capability which makes
the 7Z80's relative addressing mode easy to use. In summary,
the ZBUG Monitor provides the user of the Z80 STARTER KIT with
complete control over the execution and debug of the program
being developed and provides for non-volatile data or program
storage in either EPROM or cassette tape. The use of ZBUG is

described in the following paragraphs.
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3-2 RESET PUSH BUTTON

The RESET push button near the top center of the Z80
STARTER KIT forces the Z80-CPU to reset and begin program
execution at address O00OH. The ZBUG Monitor is located in
the lower 2K bytes of the address space so that a RESET of
the Z80-CPU will restart to the ZBUG Monitor. The ZBUG Mon-
itor initializes the user's Stack Pointer to 23COH, initial-
izes RAM variables, and if switch S3 is set to the MONITOR
RESTART position the ZBUG Monitor places the prompt symbol
"—» on the left hand display- and begins scanning the keyboard
for an entry. If switch S3 is in the PROM1 RESTART position,
the ZBUG Monitor automatically vectors the program execution
after reset to PROM1 at address 0800H, providing a means to
do a power-up restart to a user's program in PROM1. This fea-
ture can be useful if the Z80 STARTER KIT is being used in a
dedicated control application and it is desired to always re-
start to the control program in PROM1. Interrupts are dis-
abled in the Z80-CPU and a Mode O interrupt is selected upon
reset. Active interrupts in Mode 2 will normally be selected

by instructions in a user's program.

3-3 MONITOR

The purpose of the MONitor key is to suspend program
execution and to return control to that portion of ZBUG that
scans the keys for a new input or command. While RESET will
also return control to ZBUG, the MON key preserves the status

of the Z80-CPU registers and ZBUG RAM variables. The MON
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key is used in one of two basic ways: first it is used to
cancel or terminate a previous command or data entry. Depres-
sing of the MON key will terminate a partial or complete data
entry or will allow one to exit a command mode such as Port
Examine or Memory Examine. Second, the MON key has been de-
signed to produce a Non-Maskable Interrupt to the Z80-CPU when-
ever it is depressed while the Z80-CPU is executing a user’'s
program. This feature is very useful in trouble shooting;

e.g. if the processor has executed a Halt instruction or has
gone "out into the weeds" due to a faulty program, the MON key
allows the user to return to ZBUG while saving the Z80-CPU reg-
isters so that it can be determined where the Z80-CPU was exe-
cuting at the time the MON key was depressed. Whenever the

MON key is depressed the Prompt symbol "—" will be displayed

on the left hand display. Make sure this prompt symbol is dis-

played before a new mode of operation is attempted.

3-4 MEMORY EXAMINE

The MEM EXAM key is used to examine and change memory
locations. The first step in using the MEM EXAM key is to
enter four Hex digits (0 through F) representing the memory
address desired. Enter the address high digit first and it
will be registered on the address displays as it is entered.
When all four address digits have been entered, press the MEM
EXAM key and the data in that memory location will appear on
the data displays. If the MEM EXAM key is depressed before



four hex digits have been entered, no data will be displayed
and ZBUG will wait for the remaining address digit(s). De-
pressing the NEXT key will cause the memory address to incre-
ment by one and the data display will update corresponding to
the new address. At any time there are six digits showing
(four address, two data) new data can be entered into that mem-
ory address by simply entering two more hex digits. The data
display will not update until both digits have been entered
because ZBUG first writes data into the memory, then reads

it back to the data display. This is done in order to display
to the user the actual data taken by memory so that attempts
to change ROM or non-existant memory will be noticed by the
user. Continual depressing of the MEM EXAM key will re-read

and re-display the contents of the address displayed.

3-5 PORT EXAMINE

The PORT EXAM key is used to examine and change port lo-
cations. The first step in using the PORT EXAM key is to enter
two hex digits (there are 256 port addresses in the Z80 archi-
tecture) representing the port address desired. Enter the
address high digit first and it will be registered on the ad-
dress displays as it is entered. When both address digits
have been entered, press the PORT EXAM key and the data at
that port location will appear on the data displays. If the
PORT EXAM key is depressed before two address digits have been
entered, no data will be displayed and ZBUG will wait for the

remaining address digit. Depressing the NEXT key will cause
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the port address to increment by one and the data display will
update corresponding to the new address. Any time there are
four digits showing (two address, two data), new data can be
entered into that port address by simply entering two more
hex digits. Depressing the NEXT key will cause the port ad-
dress to increment by one and the data display will update
corresponding to the new address. Continual depressing of
the PORT EXAM key will re-read and re-display the contents
of the port address displayed. This can be useful with the
Z80-CTC because the down counter can be observed counting by
using this technique. The Port Examine mod€ can be aborted

at any time by depressing the MON key.

3-6 REGISTER EXAMINE

The following registers can be examined and changed by
use of the REG EXAM key: A, B, C, D, E, F, H, L, I, IFF, PC,
IX, and IY. The Stack Pointer can be examined with this key
but it cannot be changed. Depress the data key corresponding
to the register desired followed by the REG EXAM key. The
display will show the register selected and its value. The
values displayed come from the "User's Register Map" area of
RAM and are unloaded from the Z80-CPU whenever a breakpoint
is encountered, a single step is commanded, or the MON key is
depressed. To change the value shown for a register simply
enter two digits of new data (four digits for IX, IY, and PC).
IFF is the state of the Interrupt Flip Flop inside the Z80-

CPU (a value of 00 means that interrupts are disabled and a
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value of O4 means that interrupts are enabled). This mode of
operation can be aborted at any time by depressing the MON
key. Whenever an execution or a single step is commanded,

the Z80-CPU registers will be initialized with the values from
the "User's Register Map", allowing the user to modify regis-

ters before execution begins.

3-7 ALTERNATE REGISTER EXAMINE

The following registers can be examined and changed by
the use of the ALT REG EXAM key: A', B', C', D', E', F', H',
and L'. The prime mark is another designation for the alter-
nate register set. Depress the data key corresponding to the
register desired followed by the REG EXAM' key. The display
will show the register selected and its value. The values
displayed come from the "User's Register Map" area of RAM and
are unloaded from the Z80-CPU whenever a breakpoint is encoun-
tered, a single step is commanded, or the MON key is depressed.
to change the value\shown for a register simply enter two di-
gits of new data. This mode of operation can be aborted at
any time by depressing the MON key. Whenever an execution or
a single step is commanded, the Z80-CPU registers will be ini-
tialized with the values from the "User's Register Map" allow-

ing the user to modify registers before execution begins.

3-8 BREAKPOINTS
The ZBUG Monitor has the capability to set up to five

breakpoints in any user's program that is executing out of
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RAM. The method of breakpointing is to exchange the user's
Op Code with a RST8 (CFH) and to preserve the user's Op Code
in a table of breakpoint addresses and Op Codes (BPTAB). When-
ever a breakpoint is set it is entered into the table and then
a RST8 &nserted into the user's code just before execution of
the user's code. Upon encountering a breakpoint, control is
returned to ZBUG through the RST8 and all Z80-CPU registers
are preserved in the "User's Register Map". All RST8 instruc-
tions are removed and replaced by the user's Op Codes which
have been saved in BPTAB., This is done so that whenever con-
trol is transferred to ZBUG, all user code is intact and can
be examined and modified by the MEM EXAM command. Breakpoints
are set by entering the four digit address of the Op Code at
which the breakpoint is desired, followed by the BREAKPOINT
key. When setting a breakpoint at a two byte Op Code, the
address of the first byte of the Op Code must be used as the
breakpoint address. The display will show the address entered
after the BREAKPOINT key is released to indicate that the
breakpoint has been accapted. To enter another breakpoint
press the MON key to get the prompt sign, followed by a new
four digit address and then the BREAKPOINT key. Should an
attempt be made to enter more than five breakpoints, ZBUG will
notify the user by not displaying the address after the BREAK-
POINT key is released and instead will display the prompt
sign. The five breakpoints already entered are left intact.
Breakpoints can be canceled at any time in one of three

ways: First, if the breakpoint key is depressed before four
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address digits have been entered, all breakpoints will be can-
celed or removed. Thus, when the prompt sign is being dis-
played, depressing the BREAKPOINT key will clear all previous
entrys. Second, use of the SINGLE STEP key will cancel or
remove all existing breakpoints. Third, depressing the RESET
push button will cancel or remove all breakpoints. Use of the
MON key has no effect on breakpoints with the following excep-
tion: The only way the ZBUG Monitor will restore the user's
Op Codes is if it is entered through the RST8 instruction.,
Should the MON key be used to abort execution of the user's
code (because the user's code has a HALT instruction, it is
hung in a loop, or just "out in the weeds") the RST8 break-
point instructions will be left imbedded in the user's code.
The addresses of the breakpoints can be determined by examin-
ing the BPTAB table (23E4H) - the format of this table is first
breakpoint address high byte, first address low byte, first Op
Code, second address high byte, etc. The number of breakpoints

currently active is contained in BFLG (23F4H).

3-9 SINGLE STEP

The SINGLE STEP command key provides the user with the
capability to execute the program under development one in-
struction at a time - returning to the ZBUG Monitor after each
instruction for examination of registers, memory, ports, etc.
Single step can be used on programs in RAM, ROM, or EPROM be-
cause no modification of user's code is required. One channel

of the Z80-CTC is used to produce a pulse on the Non-Maskable
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interrupt input to the Z80-CPU at the beginning of the first
instruction, thereby returning the Z80-CPU to the ZBUG Monitor,
As with breakpoints, all Z80-CPU registers are preserved in
the "User's Register Map" after the one instruction has been
executed.

The instruction that will be executed is the one pointed
to by the PC in the "User's Register Map" and can be examined
or changed by using the Register Examine Mode. Depressing
the SINGLE STEP key will re-load all Z80-CPU registers from
the "User's Register Map" and execute one instruction. The
780-CPU will return to the ZBUG Monitor through 66H (NMI ad-
dress) and ZBUG will save all Z80-CPU registers in the "User's
Register Map" portion of memory. The address of the next in-
struction to be executed is displayed in the Address displays
and the current state of the Accumulator is displayed in the
Data displays. By repeatedly depressing the SINGLE STEP key,
the user can step through the program under development, view-
ing the address of the next instruction to be executed (very
useful for conditional Jumps and Calls) and the current con-
tents of the Accumulator. Other registers can be examined or
changed by depressing the MON key, followed by the appropriate
Register Examine keys. Use of the SINGLE STEP key will cancel

or remove any breakpoints inserted to date.

3-10 EXECUTE
The EXECute key allows the user to command the Z80-CPU

to begin execution of a user's program in either RAM, ROM,
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or EPROM. Two modes of operation are provided: Proceed from
the current address, or Execute from the address entered and
shown on the display. The Proceed mode uses the Program Coun-
ter saved in the "User's Register Map" as the beginning point
of execution. To use this mode simply depress the EXEC key
and execution will begin at the address displayed by the PC
key in the Register Examine mode. This mode is very useful to
resume execution (Proceed) after hitting a Breakpoint or after
using the Single Step mode. To execute from the beginning of
a program, enter the four digits of the desired starting ad-
dress followed by the EXEC key. Once execution has been
started, control will remain in the user's program until a

breakpoint is hit or until the MON abort key is used.

3-11 CASSETTE DUMP

This mode of operation is used to save volatile programs
or information in the RAM on inexpensive cassette tape using
the Kansas City Standard recording technique. Experience has
shown that this mode can be used with most recorders and audio
cassette tape on the market. Should you be buying an audio
recorder to use with this mode, a Panasonic Model No. RQ-309DS
is recommended. Radio Shack Realistic C-30 cassettes (Cat. No.
44-601A) can be used for inexpensive cassette tapes. Connect
the recorder to the Z80 STARTER KIT using an audio patch cord
(also available at Radio Shack) connecting the "AUX" connector
on the Z80 STARTER KIT to the "AUXILIARY" or "MIC" input of

the tape recorder. Once the data to be saved is in RAM, set
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up memory locations 23COH-23C3H with the starting and ending

address of the memory locations to be saved using the follow-

ing procedure:

1)

2)

3)

L)

5)

Place tape to be recorded into tape recorder and
rewind fully.

Using the Memory Examine mode, enter the starting
address of the memory locations to be saved into
23CO0H and 23C1H (high byte into 23COH and low byte
into 23C1H).

Using the Memory Examine mode, enter the address of
the last RAM location to be saved into 23C2H and
23C3H (high byte to 23C2H and low byte to 23C3H).
Make sure the prompt symbol is being displayed and
depress the CASS DUMP key, followed by turning the
recorder on in the record mode. The prompt will
disappear.

No volume adjustments are required as this is han-
dled by the AGC of the recorder. When the Dump is
completed, the prompt sign will reappear, indicating
that the Dump is complete and that the recorder can
be shut off. At least 30 seconds will be required
for a Dump - see the following for more details on

the recording format.

The format used to record data on the cassette tape ad-

heres to two standards: the Kansas City Standard for record-

ing "1's" and "0's" and the Intel Hex Format for recording
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blocks of data - both of these standards will be explained in
the following paragraphs.

The Kansas City Standard was formulated on November 7
and 8 of 1975 at a symposium held in Kansas City, Mo. by BYTE
Magazine. The purpose of this symposium was to standardize
audio cassette recording techniques among the manufacturers
of equipment being sold into the hobby market. The following
list is a summary of the Kansas City Standard (to which the
780 STARTER KIT adheres):

1) A mark (logical one) bit consists of eight cycles

at a frequency of 2400Hz.

2) A space (logigal zero) bit consists of four cycles

at a frequency of 1200Hz.

3) A recorded character consists of a space as a start

bit, seven or eight data bits, and two or more as

stop bits. (The Z80 STARTER KIT uses a seven bit
VRS L (O

Fiar 5 Te 2 nf R
L) The seven ASCII data bits are organized least sig-

ASCII data character and one stop bit.)

nificant bit first, most significant bit last.

5) There will be at least a 30 second leader and a 5
second trailer on all data blocks.

6) Data rate is 300 baud (3.33 mSec bit width).

7) The contents of a data block are not specified.
Because the Kansas City Standard does not specify the
contents of the data blocks recorded, another standard - the

Intel Hex Format - has been selected to define the organization
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of the data blocks. The following is a summary of the Intel

Hex Format:

1) Each record within a block of data starts with a

colon(:) and ends with a carriage return and line

feed.

2) A1l information is in ASCII (seven bits no parity).

_— 3) Data Record Format

Byte 1

2-3

4-5

6-7

8-9

10-

Last two bytes -

Carriage return,

L) End-of-file Record

Colon(:) delimiter

Number of binary bytes in this
record, The maximum is 16 bi-
nary bytes (32 ASCII bytes).
Most significant byte of the
start address of the data.

Least significant byte of the

.start address of the data.

ASCII zeros

Data bytes in ASCII

Checksum of all bytes except
the delimiter, carriage return,
and line feed. The checksum is
the negative of the binary sum
of all bytes in the record.

Line feed

Byte 1 Colon(:) delimiter

2-3. ASCII gzeros

L-5 ASCII zeros
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6-7 ASCII zeros
8-9 Record type 01 (ASCII 0, ASCII 1)
10-11 Checksum .

3-12 CASSETTE LOAD

This mode of operation is used to load programs or in-

formation from cassette tape to RAM using the Kansas City

Standard as the recording technique on the tape. To load a

tape simply follow these steps:

1)

2)

3)

)

5)

6)

7)

Connect the recorder to the Z80 STARTER KIT using
an audio patch cord to connect "MONITOR OUT" or
"EARPHONE" to the connector marked "EAR" on the Z80
STARTER KIT.

Turn the recorder's tone control to maximum treble
and minimum bass. Rewind the tape.

Turn the recorder's volume control to minimum volume.
Make sure the prompt is showing and depress the CASS
LOAD key - the prompt will disappear.

Increase the volume until the LOAD LED just lights
and then increase the volume control about 20% more.
The LED should stay 1lit during the load.

If the load is successful (i.e. all checksums have
been verified) ZBUG will respond with the prompt
symbol and the recorder can be shut off,

If a checksum error is detected during loading, the
address of the next block of data will be shown on

the display. All data up to the previous block of
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data had been loaded successfully. Try to load the
tape again and verify the volume and tone control
settings.

8) The LOAD IED can be used to index into several records
on the same cassette, as it will light when data is
present on the tape and go off during inter-record
gaps. This feature will allow the user to put sev-

eral programs on the same cassette tape.

3-13 EPROM PROGRAMMER

The EPROM Programmer moves data from RAM at address
2000H to a 2716/2758 five volt only EPROM in socket PROM2 (ad-
dress 1000H). To program an EPROM requires an auxiliary power
supply of +25%1 volts capable of supplying at least 30mA of
current. This power supply should be connected to the Z80
STARTER KIT at the designated spot on the left hand edge of
the board. The EPROM to be programmed should be erased and
then placed in socket PROM2 with the power turned off. Turn
on both the +5v and +25v supplies and then load the desired
data into RAM using the Memory Examine mode or the Cassette
Load mode. Make sure a prompt character is being displayed.
If it is not, depress the MON key. Enter a four digit hex
number (high digit first) representing the number of bytes to
be transferred from RAM to PROM1. Place switch S2 in the PGM
position and depress the PROM PROG key, which will cause the
display to go dark. After programming, ZBUG will respond with

one of two indications. The first and most likely indication
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is the return of the prompt character which indicates that
the EPROM has been programmed and verified to be exactly like
RAM. The second indication possible is a four digit address
of the first location in EPROM that doesn't agree with RAM
and the data in EPROM at that address. By pressing the NEXT
key, ZBUG will continue checking the EPROM against RAM and will
display the next EPROM address where the data doesn't match.
This error indication is caused by an attempt to program an
un-erased EPROM or an attempt to program a faulty EPROM. Re-
turn switch S2 to the READ position after programming is com-
pleted.

The EPROM programmer inserts Wait states of 52.5 mSec
in duration (timing pulses generated by the Z80-CTC) and will
suspend the Z80-CPU's refresh of dynamic memories during EPROM
programming. This has no effect on the Z80 STARTER KIT but is
mentioned should the user be experimenting with dynamic mem-
ories.

The top 110 bytes of RAM are used for system RAM (see
Memory Map discussion - Section 3-18) and cannot be used to
hold data to be transferred to the EPROM Programmer. Should
an advanced user desire to remove this restriction, a new EPROM
Programmer routine could be written based on ZBUG routine CCS12
(see listing in Appendix) and placed into EPROM in the PROM1
socket. By this means an advanced user of the Z80 STARTER
KIT could modify the EPROM Programmer to move data from any-
where in RAM to EPROM in the PROM2 socket. The availability

of an EPROM Programmer and inexpensive five volt only EPROMs
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allows an advanced user the capability to easily expand and

enhance ZBUG to suit a particular need. (See example 5-6.)

3-14 NEXT KEY

The NEXT key is used in conjunction with three modes of
operation: Memory Examine, Port Examine, and next EPROM Pro-
grammer error. In the Memory and Port Examine modes the NEXT
key selects the next sequential memory or port location and
automatically displays its contents. If there should be er-
rors during the programming of an EPROM, the NEXT key can be
used to step through the errors. (An error is where the con-
tents of EPROM are different from the RAM locations providing
the data - 2000H and above.) Errors during EPROM Programming
are caused by an attempt to program an EPROM which hasn't

been erased or by an attempt to program a defective EPROM.

3-15 REILATIVE OFFSET CALCULATION

One of the enhanced features of the Z80 Microprocessor
is the Relative Addressing Mode. In this mode the next ad-
dress is determined by the addition of a two's complement
offset to the current address. The Relative Jumps (JR) use
this addressing mode with a one byte Op Code followed by the
two's complement offset. When programming at the machine
level (no Assembler is used), the calculation of this offset
requires the user to do addition and subtraction in hexadeci-
mal, which can be error prone. In order to make the Relative

Addressing Mode easy to use (as it should be), an automatic
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offset calculation routine has been included in the ZBUG Mon-
itor. This routine will automatically calculate the correct
offset for Relative Addressing and place it in the proper lo-
cation in RAM. . bgi

To use this feature of ZBUG proceed as follows: First,
using the Register Examine mode, initialize HL to the address
of the Op Code at the destination of the Relative Jump (high
byte to H). Second; set DE to the address of the Relative
Op Code (high byte to D). Third, execute the Relative Offset
routine at address OOCOH using the ZBUG's Execute command.
Note the similarity between this address and the initial wvalue
of the Stack Pointer (23COH); this was done to make both ad-
dresses easier to remember. This display will contain the
offset that was calculated and placed into RAM in the low byte
of the Address display and ‘either 00 or FF in the high byte
of the Address display. Should any other value appear in the
high byte of the Address display, it is an indication that
the Relative Offset was outside the Z80's legal range and

therefore invalid.

3-16 RST INSTRUCTIONS

The Z80 instruction set has eight restart instruction
addresses and an NMI vector address. The hardware reset ad-
dress (0000H) is used as the entry point into ZBUG so that
on power-up the Z80 automatically starts executing ZBUG. The
NMI vector address (0066H) is used by the MON key's Abort func-

tion and provides a method to always gain control of the Z80
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from the keyboard. One restart address (0008H) is used to
provide the breakpoint capability and as such cannot be used.
The other six restart instruction addresses (RST16, RST24,
RST32, RST40, RST48, and RST56) are available for use. These
one byte instructions, when executed, save the program counter
on the stack and then vector to one of the following addresses:
0010H, 0018H, 0020H, 0028H, O0030H, 0038H - same order as a-
bove. Since these address locations are in the ZBUG Monitor
ROM, jumps have been placed in ZBUG to jump to specific loca-
tions in RAM where the user can place another Jump to anywhere-
desired. The following table is a summary of the mapping to

RAM of the free Restart instructions:

Instruction Op Code ZBUG ROM Address RAM address

RST O C7H 0000H _——

RST 8 CFH 0008H -———

RST 16 D7H 0010H 23CLH
RST 24 DFH 0018H 23C7H
RST 32 E7H 0020H 23CAH
RST 40 EFH 0028H 23CDH
RST 48 F7H 0030H 23DOH
RST 56 FFH 0038H 23D3H

For example, if an RST 32 (E7H) instruction is used in a pro-
gram, the Z80-CPU will first save the Program Counter and then
go to address 0020H. This address is in the ZBUG Monitor ROM

and contains a Jump instruction to RAM location 23CAH. The



user may place any one to three byte instruction desired at
this location, however, a three byte Jump would probably be

used in most cases.

3-17 CTC CHANNEL ZERO INTERRUPTS

Within a user program both the Z80-PI0O and Z80-CTC in-
terrupt vectors can be set up as desired. However, should it
be desired to use Channel zero of the CTC while the ZBUG Mon-
itor is using the other three channels (Channel 1 is used for
Cassette Dump timing, Channel 2 is used for EPROM Programmer
timing, and Channel 3 is used for Cassette Load timing) the
following provisions have been made. Since the four CTC Chan-
nel vectors are related (see Z80-CTC Technical Manual for fur-
ther details) a provision has been made in ZBUG to map the
Channel 0 interrupt into RAM where a Jump to the actual ser-
vice routine can be placed. When setup by ZBUG, the CTC's
Channel 0 will first go to a look up table at address O7F8H:
where 23D6H has been placed. 23D6H would be the address of
the first instruction to be executed after Channel 0 inter-
rupts and is in RAM so that the user can place a jump at this

address to the interrupt service routine.

3-18 MEMORY MAP - RAM USAGE

The ZBUG Monitor resides in the bottom 2K of memory (ad-
dresses 0000-07FFH) and uses the top 110 bytes of RAM. The
memory map of the Z80 STARTER KIT is shipped is defined by the

following:
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2800H 1

UNUSED

27FFH OPTIONAL RAM
-2400H 1K BYTES U16-U23
23FFH ZBUG SCRATCH RAM
AND

23C1H BREAKPOINT TABLES
23COH USER'S REGISTER MAP
23A9H

23A8H ZBUG STACK
2390H WORKING AREA
238FH RAM AVAILABLE TO USER
2000H

1FFFH UNUSED

1800H

17FFH PROM PROGRAMMER

1000H PROM2 SOCKET (U34)
OFFFH PROM1 SOCKET (U33)
0800H

07FFH ZBUG MONITOR
'0000H

The two EPROM sockets reside just above the ZBUG ROM at

0800H and 1000H.

1000H has the capability of programming EPROMs.

In addition, the EPROM socket at address

The standard

RAM memory begins at 2000H and is available to the user up to

2390H. RAM above this value is used by the ZBUG Monitor.

From address 2390H to 23A8H is the ZBUG stack working area

3-21



where return addresses of subroutine calls and interrupts are
saved as ZBUG is executed by the Z80-CPU. The User's Register
Map resides from address 23A8H to 23COH. Whenever control is
switched to the ZBUG Monitor, the state of the Z80-CPU is
saved in this area. The registers can be examined and changed
by using the REG EXAM and REG EXAM' keys. Whenever execution
is transferred from ZBUG to a user's program, register values
from this map are loaded into the CPU. From 23COH to 23FFH
are scratch RAM Variables and a breakpoint table containing

the addresses and Op Codes of active breakpoints.

3-19 ZBUG COMMAND SUMMARY

DUMP - Punch to-audio cassette in Kansas City Standard Format.
Memory block starting address at 23COH and 23C1H, ending
address at 23C2H and 23C3H.

LOAD - Load Kansas City Standard formatted audio cassette
tape to memory.

REGISTER DISPIAY - Press key for desired register and then
either REG EXAM or REG EXAM' for display of that regis-
ter on the hex display. Change the register by entering
new data.

MEMORY EXAMINE - Press keys for desired memory address (four
digits required) and then the MEM EXAM key. The memory
data will be displayed in the right hand two digits of
the display. By entering two new digits, the memory
location may be changed.

PORT EXAMINE - Enter a two digit port number followed by the
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PORT EXAM key to display the port data in the right hand
two digits of the display. By entering two new digits,
the data at that port address will be changed.

BREAKPOINT - Enter a four digit address where the breakpoint
is desired, followed by the BREAKPOINT key. Up to five
breakpoints are allowed; if the address remains on the
display after the BREAKPOINT key is pressed, then the
breakpoint was installed. If the breakpoint was not in-
stalled, the display address will clear after the BREAK-
POINT key is pressed. Clear all breakpoints by pressing
BREAKPOINT key with no digit entry or by using single
step.

SINGLE STEP - Initialize the Program Counter with a four digit
address and press the SINGLE STEP key. The instruction
at that address will be executed (after the CPU regis-
ters are restored for the register map) and the program
counter plus. the accumulator will be returned in the dis-
play. If no address is entered before the SINGLE STEP
key is pressed, the instruction pointed to by the pro-
gram counter in the register map will be executed. Re-
peated pressing of the SINGLE STEP key will single step
down a user's program.

MONITOR - Pressing this key will force a restart of the ZBUG
Monitor through an NMI interrupt and save all CPU regis-
ters. This is useful for getting the processor "out of
the weeds".

EXECUTE - Entering a four digit address followed by the EXEC
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key will cause the registers in the register map to be
loaded into the CPU. The CPU will start executing the
user's program at the entered address. If no address

is entered, the CPU will start execution at the address

pointed to be the program counter in the register map.

PROGRAM - Enter a four digit hex number to indicate the num-

NEXT

ber of bytes of memory to be moved from RAM (starting at
address 2000H) to EPROM (starting at address 1000H).
Pressing the PROM PROG key will initiate the transfer.
2716 or 2758 type EPROMs can be programmed.

- Opens next memory or port location for examination or

change.

HEX ARITHMETIC - A hexadecimal arithmetic routine allows easy

3-20

used

calculation of the relative offset required for relative
jump instructions. Load HL with the address of the Op
Code at the destination of the relative jump. Load DE
with the address of the relative Op Code. Execute hex
arithmetic routine at O00COH and the hex result will appear

in the display.

SUBROUTINES CALLABLE IN ZBUG
Several general purpose subroutines were written to be

by the different functions of ZBUG. These programs are

in the UTILITY section of the ZBUG listing in the Appendix.

Several of these subroutines are listed below; an advanced

user

of the 280 STARTER KIT can use these subroutines to sim-

plify his programming task. For the inexperienced user, these
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subroutines provide programming examples which can be analized

to learn Z80 programming.

1)

2)

3)

L)

5)

UIX3 - Calling address is 0634H. This program adds
three to the Index Register (IX) and decrements the

B register. Registers affected are IX, B, and F.
UFOR1 - Calling address is 063CH. 1IX points at two
locations in memory and A contains two Hex digits

to be written into memory (high nibble to (IX), low
nibble to (IX+1)). Registers affected are A, B,

and F.

D20MS - Calling address is O064FH. This subroutine
delays 20 mSec before returning to the caller. Reg-
isters affected are H, L, and F.

UABIN - Calling address is 06B3H. Converts one ASCII
character to its equivalent binary value. Registers
used: A and F. ASCII character is in A upon cal-
ling and binary equivalent is also in A upon return.
UBASC - Calling address is 06BBH. Converts one bi-
nary character in Accumulator to its equivalent ASCII
character in the Accumulator. Registers used are A

and F.
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SECTION 4
HARDWARE DESCRIPTION

L-1 GENERAL
Figure 4-1 is a block diagram of the Z80 STARTER KIT.
Refer to this diagram and the schematic diagram in Appendix

I during the following discussion.

L-2 CLOCK CIRCUITRY

The clock circuitry is set to run the Z80-CPU at slightly
below 2 MHz for a 500 nSec T State. This was done to insure
maximum compatibility with 8080A peripherals and to allow the
use of inexpensive memories. The clock source is a crystal
oscillator based on a 74LSO4 (U43) running at 3.9936 MHz.
This frequency was chosen because it is a multiple of both
1200/2400 Hz and the 300 Baud frequencies required for the
Kansas City Standard audio cassette interface. This frequency
is divided by two by U41 to form the 1.9968 MHz CPU clock. A
74TLS04 gate with a 330 ohm pull-up resistor is used to drive
the § inputs of all three Z80 devices.

L-3 Z80-CPU
The Z80-CPU is the "brains" behind the Z80 STARTER KIT
and provides the major control signals to scan the display
and keyboard as well as reading and writing memory. The
280-CPU generates a 16-bit address bus, an 8-bit bi-directional

data bus, and 8 control signals. These signals are all routed
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to the wire wrap area and marked so that it will be easy for
experimenters to add circuitry to the CPU bus. More infor-
mation on this device can be found in the MOSTEK or Zilog

780-CPU Technical Manual.

L-L Z80-PIO

The Z80-PIO is a generalized parallel interface for the
Z80 family. It supports fully interrupt driven software with
two sets of handshake lines and an integral interrupt con-
troller. Two 8-bit ports plus handshake lines are available
on the PIO for interfacing parallel devices. These lines are
brought to the wire wrap area for connection to custom cir-
cuitry. More information on the PIO can be found in the MOSTEK

or Zilog Z80-PIO0 Technical Manual.

L-5 2z80-CTC

The Z80-CTC is a device which contains four independent
16-bit counters which may be used to divide down the ﬁ clock,
or as an event counter. The ZBUG Monitor heavily uses the
CTC to implement Z80 STARTER KIT functions. CTC Ch, 0 is un-
used by ZBUG and is always available to the user. During ZBUG
routines other CTC channels are used as follows:

CTC Ch. 1 Audio Cassette during Dump

CTC Ch. 2 Single Step and EPROM Programmer

CTC Ch. 3 Audio Cassette during Load
See Section 3-17 for a description of how to use CTC Ch. O

while ZBUG is using the other channels., Whenever one of the
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Channel counters counts through zero, a pulse is produced on
the Zero Count Output line (ZCO). An input to each channel
is the Clock/Trigger (C/TO) which can be used to initiate
timing or as an external clock. Both of these signals for

Channel 0 are brought to the wire wrap area. More informa-

tion on the CTC can be found in the MOSTEK or Zilog Z80-CTC

Technical Manual.

4L-6 KEYBOARD AND DISPLAY

The Hexidecimal display is scanned by the Z80-CPU under
control of ZBUG. Data for the display is written to U12
(port address 88H), while the active display is selected by
U11 (port address 8CH). Each display is left on for about
1 mSec and then new data is supplied to U12 and the next di-
git selected by U11. Q1-Q7 provide high current drive capa-
bility while U4, U5, and U6 provide high current sinking ca-
pability for digit selection. While U1l is scanning the dis-
play, it also scans the keyboard. Ul3 (port address 90H) is
the keyboard input to the Z80-CPU data bus. As Ull scans the
keyboard, data is input from Ul1l3 to determine if a key is
closed. S3 (MONITOR/PROM1 RESTART) is sampled by U13 during
the Monitor Reset sequence to determine if program execution

should be directed to PROM1 or ZBUG.
L4-7 AUDIO CASSETTE INTERFACE

The Z80 STARTER KIT has a Kansas City Standard audio cas-

sette interface. The data rate is 300 Baud and a "1" is
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represented by a 2400Hz tone while a "0" is represented by a
1200Hz tone. There is a 30 second leader and a 5 second trailer
of "1"'s on all records.

During a Load from an audio cassette tape player, the
data from the player's Earphone jack is connected to J1. U7
is a combination limiting and squaring circuit to provide a
non-distorted square wave to Ul5., Data amplitude from the
player must be about 2 volts peak to peak and part of U7 is
an LED driver to indicate when correct amplitude data is be-
ing received by Ul1l5. One-half of Ul5 and Ul4 form a frequency
detector to discriminate between 1200Hz ("O") and 2400Hz
("1"). Pin 12 of U14 contains the demodulated data stream
(similar to Asynchronous data used in data communications)
and is gated onto the Z80-CPU bus by U13. The Z80-CPU and
7Z80-CTC under control of ZBUG become a software UART to re-
ceive this serial Asynchronous data and form parallel words
which are then written to memory.

During a Dump of data from RAM to the audio cassette
recorder, the CTC Channel 1 is set to generate either a 4800Hz
pulse train ("1") on CTC-ZC1l or a 2400Hz pulse train ("Oo").
These two pulse trains are divided in half to form the pro-
per square wave frequencies by one-half of Ul4. R31 and C16
filter out the high frequency components of this square wave
to prevent distortion of the data by the tape recorder. J2
is normally connected to the C16 side of R34 and then to the
Auxillary Input of the recorder. The crystal frequency of the

system clock oscillator has been selected to be a multiple of
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1200Hz (and 2400Hz) so that the CTC can generate these fre-

quencies by simply dividing down the system clock (§).

4-8 EPROM PROGRAMMER

In order to program 2758/2716 5 volt only EPROMs, correct
address and data is applied to the EPROM, the Vpp pin is
placed at +25 VDC, CS = 1, and PD/PGM is pulsed high for
50-55 mSec. This is repeated for any address that is to be
programmed. (Note: Texas Instruments has a three voltage
2Kx8 EPROM, also called the 2716, which will not work with
this kit - the EPROMs must be 5 volt only.)

The technique used in the Z80 STARTER KIT to provide the
necessary programming signals is described in the following:
A 7Z80-CPU block move instruction (ILDI) is used to move the
data from locations in RAM to the EPROM Programming Socket
(1000-17FFH). The Z80-CTC Channel 2 is set up to time out
every 26 mSec. U42 and one-half of U4l form a synchronous
counter clockea by the ZC2 output to time two outputs or 52
mSec. One-fourth of U45 decodes states of this counter to
produce the 52 mSec positive pulse required by the EPROMs.
This output is also inverted and applied to the WAIT input of
the Z80-CPU to force the CPU to hold valid data and addresses
during this 52 mSec pulse. The sequence of events to program
one location is the following:

1) Synchronous counter enabled by PGM PULSE ENABLE be-

ing set to a "1".

2) CTC Channel 2 is set to time out after 26 mSec delay.
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3) 1LDI instruction starts to write into address space
decoded by PROM2 (1000-17FFH) causing PROM2 SEL to
go low. Address and data are now valid on the PROM2
socket.

4) TPROMZ SEL going low clocks one-half of U42 which
makes PROM2 CS go high, PD/PGM goes high and Z80-
CPU WAIT goes low.

5) 280-CPU stays suspended in wait state until ZC2 times
out twice (52 mSec), causing the timing chain to ad-
vance setting PD/PGM low and WAIT high, thereby re-
leasing the Z80-CPU from the wait state. PGM PULSE

ENABIE is set low, resetting the timing chain.

Note that when using the EPROM Programmer the Z80-CPU
suspends memory refresh during this 52 mSec period, which may
affect any dynamic memory circuitry being used with the KIT.
The 21102 memory used on the KIT is static, so this method of
implementing the EPROM Programmer does not cause a problem,

Both 2758 and 2716 EPROMs can be programmed without any
hardware modifications subject to the restrictions discussed
in 3-13. This is because the 2758s available at the writing
of this manual specify that A10 should be low (i.e. they were
the lower half of a 2716 2Kx8 EPROM). Should 2758s be avail-
able with A10 specified as a "1", a jumper provision has been
provided to allow strapping the A10 pin of sockets PROM2 (U34)
and PROM1 (U33) either high, low, or to A10 of the Z80-CPU.

(See schematic.) As shipped, the KIT has the CPU's A10 wired
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to U33 and U34 so that 2716s will work. 2758s will also work

in this configuration if they require A10 tied low.

4-9 MEMORY DECODING

Memory decoding is done by U35, which is a 7415138 1 of
8 decoder. The lower 16K bytes (0000H-3FFFH) of the Z80's
address space is fully decoded into 2K byte blocks. The fol-

lowing tables specify this memory decoding.

Chip Select Memory Address Space Connected to
CsSo0 0000H-07FFH ZBUG MONITOR
oSt | ~0800H-OFFFH PROM1
cs2 \ 1000H-17FFH PPG-PROM2
CS3 ; 1800H-1FFFH UNUSED
CSE "‘:2000}1-27FFH RAM
TS5 2800H-2FFFH UNUSED
CSé 3000H-37FFH UNUSED
CS7 3800H-3FFFH UNUSED

A1l outputs of the decoder are connected through a 16-
pin hole pattern (U38) compatible with a 16-pin socket and
header allowing the user to easily modify addressing. Con-

nections to U38 are as follows:

TS0 % o8 TON SET (ZBUG MONITOR)
oST 10, ol PROWI SET (PROM1-U33)
TS2 11, oL PROMZ SEL (PROM2-U34)
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53 12, o2 MCS3 (TO WIRE WRAP AREA)
oS — L83,k RAN SET (TO RAMSs)

TS5 —19—o? WCS5

TS6 16, ot MCS6  (TO WIRE WRAP AREA)
CsS7 14, 02 MCS7

16-pin hole pattern-jumpers in pc etch

By cutting the etch on the pc board and installing a 16-

pin socket and header at U38, memory addressing can be modi-

fied; however, if changes to MON SEL, PROM2 SEL, or RAM SEL

are made, then the ZBUG Monitor will not function correctly.

MCS3, MCS5, MCS6, and MCS7 are all brought out to the wire
wrap area so that they can be used to select custom circuitry

built in the wire wrap area.

4-10 PORT DECODING

I/0 Ports are completely decoded into blocks of four by
the 1 of 8 decoder at U47. The Z80-PIO and the Z80-CTC fur-
ther decode the four address blocks into unique addresses.

The following table shows this Port address decoding:

Port Select Port Address Space Connected to
PSO 80H-83H Z80-PI0
PST 84H-87H Z80-CTC
PS2 88H-8BH SEG LATCH
PS3 8CH-8FH DIGIT LATCH
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PSL 90H-93H KB SEL
PS5 94H-97H UNUSED
~ PS6 98H-9BH UNUSED
PS7 9CH-9FH UNUSED

PS5, PSE, and PS7 are routed to the wire wrap area to be used
as I/0 decodes for custom circuitry. The following table is
a further breakout of the addresses assigned to registers with

the PIO and the CTC.

PORT ADDRESS USED BY
80H A Data Register
81H B Data Register <
>  PIO
82H A Control Register
83H B Data Register //
84H Channel 0
85H Channel 1 ‘
- CTC
86H Channel 2
87H Channel 3

4-11 SYSTEM RAM

1024 bytes of 21102-1 RAM located at U24-31 are stan-
dard with the KIT. Provision has been made to add an addi-
tional 1K bytes of RAM in locations U16-U23 with eight addi-
tional 21102-1 (500 nSec). The use of part of the standard RAM

for ZBUG scratch and stack is detailed in Section 3-18. Data
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from the RAM is gated onto the Z80-CPU bus using a 74LS244
Hex buffer (U48).

4-12 SINGLE STEP LOGIC

The Z80 STARTER KIT has a "hardware single step" which
means that the Single Step command operates on programs loca-
ted either in RAM or EPROM/ROM. Channel 2 of the CTC is used
to produce a pulse at the beginning of the first user's in-
struction after Single Step is commanded. This pulse (ZC2)
is routed through gates U44 and U45 to the Non-Maskable Inter-
rupt (NMI) input of Z80-CPU. The NMI input is always recog-
nized at the end of the current instruction, and vectors the
CPU to address 66H, which is in the ZBUG Monitor. ZBUG pre-
serves all CPU registers and displays the current program

.counter location and Accumulator contents on the display.

4-13 PROM1 RESTART

When a RESET is applied to the Z80-CPU, the ZBUG Monitor
checks the position of S3. If S3 is set to MONITOR RESTART,
then ZBUG will place the prompt symbol on the display and scan
the keyboard for a command. If S3 is in the PROM1 RESTART
position, then the ZBUG Monitor automatically vectors the pro-
gram execution after Reset to PROM1 at address 0800H. This
feature provides a means to Restart to a user's program with-

out having to enter commands through the keyboard.
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L4-14 INTERRUPT DAISY CHAIN

A1l 780 family peripheral devices have built-in interrupt
control circultry, so that no dedicated interrupt controller
is required. Priority of interrupts is determined by a daisy
chain running between Z80 peripheral devices (IEI-input, IEO-
output). On the Z80 STARTER KIT the CTC has been given high-
est priority, with the PIO next in line. The output of the
daisy chain is brought to the wire wrap area (marked IEO) and
can be used to continue the daisy chain should additional Z80
peripherals be added. Refer to Z80 Technical Manuals for ad-

ditional information on the daisy chain interrupt structure.

L-15 S-100 BUS INTERFACE

Provision has been made on the KIT to add two 100 pin
connectors,' which have been pre-wired to a S-100 configura-
tion. This interface is compatible with general static mem-
ory or I/0 expansion cards. Specifically this interface is
directly compatible with the S.D. Systems' 4K byte Static RAM
cards, but not with the EXPANDORAM modules. Interface with
modules that require specific 8080A signals such as SYNC,
INTA, DBIN, POC, PWR, and PRD may require addition of some
logic to the wire wrap area and/or the wiring of additional
signals to the S-100 connectors. Refer to the KIT schematic
for the exact connections to these S-100 connectors. Power
(+8v, T18v) can be connected to the S-100 connectors via the

appropriate pads at the top of the KIT.
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4-16 WIRE WRAP AREA

The wire wrap area has room for about 25-30 additional
IC's for experimentation, memory expansion, video interface,
etc. Power and ground are alternated on the bottom side so
that each IC is close to a low impedance power source and
ground, thereby reducing noise problems in user's circuitry.
Z80-CPU, PIO, and decoded system signals have been placed
near the wire wrap area so that by installing wire wrap pins
in the holes provided, it will be easy to connect user's cir-

cuitry to the Z80 bus signals.



SECTION 5

EXAMPLE PROGRAMS

5-1 TUSING ZBUG COMMANDS

In the examples that follow, all user's key entries are

underlined, while ZBUG responses are not underlined.

ZBUG

Commands will be used to execute the following program:

2000
2002

3E AA
06 BB

2004 76

ORG 2000H
LD A,O0AAH
ID B,0BBH

HALT

Display/Keyboard

Z2 0

..2000

MEM EXAM

2000

2000
2001
2002
2003
2004

XX

XX 3E

XX 25

XX 06
XX BB
XX 76

=
=
P
3

|

g

|

<

z

&
]
=]
=
=2

sload A with AA
sload B with BB
;s Z80-CPU HALT

Explanation

Turn on Z80 STARTER KIT, press
RESET - S1

Open location 2000 with MEM
EXAM key - location has

random value XX.

Enter program using NEXT key
to advance to next memory

location.



- A REG EXAM Examine register A's contents

A XX MON which are undefined.
- B REG _EXAM Examine register B's contents
b XX MON which are undefined.

- 2002 BREAKPOINT MON Set Breakpoint at location 2002,

- 2000 EXEC:.— Execute program starting at

address 2000,

2002 AA ° ZBUG responds with address of
next instruction and value
of Accumulator - Note ef-

fect of first instruction.

2002 AA SINGILE STEP Command execution of one in-

struction at 2002.

2004 AA MON Next instruction is at 2004,
cancel Single Step Mode
with MON.

- B REG EXAN

b Db MON Examine B register, it now con-
tains bb due to execution
of second instruction.
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- PC REG EXAM

1 2D o4 MON

- 2000 EXEC

Display dark MON

- 1 REG EXAM
1 2005 MON

Cancel Register Examine

Mode with MON.

Examine current Program Counter

value.

PC is at 2004 which is the HALT
instruction. Cancel mode

with MON,.

Start from beginning of program

and execute.

Program runs down to HALT instruc-
tion - Z80-CPU is not in
ZBUG Monitor, so display is
dark. The one breakpoint
was removed by the Single
Step operation. Press MON
key to abort user's program

and regain control.

Look at PC, it is now pointing
to the instruction after the
HALT which is outside the

program, Cancel mode.
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5-2 CALCULATING RELATIVE ADDRESS
The following program requires the calculation of a Rel-

ative Address (2's complement Hexadecimal subtraction).

ORG 2000H
2000 3E 00 ID A,O00H
2002 06 05 1D B,05H

2004 3C LOOP: INC A

2005 10 DJNZ LOOP-$
2007 76 HALT
- 2000 MEM EXAM Enter the program.

2000 XX 3E__NEXT
2001 XX 00 _NEXT

2002 XX 06 NEXT
2003 XX 05 NEXT
2004 XX 3C_NEXT
2005 XX 10 NEXT
2006 XX NEXT Do not enter 2006 as this is
2007 XX 76 _MON the Relative Offset to

be calculated.

- H REG EXAM

7 XX 20 MON Destination Op Code is at
2004 which is loaded
into HL.

- L REG _EXAM

8 XX 04 MON
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- D REG EXAM Relative Op Code (DJNZ) is
d XX 20 MON at 2005 which is loaded

into DE.

E XX 05 MON

- 00CO EXEC Execute Relative address
calculation program at

OOCOH.

FF P4 MON FF indicates a valid offset
and Fd is the offset

value.
- 2006 MEM EXAM Examine 2006 to see if offset
2006 Fd MON got placed into memory -

it did! Cancel with MON,

- 1 REG EXAM Set Program Counter to begin-
1 XXXX 2000 MON ning of program.
- SINGLE STEP Single Step down program,

2002 00 SINGLE STEP

2004 00 SINGLE STEP

2005 01 SINGLE STEP First INC A

2004 01 SINGLE STEP Loop back
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2005 02 SINGLE STEP

2004 02 STEP

03
03
o
o4
05
REG EXAM

SINGLE

2005 SINGLE STEP

2004 SINGLE STEP

2005 SINGLE STEP

2004 SINGLE STEP

2005 SINGILE STEP MON

B

b 01 MON

SINGLE STEP
05

2007 MON

Second INC A
Loop back
Third INC A
Loop back
Fourth INC A
Loop back
Fifth INC A

B has been decremented down
to 1.

Decrement B and Jump if not
zero - B 1s now zero so
we fell through to next
instruction at 2007.

ZBUG waits for new command.



5-3 WRITING TO THE DISPIAY
The following program causes the character "8" to move

from right to left across the display.

o

| s Y

\>—=% 2000 3E 00 1D A,00H
2002 D3 88 - OUT  (88H),A ;ACTIVATE ALL SEGMENTS
2004 3E 01 = ID  A,O1H

— 2006 ‘D3 8C LOOP: OUT  (8CH),A  ;SELECT FIRST DIGIT
2008 CD UF 06 CALL D20MS
200B CD 4F 06 CALL D20MS
200E CD 4F 06 CALL D20oMS  ¢—
2011 CD 4F 06 CALL D20MS
2014 CD 4F 06 CALL D20MS ; DELAY APPROX 100MS
zf%%ié or /§éEAH yROTATE TO NEXT DIGIT

2018 18 EC JR  100P-$  ;LOOP BACK -

Enter the program and Execute address 2000, Use MON
key to return to ZBUG. This is not a good program to Single
Step through, as the Single Step routines use the display which

.destroys the "8" character loaded in the first two instructions.

5-4 INTERRUPT DRIVEN DELAY

The following program uses Channel zero of the Z80-CTC
to interrupt after a fixed delay, rather than the software
timing loop (D20MS) used in the previous example. This pro-
gram uses the Z80 Mode 2 interrupts in which the interrupting

device sends in a vector during the Interrupt Acknowledge
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cycle.

The vector is used with the CPU's I register to form

a pointer to a table which contains the address of the inter-

rupt service routine. Refer to the Z80-CPU and the Z80-CTC

Technical Manuals for a complete description of Z80 interrupts.

rectly.

1)

2)

Follow these steps to test the program:

L
Load PC with 2000 and Single Step Down the program.
Stop when you get to address 2200 (the interrupt ser-
vice routine).
Single Step a few more times and notice that the Ac-
cunulator is rotated left every time address 2201

is executed (remember the address display is the NEXT

._f

3)

)

5)

‘instruction to be executed).

Stop Single Stepping with address 2201 showing. Hit
the MON key and look at the Stack Pointer. (SP fol-
lowed by REG EXAM.) It is at 22FE decremented two
from the initial value of 2300. Check the contents
of 22FE and 22FF, where you will find 18 and.20, which
is the retﬁrn address.

Hit MON and then Single Step until 2018 shows on the
display. Now look at the Stack Pointer again - it
is now 2300, as we have executed the RET1 instruc-
tion and recovered the return address address from
the stack.

Set a BREAKPOINT at 2200 and Execute froem 2000.
Continually hit the EXEC key and note that the
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Accumulator is rotated left once each time the break-

point is encountered. Reset using S1 to clear CTC.

s INTERRUPT DRIVEN DELAY

2000 3E 21
2602 ED 47
2004 31 00 23
2007 3E 00
2009 D3 84
200B 3E A5
200D D3 84

200F 3E FF
2011 D3 84
2013 3E 01
2015 ED 5E
2017 FB

2018 76

2019 C3 17 20

ORG
ID
LD
LD

LD

LOOP:

LD
LD
ouT

1D
ouT
1D
IM
EI

‘HALT

JP

2000H

A,21H

I,A ;INITIALIZE I=21

SP,2300H ;INITIALIZE STACK POINTER

A,O00H

(84H),A ;CTC VECTOR

A,¥A5H

(84H) ,A ;CONFIGURE CTC-SEE PAGE 26
;OF MICRO REFERENCE MANUAL

A,RFFH

(84H) ,A

A,01H

2

LOOP

;s TABLE OF INTERRUPT SERVICE ROUTINES

2100 00 22

s INTERRUPT SERVICE ROUTINE

2200 FB
2201 07
2202 ED 4D

ET
RLCA
RETI

jENABLE INTERRUPTS

;s ROTATE ACCUMULATOR

;sRETURN FROM INTERRUPT CLEAR
;CTC
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5-5 GENERATE AN INTERRUPT FROM THE PIO

Place a 10K ohm pull-up resistor from ASTRB (marked near
wire wrap area) to +5 volts. Enter the following program that
initializes the PIO to accept an interrupt on the A Port. Set
a BREAKPOINT at 2200 and Execute from 2000. The display will
go dark as the Z80-CPU has executed the HALT instruction.
Take a clip lead and momentarily touch ASTRB to GND, which
will cause a PIO interrupt and the breakpoint should be dis-
played. For more details on the Z80-PIO operation, see the
MOSTEK or Zilog PIO Technical Manual.

; PIO INTERRUPT TEST
2000 3E 21 ID A,21H
2002 ED 47 1D I,A JINITIALIZE I (/Vehk & Beb
2004 3E 00 1D A,00
2006 D3 82  OUT (82H),A ;VECTOR /Jw/:=< itiis
2008 3E 4F ID A,M4FH ;SET UP PIO FOR INPUT
200A D3 82 OUT (82H),A ;MODE - SEE PAGE 25 OF MI-
200C 3E 87 1D A,87H ;CRO REF MANUAL MODE TWO
200E D3 82 OUT (82H),A ;INTERRUPTS
2010 ED 58 IM 2
2012 FB EI

2013 76 HALT

s INTERRUPT SERVICE ROUTINE TABLE
2100 00 22
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; INTERRUPT SERVICE ROUTINE
2200 FB ET

2201 ED 4D RETI ;s RETURN AND CLEAR PIO

5-6 USING THE 780 STARTER KIT AS AN EPROM PROGRAMMER

Due to limitations in the memory allotted for the ZBUG
Monitor, (it had to fit in a 2K byte ROM) some restrictions
were placed on the operation of the EPROM programmer. These
restrictions are fully documented in Section 3-13 and should
not hinder the average user of the Z80 STARTER KIT.

Should a user desire to program the entire contents of
a 2758 (1024 bytes) or a 2716 (2048 bytes) EPROM, the above
mentioned restrictions need to be removed. The following two
example programs give the user the capability of copying any
block of memory to any other block of memory, plus allowing
any RAM location to be the source of data for the EPROM pro-
grammer. These programs can be'put on cassette tape to be
loaded into RAM when needed, or they can be put into EPROM
in the PROM1 socket for on-line use.

The first program is a copy utility based on the Z80
block move instruction. It can be used to copy a block of
data from any memory location (source data) to any new mem-
ory location (destination data). It can also be used to copy
the data from an EPROM in either socket PROM1 or PROM2 into
RAM for minor modification before re-programming. To use the
following program initialize the Z80 registers using the REG

EXAM key as follows:
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HL = Address of source data - high byte in H
DE = Address of destination data - high byte in D
BC = Number of bytes to be transferred from source to

destination - high byte in B

Execute the following program to move the data:
;COPY UTILITY
2050 ED BO LDIR ; BLOCK MOVE
2052 C3 AE 00 JP RESTR1 ;RETURN TO ZBUG

The second program modifies the ZBUG PROM Programmer to
allow source data to come from any memory location. This fea-
ture allows the user to use the standard RAM, add-on RAM, or
another EPROM as the source of data for the EPROM being pro-
grammed. (This last transfer would be used for copying EPROMs.)

To use this program press Reset (S1) first, then initialize

23COH, 23C1H, 23C2H, 23C3H, and HL as follows:

23COH - High byte of the address of source data to be pro-
grammed,

23C1H - Low byte of the address of the source data to be
programmed.

23C2H - High byte of the address of the first byte in PROM
to be programmed.

23C3H - Low byte of the address of the first byte in PROM

to be programmed.
HL - Number of bytes to be programmed in hex (high byte
in H). Use REG EXAM mode to initialize HL.
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Because the 2758/2716 EPROMs can be programmed a block

or section at a time, the capability is provided by the ini-

tialization of 23C2H and 23C3H to start the programming at

any address in the EPROM,

This feature can be used to pro-

gram a full 2K byte EPROM with less than 1K of RAM in the

standard kit by programming the EPROM a section at a time.

2000
2002
2005
2006
2007
2008
200B
200C
200F
2010
2013
2014
2017
2018
201A
201C
201E
201%

3E
32
E5
c1
E5
3A
67
3A
6F
3A
57
3A
5F
3E
D3
3E
D3
3E

01
DA

Cco

C1

c2

C3

25

86

CB

86
80

23

23

23

23

23

; PROGRAM TO MOVE ANY RAM BLOCK TO ANY

; STARTING ADDRESS IN EPROM

Cilz2:

C12A;

ID A,O01H

LD (PRFLG) ,A
PUSH HL

POP BC

PUSH HL

LD A,(23COH)
ID H,A

LD A,(23C1H)
ID L,A

LD A, (23C2H)
LD D,A

ID A,(23C3H)
1D E,A

1D A,25H
OUT (86H),A
ID A,203D
OUT (86H),A
ID A,80H

5-13

s SET PROM PROG FLG
;BYTE COUNT IN HL
;SAVE IT

; SOURCE DATA

; DESTINATION DATA

;CTC FOR 26 MS
;ZC/TO, NO INTR

; TIME CONST
; CLEAR DISPLAY, SET



2022
2024
2026
2028
202A
202C
202E
2031
2032
2035
2036
2039
203A
203D
203E
2041
2042

D3
ED
3E
D3
3E
D3
EA
c1
3A
67
3A
6F
3A
57
3A
5F
C3

8C
A0
00
8C
03

86

18

Cco

C1

c2

C3

o4

20

23

23

23

23

06

ouT
LDI
LD
ouT
LD
ouT
JP
POP
LD
LD
LD
LD
LD
LD
D
LD
JP

(DIGLH),A ;PROM PROG EN = 1
;WAIT STATE INSERTED

A,00H ;UNTIL CTC TIMES TWICE

(DIGIH),A ;CLEAR PROM PROG EN

A,O03H ;RESET CTC2
(86),A

PE,C12A  ;LOOP BACK IF BC-1 NE O
BC ;RESTORE BYTE COUNT

A, (23COH)

H,A

A,(23C1H) ;SOURCE DATA
L,A

A,(23C2H)

D,A

A,(23C3H) ;DEST DATA
E,A

CCS12B ;USE ROM CODE

5-14
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BILL OF MATERIALS

Title: PL No. Rev.

780 STARTER KIT 0100080 A
Date Released: Approved:

July 14, 1978 Sheet 4 ot 3
item| qQty | SD-P/N Description Unit Cost Extension
1 |1 7010318| MK3880 Z80-CPU
2 |1 7010319| MK3881 Z80-PIO
3 1 7010320| MK3882 Z80-CTC
L |8 7010340[ 21L02-1 500 NSEC RAM
5 |1 7010350| 8316 E ROM-ZBUG
6 |2 7010219| 7415138 DECODER
7 |3 7010181| 74LS32 QUAD OR GATE
8 |2 7010164| 741.S04 QUAD BUFFER
9 |1 7010166| 741LS08 QUAD AND GATE
10 | 2 7010264| 741S244 OCTAL BUFFER
11 |2 7010276| 741S273 OCTAL LATCH
12 | 2 7010195| 74LS74 DUAL LATCH
13 |1 7010162| 741S02 QUAD NOR GATE
14 |3 7010342| 75452P PERIPHERAL DRIVER
15 |1 7010351 MC14538BCP CMOS MONOSTABLE
16 |1 7010352} MC14013BCP CMOS LATCH
17 |1 7160004 IM339 QUAD COMPARITOR (MIM339P)

18 | 3 7180001| DL728 DUAL DISPIAY

19 |7 7040009| AST2907 PNP TRANSISTOR (MPS2907)

20 |1 7080004| 3.9936 MHZ PARALLEL RESONANT CRYSTAL
21 |1 7180002| LED

22 | 7 7020089| &.7K OHM CARBON COMP RESISTOR %W 15%
23 |29 |7020097| 10K OHM CARBON COMP RESISTOR W ¥5%
24 |7 7020045| 68 OHM CARBON COMP RESISTOR iW 5%



BILL OF MATERIALS

Title: PL No. Rev.
780 STARTER KIT 0100080 A
Date Released: Approved:

July 14, 1978 Sheet 2 of 3
item| qty | sD-P/N Description Unit Cost Extension
25| 7 |7020073| 1K OHM CARBON COMP RESISTOR W 5%

26 | 2 |7020137| 470K OHM CARBON COMP RESISTOR W T5%
27 | 1 |7020129| 220K OHM CARBON COMP RESISTOR W 5%
28 | 3 |7020121| 100K OHM CARBON COMP RESISTOR W 15%
29 | 2 |7020061| 330 OHM CARBON COMP RESISTOR iW *5%
30 | 1 |7020113| 47K OHM CARBON COMP RESISTOR iW 5%
31| 19 [7030007| .1 UF CERAMIC CAPACITOR 120% ‘
32 | 1 |7030019|1 UF 10V TANTALUM CAPACITOR 120%

33| 1 [7030009|10 UF 10V TANTALUM CAPACITOR +20%

34 7030012| .0047 UF CERAMIC CAPACITOR +20%

35 | 1 |7030021| 10 PF DIPPED MICA CAPACITOR 2%

36 | 1 |7030008| .01 UF CERAMIC CAPACITOR 120%

37 | 2 [7030013|620 PF DIPPED MICA CAPACITOR 12%

38 | 1 |7030014|.047 UF CERAMIC CAPACITOR +20%

39 | 1 |7050004|PUSH BUTTON-CONTROL SWITCH B8600

40 | 2 |7050005|TOGGLE SWITCH-CONTROL SWITCH T8201
1 | 25 frosoood PG TR 05 o

42 | 28 [7050007|KEYTOPS - DURALITH LEGENDS

43 | 1 |70o000OO4|12" x 12" PWB

4 | 1 |17140020|0PERATIONS MANUAL

45 | 1 |7140019|MOSTEK Z80 MICRO-REF MANUAL MK78516
46 | 2 |7090001|AUDIO JACKS SWITCHCRAFT 142A

v7 | 15 |7130011|NYLON SPACER-H H SMITH 4059 (3/4" MIN)
48 | 15 [7130010|4-40 x 1" STEEL SCREW




BIiLL OF MATERIALS

PL No. Rev.
Z80 STARTER KIT 0100080 A
Released: Approved:
July 14, 1978 Sheet 5 of 3
Qty SD-P/N Description Unit Cost Extension

1 |7180003| RED PLASTIC IENS (3 1/2" x 7/8")

14 |7130012| 2-56 NYLON NUT

3 7060001| 8 PIN SOCKET

12 [7060002| 14 PIN SOCKET

11 7060003 16 PIN SOCKET

7060005/ 20 PIN SOCKET

7060007| 24 PIN SOCKET

7060009 40 PIN SOCKET

N
3
1  |7060008|28 PIN SOCKET
2
3

7060004| 18 PIN SOCKET (600 MIL SPACING)

2 7040001| IN4148 DIODE

1 7010005| 7404 QUAD BUFFER
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OOVE
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NISLIF
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L A N
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O6F7
32
070
OORE
23CA
07AL
Q6R3
065

FLGZ
KYTIRL
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REGTR
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UFOR
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R
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RESTR
ALK

0000

“ 0000
0003

<000
<000
< OOOL
7 O00E:

“0010
“00132
“001S
0016

0018
0013
“O01
‘001D
“O01E

)
O IFECT

RLCQEE
C3TEOD”

EN73FEFF
FS
]
1203

e 273
C3FFFF
ELs7
F3
1803

¢l 3
C3FFFF
ns
ES
F&
1803

1978 MICRO

5T #

000
0003
0004
OO0
OOOA
QOO7
OOOE
OO0
0010
0011
0012
0013
0014
001%
0016
0017
O01E
001w
QOZ0
00ZF1
00Fz
0023
0024
QOFS
0024
O0F7
OOZE
QOF7
OO0

OO
0024
0027
0033
(81003
0040
0041
004z
00473
0044
0045
0044
0047
0042
0049
OO%50
0051
0057
O0O%53
0054
QOS5
OO56
QO57
005E
005y

DESTGN COMCERTS
SOURCE STATEMEM

MAME

P RET, MMI AN R

s VERSION 1, 7
FaECT
GLOEAL
GLORAL
R ] =TATI
LUHEAL
GLOERAL
SLCRALL.
GLOEAL.
GLOBAL
GLOBRAL
GLOEAL.
GLOEAL.
GLOEBAL.
GLOEBAL
(EIN] ETATIR
GLOBRAL.
GLOEAL.
GLLORAL
(BN ]ETATH
GLOERAL.
GLORAL.
GL.OERAL
GLOBRAL
GL.OEAL
GLOEAL
ORG

MOSTER FLE-30 fSSEMBLER VZ O PAGE 0001

T DATASET = [IKO: RESTR | SRC
RESTR
ROUTIMES

SO1ROTE

FeEL.
[ISMEM4
JISMEM1
I SUP
UIF
WIXE
STRET
FET16
RETZ4
RE T3z
RET40
RETAS
RETSA
DSMEMS:
DSMEMZ
LVISMEM
DSMEME:
UFGER
LFOR1
NMIS
LEGRS
RESTAR
REMIZF
RESTR
KFLG
OOO0OH

; EFERESTART TNSTRUICIOM HANDLER®##4

o #EERERESET ENTRY POINT — RETO ###4#

P EERRETO IS5 RESERVED FOR HESET AN KSTS 15 RESERVED
; FOR HFREAKFOINTS AL OTHER RST S ARE MAFFELD
TOLOCATIONS IN RAM WHERE THE LSER CAN INSERT

A OJUME T THE SERVICE ROUTIME IN RAM FOR

RET 2, 16, 24, 3%, 48, AND Sea, THE USER“S REGISTERS
ARE =TACKELD UPON BREAKFOINT ENTRY AND ALL
FREAKFOINTS ARF FEMOVED FROM THE LSER"S PROGRAM.
poEERRRESET FUSHRUTTOM ENTRY FOINT - RETO

e tee e %ae tes

~

.0
P
;o EEEFEBREAEFOINT
RG
L0
FLISH
FLISH
JR
i #EEEUISER ENTRY
IF
RPENTZ: LI
oI
JR
j wEHEELISER ENTRY
M
PUSH
FiisH
PLISH
JR

EFENT :

BPENTS:

SF, EZ300H
RESTAR  FINISH INITALIZATION
ENTRY - R3T2

OOO=H i START RESTART TARLE
(STEFT), 5P i SAVE USER"Z SP
AF i STACK USER REGISTERS
(5]
BFENTZ--%
- RET1A
R=T14
Al

i MAF INTO RAM
;T OINTO @, TEF INTO F
BPENT3-%
- R&TZ4
RETZ4

LE

HL.

AF

BFENT 4~%

II-3



RESTR
ALTIR

“O020
“OOZH
“ 0024
“OOZE
“O0ZE

c 002
“OOZR
“OOZL:
Q0L
“OOZE

“ OO:E0
< OORS
“ QO3
0036

“O04%
‘0047
004
T 0041
T 0050
“ 0051
TOOEE
“O0%A
“O0O5Y
TOOEE
TOOSE
“0061
“00L4
TO0LA
TOOLY

“OOLLE

 OOLE
0070
“OO7
SO0
0075
“OO7Y
“OO7C

“OO7E
“OOEY
< OO
“OOSE
“O0EY
<0026
“ OO

() 1978
ORJECT

03D

FDES

Inizs
N Rpec

AU 24300

JBL7EFE
127
OO
NN T o
L3S FE
AW R4
Ea0s s
HAFFFE
CLEFEE
1203
3FFE

ZE1

MA7EOZ

FEC
20/
LaEO]
LLAEDD
2
LCURFFF
FOEL

LG EFEE
FALROO
Sk

De
CIEFEE
Lo

] W

MICRO
ST #

O0DAD
0061
OOLE
0043
0064
O0A%S
O0LA
OOA7
Q062
OOAY
0O70
0073

007
on74
QO7%
QO76
0077
QO7E
QO
QOE0
001
QOSZ
QO
QOO=4
QOES
0036
(e181oW]
QO
OORY
OO0
OOl
QO
003
QOv4
OO
OO0 e
OOW7
0093
OOV
0100
0101
010
01054
0104
0H10%
0104
0107
010
010%
0110
o111
0117
011z
0114
O11%
OliA
0117

DESTGN CONCERTS
SOURCE STATEMENT

MISTEE FLP=-20 ASSEMBLER Vi O PAGE
DATASET = DEKO: RESTR . SRC

000z

o EREERUSER ENTRY — RETZZ

JE
EX
EXX
FLIaH
AR

LEPENT4:

R5T32

AF, AF T 5 GET ALT REGS

Ak
BFENTS~%

P SER ENTRY - RST40

AF
FUSH
PLISH
FLISH
IR

EHENTS:

Z o ##uRlESER ENTRY

I
FLISH
N
JR

; wEEELISER ENTRY
JP
FLSH
L
LT
L1
INC
I
LI
1.1
(IR
JR
L
DEC
(Y
ANL
Lo
ALl
JF
JE

ERENT&:

BRFENTT:

RHE N

RET40
[E1
Dk
HL.
BFENT&—%
- RET4E
RET 45
IX

P SAVE A RYTE
BPENT7--%
— RE156A
RETS6A
1Y
A, 03H
(CCTCE), A
IX: CETKFT)
IX
X
CSTRET), IX
A, (IX=3)
A P SET
NZ, BPENT &%
(IX-1)

i DISABLE EYRL
i GET LISERS

INTR

S

i TEST PG
STATWS

LOW EBEYTE

;i DEC HIGH BYTE
CIX=-3) P LEC LOW BYTE
B, (IX~12) i IFF ON STACK

4 s MASE QU IFF
(UIF). A ; SAVE FOR LATEKR
LIFORS ALK AN BRFLG
BFMTSA~%

MMIZ

P GET TA

BENTZA UK 2 REMBFZ-% P N BRPTS FO DISFLAY REGS
j wdesEERREAERFOINT REMOVAL #3234 33 54043

i REMOVE BREAEFOINTS WHILE IN ZBLUG. THEY
A EXECUTE OR PROCEED COMMAND.

REMER: 1.1 A CLX+E) P GET
FUHRECEK FOR MUY T-DEF IMED PREARFOINTG

WIlLL BE RESTORED ON

CF CORE 10 KESTORE

L
R
.1
Lo
L
Call
JR
P DIsFLAY P
REMERY: LD
L1
Ll
L1
T
TN
TN

REMBEFO:

FEMIZFT

AN

OUFH

2, REMBEF] —-%
Lo, (1X+1)
Hs ¢ 1X+0)

PBHANCH IF MULT I-DEF INED

s GET AR OF BF
(HLL) . & 5 RESTORE OF CODE

Hixs P GET MEXT POSITION AND DEC It
MZ. REMIZF—% ;GO AGALN

S

13X, LEMEM
HL, (53TERT)
HI..

e (HL)
UFRY
1X

1X

II-4

i POINT
; POINT

O D1IEMEM
T STACK

P SETT PCH

P WRITE T DISMEM



RESTH  (C) 1978 MICRG DESTGM COMCERTS
AR ORAECT ST # SOURCE STRATREMEMI

“OORE 21 0118 X~ Hi..
COORF TE 0119 L.

CO0F0 CHEE007 0120 ALl
“OOPI O LM X
OOV 01432 TN X
“OOVY 0143 R~ HI-
OO 0124 l..Ly

SO0 UEFFFE 016 i o
“OOWE 0125 RESTAR: 10
TOOAS 015w (I
“OOMAE  EE 0130 LI
“O0aE BMFRFF 0131 (K
TOO0OAl FEEFOOC 01 1.1
“O0AE CLFFFEF O133 RESTRL: AL
OO0k E3k11 0134 |1
TOORE HEB80007 0135 L
“OOE 0136 |1
7 OORE
C T O0RE
“OORE
“OOCO
“OOE

< OO0

0139 IR
0140 SR
0141 KEZTRZ: LD
: 0145 L
DCE 3UFFFF 01473 L1
TO0OCE LEYO 0144 N
TOOCLE CE6F 01453 LT A
SOOCE X900 0144
OO LE000R 0147 I

{

” 0150 5 HL = ALURESS

_ ¢ 0151 5 DE = ADNRES:

S C0onE 13 0157 RESTRE: INC LIE
“OOD6 L% 0155 FUSH LIE:
“OO07  DDE1L 01%4 Rk X
OO 13 0155 LML L
“OODB 7D 01564 L1 AL
“OOLNE w3 0157 L3 E
OO &F 0155 LIt L, A

CCOODL L7700 0159 Lby
CCOOED 70 0140 LI A H
[CO0OEL WA 0161 S A, I
VCOOER  DDE1B4007 O16% Ly

TU00ESA  CRVAODT 0147 CALL
OOEY L LECOOC 0144 L
COOEL 71 0168 L AL
CO0EE CDE700C 0166 AL,
CCOOF 1 CRER00 - 0147 WJE
“moome (400 0168 CTOZ:  EQU BaH

=000 0169 KBSEL:  E6 SOH

0170 ENLI

ERRUIRES=0000

II-5

Ao (HL)
UFOR1

: A (HL)
“OOwE L1007 0135 [T LFOR]
1sUE
Q127 ; #eeaEasdt INISH FESTART
CSTERT),
S, Z3AZH
A OOH
EFLG) S A
CILE) , A
LIFGOR

A, 11H
(LISMEM), A
A, 10H
(IIEMEML), A
(UEMEMZ), A
RESTHRZ—%
RESTR3-%
(LSMEMZ), A
CPsMEM4) , A
(LE=MEMS ), A
A CEEHEEL)

E MZ, DLSLF
0B0O0H

(IX+0), A

LFORY
LIsur

MOSTEE FLP=-20 ASSEMBLER VE O PAGE 0003

LATASET = DEO: RESTR . SR

P GET PO
PWRITE TO DISMEM

i GET A
PWRITE 1O DISMEM
i 30 DISFLAY
ROLVT T INE # 3 46 30 35 6 46 3 $6 40 3648
=1 P INIT =sP
s INLT 5P (ZRUGS)

i CLEAR BFLG

P CLEAR INTR BIT
i LR FLAGS
i FROMFT CHARALTER

B CHARACTER

P RELATIVE OFFSET CALCULATI

i SENSE SWITCH
FBRIT OTEST

S T 2
i RESTART 10 FROM

'%ﬁh” 014z G RELATIVE OFFSET CALCULATION ROUTIME-AUTOMATICALLY CALCULA
WV 014% ; RELATIVE OFFSET AND FLACES IT IN MEMORY AND ON THE DISPLA
N O OFCODE AT DESTINATION OF RELATIVE JUMF

. = O THE INSTRUCTION WHICH HAS THE OFFSET

s FOINT TO OFFSET

i SAVE LIISFLACEMEMT ALDRESS
s POLINT TO NEXT OPCOLDE
FGET LOW RYTE
P RUETRACT
i3 SAVE OFFSET
i CHANGE MEMORY
s GET HIGH BYTE
i SUETRACT

1X, L1=MEM
LIFOKL
1X, IvsMEMZE

s WRITE OVERRANGE TO DISFLAY

s WRITE OFFSET TO DISFLAY
3 GO DISFLAY

3 SBCPROM PGM

i MONTTOR/ZPROML SENSING



DISUF  (C) 1978 MICRO DESIGN CONCERTS MOSTER FLF-30 ASSEMBLER VZ 0 PAGE 0001
ADDKR e JECt 5T # S0URCE STATEMENT DATASET = I¥KO: DISUF | SRC

OO0 MAME. DI=e
0003 5 BISPFLAY LIPLATE ROUTINE
0004 ; VERSION O, 2 371375782
0005 FSECT REI.
OO0A GLORAL  DISMEM
0007 GLOBAL.  SEGPT
O00R GlLivzal DECEY
000w GLORBAL  DIsgE
0010 GLOBAL  DIsuF
>00F4 0011 LIRIS OOF4H
0012 ; #eeeseesrDISPLAY URPLDATE FOUT UME #3836 363036 3 3 3¢
0013 ; ##FUNMCTION: MOVES DATA FROM DISMEM 10 DISPLAYS.
0014 ; ##ENTRY: DATA T BE DISKFLAYED IN SIX MEMORY LLOCATIONS
001% STARTING AT LOCATIOM DISMEM.
OO0YVA 5 ##EXIT: AlLL 51X DIGITS FEFRESHED - REGISTERS DISTROYED AR
0017 ; IX, A, B L E, H L .
0013 ; ##REGISTER USAGE: HL IS POINTER T0O CURRENT LLOC IN LIsSMEM-
0O1Y ; 1X 15 POINTER TO SEG FPATTERN 1ABLE
0020 ; BOI's CURREMT DNG1T FOINTER
OOZ1 ; E HM.IS DIGLT DATA TO BE DISPLAYED
O0ZZ ; A AN 1Y ARE SCRATCH REGISITERS
“O0F4 ZIFFFF ODZR LISUE: LI Hi., DISMEM s POINT TO START OF BUFFER
“TOOF7  OLZO 00Z4 1.0 B, OZOH POINT 10 LEFT DIIGIT
“O0OFY 5K OOFS TS0 LD E, (HI.) 5 GET FIRST RBYTE
TOOFA 14600 DOXA .0 o, 0 Lk I
TQOFL BEOO 007 LI A0
TOOFE  LeEac 0OOZS iy (O1GLH), A i TURN OFF 1DISPLAY
TO100  DELIFEFEFF Q0% {0 IX, SEGHT P INLEX INTO TABRLE
0104 1Y 0030 AL X, i FOR SEGMENT PATTERN
TO1O0A 7800 0021 L. A, (IX+0) i BGET FATTERN
TO109 L3RR 0O3E oy (SEGLH), A ;OUT 10 SEG LATCH
10K 78 OO 113 AR
OO LEREC 0O=4 T CDIGLILH), A SOUT T DIGIT LATCH
010K 1EZD 00735 L1 E, 451 ySET DELAY FOR 1 M5
“0110 10y 0036 BISURE . LELC k.
“O111 3EQ0 0OR7 118 A0 P DELAY LOOF
0113 Ik 003 U E
“0114 ZOFA OO AR MZ, 1Sy~
0116 ZEOL 0040 L A, O1H
0118 I2e 0041 ZF 5] i B=1y
TO11w FE0N 0047 JR Ly RIS 2-% i YES, RE-IMIT & EXIT
0L 2 00432 UNGC Hi. PO FOINT 1O NEXT DIGIT
TO110 D44 Skl g PBHIFT T MEXT DIDGLY
“O11E 004 IR DisUFl-$
TOLEO  CRFFFF 0046 DTSR W DECEY 0 DECORE KEYS
OO 0047 LiGiLH: B S0H s WRITE ONLY — DIIGIT SELECT
FO0EE QO4E SRGLH: (AR | i WRITE OMLY — SEG FATTERN
Q04w EMIY

ERRORS=0000



DECEY  (C) 1978 MICKRO DESTGHN CONMCER TS MIPSTER FLF=-20 ASREMBLER VZ 0O FAGE 0001
ADUR ORJECT S5 # SOURCE STETEMENT DATASET = LEO: DECKY | SR

T ] OO0 LR 0123H
OOOZ G EEY DECDE N EXECIETT0NM
OO04  VERSION F 1 S5l 7078
0005 P REL.
QO0A MEAME LECEY
OOO7 GLORAL  UFORS
QOO GLinsel. LFORD
OO0 GLOEAL LUFORY
GaN1o L rnAlL LIRS
0O GLOREAL REMIZFY
001 GLOBEAL DEOoMS
001 GLOBAL. FEYFITR
0014 GLOEal.  STERPY
001% GhoRal. =1TEF1
0016 GLOBAEL S5F00G
OO17 GLoial. WrPaccs
0018 GLOBAL OTCHR1L
Q01w GLOsAL. (ITHCRA
GLugsal, LFORL
GLOEZAL BRRFTraR
GLoal,  LilGg
GLORAL ATy
0024 GLANRAL DILGE
OOES GLnzal, MFLG
OO 4 GLOBEBAL BRFLG
Q07 GLUBAL,  RELG
0OFE GLOEASL. ARFLG
Glazal., PFLG
GLOBAL  FRELLG
GLOBAL IMUHK
GLONZAL PLINHSH
GLOBEL  PUNMHS=L
GLOBAL PLNHEH
GLOsal  FUNHEL
GLOESL, REG
GLOREAL RESTAR
GLORAL. RESTRIL
GLOEAL LS
GLOBAL REGTER
0041 GLOBEAL DIsMEM
004 GLOkal RFLG
0043 RLC=al WIF
0044 GLOBEAL 1ESMEML
0045 GLOEAL. 1rEMEM
0044 GLOBAL  DESMEMS
0047 GLOEAL DEMEM4
0043 GLONAL  LYSMEMS
004y GLORAL VSMEMA
0050 GLOBAL LEMEM7
0051 GLANRAL  LHLACT
OO GLORAL  FlLGZa
OO GLORAL UIXHE
0O%4 GLOsAL. KYTIRL
OO GLOBAL.  CreLe
OO%E6 GLORAL.  NMIs
007 GLORAL  DECEY
OOSE  FUNCTION: BLANKS LISPLAY, SCANS ENTIRE MATRIX FOR CLOSURE.
OO% IF CLOSURE IS5 FOUNID A Z0 M5 DELAY IS INVOKED

I1-7




DECKY
ADLR

“O1EH
SO
0127
#0015
<0128
“O1IN
“O1IF
“0131

“0134

“OLET
“O1 5%
S0
SO0
“ O EF
“0141
FO147%
“01485
“0147
“014%
“O146
“O140

“(014F
“01%51
“OLNE
“01%4
“O1%6A
TOLEE
“O15A
“OIE
“015E
“O1%5F
QLA
TO1AE

() 1973
Qe

] I
LIEYO
E&LF
FE1F
LAkFRF
CLFFFEF
OF =0
0601
Elad
LIRwO
EaiE
FELF
PARISTA
CEE0
AE40
[

FOEF

Elhqo7
YIFFFF
L&

2204

MICRY
=T #

QOAD
O0A]
BTN
0O0A3
0044
QOAS
O0AA
OO67
OOAR
OOAY
QOO70
0071
0077
OO7/3
0074
D075
0076
0077
007:
007y
0020
001
OO

003

OOR3

QOE

OO0

DO
OO
OOwE
004
OO
OO A
0Oy
OOIE
OOy
O100)
0101
010y
010
0104
010%
O10A
0107
O1oR
O10%
0110
G111
G113
O11:
0114
T
01164
0117

DESIGN COMCERTS MOSTER FLF-230 ASSEMBELER VZ O PAGE 000X
SOIRCE STRTEMENT DATASET = LKO: DECKY | SRC

e s Wl e

L S o

s ENTRY
PEXIT:

i

P REGISTERS LS

FEYLIML:

T DEROUINCGE FEYS. FEY MATRIX IS SCANNELD UONE
ROW AT A TIME, CHECKING ALL COLUMNS. FEY VALLUE
IS FOUND AND IF IT 13 A HEX DIGIT IT 15 FPLACED
IN THE MEXT EMFTY LOCATION OF DISMEM (FPOINTER=
FEYFTR). FILLAGS ARE SET WHEN Z DIIGITS (DIG2)

ANEY 4 DIIGITTS HAVE RBEEN ENTERED (DI1G4). WHEN

2 ODIGLTES HAVE REEN ENTERED A MEMORY CHANGE 1S
CALLED 1F A COMMAND KEEY IS5 LECODED THE CORRECT
SERVICE ROUTIME IS FOUND IN 4 JUMF TARBLE (JPTAR)
COMMANL FEY EXECUTIUN RO INES ARE ALSO INCLULED
IN THIS MODLILE

MNONE REGLITREL, DONE AFTER DISF LUFLDATE (DOISUFE)

IF CMND FEY, CMND HAS BEEN EXECUTED. IF HEX

FEY, IATA HAS FHEEN ENTERED INTO DISMEM.

AR

RATUH-FEYSL VALLIE

A

=LV L1

LH VALLIE

C=SCRATCH-UNTEUE WORD FROM ROW AND CLMN DATA
HL-FOINTER INTO EYTEL

HL=FOINTER INTO DISMEM (EYPTR)
BU-SCRATCH=-USED TO COMPFUTE OFFSET INTO DISMEM
EXX~SED RY FROM FPROGREMMER TO HOLD FOINTERS

LR TG

LIV
S EN]
RN
Ly
[
AL
O
W
Al
L1
L1
ey
N
AN
CF
JR
SLA
.1
N
IR
IF

ERROIR CHECEING AN DIYISF USING NEXT KEY
A, 7FH .

(SEGLH)Y, A i TURN OFF DISPLAY

A HFH

(LHGLH) , A ;OUTRUT ALL ROWS LOW
A, (KREEL) P INPLTT COLUMN DATA

1FH i MASK 0L OTHER INFUTS
1FH s ANY FEY LOWNY

Lo DS 5 NG RETRUN TGO DIISPLAY

LizOMs i YES, WAIT FOR DEBOUNCE
£ HLGLH

I, O1H

(), I8 s PLACE SELECTED ROW LOW

A, (KESEL) 3 LNPUT COLUMM DATA

1FH P MASE (O DS, D&, L7

1FH i BEY LN

MNZ: KEYUINZ-% i YES, DECOE EEY

I MO, SELECT MEXT ROW

&, 40H

I i ALL DOME?

MZ: KEYLINL--% 3 NO L0 BACE

LT=0F s YES EXIT

PEFENTRY COMDITIONS 10O KEYDECODE ARE ROW IN B AN

ER TN 1y

FEYNY:
FEYLNE:

FEVYING:

L
Mg
=R

X

00 0T O)
e e e e

(MESEED BY 1F) IN A

o, OOH

i

Iz

NZ,HEYUMB—$, s FALLL, THROUGH WHEM 12=0

o ~
(N

[

i pGkT VALLE T HIGH NIRBRBLE

A, FUOMEIME WITH A

HL., EYTEL P SETUFR FOINTER TO NEXT 015
(HL.) s P=TARLE FOLIME

1 FEYLINS~% s YES, FOLINLY IT

I1-8



DECEY Q) 1978 MICRD DESTGN COMCERTS MOETREE FLE=-20 ASSEMELER VZ. 0 FAGE 0003
ADIDR OELECT ST # SOURCE CSTATEMENMT DATASET = DKO: DECKY | SRC

TO1AS 2R 011 TN Hi.
“O166 04 011w I 5] s ADL FOINTERS
01467 182 0120 IR FEYLIMNG~% s LOOF BACK
Q1A% [NFRO 0131 FEYPMS: LM A, (ERESEL) 3 CK FOR KFEY RELEASE
“O161F E&ALF O AN O1FH s MASE OTHER INFUTS
“O1600 FELF 013 N O1FH
“O1&F FORE O1%4 AR MZ, FEYLUNS—% P LOOF BACK TILL KEY WP
“0171 - CU”I-b’ 0145 CALL [OMs i DERBCOUNCE
0174 yutte 0144 L1 A i BET FEY VALUE
“O17%  FE1O 017 CF 10H .
Q177 20445 Olxas IR N EEYLINA-% P COMMAND FEY G0 DECOUE
Q17 Eﬁgiﬁﬁ Q139 I..L3 Hi., (EEYFIR) i HEX FEY, SAVE IN DISMEM
017 70° R 017320 LI (HL.) 12 ’
O/ B Y 01721 R A
“0O17E OIE?FF O13F LI B, EMEML
“Oo1sl EDR 0133 S HL., 13 s ENTERED LIIGIT 27
TOLES FREC 01724 R 2, FEYLINA—-%
TOLES B7 0135 kR (] i CLEAR CARRY
0186 O1LFFFF O13A L1 1R, LSMEMS i CLEAR CARRY
TOLEY FATA0LS 0137 L. HE, (EEYFTR) '
0180 El4y O o3 G Hi.., 120 s ENTERED LIGIT 47
TOIRE FELRE 01329 AR 2, FEYLING—% i YES, INC FLAG
SOLRO RBY 0140 Ok A
“0121 OLFFFF 0141 L1 20, DSMEMY
TOIR4 ZABAOLS 01454 1L} Hi., (KEYFTR) s HEX KEY., SAVE IN LISMEM
TOLY7 EL4ZE 01473 S0 Hi., 3T 38 DIGITS INY
S0P ZE1A 0144 R Z: FEYIINY-% ;s YES, INC FLAG
TOIYE ZAPES0LT 0145 FEYINTZ: 1L HiL, (EEYFTR) ; GET FEY POINTER
TOLVE F3 0144 M Hi. 3 INMCREMEMT 1T
TOLRE ZEICOL1L” 0147 L1 (EEYFTR) , HL i SAVE HL
TOIAZ CE4L01 7 0143 F RNl i EXIT
TO1AS ZIFFFRF O14% FEYIINA: (I HiZ, DG
TOLAR 324 0150 UNC (HL)
“O1AY 12F0 D151 R FEYLUN7-%$
TOLIAER  ZIFFFF O15% FEYLIMNS: LD Hi., 11154
“O1IAE 34 08 R} TN (HIZ)
“O1AF 12EA 0154 JR FEYDN7-%
TO1RL COR403E” D155 FEYDNY: CALL ALTER P ENTER DATA T MEM, FORT OR REG
014 ZAADODLT 0154 LD HL, CKEYFTR)
TO1R?  ZB 0157 DEL HL. i BACKUF POINTER TO &6 DIGITS IN
TR ZERHOLS €15 Lo (KEYFIR), HL i SAVE HL
TOLEE C3AR017 015w M [ suP

0140 ; FIMY ADIRESS OF COMMAND KEY HANLLER-FEYVALUE IN A
TO1LEE DALO 0161 FEYLING: =il 10H i KEY 16=0 KEY 17=3
OO 4F o163 L1 (e <
“0O1C1 81 0143 AL A, s DOUBLE OFFSET
TO1Cz =1 O144 ALY A, L i TRIFLE OFFSET
IR 4F 01465 1.0 A
TO1Z4  0AOO 0166 (W B, OOH
TOLCA Z1000Z” 01467 L1 Hi_, JFTALR i GET TABLE ADDR
TOICY O D1AR ALgl HL., I3 P AL OFFSET
TO1ICA Ew 0169 AP (HIL)

0170 ; SERVICE ROUTINE FOR NMI INTERRUFTS, SINGLE STEP OR ARORT
TOLCE EDZIFFFFE O OL171 MMLS: L. (STEFT), 5P i PRESERVE LISERTS SP
TOICE RS 017% FLISH AF .
“OLDO 303 0173 L A, O3H
TOLNZ LEse 0174 oLy (CTCZ), A PEHUT DOWN CTC
“OL4  ELs7 O17% .1 Al FIGET 1 INTO A, IFF INTO F

IT-9




DECKY
ADIR

“O106A
017
“O10E
Oy
“O1DA
“OLDR
“O1C
“O1D
“O1E
“O1LF
“O1EO
TO1EY
“0O1E4
“OLES
“O1EA
“OLEC
“O1EF
“O1F1
“O1F4
TO1FS
TOLFIR
TOLFC
“O1FF
“0201
“0Z204
“QZO7
“OZOA

“OZOT
“TOZOF
TQLLVZ
TOZ1E
21
TOZ1E
“TOZ1E
Vg |
“0Z2Z4
Q237
TOEEA

Py
L.
P

=~ 0221

7 OZ30
S 0ZAZ
“OZ30
“OZA7
SOZEB
“OZIN
“OZ 30
“OZ41
“0Za4

“OZ47
“OZ40
“OZBL

“OZ4E.
TOZ0

e
CORES

(C)
OB JECT

[}

1

ES

Fs

0%

L

Fe

[ ]

[

ES
LDES
FLES
DLIEZACHIOL
Lz
Dz
DLO7EFS
E6D4
SEFEFE
LDZEADL 7
SOFEFE
L7
CAZE0L
HAEOO
P e
COFFFF
COFEFE
1842

1
Ccadooz”
CR7ZOZ”
CEA102T
CRO80%"
CEEDON "
L300
CRAROE"

SO0

D
2AACO1L
137

2200
CUFFFFE 659
UDZAF 01 *
LHI75FE
DH74FF

FOLE

1816

] e N ok of of of

LIGEO]

1978 MIURD

ST #

0176
0177
0172
0179
01320
0121
0132
0122
0124
o1a5
0134
0127
018
O1aw
0190
0191
0192
o1
014
0195
O1%6
0197
0193
0199
QZO0
0x0)
Q20
0R03
0z04
0205
OZO6
0OzO7
QzOR
0OZ09
010
Or11
Q&1
OZx13
0714
0215
OZ16
Oz17
OF1e
OFLw
QEZ0
(R |
Oz
OZeH
Qrxz4
QL%
O b
QX7
Qe
QZx9
OZH0
0Z31
QXA

Q243

LESTGN COMCERTS
SOURCE =TATEMENT

MOST EE

PUSH

PLISH

PLISH

FLIS

EX

EXX

Fii=H

FLISH

FLISH

PLISH

FLISH

Fil=sH

1.0

INLC

TN

L

AN

LI

LI

L1

R

JF

L.

L.

AL

JF

JR
Tarl e FOR

JE

=

I

JE

JE

JF

JF

JF

A

JIF

JF

JF .
KEY HANLI_ER

LES A, DOH

oy CLVUGLH)

L1 A, (010G4)

OR ~

JR 2, UCE1A-

Al LIFOIRE

LIy IX, (3TEP

Lo CIX=-i), L

Lo (IX-1),H
i PROCEEN MONE
Cres1An CALL

RC
DE
HL
AF
aE, AF

AF

B

LE

HL

IX

1y

1X, (STKP
IX

IX

A, (IX=1%
4
(LIF), A
(STKFT),
A, (SBELG
A

Z, LECKY
A, OOH
(SSFLEG),
UFORE

7, KEMERZ
COEL0-$
COMMANLY
el

S
COE3
x4

CICSS

MM1sL:

MMISE:

i JUIME
SEEALR:

Cos6

s EXED
Cosl:

LIFOIRZ

R MZ, CCSZA
JR Cos1l-%

EREAEFOIMTS &ND
Ly 1X, BFTAE
L Hs (IX+0)
1.0 L, (IX+1)

II-10

3 INS AL
Cos1c
COS1CA:

FLP=-20 ASSEMBLER VZ. O PAGE
DATASET LKO: DECEKY . SRC

i SAVE REGISTERS

1) P GET USER“S 5P
P AT 10 USER-S KEAL
) i IFF ON STACK

i MASE 1FF

i SAVE

IX i SAVE USER-S SF
) i IN 55 MODE?

i BET STATUS
NG, ITS A KB

P

INTR

A i CLEAR FLAG
i GET RBF DATA

s NO BP, DISP PO
P INSTALL BP, ACTIVATE KE
KEYS
i EXELC
i85
3 MON
i MEXT
i REGT
P REG DISP
i FORT EXAM
i MEM EXAM
i BF
i PLIMCH TAPE
i LOALY TAFE
s PROG FROM

ANL

&

A i CLEAR DI1SFLAY
P SET STATUS

% 4 DIGITS
P GET =TARTING ADLDR 1IN HL
) ; SET FOINTER

i CHANGE. FC

s CHECK, IF BF7S ACTIVE
-% i YES 55 ONCE
P MO, ENABLE KE AN RET
CBEVE LUSERS OF COLES

i FOINTER TO BP TAR

i GET ALDR OF OFP CODE

T3 USERS

0004

A
AND RET

NOT IN PROCEED

5P

T NEW ONE



DECEY () 1978 PLCRO DESIGN COMOEFTS  MOSTER FLP-30 ASSEMELER VI, 0 FPAGE 0005
ADUK  CEIECT ST # HOURCE STATEMENMT DATASET = DEO: DECKY . SRE
cOEsE TE 0234 LI A CHL) G GET OF COLE
“OZET OECK O35 LI CoOCFH 5 INSTALL RST7 OF CODE
TOZER 71 O HA L.E (HL), U A% & kP
COESC 702 0%37 L.bs CIX+2), A i SAVE USERS OF CODE
COZSF CIFFRF it CALL Uiy P FOINT TO NEXT LOCATION
QLT FOEER 0Z3IY JR MZ, COS10A~% i LOOF HACK FOR MORE.
0X40 ; ENAKLE FEYEOARL FUOR ARORT
“OZ64  HEO4 0F41 CoEID LD A O4H
QGG LEEEC 0uay oLy (DIGLH) . @ i ENAELE NMI INTERRUFI
cOIES BELY 0x43 Ly A, 45H
“OZHA L3RG 0Z44 oLy (CTCZ), A ;O T MAKE A ZUATO
“OZET BEOL Oz4k L.Ls A: O1H .
TOZHE LEEG 0244 ou (Or02), A s ON ONE NEG FULSE IN
TOZI0 0 1E1E 0xa7 IR LOSZE-% 5 RESTURE USER-S REGLSTERS
0243 ; SINGLE STEF FEY HAMDIER
SIOETE HEOOD OUAY G LD A, OOH
Q74 BIFFFE FY 230250 LD (RFLIG), A i CLEAR OUT ANY BF
CCOZI7 HEOL 0251 COsFAT LD A, O1H
S LR . € R 0 o L.Ls CSEFLG), A P SET S5 FLG
COTTC HEOT 0253 LI A, O7H
COZIE LIESe 0Z54 N (1T, A i NDO INTR RESET CTCH
HEOE OZEY LD A, 11 GINDT CTC FOR 176 COUNTS
LERE T OSA NN CCITCE), A P UMTIL NMI INTR
0Z57 5 RESTUORE REGISTERS
FOE1 OZSE CCELN PO 1Y
LE 1 OxSY PP IX
E1l QZAD FOF HL.
L1 0ZA1 PO LE
TOZHA L OZLY P B i ALTERNATE REGISTERS
TOZRE F1 RITE: FOF AF
TOZEC OB 0Z464 FX AF, BF
“OZRL DY OZAS EXX
“OZRE F1 0266 PLF AF i1 ANL IFF
TOZEF ED4Y OXET (Y] | ) i RESTORE 1
“0ZYL EB1 OB FOk HL..
ORI OZ6T FOF LIk
0293 1 0Z70 FOF ET
“OZY4 EAFXOLCT 0X/1 LI A, CUIF) 5 GET IFF
OZEY RY 07 (a3 A i SET STATUS
SOZWE CHVEOQZT 0273 P NZ, COszs s G0 ENABLE INTR
TOZYE F1 0x74 PO AF
COZYC K3 0x7% D1 s WISABLE INTERRUFTS
cOZI0 09 0276 RET 3 T USER”S FROGRAM
“OZYE  F1 0277 COSZC: FOF AF
TOZYF  FB 027% El i ENAEBLLE LNTERRUPTS
COZA0 LY 0Z7Y RET P RETURN TO LISER FPRUGRAM
0Z30 ; MON KEY HANDLER - FORCES RESTART OF MONITOR
0Z81 ; AN SAVES USER-S REGISTERS
“02ZA1  C3FFFF 022 COR3: JP RESTRL 5 CLEAR FLAGS, DISF HOR
0733 ; NEXT KEY HANDILER
0224 ; USED TO SELECT NEXT MEMORY, NEXT PORT OR NEXT ERROK
0Z25 5 IN FROM PROGRAMMING ROUTINE
“02A4 2OFFFF 0226 CCS4: LI A, (MFLG)
“02A7  FEO1 0za7 CF O1H i MEMORY EXAM MODE ACTIVE
“OZAY  Z81Z 0288 JR 7, CCHak-%
“OZAB  BAFFFF 0za%9 LD A, (FFLG)
“OZAE FEO1 0290 cP O1H i FORT EXAM MODE ACTIVE?
TOZBRO  ZEIA 0271 JR Z, CCs40~-%

IT-11




LECKY

o

o

AR

D21
OZES
02zZE7
OZBA

QZEND
DZCO

“OZ1

-

o

o~

-

-

Q22
0205
0207
OZCP
QZCA
OZn
OZCF
02111
020
0zZs
021
QZLB
OzZc
Q200
OZ0F
OZEO

“OZER
“OZE7
“OZEM

“OZED
“OZEF

SOZFZ

OZF &

CORFE
“OLFR
“OIFE
“OTFF
“O3INR

TOZROE

“OROE
“OR0A
OO0
“OR10
“0R1Z
COSLE
TOIL7
TO31LA

SOBED
TOREO

“OEE1

(C) 1978 MICRO DESIGM COMCERTS MOSTEE, FLP-30 ASSEMBLER VZ. 0 PAGE 0006

QRJECT

ZAFFFF
FEO1
CZAZDZ”
330067

CLEROZ -
ac)

7
CUFEFE
(W1 pac]

§] Lyeac

71
CHCR0Z
Lz
s
7E
COCEHOZ -
CRECOL
CDBEDZ -
4c

o
ED7E
79
CONNE0% "
LN IFFRE
k102"
CALLOE "

FEO1
HEFFFF
LZIFFRF
3 W4
7701
L5047

7€

RIS ¥ A0 e

ClE=ROR "
13%A

HEOL
SEFEFF
CDGEOS -
FHOA

7E

Iz 10105"

CLO403% "
12464

FEOZ
RSN
FEOZ
L3217

7k

[ 150
IR NEd T B I

CHL=0=

ST # SOURCE STATEMEMT DATASET = 1KO: DECKY . SRC

OV LD &, (PRFLLG)
0Z93 CH O1H i FROM PROG MORNE ACTIVE?
0z%4 LCE4Q: JF NZ, RESTR1 i KEY HAD NO MEANING
OZ7 JF COs1200 5 YES, PROM FPROG MODE ACTIVE
OE9h GO DISPLAY NEXT ERROR
0297 CCS4B:  CALL LFORZ ;s FORMAT 1O FOUR RYTES IN HL
0x9s INC HL i SELECT NEXT MEMORY ADDR
Ox9y (] A H
0300 CAl.L. UFOR1 s UPDATE FIRST TWO DIGITS
0=01 INC IX IX IS ALKEADY PTING TO LIISMEM
0302 INC IX
O30 (W] a,l.
0304 CALL. UFURL ; UPDATE SECOND TWO DIGITS
0305 INC 1X
0306 INC IX
OO0/ LI A, (HLL) 5 READ MEW MEMORY
OHOS CAlLL LFURL UPLUATE THIRL TWO BIGITS
OROY JF DIsE Gl D1SPLAY
0310 Cosa: CALL LFORZ FORMAT TO FOUR BYTES IN HL
0311 (] C, H  ONLY H HAS MEANING
0312 INC [ SELECT NEXT FORT
0313 IN @, (C) i READN FORT
0314 LI A, 3 IX ALKEADY POINTING TO LISMEM
OF1% el UFUKL
O31A (1] IX, D'SMEM4 s POINT TO LAST TWO DIGITS
0317 CaALL. UFOR1 s WRITE INTO DISMEM
031 f JF DIs0E 3 GO DISPLAY
O31% ; AL TERNATE REGISTER DISPLAY
O3IZ0 CR5: LIy A, 01
0=RZ1 LI (ARFLEG), A ; SET ARFLG
LD IX, BISMEM P POINT TO REG
LI A, 1ZH i FRIME CHAR
LIy (IX+1), A i WRITE TO DISPLAY
Call ALTERS
. (] A (HL) G GET INTD A
ORx7 LI I1X, DSMEM4 i FPT TO LAST Z DIGITS
CalL. LIFORY i WRITE A& 10 DISMEM
R COSAL—%
P MAIN REGISTER LISFLAY
CoSeA: (R a, O1H
LD CRFLIG) , A i SET HFLG
CAlL ALTERG
JR C DOS6A-% i BPEC REG LT &7
(Y] a8, (HL.) G GET INTO @A
(K] IX, IDEMEM4 PPT 10 LAST ¥ DIGITS
CAlL LIFORL i WRITE & TO LSMEM4, =
<R CLSAL-%
s HANDLE PG, 8P, 1X, 1Y
CosAS:  OF ] P15 IT EEY 3
0O=41 SR 2, CUsaAE-% i YES, IFF
Ox4z rF vy i KEY #7
(a4 JR 7, CUEAAL-% ; YE&, STACK POINTER
044 L) A, (HL) 5 LOW BYTE INTO A
0n45 1.0 IX, DEME M4
OR44 LI (EEYFTR), IX i FREPARE FOR FOUR LIGITS
0R47 CalL. LIFCIR L i FIRST BY'TE TO IXSMEMZ, 3
OzaAR TN Hi.
03R4 Lo E, (HLL) G HIGH RFYTE T0 &

I1-12
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DECEY  (C) 1978 MICKD DESIGN CONCEFRTS MOETEF FLFP=-20 @SSEMBLER VZ O FAGE 0007
ADDKR  OERCT ST # SOURCE STalEMEMT DATASET = LKO: DECKY . SRC
32 LIZIFFFF O350 L0 IX, DsSMEMZ s POINT TO FIRST TWO
6 CDEZEO:RS OEs1 CALL LFORD 3 SECOND BYTE TO [SMEM4, S
“OR3IY1]FD OEs JR CLS60-% ;50 DISPLAY
“ORIE BAFFFF I COS6AAL: LD A, (STEFTL)
CORIE DE1E40% L1 IX, SMEMZ
TOBR4ZT CLEETOR CAlL LUFDRL s FIRST BYTE 10 DISMEM
TOR45 BAEFOZS LI Ay CSTEF)
TOR4E DINELE70E LIy 1X, DSMEM4
SO34C CLO4E0ES A CAllL UFOR1 P SECOND BYTE 10 DISMEM
CO24F  DDXZIR0OSET 0359 (Y (EEYFTR), I'X i FREFARE FOR 4 DIGITS IN
TOIEZ IR OEAD JR CLSen-$
0361 5 HANDLE IFF
TOISS DOE14A0ET O36% COSGR: LI IX, DEMEMS
TOAREY RAYSOET ORAH Ry A, (UIF) G GET VALLE 4 UR O
TOINC CDALOE 03464 CALL LFOR1 P WRITE 10 DISMEM
O3%5F  F19Z017 OE6S LIy HL., DEMEM?
“ORAZ Likka ORGE CCRAC: LD HL., DEMEMA P SETUF FOR REG CHG
AL d 03267 LD (KEYFTR), HL
0362 OB CCS60: LA D=L
03267 5 EXAMIME FORTS
TO3GE BAAG01 0370 Cos7: L.Ls A, (DOLGE)
“O3GE FEOL 0371 I 1
TOR70 0 ZOEO 0R7%x JR NZ, CCE7A-% s VERIFY TWO DIGITS IN
CO37E REACOZC 0753 I.Ls (FFELG) . A P SET PFL
TOR7S EEL0 0474 LD f, 10H
TORYT BEL00ET 0R7S LI (DEMEMZ) , A
TOITA BHBT7017 Q374 L C=MEM3), A i BLLANE, DIGITS Z ANMD 3
TOI70 COvOE” 0277 CALL LIFORZ ;i GET FORT ADLUR INTO HL
TOFR0 4402 O3I7= L1y CyH s MOVE FIRST TWO DIGITS TO ©
TOFR1 ELve n“?w 1IN A (D) i READ THE PORT
TOIRI DOFIS70z7 3 .14 1X, '5MEM4 sPT TO DATA DIGITS
“OIBT7 CRESRB0E” CaLL. WFOR1 i WRITE INTO LDISMEM
TOIZA e INC IX
TOIRC DLZI INC X P SETUR TO CHANGE PORTS
TOIRE DDEEAAOT” Lt (EEYFTR), 1X P SETURP TO CHG PORT
TO3INE CIAVORT CCE7ar JF DISUE 3 G0 DISPLAY
e ;i EXAMINE MEMORY
TOIVE BARS0ZC n'“/ o L1y A, (DIG4)
TO3IVE R/ 03RS ] (2 s VERIFY FOUR DIGITS IN
TO3INY XR1L OzaY R Z, CCSEA-%
TOEVE HIZANOZS OF90 LL (MFLG), A P SET MFLIG
TOIVE  CLVEOES 0321 CALL. UFDRZ s GET FOUR RY'VE ADDOR IN HL
“02A1 7E R R (R G, (HL.) GET MEMURY DATA
TO3IAT DZISN0RT O393R L.y IX, DSMEM4 s FOINT TO CORRECT DIGITS
TO246  ClEsOR- D374 AL, LIFDRL JWRITE INTO LDIISMEM
TOIAT DR O3S 1N IX
TO3AE DDE3 OR9A INC 1X
TOZA0 DLZEI003T OR97 LD (KREYPTR), IX P SETUF FOR LIATA CHG
TO3RRL CEVI0RC ORvE Cosss: P L ISUE
TO3ZR4 LUZIF4027 039V ALTER: . IX, DISEMEM
TO3R8 2AVERORC 0400 Lo A, (PFLIS)
"O3RR LY 0401 OR A
TO3RC HOZA 0403 JR NZ, ALTERZ~% i FORT CHNG
OZBE 3A0E0OST 0403 L A, (RFLIE)
Q3L BY 0404 R A
TO3CZ RN 0405 JR NZ: ALITRZ~% i REG CHANGE
TO3CE ZAFOOES 0406 L.L A, (ARFLG)
“Q3C7 R 0407 OR A

O3
“D33
23
23




TORCF
TR
T3S
TO38
“O302
“ORLE
TOZILF
“ORED
T4
“O3ET
TOIES
TOZER
“O2EE
TO3F1
“O3F4
TOIE

“Q3FT

TOIFR
TORFC
TORFE
0401
0404
T0407
“040=
“0401
“O4010
“040F
“0411
0417
04164
041
041
041D
TO41E
042z
0425
T04zR
T0O42R
T4k
TO82F
0430
0433
0435
043
T0O4730C

0430
“0O43E

“0441
“OB4E
SO443
“OB41
SOBLE

(C) 1973 MICRD DESIGN CONMCEPTS MOSTEK FLP-R20 ASSEMBLER VZ. 0 PAGE 0008

OBRIECT

24104
FADCOF
K7
CARROZ~
CO¥FO3~
DO7EOA
CLEEDS -
DURGO7
77

7E
LIz 1 AGOE
CRa70E"
Cw

[ 1] e X A R
L7606
CLSREOS
D360/
4c

ED7Y
18E7

CHRAEO4 -
F=On
DLYZ7EOA
CRSEO4
D607
77
CREOO3”
FEOZ
SRza
FEOX
ZBEA
DL7EO4
CDsEO4
77

MY 730737
CUESO=
LL7EO4
CLEEO4
DDBEONS
at

77

B 00
HALO0E
HZEADRS
FEFFFF

(230003

DLV Re0E
Css04 7
DB7EOA
ClsEO4 -
LANREDT7

5T #

040
0409
0410
0411
0412
0413
0414
041%
04164
0417
a1z
041
0420
0471
0422
04373
0424
04275
0424
043z
0435z
Q437w
04320
04321
043z
0433
047324
04325
Q434
0437
0473
0472w
0440
0441
044
04472
0444
0445
0444
0447
044z
(44w
0450
0451
0457
Q45
0454
0455
0454
Q457
O4SE
045w
0840
0441
04467
Q443
Q444
04465

SOURCE STATEMENT DATASET = LKO: DECKY . SRC

JP MZ, AlLTRA i ALT REG CHANGE
L1 A, (MFLG)
oK A
JF Z, FESTR1 i FALSE ALARM RESTART
CAl.L. Uk ORZ s GET ADDR INTO HL
Lo A, (IX+4) i GET HIGH MIRBLE
CaLl RLTERY
OR (IX+7) G UR WITH LOW NIER
LD (HL) A G WRITE TO MEMORY
LIy A, (HL) G READ 1T RACK
ALTERT: LI IX, UsMEM4
Cal.L. UFORY s WRITE NEW DATA INTO LIISMEM
RET
ALTERY: CALL LFORY s GET ADURESS INTO HL
L0 A, (IX+4) s GET ONE NIR
CalL ALTER?
OR (IX+7) S OR 1WTH LOW NIR
Lo C:H
oy (). A FWRITE TO PORT
JR PLTERL-%
i MAIN REGISTER CHANGE
ALYRE: CALL. ALTERG
IR s ALTRZ2A-% iSPEC REG LT &7
LI A, (IX+4) ;s GET HIGH MIBRLE
CAlL ALTER7
OR (LX+7) ;0K WITH HIGH MIRBPLE
L1 (HL.) . & 5 MODNFY REGS ON STACK
JF ~FLITERL
ALTR=ZA: CF = i 15 1P ERY 3
JR 7, rLITRBE-% i YES, IFF
CP Z 315 IT KEY 2%
JE 7, ALTR3C-% s YES, SP
Ln A, (IX+4) i GET HIGH NMIBBLE
CALL ALTER7
IR CIX¥+%) G OR WITH LOW NIRBBLE
1M HL.
LI (HLL) A G MODIFY HGIH BRYTE
L 1X. ISMEMZ
CAlL LFOR1 P WRITE DATA TO DISPLAY
L A, (IX+4) JGET HIGH MIBBLE
CALL ALTER?
OR (IX+3) GOR WITH LOW NIBBLE
DEC HL.
L (HL.) . & S MODIFY HIGH RBYTE
AF ALTERL
ALTR=E: LD F, (OEMEMT) i GET MEW VALUE
I CLITE) . A S MODIFY UIF
L (VSMEMT), A FWRITE TO DISPLAY
RET
PP CHAMGE 15 Tl EGAL
LR PO HL. DUMMY TO SIM RED
F FESTR1
P ALTERNATE REGLETER CHANGE
cLTR4: LD IX, DISMEM s POINT TO REG
CalL ALTERS
LI A, (IX+a) i GET HIGH NIRELE
CAlLL. RLITERT7
0K (I1¥+7) G OR WITH LOW NIBRELE
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BECEY (L) 1w2e PICRD DESTGM COMOER|S MOZTEK FLE-30 ASSEMELER V2 0 FAGE 0009
ARAR  OEIECT ST # S0URCE CSTATEMENMT DATASET = IkO: DECEY | SROC

“0451 77 084k LI (HL) . & MODIFY REG ON STE
SOB%Z CEEOOERT 0447 JE ALTERL 5 GO DISPLAY
SO4%S  LLISEOO 046% ALTERS: LD E, { IX+0) i GET REG1STER
SOANE 0A00 D447 LL E, OOH
SO4%0 1600 0470 LI [, OOH
SO8%C Z1FFFF 0471 LD HL, REGTEP s POINT TO ALY TABLE
“O4%F 17 047 ADL HL, DE  ; ADD KEYVALUE CFFSET
‘0860  4E 04773 L O, (HL) 5 GET VAILUE
‘0461 TV 0474 L A, L
“O86Z  FELY 0474 CF 250 P ILLEGAL VALLEY
‘0864  LARFO4” 0476 P 1, KESIR1 i YES, RESTART MONITOR
‘0867  ZALGLDEIT 0477 L.L HL., (S1EPT) PPOINT TO USER'S STACK
COBLA BT 04753 R A i CLEAR CARRY
“046E  EL4Y 047 S HL, B 5 SUE OFFSET FROM 5P
‘0460 CF DAE0 RE'|
“O46E  DUZ14F047 04H1 ALTERG: LI IX, LI1SMEM i POINT TO REGISTER
“O87%  LDSEOD D4 LD E. (IX) ;GET REGISTER
TO475 0AO0 4373 L E, OOH
“O8YT 1600 0424 L [, OOH
‘0879 UIFFRF GEET L HL, REGTE i POINT TO MAIN TABLE
“O87C 1% D4 ADD HL, DE 5 ADD KEYVALLE OFFSET
‘0470 4E 0437 LI O (HL) 5 GET YALUE
“O47E T 04 LIy A, 0 ,
“087F  FE1W 042 CF =l i ILLEGAL VALLIE?
TO8H1 CAGSOLT  D4YO P 7, RESIK1 i IF =0 RESTAKT
“O4B4  ZALEO4T 0491 LI Hi, CSTEFT) P POINT TO USER“S STACK
“04%7 7R 047 LD A E s GET KEYVALLE AGAIN
‘0838 ER7 043 R o i CLEAR CARRY
“04zw  ELAT 0474 Sl HL, BC 5 SUB OFFSET FROM 5P
“D4EE  FEOG 0455 CF & i SPEC REG?
“O8B0 0454, RE1
“OBHE 0477 ALTER7: SLe A
S O8O 04 SLf A
“0492 0434 SLA A
0444 0500 Sl A
0494 0501 RE
OL0X ; BRESKFOINT INSTALLATION
0S03 5 MAKES AN ENTRY INIO BREAKFOINT TABLE IF ENUUGH SPACE
O%O4 5 EXISTS. THE ACTUAL BREAKFOINTS ARE PUT INTO RAM
OS0% ; OM THE EXECUTE (COMMAMD
TO4T7 FAVAOHET  0S06 CCEY: LD A, (OT1E4) i GET FLAG
“0498 K7 0507 IR A i SET STATUS
TOBIE OO OSOR IR MZ, CCET0-% s FOUR DIGITS IN?
CO4%D BU/SOZT OS09 LI (EFLG), A iiND CLEAR ALL BF“S
“O8AD  1H10 0510 JR DS 1-%
“08AZ  COEYOET  0S11 CCSYO:  CALL UFORZ 5 GET P ADDR INTO HL
CO8AS  COAROYT  0N1Z AL UWFOR2 5 GET BFP STATUS
TO8AR 10 0% 1E JR 7, COSYR-$ iNO EP, INSTALL ONE
“04RA 73 0514 LI & I
“O4AE  FEO% 0515 CF 0% PTABLE FULL?
“O4A0  ZOOA 0516 IR MZ, CCEPA-% PNO GO ON
“O4AF  CERZ04° 0517 JP RESTR1 5 YES, CLEAR LISFLAY
TO4EZ  CRRZOFT  OS18 COSwl:  JF DISLF
OS51%  FIND FIRST FREE SFACE IN TAELE
“O4BS  CDAOOZT  OSZO CCS74:  CALL UIX3 P IX+3 AND B-1
“O4EE  ZOFE 0521 JR MZ, CCS9A-%  LOOF TIL FREE SPC
0527 ; INSERT MEW BREREFOINMTS IN TABLE
“OBBA  BAPEO4”  ONZHE CCSYE: LD A, (BFLG)
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DECKY () 1978 MICRO LESIGN CONCEPTS MOSTEE FLF-20 ASSEMBLER VZ O PAGE 0010
ADDR  QBJECT ST # SOURCE STATEMEMT DATASET = DKO: DECKY . SRC

“O4BD 30 0524 ING: A .
“O4BE  RZREO4”  OSZS L (BFLIZ), A i INCREMENT FLAG 463
<0421 DI7400 0526 LD (IX):H WRITE 10 TABLE : _f7
“04C4  DO7SO1 057 LD (1X+1), L k/(f
COA7  CEEE04C OSIR JF L ISUF

OS2 5 PUNCH DATA TO CASSETTE INTERFACE IN KC FORMAT

0530 ; STARTING ARORKESS IN DE-, ENDING ADDRRESS IN HL-.

/0521 5 INTERRUPTS ARE LIVE DURING THIS ROUTINE.

=04CA  CDFFEF OS3E CC510:0 CallL UFIRS ; CLEAR DISFLAY
¥ OG0 R ( 053 LD A1

5 O4CF 0534 LI (FLIGZ4), A i SET FLGZ4 FOR MARKS
°04L2  EDY O5aE, IM 7
A 0414 n1+E&F 0536 LI B, CTCLP
P <0417 0537 L0 A, I
LT O4L 504/ O LD I, &
“O4LA 7 OS5 LLs A, O
DR 1V3IRG 0S40 oLy (CTZO), A ; INTERRUFT VECTOR
SUO4ND BERS 041 L £, EsH :
CCO4DF  DESS 0543 CUT (oL, A ;CTC1 TO OINTR
CU04EL BETA 054 HY 8, 76D
CFOBKER DRSS C0 L0544 auT (CTC1), A i WITH THIS TIME CONST
(o O8ES  ZARFFE 054, UL £, (PUNHSH)
cogEn 57777 OS44 LD o A
04ES  ZAFFFE 0547 Lo A, (FUNHSL) i GET STARTING ADUR
“oaeC  sFS T OL4s Lo E, @
“OAED  HAEFFF 0549 LLs A, (FUNHEH)
COL4ED A/ s OS50 LD H &
COAKL SAFFFE 0551 LI A, (FUNHEL) i GET ENDING ADDE
COMES  GFCT 0SS LI LA
“OBKES  AF OS5 XK A i CLEAR CARRY
“OBFE  ENZ OS54 SR HL, DE  ; CALCULATE HLOCK SI1ZE
“O8FE X3 C0ssS INC HL.
“CO4ET  BES v  0554 PLISH HL P HAVE 1T
“O4FH 210000 v [ TONS7 Lo Hi_, ODOOO0OH
“COAFD O&OE 0SS L1 [, =0 P SETUF FOR 40 SEC DELAY
“O4FF  FE OS5 EI ‘
“OBO0 74 OSA0 CCS108  HALT P WAIT FOR CTCL INTK
OSE 1 ; EEEEFEFEFEEEEEEEEEE
0501 21 OS54 DEL L
OS0Z ZOFL OSaT JF MZ: CCH10A—%
05048 S 0564 DEC H
0S05  ZOF9 O ONAS R MZ, CC510A—% s DELAY LOOF
OSO7  10F7 i 0Seé oMz COS10A-% ; 40 SEC FOR LEADER
MOS0 BEFA Y 0867 COS10M LD fo20H 5 START WITH & COLON
TOSOE  CLRFEE, < 0bes CaLL. CTCHRY 5 OUTPUT COLON
CTOS0E  AF 1] XOR A s CLEAR CARRY, INTRFTS DISABRLED
COSOF 011000 OS70 LI B, 10H
0S12 Bl 0571 FLIF HL
TOS1T B4 0O%7E SR Hi, B ; COMPARE HL WITH 10
COS1S 2300 0E73 R - M, COS100—% i NC=HL 2 10H
COS17 09 0S74 AL HL, B 3 RESTORE BLOCK SIZE<10H
Os1s = 0575 aly a8, L P SET STATUS 1F L=0
COS1% 47 O=7 4 LD B, &
TOSLA  ZEOD 0=77 I..Lt L, O
OS10 wEEC 0OS7a JR 7, ICS10F =%
UOSIE 1201 QS72 JR COS1O0-%
: 0520 41 OS20 CO=S100: Lo B0 ; B=RILOCEKE SIZE
505Xl ES O3l CCS10L: PUSH HL. i SAVE
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T

s

DECEY
ADDR

0522
Mros524
D 0SES

" OSEE
S COSZE

L0520
et OSZF

()"'1 o

o5

e U"\ 34
CTOSE7
< OSEA

2 OSHE

“QOSHE
o7 OSEF

“ 0541
084z

0543
b 0546
“DS4E
“OS4R
“OS4[0
S OSS0
“O5-1
“OHES4

E ()CEL‘

|.I_|

552
)C‘I-'F'
OS5
OSSN
COSSE
0561
“OSAS
S OSAS
QS
S OSAT
“OELA

b.O

OSA00

TS0
TOET71

OS73
TSR
TOSTS
ST

VA

OS7w
IR

0370
OS7E

g0 "3:'-_4 =

TOSRC

(C) 1978 MICRO
QB.JECH ST #

67(0 2> o (-L.lE
cuz&05ﬂ* OS]
2AEAO4 - foss
&F e c.*“n". [=1~]
O IIns 4)‘7-10
AF 2680

ru 2405 ’%W (ﬁ-:rr
()':"—/ -
0=94
OS5
0396
0597
053

DEOO OEaz
73 PR RARN 8 100
COFFFFT 0534
TV o 0585
S84

/

54

A
eyt
Coacosd’

SO0 ,L' 0OLO0
CL4405 0AD1
FEOA

U(‘.\O&.
40
7!

OLOH

0604
L. .. -

0605
OLOE
OALAOY7

S5oe-
70
HFROOS

15aF (RYA BB
Q603 OlOw

AF
4F
CO4EO=
1OF®
FEOL
COSFOS”
w7

w1
COAEDS"
ZIFFFF
FE

74

0610
O&11
0612
O&1LE
0&14
0615
RT3 P
0&H17
0613
(72N

l)/- a0

JOS

DESIGM CONMCERTS
SOURCE

Lo
LI
CALL
1.0
LLs
CALL
LD
Lo
CALLL
XK
CALL.
LD
Akl
INC
0.iMzZ
SUR
=L
CALL
Lo
Al
LD
Calll
Lo
Lo
LD
Lo
JR
LI
XOIR
L
Cell.
OINMZ
(]
I
SR
=)
AT
L.0
EI
HALT

CCS10E:

CCS10F:
CoE1OG;

IS 10H:

W FEEEEHEEEEEEE

Z
FORD

Fz
CRROO4 "

ELSE | o
ZIFFOF &
OLZ0

]

EOFD

5

HOFR

i s 1A

Co=1000 DEC
R
DEC
JR
ni
LD
T
0
=
naTea
M
LIy
(]
DEC
R
DEC
R

i LA
DS B B

FRUM

STATEMENT

MOSTEK FLP-30 ASSEMELER VZ. 0 FPAGE 0011

DATASET DEO: DECEKY | SRC
C, 0
AR
UPACCS
A, (FLINHZH)
H; A
LPACCS

A, (PLNHSL.)
L, A
LFQCCs
A
rPACCS
A, (HL)
LFQACEs
HL.
CCR10E-%
A

[
LIFACDS
A, ODH
=TT
A, OAH
LiPaCCS
A H
(FLINH=H) , A
A, L.
(FUMHZL.) ., A ;
CS10R-%
E, =

A

i CLEAR CHECKSUM
i PUNCH RECORD LENGTH

i FUNCH HIGH BRYTE FIRST

i ACC=0, PUNCH RECORD TYPE

;i FUNCH DATA

s FUNCH CEECKSUM
i CR

i LF

SAVE HIGH RBYTE

-

SAVE LOW RYTE
i FUNCH S0OME MORE

T A

LIFRCCS
CoS106G-%
A, 1
LPACLS -
a

I:S

UFACCS 5 CESUM FOR EOF

HL:OﬁFFFH ; SETUR S SEC
s ENQBLE INTERRUFTS

s FUMCH EOF o,

TRAILER

L

MZ, CCH104-¢
H
MZ, CCE10U0-%
Fy O3H
(CTC1) A s LISABLE CTC
s D1SABLE INTERRUFPTS
RESTR1I 5 RESTART MONITOR
lAwaTTF THFF TO MEMORY (ELC
£ SELECT MODE TWO
HL'OFFFH s START 15
L, FOH

L
MZ.
H
MZ, CC511A-%

I1-17

KILL TONE

FORMAT)
INTERRUFPTS
SEC DELAY

CoE11A-%



" DECKY
AOLIR

90 OERE

1E OS50
TOSWE
TOEYS
“ORe7
TORVE
TSR
TOSRC
COEYE
“OSA0
TOSAE
“O5A4
“OHAT7
“O3AR
TOSAY
“OEAER
“OSAE
TOSAF
“OSRO
“ODEZ
TOBES
“OSRE
TOER7

TOSEY
TOSRED
TOSBE
TOSCY
“OBCS
TOSCA
TOSR
TQECA
TOSCD
“OSCE

“OS00
\

TOTNR
“OSNOS
TOSDE
“ODIGE
TOSC
“OS0
“OSNE
TOSEL
0S4
“ODEA
TOSES
TOSEA
TOSEC
“OSEE
TOSFOQ
“OSFZ
“OSF4

() 1978 MICRD
T

i I
10FS

COFFFF
LR
FOF
4F
COFFEF
47

U 0L b
7

O LIOS -
SF
CHALTONS
20

FS

2307
LIAS0S T
12

13

10F
COACOS”
aF

=1

ZH14

nnz170047
74
COzZ=04
LZ1 2004
72
CIRBRFOS -
F1
CRCR04
F1

000
CR7FOS”

HEOL
BER3OZT
CDAZD4G -
ES

1

ES
Z10020
110010
BEZGS
386
JECR
D324
JERO
[3ac
EDAO
IEOO
D3sc

ST #

0640
0441
064z
04643

0L44

0645
0446
04&47
0643
0L489
OS50
OAS]

OEDZ

COAST

0OL54
OES5
OGLSA
OAS7
[RYSE]
QLD
Qlads O
IRTYCR
OGLGZ
(AT
0664
OEES
Obbds
OAAT
OALS
Qb
QAT
0671
QOLTZ
OL7=
0O&74
OL7S
OLT7A
077
OA73
QAT
Q2D
N6E1
QLR
QA3
OA34
OA2S
OLRE
07
0638
062

Q6L
061
0692
O3
0474
QLS
QLA
0LAT7

t

o

DE=IGN COMCEFTS

SOURCE STATEMENT

[hanZ

CCS11A-%

P NOR TNTO LEADER - STaRT

Co=11G) CALL
=
MR
L.n
ALl
LD
AL
L0
CALL
L0
CALL.
DEC
FLISH
JR

CCS1IH: CalL
LI
TN
ez

UBUIRR I I B e <1
XOR
ADD
JR

INCHR
A3aH
MZ, SOl
oy A .
UL s

‘- E, &
LIL&C
0, A
LI Qs
E, A
LILpIZC <
a
AF
L, 00511
LI @z
(OE) . &
DE
ClE1IH-%
ULpCC
A
A, C
Z, Rl 1K

s ERROR FEFORTING

1.
.0
CALL.
LIy
L0
call.
P
JE
CoE1ik POR
JR
R

s FROM PROGRAMMER FOR

DATASET = DKEO: DECEY . SRC

MAIM LOOF
i GET FIRET CHARS
P CHECK, FOR COLON
G-% 3 LOQF BACK
i ZERO CHECESUM
i GET RECOURD LENGTH AND CKSIUM

; GET HIGH BYTE OF ADDR
;BET LOW BYTE OF ADDR

; GET RECORD TYPE
s RECORL TYFE=EQF?

-% i P IF YES

; GET DATA

3STORE IT .
i LOOP FOR MORE

s GET CHECKSUM

s CLEAR ACC

-% i CESUM Ok

IX, DISMEM i POINT TO RBUFFER

PR
LIFOR1
IX, VsMEM
Fu E
LUFORL

AF

DIsuF

AF

s DISPLAY HIGH BYTE

Z

s DISFLAY LOW BYTE
i RESTORE SE_

;GO DISPLAY

i EST FOR EOF

MZ, CCS11G-% GO LDOK. OF NEXT RECORD

REZTRI1

i RESTART MONITOR

2758 AND 27164 PROMS

s MOVES DATA FOR RAM STARTING AT ZOOOH TO FROM
s BTARTIMG AND 1000H. MUMEBER OF RYTES TO EBE
(EXPRESSED IN FOUR HEX DIGITS) IS
s IN DUSPLAY RBUFFER (DISMEM)

i TRAMSFERED

D=1 LD
Lo
AT
PLSH
FOF
FisH
L
Lo

cosi1za: LD
T
LE
GlT
Lo
QT
LDI
Lo
T

A, O1IH
(FPRFLG),
LIFORZ

HL.

R

HL.

Hi_, ZOO0OH
[E. 1000H
f, Z5H
(CTCH) A
A, 2030
(CTCZ), A
A, 20H

A 3 SET PROM PROG FLG
GET- BYTE COUNT

.

PSAVE IT

; RAM SOURCE DATA

; PROM DEST ADDR ,
i TS FOR Z6MES ZC/TOZ

i NO INTR

i TIME CONST
i CLEAR DISPLAY SET

(DIGLH), A ;i PROM PROG EN=1

fa, QOH

; WAIT STATE INSERTED UNTIL
P CTCZ TIMES OUT TWICE

(DIGLH), A i CLEAR FROM FROG EN

I1-18
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QECEY (C) 1972 MICRO DE=TGM COMUERPTS MOSTEE FLP-20 ASSEMBLER VZ. 0 PAGE 00132
ADR ORJIECT ST # S0RCE STATEMEMT DATASET = DKO: DECEY . SRC
COSFE  ZEOD QL3 LI F, OZH i RESET CTCZ
QSRS D386 QBT ouT (CTEE) . A
“OSFA EAE405C Q700 SFE FE. CCS1260 i LOOFEACE, IF BC—-1 NE @
. 0701 ; VERIFY FROM I35 LIFKE FHAM
“OSFD 1 O70%F ' FOF B s RESTORE BYTE COLNT
TOSFE Z100320 0703 LI HL., ZO00H iHL PTS TO RAM
<001 110010 0704 LI NE, 1000H ;DE PTS TO FROM
004 1A 0705 COs1zlR LD A (DE) G GET PROM DATA
NS EDAL 0706 Rl ;s COMPARE WITH RAM
“OEOT7 Z004A Q707 JR MZ, CCELZIC~% i ERROR REPORT IT
OO EZDNIOSS Q708 JE PO FESTRI i MO ERRORS — RETURN
OO0 13 070w I DIE i UWPDATE DE
“O60IY 13FS 0710 JR CCsl1ER-% i CHECE, MEXT RBYTE
0711 i ERROR HANDLER
“O0F  FS O71ZF CO3120 PLUSH AF i FRESERVE ERROR LATA
L0 CS 071z FLISH M i FRESERVE BYTE COUNT
SO DS 0714 FiL=H [E i FRESERVE ERRIOR ADDR
g TC D N D715 EXX i PRESERVE MAIM REGISTERS
0612 il 0716 FOF [E ; DE=ERROR &DDR IM FROM
“OA14 1 0717 P B ; BU=RBYTE COUMT
“TOALS DDZIBROST Q718 L IX, NISMEM
TOA1R T7A Q719 LI a, I
“OA1A D705 0720 CALL UFOR1 s HIGH BYTE TO DISMEM
COAID DOE1IC205T 0731 LI IX, DSMEMZ
ST Y 4 T 073z 1.0 & F
TOAZE CDIROAT 0753 CALL. LUFOR1 i LOW BYTE TO DIISMEM
TOGAES DODXIEZORT 0724 L. IX, D'sMEM4
0627 F1 O7E5 FOF AF i RETRIEVE ERROR [ATA
TOEXA CDZI0OAT 0764 oAl LIFOR1 ; ERROR DATA TO DISMEM
Q6D CICEOSC 0727 JF LHSUE y DISPLAY IT
07223 ;MNEXT FEY INFUT DURINMG ERRIOR DISFLAY
TO&E0 [ 0727 CC=1Z0n EXX i GET PRACK FOINMTERS
OB 13 07320 TN DE i SETUF FOR MEXT ERROR
TOA3IZ 13100 0721 JR CCS13R-%  LOOP FOR MORE ERRS
(V733 i #EFEEEQUATES
00BC O73% DIGLH EGd BCH WRITE OMLY DIGIT SEL
=000 0724 FERSEL Ecud YOH ; READD ONLY KRB SEL
0024 073235 CTCO; EQL ; INTRFT VECTOR

S4H
>0025 0736 CTCHL: Euld =S ; CASSETTE INTERFACE-PUNCH
+00BA 0737 CTCE: Efad S6H ; ESSCPROM PROGRAMMER
FOOR7 0738 CTOH: Evu S7H i CASSETTE INTERFACE-LOAD
+008E 0O73% SEGLH:  EQ naH i WRITE ONLY SEGMENT LATCH

0740 EML

ERRORS=0000

‘? II-19



LTI () 1973 MICRO DES1IGN COMCERTS MOSTEEK FLF-20 ASSEMELER VZ. 0 PAGE 0001
ADIR - OBRJEC HT # SOURCE STATEMENT DATASET = JKO: UTIL . SRC

000 MAME UTIL
000 G UTILITY FACKAGE
0004 ; VERSION 1.5 S/13/73
>063 0005 ORG 0634H
O00& FPSECT  REL
0007 GLOEAL. [0GzZ
OO0NR GLURAL. D1Ga4
000w GLOBAL  DIGs
0010 GLOBAL  UIX3
0011 GLORAL  UFOR1
o001z GLURAL  D2oMs
0013 GLOBAL LWFORZ
0N014 GLOBAL  UFORS
0015 GLOBAL  UFOR4
0016 GLOBAL  BFIAR
0017 GLOBAL, =SFLG
001s GLOEAL.  UARIN N
001 GLOBAL  UBASC
OOE0 GLOBAL  UFaACe
00zl GLORAL UPACCS
OO GLORAL  LLACT
OO0 GLORAL  O1CHR
00z4 GLOBAL. EYTRL
Y] GLOBAL  REGTE
OOZ b GLOBAL.  REGTRKF
O0Z7 GLOBAL  LIISMEM
007 GLORAL  STEPY
O0Fw GLMBAL  SEGHT \
0030 GLOEBAL  KEYFTR
0031 GLONial.  OTCHR
OO GLORAL.  OTCHRY
003 GLORBAL INCHK
0034 GLURAL  FLGZ4
OO3S GLOBAL  RFLG
OORE GLOEAL ARFLEG b
OOE7 GLOBAL  BFLG
003 GLORAL.  PFLG
OO GLOBAL  CTCLP
- 0040 GLUBAL  MFLG
0041 GLOBAL  PRELG
004z GLORAL  Cross
0047 GLOBAL.  CTCLR
0044 GLORAL  UFGCR
0045 GLURAL.  OTCHRA
00464 GLOEAL INCHR4
Q047 ; ALIYS THREE T IX AND DECKEMENTS B
0045 ; USELD IN MAMIFULATING TNE TABLE HOLDIMG
0047 5 BREAKFOINT ADDRESSES ANDY LSER OP COLES
“OEE4  NIER OO0 LILXE: IME 1X
0636 DDEE 0051 ING IX
TOEEE DD OOST INGC IX
TOE3A 05 0053 DEC |
TO6EE LW 0054 FET i USER TO CHECK FOR EP OVRFLW
005 5 I¥ FOINMTS TO MEXT TWO LOCATIONS IN DISMEM TO RE
0054 G WRITTENM IMTD & COMTAIMS THE DATA AND UFOR1 LOES
0057 5 THE WRITUIMNG
“O&EC 47 00SE UFORL: LD B, & i SAVE & IN TEMP REG
0630 E6OF 005w ANK OOFH i MASE OUT HIGH MIRELE

IT-20



Ut I
AR

“OAEF
064
QL4
“OELS
0647
“ Q647
“OA4L
“O64E

“OALF
“O6SE
TS
DO
< OLSA

“OLSE

OGS
“OLS
S OGLD
CObbZ
“OLLE
Ol
COGLE
“OGLE
LB
“OLLF
0671
COLTI
COGTS
SOL77
COLTR
COLTE

TOLTC
T0620
TOLE3
TOER4
“O6R5

“DLEG
0637
TO6BC
“OLBE
0671
0674
“067
“O&FA
0670
“O6A0
TOEAR
“Q6AL

“O6A7
“O6AT
“O6ALC
“O6AE
“O6AF

() 1=wra
ORJECT

Do7s701
7=
CEEF
CR3F

i B =
CLaF
ODn7700
(g
Z1FFOR
20
LOFD
25
Z0FA
o

DIZIFFFF
DO7EOD
CiRE7
CREY

U
ClRZz7
DHs&01
-7
DIO7EOZ
Ckz/
CRE7
CR27
CRE7
DOBAOR
&F

()

DOZAFFFF
SOFFFF
B7

a7

U
Z1SEO6"
2IFFFF
ZEOD
FZFFFF
IZFFFF
3ZFFFF
2ZFFFE
32ZFFFF
S2FFFF
SZFFFF
32FFFF

()

0603
2187047
JEL10
77

23

MICRO
ST #

OOLO.

0061
0062
OO&
00L4
OOAS
QOLA
O0L7
OOES
OOLY
O0O70
0071
0072
0073
0074
0O07%
0076
0077
OO78
0072
DO2RO
0O=1
002
QO
O0O=4
QOs
0O=A
00=R7
DO=S
OOE
0070
001
OOz
(RN P
OOw4
Q0I5
0024
OOv7
QOvE
QO
0100
0101
Q107
01032
0104
0105
0106
0107
0102
0103
0110
0111
011z
0113
0114
N11S
0116
0117

DESTGM COMOERTS

SOLRCE

s DELAY
LiZoMs:
DzOMs1:

MOZIEE FLP-20 ASSEMELER VZ. 0 FAGE 000Z

STATEMENMT DATASET = IO UTIL | SRC

Lk
L.L
SR
SR
SRI
=R
LI
RET

(IX+1), A PFUT IN LOW N1EBLE

Ay s GET FULL BYTE

A

A

A

A s HIGH MIBELE TO LOW

(1IX+0), A i PUT HIGH NIBBLE IN DISMEM

ZO0 MILLISECOMDE AND RETURN

LI
DeC
JR
DEL:
IR
RE'

HL., OSFFH

L.

MZ, DZOMS1-%
H

MZ, DZOMS1-%

P FORMATS FIRST FOUR DIDEITS IN DISMEM INTO AN ADDRESS IN
i HL, USED RY MEMORY AND FORT LUPDATE COMMANDS.

LIFDORZ:

L.
LD
SLA
Sla
SlA
A
OR
L.
L
Bt A
SLé
SLA
SLA
OR
LI
RET

IX, DISMEM s POINTER TO FIRST DIGIT
A, (IX) G GET FIRST DIGIT

a

2}

A

A s MOVE TO HIGH MIBRLE IN A
(IX+1) G BERING IMN LOW NIEELE

H: & i SAVE

A, (IX+2) i SECOND BEYTE HIGH MIBRLE
A .

A

A

A

(IX+2) G ERING IN LOW NIRBELE

L., A  COMFLETE FOINTER

s GETS TABLE ADDKRESS INTO IX AND BFLG INTO B

LIFORE:

L.Ce
Lo
OR
LD
RET

IX, BFTAR s POINT IX TO START OF TABL
A (BFLG) : i NOQ. OF BP ACTIVE
A i SET STATUS
E, A
;s ISER TESTS STATUS

s FLAG INITALAZATION ROUTINE

LFGCR:

P PUTS BLANEKS

LIFOR4 :

LFUR4A:

Lo
Lo
Lo
L.D
Lo
Lo
LD
Lo
Lo
Lo
Lo
RET

1.0
LD
LD
LD
INC

HL, DI=MEM

(KEYFTR) ., HL s FOINT INTO DIISMEM
f, OOH

(DIGZE), A i ZERO FLAGS
(DIG4),A

(35FLG), A

(FRFLG), A

(PFLG), A

(MFLG), A

(RFLG), A

(ARFLG). A

INTO DISFLAY MEMORY - DISMEM

B, =

HL, DISMEM

A, 10H ; BLANE. CODE
(HL) . A

HL

IT-21



UTIL
ADDR

TOARO
TOERBE

“OAREZ
TOERS
TOART7
“OARS
“QEEA

TOEIRE
“OGRD
“OLEBF
OO
TOAZE
TR

S OBC4
OGS
TOECA
TO&CT7
TOELE
TG
TOATA
“OACD
TOACE
TOLUO
“OADE
TO&4

TOEUS
“O6DA
TOELT7
O
TOADY

“O&DEB
“OA0OC
“O6DF
“OEEZ
“OGER
“0O6E4
TOAES
“QLEA
“OGE7
“OEER
“OLED
“DEEE
“O&EF
“OLFO
“O6F1
“O6AFZ
TOAFE

()
OEJECT

10FC

[

L1640
FEOA
Fa

607

e

EAOF
CAHT0
=7
CE40
=7

W

Lz
Fo
OF
OF
OF
OF
COF 4046~

F1

EAOF
COF 406
nw

o

FS
a1
aF
Fi

1S

]
COSssE07 "
CONa306
07
07
07
07
4F
CDRE20A
El
=1
FS
a1
4F
Fi

o

1273

M1CRO
5T #

0113
0119
130
01z

0132

O1zFm

01F4
0135
D134
O1F7
R R
01Z9
01 =0
017321
13
01723
01324
01325
01 5
0137
015
013w
0140
0141
14z
0143z
0144
0145
01464
0147
0l14s
014w
0150
0151
0157
0153
Nnis4
0155
Q156
0157
0153
015
0140
0161
Q167
014a3
Nis4
0165
0146
0147
01462
O1&%w
0170
0171
0172
0173
0174
OL75

[EES TGN COMCERTS
SOURCE STATEMEMT

0NZ
RET
P CONVERTS OME
UGRIN: S
CF
RET M
SR 7
FET
FCOMVERTS OME DIGI
LESzT: AND
Al
WJATsY
(AT
Jatal
RET

LIF

aEl

&,

(AN

i PLINCHE
DPACT:  EXX
Fil=sH
FRCE
RRIZA
RRCA
RRCA
CALL.
FOF
AN
- CALL
EXX
RET

OF
oT

s PUMCHS
LIRS FidsH
ann
O
FoF aF
AR IIF
TWI CHARACT
RETURMEL INM

FlizH B
CALL IN
CAalll LA
RLCA
RLCA
RLCA
RLLCA
L0
CALL IN
CALL LA
OR C
FoF B
FPLISH AF
ADn
Lo
FOF
RE'T
P ROUTIME LIZES CTC
s OR Z400HZ). ENTR
il MIBRBLE OF 6.
3 THE =ZHIFT THE CHA
i BLTS. CUTPUTS AR

AF
A,

s

i READS
i DRTA
L@z

=,

<,
AF

OFH

T CHARAL

AF

TWI CTHARAL

A€ <

MOSTEE FLP-30 ASSEMBLER VZ O PAGE 0003
DATASET = DKO:UTIL . SRC
OR4A/A—~% ; LOOF TILL DONE

I DIGIT IN RCC TO BINARY

O30H
10

2P

T OF RIMARY IM ACC TO ASCII
; MASE OUT HIGH DIGIT

FOH

40H

TERS IN QCGUMULQTUF—HIGH NIBBLE FIRST
i USE ALT REGS IS OTCHR '

P SAVE ACC

GET WUFPER DIGIT

-

OTCHR
AF

H i MASE,
CHR

ouT HIGH MIBELE
i RESTORE REGISTERS

TERST IN.ACCUMLILATOR AND

i SAVE ACC

o i SUM CHECK:SUM

= i SAVE IN

ADbDs CHECEKSUM

ACC~% ; PUNCH ACC

ERS FROM TAFRE AND CONVERTS
ACC ANMD CHECKSUM EEPT IN O
i SAVE © REG (CTHECKSM)
i RERD CHAR FIRST DIGIT
i CONVERT TO EINARY

TO RINARY

ZHR
EIN

SHIFT TO HIGH MIBELE
; SAVE FIRST DIGIT
GET SECOND DIGIT
CONVERT
MERGE NIEBLES
RESTORE CHECKSLIMS
i SAVE ACC Shye br-TEH
ADD TWO DIGITS TO CESUM
A i SAVE IM ©

;s RESTORE ACC

Tal ;
ZHR ;
RIN ;

CHAMNEL 1 AS EBASIC TIME BASE (4300HZ

Y IS WITH ONE BINARY CHARACTER IN THE
THIS ROUTINE WILL CONVERT TO ASCII AND
RACTER OUT WITH OME START AND TWQ STOF
E PULSES (ZC/TO) FROM CTC1 AT TWICE THE

IT-22



-

UTIL
ADDR

“Q6F4
“QLF7
WrOEFR
o' OEF®
N O6FE
0s < QOEFD

074 O&FF

0950701
oB OTOZ
0704
ol Q706
167070
=704

“OT0E
“O70C
“O70E
“O70F
“0711
0713
“0716
0717
0713
TO71A
TO710C
“O71E
720
0721
T7EA
T26
Q727
7R
TOTEA
TOTEC
TO7ZF
TO720

“O7 ST
TQ7EE
TO7TERS
TOT7 R
“O730
TOT7EF
0741
0743
0745
0747
0749
“O74E
“0740
“OT74F
“0O7%51
TO7ER
VAT

TO754

(C) 1973
OBJECT

CORBOA
FE

57
JELO
ZE0A
CE12
FEO1
ZOFC
47
ZEOOD
ZZFFFF
78

74

27
CE14a
20
2007
SEOL
2EOTOT

7 T
()]

'~

8

FEO1
FOFC
Clray
FOOY

47
SEOO
BE14077
73

200
DOZ1zE007 7
OO EOOAA
OO0

ED4p

MICRO
5T #

01764
0177
0172
0179
0120
D131
0137
01a3
0124
01E5
0126
0127
N1
(RR =)
010
0121
Qlez
0193
14
0195
0196
0127
019
0199
OZF00
QOZ01

QZ0%
Q06
QF07

OZ0E

0OZF10
0F1l
0212
0F1E
0x14a
0Z15
0F1é
017

LB 5

DEZIGM CONCEPTS
STATEMENT

=OLURCE

i KANSAS

-

OTCHR:
OTCHR1

OTCHRE

DOTCHRZ

AL
: EI
LD
Lo
LD
RL
-
JR
Lo
LD
LD
LI

T HALT

P EREEEEEEE

OTCHR4

OTCHRS

FETC
OTCHRA

= OTEHRY

P INFUT RIT RATE HATS BEEN AVERAGED AND

3O EX

=iF
‘RR
DEC
JR
L0
L0
NI
FET
TR
IR
EIT
JR
L.
Lo
L0
(R
R
S
L.
LI
LD
R
INTERRUFT
;. [DEC
IR
.o
EBIT
IR
Lo
T
Lo
T
LD
=
LD
T
L0
T
Lo
El
RETI

IT

CITY STAMDARD RATES (1=4300HZ,

CHARACTER

MOSTEE FLF-80 ASSEMBLER VZ. O PAGE 0004
DATASET = DKO: UTIL | SRC

0=2400HZ).
LIBASC s CONVERT TQ ASCII
A ;A TO D

A, 10H » INIT A FOR CTC INTR

L, OAH s BIT COUNT OF WORD

I ; CARRY TO DO

oD i A=17? WAIT UNTIL

MZ, OTCHRZ-% s CTC ON NEXT TO LAST CNT
E, A i SAVE A
f, 0

(FLGZ4), A

CTRE

; CLEAR FLGZ4-3TART BIT

i SET CARRY
[ i SHIFT D ONE RIGHT
.
MZ, JTCHR4-%
Al
(FLLGZ4)., &  WORD OUT—-MARE. LINE
' JEXIT WITH INTERRUFPTS DISAEBLED

1 FNEXT TGO LAST COUNT
NZ, OTCHR4-% s MO WAIT

0,0 i TEST MEXT EBIT

MZ, OTCHRS-% i NMEXT BIT IS
Es A

£, 0 P NEXT BIT IS
(FLGZ4) ., A
A
OTCHRZ-%
L &

A1
(FLIGZ4) ., A

A ONE

A ZERO
i CLEAR FLGZ4

; SET FLGZ4

A R i RESTORE A

OTCHRZ-% i WAIT FOR END OF CHAR
SERVICE FOUTINME DUIRING FUNCH

# iA IS OYCLE COUNTER

MZ, OTCHRES-% P NOT LDAT COUNMT, RETURM
IX: FLGZ4

0, (IX+0)
MZ, DOTCHR7~-%
A, B5H s FLGE4 IS CLR=ZERD ‘

(CTC1) . A s NEW CONTROL. WORLD

Fe DED i INTERRUFTS LIVE

(CTCL) . A s TIME CONST FOR 1200HZ
A, & ; COUNT & CYCLES

OTCHRES-% i RETURN

Fur 2EH
(CT21), &
Fy EED
(CTCL) . A
Fs 160

;s TEST FLIGZ4

s MEW CONMTROL WORD

P TIME CONST FOR
FOR 1& COUNTS

Z800HZ
;s SETUF

IS IN (BITRT)

I=

IN &
IT-23



UTIL
ADDR

" 0753
TO7SR
CO7SC
“OT7SE
“O7SF
20761
0763
0764
07 bk
COTLE
“O76A
“OT4C
"O76E
Q770
0772
0774
0776
0773
“QO77A
Q770
“O77E

TO77F
MAYACH!

0723

“0784
0786
TOT7R7
CO7ES
TO7EA
“O7RC
“OTRE
ZO7EF
“0791
QTG
“0794
0796
“O797
“O7IV
TOT7R

“O790
“O7IF
“OTAD
IJOTAZ
“0O784

*00O=4
FOOSS
HOOSA
>0027
FOOT0

0T

(C)

197&

OBJECT

" 01
Z1FFFF

7c
ED47
70

324
OLOS
FE

FEOO
ZLO0
DRSO
CE7F
ZOF A
ZEAS
Vi =4
IEOD
(=Y
ZEAS
(=Y
2E1A
nasy
76

CR7F
2014
76

EAROD
4
-7
1012
CB7F
LR0%
F3
BEO3
D=7
7
E&7F
oo
ZEOR
27
1504

DES0
FE

ED4D
CEOC
1200

40

S

MICRO
5T #

0234
OZ25
OZ3A
0237
OZ3IR

0Z23%

0Z40

0241

0zaxy

0Z432

0244

0245

0246

0z47"
0Z4%
0zZ43

QZ50
0251

0Z5Z
0253
0254
0253
D256
0257
OZ53
OF=
OZAL0D
0261

QL2
Q263
NZe4a
QLS
0Z&bA
Q267
QO26S
Q269
OFTO0
0271

0272
0273
0z74
OE75
0276
077
QzZ78

QF7Y
QR0
0F21

Q27
nzeE=
0Z=4
O 5
Q35
Q227
QzZaz
OFEw
Q20
Dl

DESIGN CONCEFTS MSTEK FLP-80 ASSEMBLER VZ. 0 PAGE 0005
SOURCE STATEMENT DATASET = DEO: UTIL . SRC

FREGISTERS LUISED ARE A'EH
i INTERRUFPTS ARE ENMARLED AND CTC1 INTERRUFPTS AT THE BIT RAT
INCHR: LIy HL, CTC3L
LD A:Hw
LD 1.4 ;i SETIF I REGISTER
Lo e,
QuT (CTCO), A ; CTC INTERRUPT VECTOR
INCHRY: LD B, 3D s BIT COUMT FOR A WORD
El
L A, 0
Lo H, O ;s CLEAR WORDes
IMNCHIA: IN A, (KR3SEL) ; GET INPLUT DATA
RIT 7 A
JR NZ, INCH1A-% i LOOFP BACK FOR START BIT
Lo A, PeaTH  ; INTR~-Z5A4 FPRESCALER
_ouT (CTCR) A ; CTEZ CONTROL WORD
Lo AgﬁﬁH ;DIVIODE BY Z2 FOR MID OF BIT
ouT (CTCR), A ;CTCR TIME CONSTANT
LD A, §ASH
ouT (CTC2) . A
(5] A, Q1aH
QLT (CTCZ), A
HALT
HE-2-X-X-2-2-X-X-1 X X 2 XT3
RIT 7: A
JR MZ, INCHRZ—% ; BTART BIT GONE-FALSE 5T
INCHRZ: HALT i WAIT FOR FIRST BIT
HE XXX 2L -X-T-T-3-2-3-L X33
AN S0OH s MASE, OUT OTHER INPLTS
OR H
Lo H, & i SAVE
[LMZ INCHRS-%
BIT 7, A
IR 2, INCHRZ-% ;s FRAMING ERROR, RESTART
0
Lo A, O3H
ouar (CTC2), A i RESET CTC RTN WITH DATA
LI a, H .
{gg;oﬁ 3QNﬂ 7FH s MASE. OUT START RIT
U RET
TMNCHRZ: LD £, O2H
CHAT (CTOZ): A s RESET CTCR, FRAMING ERROR
IR INCHR1-% G G0 Lok FOR ANJTHER CHAR
;T IMTERRUFRFT SERVICE ROUTIME DURING LOAD
IMCHR4: IN A, (KRSEL) i GET DATA
EI
RETI
IMCHRS: RRC H
JR INCHRZ—-% ;i WALIT FOR MEXT BIT
P BEEEESEEEEESECILUATES AN TOARLES### 5448458 %
P CTC FEAD ACCESSES DOWM COUMTER, MRITE SETS UP COUNTER
CT20: Eaid 24H ; RESERVED FOR USER
I A B Eild 25H ; AUDIO CASSETTE-PUNCH
0 Eid S6H ; SIMGLE =TEFP AND FROM PROGRAMMER
CToE Em 27H ; AUDIO CASSETTE-LOAD
FESEL: EcH OH i CASSETTE DATA
; FEESEVEM SEGMEMT DISFLAY FATTERNS
SEGFT: DEFE 40H ;0

II-24
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UTIL (C) 1973 MICRO DESIGM CONCEFRTS MOSTEK FLP-80 ASSEMBLER VZ. O PAGE 0004
ADDR OBRUECT ST # ZOURCE STATEMEMT DATASET = DKO:UTIL . SRC

Y]

“O7AC 0Z 0z DEFE OZH
cO7a0 . 78 DEFE 73H
“O7AE 0O OZs LEFE OOH
TO7AF 18 0300 DEFE 13H
“O7RO OR 0301 DEFI OSH
CO7EL O3 030% DEFE O3H Ak
TOTRZ 44 0303 DEFE 46H
CO7RT 21 O304 DEFE Z1H i LOWER CASE
“O7R4 06 03205 DEFR O~H i E |
“O7RS  OE 0206 NEFE OEH iF
“O7B6  7F 0307 DEFE 7FH i BLANK
“O7R7  EF 0308 DEFE FFEH i PROMPT
“O7EER 7D O30 DEFE 70H i PRIME MARE

010 ; ###KEY VALUE LOOKUFP TAELE
7% FF 0311 KYTEL: DEFR OFFH i 0 B=01, A=0F
“O7136  EF 0317 DEFE OEFH E=0Z, A=0F
“O7BE  F7 0313 DEFE OF7H H=0%, A=17
“OTRC FR 014 DEFIS OFEH E=0Z, a=1E
“O7BO LF 0315 DEFE OOFH E=04, 4=0F
“O7BE  E7 03164 NEFR OE7H 2=04, A=17
“O7BF EB 0317 DEFE OEEH E=04, A=1E
Q700 CF ozl DEFE OCFH B=03, A=0F
“OIC1 D7 031w DEFE OO7H E=0&, A=17
“O7CZ DB O30 DEFE ODEH B=02, A=1R
“O7CE DO Rici DEFE ODOH E=08, A=1D
074  ED NEES DEFE OEDH 2=04, A=10
COTCS  FO 033 DEFE OFDH E=0Z, A=1D
“O7CAH  OD OT24 DEFE OOOH ;D B=01, A=1D C
07027 OB OzES DEFE OOGH i E EB=01, A=1E
“O70E 07 0326 DEFE O7H i F B=01,A=17
0709 OE O3 DEFE OEH i EXEC EB=01, A=1E
“O70CA  FE O3S DEFE OFEH i 55 B=0Z, A=1F
“O7CE EE O3z DEFE OEEH i MON E=04, A=1E
“O7CC DE O30 DEFE ODEH s NEXT E=08, A=1F
“O07Ch ChD (aicich ] NEFER OCDH ; REG” DISP B=10, A=1D
“O7CE CB 0332 DEFE OCEH i REG DISP B=10, A=1B
TOICF 7 0333 DEFE OC7H 3 PORT EXAM E=10, A=17
“O7D0O  BF Iyicic) DEFE OBFH i MEM EXAM B=10, A=0OF
“0701 - BD alcict DEFE ORDH i BP B=Z0, A=1D
‘0702 BB 0336 DEFE OREH i PUNCH EBE=20, A=1E
Q703 E7 03 DEFE OR7H ; LOAD B=Z0H, A=17
“O714 AF 033 DEFE OAFH s PROG B=20, A=0F

0237 ; #+#REGTAR-RELATES FEYVALUE TO FOSITION OF REGISTER ON STK
0705 19 0340 REGYE: DEFE 250 s KEY O MU NO DISFLAY
TO7DE OZ 0341 DEFE Oz i KEY 1=PC
TO707 Oz 034z DEFE 20 i KEY 2Z=5F
“O70E O 0243 DEFE 120 i KEY 3=1FF DISPLAY UIF
TO7U% 1A 0344 LEFE Z20 i KEY 4=IX
“O7DA 13 0345 DEFE zan i KEY S=1Y
“O70OE  OR 0246 DEFE 110 i KEY 6=
“O7DC 0% 0347 OEFE [ i KEY 7=H
‘0700 OA 0342 DEFE 100 i KEY &=L
“O7DE 19 0249 DEFER Zs0 s KEY 2=NU NO DISP

I1-25

0787 79 0z DEFE 77H Ve
0708 “4 0z DEFE Z4H - .53
c078% 30 0zva DEFR Z0OH i)
0768 19 02 DEFE 17H :

L CO7TBE 13 OZ%6 DEFE 17H |~ = 2F

7

[N]
& G
&1

© e %ee e e M %e e fer tme el

DO 0N D LR e

LOWER CASE

T m

[
—

..

e e e NWe we s Wl W el e

R D G0N D DN e

.
1

i,
DA I

™

03 ) L)

~

A
]

-t



ITIL () =78 MICRD DESIGN CONCERTS MOISTEEK FLP-20 ASSEMELER VZ. 0 PAGE 0007
ADLR ORJECT ET # SOURCE STATEMENMT DATASET = KO UTIL | S5RC

TOTIF O O350 DEFE iy i KEY

TOTED 05 0O=51 DEFER = i KEY

TO7TEL 04 0R5E NEFE &0 i KEY

TO7RZ 07 03532 [EFE 70 i KEY

COTER 08 0354 DEFE 20 i KEY E
£

WD

Hoian

omb

fn,
b}

3 E
“O7E4 04 0I5 DEFE 4 s FEY
O354 ; #6#QL TERNATE REGISTER =ET
1% 0357 REGTEF: DEFER Z50 ;s KEY
TO7EE 1Y O35 DEFER FEL0 ;s KEY
“OTET7 19 O35 LEFE 250 i KEY
TOTES 1w 036D DEFE 250 s KEY
i
1

n
i
-

TOTES

b
-’
rd
-
—
—

4 MO DISPLAY
MU MO DISPLAY
MU MO DISPLAY
M MO DISPLAY
TO7E® 19 0361 NEFE 250 i KEY MO DISFLAY
“O7EA 15 0367 DEFE a0 ; KEY S MU MO DISFLAY
“O7EE 19 el 3ch DEFE 50 i KEY & NU MO DISPLAY
“O7EC 13 0344 DEFE 120 i KEY 7=H"

“O7ED 14 O35 DEFE Z00 i KEY &=~

“O7EE 1% O34b DEFR ZS0 i KEY w=NU MO DISFLAY
“O7EF 0D DILT DEFE 130 S KEEY A=A~

TO7FO OF O3 LEFE 150 i KEY B=E~*

“O7FL 10 036 DEFE 160 s KEY C=ie
“O7FZ 11 OI70 DEFE 170 i KEY D=0
“O7FE 12 (371 LEFE 120 i KEY E=E~”
“0O7F4 OE 0372 DEFE 140 i KEY F=F~

0373 END

DRI I AN
=
Lo

ERRORZ=0000



UTILR (C) 1978 MICRO DESIGN COMCEFTS MOSTEK FLP-80 ASSEMBLER VZ. 0 PAGE 0001
ADDR  OBJECT ST # SOURCE STATEMENT DATASET = DKO: UTILR . SRC

000Z MAME UTILR
0003 S UTILTIY RAM AND CONSTANTS
0004 ; VERSION 1.2 SGr13/73

>07F& 0005 ORG O7F2H

QO0A FSECT ARS

0007 GLOBAL. CTC=L

0002 GILOBAL. CTCiP

000y GLORAL OTCHRA

0010 GLORAL.  INCHR4

0011 ; CTC INTERRUFT VECTOR TARLE

- Q7F8  DAZ3 0012 CTCO: LDEFW CTCOV i MAFP TO RAM

O7FA FFEF 0013 CTC1R: DEFW OTCHRA 5 PUNCH VECTOR FA
>O7FC 0014 CTCE: DEF= 2 i NOT USED FOR INTR
O7FE FFFF 0015 CTCZI: DEFW INQHR4 i LOAD VECTOR FE
DZICO 0016 ORG 23C0H

QD17 GLOBAL. DIGZE

o01s GLOBAL. DIG4

0O GLOEBAL  Dlge

O0Z0 GLORAL EBPTAR

00zl GLORAL  SSFLG

00ZZ GLOBAL  UIF

002Z3 GLOBAL  DISMEM

00z4 GLOBAL.  [sMEML

0025 GLOBAL  DSMEMZ

OOZE GLORAL  [DEMEMS

00z7 GLORAL  DSMEM4

00z2e GLOBAL.  DSMEMS

002w GLOBAL DSMEMA

0030 GLOEBAL.  DSMEM7

0031 GLOEAL  STEPT

DO3RZF GLOBAL  STEFPTI1

LRI ICHC] GLOBAL. FR3T1A

o024 GLOBAL. FRSTZ4

OO3S GLOBAL. RET3IZ

0034 GLOBAL. RST40

0037 GLORaAL. RST4=

OO GLORAL. RSTSA

DO3IV GLOURBAL KFEYFPTR

0040 GLOBAL  FLGZ4

0041 GLOBRAL.  RFLG

00437 GLOEBAL ARFLG

D04 GLOEAL. BFLG

0044 GLOBAL  PFLG

0045 GLOEAL  MFLG

0044 GLOBAL. FRFLG

0047 GLOROL  PUNHSH

0042 GLOEAL FUNHSL

004> GLOBAL FLUNHEH

0050 GLOEAL FUNHEL

0051 ; ###RAM VARIAERLES
QODZ FUNHSH: DEFS
DOSZ FUMHSL: DEFS
0054 FUNHEH: DEFS
DOSS PUNMHEL: DEFZ
O0%6 RST14:  DEFS
0057 RSTZ4: LEFS
0058 RST2Z:  DEFS
O0O%Y RST40:.  [DEFZ

i DUMF STARTING ADDR-HIGH BYTE
s DUMF STARTING ADDR-LOW RBRYTE
5 DUMP ENDING ADDR-LLOW BYTE

i OUMF ENDING ADDR-LOW BYTE

s USER INSERTS JUMFS TO

i HANDLE RESTART 16-56

ELW ]

Ky

LSt
W

Y

R RVEVE
SR I R I PURE (B S B L O

MERENELRN RN RS

DT 000
ODNPWUORKR=T
D3 DY 03 ) s - et

%

IT-27



UTILR (C) 1978 MICRO

ADDR OBRJECT

>Z300
>Z30=

>23D6

>2309
>Z3DA
>23DB
>2300
>Z3DE
>Z30F
>ZBEO
+23E1
>EBEZ

>ZIEZ

»Z3E4
BZAF3

v g

RNRNRRER

3
B

‘b.f.
A

-

B
N5

(R RW)
DY 03 DY ) )

n
m

>Z3IFY
FZIFA
FEZIFR
>EIFC
=Z3IFO
S>Z3FE

ERRORS=0000

ST #

0060
D04&1
O06Z
0O0OA3
00464
0065
0066
DOALT7
00LE
OOLY
0070
0DO71
0072
0073
0074
0075
D076
0077
0O07¢
0O7Y
QOO
0031
00Oz
003
0034
00ES
0034
QOR7
[RIESE
002V
OO0
00w

DESIGM CONCEPTS MOSTEE, FLP-80 ASSEMBLER VZ. 0 PAGE 0002
S0URCE STATEMENT DATASET = DKO: UTILR . SRC

rR5T43: [DEFS 3

R5TS4: DEFS =

; #¥#USER INSERTED JUMP FOR CTCO INTERRUPT

CTCOV:  DEFS 3 ; CTCO INTR WILL BE VECTORED HERE

i ###LUSER INSERTED JUMF FOR CTCR INTERRUPT

FLGZ4: [DEFS 3 FLAG FOR MAREK (1) QUT (PUNCH)

FRFLG: DEFS i PROM PROGRAMMER FLAG

FEYFTR: DEFS i PTR FOR NEXT WRITE INTO DISMEM

LIF DEFS i USERS IFFZ

PFLG DEFS ;i PORT EXAMINE FLAG

RFLG DEFS ;i REGISTER EXAMINE FLAG

ARFLG DEFS ; REGISTER EXAMINE FLAG (ALT)

MFL.G: DEFS s MEMORY EXAMINE FLAG

STEPT: DEFS i UISERS STACK POINTER-HIGH BYTE

STEFTL: DEFS ; USERS STACK POINTER-LOW BYTE

i ##BREAKFOIMNT TARLE ORGANIZED AS TWQ BYTES OF ADDR (H, L)

3 ##WHERE BREAKFOINT IS INSTALLED FOLLOWED BRY THE ONE BYTE

;s #¥0F THE OF CODE REPLACED BY THE RET &8 INSTRUCTION

EFTAE: DEFS 15 ; BP ADDR .AND OP CODE REMOVED

S5FL.G DEFS 1 i SINGLE STEFP MODE FLAG

BFLG DEFS3 i NO OF BREAKPOINTS INSTALLED

DIGe DEFS i Z DIGITS ENTERED FLAG

niGa DEFS ;4 DIGITS ENTERED FLAG

DISMEM DEFS ; DISFLAY MEMORY BUFFER

DEMEML DEFS

DSMEMZ  DEFS

DEMEMSI  DEFS

DESMEM4  DEFS

DESMEMS  DEFS

MEMEMA  DEFS

DSMEM7  DEFS
END

b ek ek ek ok ek feb ek feb jeb ek



APPENDIX III

Soldering
and

Assembly Techniques



SOLDERING TECHNIQUE

THE NEED

The assembly of electronic components is essentially the exercise of the
art of soldering. If the many connections are soldered properly, the
resulting assembly will normally operate properly right from the first
application of power. A hasty job here can mean endless hours trying to

locate short circuits or intermittent connections.

THE SOLDER

Use a #20 gauge resin or rosin core solder with a ratio of 63% tin and 37%

lead. A 60/40 ratio is acceptable. "Kester" and "Ersin" are two depend-
able brands of solder. Acid core solders or acid flux must not be used
as they will corrode electronic joints and will damage printed circuit
boards.

THE SOLDERING IRON

Use a small, 30 watt maximum iron with a small, chisel shaped tip. Too

much heat will damage both components and boards. Soldering guns are too
hot and should not be used. Heat the iron, wipe its tip quickly on the
damp sponge, and apply a tiny amount of solder to the tip - just enough

to make it silver in color but not so much that it will drip off. This
cleaning procedure should be repeated whenever the solder of the tip of the

soldering iron begins to thicken or take of a brownish color.



REMOVAL OF MULTI-PIN SOLDERED-IN PARTS

CAUTION

If for any reason, it becomes necessary to remove a soldered-in part having
more than just two leads, do not try to remove the part intact. It can be
done but only with great risk of damaging the printed circuit board in the
process.

Hold the printed circuit board in well padded jaws of a bench vice to
avoid damage.

REMOVAL OF SOLDERED-IN IC SOCKETS
Crush the plastic body with a pair of pliers to pull the pins from the body.

Gently remove the pins from the top of the board with needle nosed pliers
while touching the joint on the other side of the board with the tip of the
iron. Do not use force. The pin will come out quite easily once the sol-
der melts.

Clear the holes of any excess solder by rapidly inserting any removing
a piece of wire while very briefly holding the soldering iron to the hole
at the back of the board.

REMOVAL OF SOLDER-IN INTEGRATED CIRCUIT CHIPS

Cut each pin with a pair of diagonal cutters at a point between the chip

and the printed circuit board which is as close to the chip as possible
so that there is enough of the pin showing above the board to be grasped
by needle nosed pliers while removing as described above.



THE PROCEDURE

The entire soldering operation should take little more than two seconds

per joint. The sequence is as follows:

Touch the tip of the soldering iron to the joint, as shown below, so

that both the conductors to be joined are simultaneously heated suf-
ficiently to melt the solder.

TERMINAL LUG

COMPONENT --
COMPONENT |

Touch the end of the solder roll to the joint, as shown above, just long

enough to let no more than a 1/8" length melt into the joint. Too much
solder will short circuit the bottom of the board or flow through the
holes and short circuit the top of the board. The melted solder will
appear wet and shiny. It will quickly flow completely around the wire and
over the surface to which the wire is attached.

Remove the soldering iron as soon as both surfaces have been completely
wetted. Remember, the total time from application to removal of the sol-
déring iron should be only two or three seconds. Removal of the soldering
iron too soon will result in an incomplete bond between the metals, but
leaving the soldering iron at the joint too long will cause heat damage

to both components and board.



ORIENTATION OF INTEGRATED CIRCUIT CHIPS
Extreme care must be taken to insure that each integrated circuit chip

is so oriented, prior to insertion in its socket, that pin #1 is at the
location so designated on the printed circuit board or in the individual
assembly instructions for the kit.

Pin #1 is, unfortunately, designated in a variety of ways depending upon
the integrated circuit manufacturer. Several methods are indicated in

the chart below. With the leads of the chip pointing away from the viewer,
Pin #1 is in the position indicated with respect to the various end notches

or tiny circular markings or depressions in one corner.

lHN:#I PIN # | Pwh#l PIN# 1 P"?#l PIN#1

gir———JO ) T C) 5

]

o 0 o O e O o Y W
| e gy o gy

o T o e B B o B s |
o B T O e O e B
L o e gy o gy gy e
g o e o gy = gy
| o gy gy e gy o
alelaNelaleBel
[ Qi S gy o gy ey sy

O

INSERTION OF INTEGRATED CIRCUIT CHIPS
Be sure all leads are straight and parallel. If not, gently straighten

and align the bent pins with needle nosed pliers.

Integrated circuit chips usually come from the manufacturer with their
rows of leads spread wider than the distance between rows of holes in the
socket into which they are to be inserted. To slightly close the rows of
pins in a uniform manner so they are aligned with the socket holes, place
the chip on its side on a flat surface so that one row of pins is flat
against the surface as shown on the following page.

III-4



P
/

FLAT SURFACE

HOLDING THE SIDE OF THE CHIP FIRMLY AGAINST THE FLAT SURFACE WITH BOTH HANDS, ROTATE IT A
SHORT DISTANCE TOWARD ITS PINS UNTIL IT IS IN A FULL VERTICAL POSITION. THIS WILL PUT (TS BODY AT A
RIGHT ANGLE TO THAT ROW OF PINS. PLACE THE OTHER ROW OF PINS ON THE FLAT SURFACE AND REPEAT
THE PROCESS AS ABOVE.

PARTIALLY INSERT ALL ICS WITH THE PIN #1 ORIENTED AS SHOWN ON THE ASSEMBLY LAYOUT WHICH IS SILK
SCREENED ON THE FRONT OF THE BOARD. THE LAYOUT SYMBOL FOR IC PIN #1 IS DESIGNATED BY A WHITE
DOT ADJACENT TO THE UPPER LEFT HAND CORNER OF EACH RECTANGULAR IC CHIP LOCATION SYMBOL.
RECHECK TO INSURE THAT EACH PIN IS IN ITS HOLE AND HAS NOT BEEN FOLDED UNDER THE CHIP

OR BENT OUTSIDE THE SOCKET. COMPLETE INSERTION EVENLY AND FIRMLY.

UNPLUGGING INTEGRATED CIRCUIT CHIPS

UNPLUGGING AND INTEGRATED CIRCUIT CHIP MUST BE DONE EVENLY FROM BOTH ENDS SIMULTANEOUSLY
SO THAT THE PINS WILL NOT BE BENT DURING REMOVAL. GENTLY PRYING WITH A SCREWDRIVER A LITTLE
BIT AT A TIME FIRST AT ONE END, THEN AT THE OTHER IS RECOMMENDED. IF ACCESS IS POSSIBLE
ONLY FROM ONE END, BE SURE THE SCREWDRIVER IS PUSHED AS FAR IN AS POSSIBLE SO AS TO GIVE

A UNIFORM LIFTING ACTION OVER THE FULL LENGTH OF THE CHIP.

POWER ON

PLUG THE BOARD INTO YOUR COMPUTER AND CHECK IT OUT IN ACCORDANCE WITH THE USERS MANUAL

PRECEDING THESE ASSEMBLY INSTRUCTION.
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