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SECTION 1

INTRODUCTION

1-1 GENERAL

Congratulations on your choice of the 780 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 Z80 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
inexpengive 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 gignals 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-PI0 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
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the 1lab 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.

1-3 780 OVERVIEW

The Z80 component set 1s 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
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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 7280 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
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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 780 instruction. The Exchange instructions allow
the programmer access to the Alternate Registers. DPages 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 1s used by Z80 Peripherals
such as the 2Z80-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 1is 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. DPages

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 Associlates.
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2)

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 0O prepares the

novice for Volume 1. (300 pages)

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)
2)
3)

780-CPU Technical Manual, MOSTEK/Zilog.

Z80-CTC Technical Manual, MOSTEK/Zilog.

7Z80-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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)

5)

780 Programming Manual, MOSTEK/Zilog.

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

gramming the 780.

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.
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SECTION 2

CONSTRUCTION

2-1 INTRODUCTION

The 780 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 780 STARTER KIT.

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

() 1. 1Install 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
gscrews (finger tight is OK) or be concerned if the

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

() 2. 1Install 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 1l4-pin sockets at U7, Ulk, U36, U37, U39,
U4o, U41, UL2, UL3, ULL, U455, and UL6.
() ec. Eleven 16-pin sockets at Ul5, U24, U25, U26, U27,
U28, U29, U30, U31, U35, and U47,

() d. Four 20-pin sockets at U11l, U12, U13, and UL8.
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e. Three 24-pin sockets at U32, U33, and U3L4.
f. One 28-pin socket at U10.

g. Two 40-pin sockets at U8 and U9.

Install the resistors as follows:

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

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

c. R23, R27, R28, R33, RL43, R45, R4S - 1K Ohm, W,
5% (Brown, Black, Red)

d. R2, R5, R8, R11, R14, R17, R20 - 4.7K Ohm, iW,
5% (Yellow, Violet, Red)

e. R1, R4, R7, R10, R13, R16, R19, R25, R30, R34,
R35, R36, R37, R38, R39, R4O, RL41, RL2, RL47, R50,
R51, R52, R53, R54, R55, R56, R57, R58, R59 -
10K Ohm, =W, 5% (Brown, Black, Orange)

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

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

Yellow)

i. RA44 - 47K Ohm, ZW, 5% (Yellow, Violet, Orange)
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(

)
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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.

cl1 - 10uF Tantalum

(note polarity)
cR1 - 10pF Mica 2%
ch, C5 - 620pF Mica 2%
c16 - .0047uF Ceramic 20%
C22 - .01uF Ceramic 20%
c23 - .047uF Ceramic 20%

@) c3, cs, o7, o8, o9,

cito, C11, C12, C13, C1h,
c15, C18, C19, C24, C25,
cz26, C27, C28 - .1 Ceramic 20%

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.

—

-

K

!
l
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() 7.

() 8.

) 9.

() 10.

() 11.

Install the LED at DS1 observing the cathode orien-
tation (the flat portion of the LED housing is the

cathode).

Install transistors Q1l, Q2, Q3, Q4, Q5, Q6, and Q7

observing the proper orientation marked on the pc

board.

TYPE #1
BOARD HOLE PATTERN E PIN

B PIN

o &=
B o C PIN
CcC O

TYPE #2

E PIN
<§EEE;B PIN
C PIN

Install the Crystal at location Y1.

Install the two audio jacks J1 and J2 in 1/4 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.

p—— AUDIO JACK-REAR VIEW
SLV

TO A ORE Q*IE =

o]
jan

SLY
Ly
N[O G

Install the Push Button Switch at Sl1.




( ) 12, 1Install the two Toggle Switches at S2 and S3.

( ) 13. 1Install a switch bank at locations S&-S27 and lock
down with the plastic nuts provided. Make sure that
the switch bank 1s 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,

( ) 14. 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

Ly 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 +5vf5% 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. Install the IC's in their sockets observing pin 1

designation (small solder spot on PC board).

(v a. UL, U5, U6 75452
(v b. U7 339

: () c. U9 MK3880 Z80-CPU
() d. Ulo MK3882 %80-CTC
() e. U8 MK3881 Z80-PIO
(Y £. ull, vz 7415273
() g. Ul3, U4s TLTS244
(v h. Ulk 14013
() 1. Uls 14538

() . U24, U2s, U26, U27, U28,

U29, U30, U31 211,02
() k. U32 8316/2316 ZBUG ROM
(v§ 1. U35, U7 7415138
(V7 m. U36 741,308
(Vé n. U37, U4k 7UTSOL
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o. U39, U4o, UL6 741832

p. Ukl, U42 LTS 74
Tq. Uss 741,502

r. UL43 7hol

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 5.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 780 programs. 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 Z80'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.




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 0000H. 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




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 1s very useful in trouble shooting;

e.g. 1f 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
entér four Hex digits (0 through F) representing the memory
address desired. ZEnter 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
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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 1is 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 fthere 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 mode 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, ¥, 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 ZB0-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 FPlip Flop inside the Z80-

CPU (a value of 00 means that interrupts are disabled and a

3-5




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 ZB80-CPU registers will be initialized with the wvalues 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

3-6




RAM. The method of breakpointing is to exchange the user's
Op Code with a RST8 (CFH) and to preserve the user's 0p 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 inserted 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-
tionsg 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 0p 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 O0p 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: Pirst, 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 tThe 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 ig 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-
gtruction 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
7Z80-CPU will return to the ZBUG Monitor through 66H (NMMI ad-
dress) ahd 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 i1s 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 casgsette 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.
LL4-601A) 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 isg in RAM, set
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up memory locations 23CO0H-23C3H with the starting and ending
address of the memory locations to be saved using the follow-
ing procedure:

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

2) Using the Memory Examine mode, enter the starting
address of the memory locations to be saved into
23C0H and 23C1H (high byte into 23COH and low byte
into 23C1H).

3) 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).

L) 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.

5) 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 detaills 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
Z80 STARTER KIT adheres):

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

at a frequency of 2400Hz.

2) A space (logical zero) bit consists of four cycles
at a frequency of 1200H=z.

3) A recorded character consists of a space asg a start
bit, seven or eight data bits, and two or more as
stop bits. (The ZB80O STARTER KIT uses a seven bit
ASCII data character and one stop bit.)

4) The seven ASCII data bits are organized least sig-
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) All information i1s in ASCII (seven bits no parity).

3) Data Record Format
Byte 1

2-3

45

6-7

8-9

10-

Last two bytes -

Carriage return,

LY 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 zeros

L-g 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 tave to RAM using the Kansas City
Standard as the recording technique on the tape. To load a
tape simply follow these steps:

1) Connect the recorder to the 7Z80 STARTER KIT using
an audio patch cord to connect "MONITOR OUT" or
"EARPHONE" to the connector marked "EAR" on the 780
STARTER KIT.

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

3) Turn the recorder's volume control to minimum volume.

L) Make sure the prompt is showing and depress the CASS
LOAD key - the prompt will disappear.

5) Increase the volume until the LOAD TED just lights
and then increase the volume control about 20% more.
The TED should stay 1it during the load.

6) 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.

7) 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 LED 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
TLoad 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 32 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 RAN
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 hag 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 sult 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 1is 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 RELATIVE 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.

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 00COH using the ZBUG's Execute command.
Note the similarity between this address and the initial value
of the Stack Pointer (23C0H); 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 780 instruction set has eight restart instruction
addresses and an NMI vector address. The hardware reset ad-
dress (O000H) is used as the entry point into ZBUG so that
on power-up the ZB80 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, RSTLO, RST48, and RST56) are available for use. These
one byte ingtructions, 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
degsired. 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 0O 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 23DO0OH
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 1s in the ZBUG Monitor ROM

and contains a Jump instruction to RAM location 23CAH. The
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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-PI0 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 0O 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 07F8H-
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 As shipped is defined by the

following:
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2800H ? UNUSED

27FFH OPTIONAL RAM
2L00H 1K BYTES U16-U23
23FFH ZBUG SCRATCH RAM
AND
4 zc s 23CIH BREAKPOINT TABLES
7R F  23COH USER'S REGISTER MAP
23A9H
23A8H ZBUG STACK
2390H WORKING AREA
238FH RAM AVAITABIE TO USER
2000H
1FFFH UNUSED
1800H
17FFH PROM PROGRAMMER
1000H PROM2 SOCKET (U3L)
OFFFH PROM1 SOCKET (U33)
0800H
O07FFH ZBUG MONITOR -
0000H

The two EPROM sockets reside just above the ZBUG ROM at
0800H and 1000H. In addition, the EPROM socket at address
1000H has the capability of programming EPROMs. 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
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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 23CO0H. 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 gcratch 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.

I0AD - Toad Kansas City Standard formatted audio cassette
tape to memory.

REGISTER DISPIAY -~ Pregss 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; 1f 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 1is 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-
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.

NEXT - Opens next memory or port location for examination or
change.

HEX ARITHMETIC -~ A hexadecimal arithmetic routine allows easy
calculation of the relative offset required for relative
jump instructions. Load HL with the address of the 0p
Code at the destination of the relative jump. Load DE
with the address of the relative Op Code. ZExecute hex
arithmetic routine at OOCOH and the hex result will appear

in the display.

3-20 SUBROUTINES CALLABLE IN ZBUG

Several general purpose subroutines were written to be
used by the different functions of ZBUG. These programs are
in the UTILITY cection of the ZBUG listing in the Appendix.
Several of these subroutines are listed below; an advanced
user of the Z80 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 780 programming.

1) 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,

2) UFOR1 - Calling address 1s 063CH. IX 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.

3) D20MS - Calling address 1s O64FH. This subroutine

+delays 20 mSec before returning to the caller. Reg-
isters affected are H, L, and F.

4) TUABIN - Calling address is 06B3H. Converts one ASCII
character to its equivalent binary value. Registers
used: A and P, ASCII character is in A upon cal-
ling and binary equivalent is also in A upon return.

5) 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

4-1 GENERAL
Figure 4-1 is a block diagram of the 7z80 STARTER KIT.
Refer to this diagram and the schematic diagram in Appendix

I during the following discussion.

L4-2 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 B8080A 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 the71,9968 MHz CPU clock. A
74TS04 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
7Z80-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

7280-CPU Technical Manual.

L-L,  7Z80-PIO

The Z80-PIO 1s 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-PI0 Technical Manual.

L.5 Z80-CTC

The Z80-CTC is a device which contains four independent
16-bit counters which may be used to divide down the @ 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 TLoad
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/T0) 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.

4-6 KEYBOARD AND DISPILAY

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
U1l (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 Ull., Q1-Q7 provide high current drive capa-
bility while U4, U5, and U6 provide high current sinking ca-
pability for digit selection. While U11 is scanning the dis-
play, 1t also scans the keyboard. U1l3 (port address 90H) is
the keyboard input to the Z80-CPU data bus. As Ull scans the
keyboard, data is input from Ul3 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.

4-7 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 Ul5. One-half of U15 and U14 form a frequency
detector to discriminate between 1200Hz ("0") and 2400Hz
("1"). Pin 12 of Ul1l4 contains the demodulated data stream
(similar to Asynchronous data used in data communications)
and is gated onto the Z80-CPU bus by U1l3. The Z80-CPU and
Z80-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 ("0").
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. Thig 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 780-CPU block move instruction (IDI) 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 U441 form a synchronous
counter clocked 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 280-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) LDI instruction starts to write into address space
decoded by PROM2 (1000-17FFH) causing PROMZ SEL to
go low. Address and data are now valid on the PROM2
socket.

4) PROMZ SEL going low clocks one-half of UAL2 which
makes PROM2 CS go high, PD/PGM goes high and Z80-
CPU WAIT goes low.

5) Z80-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 ZB80-CPU from the wait state. PGM PULSE

ENABLE is set low, resetting the timing chain.

Note that when using the EPROM Programmer the ZB80-CPU
suspends memory refresh during this 52 mSec period, which may
affect any dynamic memory circuitry being used with the KIT.
The 21L02 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 digcussed
in 3-13. This is because the 2758s avallable 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




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 74LS138 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
csSo 0000H-07FFH ZBUG MONITOR
CcSt 0800H-0FFFH PROM1
Ccsz2 1000H-17FFH PPG-PROM2
CS3 1800H-1FFFH UNUSED
CsSh 2000H-27FFH RAM
CS5 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:

T30 26 o8 MON SEL (ZBUG MONITOR)
TST 10, oL PROWI SEL (PROM1-U33)
GS3 11, e PRONZ SEL (PROMZ2-U34)
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CS3 12, o2 MCS3 (TO WIRE WRAP AREA)
csh 13, o RAM SEL (TO RAMs)

055 —120——0F 1CS5

535 16, ot WOSE  (TO WIRE WRAP AREA)
s 140 03____ csy

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.

L4-10 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 780-PI0
PS1 84H-87H 280-CTC
PS2 88H-8BH SEG LATCH
PS3 8CH-8FH DIGIT LATCH
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PSh 90H-93H KB SEL
PS5 94H-97H UNUSED Zwd PIO
PSE 98H-9BH UNUSED
PS7 9CH-9FH UNUSED

PS5, PS6, 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
G4 80H A  Data Register
G5 81H B Data Register
G PIO
6 82H A  Control Register
. q 7 C{ﬂ«Tm I.
83H B Datd Register
84H Channel 0
85H Channel 1
CcTC
86H Channel 2
87H Channel 3

4-11 SYSTEM RAM

1024 bytes of 21L02-1 RAM located at U24-31 are stan-
dard with the KIT. Provision has been made to add an addi-
tional 1X bytes of RAM in locations U16-U23 with eight addi-
tional 21L02-1 (500 nSec). The use of part of the standard RAM

for ZBUG scratch and stack is detailled in Section 3-18. Data

T
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from the RAM is gated onto the Z80-CPU bus using a 74LS24L4

Hex buffer (ULS8).

L-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 U444 and UL5 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.

L-13 PROM1 RESTART

When a RESET is applied to the ZB0-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 PROMI1 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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l4y-14 INTERRUPT DAISY CHAIN

All 780 family peripheral devices have bulilt-in interrupt
control circuitry, so that no dedicated interrupt controller
is required. Priority of interrupts is determined by a daisy
chain running between 780 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.

4-15 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
gignals 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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b-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.
Zz80-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 7Z80 bus signals.
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SECTION 5
EXAMPLE PROGRAMS

5-1 USING 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:
ORG 2000H
2000 3E AA 1D A,0AAH j;load A with AA
2002 06 BB 1D B,0BBH ;load B with BB

2004 76 HATT : Z80-CPU HAIT

Display/Keyboard Explanation

- Turn on Z80 STARTER KIT, press

RESET - S1
2000 MEM EXAM Open location 2000 with MEM
2000 XX EXAM key - location has

random value XX,

2000 XX 3E NEXT Enter program using NEXT key
2001 XX AA NEXT to advance to next memory
2002 XX 06 NEXT location,

2003 XX BB NEXT

2004 XX 76 NEXT MON
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- 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

addresgss 2000,

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

fect of first instruction.

2002 AA SINGLE STEP Command execution of one 1in-

struction at 2002,

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

- B REG EXAM

b bbb MON Examine B register, 1t now con-

tains bb due to execution

of second instruction.




Cancel Register Examine

Mode with MON.

- PC REG EXAM Examine current Program Counter
value.
1 20 O4 MON PC is at 2004 which is the HALT

instruction. Cancel mode

with MON.

- 2000 EXEC Start from beginning of program

and execute.

Display dark MON 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.

- 1 REG EXAM Look at PC, it is now pointing
1 2005 MON to the instruction after the
HALT which is outside the

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

ative Address (2's complement Hexadecimal subtraction).

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

2004 3C LOoOP: 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 0ffset to

be calculated.

H REG EXAM

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

- 1 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

00COH.

PP  Pd MON PF indicates a valid offset

and Pd 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 Second INC A

2004 02 SINGLE STEP Loop back
2005 03 SINGLE STEP Third INC A
2004 03 SINGLE STEP Loop back
2005 04 SINGLE STEP Fourth INC A
2004 04 SINGLE STEP Loop back

2005 05 SINGLE STEP MON FPifth INC A

- B REG EXAM

b 01 MON B has been decremented down
to 1.

- SINGLE STEP Decrement B and Jump if not

2007 05 MON zero - B 1s now zero so

we fell through to next
ingtruction at 2007.

- 7ZBUG waits for new command.

DECAY (H)x‘l-oBms

SéaF  ZI FF, 4% J@6T DLOMS: D HL , G-FFH

gesT LD, ¥ BTEDLOMSL: Dge. L
$653  ZgF)D SS7 | Jr Nz, DzomsS!—1%
P65 6 TEFA EET3 TR Nz, DZom3| — §
¢6§3 cq BET4 KET

H=¢8 D[MQ = 16-9 ws.
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5-3 WRITING TO THE DISPLAY
The following program causes the character "8" to move

from right to left across the display.

2000 3E 00 1D A,00H

2002 D3 88 oUT  (88H),A  ;ACTIVATE ALL SEGMENTS
2004 3E 01 1D A,01H

2006 D3 8C LOOP: OUT  (8CH),A  ;SELECT FIRST DIGIT
2008 CD 4F 06 CALL D20MS

200B CD 4F 06 CALL D20MS

200E CD 4F 06 CALL D20MS

2011 CD 4F 06 CALL D20MS

2014 CD 4F 06 CALL D20MS ; DELAY APPROX 100MS
2017 07 RLCA ;ROTATE TO NEXT DIGIT
2018 18 EC JR LOOP-$ 1 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




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.
Load the program and double check that it is entered cor-

rectly. TFollow these steps to test the program:

1) Load PC with 2000 and Single Step Down the program.
Stop when you get to address 2200 (the interrupt ser-
vice routine).

2) Single Step a few more times and notice that the Ac-
cumulator is rotated left every time address 2201
is executed (remember the address display is the NEXT
instruction to be executed).

3) Stop Single Sfepping 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 return address.

4y Hit MON and then Single Step until 2018 shows on the
display. Now look at the Stack Pointer again - 1t
is now 2300, as we have executed the RET1 instruc-
tion and recovered the return address address from
the stack.

5) Set a BREAKPOINT at 2200 and Execute from 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.

; INTERRUPT DRIVEN DELAY

ORG 2000H
2000 3E 21 ID A,21H
2002 ED 47 ID I,A s INITTALIZE I=21
2004 31 00 23 ID SP,2300H ;INITIALIZE STACK POINTER
2007 3E 00 ID A,O00H
2009 D3 84 ouTEH  (84H),A ;CTC VECTOR
200B 3E A5 ID A,0A5H
200D D3 84 OUT (84H),A ;CONFIGURE CTC-SEE PAGE 26
;OF MICRO REFERENCE MANUAL
200F 3E FF ID A,OFFH
’ 2011 D3 84 OUT (8L4H),A
2013 3E 01 ID A,01H
2015 ED 5E M 2
2017 FB LOOP: EI
2018 76 HALT
2019 C3 17 20 JP  LOOP

s TABLE OF INTERRUPT SERVICE ROUTINES
2100 00 22

s INTERRUPT SERVICE ROUTINE

2200 FB BT s ENABLE INTERRUPTS

2201 07 RLCA s ROTATE ACCUMULATOR

2202 ED 4D RETI s RETURN FROM INTERRUPT CLEAR
s 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-PI0 operation, see the

MOSTEK or Zilog PIO Technical Manual.

s PIO INTERRUPT TEST
2000 3E 21 LD A,21H
2002 ED 47 ID I,A s INITIALIZE I
2004 3E 00 1D A,00
2006 D3 82  OUT (82H),A  ;VECTOR
2008 3E 4F 1D  A,4FH sSET UP PIO FOR INPUT
200A D3 82 OUT (82H),A sMODE - SEE PAGE 25 OF MI-
200C 3E 87 1D A,87H s CRO REF MANUAL MODE TWO
200E D3 82  OUT (82H),A ; INTERRUPTS
2010 ED 58 IM 2
2012 FB EI

2013 76 HALT

; INTERRUPT SERVICE RQUTINE TABLE
2100 00 22
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; INTERRUPT SERVICE ROUTINE

2200 FB ET

2201 ED 4D RETI ;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 PROMZ2 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 s 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

23CO0H, 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"%o be programmed in hex (high byte

in H). Use REG EXAM mode to initialigze 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.

; PROGRAM TO MOVE ANY RAM BLOCK TO ANY
; STARTING ADDRESS IN EPROM

2000 3E 01 c12: LD A,01H

2002 32 DA 23 ID (PRFLG),A ;SET PROM PROG FLG
2005 E5 PUSH HL s BYTE COUNT IN HL
2006 C1 POP RC ; SAVE IT
2007 E5 PUSH HL

- 2008 3A CO 23 ID A,(23COH) ;SOURCE DATA
200B 67 ID H,A
200C 3A C1 23 LD A, (23C1H)
200F 6F ID L,A )
2010 3A C2 23 LD  A,(23C2H) ;DESTINATION DATA
2013 57 1D D,A
2014 3A C3 23 LD A, (23C3H)
2017 5F ID E,A
2018 3E 25 C12A; ID A,25H ;CTC FOR 26 MS
201A D3 86 OUT (86H),A ;2C/TO, NO INTR
201C 3E CB 1D AL2035< .
201E D3 86 OUT (86H),A  ;TIME CONST
204F 3E 80 ID A,80H ; CLEAR DISPIAY, SET
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2022
2024
2026
2028
2024
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

3A
5F
C3

8C
A0
00
8C
03

86

CO

Cc1

C2

C3

o4

20

23

23

23

23

06

ouT
1DT
LD
ouT
LD
ouT
JP
POP
LD
D
LD
LD
LD
1D
LD
LD

JP

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

A,00H ;UNTIL CTC TIMES TWICE

(DIGILH),A ;CLEAR PROM PROG EN

A,03H ;RESET CTC2

(86),A

PE,C12A  3;LOOP BACK IF BC-1 NE 0O

BC ;sRESTORE BYTE COUNT

A, (23COH)

H,A

A,(23C1H) 3SOURCE DATA

T,A

A, (23C2H)

D,A

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

CCS12B ;USE ROM CODE
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SD Systems

P.O. Box 28810 ® Dallas, Texas 75228 214-271-4667

BILL OF MATERIALS

Z30 STARTER KIT Pt NgiOOOSO R.VA
Date Released: Approved:
January 15, 1979 Shoet | of 3
Pm Qty SD-P/N Description Unit Cost Extension
1 117010318 | MK3880 Z80-CPU v
2 1] 7010319 | MK3881 Z80-PIO v
3 1] 7010320 | MK3882 Z80-CTC v
4 81 7010340 f{ 21L02-1 500 NSEC RAM N
5 14 7010350 ) 8316 E ROM-ZBUG Y
6 217010219 | 741LS138 DECODER .
7 317010181 | 74LS32 QUAD OR GATE N
8 217010164 | 74LS04 QUAD BUFFER v
9 117010166 | 74LS08 QUAD AND GATE o
) 2| 7010264 | 74LS244 OCTAL BUFFER v
11 21 7010276 | 74LS273 OCTAL LATCH o
12 217010195 74LS74 DUAL LATCH o
13 11 7010162 { 74LS02 QUAD NOR GATE v
14 31 7010342 | 75452P PERIPHERAL DRIVER v
15 117010351 | MC14538BCP CMOS MONOSTABLE v
16 117010352 §| MC14013BCP CMOS LATCH v
17 1] 7160004 | LM339 QUAD COMPARITOR (MLM339P) v
18 31 7180001 | DL728 DUAL DISPLAY
19 71 7040009 [ AST2907 PNP TRANSISTOR (MPS2907)
20 1] 7080004 | 3.9936 MHZ PARALLEL RESONANT CRYSTAL
21 1| 7180002 | LED
22 717020089 1 4.7K OHM CARBON COMP RESISTOR 4W + 5%
443 1291 7020097 | 10K OHM CARBON COMP RESISTOR 4W ¥ 5%
24 71 7020045 | 68 OHM CARBON COMP RESISTOR 4%W ¥ 5%

I



SD Systems

PO Box 28810 ¢ Dailas. Texas 75228 214-271-4667

BILL OF MATERIALS

Tisle: PL No. Rev.
280 STARTER KIT 0100080 A

e Mﬁ?ﬁﬂ;ry 15, 1979 Approved: Sheot of 3

M Qty SD-P/N Description Unit Cost Extension

25| 717020073 | 1K OHM CARBON COMP RESTSTOR LW * 59

261 2| 7020137 | 470K OHM CARBON COMP RESISTOR %W *+ 5%

271 117020129 | 220K OHM CARBON COMP RESISTOR LW * 5%

28 317020121 | 100K OIM CARBON COMP RESISTOR 4W * 5¢

291 2| 7020061 ] 330 OMM CARBON COMP RESISTOR LW * 5%

301 117020113 | 47K OIM CARBON COMP RESISTOR LW * 59

31 1 19| 7030007 | .1 UF CERAMIC CAPACITOR * 203

32| 1] 7030019 |1 UF 10V TANTALUM CAPACITOR * 20%

33| 1| 7030009 | 10 UF 10V TANTALUM CAPACITOR * 20%

34 | 1] 7030012 | .0047 UF CERAMIC CAPACITOR * 20%

351 117030021 | 10 PF DIPPED MICA CAPACITOR * 2%

36 | 1] 7030008 | .01 UF CERAMIC CAPACITOR * 20%

371 2| 7030013 | 620 PF DIPPED MICA CAPACTTOR * 23

38 | 117030014 | .047 UF CERAMIC CAPACITOR *+ 20%

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

40 | 2| 7050005 | TOGGLE SWITCH-CONTROL SWITCH T8201

T8 S e

42 | 117050007 | KEYTOP - SET

43 | 117000004 112" x 12" PUB

44 | 17140020 | OPFRATIONS MANUAL

45 | 1] 7140019 [MOSTEK 280 MICRO-REF MANUAL MK78516

46 | 2| 7090001 [ AUDIO JACKS SWITCHCRAFT 142A

47 {15 7130011 |NYLON SPACER- 1 inch

48 115 ] 7130010 |4-40 x 4" STEEL SCREW

RRRBRRRESRRanaEEERRRDREERERRRR e




SD Systems

P.O. Box 28810 @ Dallas. Texas 75228 214-271-46867

BILL OF MATERIALS

\a X PL Neo. Rev.
280 STARTER KIT 0100080 A
Date Relevsed: Approved:
January 15, 1979 Sheet 3 ot 3
temiQty | SD-P/N Description Unit Cost Extension

49 | 14 | 7130012 } 2-56 NYLON NUT

50 317060001 | 8 PIN SOCKET

51 112} 7060002 | 14 PIN SOCKET

52111} 7060003 ] 16 PIN SOCKET

53 417060005} 20 PIN SOCKET

54 317060007 | 24 PIN SOCKET

55 117060008 | 28 PIN SOCKET

56 217060009 ] 40 PIN SOCKET

"7 2 |1 7040001 | IN4148 DIODE

58| 1| 7010005 | 7404 QUAD BUFFER
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TOE
TOEEO
TOEED
TOZET
TOEERA

TOEED
COER Y
SOEFE OLDEIFRRF
COTEGA BELY
COTEE L7701
CORER CLES04
COIFE
SOFEE
COEOR

TOROMA

N RSN A
Qa0
13as




OECEY  {0) 3978 MICHED DESYGHN COMIERT S MOZTERE FLE-20 22SEM2LER VE O FAGE 0007
AR O ST O# RO0HRCE STATEMEMT DATASET = LBEO: DECEY | SRO

LU LR EF
CLIE O
1=en
BAFEFE

LI T¥, JEMErE s FOINT TO FIRST T
AL IR PEECOND BYTE TO [EMEM4, 5
£ W . PE0 DNLERlLaY
N T S R IR N Y, 'FFTl\
K X, smER
ST LIFTIR T s FIRST BYTE 10 DISPHERM
LI oy CSTERY)
LT LK, [=ME g
AT VFR L o BECONMD BYTE 40 DISMEM
% Iy (EEYFTR), I'X s PREFGARE FOR 4 DIGITS IN
U'ﬁ“ R CLISED-%
Q&1L 5 Hakb e IFF
DEAE Al iy I, DEMEMa
: LI e (UIF Y G GRET VALLLIE 4 R O
M <TIN TR sWRITE 10 DIsMEM
1Ly Hi., [E=MEM7
[ T Y LI Hi, TEME A PEETE FOR REG CHG
] LY {EEYFTRY, HL.
2OUTsAT i RN
s EXAMIME PORTS
sy L.Ls o (LG
b 1
AR M, DCS7/~% P VERIFY TWO LDIGITS IN
RN {(FELGY, & 'EET FFLEG
LI £ 10OH
I (REEMEMZ), &
L IF=MEMZY, & s BLLANE, DIGITS & aMD 3
AT LIFCIRE s EET PORT ALK TNTO HL
L.k &, H ; MOVE FIRST TWL DIIGITS TO O
1 f L0 s REQDN THE PORT
L1 13X, ks ;ET OTO DATE IVGITS
AT UFDRL s PRITE INTO HISMEM
InC Ix
INC IX P RETUR TO CH&NMGE FORTES
(Y (EEYFTHR), 1 X PSETUR T CHG FORT
COm7 6 I NN TR ;6 DISPLAY
i EXAMINE MEMORY
DR NS Ly &, (D154)
Ok & VERLFY FOUR DIIGITS IN
i PR T TA T
LA (MFLE), A s SET MFLG
AT LIFDRY ;GET FOUR RBYVE ADDR OIM HL
LI G (ML) s GET MEMOURY DATA
LIS ¥, aMEM4 FFOINT TO CORRECT DIGITS
el LIFER WRITE INTD DISMEM
1ML IX
I X
L. CEEYPTRY, TX PEETUOR FOR O LATA ITHG
= I LTS
TO3E4 DLZIF40Z7 O LTER: L3 IX, Dl sEmeEmM
“ORIEE ZAVE0RET 04“” L.L} A, (FPFLIG)
TOIERE B7 0401 CIR e
TR KOZA 040z JE MNZ, 6L TERZ~% s FORT CHNG
Bh 2A0OEORT 0403 LAt A, (RELIE)
=7 0404 IR A
ZORS 0405 JR NZ, ALTRZ-% ; REG CHAMGE
BAOAFOOE 0406 (] A, (ARFLG)
E7 0407 OR ral

DL L A0S
HBAYE0L
DAL
Z1PIOLT
Z1FEFE
A AR
CEEROT

TOZAE ZAREOT T
TOBAE FEOL
TR0 EOED

A CHL =T N
TOR/E S ZEIO
TOBYT BEAOQES
AER7O0L
2R N AN R MO
T A
TO3EL EDTe
TOBEZ DOXIS7037
LSO
e

TOIVE IARSOES
|

HELA
Dk HEABOZ T
TOZWE CLO7EOZT

OB
SR ETA Y
“OFAT
ORARE :
“O2A0 Ll 2 OO
SOEEL CEVION

-,

-~
el
D 03 DY O

D A A W
~N PR e

o~
o

%
-~ K
oG

IT-13

I —




Do kY
IR

O3 fJ ]2
TOELDE
TR
TOIED

“OEET

COEET
TOTFC
TOIFE
407,
TOH4048
0407
TG0
T401
“O40L0
“0D40F
“0411
D41
0416
041
0410
D411
TO41E
040
04
TD4E
T4
04k
TO4EF
SO0
<47
“04:35
043y
TO4a0C

-,

TO4330
TO4EE

0441
D445
0442
“O44)5
“DAYLE

1)
Ty

[

CEA104”
BATCOE

SR
[HHReO7
77

PRI
UNETAD ARG A
[

[N RICTN
7 EOH
I RE (:)4
A0/
4

BT
187

ﬂH/EHA

[T A AT
NGO
77

R O0=
FEOZ
w4
FEOY
I 3]
7 EO4
DIsEO4 7
RADHE

P

77

L 73057

CRESDSS
LNI7EO4
CL=sEO4

L& 05

W

77

s OO
.QAH(

R0z

Il RET eI

COES04 7
D 7EO6
LR o4
LEE07

x
EA

1R40HER

HT #

4080
G4 0%
D410
041
0413
041z
0414
Q415
D415
0437
Qa1
(41
{ 14‘ [

BT

FALTERD

ALTERZ:

s

A% el RS

nq.u
047235
G430
0427

Q4
040w
0440
0441
O4ady
044z
04448
0445
0444
0447
0445
044
Q450
Q451
Q453
045
Oand
Q455
0454
0457
4L 5
Q45w
0440
04451
04467
O4m3
Q444
04465

RLTREA:

AL TREE:

iS5 CH

AL RE:

MILEO DESTGM CONMUERTS
ST EMENMT

s
K
RN
S
AT
i1
Cid
CiF
LA
L1
LI
(AT
RET
AT
.1
AT
(RIS
LI
(IR
AR

FEGISTER

DRCLTIN
B
L
LT
(R
L3
R

[
AR
P
JE
LI
NI
R
T
113
L
AT
10
CALL,
(n]=
e
Ll
S
LLd
L
L
RET
AMGE 1=
Fia
AF

POSTERE FLEP-20 ASS5EMBLER VE

DaTASET = DO DECEY | SRO
M ST R PR
Ero (MELLG)
(=]

Ly RESTRI
RN S

B TE+E)
el TERY
LIX+7)
CHEL) o &
A CHLD)
TX, s HEM4

LIFLiR ] PRRITE MEW DAETH

REG CHANGE

sFALSE ALARM RESTART
P EET AR LMD HL
s GET HIGH MIBBELE

P URBIITH L) MIR
P WREITE TO MEMORY
PREAD TT RALK

IMTO DTEMEM

LiFGRE

By CTE+S)
~LERY
{IX+73
£ H
(), &
ALTERL-%
THAMGE,
ALUTERG
s BLTRZ2A—%
Foo (TE+E)
ALTERY
CLE+7)
(HLY &
PLERT

= ,lJ
el ”‘\ —%
o H ] B}
O BLTRZC—%
£, CIX+4)
ALLTERY?
(1LE+5)
HI.

CHLL) -2 MODIIFY HGIH RYTE

1X, DSMEME

LIFURT P WRITE DATE T DISPLAY
s (TX+4) PGET HIGH NMIEBRLE
ALTERY
CIX+5)
Hi.
(HL.) . &
ALTER]
A, (TISMEMT7) ; GET MEW VALLE
(LITF Y. A 5 MODIFY LIF

(DEMEMS) , A s WRITE TO DISFLAY

P GET AINRERD

s ITNTO HL
s GET

LME MIRE

PO TWTH LOW MIER

FWRITE TO FPORT

; BFED REG LT &7
i BET HIGH MIBRLE

3 DR
P MOOLFY REGS (N

WITH HIGH MIBELE
STACE
It ERY 2%
i YE=,
KEY &%
i YES, SP
i GET HIGH MIBRELE

IFF

T'F

;R WITH Lok NIBELE

P OR WITH LD MIBRLE

s MOITIRY HIGH RBYTE

TLLEGAL
HL.
FESTRI

; MMy TO SIM RET

P ALTERNATE REGISTER CHANGE

el R4

L0
AT
L1
AT
T

X, DESMEM P FOLMT TO REG
ALTERS
Fi: (IX+4E)
RLTER7
{(1%+7)

II-14

» GET HIGH MIEBRRLE

s OR WITH LOW NIRBELE

0O FAGE DOOZ



PDECEY (L) 1%7& MICHD DESIGN COMOERTE MOZTER FLEF-230 ASSEMELER VI 0O FAGE 000%
ADIR CTHJECT 5T # SOURCE STATEMEMT DATASET = DEO: DECEY | SR

0451 77 Q464 LIt (HL) . £ 5 MODIFY REG ON STE
TO4%F DREOO3RS Q467 JF ALTERTL 5 GO0 DIISPLAY
A5 LIUSEOD 0462 ALTERS: LI E, (TX+0) ; IGET REG1ISTER
“TRUSE OAO0 04467 Lo [, OOH
TO454 1600 0470 LI [, OOH
TO450 Z1FFFF 0471 Lo HL ., REGTREF ;FOIMT TO aLY TakLE
“045F 0 1w 047z ah HL., DE ; ADD KEYVALUE OFFSET
0460 4E 0473 L1y O, (HLDY 5 GET VALUE
0461 TR Q0474 L.Li a, 1
“046F  FELY 047 F a0 i ILLEGAL VAL LEY
0464 CATFO47 0476 S 7, KESIRI i YES, REZTART MONITOR
Q467 ZA4L0ZT 0477 L Hi, ¢SHEFRT) POINT TO USER"Z STACE
Q460 )37 047z T & ; CLkEaR CARRY
046 B4l 047w SR HL., BL ;ELE OOFFZET FROM SR
04600 DY 0420 REt
046 DUOEZI42047 0421 ALTVERA: LD X, LI1=MEM FFOINT TO REGISTER
TO47E LISEOD ) LI E, 11IX) ; GET REGIZTER
0475 OEOO L [, OOH
0477 14600 LIt [ QOH
0477 ZIFFREF L1 Hi, REGTE POINT TO MaIN TARLE
BT . Ay Aly HL, Ik ; AONY FEYVALLIE OFFSET
0470 4k L1 2, (HILL) s GET VAlLLIE
TO47E T L1} AT
047 FELY - M) ; TLLEGAL vVallE™?
0451 CAAS0O4 7 0450 7y RESTRI i IF 20 RESTART
TO4B4 ZAAZ04 7 Q491 Hi, CZTEFT) sPOINT TO USERTS STACK
0437 7R Q45 Ay S P GET FEYVALLUE AGATIN
. R7 0453 i ; CILEAR CARRY
EN4 7 044 Hi_, PeUE OFFZET FROM SP
FiO6 (T Rt Tes P BREC REGTY
L O 4
M 044“ ALTERT:

OAZE
O8O0
SO
c0O4%94
<O

R

0500
001

LHI—&—-? F'IIHH IS ALLAT TOM
SN EMITREY INMID EREARFOINT TABLE IF ENMOUGH SPACE
= THE @CTUAL BREAEFOINMTS ARE PUT O INTO RAM
PN THh EXECIGE oMo
IR LI AP AN NEED) P GET FLari
iR £ P BET =TATUS
R N[-ll'4“ —% s FOUR DITGITS INT
TO4TY 3 ) L.I3 (PFLu), i MO CLESR ALL RBRFIE
TO440  1E10 S0 s : ]
TO44T CDEYOET OS11 CoEvo: T . PLET P ADDROINTO HL
TO40T CRER0LT QuElE ST LIFDRS P GET PP STATHS
TO48E FE10 OS1z S AT N N Gk PN BRSO IMSTALL GNE
TO44R g D514 LI F I
TO4GE OZ1% CF 0% P TRRBLE LY
T4 Ol s R Mz, COmwa-—-% PO GO ON
TO4AF Q517 AF FE=TRL  : YES, CLEAR LISPLAY
TO4EE Qs oSyl W e
OS51% s FIMD FIRST FREE SHAUE TN TQPL&
OGRS CEO0E OTEQ LT AL Xz ; TX+32 MY B
TO4EE ZOFR Qs MR Mz, CORTR--% s LOGE TIL FREE SFPC
P IMNSERT MEW BREAEFOGIMTS IN TARLE
ST LI f, CERLG)

I1-15

Q4% EERAORT
Q4w 27
TOATE HO0S

TO4)30 EATEON4 T



DECEY () 1273 MUCED DESTGN CONCERTS MOSTER FLEF-S0 ASSEMELER VZ O PAGE ODILO
ADDR OBJECY 5T # SOURCE STATEMENMT DATASET = DEO: DECEY . SRC

TOAERD R O5E4 TR A
TO4RE EREO4 OIS L (RBFLG), A P INCREMENT FLAG
TO421 0 DIT7400 OSEA R (1X):H GWRITE "0 TARLE
TO4Ar4 OIS0l 8 LI (1X+1). L T
COL4T DEEEO4 7 AE L SiF
P PUNMCH DATE To CAa=mzETTE INTERFACE IM FC FORMAT
P ETERTIMG ADDRESS IN DEC, ENIOING ADDRRESS IN HL -
P INTERRUPTS ARE LLIVE VDURINMG THIS ROUTINE
Cos10: AT LIFUR4 s CLEAR DISFPLAY
L. Al
LI (FLG=4)Y, & s BET FLGZ4 FOR MARES
it b
L L OTELR
I.L 4
LI
2 L1
4n iR
Ub41 L.LY
CEd T
04k W B ! i) JAH
TO4E = ON44 AT tLiLl);ﬁ iWITH THLIS TIME CONST
TO4ES 'HFFFF (FRA e, I.Li A CPLINHEH)
TO4kE BT OS54 4 [_I3 I, &
TO4kRY  IAFFFER 0547 L.Li &, CPUNHZLD) P GET STARTING ADLR
TO4KED 5F OS54 L. b,
TOAED 2ARFFFF Q54 L. £, CFUIMHER)
TO4F0 AT OM50 L1 H, &
TOAFL HAFFFE L.L Fe CPUINHELD) P GET ENTIING ADDE
TO4F4 &F (A L, &
Coars Ak XU A CLEAR CARRY
N OT: N o = N e W R Hi_.. [ PUALCIHATE BLOCE =1ZE
TO4FE I3 I Hi..
o4k ES s Hi.. PEAVE LT
TO4FS Z10000 Ry Hi_, OOOO0H
TOAFD GAEOE {1t T2 =200 PEETUR FOR 40 ZEC DELAY
TOAFF FEB ET
TOEO0 74& CosLO08 HAlh PWATIT FOR T IMTH
JEEEEEEESEE SRR
DEL (i
R MZ, 0108 ~%
VEC
SR

15X

o406 CDFFEE
TO4C HEO]

TO4CF =Y
TO4uE EIVGE

0404 OIFFFFE
TOA4LT7
TO4LE
TO/LE
TO4EE
040D
TO4LF

A=l i INTERRLUFT VECTOR

: A PDTCL TO INTR

TOS0L
CTOSOT FORC
fu.n4 e
ZOFY
10F7
2EZA

s DELAY LR
) Loy ;40 ZEC FOR LEADER
SLANE Uemmiome LD : OH G ETART WITH & CCH_0N
TOE0RE CIREFRFF J T HrthJ ,UUTPHT GO0
“TOBOE Ak ReTo Xk & FLEAR CARRY: IMTRFTS DISAEBLED
CTOMOF S 011000 OE7O0 iy R, 1OH
TOELE - 0571 Fi Hi..
OE1zE 7 = R HiL, B FEOMPARE HLL WITH 10
TOSLE OH73 R M, DOE100-% FMC=HL L OH
TO5H1L7 n*74 AN Hi_ B PRESTORE FRLOCE STZECIO0H
TOR1S y Y AR N PEET STATUS IF L=0
TR L. RE
TOS1A .1 L ©
TOS1C R T CELOF —%
R Dm0l

FlisH

P E=RLOE BIZE
P FAVE




DECEY D) 1972 MICRD DESIGN CObCERTS MEESTEE FLP-20 ASSEMEILER VI O PAGE 0011
ADDR GEJEC STO# RQURCE STATEMENT DATASET = DEO: DECEY | 5RO

OEOD
7
CIFEFF
AOEAO4
&7

I A0S

.0 L0 i DLEAR CHECRSILIM
LI AP P FLUMOH RECORID LENGTH
1l LIF&rs
LI & CFPLIMHEHD
1L H. &
CALL LIF @S
TREAD4L T LI For CPELIMHSL ) P FUNMCH HIGH BYTE FIRST
~F - LI L., A
CO0s - OO0 L (NI 2Y ol e
~F 051 XILIR & ;s ACC=0, PUNCH RECORD TYPE
L2405 Qo AL Iy ST
= 7E QO5H CCRI0E: LD A CHLD) P FUNCH [ATA

O54aE 1E3E05 Q74 [RATIR LIFenss
TOTEE ; O I HL
OZZF 10Fw OS5 4A Loz l”'IUP —%
OE41 w7 0597 SR
R LT | OwE N Ei
TOR4T CECOos” O CALl HPQFF: P FUNCH CEECESUM
TOE46 2EOD OEO0 L. A O P OR
TOS4E CP440s - 0601 LAkl AT
TOS4E 0 REOS OG0T LT3 & OAH i IoF
OS540 CLg05 QL0 Calll LIF@iTTs
TOIEN0 T OO (A £ H
TOSG1 REIWOSS OGS I3 (FLIMNHZH) , A P SAVE HIGH BYTE
TOEE4 7D RTYSY LD AP
TORDS RZEO05 QRO LD (FLINHZL) , & PSAVE LOW RBYTE
B ity 128K O&HOE R D510k —-% i PUNCH S0ME MORE

M QEO3 06O TOS1O0F: LI &,
TOSDE AF OL10 COE10OG: XOR &
Oshhn 4F 01 LD LT
TOSEE CRAEORS OG1E AT LIFQCOE 5 PUNMCH FEOF
OSA1 10F% OA1R L7 LL~1UU—$
TOSAZT O ZEOL 0414 L1 A
TOS6S COEFOD OA1S (LTI Qllﬂ
TOSLE w7 a1/ SR
TOSAY Yl OA17 Sz
OSAA CLAEDST 0OG1E Ll HFAEEE PCESUM O FOROEOF
TOSA0 ZI1FFFF OA1Y TD10H: LD HL., OFFFFH PSETUR S5 SEC TRAILER
N0 FER DEZO EI  ENARILE INTERRURTS
OR71 0 ThA OAZE1 HaLLT

(YN R R R R o R
TOLTE EN GAZZE CO5100: DEC L.
TOS/E ZOFD D24 IR MZ, C0E10J-%
TORTES I5 OGZES DEC H
0576 ZOFe OGLZA IR MZ, CC5100-%
TOn/E F3 OEZET It
TOS7Y ZEQR QeZE L e OZH
TOR7TR DEES Qazw DLAT (CTCL), & PLISABLE CTC KILL TONE
7D F3 OLEZO 2 s D1ISARLE INTERRLFTS
“OD7E CIROO4- 0631 A REZTR1 s RESTART MONITOR
0EZE G LOAD DATA FROM CASSETTE TAFE TO MEMORY (KD FORMAT)

*0L~1 ELsE OAIT =1l IM = P SELECT MODE TWO INTERRUPTS
! B85 Z1FFOF DEZ4 () HL., OFFFH P START 15 ZEC DELAY

Ah DEZ0 D25 LD 2, Z20H
TOSEE 20 0626 COS116: DEC L.
TOEEY ZOFD OE37 R MZ, CO511A~%
OS8R 25 OGZE DELC H
TOSBC ZOFA D& IR NZ, CC%1108~-%

I1-17
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DECEY  (C) Pwed MICRD DESTGN COMCERTS MOSTEE FLP-20 ASZEMEBILER VI O PAGE 0012
AR D JECT ST # SOURCE STSTEMERNT DATASET = D0 DECEY | SRC

TOSRE 10FS RYCY-A) ez Cosila—4

Oa41 MO TNTD LEADER ~ STaRT MEaIn L0
TOEWO COFFEF OeAE CosTLG Calb TN HE i GET FIRST CHARS

2 DaES Q&7 EANIE OB P CHECE FOR COLON
TOFY Q444 AR Mz, DL LG8 P LOOE BaCE
arF Gt dh LT < i ZERD CHECESUM
CIOFFFF O4a s TR LI P GET RECORD LEMGTH ANDY CESUM
TOSRRRE 47 (647 LI EP
TOSTC CIEeDOs e Oe4E T LI s GET HIGH BYTE OF ADDR
COEWE BT 0403 LI I &
TOSA0 S LIOS (T LI P GET LOW BYTE OF aDDR
TOSeE HE LT3 E, &
TOSA4  TLe1ON ONATIR QT ; GET RECORD TYFE
“OSR7 0 ER DEC Pt i RECORL TYFE=EQOF?
TOSNS FR bz aF
TOSNT FROT7 IR A SRR B BN 3 podF IF YES
COSAE CDAS0s- L CCELIHD Calll LI s GET DATA
TOSAE 1Z LI COE) . & G STORE IT
TosAF 1 s J T [E
10FS Q452 L ME i nt= I FEE- 3 s LIOOF FOR MORE

COSET LIRS OAAD TESTL TRl LR i GET CHECESUM
TORES AF O&AT MR & s CLEAR ACs
TOSRE B OARET &L £, 1
TOSREY O FRi14 OEAT R FAN =% I F Rt 3 CESUM O

OAA4 s ERROR FEFODRTING
TOSEY DOZ1I7004° QAGS LI I1X, DIEMEM s POINT TO BUFFER
“OSED 76 Ot LI £, L
TOREE CDERO4C O&ET I <TI LIFOR ; DISPLAY HIGH BYTE
TOSCT 0 DIFLIO0L T OAES (Y] I X, DesMEME
TORCE T Ot L £, F
TOSCE  TRREFOSS OA70 (1 LFOR s DISFLAY LOW BYTE
TOEDT F1 0&71 P aF i RESTORE SP
TOSCA ZDR04 S OCTT i RN ;G0 DISFLAY
TOSCD Fi OA7E TS ik POR Aty i EST FOR EOF
TOSCE F0C0 N&74 SR MZ. TS 1G-% 3 GO0 LOGK OF MEXT RECORD
TOSD0O CR7ZFOSC OL7S JE FESTR1  ; RESTART MOMITOR

0676 PROM FPROGRAMMER FIOR 2755 AMD 27146 PROMS

OA77 i MOVES DATA FOR REeM STARTING &T ZO00OH T3 PROM

OA73 5 STERTIMG AND 1000H. MUMEER OF RBYTES TO EE

OA77 5 TREMSFERELD (FXPRESSED IN FOUR HEX DIGITS) IS

O 5 IM DISPLAY RBUFFER (DISMEM).

11 COs1Z. LD f, O1H
TOEND ZERIDZT 4 LI (FRFLIG): A ;s SET PROM PROG FLG
SOSEE COAZ04- . : Al LFORZ i GET BYTE COUNT
SOSHE BS OkEd FLISH HL PEAVE IT
“OSC T OASS FOF B
O30 ES IR TACT FLi=H HL
TOSHE Z100%0 Y= LI Hi, Z000H ; RAM SOURCE DATA
“OSETL 110010 Oaome LT D, 1000H FROM DEZST ADDR
TOSE4 Oy COR1Z6: LD . F5H PUTS FOR Z6MS ZC/TOE
TOSEL OAT0 T (O, & PMDOINTR
TOSES ZECE OE LI £, O30
TOSES  DERA DA ouT (CTIE), & P TIME CONST
COSED ZESO OE2E LD Fis SOH s CLEAR DISPLAY SET
TOREE DRed OLD4 T (OTGLHY, & ; PROM PROG EN=1
TOIF0 EDARO OE25 LI s WAIT =2TATE INSERTED UNTIL
TOSFE ZEOO O6E .o &, OO0H s CTCE TIMES U7 TWICE
TOSF4 D3EC Q&7 T (DIGLH)Y, A s CLEAR FPROM FPROG EN

STOSENR HEOL

.

I1-18
SRS




DECEY () 1972 MICRD DE=ZIGM COMUEFTS MOSTER FLP-20 ASSEMELER VZ O PAGE 0013
AR ORJECT ST # SOURCE STATEMEMT DATASET = DKO: DECEY . SRC

TOSFA ZEOR DLPE LI} £, O3H s RESET COTC
TTTEE DEEsG Qa9 ouT (CTC2) . A
‘A EAE40%7 Q700 M FE. CC51Z0 ; LOOFBACE TF BC—-1 NE O
O701 S VERIFY FROM IS LLIFE RAM
TOSFD 0l QO70F PR [ s RESTORE RBYTE COLNT
TOSFE Z10070 703 L. Hi., Z0O00H i HL PTS T RaAMm
TOADT 110010 0704 LI [NE, 1000H s DE PTS T2 FPROM
TOEDL 1A Q705 COZ12E: LD A, (DE) s GET FPROM DATA
TOEOT EDAL Q704 I} i COMFARE WITH RAM
TEOT7 ZFO0A o707 R MZ, CE120—% i ERROR REFORT IT
OO EZDIOSNT Q708 AR PO RESTRE i MO ERRORES — RETURN
TOAOC 13 70w TR [E ; UIFDIATE DE
TOLOLIT 1BFE 0710 R DRl FR—-% s CHECE, MEXT BYTE
0711 ; ERROR HAMINER
TOAOF FS O713F COS130 PUsH =1 i FREZERVE ERROR LIATA
R ATCS N 5 T 0713 FLisH 1IN i FRESERVE BYTE COUMT
T0A11 DR 0714 Fii=H DE i FRESERVE ERRIR ADDR
MO R N ) Q715 ExXX i FRESERVE MAeINM REGISTERS
ORI O716 PR DE  DE=ERROR &DDR IN FROM
TOAT4 T 0717 P BC s BU=RYTE COLMT
TOALS DDZIEROST 0718 ccule Ln X, DISMEM
EERTCE R 4 Q71w 1.0 &, I
TOE1a D705 Q720 AT LIFOR1 s HIGH RBYTE TO DISMEM
TOAIDE DD ICROnT L. IX: DSMEMEZ
TOEEL TR |.L3 A,k
TOAFE CDIROAS ] AT LIFDIR ;LW BYTE T DISHEM
TOAFES DMIZIEZOZT 0734 L[} ITX, ezEpEmM4
g o Fi O7ES FE AF s RETRIEVE ERROR DATA
TlroEey CIIZE06 7 72 LT LIFOR 1 s ERRIR DATA TO DISHMEM
TOAZD TERCREOSS O727 S VLS s DIzPLAY IT
PG MEXT FEY INFUT DIRIMNG ERROR DISFLAY
TOADRO [ Q7% COs1En:. EXX s GET BREACEF POIMTERS
TOAET 13 T D P SETUR FOR MEXT ERROR
TOEZZ O 1E00 R CIE1EE-% p LOOF FOR MORE ERRST
TG EEFRESECIATES
SOOBIC O72% DIGLH EGiLs H s WRITE OMLY DIGIT SEL
=000 Q734 FRIEL XN 2OH s READ OMLY KRB SEL
FODE4 Q7735 B aH P IMTRFT VECZTOR
B SEH s CAZSETTE IMTERFACE—-FUNCH
Bl HSaH i PROM PROGRAMMER
Ead 27H P CASEETTE INTERFACE-L.O&D
Eozi) e WRITE ONLY SEGMEMT LATCH

P

=O0RA

OO=T

=00

ERRORZ=0000

IT-19




LT
AR

FOED

() 1978
e

s
omc}

#

T Ny
OO0
QON4
OO0
(100G
G007
OO0
Q00w
G010
0011
(RTI e
0013
014
0015
OO 4
Q017
QOO1&E

[RINY N
Rlnriwy
e
OO

47
FLEOF

MLCRO DEZLGHN COMOERTS

SOURCE 2TATEME
MAME
L TILITY FACEA
P VERSOM 105

ORG
PSECT
IR ST
GLEAL,
GLOEAL.
G Ca=sal
(EI N ST
GLUEAL
GLON2ALL.
GLORAL
GLOIEAL.
GLOERAL
GLAOESL
G zed .
GLLEAL
GLORAL.,

GLOEAL
[EIMWICIS1

GLOEAL

GLLEAL.
GLO=al.
GL=AL,
G =
DTN G

GLEgRAL,

THREE T
IR T
Pl

PRl
LR

P BREARECIMNT
T
I

LIL s

P LA FOINMT= TO
FWRTTTEM FMTEL
PTHED WRTTIMG
LIF L L.Jd
FT

MCEsTER FLE—ZO0

ASSEMIELER VZ O PAGE
LDATASET =

T NEO: UTIL. . SRC
Ui
GE
SSLRSTE
OLEZaH
HEL.
DGE
IR
RN
T X3
LIF R L
L=
LIF R
LIFCEcs
LIFCiR4
BT AR
EEFLG
LIAE T
LIEA=IC
RIS ST I
LR s
LM
O OHR
EYTERL
REGTE
REGTERF
LT i
STEF
SEGHET
FEYFTR
CDTICHR
DTOHRD
FMCHR
FLGES
FFLIG
FRELG
BFELG
FELG
CTOLR
MELG
FrELG
UM 1
CTZLF
LIFGER
CPHRA
INCHR4
TX apl DRECREMENMTS B
LH.ATING THNE TARBLE HOLDTIRMG
[l o S MU LSRR OF CIIES

P USER O CHEDK, FOR R
Thjoy LOCeTIOMNS TN DISMEM TO
CORTATND THE DATA AMDD LIFGORT

DVRFL
LEE
LIiE =,

REXT
f

PSAVE & I TEME REG
PMESE OUT HIGH MIRRLE

[
COFEH
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LY T CCY b7 MICRO DESIGM COMOERT S MOSHTER FLP-20 ASSEMELER VE O PAGE 000X
AR OEJECT ST # =0CE STATEMEMT DAETASET = IO UTIL | 5RO

TOEEF HU//U] OO0 Y
Ay GOed L1
OOAE =R
OO&T SR
0647 OOs4 SR
A4 OOAZ SR
TOA4E 7700 QO&E (A
TOE4E O OO RET
S DELAY O MILLISECOMING AN RETLURM

TOALF FLFFOS QOGS LEZOME: LT Hi., OSFFH
TOASE ED QO70 DEOMS1: DEC L.
’Uﬁu- A0 0071 AR MEZ, DEOMZE1I %
S YoN ] 00T [ H
fnﬁ-A EOF & Q07 JR MZ, NEOMEL—%
TOASE O 0074 REt

OO G FORMATS FIREYT FOUR DIGITS IN DISMEM INTO AN ADDRES=S IN

OO76 3 HL, USED By MEMORY ND FORT LIPDAETE COMMANDS.
TR DELFFFF 0077 LFDRZ: L.n ¥, DI=MEM P FPOINTER TO FIRST DIGIT
TOEEH DO7EOO OO7E LI 1Y) ; GET FIRST DIGIT
TOLED TIERFT 007w =
TOEAE iy
SO
TOLAE
TOEAE Dureu1 3 =
CORER AT 0044 LTI
OB DH?hn' OORS 1L

]}+1):H PRPUT IM LOW NIRELE
PR FOET FLLL BYTE

]
Lo

LA

I;I,pT,f

P HIGH MIBRLE TO LOW
LLE+OY, f s PUT HIGH MIEBRLE TN DISMEM

'~I-’

D050

DI ERAN IRy

nn”1

iy}
A A

PMOVE TO HIGH MIRBELE IN A

{IX+1) G LERING IM LOW MIEREBLE

: B i SAVE

s CTXA+T)  SECOND BYTE HIGH MIEELE

O AF o A
' 71 SR
T 7R R I
TO&T S =i

“OGT7 DIEADS OOS0 R
TOETR S EF QOO L0
TOATE DR OOT7Z RET
OOYE G GETS TARBLE ADNNKESS INTD IX AND BFLG O INTO 2
CO&7T DDZIFFFFE 0024 LUFORE: L0 I1X, BFTAE P FOINT IX TO STeRT OF TAERL
OO0 EZAFFFF DORS 1L A CERFLIG) P NQ. OF BF ACTIVE
TOARE B OO R ) s SET STATUS
T 47 OOR7 L. B, &
COEES e OO RET s LISER TESTS STATUS
QO G FLAG IMITALAZATION ROUTIMNE

TOARAE Z1SEO&T OLO0 LIFGLR: L0 HL, DIZMERM
TS ZIZFFFF 0101 L (KEYPTR), HL POIMT INTO DISMEM
TOAZC ZEDD 010F L. &, OOH
“OABE ZEZFFFF OH10= L. (OIGE), A ; TERD FLAGE
“OET1 ZEFFFF 0104 Lo (DIG4) . A
“OAT4 RFFFFF O1O5 Lo (SEFLG), &
TOETT7 REZFFFF 0106 Lo (FRFLG), &
“D&7a BFFFFF 0107 Lo (FFLG)Y, A
“TOAZO 2AFFFF 0102 (IR (MFLIG), A
OB ZEFFFF O1Ow LT} (RFLG), A
TOAAZ ZIZFFFF 0110 L0 (ARFLG) , &
Q&AL DR o111 RET

O117  PUTS BLANES INTO DISFLeY MEMORY - DISMEM
OH 0112 LWFORS: L. E, &
270467 0114 Lo HL, DISMEM
10 O11% LI A, 1OH ; BLANE CODE

Ol1las UWFUR4G: LD (HLL) . A

0117 IM HL.

I1-21

(IX+2) G RRIMG IN LOW MIBRLE
s A ; COMFLETE FOINTER

H
R = - - - e W i 1 e © i

a7 O
TOEATR 2
TOLAC 3
‘OLAE 7
“OLAF

WN Mo 5



LTI () 1973 MICRO DESTGN COMCERTS MOSTEE FLEP-20 @SSEMBELER VE O PAGE 0003
ADDR - DEJECT TT o# SOIRCE CSTATEMENT DETASET = WO UTIL | SRC

ZIELN 1OFI Olie [RER it LIFOR4 -4 s LR TTILL [HONE
TOEEE T Gplw RET
QLI TOMVERTS OME Q=210 DIGIT IN a0 10 BINARY
D6E0 O1F1T AN LRIt O=0H
FEOR O1es N 10
e RET !
[1607 = 7
) RET
o COMVERTS ONE DIGIT OF RIMARY IN ACC TO AZCTI
SN AT ST OFH FMASE OUT HIGH DIGIT
T 0 = A £, 2 OH
=7 AT
CEAOQ Q120 ST “, 40H
27 D131 JIATA
) 0137 RET
Q123 5 FLUNCHS THO CHARACTERS I ACTUMULATOR-HIGH MIBELE FIRST
OECA DY D134 LPac: EXX s LUISE ALT REGES IS OTCHR
OACE FS N FlLizH aF P TAVE ACC
: OF R
QOF FRIZG
OF RRCO
OF RRIZE s GET LWPFER DIGIT
Y COF406& AT OTCHR
TOATD F1 FOF OF
TOALE EAOF AN OFH i PSR OUT HIGH NIEBEBLE
“OANDO COF40A Diaz AT OTZHR
O T 0144 EXX s RESTORE REGIZSTERS
Q&4 O 0145 RET
0144 ; PUNCHS TWI CHARACTERS IN ACCLMULATOR ANMD apDz CHECESLM —
TS FDS COL4T UPaTiE FLEH AF P ZAVE ACC
TOEDE 31 0142 ann @, SN CHECESLM
TOELT7 4F 014% .0 8 s mAVE IN O
TOeDE F1 0150 FoF aF
O 18w 0151 AR UPaCC~% 3 FUNCH Qo
0153 5 READE TWI CHARACTERS FROM TaAaFE AND CONVERTS TO EFINARY
O153 : DATS FETURMED INMN £C0 ANMD CHECESUM FERPT IN O
TQEOE CD Q154 L ATC FLEH B ;SAVE O REG (ZHECE!SUM)
O CDEZ07 0155 AT TNCHR i READ CHAR FIRST DIGLIT
TOADF CDRZ0&" D154 2T HABIN P CONVERT TO BINARY
TOEE 07 0157 RLCA
CTOGES 07 Q15 RLCA
TDAE4 07 0159 RLCS
TOHES 07 0160 RLLCA ;SHIFT TO HIGH MIRBBLE
“O6ES 4F 01461 LI [P i SAVE FIRST DIGIT

E&OF

.,

TOET7 CNS23077 Q162 AT INCHR i BET SECOND DIGIT

TOAEA CDR2OLT D14aA3 CALL LT i CONVERT

“OAED E1 01464 R i i MERGE NIRRLES

TOAEE 1 D14 ForF Bz i RESTAORE CHECKSUMS

TOAEF FD 0164 Fit=sH aF ; SAVE Ao

TRAFO &1 0167 AL A ADD TWD DIGEITS T CESUM

“OAF1  4F 0163 LI = A P SAVE IN O

"O6FZ  F1 01&w FOF AF s RESTORE ACC

TOLFE O Q170 FET
0171 ; ROUTIME LISES CTC CHAMMEL 1 A% BASIC TIME RASE (4500HZ
Q175 s OR Z400HZ). ENTRY IS WITH ONE BINARY CHARACTER IMN THE
01732 ; LI MIRBERBLE OF & THIZ ROUTINE WILL CONVERT TO ASCII AND
0174 ; THE SHIFT THE CHARACTER OUT WITH ONE START AND TWO STOR
0175 s B1TS. CLITFUTS ARE FULSES (ZC/T0) FROM CTC1 AT TWICE THE

I1-22




UTIL (C) 1973 MICRD DEZIGN COMCERTS MOETERE FLF-80 ASSEMELER VZ O PAGE 0004
ADDR OBJECT ST # S0URCE STATEMENT DATASZET = DEO:UTIL | SRO

0174 5 EANIAT CITY STAMOARD RATES (1=4200HZ, O0=Z400HZ).
CTOAFL CORBEOAT D177 OTCHR: AL, LEAs s COMVERT 10 ASCIT
i 7 FE 0175 OTCHRLI: EI
TOLFZ 57 0179 Lo [, A S8 TO I
TOAFT ZELO 0130 LD A, 10H INIT A FOR CTD INTR
OAFRE S ZEOQ 01a1 LI L., OAH ; EIT COUNMT OF  WORD
“OAFD CRE1E [R) X5 Fel A s CARRY TO DO
TOLFF FEOL 0132 OTCHRZ: CF o0 A= WAIT LUINTIL
TO701 0 ZOFC 0124 JR MZ OTCHRZ—-% ST ON NEXT TO LAST CNT
TO70ER 47 015 Lo B, & ; SAVE A
Q704 ZEOO D124 LT3 F, O
Q706 ZIFFFFF 0127 L0 (FLGZ4) , A ; CLEAR FLGZ4~START BIT
“O70w% 78 01Es Lo I
TO708 T O1EY ODTCHRZ: HALT
D10 ; s EEs
TR70OR 27 011 S P BET CARRY
TQO70C CE1A Q17E RKR [ SHIFT [ ONE RIGHT
TOT70E ED Q173 « DETC I
TO70F F007 (3154 SR MZ, OTCHR4-%
“0711  ZEOL 0195 L. £, 1
TOT71E 0 BEOTOTS O1%6 LI (FLGZ4), & FWORD DUT-MARE LINE
TO716 FZ2 O1v7 31 GEXIT WITH INTERRURPTS DISARLED
Q717 0w Q1w RET
“O718  FEO1 0129 OTCHR4: CF 1 SNEXT TO LAST COUNMT
TO71A FOFC QZOO AR MZ, 3TOHR4-% MO WeIT
TO710 CiRgl QE01 2IT (R s TEST MEXT BIT
TOT7IE FOOw CvZOE IR MZ, DTCHRS—% s MEXT BIT Iz & CIME
’ 0 47 Dz LI R &)
e | SEGO OZO4 L0 P, 0 FMEXT RIT IS & ZERO
TQ7IER BEI407 7 QZOS LI} (FLIGZEAY, & s CLEAR FLGZS
TO7EE TR OZ0E L. @, B
“O7I7 0 12E1 OZEO7 AR DOTCHRZ-%
TO7E 47 OFOS OTCHRE: LD B, &
07 ZEOL Qo LI <7 |
TOTED REIZ407 7 OF10 LI (FL.GZ4), & P SET FLGES
TOT7EF 73 0ELl LIV A, B  RESTORE &
TO7Z0 18)0s QF1 SR OTCOHR 3% WAIT FOR END OF CHAR
QF12 ;0701 INTERRURPT SERVICE ROUTINME THURINMG PLNCH
TOT7IE O OED 014 VCHRE: DED = A IS CYCLE COUMTER
Q7R FOY0 OF1S IR MZ, OTOCHRS~% s BMOT O LDAT COUNMT, RETLRM
TO7ES DRZIEN0O7T 0Z14 LI IX: FLiGZE4
TO7E% DDCROO4AsA 0F17 BIT O, CTX+0) ; TEST FLGZ4
SO7IE0N OO o he AR M7, DTCHR7 ~%
“TQ7EF J LI AT - bl s FLGEFA T3 CLR=ZERD
0741 oy CCTOL) . A s NEW CONTROL WORL
0743 LT £y B3 ;s IMTERRUFTS LLIVE
0745 T (CTOL) A P TIME CONST FOR O 1200HZ
0747 ZEOZ LI B, ; COUMT 2 COYCLES
T074% 1306 AR OTCHRS--% i RETLIRN
“O74E IEEH v DOTCHRY D LD £, EH
“O740 T N I B Y = i MEW COMTROL. WORD
TO74F LI B FATY
751 CHIT (T & s TIME CONST FOR Z400HZ
ROt LT3 e 1460 PESETUR FOR 16 COHIMNTS
QA DTOHRS BT
AT . FETI
2 5 ITMPUT RIT RATE HEAeD RBEEM AVERAGED aNMD T2 IM (BITRT)
DESDT OGONM EXIT THARAUTER I 1IN A
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UTIL (2 1978 MICRO DESIGHN COMCERTS MOPETER FLP=20 ASSEMELER VZ O PAGE 0005
AODR OEBJECT BT # SOURCE STATEMENMT DATAZET = DEO: UTIL | SRC

FREGISTERS LSED ARE A, B H
PINTERRUFTS ARE ENMARELED AN CTZ1L IMTERRIIFTS &T THE BIT &7
IMCHR: LI Hi., T3
L0 A, H
LI I,/ y SETIF I REGISTER
TO7EE 7D 2 LI (AP N
TO7EF 0 Dzad OF40 CHaT CETCO)Y, & T IMTERRUFT VECTOR
07461 DEDE QZ41 IMCHRIL: LD =, 20 FREIT COUNMT FIR & WORLD
T0O76Z 0 FR QzZdy EI
TOTE4 ZEOD OF4s 1.0 e O
T s OZa4 (I H, (0 P CLEAR WORDE
TS OZ4%5 TMCHLA: TN &, CERSEL) s GET INFUT DATA
TOT G OZae FIT 75
QT AT OE47 R ME, ITMCHIA—$ FLOOF BQACE FOR START BIT
TOTHE LTI &, OSH  INTR-Z54 PRESCALER
TO7TTO QU (CTCZ) . A OTER CONTROL WORD
07T E LI £y O OIVIOE BY & FOR MID OF BIT
0774 T (T2 6 CTCZ TIME COMITANT
TG LI Fy COSH
T TE T COTEE) . &
OT7TA A &, OLAH
TOTTV DT LTOZ2)Y, A MEXT ONE FLHLL BIT WIDTH
“077E H&LLT
iR
FIT 7 A
I MZ, THMTHRZ—% ;ETART BIT GONME-FOLLZE =T
IMOCHRZ: HALT P WAIT FOR FIRST BIT
R
AN =M FRESE QLT OTHER  INPLITS
R H
LI H, & P EAVE
[AMZ T RHRS —%
1T TR
AR o IMCHRZ % s FRAMIMNG ERROR RESTART
RN
LI =, OE
T (T2, A RESET CT0 RTM WITH DATS
LIS e H
P TFH FMAsE OUT START RFIT
FET
TRUETHRT LT £, EH
LT (TEY, & PRESET T2, FRAMING ERROR
AR TRICHR L —% ;GO Lo FOR SNOTHER CHAR
FOTC IMTERRUET SERVICE ROUTIME DURING LOwId
UMHRL D T o CEIFSELD P GET DATH
ET
RETI
TRECHR . RRC 8]
AR TMCHRZ % PWATLT FOR MEXT BIT
PR ESEEEEEREDLIOTES A TERBLFSHEREEREEEREE
ST READ ACUESSES OMKM COUMTER, LMRITE SETS WFE COUNTER
TG ol 1 P RESERVEDR FOR LIZER
; g =T AT CassETTE-PLNCH
- M PEIMGLE STEF AMD O PROM PROGRE&MME
| ETH AU CASSETTE-LOAD i
: i SO FUATEETTE DETA
AR VERN SEGHENT DIESFLAY PeTTERMS
Rt o DEFT 40 Y

II1-24

FE p7
Q753 EIFFFF
TO7SR 70
TO75C 0 ED47

TO7TE S CRE7F
TO7E1 FO14
S A 7

74 EABO

SOTI DEYO
SOTVE FER

SOTED EDAD
SOTEE CROC
“O784  1EUD

0RO

TO7EEA 40



LTI G017 MTORED DESTGM CONCERTS MOSTER FLE-20 &%

SEMBLER VI O PAGE OODA
ADDR DRECT ST # Z0OURCE =STATEMEMT DATASET = DE

SO LT T SR

'-"lT'

TOT7TAT T
TOTRERE 24
R AT O
TO7a8 0 1Y
TO7aE 13
TOTFTLT QF
“O7an 72
“O7RE 00
TO7AF 1=
QTR0 [E
7L O3
TO7RE 44
TO7BEZ O F1
“O7RE4 06
Q7RIS OE

DEFE 7%H
DEFER 4+ i
LEFE SOH ;
NEFR 1wH H
NEFE 14H ;
DEFE OZEH ;
DEFR 7E5H
NEFER QOH ;
DEFE 15H ;
DEFR OzH ;
DEFE O2H i BOLOWER CASE
DEFE 44H HE -
DEFE Z1H P IV LOWER CASE
DEFER OnH i B
NEFE OEH iF
TO7RE TF DEFE 7FH i BLARNE
TO7R7 3 R0 DEFER 2FEH P PROMPT
TO7BE T Q0w DEFR 71H P PRIME MARE
Q10 #ReEY VALLE LOOKUFR TARLE
TO7REY FF 0311 FYTERL: DEFDR OFFH i B=01, A=0F
TO7EA S EF RIES DEFR OEFH i1 B=05, a=0F
TO7RE F7 Q=313 DEFE OF7H 3 R=0E, f=17
TO7RCFE nz=14 DEFI2 OFEH 3 BE=0DFE, A=1ER
Q7RO F OF15 DEFE OIFH ; =04, &=0F
“O7RE E7 0314 DEFR OE7H ; BE=04, =17
TO7REF EER D317 NEFE OERH ; A=04, A=1E
TOTZ0 0 CDF DEFER OUFH ; B=0&, A=0F

IR

w0

~

o

3
¥

P::

> b

1N

1 07 DEFE OO7H P8 =05, A=17
TO7CE D3 DEFE OOEH 3w B=0a, A=1E

SO7CE oo
074 ED
TQ7CES 0 FD
TO7CA Oon
7T OR
“O70E 07
70 OFE
0702 FE

DEFE ODOH
DEFR OEDH
DEFE OFDH B=0Z, A=10

DEFE OOOH =01, A=1D

DEFE OOEH i E B=01, A=1R

DEFE O7H iF B=01, A=17

DEFE OEH i EXEC =01, A=1E

DEFE OFEH i 55 B=0, A=1E

TO7CE EE DEFE OEEH i MO E=04, A=1E

TO7CC DE DEFLE QDEH i NEXT E=08, A=1E

“O7CD D 0321 DEFE QOICIH i REGY OISF BE=10, 8=10

TO7CE CR : DEFL: OUEH s REG DISF B=10, A=1ER

TO7CF 127 DEFLE OC7H i PORT EXAM B=10, =17

“O700  BF DEFE ORFH i MEM EXAM BE=10, A=0F

TO70 BO DEFE ORDOH i BF B=X0, A=10

0702 BB DEFE OEREH 3 PUMCH B=30, A=1E

o7 R7 DEFE OE7H ; LOAD B=ZO0H, A=17

T07134  AF DEFE OAFH ;s PRIJG B=20, A=0F

i #HEREGTAB-RELATES FEYVALLIE TO FOSITION OF REGISTER ON STE
TO70E 19 FEGTE: OEFR IS0 P EEY O MU ND DISFLAY

TO7NE OF OEFE OED s KEY 1=FL

TO707 0 0OZ Onax DEFER 20 ;s KEY ?~HP

TO7mE OO 0Oz4z DEFR 120 s KEY 3=1FF DISFLAY UIF

w164 0244 OEFE Z2D i KEY
oL 0A 18 0245 DEFE 4T i KEY
“O70E OB 0346 DEFE 1in i FEY
TO70LC 0% 0z47 OEFE 4y i FEY
70700 OA 0z42 DEFE 100 s KEY
“O7DE 17 034 DEFE 250 s FEY

E=0&, =111
E=04, A=10

T m D

P

)

UHoWnnn
<

AN > O B L)
Zr-IHH'—i

ND DTSR

I1I-25
_ _ , )



()
DRIECT

LTIL
AL

TOFTOF
SOTED
SOTEL

O3
05
06
07
(1]

04

“O7ES
“OTEA
“0O7E7
“OTES
“O7ED
“O7ER
“O7EE
“OT7EL
“O7ED
“O7EE
“O7EF ¢
“O7FD
“O7F1
SO7FZ
“O7FE
“0O7F4

1

R

YR
&

T

A R e il
I R RGNS &

R S
SO

Pl

P

DE

ERRORS=0000

127

M IR
ST #

DEZ TGN
SOLURCE

OaERg
03RS
0356

REGTEF:

CNCERTS

DEFER
DEFE
NEFR
DEFER
LEFE
DEFE

P wEELLTERNATE REGISTER

DEFE
DEFE
NEFE
DEFE
NEF
DEFE
DEFE
DEFE
DEFE
DEFT?
DEFE
DEFE
DEFER
DEFE
DEFR
DEFE
EMD

FIO=TER

STATEMEMT

eI}
i
&I
70
=0
4

a0

AN

)

izn
1470

I1-26

FLEF-20 ASSEMBLER VE

DATASET

i EEY
i KEY
s FEY
i KEY
i FEY
i FEY

SET

i FEY
i FEY
i FEY
s FEY
i FEY
i KEY
i KEY
s FEY
i FEY
s BEY
i FEY
i KEY
i FEY
i FEY
i BREY
i EEY

TmoDoOnD
T I |
MmO

—
~

]
B
M
8]
]
P
D

et Y0

A R Y O

~

by

bl
(LI L O I | A I

MMOnR”DZT I

L

T -4

W m T g

L
14
]
)
n]
1]
L

== A

PO UTIL

M
(N
Q1]
M
M
i
]

ME

ODISPLAY
DIsFLAY
DISFLAY
DISFLAY
DI=FLAY
OIZFLAY
DISFLAY

DI=ZFLAY

O PAGE
. BRI

QD07




UTILR
ADDR

(2) 1978
ORJECT

O7FE
O7FA
FO7FLC
O7FE

»EICO

3
FFFF

FFFF -7

MIZRO
5T #

OD03I
0003
0004
OODDS
QDOA
OO07
OOOE
QOO
D010
0011
OOz
0O1=
0nla
OO1S
O0164
QD17
OD1E
DO
OOZO

QOF

OOZES

OO=5

(RIn)CTN

G041
0047
R YaY: 5
0n44q
O04s
OO4 4
0047
004z
Qo4
QOS50
OO05]
QOS5
0053
OO
OO5EH
OOSA
OO57
DO
OO5w

DESTGN CONCERTS
STATEMENT

SOURCE

NAME

MOST

UTILR

Ek FLF-30 ASSEMBLER

DATASET =

Vz. 0 PAGE
DOEO: UTILR . 5SRO

UTILTIY RAM AND COMSTANTS

s VERSION 1. 2
ORG

S SR £

O7F2H

FSECT ARS

GLOBAL.
GLOBRAL.
GLOEAL.
GLOEAL.
INTERRUFT
CEFW
DEFW
DEF=
LEFW
RG
GLOEAL.
GLOREAL
GLOEBAL
GLOBAL
GLOEAL.
GLORAL
GLOEASL
GLORAL
GLOBAL
GLOEOL
GLOEAL
GLIOBOL
GLOEAL
GLOEBAL
GLOBAL
GLOEAL
GLIORAL
GLOBAL.
GLOEAL
GLORAL
GLOEAL
GLOEAL
GLUBAL
GLOEAL
GLORAL.
K M ET-T
GBS
GLOEAL
GLOEAL
GLOES
GLOEBS
GLOEBAL
GLOEAL
GO

P T
S0
CTCLIR:
LTCE:

I G

i FHEERAM
FLIMHEH:
FLMHSL.
FLINHEH:
FLMHEL.
FSTl6&:
FaTES:
RETZE:
FET40:

EFS
DEFE
DEF=
DEF=
DEFE
NEFZ
DEF=
EFE

[ ] I
CTCLR
OTCHRG
INCHR4

VECTOR

CToOoV
DTOHRA
INCHR4
=EOH
DIGE
DIG4
LG
BFRFTAR
SEFLG
UIF
DsMEM
[sHEMY
[r=MEM
EmMEMz
DEMEM4
DEMEMS
[VSME A
raMEM7
STEFT
STEPTL
FRET1A
R=TZ4
F=T=E
R=TA40
RETA4S
RSTS6
FEYFTR
FLGEZG
RELG
ARFLG
EFI_G
FFRLG
MFLG
FRFLIG
FLNHSZH
FihH=
FUMHEH
FLIMHEL.

VaRIARLES

a3 (03 T b e b e

iad

II1-27

TARLE
i MAR TO RAM
s FUNMCH VECTOR FA
SNDOT SED FOROINTR
 LOADY VECTOR FE

i DLMF
; DMF
i DR

STARTING ADDR-HIGH BYTE
STARTING ADDR-LOW BYTE
ENDING ADDR—LOW BYTE

; TIMP ENDIING ADDE-LOW BYTE

; LMSER IMSERTS HIMPES T

i HANMOLE RESTART 1&6-54




UTILR (C) 1272 MICRO DESIGM COMCERTS MIFSTEE FLP-20 ASSEMEBLER VZE O PAGE 000Z
AnnR ORJECT ST # SOURCE STATEMEMT DATASET = DFO:UTILR | SRC

006D RETAZ:  DEFS

0061 RETSG:  DEFS

00T 5 #EEUSER INSERTED JUMF FOR CTCO INTERRUFT

T EENA O0AT CTOOV: DEFS . ;CTCO INTR WILL BE VECTORED HERE
ODAA ; ®#EFUSER TMSERTED JUMP FOR CTOS IMTERRURT

O0AS FLGZ4: DEFS 1 P FLeG FOR MERE (1) OUT (PUNCH)

0066 FRFLG:  DEFS i FROM PROGRAMMER FLAG

O0A7 KEYFTR: DEFS i PTR FOR NEXT WRITE INTD DISMEM

ODEE LIF NEFS i WEERS IFFZ

06T FELEG [EFS ; FORT EXAMINE FLAG

OOT70 RFLG DEFS i REGISTER EXAMINE FLAG

0071 ARFLG  DEFS i REGISTER EXAMINE FLAG {(ALT)

0O72 MELE: DEFS i MEMORY EXGMINE FLAG

0073 STERT: DEFS i UEERS STACK POINTER-HIGH BYTE

0074 ETEFTL: DEFS 1 P USERS STACK FOINTER-LOW BYTE

0075  BEREREAKEOINT TARLE ORGANIZED &5 TWO BYTES 0OF ADDR (H. L)

G076 #ERMHERE BREAKEOINT 15 INSTALLED FOLLOWED RY THE ONE BYTE

OO77 ; ##0F THE OF CODE REPLACED RBY THE RST £ INSTRUCTION

GO7E DEFS 15 s BF ADDR ANMD OF CODE REMOVED

GO7T OSSR [EFS P SINGLE STEFR MODE FLAG
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APPENDIX IIT

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 gquickly 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.
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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.
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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.

SOLDER IRON
PC BOARD
20 7/ TERMINAL LUG
COMPONENT --

COMPONENTAW

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-
dering 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.
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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.
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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.
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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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