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A single-hoard Z80-based computer with enormous potential. You can
provide controlling and sequencing of up to 8 different devices. ‘

The whole circuit is accessible for expansion and adding control lines,
madkin ltlll‘Els the most universal programmable project on the market for
under .

PC Board $19.00 (post $2.50)

2716 - TEC-1 pProgrammed EPROM $12,00(Post $1.50)
Kit of Parts (including EPROM)$68.30 (Post $2.50
All Parts & PC Board $87.30 (Post $4.50)

You will also need a 6v lantern battery (from your local
hardware shop) or a 2155 transformer ($5.90) and a
power lead or a 9v AC or DC Plug Pack rated at 500mA
($14.50)

Complete TEC-1 with transformer $93.20 (Post $5.50)
Complete TEC-1 with Plug Pack $101.80 (Post 5.50)
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TEC-

One of the main features of the
TEC-1 will he to teach
Erogramming in Machine

ode to create your own VIDEQ
GAMES.

If you think TALKING ELEC-
TRONICS Magazine is a good place
to start learning about electronics,
you will find our TEC-1 computer
absolutely fantastic.

We have spent many hours looking
into the type of computers on the
market and also computer kits.

Nothing has come up to the
capabilities of the unit we are about
to describe. And more important, you
will learn the facts and operations of
programming from ground level. We
will assume you know nothing and
thus place special attention to
covering the meaning of every term
and feature as it comes up.

The only requests we make are the
following:

You must have already constructed
at least 6 projects from Talking Elec-
tronics or equivalent magazines and
it would be nice for you to have built
the DIGI CHASER and say a couple of
equally difficult projects such as the
LOTTO SELECTOR and CLOCK.

TALKING
ELECTRONICS
COMPUTER

1

This means you will be accustomed
to soldering fine connections and
know how to prevent making bridges
between lands.

. Fortunately the computer board has a

solder resist mask and this means
only the individual solder lands are
exposed and they are already pre-
tinned for easy soldering.

However some of the lands are close
to one-another and a small low-
wattage soldering iron is required for
the project.

We have built 4 final designs and they
all work perfectly. On one board we
accidently created a solder bridge
and this needed a little trouble-

. shooting, but we finally found it. So,

for this reason, each kit includes a
length of de-solder wick to mop up
the surplus solder.

If you don’t have a small soldering
iron, fine solder and desolder wick,
they will have to be obtained before
constructing the kit.

~up and

—hy John Hardy
PC layout: Ken Stone.

Parts: $68.30
- PC board: $19.00

The potential for TEC-1 is
enormous. Games hoards will
he available for the complete
range of SPACE and adventure
programs.

BUYING THE KIT

One thing you may not be aware of, is
the need for one special chip.

Every computer requires a specially
programmed chip so that it will start
execute the correct|
operations. This chip can be likened |
to the BOSS in a work establishment.
The chip we are referring to is the
2716 EPROM. You can buy it quite
cheaply at any electronics store but’
unfortunately it is BLANK. And
obviously itwon’t do a thing if you put
it into a computer. To be of any use
you will have to program it or write a
program for it yourself.

Obviously this is way out of the
question and so you have to buy one
which is pre-programmed, from us. .

For this service you have to pay a
programmer’s fee. A lot of time has

cont.. P 60..
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'TEC-1 IS A SINGLE-BOARD COMPUTER

AN OVERVIEW:

The TEC-1 is a single-board
computer with readouts in the form of
7-segment displays. The complete
unit is shown in the photograph. It
contains its own on-board regulated
power supply which needs only an
AC input for the computer to be fully
operational.

The key pad is constructed from
individual switches inscribed with
hexadecimal numbers O to F and 4
switches labelled AD for address,
GO, + for incrementing the address
and — for decrementing the address.

The computer will play a number of
.games as well as present the
alphabet and all this is contained in
the 2716 EPROM which is directly
above the speaker. The TEC-1 can
also be connected to 8 output
devices and they can be turned on
-and off in any combination as
determined by the program you write.
This program is stored in the 6116
RAM and any information in this chip
is lost when the computer is turned
off. :

The reset button above the empty
expansion port socket will reset the
computer to the first address location
(0800) and by pushing the GO button
TWICE, any program you have
entered into the computer, will run.

The computer contains 2k of RAM
and this is programmed in machine
code. Machine Code is very memory
efficient and has a fast execution
rate, making it possible to create
high-speed programmes for video
games and multi-function controliing.

Extra memory can be added via the

expansion port and this is added to a
daughter board directly above the
main board via a dip header plugging
into the expansion port socket. This
will increase the capabilities of the
computer to 12k plus 2k of memory-
mapped in/out ports.

The speaker has two functions. It
gives an audible beep every time a
key is is pressed and becomes the
output when music or tones are being
played.

All the names of the chips are written
on the overlay of the board and in
simple terms they provide the
following functions:

8212 - drives each digit for the
display via buffer transistors.

8212 - drives the segments A - G and
the decimal points for the display.
2716 - EPROM (Erasable Pro-
grammable Read-Only Memory).
This has been programmed by John
Hardy and contains the brains of the
TEC-1.

6116 - The RAM (Random Access
Memory) into which you put your
own program. The Z80 aiso uses it
during the operation of some of the
programs.

Z80 - The heart of the computer.
4049 - The oscillator or CLOCK for
the TEC-1.

74LS138 - selects between ROM
(2716) and RAM (6116).

741L.8138 - Selects between key-
board and display. /

The photograph has been illuminated
from the rear to show the tracks on
the underside of the board. Normally
these tracks are hardly visible as they
are hidden under the solder mask.
Notice how neat everything is
presented. You can credit the superb
layout to Ken Stone who recognises
the importance of making a project
look appealing. Note especially the
few resistors and capacitors required
for a fully digital project.

The 20k cermet pot has been
specially chosen as it has a cover
which is connected to the wiper
contact so that the pot can be turned
with your fingers. This controls the
speed of the operation of the
computer and you will be using this
control quite a lot.

The output pitch of the notes will vary
according to the setting of the speed
control as will the difficulty of the
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games and the scrolling of the screen
when the letter sequence s
addressed.

All chips are mounted in sockets for a
mumber of reasons:

1. It looks professional.

2. It makes construction easy,

3. It makes testing and replacement
easy, and

4. You can test other chips in the
sockets.

The 100n capacitors are miniature
solid dielectric types, about the size
of a match-head, and they are
specially suited to removing any
spikes generated by the chips or from
the power supply.

The TEC-1 will operate from a 6v
battery such as a 509 lantern battery
or from the mains via a transformer.

The 7805 regulator keeps the
operating voltage at 5v which is
absolutely necessary for the chips we
are using.

The battery back-up arrangement
means you can have a battery sitting
beside the computer in case the
power fails or if you wish to change
the computer from one room to
another. When the battery back-upis
operating the complete TEC-1 is
operating as it is not posssible to
power-down the Z80 without it
affecting the contents of the RAM.

There are two empty IC sockets as
well as a number of rows of holes on
the board. These are for Ilater
expansion and not used at this stage.

The RESET key can be positioned
near the display is desired. It is
connected via 2 jumper leads to this
lower position.

Finally you will be pleased to know
the TEC-1 doesn’'t need any TV
monitors, additional keyboards or
bulky power supplies. It is self-
contained on the single PC board.

THE EXPANSION PORT

The expansion port socket can be
used in two different ways.

1. It can be used to increase the on-
board memory of the computer to 4k
RAM by inserting a 6116 RAM
with IC socket, directly into the
vacant space.

2. Alternatively, the expansion port
can be used to increase the memory
on steps of 2k by adding a daughter
board above the main computer
board. This will take a row of 5, 6116

chips and a bank of latches. Each
6116 will provide 2k of RAM and this
is one of the add-ons which will be
described in the next issue.

Each of the chips on the daughter
board is selected by a line from the
74L8138 (near the clock oscillator).
It is known as an address decoder
and the first decoded output selects
the EPROM. The second output
selects the on-board 6116, the third
selects the expansion port socket. If
a duaghter board is used, the first
chip on the board is selected and so
on until 7 lines are used. 5 individual
wires must be taken to the daughter
board to provide this selection
feature. They are taken from the 5
unused holes near the 74LS138.

To give an indication of the amount of
memory you may require, here is a
simple guide:

Each 6116 will accept 2048 bytes of
information. A normal program
contains between 1 and 4 bytes of
data per instruction and this means
one 6116 will accept about 600
instructions! To hand-assemble a
program of this length wuld take
months. We have only 3/4 filled the
2716 and you will be amazed at the
capabilities of its contents.

So you can see, 2k will be quite
adequate for most purposes.

The main use for the expansion is
when the microcomputer s
colecting and storing its own data for
later retrieval. In this mode the
computer can use up an enormous
amount of memory, very quickly.

Take an example of a music
sequencer. 2k of memory will last
about 10 to 20 seconds. Or an echo
unit. This will last less than 1 second!

BATTERY BACK-UP

To use battery back-up, diode A must
be installed. Connect the battery viaa
switch so thatyou can move fromone
location to another. Switch the
battery OFF when the computer is
using the mains power.

MARKING THE KEY-TOPS

The key tops can be lettered using
LETTRASET. 16pt letters and
numbers are used for O - F and 12pt
letters for the AD and GO keys.

A coat of nail varnish will stop the
lettering from wearing away.

THE FUNCTION OF EACH CHIP
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TEC-1 is acomplete microcomputeron a single

PC board.

The function of each chip will become clearer

after reading the text.

The most important concept is to understand
how each chip is controlled by the Z80.

The above diagram shows where the ROM,
RAM, Z80 etc are postioned on the board along

with the other chips and devices.
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been spent to get a set of instructions
into the 2716 EPROM and each is
individually filled from a master and
verified, before it is added to a kit.
This takes time and royalties are due
to the designer, like the sale of a book
or record. This accounts for its high
cost.

We have called the EPROM a 2716
but actually it is a 2716-MON-1
EPROM, indicating it contains a
program.

This is the only expensive chip. All
the others have been chosen for their
low price and availability. This is the
way we approached the design of the
computer. We looked at the price of
each component and arranged the
design around the low priced items.

The only components special to the
TEC-1 are the EPROM and the
printed circuit board. All the other
components can be purchased at
major electronics shops. The only
advantage with buying a kit is the
saving in time and frustration.

It would be very rare indeed for you to
be able to buy all the components at
one electronics shop. And so you will
have to spend time and money in the
hope of saving money.

In addition, there are a couple of
pitfalls for the inexperienced. For
instance, 4049 chips made by
Fairchild should be avoided. They do
not work in our situation. Also the
push buttons should be the type
suggested as one of the links inside
the switch is used to create the
wiring for the matrix.

The price structure for each kit is
broken up as follows:

1. The Printed Circuit Board.
2. The 2716 MON-1 EPROM.
3. The kit of components.

The only other parts you will need to
purchase are a 2155 transformer and
power lead or a 9v DC plug pack rated
at 500mA. You can, of course, use a
lantern battery. This will be sufficient
to operate the computer for about 5
to 8 hours, but will prove to be a very
expensive way of running the TEC-1.

WHAT THE COMPUTER
WILL DO

When you are going to spend a lot of
money on a project and a consider-
able number of hours in its assembly,
it’s nice to know what the project will
do.

Here is a summary of the first stage of
the capabilities of the computer.
Apart from the obvious experience
gained in assembling a computer, the
TEC-1 will make you aware of the
chip-types required to create a
complete system.

You execute some simple programs
which use pre-programmed infor-
mation from the EPROM and display
it on the screen. If we take the letter
program for instance, you create a
single static letter,then add another
letter and enable them to run across
the display. Finally you create your
own words and sentences which can
be made to pass across the display at
a rate determined by the setting of the
SPEED control.

But mostimportant you learn some of
the instructions necessary to write
your own programmes.

You also learn to increment and
decrement the memory address to
look at the contents of each location
and possibly alter it if required.

You carry out the same procedure
with a set of tones and these can be

combined to produce a tune. Youcan

also access two tunes in 1_:he _ROM
and this will give you an indication of
what can be achieved. Your own tune

can be added to the end of the

RUNNING WORD DISPLAY and
create a wide variety of possibilities.

There are also three games in the
EPROM and these can be played in-
between the educational pro-
gramming.

The first game is NIM. Everyone knows
this game as 23 matches. The address
location for this game is 03EO and the
computer starts with 23 on the display.
The object of the game is to try and
leave the computer with last match.
You can take 1, 2 or 3 matches during
your turn. Believe me, it isn't easy.

The second game is LUNA LANDER. its
address is 0490. The numbers on the
screen represent velocity and height.
You are required to land on the surface
of the moon at zero velocity without
running out of fuel. The full details of
this game are on the last page of this
article.

The third game is INVADERS. A
number is set up on the left hand end of
the display and invaders approach from
the right. See the article on how to
exterminate them on P 74,

Difficulty is set by the speed control and
your score apprears at the end of your
turn,

This is only the beginning. In the next
issue we will expand the TEC-1 and
interface it with the outside world.

PRICES:

Here are the prices for the TEC-1.

Depending on how much you already
have in stock and how you intend to
construct the project, so the price
will vary. Don’t spoil the ship for a
ha'penneth o’ tar. Use only the best
components.

Complete kits are available at our
larger outlets and the PC board will
be available with pre-programmed
EPROM from some of the other
outlets. As a back-up service, the
complete kit will also be available

($14.50)

-ADD-AND-BIT-CALL-DEC-EX-IN-INC-JP-LD-NEG-NOP-OR-0UT- POP-PUSH-RES-RET-RL-RST-SBC-S

through the magazine as listed on the
kit pages. Remember, the board is
double screened and solder masked
to give a classy finish to the project. If
you have never made your own PC
boards. before, don’t start with this
board. The work involved in making a
board of this complexity is enormous
and the result will be nothing like the
cover photo.

The only two outlays you have to
accept are the PC board and the pre-
programmed EPROM. All the rest
can be obtained from your local
supplier.

PC Board $19.00 (post $2.50)

2716 - MON - 1 Programmed EPROM $12,00(Post $1.50)
Kit of Parts (inciuding EPROM)$68,30 (Post $2.50
All Parts & PC Board $87.30 (post $4.50)

You will also need a 6v lantern battery (from your local
hardware shop) or a 2155 transformer ($5.90) and a
power lead or a 9v AC or DC Plug Pack rated at 500mA

Complete TEC-1 with transsormer $93.20 (Post $5.50)
Complete TEC-1 with Plug Pack $101.80 (Post 5.50)
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TEC-1 BLOCK DIAGRAM

This simplified BLOCK DIAGRAM
shows how each of the chips are
inter-connected.

The Z80 Central Processing Unit is
the overseer of the whole system and
it selects which device it wishes to
access via one of the 74LS$138
decoder chips. Each will select one-
of-eight output lines. These decoder
chips are not fully utilized in this
project and this leaves room for
further expansion.

If we take the key-board as an
example, we see it passes its
information to the Z80 via the DATA
BUS.

This bus consists of 8 lines and
carries binary information. This will
allow any number from zero to 255 to
be sent.

The ADDRESS BUS is a 16 line path
which is only a one-way street.
Information only emerges from the
Z80 on this bus. The Data bus is a
two-way street of 8 lines. Infor-
mation can be passed into the Z80 on
this path as well as emerge from it.

Each block in the diagram represents
a chip and the only two chips missing
are the display drivers.

vl

OUR BORDER

280 computer terms have heen
added to the to‘r1 and hottom of
the pages, for this project.
Some of the more common
instructions are contained in
this string.

Here are the meanings of these
terms:

ADD Add the contents of a CPU
register to the accumulator.

AND This is a logical AND operation
in which two binary numbers are
compared. If the first digit in each
number is a 1, the answer is a 1. If

only one number is 1, the answer is 0.
If both numbers are O, the answer is
zero.

BIT This is an instruction to test the
status of a bit in a register.

CALL This is a call instruction which
will be executed if a particular con-
dition is satisfied. If the condition is
not satisfied, then the callinstruction
is ignored and the program execution
continues.

DEC This is an instruction to decre-
ment the value of a CPU register by
one.

EX This is an exchange command.
The contents of any register can be
exchanged with any others.

IN Input to a CPU register from an
input port

INC The increments the value of a
CPU register by one.

JP This is a jump instruction.
LD This is a load instruction.

NEG This instruction negates the
contents of the accumulator. The
result is the same as subtracting the
contents from zero.

NOP This is the NO OPERATION
instruction.

OR This is a logic instruction which
compares two numbers. If either of
the first digitsisa 1, the answerisa 1.
The same applies to the second and
third digits. etc.

OUT An output instruction from a
specified CPU register.

POP This is an instruction to POP
from the stack into a register pair.

PUSH This is an instruction to PUSH
an index register onto the stack.

RES This is an instruction to clear the
status of a single bitin a CPU register
to the logic zero state.

RET This is a conditional return
instruction.

RL This rotates the contents of a CPU
register to the left through the carry
bit.

RST A restart subroutine directive
SBC A double subtraction instruction

SET Sets the status of a single bitina
CPU register to the logic ONE state.

SLA This instruction shifts the
contents of a memory location to the
left

SRL This shifts the contents of aCPU
register to the right

SUB This instruction subtracts the
contents of a CPU register from the
accumulator

XOR This is a logic instruction which
compares each bit of two numbers
and gives an answer of 1 if either bitis
one. But if both are 1, the answer is
zero.
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LOOKING INTO THE TEC-1

There are two chips in our computer
which provide the major amount of
processing.

To make it easy to understand, we
will call them the BOSS and
WORKER. The boss is the 2716
which is the specially programmed
Read Only Memory (ROM) and
contains all the information to get the
computer started and keep it
operating.

The worker is the Z80. It is the arms
and legs to which all instructions are
sent and it provides the ability
(muscles) to carry out the requests of
the ROM.

The Z80 can also be thought of as an
octopus, extending out its tentacles
to all parts of the computer to keep
everything in very strict control.

These two chips are the most
important items in the computer and
it will almost run without any other
devices. But you would not be able to
push any buttons or see the resuits of
the operations. So we need more
chips.

The first of these are the display
chips. Because each has only 8
outputs, we need two. The display is
multiplexed (see issue 2. P.5.) and
this type of design uses the least
amount of wiring and the least
number of input leads. For a 6 digit
display with decimal points, we
require 8 inputs for the segment drive
and 6 inputs for the digit drive. One
8212 is used for each of these with
the digits being driven via driver
transistors.

This leaves two spare outputs and
one of these is used to drive the
speaker via a buffer transistor (Q7).

The 280 (the microprocessor) is
constantly feeding information into
the display via the pair of 8212's.
When you understand the operation
of multiplexing a display you know it
is constantly being scanned to create
the figures.

To prove this feature, turn the speed
control down to minimum and shake
the board. You will be able to detect
the strobing of the display.

The keyboard is also an interesting
feature. It is also being constantly
scanned by the 74¢923 (the chip near
the speaker), waiting for one of the
keys to be pressed.

The scanning commences at the first
row, which is the bottom row and it
reads from each of the columns to see
if any of the buttons have been
pressed. Next it progresses to the
second bottom row and again checks
the columns. If a button is detected,
it sends a debounced signal to the
Z80 and interrupts it. The Z80 drops
whatever it is doing and accepts a 5
bit binary number from the 74¢923,
which corresponds to the key being
pressed. An example of a 5-bit binary
number is 10011 and the following
table gives the value for each key on

the pad.
KEY »Binarv No.

00000
00001
00010
00011
00100
00101
00110
00111
01000
01001
01010
01011
01100
01101
01110
01111
10000
10001
10010
10011

OO . +TmUOWPDOONONHRWN=O

>

The 2716 ROM tells the Z80 how to
interpret the 5-bit binary instruction
and what to do with it.

This means we could change the
position of all the keys, re-program,
the 2716 and the system will be
operational again. In other words itis
a SOFTWARE programmed set of
instructions.

The 7418138 below the
EXPANSION PORT selects between
the keyboard and display. Take this
example: Button 5 is pressed. The
Z80 has all its attention directed to
scanning the display via the pair of
8212's. The 74LS 138 is allowing the
8212's to function and at the same
time prevents an output from the
74c923 to be passed to the Z80.

When button 5 is pressed, the
74c¢923 sends and interupt signal to
the Z280. The Z80 stops scanning the
display, requests the 74LS138 to
shut down the display and open up
the information from the 74c¢923
from the keyboard. Once the key-
board is read, the Z80 reverts to
scanning the display.

This happens so fast that you cannot
see the display flicker. The blanking
you may see on your model is the
result of the time taken to beep the
speaker. The longer the beep, the
longer the displays are blanked.

The RAM is like a black board. It
holds temporary information which is
be_ing constantly modified by the
microprocessor. When the power is
_sw'itched off the contents ofthe 6116
Is lost.

The 2716 has a set of instructions
which allows the user to access the
RAM. Without these instructions
you would never be able to getinto its
memory.

The 74LS138 near the speed control
selects between the ROM and the
RAM and also any extra memory
added to the expansion port.

The 4049 is simply an oscillator or
clock which produces clock pulses
for the 280.

Because the Z80 is a dynamic device,
its registers need toc be constantly
cycled to retain their contents. There
is a minimum clock rate for this and if
the rate is reduced, the computer will
crash.

SUMMARY OF EACH CHIP

8212 - Display driver. One chip

supplies 8 lines to the segments

and the other drives the digits via a
driver transistor.

2716 - ROM. The central library of
the computer. It tells the
computer how to operate.

74c923 - Keyboard control device
which interfaces the keyboard
with the Z80 chip.

6116 - RAM. Temporary storage for
data and instructions. Storage for
your own programmes.

7415138 - Selects the display or key-
board as required by the Z80 chip.

280 - The core of the computer.
Contains all the necessary logic
for executing programmes and
manipulating numeric data.

4049 - Wired as an oscillator and fed
to the Z80 to determine the
operating speed of the system.

74LS138 - Selects between the ROM
and RAM as instructed by the Z80.
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Z80 CPU

The heart of the TEC-1 is a Z80 CPU.
This is tha largest chip on the board,
having 40 pins, and is the central item
around which all the other chips
operate. The 40 pins are all used 1o
advantage as they are needed to send
and receive data as well as send out
address locations, On top of this, 8
pins are required for controlling the
functions of the Z8Q.

If we consider the Z80 to be a worker,
the BOSS will have to be the 2716
EPROM.

When the computer is first turned on,
the Z80 has just enough intelligence
to output an address to the EPROM
to locate the CPU’s first instruction.
The EPROM returns this instruction
via the DATA BUS and the two start
communicating. The EPROM tells
the Z80 what to do, how to do it and
where it must be put. In less than a
second, the start-up procedure has
been completed and the whole
system comse alive with the START
ADDRESS appearing on the display.

For the moment. the Z80 is the chip
we wish to investigate.

Most of its pins are ADDRESS and
DATA lines. Eight of these are
grouped together to become the
DATA BUS and 16 are grouped
together to become the ADDRESS
BUS.

The Z80 uses the ADDRESS BUS to
iocate the data it wants. This may be
in the ROM {the 2716) or in the RAM
(61186). It uses the ROM/RAM select
chip 74L5138 in this process. Or the
information may be from the key-
board. In this case it uses the display/
keyboard select chip, another
74L5138.

The Z80 can only do one thing at a
time and itis only because the system
is operating at between 250kHz and
2MHz {as determined by the spaed
control) that you think everything is
happening at once.

THE Z80 SERIES

The ZB( series (without an A’ after
the 80) was the first to be developed
and has a maximum operating speed
of 2.5MHz. The ZBOA series operates
at 4MHz.

There is a whole family of Z80 chips
and you must be careful 1o read the
letters which follow the ZBO name, to

identify the actual function of the
chip.
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The Z8B0 microprocessor is the

central element of a microprocessor
{computer) and is called CPU. This
stands for Central Processing Unit.

Five other chips provide support for
the CPU in complex computer
systems. We have not used any of
these in our simple system but it is
handy to know of their existence.

They are: The PIQ (Paralle!l Input/
Qutput). This can be wired to inter-
face peripheral devices such as
printers and extra keyboards etc.

The CTC (Counter/Timer Circuit).
This chip features 4 programmable 8-
bit counter/timers each of which has
an 8-bit prescaler. Each channel will
operate in either counter or timar
mode.

The DMA (Direct Memory Access).
This controlier provides dual port
data operations.

The S10 {Serial input/Output). This
controlier offers two channels. It is
capable of operating in a variety of
programmable modes for both
synchronous and asynchronous
caommunication.

The DART {Dual Asynchronous
Receiver/Transmitter). This chip
provides 1low-cost asynchronous
serial communication. [t has two
channels and a full modem control
interface.

The Z80 series of chips have com-
pletely differentoperations from each
other and the letters an the chip are
VERY important.

1t's difficult to realize., but the Z80 is
classified as a “dumb worker’. ltmay
be dumb but it is very quick. It is
capable of carrying out instructions
at the rate of about 10,000 to 200,000
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operations per second. depending on
the type of instruction. Each of these
takes a particular number of cycles to
execute and these features are
contained inside the Z80 architecture
and cannot be altered.

Each operation for the Z80 has a
machine code instruction such as 1E,
06, OE, 85, E6 dd, 06, E9, 8, 81, ED
47, 00 etc and these will be
discussed in a later articlie. For the
moment. we want the computer to
seem a raality,
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There are lots and lots of sections
inside the Z80 chip and most of them
are very difficult to explain in simple
terms.

One area which can be explained via
a simple comparison is the bank of
registers. These perform most of the
operations in the Z80.

They are given the names B, C, D, E,
H and L, with an accumulator register
A, These registers can ba likenedtoa
car space in a parking lot. Each
register represants one car space.
The car represents one WORD of
information and this work consists of
8 bits or one BYTE. Abitis asignal on
a single line which can be either
HIGH or LOW and B lines entar the
Z80 in the form of a DATA BUS,

This data bus is the same as the road
into a parking lot and the car is one

car can have up to 8 people.

number of people, the size of tha byte
is determinad. We can say that byte
and word are the sama for our system
as the Z80 is an 8-bit microprocessor.
if it were a 16-bit microprocessor, a
word would be 16 bits.

Normally the car parks in space A
(register A} and this is also callad the
accumulator register as the answer
for any addition instruction, for
instance. will appear in register A.

Tha car can represant a numbar from
00 to 255 and the register will accept
any of these numbers. This is all the
register will hold. . .just one number
from zero to 255,

There is one important fact that we
have omitted to mention. Before tha
byte can be put into ragistar A we
must send an instruction to the Z80
so that it will know where tha number
is to ba put.

This instruction happens to be 3E for
register A, If you wanted to load
register B, the operation code would
be 06 and to load register C it would
be OE. These codes are called
“"MACHINE CODES” or MACHINE
CODE LANGUAGE and they are
intarpreted by tha Z80 to performone
of over 245 different shuffling or
arithmetic operations.

If you want to add a number to the
number above, it will have to be firstly
loaded into register B, then the two
registers can be added. This will teke
a number of operations with the
result always appearing in register A.

word. The 8 bits are 8 seats and aach [§

Depending on where they sit and tha |
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You can transfar the contents of
ragister A to tha RAM (6116) via a
furthar instruction so that tha result
is not lost when the next number is
sant to registar A. QOtherwise the
previous contents of register A are
writtan over.

The Z80 contains an equivalent bank
of emergency registers which can be

THE B
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accessed via a spacial instruction.
Thesa are called A'(A-prime) B’, C’,
D.E',F,H, and L' It also contains a
numbar of 16-bit registers (like a
spaca for car and trailer) and
numerous building blocks which are
needed to kaap tha Z80Q operating.
These can be likened to the workers
needed to keep a parking lot neat and
with a smooth flow of traffic.
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CONSTRUCTING THE
TEC-1 _

Constructing the TEC-1 is no more

complex than building any of the

cover-projects in Talking Electronics
. it only takes longer.

The most important aspect of this
projectis NEATNESS. We have gone
to a lot of trouble to create a printed
circuit board that looks really neat,
with a layout that is very pleasing.
Don’'t upset the aesthetics of the
board with poor-quality layout or
incorrect components. If you intend
to buy the components individually at
your local electronics store, look at
the photos in this article for the type
of components we have used, and
purchase the same styles.

Don’t use anything old or dirty and
make sure the tinned copper wire for
the jumpers is CLEAN, thick and
absolutely straight. We will tell you
how to do this in the notes.

The TEC-1 is not designed to be fitted
into a case. It is too beautiful to hide.
Like all our projects, it is designed to
be viewed. This keeps you alert to the
construction, contents and arrange-
ment of the chips and components.
You must constantly remind yourself
of the name of each chip and its
function. It's an indoctrination
process which can only be of benefit
in the long term.

Before commencing construction we
suggest you get everything organised
on the workbench.

We can’t stress strongly enough, the
need for a good soldering iron.

We have a range of soldering irons in
our assembly area including: a
10watt, 12v pencil iron, a 15watt
240v Micron, a 60watt Constant
Temperature Scope iron and a Weller
Soldering Station. We also have a
plummer’'s soldering iron and two
instant-heat solderings as well as a
miniature instant-heat iron. Which
one would you choose?

If you chose an instant-heat iron, we
don’t want to know you. They will lift
the lands off the board and create
more problems than you can imagine.
Also construction time will be con-
siderably longer as you have to wait
g for them to heat up for every con-
nection. Our choice is the 10watt
12v type. It it light-weight, and
enables you to produce a speedy
connection. This is important when
constructing a large project like this.

Other important tools and aids are:
fine solder, sharp side cutters, and a
pair of long-nosed pliers. You wiill
also need a soldering-iron stand and a
solder tray to accept the dead solder
left on the iron after making each joint.

Get everything ready on a clean part
of the workbench and have all the
components available for insertion.

The first part of construction is the
most laborious. It is the fitting of the
b5 links. You must take great care
when fitting these links as they must
be absolutely straight, with their
ends bent to a sharp 90°. The whole
link must touch the board.

Start at one end of the board. Cut a
length of copper wire about 10cm
long, which will be sufficient for
about 5 links. With a pair of pliers at
each end of the length of wire, pull
the two pliers apart until the bends
and kinks are removed and the wire is
perfectly straight. Now you can use
the wire. Bend one end with the
pliers and insert it into one hole in the
board. Solder this end and snip the
excess wire from the joint.

Feed the other end down an
appropriate hole and pull it through

- with the pliers until the link becomes

straight. Keep this part pressed
against the board while soldering it.
Cut the surplus from the connnection
and inspect the first addition to the
board. Continue with each link as you
come to it and take your time. It will
take the best part of an hour and no
link should be loose enough to touch
any other, evenifitis pushed slightly.

The next components to add to the
board are the resistors. There are 15
of these and they should also touch
the board. Check the value of each
resistor before inserting it. They are
hard to remove if you make a mistake.

Next are the IC sockets. The reason
for inserting them at this stage will be
quite obvious. As each socket is
inserted, it becomes the highest
component on the board and this
means the board can be turned over
and the socket will rest on the
workbench while the pins are being
soldered.

You almost cannot make a mistake
with these sockets as the number of
pins corresponds to the holes in the
board. The only point to remember is

the identification notch at one end of

the socket. These shouid cover the ||

dot so that when the chips are §
inserted, the notch on the chip aligns [
with the dot on the board. .

Next add the 6 FND 500 displays. §

Once again the board can be turned [

over and rested on the display to keep §
it pressed against the display while
the pins are being soldered. o

The next order of insertion is not
critical and would consist of inserting
the power diodes, 2 LEDs, 7 100n

cont. P. 68
PARTS LIST
1 - 100R |
1 - 330R
8 - 1k
1 - 2k2
5 - 10k
1 - 20k cermet
1 - 100pf
7 - 100n 100v
1 - 1mf 16v
1 - 2200mfd 25v
4 - 1N 4002 diodes
7 - BC 547 transistors
1 - 5mm red LED
1 - 5mm green LED
6 - FND 500 or 560 displays
1 - 7805 regulator
2 - 8212
1 - 2716 TEC-1 Monitor
1 - 6116
1 - 74¢923
2 - 7415138
1 - Z80 CPU
1 - 4049 NOT Fairchild)
3 - 16 pin IC sockets
1 - 20 pin IC socket
4 - 24 pin IC sockets
1 - 40 pin IC socket
21 - PC mount push switches | :
1 - 8R speaker
1 - heat fin for 7805
4 - rubber feet
5 - nuts and bolts
60cm tinned copper wire
3m fine solder
10cm desolder wick
Substitutes: . -
2200mfd electrolytic can he replaced
by 1000mfd in the TEG-1.
Rubher feet can he stick on feet.

~AD0-AND-BIT-CALL-DEC-EX-IN-INC-JP-LD-NEG-NOP-OR-0UT- POP-PUSH-RES-RET-RL-RST-SBC-SET-SLA-SAL-SUB-XOR-

TALKING ELECTRONICS No. 10 6§



-INC-JP-LD-NEG-NOP-OR-0UT-

POP-PUSH-RES-RET-RL-R

T-SBC-SET-SLA-SRL-SUB-XOR-

-ADD-AND-BIT-CALL-DEC-EX-I!

HOW THE CIRCUIT WORKS

The TEC-1 circuit looks very simple
and, in fact, it is very simple.

This is because many of the chipsina
computer circuit are connected to a
paraliei wiring system called a BUS.
There are 2 main buses in a computer
and they are called ADDRESS and
DATA.

Normally the ADDRESS bus is 16
lines wide but our computer is only a
baby design. We have used 11 lines in
the address bus with line 12, 13 and
14 going to a decoder chip to select
between display, keyboard, memory
and expansion.

H

FND500

The data bus is like a highway with
data passing to and from the 280 and
the other chips. The data line will
carry a binary number between
00000000 and 11111111, whichis 0
- 255.

The 8212’s are latches which drive
the displays. One controls the
segments a to g and the decimal
points while the other drives the
digits via a set of buffer transistors.

Data and program are stored in the
memory whch comprises the 2716
EPROM and 6116 RAM.

The Z80 addresses a particular
location in the memory by sending a
binary number down the address bus.

+5V

It determines the condition of
SENDING or RECEIVING by the
state of the R/W line (pin 22). When
this line is LOW, the Z80 is sending
data to the RAM and when HIGH, itis
receiving data from the memory.

Data is sent or received via the data
bus and only one data transfer can
occur at a time.

When the reset button is pressed, the
computer sets the condition for initial
data entry. These include entering
(or loading) the address pointer to
0800, setting the dots on the data
displays, setting the stack to the
highest point in the 6116 RAM and
calling a routine to produce the two-
tone ‘ready’ beep.

The Z80 then goes into a scan routine
to display 0800. This information is

?gggg
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POWER SUPPLY
The 7805 regulator is included on the PC board. When
using a 2155 transformer to power the TEC-1, use the
7.5v tapping. This will produce about 9.5v DC into the
regulator which is ideal to gain full voltage and current
e g 7805 +5v from the power supply without overheating the regulator.
’ 2
% ~ s -3 | I The TEC-1 will accommodate a DC Plug Pack. Use a 9v
o 222500"-- TTTTT type capable of delivering 500mA.
v
Ax1N4002 d 1 1 111 .0 The five 100n capacitors on the output line are spike
suppression capacitors. They are placed near each of the
chips to prevent noise from one chip upsetting the funtion
POWER SUPPLY of the computer. We suggest low-impedance mono-

block types for this application.

-ADD-AND-BIT-CALL-DEC-EX-IN-INC-JP-LD-NEG-NOP-OR-0U

66 TALKING ELECTRONICS No. 10



-SLA-SRL-SUB-XOR-

TO 2ND RAM ¢————

12
17 15

7 13 10
16 14 11 9

EEEEEEEE

12
17 15 13 10
6 14 11 KS

1
Of 1,
alo

D7

DATA BUS

+5Y
ADDRESS BUS A10| 10 1
Ef 39 2
A8 J38 3
A7 §37
6 136 19
A5 135
vy BV
[A3 |
¥ %4 5V
Al 131
A0 B30
WR ‘22 1
1
2
ASE TO 2/ND 280 16
L Th 4 RAM/PORT
24}
e _ CPU
i K | &)
8

taken from the highest bytes in the
RAM, which have been deposited in
the set-up routine.

The Z80 will continue to scan the
displays until it is interrupted by the
74c¢923, via the inverter of the 4049
chip. This is a Non Maskable
Interrupt line. The Z80 immediately
branches to a routine at 0066H which
inputsthe binary code of the key
being pressed and stores it in a
register in the Z80.

It firstly checks if the key is a function
key or anumeric key O - F. It does this
by checking bit ‘4" of the 5-bit binary
number. Bit 4 is the 1 in: 10000. The
first bit is called bit ‘zero’.

If the display is in the address mode,
the function key will simply putitinto
the data mode. This is indicated by
the dots moving to the data displays.

If the computer is in the data mode, a
function key will perform the function
intended. A + will increment the
address pointer , a — will decrease
the address pointer AD will set is to
the address mode and GO will
execute the program starting at the
address shown in the display.

If a numeric key is pressed, the data
displays are cleared and the digit is
shiftedin from the right. A second key
will produce a 2-digit number.

When the + key is pryssed when the
displays are in the data mode, the
address will increment.

While this seems a simple operation,
an enormous amount of data is
flowing from the Z80/ROM/RAM
combination. The address pointer,
which is temporarily stored in RAM,
is loaded into the Z80 HL register
(two 8-bit registers connected to
become a 16 bit register). This
register increments by instruction 23
(inc HL) and HL is then stored back
into the same location in RAM.

The display is then changed to reflect
its new address and contents of RAM
(in data displays). The Z80 then
reverts to its scan routine waiting for
another key to be pressed. Ali this
happens in a few milliseconds!

The 74LS138’s are simple DEVICE
SELECTING chips. The have 3 binary
input lines and this enables them to
select any one of 8 devices. These
can be ROM, RAM, keyboard,

display, speaker, or external chips,
even additional memory or video
displays.

The speaker is simply an amplified
version of a’‘BIT. ABITisa HIGH or
LOW state and constant rapid
changing from HIGH to LOW will
produce a tone.

The quality of the sound can be
altered by the ratio of the HIGH to the
LOW. White noise is a result of
random bit production. Correct
programming enables the production
of music and sound effects.

The power supply is a simple 7805
voltage regulator = arrangement.
Provided the input voltage is only
about 3v above the output voltage,
the regulator will not need a large
heat-fin. The 2200mfd electrolytic
can be replaced with a 1000mfd
electrolytic as the computer
consumes only about 500mA.

The speed of the TEC-1 is controlied
by the 4049 clock oscillator. This is
only a simple 2-inverter oscillator
which can be adjusted via a speed
control to vary the speed of the
information passing the displays. A
crystal controlled clock ean be added
at a later stage.

e — e e e
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capacitors, 7 transistors, 1- 100pf
capacitor, 20k cermet pot and 1 -
1mfd electrolytic.

Attach the flag heat-sink to the 7805
and insert the regulator into the holes
nearest the 2200mfd electrolytic.

The other 7805 powers the
expansion board and will be covered
at a later stage. Insert the 2200mfd
electrolytic and solder the leads.

st L *

the layout of the copper tracks.

The keyboard switches  are
individually inserted and soldered as
shown on the overlay. The flat on the
switch runs across the bottom of the
switch so that the jumper link inside
the switch completes the wiring of
the matrix.

Attach the speaker to the board via a
piece of double-sided sticky tape and
connect the voice coil to the circuit

wire.

Four rubber feet are attached to the
board with nuts and bolts to prevent
the underside of the board from
scuffing the workbench.

The final, and most important items
to add, arethe IC’s. These are pushed
into the sockets so that pin 1 on each
chip is facing towards the display.
The 74c923 faces towards the left
and you double check each chip
before AND after it is inserted. If the
rows of pins are too wide, they can be
pressed closer by pressing the edge
of the chip on the PC board and then
the pins will be easier to insert into
the socket.

Connect an AC supply to the board
and the TEC-1 is ready for operation.

‘You can use either a 2155 trans-
former or a 9v plug pack capable of
delivering 500mA. In either case the
incoming voltage should not be more
than 8v to 9v to prevent the regulator
- getting too hot. '

;Vhe underside of the TEC-1 showing |

via short lengths of tinned copper

Switch on the power and note the
display lights up with 0800. This is
the first available address and
indicates the computer is ready for
action.

If you are weli-versed in Machine
Code language, you can begin
immediately with preparing your own
programmes. You will find the TEC-1
is very versatile in its applications
and will allow a wide variety of
expansions to be accommodated.

Treat the computer as a basis for
experimenting and learning. Later we
will provide add-ons for a crystal
oscillator, output displays for games,

and contro! devices for up to 8
different items at the same time.

We will also welcome any pro-
grammes you write for the computer
and it doesn’'t matter what subject
they are witten about.

The tape interface to be added in the
next article will allow you to save
programmes and re-use them later.

An eniargement of the Key-hoard section showing the soldering.

If you are new to pragramming, you
will appreciate the introduction
presented on P. 71. It starts at the
beginning and shows you how to key
a short program and activate a
readout in the form of a visual display
as well as a musical score.

Three games on P. 74 will intrigue
everyone. The level of skill can be
adjusted by turning the speed
control. This increases the rate of
operation of the whole computer.

The are also other programmes in the
EPROM and these will be discussed
in the next article.

If you are having trouble getting the
TEC-1 to operate, see the article on
P. 70. .it will solve most of the simple
construction faults.

We all wish you the best with your
new acquisition.

Don’t under-estimate the capabilities
of the TEC-1. It is a very powerful
machine.

>-EX-IN-INC-JP-LD-NEG-NOP-OR-0UT- POP-PUSH-RES-RET-RL-RST-SBC-SET-SLA-SRL-SUB-XOR-

68 TALKING ELECTRONICS No. 10



-ADD-AND-BIT-CALL-DEC-EX-IN-INC-JP-LD-NEG-NOP-0R-

IF THE TEC-1
DOESN'T WORK:

If you are faced with the situation where
the TEC-1 fails to operate properly, or if it
doesn’t work at all. . . don’t worry. This
will be a blessing in disguise.

You learn a lot more about electronics
and computers by fixing the TEC-1, than
just building and running it.

As requested in the introduction to this
project, you should already have a certain
amount of background in building
projects. This is when all these skills will
come together.

The first point to remember with the TEC-
1 is this: The TEC-1 SHOULD operate
perfectly the first time it is turned on.
This is because it is built with NEW
components which are first-quality items
and the PC board has been thoroughly
checked. If you are unfortunate enogh to
produce a dud, you must firstly realise
that there is a 99% possibility that the
fault is in the construction.

You should go over the entire project
again, checking every component, con-
nection and the value of each part. The
best way to do this is to ask someone
ELSE to do the checking. This is because
you cannot check your own work. Most
of the projects that come to us for repair
are simple faults, overlooked by the con-
structor. Faults like 1k instead of 1M,
22k instead of 3k3 etc. This type of fault
can very easily creep in. This is because
humans think positively. Most con-
structors are CERTAIN all the values are
correct! How could they make a simple
mistake like THAT?

After passing the TEC-1 over to a
government checker (anyone impartial)
you can begin the TEST procedure. This
will need test equipment.

This is where the LOGIC PROBE will
come in handy. That's why we presented
it in this issue. You will find it invaluable,
as most of the lines on a computer are
PULSE lines and these are constantly
changing accoding to the clock rate or as
requested by the Z280.

‘The first test is a RESISTANCE TEST.

To carry this out successfully, you should
remove all the chips. This is to prevent
any false readings.

We will be looking for solder bridges
between one or more of the pins. These
can be very difficult to see as they are
sometimes as fine as a human hair or
even merely a microscopic splash of
solder.

That's why you must never tap the
_soldering iron on or near the board, as
excess solder will fly off the tip and land

on some unknown part of the board. This
will cause a bridge which will take hours
to locate. You must only tap the ironina
solder tray and this must be done after
every joint to prevent dropping solder and
creating a problem, like now.

Set the multimeter to LOW OHMS
RANGE. Make sure you adjust the ohms
control so that the needle travels to the
far right hand end of the scale to indicate
very LOW resistances.

When all the chips are removed, most of
the wiring on the underside of the board
consists of individual conductors and this
means almost no adjoining pins are
connected. This makes itideal for testing
via a resistance measurement.

The first place to check is the RAM/ROM
section where each of the pins has a
conductor running between them. Turn
the board over and measure the
resistance between each solder con-
nection. The muitimeter needle should
not move at all. If all the readings are
HIGH. progress to the 280, and then each
of the other chips. If the pointer deflects
at any stage, trace through the wiring to
see if a resistor or push button is in the
path. You will also get some low readings
when testing near the display. So don't
treat these as faults.

USE THE LOGIC PROBE
AS DESCRIBED IN THE
FIRST PROJECT, TO
TEST THE TEC-1.

Another very important check you can
make is the continuity of all the printed
wiring on the underside of the board.
Sometimes one of these tracks can
become eaten away in the etching
process. resulting in a break.

Place one of the probes on one end of a
conductor and visually trace it through to
the end. Place the other probe at this
point and prove that it is conducting. You
can also make sure the jumpers are
connecting by checking the ends of each
run.

If all these checks fail to locate any
problem, you will have to carry out tests
with the computer operating. This will
mean replacing the chips and connecting
the power.

Start by placing the probe on pin 6 of the
Z80. This is the ciock input pin and
without any signal here, the whoie
computer will not operate. The three
LEDs on our LOGIC PROBE wiill illumin-
ate and you will hear a frequency from the
mini speaker in the probe. As you adjust
the speed control, the sound will change
pitch, If the 3 LEDs don't flash, change
the 4049. Some chips are very critical in
this circuit and others don’t work at all. If
a chip fails to oscillate, you can reduce
the 10k to 2k2 and this will give you a
broader range. Some chips may tend to
drop out at the low end. You should buy a
CD 4049 as soon as possible.

Once you have a clock pulse entering the
Z80, you can check some of the other
sections of the computer.

The computer can be placed in a WAIT
situation by tying pin 24 to earth. This pin
is connected to the 10k which is the
closest to the reset switch. It has an
empty hole to which you can solder a test
wire and use a jumper lead to create the
wait situation. Press RESET and probe
pin 15. If it is LOW, everything is OK. If it
is not LOW, you may have a dry joint or
short-circuit on pins 1 - 6 of the 74LS138.
While the computer is in the WAIT
condition, test the operation of the key-
board by probing pin 15 of the 4049. This
is the output of the 74C923 key-board
encoder, after it has passed through an
inverter to the non-maskable interrupt of
the Z80.

This output line is normally HIGH and
goes LOW when a key is pressed. The
only other pin of the 74C923 which can
be checked in a simple manneris pin 7. It
is normally LOW and goes HIGH for the
duration a key is pressed.

The 74C138 select chip below the
expansion port selects between the key-
board and the two 8212 driver chips.
When in the wait mode, pins 13, 14 and
15 are HIGH. Under running conditions,
pin 15 pulses LOW when a key is pressed.

The two display driver chips, (8212) are
difficult to test under static conditions as
the display is multiplexed.

When in the wait mode, one of the
displays may illuminate and you will be
able to detect the HIGH's entering the
8212’s.

The advantage of the sockets becomes
apparent when you have to remove or
change any of the chips.

If the computer still fails to operate
correctly, try replacing the set of chips.
This will only be feasible if you know
someone with a TEC-1. Within your own
board you can exchange the two 8212's
and 74LS138's. Don’t forget, the 2716
must be programmed. A blank one will
not get the computer started.

Make sure no pins are bent under the
sockets or broken off at the chip. Be sure
the chips are around the correct way and
most of all, make sure the chips are in the
correct positions.

If all this fails, write to us. We have a
repair service available. If sending the
project by post, pack the board between
two thick pieces of foam or stiff card-
board. Use a large jiffy bag and mark it
fragile. Certify the parcel in case anything
is damaged. This way it will get to us in
one piece. We will have a look at your
project and let you know what it will cost
to fix. Usually it doesn’t cost much and
this will take a load of your mind.

I hope it never gets to this stage, but at
least you know the service is available.
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EXPERIMENTS
FOR THE TEC-1

The computer should now be fully
assembled and ready to go. All you
have to do is learn how to operate it.

The following set of experiments will
give you the experience necessary to
recall some of its routines and
produce a simple sequence of your
own.

To introduce you to the TEC-1 we
have programmed a welcome
message into the EPROM. This can
be located at 02D1.

To call up this program, press the
following sequence of keys:

RESET, D, 1, + 0, 2, ADdress, 0, 2, 7,
0. GO, GO.

Adjust the speed control and see
what John has written. If that's nota
clever way of personalizing a piece of
equipment!!

If you don’t know what to do,
don’t worry. Follow through
these exgerimeuts and come
}:atck to the WELCOME mesage
ater.

Now to the learning section:

Experiment 1.

AIM:To examine the increment of
the address.

Apparatus:TEC-1.

Procedure: Turn the TEC-1 on and
look at the address display. The
address is the first four digits. When
the TEC-1 is turned on, the first
available address is 0800. This can
be incremented by pressing the '+’
key and the address will increase to
‘the next available location. Carry out
this procedure by pressing the '+ key
and watch the display: 01, 02, 03, 04,
05, 06, 07, 08, 09. The next location
is OA and this is where the computer
departs from the reading you would
expect. The TEC-1 is programmed in
Hexadecimal in which 4 binary lines
are grouped together to form a hex
number. In this way we can write
binary numbers from 0000 to 1111

and this means we can go higher than
9 as nine is only 1001 in binary. The
next hex numberis A, thenB, C, D, E,
and finally F. The following table
shows the binary equivalent for 0 - F.

-ADD-AND-BIT-CALL-DEGC-EX-IN-INC-JP-

‘vances one address

Y% % 0811

Decimal: Hex: Binary:
) 0 0000
1 1 0001
2 2 0010
3 3 0011
4 4 0100
5 5 0101
6 6 0110
7 7 0111
8 8 1000
9 9 1001
10 A 1010
11 B 1011
12 C 1100
13 D 1101
14 E 1110
15 F 1111

A comparison hetween decimal numhers
(hased on the power 10) hexadecimal
numbers (based on the power 16) and
binary numbers (hased on the power 2).
The data for TEC-1 is entered in hex on the
key-hoard. Examples of hex are: 3F, 4C,
58, FE, G4, DD,

The max hex for 2 digits is FF and this
corresponds to 255.

Press the + and watch the display
increment,

Press the — key and watch the
display decrement.

Experiment 2
STUDYING HEX

Aim:To study hex notation and
count in Hex.

Equipment: TEC-1.

Theory: Each byte of data for a
program must be given an address.
The computer automatically ad-
location on
pressing the + key. However we
must be able to read and write hex
values to be able to prepare a
program.

Procedure: Study the Hex notation
in expt 1. and answer the following
set of problems:
Use the TEC-1
answers.
Problem 1: A program starts at 0800.
What are the next 21 addresses?

0801 % % 0804 % % %
0808 % O080A % % % %
% % % 0815.
To verify your answer, press RESET
then keep pressing + + + + + etc.
Don‘t worry about the values in the
data displays.

to verify your

Problem 2: A progrém starts at 0A0O.

Complete. the following set of
addresses: ‘
OA00 * % % % * OAO06
% % % % OAOB * % *
* % % O0A12

To locate address OAOQO: Press
RESET. press AD (the dots will

appear on the address displays
indicating the address can be
changed).

Press 0, A, 0, 0. Press + This
becomes the first address location.

Press ++++ + etctoincrement the

display.

Problem 3: A program of 50 addresses
finishes at 091E. What are the
previous 35 addresses?
091E % 091C * % * %
* etc to O8Fb.

Problem 4: (a) Add 4 address locations
to 0209. :

(b) Add 8 address locations to
1FFF.

(c) Add 4 address locations to
OBFD.

(d) Decrement the address 7
locations from 0800.

Work out all the above answers on
paper before checking with the TEC-1

ANS: 4(a) 020D, (b) 2007 (c) 0CO1 (d) 07F9

Experiment 3:
CREATING A BEEP

AIM:To create a tone or beep on the
TEC-1.

Theory: The 2716 has been pre-
programmed with a loop to give a
pulse to the speaker. Depending on
the speed of the system, the tone of
the pulse will be varied. ,

Procedure: We can address the
beginning of this routine by pressing
the following keys:

" RESET, ADdress, 0, 1, 8, E. GO, GO.

You will hear two beeps, and by
turning the speed control down, they
will become separated. The first beep
is the one you have programmed. In
the next experiment you will will
change the frequency of the beep.

Notes:

When the TEC-1 is reset, the decimal
points appear in the DATA readouts.
This indicates the data can be
changed by pressing the keys O - F. -

By pressing the ADdress key, the
dots will appear in the ADDRESS |
readouts. This can now be changes
by pressing the keys O - F.
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Experiment 4:
Creating a Tone or Note.
AIM: To create a tone.

Theory: It is possible to produce a
tone from the speaker which is the
result of a routine in the EPROM.

Procedure: To create a single note
or tone, press the following:

RESET, 2+ 8 + 1 ADdress, 1, B, 0,
GO, GO.

Only the first note to be heard in the
speaker is the product of our pro-
gramming. The other beep or beeps
come from other routines.

_The number 1 in the routine above
selects the particular note. It can
have one of 24 different values and
thus we can create different effects
as shown in a later experiment.

AIM: To create a single note with a
period of silence.

The instruction for silence is 00.
Run the following program:

2+8+03+00+00+00+00+0,3
+ 00 + 00 ADdress 1, B, 0, GO, GO.

You will notice that pressing 00 is the
same as pressing 0. The DATA entry
is self-adjusting. Thus 03 is the same
as 3 on the data display.

Turn the TEC-1 off between experi-
ments so that the 6116 RAM has its
contents destroyed. Otherwise some
of the previous programs will come
through the speaker.

To create a scale:
Program this sequence:

248+ 14+2+3+4+5+6+7+8
+9+A+B+C+D+E+F+10+
11+12+134+14+15+16+ 17+
18 +0+0+ 0+ 0Address 1, B, 0,
GO, GO.

The speaker will produce the scale,
" then silence.

To hear the sequence again: Press
RESET, ADdress, 1, B, 0, GO, GO.

AIM: To produce a repeat function.

The note, notes or sequence can be
repeated by adding the instruction 1E
to the end of the list.
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Try this routine:

2+8+714+2+3+4+5+6+5+4
+3+2+17+1,EAddress 1, B, 0, Go,
Go.

To produce a repeat function with a
pause or silence, try this routine:

24+8+7+2+3+4+5+0+0+0
+0+5+4+3+2+1+1EAddress

1, B, 0. GO, GO.

Experiment §:
To Create A Tune.

By using the note table on P.73, any
tune or melody can be produced. Try
this sequence, then write your own
tune.
2+84+0A+08+06+08+0A+0F
+0A +0D+0OF+06+06+0A+0D
+06+0D+0A+0D+12+ 16+ 14
+724+0f+171+124+0F+ 0D+ 0D
+0D+0A+ 7124+ 0F+0D+0A+08
+06+08+0A+06+06+00+ 1,E,
Address 1, B, 0, GO, GO.

Question: How do you recall this
sequence?

SOUNDS AND TUNES

The TEC-1 has a number of musical
routines programmed into the 2716
EPROM.

These are accessible via the key-
board. The first of these is an Irish
Jig. This is called by the sequence:

RESET, E, F, GO,

With all tunes the pitch of the notes is
dependent upon the speed of the
computer. This is determined by the
speed control.

You can experiment with adjusting
the 20k cermet for each of these
tunes, to get different effects.

In order to access some of the other
tunes, you will need to follow this key
sequence:

RESET 30+ 5address 1 B0 GO, GO.
Experiment 6: A

reating a Running Letter
AIM: To produce a running A.

Procedure: Press the following
sequence of keys:

RESET, 2+8+1+0+0+0+ 1.E
Address 2, 7, 0, GO, GO.

The letter A is being shifted one place
to the left by the routine at 0270.

The letter can be made to travel the
full length of the display by adding
further zeros to the program.

Press this sequence of keys:

RESET2+8+1+0+0+0+0+0
+ 0 + 1,E address 2, 7, 0, GO,GO.

To produce a running sentence:
Press this sequence of keys:

RESET2+8+07+0E+OE+04+0
+9+04+05+071+71A4+0+0+0
+0+4+0+ 1, Eaddress 2 7, 0, GO, GO.

Experiment 7:
Combining Words
With A Tune

AIM: To combine a tune and running
words in one sequence.

Procedure: The programme we wil
be writing in this experiment consists
of a set of instructions and included in
this are two CALL statements (call
1BO and call 270) followed by a
PITCH table and a LETTER table.

The result of your programming will
be a short tune followed by three
letters running across the screen and
this will be repeated.

We will firstly describe the program
for experiment 7 in WORDS. Refer to
the program below to see what we
are talking about.

The program starts at 0800 and in the
first two bytes (800 will accept a byte
of data and 801 will accept a byte of
data) we will store the address of the
pitch table (which starts at 0900) .
Later the computer will store the
letter table and this will be repeated
over and over again as the program
contains a jump or repeat instruction.

First of all we will discuss each
instruction at each address so that
you will be able to understand the
program you will be keying into the
TEC-1.

At address 802 the instruction 3E
tells the accumulator to load the
immediate byte, which is 00. .

This takes up address 802 and 803.

At address 804 the instruction 32
tells the computer to load the
contents of the accumulator into the
address given by the following two
bytes. The lowest byte is always
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presented first, then the highest-
order byte. Thus 00 is loaded first
then 08.

The next available address is 807.

The instruction 3E tells the
accumulator to load with the
immediate byte which is 09.

At address 809 the instruction 32
tells the computer to load the
contents of the accumulator into the
address given by the following two
bytes.

Address 80C. This is a CALL
instruction which calls the routine
located at 1BO. This is the address of
the music programme.

At 80F the instruction is to load the
accumulator with the contents of the
immediate byte which contains OA.
This OA is the most significant byte of
the address for the letter table. As
800 already contains the byte 00 (the
.least significant byte of the address
for the letter table) we do not have to
‘load it again.

At address 811 the instruction is to
load the address 801 with the
contents of the accumulator (800 is
already loaded correctly).

At address 814, the instruction is to
call the letter printing routine located
at 270. This routine contains an
instruction to look at location 800
and 801 and see where the look-up
table is located. In our case it is at
0A00.

The final address 817 is an
instruction to JUMP to address 802.
This is used as a repeat function.

THE PROGRAM:

800 Push + + to get 802.

802 LD A,00 3E 00

so4 LD (800), A 32 00 08
807 LD A, 00 3¢ 09
uz: LD c’u&, A 32 o1 08
80C CALL 180 CD Bo o1
8oF LD A‘, 0A 3E O0A
811 LD (801), A 32 o1 08
814 C 270 CD 70 02
817 JP 802 C3 o2 08

The first column is the address of
the memory location in RAM.

The centre column is the assembhly
language in mnemonics.

The third column is the Machine
Code listing. ‘
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PITCH TABLE:
0900:

01
00
01
00
02
03
04
05
04
05
1F - means to return to

line LD A, OA.

LETTER TABLE:

0AO00:

01

02

03

00

00

00

00

00

00

1F - means to return to

line JP 802.

To run the program: Press: Reset, +,
+.GO, GO.

This is how the sequence should be

keyed:

Press RESET to get the first location.
Press: 00+ 09+ 3E+00+32+00+
08+ 3E+09+32+01+08+CD+
BO+01+3FE+0A+324+07+08+
CD + 70 + 02 + C3 + 02 + 08
ADdress 0900+ 01 +00+01 + 00+
02+03+04+05+04+05+ 1F
ADdress 0A00 + 01 + 02 + 03 + 00
+ 00+ 00+ 00+ 00+ 00 + 1F
RESET + + GO,

You now have enough information to
be able to produce your own
sequence. Try a longer note
sequence and a longer sentence. You
have the availability of including 255
in each table.

The next issue of TE will show how to
write a program to display ONE
segment of any particular digit, then
two segments, so that you can create
your own characters.

This is the beginning to writing
programmes for video games and you
will be shown how to prepare the
internal structure of a simple moving
target game.

We will also introduce some
expansion and interface projects. So,
be prepared.

Use the following table to create your
own tunes.

NOTE TABLE
*L
G 01
G# 1} 02
A 03
A# } 04
B 05
C 06
C# § 07
D 08
D# 09
E 0A
F OB
F# ] ocC
G oD
G# | OF
A OF
A# |10
B 1
C 12
C# }13
D 14
D# | 15
E 16
F 17
F# ]18

Repeat 1E
: Return __

Use this table to create your own
words:

LETTER TABLE

T Joo |

01

02
03
04
05
06
07
08
09
OA
0B
oc

oD
OE
OF
10
11

12
13
14
15

>

16
17
18
19
1A

Repeat 1E
Return 1F
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x 8 x 8 Matrix
* Relay Board

This is the second instalment of a
continuing series on the fabulous TEC-1.
If you have been waiting to see the ‘add-
ons’, here are the first two. This instal-
mant describes an 8x8 matrix which is
effectively a WINDOW ON A VDU, and a
RELAY BOARD which contains a set of 8
relays so that the TEC-1 will access the
outside world. )

You can operate globes or motors via the
relays or drive them directly via the set of
transistors included on the board.

The 8x8 matrix is multiplexed and driven
by its own set of latches. In the ultimate
you will be able to get incredible move-
ment, but in the elementary stage its
simple illumination and shift patterns.

Now that you have got this far,
read on,, .. .. ..

The introduction of the TEC-1 in the
previous issue caused quite a lot of
interest from a new group of
hobbyists. Was this due to the colour
cover or the presentation of a cheap
computer? Who knows?

In any case, we are pleased it took
their attention. Everyone will benefit
with the increased sales it produced.

We noted the number of orders
increased dramatically with many
coming from names and places not
on our mailing list or files.

TALKING

The requests for TEC-1 outstripped
the availability of kits and we soon
realized the small markets in
Australia had tc be by-passed in
preference to direct importing.

Sales are still peaking but | think
many readers are still waiting for the
full range of “add-ons” before
launching into purchasing a kit. Let's
hope some of your answers will be
answered when you see the extent of
the projects in this issue. And this is
only just the beginning.

We have already designed more than
9 different expansions for the TEC-1
and this will take it into the field of a
fully-fledged demonstrator.

Within the first week we received 5
letters from constructors who had
the TEC-1 operating from the instant
of switch-on.

Although extremely simple, the TEC-
1 works very well. Some of its
features are novel while others are a

‘little outdated. The speed controlis a

novelty while the 8212's have been
around for years and are now getting
towards the end of production. We
found this out as they are now quite

. .cont. P. 14.

When the
issue 10. M place to lear

ELECTRONIGS
COMPUTER

—hy John Hardy
PC layout: Ken Stone.

Parts: $68.30
PC board: $19.00

- introduced i
TEC-1 Was?l agreed it
Y

It the kit

We are now in the pr

e
poard. ropriate

under the - oc to the apPP
and run thfeetlme will then be neat:

. n,
Martin Huls7r2‘61'0.
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NANANA

BIG BEN|CHIMES

RESET 00+ 09+ 3E+00+ 32+
00+08+3E+09+32+01+08
+CD+BO+071+3E+0A+32+
014+08+CD+70+02+C3+
02 + 08.

ADDRESS: 0900+ 11+ OD + OF
+ 08+ 00+ 00+ 00+ 00+ 08 +
OF+ 11+ 0D+ 00+ 00+ 00 +
00+ 177+ OF + 0D + 08 + 00 +
00+00+00+08+0OF +11+
OD + 00+ 00+ 00+ 00+ 0D +
00+ 00+ 00+ 00+ 0D+ 00+
00+ 00+ 00+ OD + 00 + 00 +

00 + 000D + 7F.

ADDRESS OAOO + 02 + 09 + 07
+00+02+05+ 0D+ 00+ 00+
00 + 00 + 00 + 00 + 00 + 1F.

RESET + + GO GO.

Hamilton,

- by A. Hellier,
2303

WINNERS CALL

RESET+ 02+ 08+ 06 +0A + 0D
+724+172+72+ 0D+ 0D + 0D
+ OA + OD + OA + 06 + 00 + 06
+0A+0D+72+12+1712+06+
06 +06 + 0D+ OD + 0D + 00 +
00 + 1E.

ADDRESS 01B0 GO GO.

“YOUR’RE DEAD” FUNERAL DIRGE

RESET 00+ 09+ 3E+00+ 32+
00+ 08+ 3E+09+32+07+08
+CD+BO+ 071+ 3E+0A+32
+07+08+CD+70+02+C3+
02 + 08.

ADDRESS 0900+ 03+ 00+ 03+
00 + 03+ 03+ 00+ 06 + 00 + 05
+05+00+03+00+02+03+
00 + TF.

ADDRESS OAOO + 16 + OE + 14
+774+05+00+04+05+07+
04+ 1A+ 1A+00+ 00+ 00+00

12 TALKING ELECTRONICS No. 11

i ot g e i

t’:‘""z"“’"‘“ o et

-

STACK DEMONSTRATION
'PROGRAM:

Some constructors have been very
inquisitive. They found locations at
the high end of RAM which they
could not remove! (This is because the
TEC-1 was replacing them again). This was
quite puzzling as we know anything
in RAM can be removed and written
over.

But this area is special and is called
the STACK area.

When a PUSH instruction is
executed by the Z80, the contents of
the location are loaded into this area.
The stack starts at OFFO for MON-
1A EPROMS and OFDO for MON-1B
EPROMS. It advances downwards,
towards the LOW addresses in the

6116.

Each time a POP {or PULL) instruction
is executed, the last item to put onto
the stack is removed and the stack
gets smaller. = Otherwise it gets
bigger and bigger.

If a program contains too many
PUSH instructions, the stack will
grow and eventually hit the program.
This will make the computer CRASH!

The simple program below pushes
register pair (they must be in pairs)
Ag' into the stack and completely fills
the RAM.

Try the program and watch the
computer CRASH.

11 AA BB
D5

C3 03 08
RESET, GO.

Increment the ‘address and prove the
6116 is completely filled with AA,
BB, AA, BB etc.

Change AA, BB to CC, DD andrepeat.
Check the RAM and read its contents.



The first instruction is to load the accumulator
with zero and output this to port 1 to prevent odd
segments lighting up when the game is reset.

At address 804, the register pair DE is loaded with
the value 00, 00. Surprisingly, this creates the
longest delay as the first operation in the delay
routine is to decrease the lower byte (register E} by
one. This immediately removes the value of zero
from the pair and when D is loaded into the
accumulator, and the logical OR operation
performed, the answer will only be zero when both
the accumulator and register E are completely
zero.

. If one or both are not zero, the program will jump
to instruction 807 whereupon register pair DE will
be decremented by ONE. This loop will be cycled
256 x 256 times and each time will occupy quite a
number of machine cycles.

This results in the letter G (for GO) taking a few
seconds to appear on the screen. This creates the
same effect as the delay circuit in the Quick Draw
project described in issue 5.

When the register pair becomes zero, the program
is advanced one address and the accumulator is
loaded with the value E3. The value E3 will
produce the letter G onthe screen and the location
of this letter is determined by loading the
accumulator with 8 and outputting it to port 1.

The computer is now HALTED and waits for an
input instruction. If any of the keys are pressed,
the 74¢923 will activate the NON-MARSKABLE
INTERRUPT line and present data to the Z80
according to the value of the key.

START
DELAY

RIGHT

=~ LEFT

-  FINISH
2=

THE PROGRAM

LD A,00 800 3E 00
OouUT(1),A 802 D3 o1
LD DE,00 804 11 00 00
DEC DE 807 1B

LD A,D 808 7A

ORE 809 B3

JP NZ Delay 80A C207 08
LD A,E3 soD 3EE3
OUT (2),A 8oF D302
LD A,08 811 3E o8
OUT{I),A 813 D3 o1
HAL 815 76

AND OF 816 Eb6 OF
CP OC 818 FE oC
JP Z,Right 81A CA 24 08
OR A 8iD B7

JP Z,Left 81E CA 29 08
JP Loop 1 821 C3 1508
LD A,01 824 3E 01

JP Finish 8206 C3 2B 08
LD A,20 829 3E 20
OouT (1),A 82B D3 o1
LD A,20 82D 3E 28
ouT ‘l(z)’A 82F D3 02
HAL 831 76

JP Start 832 C3 00 08

If key C is pressed, the value 1010 is placed inthe
accumulator. This is then logically ANDed with
the value F (1111) and the result appears in the
accumulator.

‘When a number O-F is ANDed with 1111, the

answer will be exactly the same as the number
itself. In actual fact, this AND OF operation is not
required for the jump right command and you can
ignore it.

After the AND OF operation, the number we are
looking for is 1010 (for a jump RIGHT). The
answer is compared with OC and the Z80 does
this by effectively performing a subtraction
operation in which the value C is subtracted from
the contents of the accumulator.

If the answer is zero, the computer is instructed to
jump to address 824. If the answer is not zero, a
logical OR operation is performed with the
accumulator as the operator and also the operand.

Since the accumuator is zero, the answer will be
zero. Thus the program will advance via a jump
instruction, to 829. If neither of the conditions are
met, the CPU will jump to 815 and wait for akey to
be pressed.

If the processor advances to location 824, the
accumulator will be loaded with the value 1 and
told to jump to address 82B. This value 1 is
outputed to Port 1 and sets one of the latches
ready to display the far right-hand digit.

EL
GA SORTO

QUICK DRAW is a reaction game for
two players.

To start the game, press RESET, GO.

After a DELAY, as determined hy the
delay routine at 804, the letter G
will appear on the screen. The first
player to press his hutton will be
detected by the computer and
result in the figure 1 appearm? on
the appropriate end of the display.

Player 1 uses the + hutton and
player 2 uses the 'C’ hutton.

Any bhutton can be pressed to reset
the game.

At address 82D, the accumulator is loaded with
28 so that the segments ‘a’ and ‘b’ will illuminate
when the value 28 (not twenty eight but two,
eight) is outputed to Port 2.

Finally the processor is told to HALT at address

On the other hand, if the program advances to
81E, the processor is told to jump to address 829
where the accumulator is loaded with 20 so that
the far left-hand display will be activated when
port 2 is given the value 20.

The program can be re-started by pressing ANY
key, and the accumulator is loaded with zero at
800 so that odd characters do not appear on the
screen.

Here are 6 simple experiments which can be
performed on this program to better understand
how it operates:

1. Load address 801, 2, 3 and 4 with 00 and play
the game a few times. Notice how odd figures
appear on the screen. Replace the correct
program values and continue:

2. At address 812, load the value 10, or 04 or OF
and note the different effects.

3. At address 816 and 817, insert 00 00. What
effect does this have?

4. At address 819, insert OD or OE or OF. What is
the result?

5. At address 829, load the value 10 and see the
result.

6. Finally, insert the value 01 at location 806. Try
the value 06, OA BB or FF. What effect do they
have?
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difficult to obtain. The other chip on
short-supply is the 74c923 as it is
only made by one manufacturer.

The FND 500 or FND 560 displays
are no longer in production by Fair-
child (as they have ceased to produce
OPTO devices) however other
suppliers have produced ‘ identical
replacements.

Apart from this, the TEC-1 is straight-
forward.

Out of the first 300 kits we had
reports from only 6 readers who had
trouble in getting the computer to
work.

Paul had incorrectly placed the “'six”
button in the keyboard so that the flat
was 90° out of position. The TEC-1
came on at address 0800 but the
keyboard did not operate.

The 74c¢923 detected key 6 as being
pressed due to the wiring of the
contacts and the NMI being
activated.

We traced the fault by removing the
74c¢923 and checking pins 8, 9, 11..
12 and 1, 2, 3, 4, 5 with an ohm-
meter. The short between pins 2 and
9 showed key 6 to be at fault and that
was when we noticed it!

Another TEC-1 came in with a very
faulty + button and a broken PC line
under one of the 7-segment displays.

Two computers had shorts between
tracks around the memory section
where the tracks are very close to one
another.

But possibly the worst effort came in
the post last week. The 74c¢923
socket had been made up with a 14
pin and an 8 pin so that 2 pins
projected too far. The chip has been
inserted so that pin 2 connected with
pin 1 on the circuit. The other fault
was a jumper missing near the first
8212. Both of these faults showed
lack of inspection. When they were
repaired, the computer worked
perfectly.

Finally a constructor arrived with a
TEC-1 under his arm. It gave an
occasional display of odd segments
and a beep from the speaker when
switched on. The trouble was traced
to a faulty Z80!

Apart from the above cases, the TEC-
1 seems to offer a high degree of
success.

If you have any problems with your
unit, let us know. We want to present

The introduction of the TEC-1 is

primarily intended to unlock three
areas of microprocessor design. These
are:

1. To teach Machine Code programming,
2. To teach the art of creating Video
Games and,

3. To access the real world.

MACHINE GODE programming is the
skill of telling a microprocessor what
to do hy writing directly into a memory
bank. The memory can either he a
tempory storage (RAM) or permanent
storage ROM. The main difference
hetween these two is ROM will retain
its memory when the power is turned
off whereas RAM will lose its contents.

We can use this feature to write into
RAM and then erase the program hy
turning off the power. Alternatively we
can simply write over the old program.
?oth ROM and RAM are used in the TEC-

The Z80 has the capability of accepting
over 700 instructions, some of which
are 2-hyte. These take the form of a two
digit number which is written in hexa-
decimal form. The first large tahle in
this installment shows how to write
any of these numbers and explains how
we arrive at C2 or ES or D7 asa value in
this instruction set.

A typical instruction is 3E. This means
“load the accumulator (register A)
with the following value . ..” Once you
remembher some of these instructions
you will see why we have concentrated
on Machine Code Programming.

instructions such as 76 for HALT, C9 for
RETURN and G2 for JUMP NOT ZERO are
quite easy to remember. The meaning
of JUMP NOT ZERDO needs a little
explanation. After C2 you must insert 2
bytes because the computer will
interpret whatever is placed as the
next two bhytes as an address location.
For example, 20 08 will tell the
processor to jump to 0820. The
instruction C2 also infers that if the
program IS ZERO, the processor wiil
proceed to the next instruction.

atest coin-in-the-slot machines. Any
of the games on cassette are
theoretically possible with the TEC-1.
Mind you, we will not he advancing to
the complexity of colour or the swirling
but in a

action of VEN U S,
developmental way you will have the
opportunity to program sections of a
video game and watch the resuit
them in the next issue, under FAULT &

FINDING.
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PROGRAMMING STARTS
HERE:

By now you will have completed the
first 7 experiments and possibly tried
some additional programming of your
own.

But just in case you did not absorb all
the facts, we will go through some of
the experiments again to make sure -
everythingis understood.

Just before we
following:

Reset two, +, eight, +, two, +, five,
+, fourteen, + four, +, sixteen, +, 1A,
+, zero, +, zero, +, zero, + zero, +,
zero, +, 1E, ADdress 2, 7, 0, GO, GO.

start, key the

DO YOU AGREE?

You should remember a few simple
programs like this, to impress your
friends.

The Z80 instruction-set has 8 special
restart instructions which are single-
byte instructions. By keying in one of
the following: C7, CF, D7, DF, E7, EF,
F7, or FF the computer will go to
address location 00 or 08, 10, 18, 20,
28, 30, 38 and will receive infor-
mation to go to the beginning of the 2
tunes and 3 games. -

The 2 tunes are accessed by EF and
F7. Push Reset, EF, GO. EF tells the
280 to go to location 28 in the
EPROM. At this address is an in-
struction 21 which tells the Z80 to
load register pair HL with the
contents of another location which is
the beginning of the song table.

F7 directs the Z80 to go to location
30 and this address directs the Z80 to
another song table.

We do not use C7, E7 or FF but the
other 3: CF, D7 and DF select the
commencement of the three games.

Try them.

: When the computer is turned on, or

the reset button pressed, the first

: available address is 0800.

Machine Code is the only approach for

video game development. It produces

the fast-moving games as seen in the i from

% allocated to the 2716 EPROM and

This means the address locations
zero to 0800 have been

most of this has been filled with start-
up instructions and games. This
includes a music table and letter
table which are user accessible and a

: number table which is only computer

accessible.

Actually the MON-1 EPROM has
been filled from zero to 05A7, and we

" will now look at how many locations

this represents.



LEARNING HEX

We know the TEC-1 is programmed
in hexadecimal. This means the
locations commence at 0000 and
increase: 0001, 0002, 3,4,5,6, 7, 8,
9,A,B,C,D, E F 10,11, 12,13, 14,
15, 16, 17, 18, 19, 1A, 1B, 1C, 1D,

1E, 1F, 20, 21, 22, 23, 24, 25, 26, 27,

28, 29, 2A, 2B, 2C, 2D, 2E, 2F, 30,
31, 32, 33, 34, 35, 36, 37, 38, 39, 3A,
3B,3C...... 9D, 9E, 9F, A0, A1, A2,
A3, A4, A5, A6, A7, A8, A9, AA, AB,
AC, AD, AE, AF, BO, B1, B2, B3, etc
up to O0F2, OOF3,00F4,00F5,00F6,
O0F7, OOF8, F9, FA, FB, FC, FD,
OOFE, OOFF.

If you fill in all the blanks between
0000 and OOFF, you will find there are
16 lots of 16 addresses. This is equal
to 256 locations.

So, between 0000 and OOFF there are
256 address locations.

The next location 0100 (it is best to

say oh, one oh, oh as the location is"

not really one hundred). Between
0100 and O1FF there are another 256
locations.

Between 0200 and O2FF there are
another 256 locations.

0300 - O3FF = 256 locations

0400 - 04FF = 256 locations

0500 - 05A7 there are ??? locations.

Let's work it out. The number of
locations in A7 is: Ax16 + 7
=10x16 4+ 7 = 167.

The total number of address
locations which have been pro-
grammed into the EPROM is:

5 x 256 + 167

= 1447.

We emphasise this aspect of hex
numbering as it is often glossed over.
Values such as 5A7 do not give us
any indication of the value they
represent.

To program 1447 address locations
would take the best part of an after-
noon as it is important to check and
double-check the data at each
address before running a programme.
It only takes one fault in the program
to upset its running with the result
that hours of work will be ruined.

So, 5A7 is quite a large number and it
nearly fills the EPROM. In fact there
are only about 600 locations left.

The main reason for locating the
beginning of the user-available
section at 0800 will become obvious
in a moment.

The second and most important
reason for having the first user-
available location at 0800 is the value
it represents.

The EPROM is a 2k byte IC and this
means it is capable of storing 2048
addresses. Each address will accept
a number as high as 11111111 in
binary, whichis 255. We casually say
it is a 2k EPROM but it is actually a
2k48 EPROM.

The value 2048 is equal to 0000 to
Let's work it out.

Divide 2048 by 256 and you will
obtain the number of "groups’ of
locations. This comes to 8. So, 2048
is equal to 0000 to 0800 Or more
accurately 0000 to OO7FF. Every
0800 in  hex represents 2048
locations. The next 2k starts at 0800
to 1000 or more accurately 0800 to
OFFF.

This is the EXPANSION PORT

OFFF \ 17FF

O7FF
2k 2k 2k
EPROM 6116 6116
RAM RAM
5000 0800 1000
1FFF 27FF 2FFF
2k 2k 2k
6116 6116 6116
RAM RAM RAM
|0 @ L
1800 2000 2800
37FF SFFF
2K '
6116
5116 6116
3000 3800

The Memory Expansion Board, to he
presented in a future article will

contain G_R chips. These are
labelled on the diagram and
accessed as Shown.

The hexadecimal start and finish for
each “2k” of RAM on the TEC-1 is
shown in the diagram above. The Z80
will access 64k of memory (65,536
bytes) or 32 chips such as 6116 or the
N-MOS version 58725 by Mitsubishi.
On the TEC-1, the two top address
lines have not been decoded and thus
the TEC will only address 16k of
memory.

Between O5A7 and O7FF, the
EPROM has been left blank for
additional routines which will appear
as MON 1A and MON 1B etc.

It is always wise to leave empty
pockets between one program and
the next in case a program needs to
be extended. These empty locations
can be filled at a later date with the
aid of an EPROM BURNER.

Other locations in the EPROM have
also been left blank. The most
important of these is the ’'first
hundred bytes’’. Within this section
are 8 one-byte subroutine call
locations such as 00, 08, 10, 18
where we can place a brief program
(up to 7-8 bytes long). We can write a
jump or call instruction and maybe a
return instruction so that the main
program needs ONLY a single byte
instruction. (Normally a CALL
requires 3 bytes).

You have already keyed a number of
instructions and you will be startin

to remember what they stand for. 3B,
for instance, means “Load
accumulator A with the following
byte”. The accumulator is one of the
registers in the Z80 and there is
nothing magic or complex about it.

It is merely a set of 8 flip flops which
can be set HIGH or LOW toreflectthe
number which has been entered.

The reason why register A is so often
used in programmes lies in its special
feature. Itis the accumulator register
and this means all logic operations
(such as AND, OR ADDITION and
SUBTRACTION) will be performed
using it.

AN \\/‘A o /,

THE ALL PURPOSE NIFTY
TEC-1... |
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Experiment 7 combines a number of
interesting features such as CALL
and JUMP and we will explain what
these do.

The program looks fairly simple. but
this very deceptive. I you were
required to program all tha infor-
mation to produce a running letter
program, it would be like being asked
1o buy a bottte of lamonade but firstly
manufactura and print the dollar nota
required tc buy the bottle of fizzy.
Obviously this would be an enormous
task so we use AIDS to make the task
easier.

In our case we use John Hardy's
letter writing routine and his running
or shift routine and put them together
1o get our sentences.

We will go through the program inthe
same way as carried out by the Z80.

By pressing the reset butten, +, +
the computer will start at location
802. The small amount of operating
brains inside the Z80 will instructitto
iook at location 802 in the 6116
RAM. It will find the instruction 3E
and this will tell it to load the
accumulator with 00. This is one way
of removing the initial ‘rubbish’ in a
register or accumulator A.

The next instruction 32 means load
the contents of accumuiator A (which
is 00) into the address which fellows,
which is 0800. This means we have
removed any rubbish data and loaded
it with 00.

At address location BO?7, ‘A’ wilt be
loaded with 09. The previous valus,
00 will be written over hut it has
aiready dona its job of being loaded
into focation 0800.

At iocation 809, the Z80 is told to
load the value 09 into address BO1.

All we have done to date is simply
load the first available address with
00 and the second with 09, We could
ha:g .done this manusally but the
routine calls for the contents of 800
and 801 to be ailtered between two
diffarent values: 0900 and OAOO and
so the computer has to do the job.

The next instruction is a CALL
instruction. The ZBO is asked to look
at the address 1B0 in the EPROM.

What it will find there is guite
considerable.

Firstly it loads register pair DE with
the contents of 800 and 801, At these
locations it finds the address 0900,
Next it takes the first byte at 0900
and plays the note comrasponding to
this valua. This requires another table

comprising byte-pairs. Ona of which
is the pitch value @nd the other time-
value. it continues using each byta at
0900 until either = f? or &B is
racognised. With IF the computer
aoes to line 8OF in the main program
and carries out a similar procedure
for the Letter Takle.

After the letters have scrolled across
the screen, the computer returns to
the main program {location 817) and
;hc;g instructs the Z 80 10 jump to line

WHAT YOU HAVE
EXPERIMENTS 1-7: .

1, The lirst avallable addrass Iz 0800.
2.The dots na the display indiczte when
the address DR the data cam he changed.
dincrementing the display masns s
increase the address value.
4.Decrementing the dizplay means to
decrease the address lacatinn,

&LIE TEG-1 ig programmed in MACHINE

6. The key padf is a HEX PAD a% it contains
the numbers 0-0 and lettors A-F.

7. The values 00 o FF represent the
numbers ZERO to 255:

HERE IS THE COMPLETE TABLE:

LEARNT FROM

P — ST,
1 o1 51 33 101 65 151 97 201 C9
2 02 b2 34 102 66 152 98 202 CA
3 03 B3 35 103 &7 163 99 203 CB
4 04 b4 36 104 68 154 9A 204 CC
5 0B 655 37 106 69 155 98B 205 CD
6 06 56 38 106 6A 156 9C 206 CE
F 7 07 57 39 107 &B 157 9D 207 CF
8 08 58 3A 108 6C 1568 9E 208 DO
9 09 69 3B 109 6D 159 9F 209 D1
10 DA 60 3C 110 6E 160 A0 210 D2
11 OB 61 3D 111 6F 161 A1l 211 D3
12 0OC 62 3E 112 70 162 A2 212 D4
13 0D 63 3F 113 N 163 A3 213 D5
14 OE 64 40 114 72 164 A4 214 D&
15 OF 65 41 115 73 165 AS 215 D7
16 10 66 42 116 74 166 A6 216 D8
17 1N 67 43 117 75 167 A7 217 D9
18 12 68 44 118 76 168 A8 218 DA
19 13 69 45 119 77 169 A9 219 DB
20 14 70 45 120 78 170 AA 220 DbC
21 186 71 47 121 7a 171 AB 221 DD
22 16 72 48 122 7A 172 AC 222 DE
23 17 73 489 123 7B 173 AD 223 DF
24 18 74 A 124 7C 174 AE 224 EO
25 19 76 4B 125 7D 176 AF 225 FE1
26 1A 76 acC 126 .7E 176 BO 226 E2
27 1B 77 4D 127 7F 177 B1 227 E3
28 1C 7B A4F 128 BO 178 B2 - 228 E4
29 1D 79 4F 129 81 179 B3 229 Eb
30 1E 80 50 130 82 180 B4 230 E6
31 1F 81 51 131 83 181 BE 231 E7
32 20 82 B2 132 84 182 Bé6 232 EB
33 21 B3 53 133 85 183 87 233 E9
34 22 84 b4 134 86 184 B3 234 EA
35 23 85 55 135 87 185 B9 235 EB
36 24 BEé 5& 136 88 1866 BA 236 EC
37 26 87 57 137 8¢9 187 BB 237 ED
3B 26 88 B8 138 8A 188 BC 238 EE
39 27 89 59 139 8B 189 BD 239 EF
40 28 90 BA 140 8C 180 BE 240 FO
41 29 91 5B 141 8D 191 BF 231 F1
42 2A 92 BC 142 BE 192 CO 242 F2
43 2B 93 8D 143 8F 193 C1 243 F3
44 2¢C 94 SE 144 90 194 C2 244 F4
45 2D a5 5F 146 91 195 C3 245 F5
48 2E 96 60 146 92 196 C4 248 F6
47 2F a7 61 147 93 197 C5 247 F7?7
48 30 98 62 148 94 198 C6 248 F8
49 N 99 63 148 a5 199 C7 248 F9
50 .32 100 64 160 96 200 C8 250 FA
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MOVING ON.. ..

What is the next thing you would like
10 do?

How_ about turn on one segment of
the display?

Key in this program:

RESET
3E o1
D3 o1
3E o1
D3 o2

ReseT, co.

This is what you have done:
Reset3E+ 1+ D3+ 1+3E+T1+D3
+ 2 4+ 76,Reset. GO.

The top LED in the first display lights
up. We say the first display as it is the
lowest priority digit.

In English, this is what you have
done: Load register A with the value
1. Output this to port 1. Load register
A with the value 1 and output it to
port 2. Halt.

This is how the program is written:

Ll) ﬂl m l
OUT (1),A ses 2301
ouTi2),a 304 3Eor
HAL 808 76

We can read the value of each
location by pressing RESET and then
stepping through the program by
pressing: +++++++++++++

We can alter the position of the LED
which is to be lit, by altering the value
of locations 801 and 805.

The whole program does not have to
be re-typed. Any location can be
altered as follows:

Either press Resetand +or— —— —
to get address 801.

Change 801 to 08

Press RESET, GO.

Note the LED has moved to the 4th
display.

Try the values: 02, 10, 04, & 20.

You have accessed each display.
Return to the first display by
changing the value at 801 to: _ _
Increment to 805 and changa the
value 01 to: 02, 04, 08, 10, 20, 40 and
finally 80.

Are you impressed? You have
accessed each of the segments

including the decimal point. You have
become master of the display. With a
little more instruction you can
illuminate more than one LED in the
display. But first let’s see what you
have learnt.

The displays are accessedas follows:

20 10 08 04 02 O1

The value of each display is twice
the previous and they increase

‘from RIGHT to LEFT.

Port 1 is the cathode port. A "HIGH’
or ‘ONE’ in the appropriate bit 5 - 0
activates cathode bor4dor3or2or1
or Q.

This is how it works: The numbers
20, 10, 8. 4, 2, 1, are converted to
binary and the computer sees them
as:

DOO0OOO
LOLOOLO
QOOOO=
QOQCO=0
QOO=00
QO=2000
L=20000
00000

The last line in the table is easy to
read. Itis 1. The secondiowest lineis
2, then the next line has the value 4,
then 8. The first and second lines are
a little more difficult to explain
because they are not 18 and 32.
That's the binary number but we are
interested in the value we have to
punch into the hex keyboard. The
answer will be covered in a momaent.
For the present, we will look into the
concept of converting binary
numbers into HEX numbers.

Firstly we will give you the answers.
Each segment on a display has the
following values. The top LED
(segment A) is lit with a value 1. The
decimal point needs a value 10, the
centre LED (segment G) needs the
value 4 and so on.

What do you think the following
program will produce?

3E 01
D3 01
3 20
D3 02
76

Yry it. Start at 0800. Enter the
program, press reset. GO.

We can illuminate more than one
segment at & time and more than one
display at a time by changing two
locations as shown in the following
examples:

Try each of these examples and see a
pattern of addition appearing.

At location 805, insert:

{d) 34

The letters A, D and F will be quite a
surprise. They also produce a reading
on the display and it is obvious they
have a value. Their values will be
covered in the section CONVERTING
BINARY TO HEX and HEX TO
BINARY.

Back to the display.

More than one display can be
illuminated at a2 time by inserting a
different value at location 801. Keep
say “62" at location 805 and insert
the following at 801:

(a) 9
(b) 27

. WITH  IN/QUT BOARD....
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(c) 31
{d) 10
(e) A

{f} 3B
{9) 2F

This is as far as we can go with blind
experimenting. We must cover some
of the background thecry on hex
numbers to understand what we are
doing.

Inexperiment (d) above, we turned on
the fifth display thus:

) o e

TFo do this we must switch the
appropriate display transistor ON.
(Don‘'t worry about the segment
drivers at this stage).

In the TEC-1 the displays are
connected to the 8212's as follows:

The answer is 10.

This is not calied tan, Itis calied one,
zero or one, oh. Here are some more
axamples:

1. To iluminate the first, third, and
fifth digits, this is the procedure:

The high lines from the 8212 will be:
00101010
break this into 2 groups of four:
0010 1010
Thisisequalto2 This is equalto A

HEE WAKING UP THE
S FIFTH DISPLAY

The answer is 2A.

OK, you don’t understand how we get
A. Look at the table on P 71 of issue
10. The hex number for 1010 is A,

Try these: Write the hex number for:

(b) 1001 =
(c) 1101 =

{d) 1111 =

2. To illuminate the first, second and
third displays, the HIGHs must
appear in the foliowing piaces:

SERMENT DRITER
= ]l

EHTIIEE DRIVER

This ie the first output
HIF line and is celied BIT
ZERO.

4

__PORT 2,
SEGMENT PORT

The display we wish to ililuminataisin
the fifth output line and its binary
number is: 00010000. The keyboard
is in hex so to convert this to a hex
number we have to break it into two
groups of four:

0001 0000

This represents 1 This represents 0

PORT 1. CATHODE PORT.

00111000
0011 1000
3 8

Answer: 38 (in hex)

3. To iluminate all the displays:

00111111
0011 1111
3 F

I8 TALKING ELECTRONICS No. 11

4. To bip the speaker:
10000000
8 0

5. To click the speaker and turn on
displays: one, two, three and four:

10111100
1011 1100
B C
Answer: BC
6. To access the vacant cathode:
01000000
0100 0000
4 0
Answer: 40, You will notice NOTHING!

Exampie 3 above shows that the max
hex value to illuminate ALL THE
DISPLAYS is 3F. Remember this.

This is the program we are using:

This value determings
which disp-llgzl are lit
i THODE

and i callad
ACCESSING.

SEe1 Max 3F a‘

né ) |

i) o1 Max FF

302 -

76 s o ot
it I.iﬂ m cafed SEG-
MENT ACCESSING.

The program has two variables: lines
1 and 3. For line 1, the maximum
value is 3F (this is 64 different
possibilities) and line 3 has a maxi-
mum of FF (this is a maximum of 256
possibilities). These are independent
variables and either can be changed
at any time to any value in the range
as specified above. The result is
thousands of different combinations.

Here are soms of the possibilities and
how they are obtained:

If line 1 has the value 1, we will be

accessing this dispiay: (line 3 can be any
value from 00 to FF).

<




CATHODE ACCESS values. Thus 02

i we program 3E 0% into tha first m—
tine, the following display will be plus 04 will access: 3E 05 ]

d: : Sy
accesse ' ’E ok ' ' | ':';" %

3E o6 )

3E 32 will access:
The value 3E 04 will access this

display: ' ' '
{

3E o8 &

3E 3F will access: : 3E oF a

The value 3E @8 will access this

display: ‘
-:‘::- 'n'::
3E 11 :5.;:_335,_:-:3'-
Fo
"-'::‘-:F-:’:i: o
SEGMENT ACCESS -
Can you see why? 3E 1F
. . Line 3 of the program determines the 2
The computer converts 08 to binary  jgtter, number or pattern which will Ede
and it becomes 1000. appear in tha display{s). We will take e
The “one” or "HIGH” correspondsto  the simple tase of the lowest priority
the display in the diagram above display being accessed { line 1 will be P
3E 01) and we will produce some 3E 20 % ¥
3E 20 interesting pattems, numbers and s
L lettars in (or an} the display. ¥
corresponds to this display: . e
Here are some of the results of
»” changing the data In line 3:
3E o1 "{5;:'5"'?5
] g
Note: 20 is the Hex number and is - i 5
obtained by separating 20 into 2 Q. . 'ﬂ*&-‘:- S
240 3E 0z Mot
0010 | ooco £ sy
, . , I LI
This gives 0010 0000 as the binary. o 3E 80 o &
equivalent and shows the HIGH is bit g g
5 and this will illuminate the first digit a—

onthedisplay. ( Note:The firstoutput iine s
bit 0).

The actual combination of segments
which will be illuminated will depend
on line 3 of the program and this will s30000s
be explained in a moment. s

More than one display can be turmed )
on at the same ‘time by adding S

ree EXT MATRIX DISPLAY BOARD..,
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Here is an equally interesting pro-

ram to automatically increment the
gEGM ENT ACCESS value. The
result will be to produce every
combination possible on the display.
Watch the results carefully and see if
you can predict the next segment to

appear.

At address 0800, type the following
program:
{And the DELAY ROUTINE at 0A00)

LD A,01 800 3IE of
OUT (1),A $0z Dj3o1
LD B,o¢ 804 00 00
OUT (DA . 5oy Dsoz
INC & S0A 04
CALL oA 8oB CD oo 0A
JP 0804 SOE C3 0608
0A00
Aooc 11 FFFF
Aoz 1B
This is the A4 7B
DELAY Aos B2
ROUTINE Aob Cz2030A
Aos o9

By reducing the DELAY TIME, the
display will cycle at a faster rate. Try
the value 06, AO, CO, 10 and 02 for
the value A0O2 and determine which
value is the most suitable.

SUMMARY

This is the program you have bean

emering into the TEC-1 to iluminate

the sagments. The two variables are
. located st 801 and 805.

se0 3E o4
soz ne 01
3E 10

so¢ D3 o2

s 76

The data at address 801 can range
from 01 to 3F and it determines the
combination of digits which will be
illuminated. '

The data at address 805 can range
from 01 to FF and it determines the
combination of segments which are
illuminated.
Expt 8: JILLUMINATING
ONE SEGMENT

Aim: To illuminste one segment on
the display .

Theory: To master the display you
must be able to access (locate) any
segment.

The TEC-1 display has 6 digits and
each has 8B light emitting diodes. This
produces 6x8 = 48 locations.

The aim of this experiment is to
illuminate one of these segments.

Key the following:

Reset, 3F+ 10+ D3+ 01+ 3F +04
+ D3 + D2 + 76 Reset Go.

The display will show one centre
segment in the 5th display thus:

Press RESET. Press + + to get
address location 805,

Change deata to 08.

Press RESET, GO.

Only segment b illuminates thus:

|

Press RESET. Press + + to 805.
Change data to OF.

Press RESET, GO.

Four segments illuminate thus:

[]

Let's sea how this comes about.

The seven-segment display is
labelled a-g and the decimal point h.
Each segment is illuminated via a
binary number sent from the 280 to
the 8212 latches.

Now key in this program:

Reset 3E4+ 01 +D3+01 +3E+04
+ D3 4+ 02 + 76 Reset, Go.

The result is:

sz

when this line is HIGH, segment “a’ illuminates

f illommates
g’ illuminates
‘& itluminates

The only difference between the two
programs is the byte at 801.

You are now going to make a
discovery yourself:

This is how to do it:

Press Reset.

Press + to 805, Change the data
(now showing 04) to 01,

Press Reset, Go.

The segment ‘@’ illuminates thus:
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So far, so good.

You can see we have activated the 4
lowest value lines and this has
produced a rectangle made up of
segments a, b, fand g. -

Now look at how we programmed a,
b, fand g. '

The numbars we used were 1, 2, 4,
and 8.

Can you see the connection?

It's binary.

The computer converts our kayhoard
number to a binary number thus:
a=1
b=10
c =700
d = 1000

The next segment in the series is
10000, which is 16 in binary terms.

So. let’s see what happens when we
put 16 into the program at 801.



Key this sequence:

RESET 3E+ 16+ D3+ 024+ 3F+ 10
+ D3 + 01 + 76 RESET GO.

Has something gone wrong? We get

this result:

The one fact we have omitted is the
TEC-1 is -programmed in hexa-
decimal numbers. This means 16
should be typed as 10 (one, oh or one
zero) since the computer counts: 1,2,
3.4,5,6,7,89,A,.B,C.D.E.F.10. Thus
10 is equal to 10000 in binary.

Put 10 into the program thus:

RESET 3FE+ 10+ D3+ 02+ 3E+ 10
+ D3+ 01+ 76. RESET GO.

You will find the decimal point will
illuminate thus:

Now add the value of segmentsa, b,
and g to the value of the decimal
pafrgt:

This is done by adding 1 + 08 + 02 +
04 + 10 to get 1F.

Place this value in the program:

RESET 3L+ 71F+D3+02+3E+ 10
+ D3+ 07+ 76 RESET GO.

Success.

We have just added five Hex
numbers.

Let us illuminate the next segment in
the series. It will have the binary
vatue 100000.

This is equivalent to 32 in binary, but
the binary value is notimportant. It is
the hexadecimal value we are
interested in. What is 100000 in
Hex?

Break the value into 10 0000 so that
the four last numbers form a group,

Thevalue 10is 2 in bmary and 0000 is
zero. Thus the hex value is 2 0 =20,

Place 20 in the program. Segment ‘¢’
will illuminate.

To combine segment ¢ with a, b, f,

and g. we add. their Hex.values
together: 20 + 07 + 08 + 02 + 04
= 2F. T

Insert 2F into the program.
Press RESET, GO.

The result is a figure NINE!

You can now see that each number
and letter in the display is produced
by a set of HIGHs on the appropriate
lines.

To access the next segment in the
series, we must place 2 HIGH on the
7thline: 01000000. This is 40 in
Hex terms and will result in segment
‘¢’ iluminating. When the 8th line is
HIGH, segment 'd” will be illuminated.

To illuminate ALL the segments on
the display (including the decimal
point) we must add the following
values: 7T+24+4+8+70+20+40
+ 80. This is egial to FF

(T+2+4+84+=F) (10+ 20440+ 80=F0)

Program FF into the seguence at
location 801. The result is:

( IZ XTIV RINYTR SRR NRN SRR ¥

If you programmed our SEGMENT
ACCESS routine on P 20 and
watched the display carefully, you
will have been amazed at the number
of recognisable letters and numbers
which can be created on a simple 7-
segment display.

Qur requirement at this stage is to be
able to produce some, if not all, of the
characters using the information we
have learnt in experiment 8.

These are the facts we need:

1. Segment values:
a=07
b =08
c=20
o =80
e =40
f=02
g=04
h=10

2. The value of each segment is

added in hex form when we need to
illuminate two or more segments.

Answers to questions in col 3.

1.2=Cd 3=Ad. 4=2E, 5=A7. 6
=E7 7=29, 8= LF, 9= 2F.

2.A=6F b=F6, C=C3 d=EC F
=C7 F=47 '

Example: To produce the number
ONE on a display we must acces
segments b and ¢. This requires the
value 28 (in HEX) to be inserted into
the following program at iocation
805

800 3E o1
soz D301
804 3E 28
gob D3 02
808 76

QUESTION: What would result if 28
were placed at location BO1 instead
of 8057

Answer: The first and third displays
would illuminate with segments “a",

This means you must take care to
present the data to the correct output
port. In fact every program must be
ABSOLUTELY CORRECT as the
computer will not be able to correct
any of your mistakes.

PROBLEMS:

1. What Hex value must be inserted
into the program above to produce.
the following numbers:

1=28

i
(1)
-9

whwgO N

2. Work out the value to illuminate
these letters:

D RUE Ny Y
(NTRININLE!

3. Draw the result of entering these
Hex numbers into the program:

fa) 32 = fCc3=

(b) 14 = fg) DD =

fc) 49 = th) F1 =

(d} 88 = fi) FE=

(e} A4 =
[ . .| cont P.26.
o i
e

. ANp SPEECH SYNTHESIZER ...,
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8x8 MATRIX

ERERERERERER RS E RN NANBER RN NN NSRS ER AN RN NUNEER

BC b4?

o

1.9

18 3 4

or 7418374
1 or 7418377

17148 G 51

7415273 11
or 7415374
,0r 7418377 : 1

64 x5mm
LEDs

ST3

3

R R AT AR SR -

J

AL -X-X-X-T- B -N-R-A- R 1. X-B- X, X 0.3-XJ. - X-L-2.X.X.X.X. 0. X.X.

This is our first “add-on” for the TEC-
O 1.1tis anarray of 64 LEDs arranged in
O° matrix of 8 LEDs by 8 LEDs.

Actually it has almost the same
o numbrer of LEDs as the display on the
o TEC but in this design the LEDs are

arranged in ROWS to create a very

interesting display.

- The whole concept of the 8 x 8 matrix
@ is to produce the equivalent of a
oWINDOW ON A VIDEO SCREEN.
] Each LED rapresents one pixel and

this will enable us to produce
0 characters, letters and movememnt
-] equal to B pixels by B pixels.

© Thie may be only a smal) fraction of
o the area of video screen but # is the
best place to start. If you can produce
effects and movement on a smali
scale, a full-size VDU screen is only
- aenlargement of aur “window’.

©00000000000C0000CC000002000000000000

EBEAEREEEE R AR F AN AE SRR AR SRR IR RN AR AN E N

If you have seen the advertising signs
composed of thousands of LEDs or
globes on which moving letters and
characters are displayed, you will be
interested to know the same effect
can be produced with this project.

Modules of the 8x8 display can be
placed side-by-side to create a long
display. The PC board is designed to
be cut so that the pattern runs as a
continuous display.

At thig stage it is not eut interstion to
promote the axtended display as it
requires a slightly different driving
gircuit.: To achiave & readable
brigtriness with more than 8 columns
of LEDs, it is necessary to introduce
blocks of columns which are
latched or even latching for each
column. This will enable esach
LED 1o be turned on to full brightness
and produce & bright digplay.
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:

PARTS LIST

- 1k Yawatt

BC 547 transistors

- 74LS8273 or
- 7418374 or
74LS377

NN 0

64 - S5Smm red LEDs

2 - matrix pins
2 - matrix connectors

30 cm hook-up wire, 12 colours,
30cm tinned copper wire

15cm - Heat-shrink tubing

1 - 24 pin DIP HEADER
1 - Bx8 DISPLAY PC BOARD
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O
0 The 8x8 display is now ready for

testing and we will give 3 simple .

O programs to test the operation of the
O LEDs. This will check their
illumination, their OFF response and
the corract wiring of the data lines
O and chip selsct lines.

To check the brightness of the LEDs,
insert this program at 800:

To make sure all the LEDs eare
extinguished when they are notbeing
accessed, change the program above
to:

3E o0
I}E 03
3E 00
D3 o4
76

The PC layout and overlay for the 8x8 Matrix. All LEDs face one direction and must be soldered
as explained in the text, Apart trom the jumpers connocting the BUS line, ONE link is required
tor each of the lzatch chips and this must be placed according to the type of chip you use.

000000000000 C0O0000000000O000000O0O00OO000000
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COO00000O0
oYoRoRONORORORE
ORORCRONONORONG,
ONORONONONONONS)
oRoNoNONONORORS,
oXoNeNO RO NONOR®,
0800000
OCO0O0O0O0

Q0000000000

O
0O
O
o %E lg To check the data and chip selact
® 31‘?FF lines, insert this program: The LED which will illuminate is O
e D3 04 shown In the diagram. If any other -,
o ety LED: illuminates, check the select O
o) Reset BES :‘; fines. O
o) Go 3E 02 Now go back to éxperimenting with
o D3 o4 the display on the TEC-1. When you
76 get to p.30. vou will be able to use the @)
O Replace any dull LEDs. Reset 64 LED display to create some O
'S GO startling effects. O
@ @)
ol | 1 O
ol | I | O
BN - @ oiseLay @ ! TEC -1 0
o 64 x Smm LEDS O
O o o 00
0 o - € ©
o o ° 0-0” o O
o o o 0-0" < g
O = — - @
5 O L] “00 . 0 O
o —
Q o -} o9 : cx O
O -4 —a— o
o o - o-ooo R O
o) o o o0 o |« O
o o0 —-— ks O
o) ! STROBE Y o STROBE X ®)
[ | < M
8 ;+ LATGH N ’I{ 'LATCH 5 O
lb lb [ 3 ! 2 ‘_’j @
8 : l__ _______ ‘: : ' g
O =—__ . -—— O o D Q
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@ 1@ s O :
o 4 | | 8x8 DISPLAY O
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....from P. 21.

ILLUMINATING
TWO OR MORE DIGITS

More than one display can be
illuminated at the same time and this
is achieved by changing the value at
801 in the program ahove.

Example: Yo fill the six displays with
the letter A we program the following:

3E 3F
D3 o1
3E 6F
D3 02
T6

Prohiems:

4, Fill the six displays with the

following:

{a) 1's

{b) 5's

(c) b's

(d) E's

5. Place a ‘C’ at each end of the
display.

6. Fill the first and last two displays
with the value ‘8",

7. Fill only the address displays with
4’s,

8. llluminate only segments a and d
on the six displays.

TEC-1 AS A PROGRAMMABLE
LOGIC DEVICE
- by Johrt Hardy

The truly unique thing about com-
puters is not that they can preform
arithmetic in a twinkling of an eye but
it is the way they can be used to
simulate any digital (and almost any
analog) circuit under the sun.

The microprocessor {Z80) can be
likened to a bag of AND and OR
gates, a thousand flip flops and tens
of thousands of inverters.

You have an 8-bit data bhus which
means that you can simulate an 8
input NAND (with the aid of
program) and you can output 8 bits of
data on this bus. _

You are not simply restricted to 8 of
this and 8 of that. You can output 16,
32, 64, or even 1024 bits, as long as
you brsak it up into 8-bit groups.

By systematically dealing with ‘bits’,
you ¢an perform a multitude of digital
functions.

The TEC-1 is first and foremost a
binary computer. While superficially
it appears that the computer operates
on hexadecimal numbers (9B, 3E, 2C
etc.) deep in the heart of the com-
putetr hinary numbers are the norm.

The problem with binary numbers is
their unfamiliarity to humans.
Imagine if you wrote a program in
binary and made a mistake. It would
be very difficult to spot. Take the
following example. Can you see the
difference hetween the two?

01011010 01011010
10110101 10110101
11001111 11001111
10110101 10110111
11101011 111010171

It is possible to check for binary
errors but they don’t show up easily.
Hexadecimal is a short-hand way of
representing binary. It is based on
breaking up an 8-bit binary number
into two 4-bit numbers and con-
verting these into two hexadecimal
digits.

Comparing the two sets of numbers
above, the difference is quickly
spotted when they are converted to
hex values as shown below:

bA bA
B5 B5
CF CF
B5 B7
EB EB

Hex was therefore chosen for use in
the TEC-1 but we must never forget
that ALL DIGITAL COMPUTERS
WORK IN BINARY.

When dealing with computer
problems, we should always visualize
the inner registers as holding ‘bits’
and that the computer performs
BINARY operations. We then convert
to Hex after this. While this might
seem awkward, the conversion
between Hex and binary can be done
quite quickly after a little practice.

- John.

CREATING MOVEMENT!

All the programs up to now have been
static.

We will now create some life and
movement!

This will introduce a SHIFT or
ROTATE function into the program.
The rotate function we have selected
is located at 80C in the program
which foltows. This ie a two-byte
instruction and tells the Z80 to
rotate a HIGH bitleft circular through
the B register. You will understand
what we mean by this statementin a
few minutes.

This shift operation will take 8
DELAY PERIODS to complete one
cycle and will include toggling or
clicking the speaker.
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RUNNING SEGMENT ‘a’ ACROSS THE SCREEN

CB 90.runs segment =

The Program: CB 08 runs segment =

at 0800:

LD A,01 30D o1
OUT (2),A
LD :t ' so1 D3 02

° £0
AR, @
CALL Bitay :'.;"i é o oA
JPLOOP  §0F C3ot08
at 6A00:;
0Aoo 13 FF FF

1B

1B

B2

C2 03 0A

This is what the program is saying
and instructing the Z80 to do:

The first instruction is to load register
A with the vaiue 1.

This is then passed to the SEGMENT
PORT latch and this value remains
fixed for the whole program.

The remainder of the program
concerns port 1, the CATHODE
PORT and as the different cathode
are accessed, the effect is to run a
pattern across the screen.

The next instruction is to Joad
register B with the value 1. This value
is then loaded into register A via the
tnstruction. 78. The reason for this
will be explained in a moment.

The contents of A are now outputted

to port 1 with the result that segment

;:l' on the iowest priority display will
e |it.

We now call a DELAY ROUTINE so
that this display will be illuminated
for about half a second.

The HIGH bit in register B is then
shifted RIGHT. This is performed
within register B by the Z80. The
program is then incremented to the
next instruction and this tells the Z80
to jump to address 806.

The output of the DELAY ROUTINE
appears in register A and when this
valug is zero, the delay routine
returns to address 80C.

This means we must use another
register to provide our shift routine
and in this case we have chosen
register B,



Quite a number of variations can be
produced with this program by
changing the data at some of the
locations. These can be carried out
after the main program has been
entered.

The main program starts at 800 and
the delay routine is located at 0AQQ.

Now try these variations:

1. To run the segment left-to-right,
change location from 00 to 08.

2. To increase the SPEED of the
display: Change A02 from FF to OF
or 06.

3. To run segments ‘a’ and ‘d’ across
the screen: Change location 801
from 01 to 81.

4. To run the number 7 across the
screen, change location 801 to 29.

5. To run the letter A across the
screen, change location 801 to bF.

The program we have investigated
introduced the ROTATE REGISTER B

LEFTinstruction CB 00 and ROTATE
l:aE.GISTER B RIGHT instruction CB

RRC B =CB 08

RLC B = ROTATE LEFT CIRCULAR
REGISTER B.

k1

Thia I3 the

C| “casry mt.
1L Tuls is RESISTER B. *
Bit7 Bit®

The diagram shows register B as 8
boxes. These can be considered as
flip flops. The lowest value flip flop is
at tha right hand end of the row and is
iabelled Bit zero (Bit 0). This is the
Least Significant Bit (LSB).

The Most Significant Bit (MSB) is
called Bit 7.

The instruction RLC B has a Machine
Code instruction CB 00 and this
causes the most significant bit to
emerge from the register and enter it
again to becoma the least significant
bit. In this process it does not pass
through the CARRY bit but does set
the C flag to the original status of the
register’s most significant bit.

In other words. if the bit in questionis
a HIGH, the C flag becomes HIGH, if
the bit is LOW, the C flag goes LOW,

RLC B = CB o0

RRC B = ROTATE RIGHT CIRCULAR
REGISTER B.

This instruction is a reversal of the
path shown ahove. The C flag, how-
ever, is altered as above. The ONLY

difference between the two
instructions is the direction of
rotation.

The point to remember in these
Machine Code operations is RLC and
RRC can be performedonregisters A,
B.C.D, E, Hand/orL and are 8-stage
shift operations.

in the next program, on P.28, the
instruction which will produce a shift
operation across the screen is the
instruction RRA or B

After each shift is performed, the
contents of the ‘A’ register must be
"hidden’ or SAVED to prevent it being
destroyed.

To do this we must load the contents
of register A into another register
before calling the DELAY ROUTINE.
We couldloaditintoB,C, DorevenE
register and load it back again when
required. '

However this will tie up one more of
our valuable registers and a better
solution is to call upon 2 interesting
instructions which load the contents
of A into an area of RAM in the 6116
chip.

The code word for saving the
contents of a register is calfed PUSH
and recalling it is POP,

The PUSH instruction will take the
contents of register A to an area
called the STACK.

This area is located in the 6116 RAM
at address OFFQ. (This is only 18
bytes from the end of this chip’s
memory and is usually considered to
be the unused end of the RAM.)

The highest 16 bytes are used as a
scratch-pad area.

The PUSH and POP instructions are
similar to stacking plates or trays ina
pile. Trays are “pushed” or piled onto
the top-of the stack and are “popped”
or removed from the top.

In the computer the area called the
STACK is filled DOWNWARDS. This
is an ideal way-of using the top part of
the RAM and it can be increased in
size until it meets the program,

Thus we start with address OFF0 and
work downwards thus: OFEF, OFEE,
OFED etc. To keep track of the last
address. the Z80 has a register called
SP. This is the STACK POINTER
register and always points to the byte
with the lowest address.

OFFF
OFF0

Stack O
L

6116
RAM

0800

The STACK starts at OFF0 and heads
DOWNWARDS in the 6116 RAM. The
data in the EPROM decides this and
is OFE0 when using MON-1B
EPROMS.

The ZBO has two instructions for
operating on the stack. These are
PUSH and POP {or Pull). Both
instructions require a register PAIR
(such as HL, AF, BC, DE) to be
specified as the SOURCE for PUSH
and the DESTINATION for POP.

We PUSH new hytes onto the stack
and POP hytes off the top.

The 280 processes this operation
TWO BYTES AT A TIME and results
in a new byte on the top of the stack
with either operation.

The top byte has the lowest address
and the memory is filled downwards.
The STACK POINT register decreases
with a PUSH_ instruction and
increases with a POP instruction.

Bytes are entered onto the stack,
HIGH byte first, then LOW byte. The
bytes are removed LOW byte first,
then HIGH byte.

in the next program we will

investigate the PUSH and POP
instructions.

o

... AND MEMBRY exPANSION,.,
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To run the ‘g’ segment from
Left-to-Right:

at 800:
LD A,04 800 3Eo04
ouUT h},A g0z D3oz2
LD 0 804 3E 01
OUT (1),A - 80b Dl? o1
RRA $08 1
Push AF - 809 Fs
CALL DELAY 80A CD 00409
POP AF oD Fi
JP 80b S0E C3 ob 08
at 0900:
11 FF ob
THIS IS THE lg
DELAY ROUTINE ;z
C2 03 09
Co

Using the program above, change the
address location 808 to 17. This is
the machine code instruction for
rotating the accumulator left. (RLA),
through the carry.

Machine codes covered:

RRA = 1F
RLA =17

RRA & RLA have nothing to do with
moving left or right on the display.
They refer to shifting the information
through the accumulator via the
carry. This means it is a nine-stage
shift in which no output is activated
when the bitis shifted into the ‘carry’.
This effect can be seen on the
displays when a long delay routine is
employed. The illumination travels
across the 6 displays. the next output
is not used and then the speaker/LED
combination is activated. A delay is
then noticed before the illumination
re-appears on the screen.

The main difference between the two
programs is the number of SHIFT
STAGES. The first program produced
an B-stage shift while the second
proddiced a 9-stage shift due to the
carry bit becoming loaded with each
bit from the register as it circulated as
shown in the diagram.

]
€I

f THIS {8 REQISTER A f
Bit7 Bitg

To create a FLASHING
SEGMENT

Routine at 800: |

LD A,01 soo - 3E 01
OUT (1),A soz D302
A, iR
1 800 3 01
ﬂhu go8 CD o009
LD A,00 8oB 3E 00
ouT (13 A goD D301 -
CALL DELAY soF CD o009
JP LOOP 812 C3 0408
Delay Routine at 0900:
900 11 FF o7
903 1B
904 B
905 2.
906 C2 03 09
%9 Cy

The exact operation of the delay
routine is not important at this stage.
It is enough to know that it creates a
delay of length determined by the
number loaded into register-pair DE.
If this number is 01 00, the delay will
be only a few microseconds. Thefirst
byte refers to register E and this is the
lower register while the second byte
is the higher register and has the
greater effect on the delay.

Try putting different values into
Jocation 902 to vary the length of the
delay. A value such as 02 will
increase the flash-rate while FF will
create the slowest.flashing.

The format of the main routine is very
simple.. It is an ENDLESS LOOP
which means it executes part of the
program over and over again.

The ‘BIT’ patterns for the segments
to be lit are loaded into the segment
register {port 2). Cathode 1 is then
turned on and the delay routine is
called.

The cathode register is then cleared
and the delay routine is called again.

This creates the OFF cycle.

The program then jumps back to
address 804 where it is instructed to
tum on cathode 1. This causes
segment ‘a’ to come on once again,

You can flash segment ‘g’ by loading
04 into the program at 802 thus:

3E o4
D3 02
etcll.

Create flashing numbers and letters
in the display by inserting the
appropriate hex numbers as
discovered in questions 1 & 2 on
P 21.
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You can also use this program to
alternate from one number or letterto
another. This is achieved by the
second letter taking the place of the
blanking routine i the program
above.

Insert the value 28 at location 80C
and run the program. What happens?

The segment ‘a’ aiternates between
one display and two other displays.
Turn the speed of the computer down
to observe this. But this is not what
we wanted. We want different
segments of the same display to be
turned on. We have forgotten to
change location 80E from 01 to 02.

Run the program and note sagment
‘a’ changes once to a figure ‘1" and
appears to be stuck on this figure.

There is a second fault in the
program. Only the second part of it is
being cycled.

Change location 8§13 to 00. The
program will now alternate between
the ‘a’ segment and the figure "1°.

This is the introduction to simple
cartooning on the screen. Try
changing locations 801 and 80C to
get some interesting effects.

RUNNING AROUND THE
DISPLAY

To run a single illuminated segment
around the display takes a con-
siderable amount of programming.
There are a number of ways of doing
this and we will use a program which
uses some of the features we have
covered so far.

Basically what we are doing is
defining our start co-ordinates,
shifting a 'bit’ six places to the left
and halting.

The next part of the program loads
the co-ordinates of the side segment
{at the top of the display) and then the
lower end segment is lit.

We then define the co-ordinate onthe
bottom row and run the illuminated
LED across the bottom of the display.

Finally we define the bottom.side
segment and the top side segment to
arrive back at the starting point.

This will create an endless run around
the display.

We will produce this program in 4
stages and check its operation at
each stage.



“AROUND THE DISPLAY"
LD A01 800 3E o1
OUT (2),A goz D3 oz
LD C, 804 OE 06
LD A,01 806 3E o1
OUT (1),A 808 D3 o1
LD B,A 80A 47
CALL DELAY 80B CD 00 09
LD A.B SOE &

RLC A 8oF o7
DEC C BII oD

JP NZ,LOOP 1 812 Cz 08 08
HALT 81§ 76

Push RESET. GO.

If the LED runs across the top of the
display and HALTS, everything is
working.

Press RESET.ADdress 815 +

Now insert the following program so
that the HALT instruction is written

over and is removed from the
program.
it H B
3 02
Aoiar 30 2%
LD A.40 81 3E 40
ouT “EA BIE D3o2
CALLD Y 820 CDoooy
HALT 823 76

Check the program at this stage by
running it. If the LED travels across
the top and down one side, it is
working. Over-type 3E at address
823 and continue with the 3rd stage:

LD A - 823 3E 80
OUT (02),A 6825 D3o2
LD €, 827 OE ob
LD A.2D 829 3E 20
P pp b
CALL DELAY 82E &b oo 09
LD A,B 631 78

RRC A 832 CB oF
DECC 834 0D

JP NZ,LOOP 2: 835 Cz 2B o8
HALT 838 76

If all is ok, type the last part of the
program:

3E 20
CALL b o

[
LD - 83F 3E o8 ®
OUT (02 241 D3e2
CALL D Y . %3 CDoooy
C3 00 08

Delay Routine at 0900:

LD s
om‘iﬁmr 834

Den't ferget 2
te add the
DEIAY_' ROUTINE.

The overall speed of the sequence
can be varied by adjustingthe SPEED
control on the TEC-1,

More programs fer the TEC-1 using its swn
display will he presanted in the next issue.

WO EN XK
MON-1IA

Some of the latest kits of the TEC-1
have included a monitor EPROM
marked Mon 1A. This EPROM wiill
work in both the TEC-1 and TEC 1A
as both are software compatible with
aach other.

The difference between Mon 1 and
Mon 1A is a small additional routine
at 05B80. This propram was originally
designed for use with music
synthesisers but can also be used for
a number of other applications.

The routine is a simple sequencer. It

reads the data stored in RAM and’

deposits it at a fixed rate into the
output latches.

The overall speed of the sequence
can be varied by adjusting the SPEED
control on the TEC.

There are two sequencing functions
being performed in this program, one
depositing information to its relavent
latch (04) at TWICE the speed of the
other (03).

The two sequences are synchronised
and one output falls mid-way
between the other. However the
sequence-length is independent.

The end of the sequence is marked by
placing an FF after the last piece of
data. The sequence will then reset
itself to the beginning. The other
sequence will continue unaffected
until it also hits an FF.

Because FF has been used to indicate
the end of the sequence, you cannot
use FF as a piece of data. In our
application, this presents no
problem, but when used with the
relay board, it means all 8 relays
cannot be activated at the one time.

We can go as high as FE without
upsetting the program and this will
tumn on 7 relays, but not the lowest

priority relay.

The slower sequence outputs to latch
03 and reads its data from address
0800 until it encounters FF and then
resets.

The faster sequence outputs to latch
04 and reads its data from address

.o.. AND DiglTAL TC ANALDG INTERFACE

0BOO until it encounters FF and then
it resets,

It should be noted that high memory
is used by the Z80 to store its stack
and thus memory above OF00 should
not be used.

A disassembly and Hex listing for this
routine is given below:

osBo 21 LD HL,0800
osB3 11 LD DE,0Bo¢
os5Bd YE LD )
0B FE CP

¢sB Cz JPNZ,0sC2
osBC 21 LD }%
osBF C3 JP osBe
03 A IDacRy
05Cs FE CP FF

o5C Ca JENZ, 0500
05 11 LD DEe
sCD C3 JPos

o500 D3 OUT (04).A

osD2 CPp CALL o¥E1
osDs 13 .

o5D9 CD CALL oSE1
5D 13 INC DE
o5DD 13 INC HL
oSDE (C3 JP osBé6
o5E1 of LD BC,03FF
05E4 oB DEC BC
0SES 8 LD A,B
05Eb6 1 ORC

osﬂ C2 JPNLZ, 05E4
o5 9

Hex Listing:

osBo 21 &0 al 13
osB4 ¢¢ OB TE FE
osB8 FF C2 Cz2 o3
0sBC 21 00 of C3
osCo BRé o5 D3 Oé
0sC4 1A FE FF Qa2

0sC8 D& o5 11 00
05CC 0B C3 C4 0
D3 o4 €D
o8 13 IA D
o4 €D Ei 0§
13 13 C3 Bé
osEo o5 o1 FF ne
osE4 oB 78 B1 C2
0SES E4 o5 Cy
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The possibilities and effects on
a MATRIX layout are infinite.
We will allocate the next few
pages to showing some
interesting visual effects.

Firstly we will show how each of the
LEDs is accessed.

As with any matrixing system, each
location has a set of co-ordinates. If
we compare our display with the x
and y axes in geometry, we find the x-
axis has the lower output port
number and the y-axis the higher
number.

The output ports allocated to this
display are 3 and 4 and this is
determined by the chip access lines
on the main board. Each line from the
74L5138 has a particular number and
we have selected lines 3 and 4.

o0 SO ORPODROEOOOODRS ROPEPIGPQEPOERNRNSIOIRPOIRPORIGTRGCOGOIORPOROOROTSTS

On the display board, each of the
LEDs has a particular co-ordinate
value which must be in the formof a
Hex number. Each sutcessive row or
column has a hex number which is
DOUBLE the previousnumber. The
following diagram shows this:

The lowest priority LED has the value
01, 01 and the highest LED 80, 80.
The value of each LED betweenthese
limits is also given. as well as the
value for 4 individual LEDs, as a
guide.

Placing these hex values into a
simple program will illuminate any
particular LED on the screen.

Here is the general program:

3E Hex value: «—p
D3 03

3E Hex value: t

N3 o4

T

*IF THE 8x8 MATRIX DOESN'T WORK

On P.28 of this issue we described
the construction of the 8x8 matrix
and presented 3 short programs to
test the LEDs in the display.

Hopefully you will have put the

project together by now and will be
ready to explore its capabilities.

project and the display on the TEC-1

arranged.

video display.

when the whole screen is accessed.

are temperature sensitive.

batch.

If any of the LEDs are particularly
dull, they should be replaced at this
stage to produce a good display.

Here are some of the possible faukts
and their remedies:

if a row or cofumn fails to light, the
fault will be in one of the output lines
of a latch or one of the driver
transistors. Make sure it is not a dry

'Y I ISR YT SN XY IR S SENS AR R AR NNE NN NN R RN L A B N A B R AN R A AR R J &R 2

I Y Y Y T N R Y I N N Y R N R Y N R N N R XXX XYY Y N
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The main difference between this

is not so much the number of LEDs,
but the way in which they are

We have created a regular matrix of 8
LEDs by 8 LEDs and this produces a
screen very similar to a window on a

The most common fault will be one or
two of the LEDs failing to illuminate

If this is the case, or if one is dull, the
fault will be a damaged LED. LEDZ
an

excess heat when soldering will
damage them. On the other hand, it
may be a poor quality LED in the

joint or a missing link and then check
the orientation of the transistors and
the LEDs.

If a row and column js failing to
illuminate, the fault will lie in a
shorted LED at the intersection.

Remove the LED and turn on the
remainder of the screen. If the
remainder of the LEDs come on, the
fault is a short.

The only other fault we have seen is
one row glowing brighter than the
rest. This can be due to one of the
transistors shorting between
collector and emitter. A short to base
may cause the row to be
extinguished.

If all these suggestions fail to locate
the fault, turn the TEC-1 off and re-
program the set of instructions.
Check to see that you have loaded FF
into both port 3 and port 4.

Check both ends of the connecting
leads and make sure they are
connected correctly to the pins on the

dip plug.

Since the expansion port socket is
effectively in parallel with the other
memory chips, it is very unlikely the
the PC tracks will have shorts
between them.

This means you should look mainly
on the display board itself.
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» DO

PORT 3

Diag 1: The ports and their Hex
valves.

If we take a particular case and load
the co-ordinates 04, 02 into the
program:

3E 04
D3 03
E 02
3 04
76

As you type the program, this is what
you should be saying: Load the
accumutator with 4, cutput it to port
3. Load the accumulator with 2 and
output it to port 4. Halt.

Hluminate 3 of the other LEDs by
insarting the following data into the
program:
1: 04,40
2: 20,08
3: 80.,80.

TWO OR MORE LEDs

More than one LED can be
illuminated in any row or column by
adding the Hex value of each LED.
We will start with the simplest case
but absolutely any LEDs in anyrowor
column can be illuminated.

018
01 02

In diagram 2, two LEDs are shown
iluminated. These have co-ordinates
01,01 and 01,02. To turn on both of
these LEDs we add the bottom Hex
numbers. The resultis 03. Place this
value into the program .at address
801.

Diag 3.

Diagram 3 shows five LEDs
illuminated. Add the Hex numbers
together and insert it into thse
program and see if you are correct.

Did you gat 1F?

Diag 4.
The fourth diagram shows ALL the
LEDs on the bottom row illuminated.
What value must be placed in the
program at 807 to access these
LEDs?

The answer if FF. This is obtained by

adding 01,02,04,08 10, 20, 40, 80,

this gives: OF + FO
= FF

Problem:

Load the program with a hex value
which will illuminate the four LEDs in
the centre of the bottom row:

Firstly look up which values are
allocated to each LED then add these
values.

Place this into the program and
observe the result. You will be
correct with the value 3C.

The program for accessing the LEDs
in the 8X8 Marix is identical to that
for the display onthe TEC-1. The only
difference is in appearance. A regutar
array makes the effect more dramatic
and the overall possibilities are much
greater.

E R, e :
S %
S 2
bt 1 e }
Gk o :
a, e T -
: B2 R
A S

To turmn on the four centre LEDs we
must insertthe value 08 + 10 into the
program for both outputs.

Problem:

What value must be inserted into the
program to illuminate the four corner

LEDs?
e s X _‘:E'

DR

74
0

It is now your turn to illuminate a
LED. Select a LED on the matrix and
mark it with a pen. Determine its co-
ordinates and put them into the
program. Execute the program and
see it the marked LED comes on. Try
two more of these routines and
confirm the program by illuminating
the LED.

Now illuminate two or three LEDs in
any row or column by adding the
relevant Hex values together and
observe the LEDs on the display.

With this simple program it is not
possible to illuminate any
combination of LEDs on the whole
screen because we are using the
outputs in the static mode. To
illustrate this, try to illuminate one
column and one row at the same
time. You know the Hex value for a
complete row is FF. Place this into
the program and see what happens.
The result is a completely-filled
screen. The closest effect to

producing an intersecting row and
columin is a non-illuminated row and
column produced by inserting a value
such as EF into the program.
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PROBLEMS:

Demonstrate your understanding of
addressing the matrix display by
solving the following:

1. l{luminate the whole screen.

2. Iluminate the whole screen except
for the outer row and column of LEDs.
3. llluminate the four centre LEDs as
well as the next row and column on
each side.

4. Itluminate any quarter of the
display.

5. Leave the two centre rows and
columns non-illuminated.

6. Place FF in port 3 and 00 in port 4.
What appears on the screen? Why?

MAKING A FLASHING LED

We know the general formula for
turning on a LED on the matrix:

Single
data)
ﬂ?g ; ) pyte.

D3
g (.1 ata)
74

“FLASMING LED®

To FLASH the LOWEST priority LED
we insert data into the program as
fotlows:

OUTTIA - oos D305
OUT LOA Sod Esﬁ
m:.ﬂmr 808 CD 00 0A
TR - e
3
LD At.l" S0F 3k oo
OUT 9A 811 04
CALLDELAY 813 CDoooa
JP 816 C3 00 08
DELAY ROUTINE AT 0A00:
11 FF 06
‘1B
B
4
€2 03 0A

Press RESET, GO and the lowest
LED will blink ON and OFF. The
program is basically loading data into
ports 3 and 4 then calling the delay so
that the information will be displayed
on the screen for a shorft period of
time. The output latches are then
loaded with 00 data which wiill
produce a non-illuminated display
and the delay routine is called. This
produces the °‘OFF period. The
program is cycled in an endless loop
to produce the flashing.

With this program it is easy to flash
any number of LEDs or even the
whole screen,

TO BLINK THE
WHOLE SCREEN

To blink the whale screen, change
the data at addresses 801 and 805 to
FF. This has the effect of filling the
screen for one delay period and then
non-illuminating the screen for one
delay period.

To altemately blink the left-hand side
of the screen and then the right-hand
side:

Insert the following data:

at address:
801 insert FF
805 Insert OF
8o0C insert FF
810 insert Fo

You can make the flash move in the
up/down motion by programming:

801 insert OF
805 insert FF
80C insert Fo
810 insert FF

An overlap can be created by
inserting the following data:

801 insert 1IF
80§ insert FF
$oC insert F8
810 insert FF

You will notice the two centre rows
remain ON for the whole period of
time as shown b“his.table:

40
TGP 20
10
B
: BOTTOM
1

An interlocking effect can be created
by programming the following:

801 insert AA
80§ insert FF
80C insert 55
810 insert FF

To make a block of 4 LEDs jump
diagonally and back again, the
following information is inserted into
the program:

change 801 to OF
change 80§ to OF
change 80C to Fo
change 810 to Fo

You can experiment with the
length of the delay fo produce
a faster or slower §lash rate.

Foraslowflashinsert:11 FFOA
Medium flash: 11 FF 68-
fast flash: 11 FF 06

TO RUN A SINGLE LED
ACROSS THE DISPLAY

This program will run a singte LED
across the bottom of the display,
from left to right and HALT.

LD A,e1 800 3K o1
00'&4 WA 802 D3 o
LD C,o) 804 OE o
LD A,01 806 3E 01
OUT (3),A 808 D3 o3
LDB 809 47
C DELAY 80A CD oo ¢C
LD ::g ?

B 07
DECC 810 oD
JP NZ LOOP 612 (208 08
RALT 81§ 7%

“RUNNING LED ON AN 88X T MATAIR"
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To regulate the speed at which the
LED crosses the display, we need a
delay routine. (Exactly the same as
the previous delay routine.)

Delay routine
at 0€00: 11 FF 08
%B
)
C2 03 0C
<y

For a full column to move across the
screen, change the data at801 to FF.

To create a REPEAT, change the Halt
at 81§ to C3 00 08,

To make a single LED run around the
perimeter of the display, we must
create a program for each of the four
sides. The program above is suitable

the return function) and add the
following:
Press RESET,ADdress 0815, +. Now

continue:

LD A,80 815 3E 8o
OUT (4),A 817 D3o4
LD C,07 81 OE 07
LD A0z 8iB iE 02
OUT (3).A 81D D3 o3
LD B,A SiF 47

CALL D 820 CD oo oC
LD AB 823 %8

RLC 824 CB o7
DEC C $26 OD
JPNZLOOP 827 Cz1D o8
HALT 82A 76

Press RESET, GO. The LED will travel
along 2 sides of the display and Halt.

‘Program the third side as follows:
Press RESET. ADdress, 082A, +
Add the following:

LD A0 s1A 3E 80
ouﬁ;).u 82C D3 03
LD C,07 $2E OE 07
LD A,40 830 3E 40
SUT {4),A 832 D3od
LD 654 4
CALLDELAY 835 D 00 oC
RRCA . 83 B oF
DEC C . 83B OD
JPNZLOOP 83C Cz23208
HALT =~ = 83F 7Tb

Press RESET.GO and watch the LED
travel the 3 sides of the display. If
everything is correct. program the
last side as follows:

LD A0 83F 3K o1
oUT hl’A 841 D3o4
1D C,Il'? 843 OE o7
LD A.40 845 . 3E 40
T
CALL DELAY 84A &b o0 oC
LAD A.B 94D 78

RRC A 84E CB oF

3 NE 841 Cz4708
JPNLLOOP  g2i C3odos

Two adjustments must be made to
the first section of the program to
eliminate the double exposure on the
lowest priority LED. Change location
805 to 07 and 80% to 02, The led will
now travel evenly around the display.

To view the effect, press RESET, GO.

The previous program is long
because each direction of travel must
include the commencement location.

The next program s just as
interesting but much shorter because
it generates its own new set of values
at the end of each cycle via the INC
H operation.

it moves a LED across the screen and
increases its value on each pass.

LD A,01 goo 3EO1
LD H.,01 goz2 2601
LD AH s8ag 7C
ouT (3.5 seos 3 03
LD C, se7 OE o8
LD A,01 sog 3E0
OUT (4hWA soR B3 o4
LD B:A soD 47
C DEEAY gwE CD ooeC
LD AkB 11 .'z:ln
RLC 812 07
DEC C $14 OD
JPNZLOOP gs15 C2 0B O8
INC H 818 2
JP S04 #19 C3 0408
At oCoo:
11 FF o
1B
B
2
C2 03 oC
Co

At the beginning of the £revious
routine, the first instruction LI A,01
is not needed as the second and third
instruction performs this task. Your
requirement is to.re-write the whole
listing, beginning at 0800, with this
instruction removed. This requires
the instruction at 819 to be changed
to C3 02 08 as all the instructions
have been shifted two locations.

Run the new listing and make sure it
works.

Increase the speed of the pregram by
decreasing location 0€02 to 03.

How can we make it run slower?

Ans: Insert FF into location 0C02 and reduce
the CLOCK speed on the computer,

MAKING THE LEDS RUN
FROM RIGHT-TO-LEFT

We can add an instruction to this
program to make the LEDs run from
right-to-left.

The two locetions to change are:

change 809 to 3E 80
change 812 to CB OF

Try these variations:

change 802 to 26 FF
change 818 to 2§
To make the LEDs run from left to
right and back again er from top to
bottom and down again, requires the
combining of a SHIFT-LEFT program
with a SHIFT-RIGHT program.

Key in the following listing and push
RESET. GO. Watch the effect.

Don't forget the delay routine at 0C0O.

LD H,ot goo 2601
LD Aiﬂ 802 C
OUT(3A So3 D303
LD C,0 so; OF 08
LD A,o01 807 3EOI
SVl A
CALL DELAY soC & e oc
LD A.B SoF ?B
RLC 810 07
DEC giz OD
JP NZ LOOP g13 Cz 09 08
LD C,08 st6 OE o8
LD A %0 g8 3E 80
E}{l‘.“ A :lé D304

1
CALL DELAY 81D & 00 OC
LD A,B 820 &
RRC A 821 OF
DECC g2z OD
JPNZLOOP g$a3 C21A 08
INCH 827 124
JP odez g28 C3 0208

S AND Gl TIMER BOARD--.
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“TAKE-OFF!"

This program produces a singte LED
which runs diagonally across the
display. The angle at which the LED

7

moves is the result of increasing the
value of both outputs AT THE SAME

TIME. This can lead to some
interesting effects.
At 800:
LD A,01 Soo 3EO1
ouUT 3;,A 8oz D303
OUT (4),A 804 D304
A gob 17
PUSH AF 807 Fi’
CALL DELAY 88 CDooo09
POP AF soB F1
JP 802 8oC C3ozo08
1B
A
’ .
C2 03 09
Cy

At address 80b the instruction L7 will
cause the LED to travel up the screen.
If we insert the instruction IF the
LED will travel down the screen.

At location 801 insert the value 90.
Try both directions of travel and
watch the different effects.

Both ROTATE instructions 17 & IF
cause the 'bits’ in the accumulator to
rotate through the ‘carry’ and this
creates a "hole’ or zero in the output.
This forms the non-illuminated band
which passes across the screen.

At lccation 801, the value 01 can be
replaced by 02, 4, 8, 10, 20, 40 or 80.
These will not alter the effect on the
screen as they will merely define the
starting point for the program and it
will run through its cycle in the
normal manner.

“FAN - OUT”

This program is almost identical to
the previous. But by adding one new
instruction, we can change the effect

on the display to produce a
completely different effect.

LD A,01 3E 01
AR .
RLA 07
PUSH AF F§
CA}..L DELAY g}) 00 09
INCA 3C
JP 802 C3 0208
Delay at 900:

11 FF 0%

1B

7A

& s

Co

The new instruction is INC A. It
makes the least significant bit HIGH.
The result is to produce an increasing
row of LEDs. This is how it happens:

Initially a HIGH is programmed as the
Least Significant Bit. The operation
RLA transfers this HIGH to the
second location. When INC A is
executed, a HIGH is placed in the
lowest position. This gives two
HIGHs in the register. These two
HIGHs shift up the register when

is executed. produces
another HIGH in the lowest position
and thus the whole register is
gradually filted.

The program is producing its own
NEW set of data each time the listing
is cycled.

The final result is most impressive.
The display fans out from the lower
left-hand corner to fill the entire
screen.

9
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OUR MYSTERY EFFECT

I call this our mystery effect as | have
forgotten how it appears. on the
screen. All | remember is producing

it. It took about an hour or so to get
the program together and | will leave
it for you to type into the TEC-1 and

see what appears.

Here is the listing:

LD C,40 88 OE 40
LD A.01 o2 3E o1
OUT (3),A 804 D303
LD Aiu 04 3EO1
OUT (4),A $08 D3 o4
RLCA BA o
CALL 900 2B 00 09
DEC C E OD
JE NZ o8 S30F Cz20808
LD C,20 812 OE 20
LD A.01 014 3Eo1
OUT h},a 816 D3 o4
LD At& 818 3E o1
OUT (3),A :}% ?3 03
Call a0 s1h c.i) 00 09
DECC 20 OD
JP NI 24 21 C21A 08
LD C,40 924 OE 40
LD A 01 82¢ 3E01
QUT(1),A #28 D33
OUT (4),A 12A D34
RLCA 1 o7
CALL 900 2D CDoo o9
DRC C 30 OD
JPF NZ 132 831 Cz21888
34 C30008

At 0900;

900 FS

901 CD oe oC

904 F1

905§ 3C

906 CB 47

908 CA OC o9

908 CB

g0C CD 00 oC

9oF CD oo oC

912 C3 oo 09
Delay at 0Ceo0:

11 FF 06
1B

C: 03 ¢C
Cy



USING THE KEYBOARD

The next area of learning is to include
a keyboard input for the 8x8 matrix.

VWhenever the HALT function is
placed in a program, the Z80 stops
the program and waits for an input via
the interrupt lina.

In our case, this comes from the
keyboard and the non-maskable
interrupt line is activated to allow the
Z80 to accept the data from the
keyboard encoder via the data bus.

This data is loaded into the
accumulator and compared with a
value in the program. If the two
values are the same, the output is
zero and the program advances.

This is the basis of the next set of
programs. The correct key must be
pressed for the program to be
executed. Otherwise the program
will return to the HALT instruction
and the outputs will not change.

MOVING A LED VIA KEY ‘4.

This program moves a LED across the
bottom row. it advances one position
each time the ‘4’ key is pressed.

No delay routine is employed and the
LED will shift at a speed determined
by pressing the key.

When the LED reaches one side of the
display it re-appears at the opposite
side. This can be a distinct advantage
when playing some of the games we
have devised. Atthe moment the shift
in this program is only left-to-nght.

CP 8o FEo

JP goD Czo8e8
RILC B s10 CBoo
JP 805 812 C3o0508

Accumulator A is loaded with 01 and
passed to segment port 4 where it is
latched. The contents of A are loaded
into register B so that it can be

erated upon by the ROTATE
ipEFT CllfC‘ULAR function -and
also bein a“safe” register, so it is not
written over.

The program is HALTED at 808 and
the ZBO waits for a keyboard
instruction. When a key is pressed,
the NMI line is activated and the data
is sent to the Z80 and initializes the
INTERRUPTVECTOR REGISTER ‘I'.
The keyboard data is placed in the
accumulator register and compared
with the value 04. if the answer is
ZERO, the program is incremented to
address 810, which instructs the Z80
to ROTATE REGISTER B LEFT. This
causes the HIGH bitto shift from bit 0
position to bit 7 position and this will
make the LED shift one place to the
right on the display when operations
at81C, 81D, 81E, 805, 806, 807 and
808 have been performed.

The new data-value in register B is
loaded into register A at 805 and is
passed to-the display latch port 3 at
806 and 807.

The important feature of this program
is the use of the interrupt vector
register | to detect the input from the
keyboard and to enable a compare
function to be performed.

SHIFTING A LED ¢—>

This program expands on the
previous and adds a shift in the
opposite direction. We now have a
forward and reverse shift.

S A
.

e -. .-

0]0]0]010)

Key ‘4’ shifts left and ‘C’ shifts the
LED to the right.

The direction of shift is governed by
RLC B and RRC B and these can be
swapped to give the opposite effect.

If you require the LED to travel up and
down the screen, the output ports 3
and 4 must be reversed in the
program.

Bioa B B
LD B,i 804 47
LD A.B 805 8
OUT {3),A 806 3 03
HAL so8 (
LD A,l BO; D §7
CPo 80, 04
JPNZs1s 80D Cz21508
CB 810 CB o0
JP 805 812 C3 05 o8
CP OC 81§ FEoC
JPNZ 808 817 C2o0808
RRCB 81IA 08
JP 80§ 81C C3 0508

This. and many other features can he
altered to suit your own requirements.
It is a matter of experimenting and
determining which instruction should
be altered. if you discover these
changes vourseif, you wilt have a
much greater understanding of how
the program is put together.

The values at 80C and 816 determine
which buttons are operative. These
can be changed to any pair you
choose, simply by inserting the
correct data into the program.

The data corresponds to the value
which appears on the key, for O to F.
Keys + =— GO and AD have the
values 10, 11, 12, and 13.

ADDING AUTO REPEAT

A simple addition to the previous
program will enable the LED to run
across the display in an auto repeat
mode, when the correct key is
pressed.

O0O0OTBOO

This repeat operation is not capable
of detecting when the key has been
released as the keyboard encoder
contains a latch which retains the
last vaiue outputted from the key pad.

The NMI line operates a flip fiop
ingside the ZBO which is edge

triggered and this means that when it
cont. over . . .

AND  QUFFER QZeARD...

cont. next issuall
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is reset, after dealing with the value
from the keyboard encoder, it cannot
be set again without physically
pressing the key AGAIN.

Thus a key pressed for a long time
can only be recorded ONCE.

The following program will detect
key 4 and run the LED across the
screen via a loop in the program and
continue to do so until another key is

pressed. This is the only way of
haking the run.
LD A,01 800 3E o1
OUT £4),A 802 D3 o4
LD 804 3E o1
OUT (3),A sob D3os
LD B,o1 S08 ob 01
HALT S0A B)
LD A,X $oB 57
CP o4 soD FE o
JP NZ HALT B8oF C2 vA 08
RLC B 812 CB oo
lﬁ%g A & s 03
1

CALL Bifiay 817 CD 00 oC
JP 80B 81A C3 0B o8
At 0Col:

11 FF oA

i

B2

C2 03 oC

Cy

Press RESET, 60.
Press Key 4 to shift LED.
Press any other key to HALT LED.

AUTO RETURN AND STOP

The following program detects 3
keys. The + key shifts the LED left,
the ‘0’ key stops the LED and key ‘4’
shifts it right.

The speed of travel across the display
is controlled by the length of time of
the DELAY ROUTINE.

LD A,01 goo 3E &1
OUT (4),A soz D3 o4
LD A,81 so4 3EOL
OUT {3),A soh D303
LD ll,}ﬂ seg 0bd o1
HAL i8A i‘l') '

LD Al 3B 57
CPo soD FE 04
JP A 20F CRIA 08
RLCH 312 CB we
SUTInA o Dhoes
cALLBftAY 0¥ W% ec
CP 10 B1 FE 18
JPNZHALT 91C CroA ™4
RRC B B1F CB o8
JFP soB 21 CioBOR

At oCoo:
11 FF 0A
1B
7B

B2
C2 03 oC
Ce

4-DIRECTION SHIFT

This program is an extension 10 the
previous listing to obtain a 4-direction
shift.

-

The four buttons we have chosen for
controlling the LED are: — 5, 2 and 0.
There is no auto repeat feature in this
listing and the LED can be moved
around the entire display by using the
keys mentioned.

LD A.01 800 3E o1
or_rf‘t %A ::z D3 03
LD B, 4 47

LD A0t gos5 3E o1
OUT (4),A 807 D304
LD C,A aoz 4F

HALT 80 6

LD A soB 57
CP 11 soD FE11
JPNZ81A 80F C21A 08
RRC B 812 CB o8
OOt 1.A 3 hos
JPSOA 817 C3 OA o8
cp ﬁ% 81A FR o5

JP s27 s8ic C22708
RLCB 81F 00
DA, B B

JP 8o 824 % OA o8
CP o2 827 02

JP NZ 834 829 C2 34 o8
RRC C g2¢ CBo1
OrHA 8F Dso

JP M& 831 ﬁ OA o8
CP 00 834 00

JP NZ 80A 83b C2 OA 08
RLCC 639 CBOg
Waba 8¢ Do

JP ’ 83E C3 OA 08

This program is the basis of a game
we will be presenting in the next
issue. Basically it is a HUNT THE
FOX game in which a secret co-
ordinate is selected and the object of
the game is to locate the fox in the
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MINIMUM NUMBER OF MOVES.
The LED is the pack of hounds and
when they coincide with the fox, the
screen will flash a victéry or produce
a hunting tune.

The completion of the game is up to
you. Try your hand at writing a game
along these lines and send it in for
publishing in the next issue.

in the little space left | would like to
include a program from one of our
readers.

Inspired by the content of issue 9, a
TEC-1 and a 280 Machine Code
book, he has written a sound effects
program which will really amaze you.
It is 2 complex sound generator
which is fully programmable and itis
only when you start to change some
of the data bytes, that you will see
now it goes together.

ALIENS ATTACK RUN
by M J Allison, 3095
LD HL.0903 800 210309
LD A,01 %03 3E o1
LD HL,A sos 77
LD C,3¢0 fob 06 30
CALL eso3 808 CD OE 09
INC Lm. BOB 34
DJNZ CALL soC 10 FA
JP 0808 S0E C3 0008
PUSH AF 00 FS§
PUSH DE 901 D5
LDDE,. 00286 902 11 20 00
DEC D 905 1
LD A,D 96 7JA
OR Aiﬂ 907 3
JE NZ 905 908 C2 o5 09
FOP D 90B 1
POP AF s0C Fi1
RETURN D C9
PUSH AF 0E F$
PUSH BC 9oF Cs
LD BC,0CAA 910 01 AA 00
LD Ai 0 913 3E 80
oUT (1)A 91§ D3 o1
LD A0 917 3E o0
ouT (1),A 919 D3 o1
CALL dg00 91 CD 00 09
DEC BC 91E B
LD A,B 91F 98
.?ll}u c 20 1
13 921 C213
oF B(,. 924 1 “
POP AF 925 F1
92 C

| have run gint of room for this issue and stiil
have lots maore pregrams and ideas. Next
issue will centain another 20 pages of
programming and include 2 more pragrams
from Mr Aflison.

Tarn to P.50 fer 6 pages on the RELAY DRIVER

ROARD project and type in the program for
operating the relays.

The projects for next issue ... .. FH keep
them a secret, but you'll be very pleased: |
assare you.



STROBE

Link on PC hoard

ik}

1N 4002

7415273 — Pin 1 HIGH
7418377 Pin 1 LOW

RELAY DRIVER
BOARD

$25.60
Complete

UNREGULATED
POSITIVE N, I

RELAY

5

BC 547 or
BC 338

BC 547 or
BG 338

DIP HEADER

— TEC-1 RELAY BOARD

The TEC-1 Relay Board has been
designed to give the TEC-1 an inter-
face with the real world.

It can be used in such applications as
the control of model railways or
complex light sequencers. It canalso
be used to implement timing and
control functions for machinery.

The project will drive 8 on-board
relays or external relays with suitable
coil resistances and/or it is possible
to drive small low-voltage lamps
directly,

We do not recommend switching
280v via the relays on the PC board

as the terminations are very near the
other TEC-1 components,

If you require to switch 240v, the on-
board relay can become a slave to
power the higer-voltage relay.

Each of the relay contacts has been
brought to the edge of the PC board
where it is labelled "NO’ for Normally
Open contact and ‘NC’ for Normally
Closed contact. The centre ‘C’ is the
Common contact.

The Hexadecimal value for eachrelay
has also been printed on the board to
make programming easier.

If relays are not required, small light

buibs can be connected between the
two holes normally used for the relay
cail.

CONSTRUCTION

Three types of latch chips can be
used on the board. These are:
7418273, 74LS374, or 74LS377.

Each chip is capable of performing
the latch function and the only pin
which requires a different logic level
is pin 1,

On the 7418273, pin 1 is master
RES_ET . active LOW. So this pin must
be tied HIGH to stop this chip from
remaining in the reset condition.
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The RELAY BOARD takes up to 8
relays and these can be turned ON
and OFF in absolutely ANY order, by
the program we have developed.

The only limitations are very heavy
currents and high voltages. The
relays are somewhatexposed and are
close to the components on the TEC-
1. so we do not suggest 240v
switching.

Secondly the relays are designed for
1 amp operation and should be
limited to around this value for
reliable operation.

We suggest only low voltage
operation {12v) with currents up to 1
amp for the relays and transistors.
We have a high current version (3
amp), § 4066 and this will enable
loads up to 36 watts to be handled by
each output. This s quite con-
siderable in electronic terms.

Higher currents and wvoltages will
have to be handled via a relay which
is remotely positioned so that it can
be provided with the insulation it
needs. Don't forget, any relays
switching high voitages can still have
a 12v c¢oil. This means that you can
combine relays and transistors on the
one RELAY BOARD.

For fast sequencing, & set of tran-
sistors will be the best choice as
relays have a low operating
frequency.

THE PROGRAM:

LD B,dd

LD HL,A00
LD IX,904

LD A (HL)

LD (IX +00),A
INC HL

LD A,(HL)
LD (IX + 01),A
INC HL

LD A,(HL)

LD (IX+ 03),A
INC HL

LD A,(HL)

802 211 00 OA

809 7E
80A DD 77 00
$oD
SoE 7
8o0F
812
813
814
817
gn
1
it
81D
B81E
81F
821
824
825
826
JP NZ, 0809 827
JP 0800

OUT (03),A
CALL 0900
DEC B

B7
C2 09 08
82A C3 00 08

800 ob 03 (No of steps)
805 DD 21 04 09

The choice of using a relay or
transistor will depend on the type of
load you are driving. You will need to
know such factors as current
requirements, voltage, speed of
operation and if any spikes are
present.

Our main concern at this stage is to
test the RELAY BOARD and get it
working.

To do this you will will need some
form of indication on each of the
outputs to show when they are
operating. This can be a miniature

Py \\

The diagram shows a close-up of the plug which connects the relay hoard to

lamp or a light emitting diode. Fit 8 of
these and keep them near each relay
to show which relay they are
indicating.

The program that we have developed
for this project controls the B outputs
and will switch them ON and OFF in
any combination, as perthe program.

It is merely & matter of changing the
data at 0A00 to produce the required
sequence. The data governs the time
of the delay between each operation
and this can be set for a millisecond
delay orup to a 100-hour delay. Todo

R Yy
~ o SRV

the TEC-1. It is made up of a wire-wrap socket and a dip-header plug. The wire-
wrap socket is mounted on the camponents side of the hoard with its long
leads extending out the side shawn in the phota. The dip plug is soldered anto

these ‘thick’ leads, etfectively turnin

them inte thin pins Shitahle far

inserting inta the EXPANSION PORT sacket.

PUSH AF
PUSH BC
PUSH DE

LD BC, FF FF
LD DE, FF FF
£b AuD

OR E

JP NZ 909
DEC BC

LD A,B

ORC

JP NZ, g0b
POP DE

POP BC

POP AF

RET

900
go1
902
903
90k
909
goA
90B
qoC
90F
910
g1
912
91§
916
917
918

DATA
at 0A00:

1C 00 00 00 01
38 00 00 00 23
1C 00 00 00 86
1C 00 00 00 2C
38 00 00 00 38
1C 00 00 00 32
1C 00 00 00 62
1C 00 00 00 Co

this requires 4 bytes of information.
The next byte governs how many
relays are activated at the end of each
delay. These & bytes form a"UNIT" or
‘STEP'.

The theory of operation of this
program is quite complex. |t will take
two or more chapters before we are
up to describing its features. In the
meantime we will describe it in a
simplified way.
S

What each byte does:

At 0A00 the data bytes are taken in
groups of 5:

IIC 00 00 00 01
Lnlw HIV\MQSILIBDI
Least etiect on timing
on liming *

Fills INNER loop

Filis OUTER loop
Turns on relay(s)
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Programminyg on thes 7-Segment
Dispiays:

We continue from P.29 of issue 11
with more programs on the TEC
display.

For this, you will need the TEC-1 or
TEC-1A. No 'add-ons’ are used atthis
stage. The displays on the PC provide
the readout.

The next program, ‘‘Back and Forth"
runs the 'q" segment across the 6
displays and back again without
shifting to the 7th and 8th outputs.
Thus the blank output and speaker
are not activated.

The number of ‘shifts’ is determined
by the value loaded into register C
and 1, 2, 3. 4, 5, or 6 displays can be
activated.

“BACK AND FORTH"

LD A,04 (g seqmeny 800 3E 04
OUT 2D A (seg. pory 802 D3 02
LD C,05 go4 OE oS
LD °l 15t display .o. SE °l
OUT l),A {cath. part} ”' D3 0!
LD $0A &1)
l.’. DELAY 30B 00 09
LD B,A S0E 178
RLC A SoF B 07
DECC s11 oD
JP NZ LOOP g1z C2 0808
LD C,06 815 OE 0b
OouT (l), ll'} D3 o1
LD B,A 81 t%
ALL DELAY 81 00 09
LD A,B s1D 179
RRC A $1E B OF
DEC C $20 oD
JP NZ LOOP 2 gz1 C21708
JP START 924 C3o0008

Another interesting TEC-1 repair came
In this week. The constructor had
purchased a set of components fromus
In ‘shart-form’. He had bought some of
the items himseif and the remainder he
purchased from us - things like the
EPROM, Z80 and dispiay drivars.

But what was intaresting, he had made
the printed circuit board himself. Not
heing satistled with photocopying the
iayout on the back of the magazine, he
reproduced the entira artwork using
tape and stick-an jands. it was copled
s0 axactly that it taok us a few minutes
1o reailze the situation. And when It
finally dawned, it was quite a shock! it
was like iooking at a forgery! The work
entailed in its creation must have been
enormous. And now we had to repair it

Normally there is not a8 single lirm
under the sun which would entertaln a
rapair which had not been made with
components and PC hoard as suppiied
by the organisation. You can imagine
the assortment of repairs which would
be seat in.

But bacause we have had so much
success with repairing the computer,
wg accepted it and went ta work.

Theoreticaily, svery track had to be
inspected because the hoard was a
‘one-off’.

After quite a few minutes, we noticed
twb tracks did nst connect to the
appropriate places. When we joined
these with short lengths of tinned
copper wire, all the chips recelved
pow:r. but still the computer falled to
work.

Then we noticed the cieck chlp was a
Fairchiid 4049 and this was promptly
ropiaced.

The dispiay immedlately lit up and on
going through the keyboard, we found
keys 4 and 7 did not give the correct
dispiay reading.

Back to more Inspection. More
detective-work located a track on the
common line which should not have
been there. Whan this was cut, the
computer worked perfectly.

Here's tha iesson:

I{ you are gaing to repraduce artwork,
you must check, re-check and then
triple chack the layout. The oniy
effactive way to do this is to make the
artwork identlcai in size and design so
that the two l(ayouts can be placed
together and held up to the light.
Looking from hoth sides, you wili be
ahble to detect any discrepancy In the
wiring.

When the board Is etched and drilied,
go over tha entire board with a multl-
meter and check each of the lines for
continuity. Mark eachline as you check
it s0 that none are missed.

Only this way can you be sure everyline
goes to its correct destination,

| know it Is fun to produce gverything
yourself, but lor some items the resuit
is not economical. Making PC boards Is
ons of the most time-consuming and
costiy endevours. After Its all finished,
It wili probably cost nearly a3 much as
a bought one and won't have an over-
iay or solder mask.

if you have made your own PC board
and !t doesn't work, please don't send
It in for repalr. We have mat the
challenge and don't need It again. it
wili involve too much of our time and
delays the production of the next issue
of the magazine.

5

Delay at 0900:

For Port 1, the cathode of the first
display is activated, then the 2nd
display, then the third display, etc.

For port 2: The ‘g’ line is ON ol the

==

tt + t ¢4

Tha HIGHM shifta LEFT scroas tha A reg.

e T S S k)

The HIGH shitia RIGHT across the A mg:

1

The diagram shows the shilting of the HIGH
across the accumulator (the A register).
This |5 cutput to port 1 and will turn on one
transistor at a tima. Thase transistors fead
the commen cathode ilnes of the dispiays.

T - s e

Keep this program in the computer-
for the naxt experiment.

QUESTIDNS:

1. At 805, why do we insert 05 into
register C? Try the value 06 and ses
what happens. {slow the clock rate to
see the effect.}

2. At 805, insert the value 03. What
happens?

3. At 805, insert the vaiue 071. Can
you see what is happening on the
screen and in register C. (The bit is
being shifted through the register via
the speakar and is appearing on the
left hand side of the display.}

AMD OUTPOT .LATCHES 4 pR N
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“ALL THE VALUES”

This program produces all the
combinations for the 7-segment
display. This will inciude many

unusual effacts as well as all tha
known letters and numbars.

it is basically an extension to the
BACK and FORTH program with an
additional listing at 0A08 and a
change at 8§24 and 801.

3E 00
D3 o2
OE 0§
3E 01
D3 o1

é}) 00 09

Fill in this section:
-]
[ - ]
)

C2 17 o8
C3 02 0A

At 0A00:

Aoco 2E01
Aoz 12C
A03
AC4

LD L,01
INCL

LD A,L
JP 0802

Delay at 0900:
y 0 IIB FF 07

1

LB
2

Cz 83 09

C
Push RESET, GO: ’

Write the ASSEMBLY CODE for the
program abova and also the address
listings, starting at 0800.

MOVEMENT AROUND A
SINGLE 7-SEGMENT DISPLAY:

The following program produces
movament around a singla 7-
segment display which can be
increased in spaad to produce a novel
effect.

LD A,20 oo 3E 20
OUT(1),A 8oz Diot
LD A01 804 3E 01
CALL og00 806 CD 00 09
LD A,02 809 3E 02
CALL o900 80B CD oo 09
LD A,04 $OE 3E 04
CALL o900 810 CD 00 09
LD A,20 813 3E 20
CALL ogoc 815 CD 00 09
LD A,80 818 E 80
CALL ogoo SIA CD 00 09
LD A,40 s1D 3E 40
CALL o900 8IF CD o0 09
LD A,04 822 3E 04
CALL o900 6824 CD 00 09
LD A,08 827 3E o8
CALL 0900 82 CD 00 09
JP o800 82 C3 00 o8
at 0900:
OUT (2),A 900 D3 02

902 11 FF 07

90§ 1B

906 B

907 2

908 C2 05 09

90B 9

This program has not been efficientl
written. Itcontains arepetition of L

A' and ‘CALL’ instructions. It
should have a BYTE TABLE. This will
be shown in a later program.

However it does contain one byta-
saving faature. The statemant OUT
{2),A is usad at each stage and has

been placed in the CALL ROUTINE.
This saves 14 bytes of program.

1. Replace {07) at 904 with 00 and
watch the screen.

2. Replace {FF) at 903 with OF.

3. At address 801 replace the data
with 01, 04, and then 10. What
happens to the display?

4. Rapiace data at $01 with 0§, OF,
2D. What happens to the display in
each of these cases?
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THE DELAY ROUTINE

We have used a delay routine in many
of the programs we have
investigated.

We have also szen l’}qw it can be
adjusted from a few milliseconds to a
faw seconds in length.

For this time-delay to occur, many
thousands of clock cycies must be
involved in its exacution. In fact, up
to one million or more cycles can be
involved.

Let us look at how this comes about
and how the delay operates,

The delay program we will ba
investigating is:

1 11 FF 07
:
2 B
5. €2
The meaning of each line is:

FF is londed inte E and 07
1. LD nEo,FF into O 0 inte E an
2. DEC nE Register E 1s decremented by

ane. 1t anunderflowoccurs,
ragister O is dacremeantsd

3 Ln A’E Regisier E is londod inta the

accumulutor.

4 OR D The O register 15 QR -od with

the nccumulator

5. JP NZ to: The program jumps to liow 2

if the rosult is ndt zero.

The numbar of cyclas to perform each
operation is as follows:

LD DE 11 FF 07 10 cycles
DEC DE 1B 6 cycles
LD AE %B 7 cycles
OR D 2 7 cycles
JP NZ Line: C2 03 10 cycles

One loop consists of:
-6

1B

%B -7
2 -7
Cx -1

total: 30 cycles.

0

To produce a delay of 256 loops, the
instruction is:

11 FF 00
FF is loaded into the E register and 00
into the D register,

E is decremented by one on each loop
of the program and when it gets to 00,
the result of OR-ing the accumulator
{which will contain tha valua of the D
ragister - 00) will be zero and the
microprocessor will jump out of the
dalay routine and back to the main
program.

Total clock time for the 256 loops is:
256 x 30
= 7680 cycles.



If the D register is loaded with FF the
delay time wili bhe:
7680 x 256
= 1,966,000 cycles.
This is about 2 million cycies!

When deciding upon a delay of
suitable length, try various vaiues in
this location:

11 EF 07

This location has anly a smaii etfect on the
delay time and can be consitdered to have a
‘trimming effect’.

FIGURE 8's ACROSS THE
SCREEN:

The next program introduces a table
of vaiues which the program ‘looks
up’ during the execution of each
cycle, These are called ‘data bytes’
or bytes of data. which are used one
at a time.

-—/4
\\ o
/ .

The LED turn-on sequence around the
display.

LD C,20 800 oE 20
LD A,C 802 9

OUT (1),A 803 3 01
CALL 0900 80§ CD 00 09
RRC C 808 CB 09
BIT 7, C gcA CB ™9
JPZLOOP 8oC CAozo8
JP 800 8oF C3 00 08
LD HLoBoo 900 2100 0B
LD B,9 903  0b 09

LD A(HL) 905 7E

OUT (2)A 906 D3 o2
CALL DELAY 908 CD 00 A
INC HL 90B 23
DECB goC 0§
JP NZ 905 oD C20509
RET 90F Cy
At 0A00
A00 11 FF 07
A03 1B
A04 B
A0S 2
Aob C2 03 0A
Aoy C¢

at 0Boo:
BooO 01
Bo1 02
Bo2 04
Bo3 20
Bo4 so
BoOs§ 40
Bob 04
BoO 08
BO 01

On the first pass. the program places
OBOO into a register pair such that the
OB goes into the H register (meaning
the High order byte register)and 00 in
to the L register (Low order byte
ragister).

At 905 the contents of the byte at
OBOO wili be Iloaded into the
Accumulator because this is the
address specified by the HL
instruction.

On each subsequent pass, the HL
register pair in incremented by ONE.
Since the value 0BOO is contained in
this pair, the result will be to add 1 to
00 to get 01, 02 etc. Thus the
program will look up OBO1, OB0O2 etc
and finds the relevant byte of data.

The second interesting part of this

rogram is the counting of the DATA
Bﬂ% table. The computer must know
how many data bytes are to be
accessed.

Thus 1t is given an intial value of 09 at
904 and decremented the value by
one on each pass. When the resultis
zero, the program jumps to 0800 and
starts again.

The segment can be made to travel
across the screen in the opposite
direction by changing 3 values:

The starting value at 801 must be
changed toc 01, RRC must be
changed to RLC (CB 01) and bit 6
must be tested for zero (CB 71)

The changes are:

800 OE o1
808 CB o1
80A CB 11

CONTROL VIA THE
KEYBOARD

Movement on the screen can be
controlled by the keyboard by intro-
ducing a HALT or wait function.
This causes the program to halt and
wait for an input via the interrupt line.

When a key is pressed, the non-
maskable interrupt line is activated
and allows the Z80 to accept data
from the keyboard encoder via the
data bus.

Tha data is Joaded into the
accumulator and compared with a
vaivue in the program. if the two
values are the same, the output is
zero and as determined by the next
instruction, the program advances.

This program moves a LED across the
bottom row.

Key ‘4’ shifts the LED left and 'C’
shifts it right.

The diraection of shiftis determined by
RLC B and RRC B. Each press of
a button moves the LED ona place.
No delay routine is required in this
program.

LD A,04 800 3E 04
OUT (2),A 802 D3 02
LD B,A 804 4;
LD AB gos 7
ouT 1(1),A Bob D3 01
HAL so08 b
LD A,o01 809 D §7
CP o4 soB FE 04
JP NZ 815 goD Cz 15 08
RLC B 810 CB o0
JP 80§ 812 C3 05 o8
CP oC 815 FE oC
JP NZ 08 817 Cz2 08 08
CBHB 81A CB o8
JP 80§ 81C C3 05 of
et —-
-

The ‘d’ segment shifts across the display.
Th:ﬂ.1 tgrect gn is determined by buttons ‘4
and ‘'C'.

VipeES PISPLAY yUNiT.. ..
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CREATING A BAT

This program produces a 2-38gment
bat capable of travelling across the
lower segment of the display. The
"+ key moves the bat to the left and
the ‘C’ key movas it to the right.

LD A,80 800 E 80
OUT (2),A 802 3 02
LD B,03 804 06 03
LD A,B 80b ]
OUT (1),A 807 3 o1
Y %o  ED
LD A, 80 §7
CP 10 soC FE 10
JP NZ 0816 B8oE C2 16 08
RLCB $11 CB oo
JP S0% 813 C3 06 08
PC $16 FE oC
JP NZsos 18 C2 09 08
RRCB 1B CB o8
JP S0b 81D C3 06 08
WRITING A PROGRAM

This is a written exercise requiring
YOU to write a pragram. Qur aim will
be to write a BAT program exactly
like the previous program and you
can refer to it if & problem arises.

For each line, the MACHINE-CODE
valug should be obtained from the
280 CODE SHEET on the back page
of issue 11. It should then be placed
in the space provided.

1. Load the accumulator with the
valua 80. Answar:
2. Qutput the contents of the
accumulator to port 2.

3. Load ragister B with the value 3:

4. Load vregister B into the
accumulator:

5. Output the accumulator to port 1:

6. Halt the program:

The Z80 is now waiting for an
interrupt.

7. Load the index register into the
accumulator:
8. Compare the accumulator with the
value 10: )
9. Jump to ‘'COMPARE C’ (below) if
the answar to line 8 is NOT zero:

10. Rotata register B LEFT
CIRCULAR:
11. Jump to the address which
states: Load 8 into A (above):
12. Compare the accumulator with
the value ‘'C":
13. Jump to HALT (above) if NOT
zero:
14. Rotate register C Right Circular:

15. Jump to: Load register B into A
(above):

Complete the following listing by
adding the values you have obtainad
from the statements above:

800
802
804
806
808
S0A
soB
soD
SoF
812
814
815
817
$1A
1D
S1F
822
$24
825
827
$2A

AUTO MOVEMENT & HALT
S nlley.
Guiidford, 2161.

The following program detects 3 keys.
The "+ key shifts the LED left, the "0’
key stops the LED and key ‘4" shifts it
right.

The speed of travel across the display
is controlled by the DELAY ROUTINE.

olelele ot
R

OQOO0O0

000QOO0
0
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o1 ::: %E =1
OUT z), :ot ne 2
A 0 3 ox
21% ell) ’ $08 06 o1
ey o n
5
LD Al oD FE 10
JP Nz os1D 80F C21D o8
RLC B 812 CB oo
LD ::g .5 o1
1
our lghu $17 CD oe oC
Jl' 0B S$1A C30Bos
CP o 81D FEo
JP NZ soD $tF CaoD o8
RRC B 822 CB o8
l.l‘)n B A ::g l;
1 o1
ALL Jkl.u 827 CD 00 oC
JP 808 82A C30Bos
at 0Co00: 11 FF oA
1B
an
2
C2 03 oC
C9

So far we bhave turned on one
segment or LED at a time in the
display or more than one segment or
LED within the same digit. But not 2
LEDs in different displays, in different
positions.

This seems impossible but by using a
clever pulsing technique we can
alternately access one then the other
to produce the effect of both being on
at the same time.

In this program we will alternately
access segment ‘g’ in the firstdisplay
and segment ‘a’ in the Bth display to
give the appearance that they are
both on at the same time.

SWITCHING 2 PIXELS
INDEPENDENTLY:

Run the following piogram and
observe the effect:

LD 500 3E 20
oUT 1). 802 D3 o1
LD A0l S04 3E o4
QUT (1).A S0t D3 02
ELAY 808 CDoooB
5p 0A00 S80B C3 00 0A
-
-
LD A,01 A00 3E ot
OUT {1),A Aoz D3 ot
LD A0i A04 3E o1
oUT (2.4 Aot D3 o2
ALL DELAY Aos CD 0o 0B
JP 0800 AOB €3 00 08




at eBoo:
11 FF o0

1B
LB
2
C2 o3 0B
Cy

Turn the speed control up and the
affect is two different LEDs being lit
at the same time. Turn the speed
control down and the alternating
effect becomes more noticeeble.

The fiow diagram for this is:

0800
clfeatas 'g

X

dalay
tor'g’

| I

0AQO

creatas .
‘@
' RETURN

dalay
for
"8’

Insert 0§into the delay routine at
0B02 and watch the display. The
alternating effect is more obvious.
This is the basis for all the letters and
writing on the display. Each digit is
being turned on and off very quickly.

PROBLEMS:

Turn the speed control up and keep
the deiay routine short for the
following problems:

1. Change values in the program to
turn on segment 'd’ in the first display
and '8’ in the sixth display.

2. Create the figure 1 in the first
display and ‘0" in the last display.
Which locations in the program must
be altered to achieve this?

TO CONTROL 2 PIXELS. One
with movement.

This program produces two pixals.
One is fixed and the other moves up
and down,

in this experiment, the main program
is at 0A00 and it calls the delay at
0B00 and a short routine at0800.
Whan the program has baen entered,
push, RESET, ADdress, 0A00, GO,
GO toaxecute the program. The main
task with this experiment will be to
rewrite the main program so that it
appears at 0800. This will involve
changing a number of machine code
values to suit the new location.

LD C,BB .
LD A01
OUT t1),A
A

2
CALL Jhn
CALL 0800
DEC C
JP NZ 0A02
LD C,BB
LD A01

JP NZ 0A16
LD C,BB

LD A01
OUT (1),A
LD A,80
ouT "B A
CALL DELAY
CALL 0800
DEC C

JP NZ 0A2A
JP 0A00

Delay at 0B00:

LD A,20
OUT (1),A
LD A,o0i
ouT zs A
CALL DELAY
RETURN

Prohlem:

0A00
oA02
0A04
0A0h
0A0S
0AOA
cAoD
oAl0
0A1l1
0A14
oAlb
0AIS
0AIA
oAIC
0AIE
0A21
0A24
0A2§
0A28
0AZA
0A2C
0A2E
0A30
0A32
0A3§
0A38
0A3
0A3

800
802
804
80b
808
8oRB

oE BB
3E o1

D3 o1

3E o1

D3 02

CD 00 0B
CD o0 o8
oD

Cz2 02 0A
OE BB
3E o1

D3 ot

3E o4

D3 o2
CD o0 0B
Cg 00 08

0
C2 16 0A
oE BB
3E 01
D3 o1

E 80

3 02
CD oo 0B
CD o0 o8

oD
C2 2A O0A
C3 00 0A

11 FF 00
1B
bz
Cz2 03 0B
Ce

3E 20

D3 o1

3E 80

D3 02
CD oo oB
Co

1. Rawrite the MAIN PROGRAM to

start at 0B0O:

LD C,BB
LD A,01
OUT (1),A
LD A1
ouT 13 A
CALL DELAY
CALL 0A00
DEC C
JP NZ 0802
LD C,BB
LD A1
OUT (1),A
LD A,04
ouT 33 A
CALL DELAY
CALL 0A00
DEC C
JP NZ 0816
LD C,BB
LD Alo1
ouT (1),A
A,

2
CALL lh-:LAY
CALL 0A00
DEC C
JP NZ 082A
JP 0800

800
802
804
806
808
S80A
soD
810
811
814
816
818
S1IA
81C
S1E
821
824
81§
828
82A
82C
82E
830
832
835
838
83
83

:sangeA 300D

ANTHIOVHK >0 uf 14

at 0B0O:
Same Machine code
values Sor delay.
0Boo
oBo3
oBo4
oBos
Og“
at 6A00: onos
LD A,20 AoO
OUT (1),A A2
LD A0l Ad4
ouT 18 A Aok
CALL DELAY AoS
RETURN AoB

Run the program by pressing RESET,
GO. Does it work? (It shouid)

2. Insert the following data into the
program you have written, to produce
the name of a semiconductor:

at 080b6: 3E 47

at 081A: 3E C7

at 082E; 3E Cé

What is the name of the device?

3. Create the name of another semi-
conductor device by inserting the

following information into the

program:
soz 3E 10
0% 3E 4F
816 3E o8
81A 3E EA
8zA 3E 04
82E 3E Cé

Remove the vaiue 20 at 0 A01,
Push RESET, GO.

What is the name of the device?
Reduce the delay of BB in the MAIN
PROGRAM {at 3 locations} to 0§. .

The result wiil be your first readable
multiplexed word.

CAND AN EPROM BURNER
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JUNPS AND CALL
INSTRUCTIONS

JUMP and CALL instruction} are
called BRANCH INSTRUCTIONS.

They cause the program to branch to
another location in memory and
exacute the instruction contained at
that location.

The 6 instructions we will investigate
are:

JP Address C3 XX XX
JP NZ Address Cz XX XX
JR dis 18 XX
JR NZ dis 20 XX
CALL Address CDhD XX XX

CALL NZ Address C§ XX XX

The maaning of each instruction is as
follows:

JP Address. This is an uncon-
ditional instruction . It means Jump:
Address. The program will jump to a
new address as determined by the
next two bytes XX XX.

JP NZ Address. This means Jump,
non-zero: address. The program wiil
only jump to a new address if the
rasult of the previous instruction is
NOT zero. (lf the resuit is zero, the
program will neglect this 3-byte
instruction and advance to the next
instruction).

JR dis. This is an unconditional
statement. 1t means: Jump relative:
displacemant.

In simple terms a relative jump
means the program will jump to an
address of plus 129 bytes or minus
126 bytes of the address of the JR op-
code byte.

For instance, the value FB will cause
a jump to 1B in the following program.

11 FF 07

1B

LB
2

18 FB

Ce

For a forward jump, 03will cause the
program to jump to D3 in the
following:

3E of
18 03
3E 20

D3 01

3E 28

JR NZ dis. This is a conditional
statement. It means Jump relative,
non-zero: flisplacement. The
displacement is given by a hex value
such as D7, F8 for a backward

jump or 07, 18, 44, 76, for a forward
jump.

When determining the displacement
value, this is an easy method:

xRk Kk FgFA
K FC
20 XX FE Eg'
A hk hk 000102
*h hk 03 04
* K 05

ete.

can be 18 or 20

CALL Address. This is an un-
conditional instruction. 1t means
CALL the address given hy the next
two hytes XX XX.

When using this instruction, it must
be the intention of the programmer to
call a sub-routine and then return to
the instruction which immediately
follows, as this is the requirement of
the micraprocessor.

For this reason. the sub-routine must
canclude with a ratum instruction €9.
The address of the byte immediately
foliowing CD XX XX will be saved
in the stack. At the conclusion of the
sub-routine it will ba popped off the
stack, looked at, and cause the

program to return to the instruction
after CD XX XX.

CALL NZ Address. This is a
conditional instruction and will only
be executed if the result of the
previous instruction is NOT zero.

All other features of this instruction
as per CALL Address above.

The main differences between these
three sets of jump instructions are:

A JP instruction causes the program
to go to a sub-routine but does not
call it back again.

A JP instruction can make the
program go to any location in memory.
It is not restricted to a displacement
value.

A JP instruction cannot be re-
located without changing or looking
at the two-byte jump addressto see if
the sub-routine is still at the same
addrass.

A JR can only operate within +127
and -128 bytes (approx.)

JR can be easily re-located as it
relates anly to relative memory. This
type of instruction is idaal when large
portions of a8 program need to be
shifted.

CALL instructions are used when a
sub-routine is required to be
executed (such as a delay} followed
by a return to the main program.
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QUESTIONS

1. Write the meaning of these, in
words:

(a) JP

(b} JP NZ

() JR dis
(d} JR NZ dis
(e} CALL

(ff CALL NZ

2. Which instruction would you use
for the following:

(a) You require t0 go to a sub-routine
and then return to the main program.
(b) You require to go to another
routine if the answer to the previous
line is NOT zero.

(c) You require to go to the beginning
of the program.

(d) You require t0 go to a locetion
about 15 bytes further down the
program.

(e) You require to go to a sub-routine
on the condition NON-zero, and
return.

(f} You require to go to a location
back 8 bytes.

3. Give one advantage of a JUMP
RELATIVE instruction, compared
to a JUMP instruction.

4. To produce a loop in a progtam,
which of the following should be

used: JR dis or JR NZ dis.

5. At the end of a program, whitch
instruction should be used: CALL,
JR NZ, JP.

6. What is the difference betwaen

CALL and JUMP?
Answers:

1. Jump.

Jump Non-zero.

Jump Relative displacement.

Jump relative non-zero displacement
Cail.

Call Non-zero.

2. (a) CALL
(b) JP NZ
&c JP

)} JR 14
(e) CALL NZ
(fi JR Fb

3. The program can be transferred to
another location without affecting

the JUMP RELATIVE instruction.

4_ It must have a non-zero condition.

5. It must be a JUMP instruction
with no other conditions.

6. CALL transfers the program to
another location and requires that it
be returned to the next instruction
after the sub-routine has been
performed. JP transfers the program
to another location without any
return requirement,



USING JR's

To show how we can substitute a JR
instruction for a JUMP instruction,
we will consider a simple program
containing a delay routine.

We will choose the program: RUNNING
SEGMENT 'a’ AGROSS THE SCREEN. This can

be found on P. 26 of issue 11 and is
repeated here:

Type this into the computer and RUN.
at 08o00:

LD A,01 800 3E o1
OUT (2),A 802 D3 02
LD B,o01 804 06 01
3?1? '(]15 A e B
07 D3 o1
CALL ﬂhLAY 80 CD o0 0A
RLC B 80C CB oo
JP LOOP 80E C3 06 08
oAoc0 11 FF FF
1B
7B
B2
C2 03 0A
Co

1. We will change the instruction at
80E to JR 80b . Change the address
valjues to 18 Fé,

Place this into the program and RUN.
Is any difference observed? {There
should be no difference).

2. The delay routine at 0 A00 can also
be changed to include a JR
instruction.

at A0b:
change €2 03 0A 1o 20 FB 00

Run the program and note the resuit.
No difference shouid be detected.
Both instruction perform the same in
this case.

3. The DELAY PRDGRAM can be
placed immediately below the main
program so that a JR instruction can
be used at 809 and also at the end of
the delay.

at 809: insert JR 820.

Start the delay routine at 0820.

At the end of the delay routine, insert:
JR 80C,

The displacement values will have to
be worked out by you. Follow through
the steps as shown and write the
complete program. Use the TEC as a
counter to work out the displacement
values {by pushing +, + + + +. etc.)

Do not lock at the answer at the
bottom of the next column until you
have finished.

Next issue we will give a JR tahle
and explain how it is used.

:................................................’..

. 4. Fill in the mamory locsations,

o .QUIC_E DRAW : starting at 0800.

o Inthis final exercise we will change a

o number of JUMP instructions to JR Push RESET, GO and pley the Quick

$ instructions. See the QUIGK DRAW Draw game. Does everything work

e program on P. 13 of issue 11. correctly? 1t should.

]

: This is how to change the program: We hava leamnt the major advantage

. of a JR instruction. It enables a

s+ 1. Copy all the assembly code, program to be transferred to another

o replacing JP with JR. location without having to alter any of

. the data.

« 2. Copy the machine code listing. . .

e remembering that the 3-byte JP See the effectiveness of this. Move

$ instructions will become 2-byte JR the whole Quick Draw game to 0900

e instructions. At this stage do not ©f OA00 making sure you wipe the

* insert the displacement values - this Program at0800 before starting at the

+ will be the final job. new location.

% 3. Insert the displacement values for T0 start the game, push RESET. GO,
X . ?

« each of the JR instructions. GO. Is it a success?

L

° .. .

« This is what your program should

s look like:

»

L ]

. QUICK DRAW

»

»

L]

. LD A,00 goo 3E 00

. ouUT (1),A 8oz D3 o1

. START LD DE,00 804 11 00 00

. DELAY DECD 8o 1B

] LD4AJ) 80 7A-

. OR E 809 B3

. JR NZ Delay 80A 20FB

. LD A,E3 80C 3EE3

. OUT (2),A B0E D30z

o LD A,0 810 3E o8

. OUT_I(I),A 812 D3 o1

. LOOP1 HAL B14 6

. AND OF 815 b OF

. CP oC 817 FeoC

. JR Z,Right 819 28 05

. OR A 8$1B BY?

. JR Z,LeSt B1C 1806

. JR Loop 1 81IE 18 F4

. RIGHT LD A,o1 820 3Eo01

. JR Finish 822 18 02

s LD A,20 824 3E 20

* OUT (1),A 826 D3 o1

* LE¥T LD A,20 828 3E 28

. FINISH OUT _l(:),A 82A D3oz

. HAL 82C 76

: JR Start 8zDp 18D1

L

...................I.......-.........l...........................I...............

(B A N N R RN RN R RN N PR N RN S NYY RN NN NSNS ENFNES RN R L B 0 2 RO N B

rﬁl‘ur final program will look like
Is:

LD A,01 800 3E 01
OUT (2),A  Boz2 D3 02
LD B,oi 804 06 o1
LD A,B 806 ]
OUT (1),A 807 3 01
JR 820 809 18 14
RLC B 8oB CB 00
JR 806 soD 18 F7

B20 11 FF FF

823 1B

824 7B

825 B2
JRNZS823 826 20FB
JR 80B 828 18 Eo

. AND RémMeTe CconNTROL
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OSCILLATOR
hy Pater Aleksejevs N E
800 3E LD A,80
S0t D3 OUT (on),A '
.:; ?13 (o1), Here is e selection of tones and tunes  presented in various formats to get
804 3E LD A,00 for the computer. These have been you acquainted with the different
805 00 submitted by readers and are ways of presenting a program.
::b D3 OUT (o01),A
o1
::z s: JP 800 TOCCATA -by Stephen Clarke, 2774.
S0A o8 $00: 00 00 3E 00 32 00 08 3E 09 32 01 08 CD B0 01 CD

The principle of operation of this
program can be seen in the diagram.
We are accessing the speaker via
port 1 and this is the 8th line of the
driver chip. Thus the value 80 is
inserted in the program.

We load a HIGH into this line for a

$10: Bo o1 3E21320008 CD Bo 01 3E 62320008CD

$20: Bo 01 C3 02 08

00: 0A OF 11 120F 11 1214 11 12141612141617
:lﬂ: l‘Fli 12141112 Ofelllbﬂlﬂbllf;ﬂa OIE :l 013\ ::Alozﬂ
20: 1F 00 17 171717 1
3303 1212 1171171171170F OFO0FOFOEOE OE OE 0E OFE
940:0EOEOB0BOBOB0AOAOA OA 0808080806006
950: 06 0b 05 05 05 05 03 03 03 03 02 02 02 02 02 02

number of clock cycles and then a 980: 00 IFOAOF 11 120F 11 12 141112141612 14

LOW. This produces a CLICK which 970: 16 171416121411 120F 11 OEOF 0A 0B 08 0A
sounds like an oscillator when the 910: 08 06 05 03 03 03 03 ©3 03 03 03 03 00 00 00 00
speed control is increased. 00 00 1IF

990: 00 00 00 00

CATHDDE DRIVER
CHIP

ZA AN

SEGMENT DRIVER
CHIF

PHONE RING

By Cris Cogdon.

hhr—

This program generates a rirng similar
to that of anew phone. It would make
an ideal trick if you have one of thess

e

PORT 2. phanes!
SEGMENT PORT PORT 1. CATHODE PORT.
FREQUENCY SWEEP START CALL RING 800 CD 1408
by Peler Aleksajevs LD HL,1000 803 21 00 10

This program gives an effect similar CALL PAUSE 806 CD 1E o8

to a phaser gun. By changing the CALL RING 809 CD 14 08

value of the second byte, different LD HL,.so000 80C 210080

effects can be generated. CALL i'AUSE SoF CD1Eos
JR START 812 18 EC

This program can be placed

anywhere in memory as it consists RING LD B,10 814 0610

enmly of JR instn?::tions. XRING PUSH BC 816 Cs
CALL 08tE 817 CD SE o1

LD H,FF 26 FF POP BC 81A C1

LD B,H 4% DJ NZ XRING 81B 10 F9

LD A,00 3E 00 RETURN $iD Co

ouUT lz,A D3 o1

LD 3E 8o PAUSE DEC HL 81E 2B

OUT (1),A D301 LD AH $1F kc

LD 78 OR L $20 3

DEC 3D RET Z 821 Cs

JANZFD 120FD JR PAUSE 822 18 FA

DJNZ F2 ‘l'g ‘l::

DA%  3E00 THE STRIPPER

D3 o1

opT @A e 800: 00 00 3E 00 32 00 08 3E 09 32 01 08 CD B0 01 C3

}_’I',c B 7: 900: 01 01 03 03 03 06 06 06 06 06 06 OA 08 08 06 06

DEC 3D 910: 06 02 02 02 02 02 02 01 Of 03 03 03 06 0b 06 06

JRNZFD 20FD 920: 06 06 0A 0D 0D 0COCOCOBOBOBOBOBOBOB 0A

LD A.H 1C 930: 0A 01 01 01 01 0A OA 01 01 01 01 0A OA090A OA

SUB 940:0A 0B OB OA 0BoB 0CoD oD oCoD oD oD 0EOEOD

JRNZEF 10EF 950: OE OE OE oF OF OE OF oF 11 11 11 OF 17 11 12 12

JP DA 18 DA 960: 12 12 12 12 12 00 00 00 00 00 00 00 00 00 00 1F
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This program will aliow the TEC to be
used as 8 CLOCK. The display is used
as tha readout and the time can be sat
as shown oppaosite,

This is a 24 hour clock and its
accyracy depends on the setting of

the SPEED CONTROL.
issue we will

In a future
present a crystal

oscillator to take the place of the
4049 to turn the TEC into an accurate

time-piece.

START Lp lY, Clock Buffer

DISP

LOOP 1

LOOP 2

LOOK

% A. IY +0)
ADD A,01
DAA

CP 60
JR NZ,DISP
XOR A

LD (1Y+0),A
INC(IY »

LB

oF a4
JR NZ,DISP
XOR A

LD mr +0),A
LD B,0

LD HL DISP BUF +6

LD I1X,CLK BUF
LD A{IX + 0)

INC IX
PUSH BC
PUSH AF
AND oF

LD B,A
At Loox
POP AF
SRL A

CALL LOOK
POP BC
DJINZ LOOP
LD B,0FFu
LD IX.DISP BUF
PUSH BC

LD B,07

LD C,404

LD A,(IX +0)
ouT h),A
LD A,C

OUT (1).A

DJNZ loop 2
POP BC
DJNZ LOOP 2
JP START

LD DE, DISP
PUSH AF

RETURN
DISP PATTERN: EB, 1

A1, E1 29
c:.odlcnlim?i-‘ P
DISP BUFFER

TEC

CLOCK

28, CD, 97F
EF, AF,

FD 21 89 09
06 02

FD 7E o¢
Ce 01

EE 0

20 13
AF

FD 717 00
FD 2

10 E

FD 7E 00
Cé o1

FE 24

2001

AF

FD 77 00

06 03

21 91 oz
DD 21 89 09
DD 7E 0o
DD 23

Cs

Fs
Eb oF
7
&D 73 09
F1
CH 3F

10 E3

o6 FF

DD 21 8C 09
Cs

0b 07
oE 40
DD 7E o0
D3 o2

‘[l)'!

3 01
CB 39
AF
iE 10
1D

20 FD
D3 o1
DD 13
10 EA
C1

10 DE
C3 0009

11 7F 09
F§
b
§F
1A
H

F1
Co

To set CLOCK:

at 98¢: insert saconds

at 98A: insert minutes.
at 98B insert hours.
Example: 7:45:32

989: 32 98A: 45 98B: 07

Load pointer to clock counting buffer
lcad number of 60’s to be tested
Read first clock buffer value

add 1 to the value

dacimal adjust the accumulator
TEST A=60 sec/min

GOTO ‘DSP’ if not equal

ZERO the accumulator

Store A in clock buffar

Advance pointer

complete LOOP if B is not zero
Read hours vaiue

Increment hours value

Decimal adjust the eccumutator
TEST hours =24

If not GOTO 'DSP’

ZERO A

Store hours in clock buffer

Load number of bytes to be convertad
Load pointer to display buffer
Load pointed to clock buffer
Read CLOCK BUFFER vaiua
Advance pointer by 1

Save BC contants

Sava contents of A

Get laast significant 4 bits
Transfer Ato B

Get pattern for B

Restore AF

Shift A one place to the right

Load A into B

Get bit pattarn for B

Restore BC

Complate LOOP if B is not zero.
Load LOOP value

Load pointer to digit patterns

Save BC contents

Load number of digits to be displayed
Load bit pattern for displey cathodes
Read display pattern

Output pattern to port 2

Load C into A

Output cathode pattarn to port 1
Move cathode bit one place for MUX eaffect
Clear A

Load TIME DELAY value

Decremant E

LOOP if not equal to zero

Turn off ancde bits

Advance to next pattarn

LOOP if not zero

Restora BC

LOOP if all digits not displayed
Jump to START

Load DE with display pattern
Save AF

Load E into A

Calculate pattern address
Load A into E

Read pattern

Store pattern in display buffer
Decrement HL

Restore AF

End of sub-routine
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ALIENS % SPIROID ALIENS % SPIROID ALIENS % SPIROID ALIENS % SPIROID ALIENS *

SPIROID ALIENS s SPIROID ALIENS % SPIROID ALIENS * SPIHOII]

sD8 16
LD E,A 85 sF
[ spiroiD ALIENS D% 8k En 8Dy o5
-hy M Allisen, 3095 CPE 85C BB SDB 1A
JR Z,0861 85D 2002 e o0
This is quite a long program and LD E,OO 8sF 1E 00 SDD IF
shows the length of listing requiredto LD A,E 861 B SDE 04
achieve a degree of realism. The AND 03 8b2 b 03 8DF 00
game uses all of page 0800 and & oDE) 864 FE() 8E0 04
portions of 0900, 0A00, 0B00 and ,0871 g6t 28 09 8E1 00
oDoo. SLA (HL) 868 CB 26 LTy
Aﬁdo 86A 13iE 40 8E3 00
The main program is at 0800 with 86C BE 8E{ o1
calls at the other pages. 0878 seD 2809 8Es o1
IR oé 86F 18 DY 8Es o1
The game consists of unusual- 1LDC.A 811 4F 8E7 1F
shaped aliens passing across the INC b 872 14 8ES 00
display. Each game consists of 16 CALL oBoo 873 CD 00 0B 8E o5
passes and you must shoot down the JR 0871) 876 18 0§ 8EA oD
arrivals by pressing buttons 1, 2 or 3. LD C,0 878 OE oo 8EB o4
To win, you must shoot down at least CALI.’, voo 87A CD o0 0A 8EC 00
1. LD A 87D 3E o1 SEC 00
he initial stages of the game, you %zz :z: H Al S8EE 06
e initia a .
:::utst acquaintgyourself with the LD HL,QSM 882 2107 08 gg: gg
connection betweeen the spiroid LD A,0B 8865 31EoB §F1 o
shapes and buttons 1, 2, 3. Afterthis CP D 887 BA oF1 o1
you will be ready to launch an attack. .ll..g g,%gﬁ‘s) ggi ;SE 1B 8F3 13
¥
Here's the listing: CP Fo 888 FE Fo gg‘é IIISA
JR 27,0842 88D 2803 %
Reserved for ADD A,lo 88F Cb 10 A
message. goo 0008 LD l'lL 891 77 SFs o
Blank goz 00 oo 892 21 00 08 8E8  0f
LD HL,903 803 210309 Ln A W 895 3EF8 8Eq 1
iBAS. B Ae e WD i o
LD 0
INC[HL 809 23 CALL 01Bo 899 CD Bo 01 ggg ?f\
LD A,00 80A 3E 00 POP HL 89C Ei 8FD 1A
o cl'lL 4 # D Al-h.. A 8oF ;;: =
9 )y
L,gfnl 80E 21 11 09 CALL 0270 8Ao CD 70 02
811 3E 20 JROSBE  8A3 1819 PUSHAF  Boo Fs
Ip uh.), 813 77 LD A,(HL) 8A5 7E PUSH BC  Bo1 Cs
INC HL 814 23 CP 10 8Ab FE 10 PUSH DE Boz Ds
LD A,00 815 3Eo00 JR Z,08AD 8A8 2803 PUSH HL  Bos E§
LD HL, osa 818 121 49 08 LD (HL),A 8Ac 77 PUSH HL Bo7 Es
LD A,0 818 3E o1 D Hlﬁosw 8AD 2100 08 LD HL(9911) B08 2A 11 09
1ol ST e E .
LD 1 L,0012 0 1
LD B0 820 1600 é“ dt  aB3 5 IDALS??  HOF 3E 00
LD lf ,0865 822 FD 21 65 08 CALL 01Bo 8B4 CD Bo o1 LD ﬁl. A Bi1 7%
CALL ODOO g26 CD oo oD POP HL 8B El & Biz 2
AGED dgaser  fhaca L ogres  BSS B
cr 2 1d (HL),A  BI5
JR Z, 0826 82D 28 F7 CALL ozvo 8BB CD 70 02 1, gL.t’wo 4 Bit 210409
HL,0849  82F 21 49 08 LD A,3F  SBE 3E3F LD A,60 19 3E 00
83z 0o OUT A&o:) 8Co D3 01 H’L ‘A BIB 77
CP 01 833 FE o1 8Cz 3E8A BiC 1B
JR Z,083F 835 28 o8 OUT A,(02) 8C4 D3 o2 m A BiD 3E 24
CP 02 837 FE o2 HALT 8Ct 76 ﬁL‘) BIF 77
JR Z,0843 839 128 08 JP o802 8C7 €3 02 08 L’oh” B1o 21 35 OB
Y 14 s Messages: . <A 90 o AS B13 3E 01
JR, 084 83D 18 ob £5Sages: 8CB o1 LD l..), B13 77
LD A0 83F 3E oF 8CC oC ,{ Bt Do
JR “, S41 18 02 8CD o9 D DEogos B17 1104 09
LD A i 943 3E 28 8CE o5 LD €0 B2A OE 00
gun), 545 32 4D 08 SCE oD HL0B68 BiC 21 68 0B
848 3E( ) Do 12 LD B.os B1F 0b 06
out 848 D3 01 SD1 oo LD Aot B31 3E 01
LD A,(SYMBoL) 84C 3E( ) 8Dz 04 ﬂE), B3y 12
CALL 0400 850 C€Dog 09 D4 12 OUT {01),A B3¢ D3 ol
XORA T a3 SROE® R LD A(HL) B8 7E
B D2
IN A{o0) 857 DB 00 8D7 OF OUT (02),A B39 D3
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LIENS % SPIROIO ALIENS  SPIROID ALIENS % SPIROID ALIENS » SPIROID ALIENS *

<X

PIROID ALIENS » SPIROID ALIENS * SPIROID ALIENS % SPIROID

F_

CALL 0900
LD A.00
LD (DE),A
CALL 090E
INC HL
DEC DE
EX DE,HL

DEC Ll
EX DE,H
INC DE
DJINZ oB31
EXX

SLA (HL)
EXX

INC C

LD A,06
CPC

JP Z,0BSA
JP 082C

Exx
POP HL

LDlsoqu),HL
POP HL
Lnéoqos),HL
POP HL
POPDE
POPBC

POPAF
RETURN

LOOK-UP
TABLE
FOR
SPIRAL

PUSH AF
PUSH BC
PUSH HL
LD HL“)QO})
PUSH HL
LD HLgmu)
PUSH HL
LD B,o9

LD HL,0911
LD A,05

LD (HL),A
INC HL

LD A,00

LD &IiL),A
LD HL,0903
LD A,IF

LD (HL),A
INC HL

LD A,00
LDéﬁLLA
DEC HL
CALL 090E
DEC (HL)
LD A,o1
CP (HL

JP 2 0A2F
JP 0A22
DJNZ 0AIA
POP HL

LD (0911),HL
POP Hi
LD (0903),HL
POP HL
POP BC

POP AF
RETURN

BSF
Bbo
Bb3
Bé64
Bb§
Bé6b
Bb7
B6s
Bég
BbA
Bo6B
B6C
BbD

Aoo0
Aol
Ao2
A0}
Aod
Ao7

AoA E

AOB
AoD
Alo0
Al2
A13
A14
Alb
A17
Al1A
AIC
A1D
AlE
A20
Al1
A22
A2§
Azb
A28
A9
Az2C
A2F
A3l
A3
AlS
Alb
A39
A3A
A3B
A3C

22 11 09
E1
1z 03 09

LD AR Coo ED sF
CALLo3B5 Co2 CD Bs o3
AND 03 Cos Ebo3
LD E,A Co F
LD A,00 Co 3E 00
CPE CoA BB
JR Z 0Co0 CoB 28 F3
LD AE CoD 7B
CPC CoE Bg
JR Z oCoo CoF 283 EF
RETURN Ciy Co
PUSH HL Doo Es
PUSH BC Do1 C
LD HL,oDob Doz 21 0ob oD
LD B,o1 Do§ 06 01
LD AR D07 EDSF
DJINZ, oD07 D09 10 FC
AND o8 DoB Eé6 08
PUSH HL DoD Es
LD LH,0oD33 DoE 2133 0D
ADD AL Di1  8g
LD L,A D1z &F
LD E,HL D13 sE
LD HL,oD33 D14 21 330D
LD B,08 D17 06 08
LD ClsHL) D19 4E
INC HL DIA 123
LD A(HL) DIB 7E
DEC HL D1C 2B
LD (HL),A DID 77
INC HL DIE 2
DJNZ,0DIA DIF 10 F9
LD lpl’l,),c: D21 71
POP HL D22 E1
INC (HL) D23 34
LD A,20 D24 3E 20
CP ghﬂ D26 BE
JR Z,0D2F D27 128 0b
D29 FD 7300
i o
LODK-UP 2 I
TABLE I2E C9
FOR D2F 36 01
pannom D31 18 Fé
numeers D33 01
D34 o2
D35 o3
Dib o1
D37 o2
D38 o3
D39 o1
D3A o2
D3B 03

Finally, the listing at 0900 must be
inserted. This listing can be found in
issue 11 P 36, under the heading
ALIENS ATTACK RUN. This will

provide the sound for the game.

This completes the listing. Before
pushing H%SET, GO, it is a very good
idea to go through the complete
listing again and double-check each
of the machine code values. The
reason for this is to prevent the
prograin SELF OESTRUCTING. This
could happen if you placed the wrang
value in one of the locations which
caused the computer to write over
some of the contents of the program.

_ﬂ
PUSH & POP

PUSH and POP are very much like
PUSH and PULL. They are operations
which transfer the contents of a
register-pair to a holding area so that
the registers can be used for other
operations. This holding area 1is
called the STACK.

We say register PAIR because the
operations PUSH and POP require
that 2 registers be specified. Thus, if
the accumulator (Register A} is
required to be pushed onto the stack,
weé combine it with the FLAGS
register to get the register pair: AF.

There are a few  technical
complications concerning the
placement of bytes onto the stack but
these will not concern us at this
stage. It is sufficient to say that the
stack is located at the top end of the
RAM, {about 8 - 10 bytes from the
topjand as each new set of bytes is
placed on the stack. the pile grows
DOWNWARDS, towards the
program we are executing.

We have already seen the effect of
placing (PUSHING) more and maore
bytes onto the stack {issue 11, P. 12}
and for this reason we must use the
stack very carefully. Otherwise it will
increase downwards and and crash
into our program!

Basically we PUSH one pair of bytes
onto the stack (from say register-pair
AF) then push another pair of bytes
onto the stack from say register pair
HL. This will leave the accumulator
and HL registers free for other
operations.

If we want to get the 2 bytes of AF
from the stack. we must firstly POP
the two bytes from HL and then we
can get the AF pair. It is a simgle

principle of LAST ON, FIRST OF

Pushing and popping are very handy
instructions. By using a PUSH
instruction at the start of a routine
and a POP at the end, we can place a
routine such as adelayroutine, which
will not affect the registers at all, This
routine is said to be TRANSPARENT.

PUSHING and POPPING can take
place between the stack and register
pairs including the index registers.
This group consists of the following:
AF, BC, DE, HL.IX and 1Y.

Itis interesting to note that the bytes
are pushed onto the stack HIGH
BYTE first, then LOW BYTE. They
come off the stack LOW BYTE then
HIGH BYTE. But because the stack
is increasing DOWNWARDS, each
byte placed onto the stack will have a
lower address!

In the programs we have presented
you can see PUSH and POP in
operation. The stack is a temporary
holding area and only the top pair can
be accessed.

% SPIROID ALIENS » SPIROID
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MORE PROGRAMS FOR
THE 8x8 DISPLAY:

The BxB matrix was a very popular
‘add-on’, with nearly every TEC
owner building up a display.

Here are some more programs for the
matrix, commencing with a simple
routine similar to the FAN OUT on
P.34 of issue 11,

FAN OUT MK 11
LD A,01 800 3E 01
ouUT H,A soz D3 o3
OUT (4),A S04 D3o4
RLA soé 07
PUSH AF [ 1 F§
CALL DELAY 8o CD o0 09
POP AF SoB Fi
INCA goC 31C
JP NZ 8oz goD C2 02 08
LD A,FE 810 JIEFE
ouT 3},.& 812 D303
OUT {4),A 814 Dio4
RLA g$16 o7
PUSH AF 81 F§
CALL DELAY #1 CD o0 09
POP AF $iB Fi1
DEC A 81C 3D
JP NZ 812 $iD Cz21208
JP 802 s20 C3o0z208
Delay at 0900:
y atos 11 FF 06

iB 7B B2

C2 03 09

Co

BOUNCING BALL
by G L Dunt, 3214,

Bouncing Ball is an extension of
‘ARQUND THE DISPLAY' (issue 11, P.29),

The diagram below shows the effect
produced by this program and by
varying the delay, it will appear as if
two or more LEDs are circulating the
display.

800 3E 01

D3 03
804 oE 08
8obé 3E 01
[ ] ] D3 04
S0A ﬂ)
soB 00 0C
80K
8oF B 07
11

oD
812 Cz o8 08

DELAY AT oCo0:

Type the first section into the TEC
and RUN. This will check the code-
values and prevent a major mistake.
Type the second stage and RUN.
Continue this way until the whola
program has been inserted.

8135 3E 02
817 D3 03
819 OE o8
$1B 3E 80
:1% D3 04

1
820 ﬂ: 00 0C
823 s
824 B oF
826 oD
827 Ca21Dos
82A 3JE 04
82C D303
82E oE o8
830 3Eo01
:;: D3 o4
835 8) 00 oC
838 78
83 CB o7
83 oD
83C C2 3208
83F 3E o8
841 D3 03
843 OE 08
845 3E 80
o
S$4A z:n 00 0C
84D -g
S$4E B oF
850 oD
851 C2 47 08
854 3E 10
856 D3o3
858 oK 08
$5A 3E o0
85C D3 o4

26 TALKING ELECTRONICS No. 12

L4 3E 20
[l Dg 03
S6éD OE o8

GF 3E80
:;; D3 04
7 B
87 B oF
87A

oD
87B C2 7108

:zoﬂ 3E 40
D3 03

882 OE o8

884 3IEO1

::: D3 04

88 & 00 oC

88 z:l

(1)) B o7

ssF oD

s90 Cz28b6o08

893 3IE8

89s D303

897 OE o8

899 3E 80

9B D3 o4

89D g

89E D o0 oC

sA1 78

8A2 CBoF

SA4 ©D

8As Cz29B o8

8A8 3E o1

SAA D3 o4

BAC ©oE0b

SAE 3E 40

$Bo D303

$B2 g

s$B3 D 00 oC

SBb 8

S$B7 B OF

$Bg oD

SBA Cz2 Boo$

SBD C3 00 08
JUMPING LEDs.

- by G L Duat, 3219,

This program demonstrates multi-
plexing in an easily understood

0
A\ | O
4

ﬂ k’ (-]
By adjusting the SPEED CONTROL,

the flickering effect of each LED will

be speeded-up to give a steady
pattern.




LD A, 800 3E 01
Siile & B
3
CALL kLAY 806 CD 00 0C
Ras BB
3 03
Ln A, zo’ 80D 3}?
‘R 8oF D3 04
c.u.l. ELAY 811 CDooocC
I..D A 04 814 3E 04
31é DJ 03
818 D3o4
CALL i:unr 81A CD 00 oC
LD A,08 81D 3E 08
(3), siF Ds o3
Ll) A 821 3E 8o
QUT ( ﬂ 823 D3yo4q
CALL hl.mr 825 CD 90 oC
828 3E 10
OUT 82A D3 03
OUT 82C D3 o4
CALL i-:l.mr 82E CD o0 oC
LD A2 831 3E 20
OUT h), 833 D3 03
LD A,02 835 3E 02
ouUT (:g 837 D3 04
CALL DELAY 839 CD oooC
Ll) A,40 83C 3E 40
oUT 3 A 83E D3 03
OUT 840 D3 04
CALL tLAf 8§42 CD 00 oC
LD A 80 845 3E 80
OUT (3),A 847 D303
LD A,0 849 3E 08
oUT (:g 84B D3 04
CALL DELAY 84D CD 0o oC
JP 0800 850 C3 00 08
DELAY at 0Coo:
11 oF oF
1B
"B
B2
C2 03 oC
Co

Change delay to these values to
create the full multiplexing efiect.

0Coo;
at o€ 11 oD o1

11 6F 00

PRODUCING A LETTER

This extension to JUMPING LEOs
program produces a letter of the
alphabet. It will show the flexibility of
multiplexing. Any figure or shape can
be created on the screen.

The letter we will produce is the |etter
‘A'. This will be semewhat dimmer
than when displaying one or two
LEDs due to the current limitation of
the latch at port 3. It cannot supply
sufficient current to turn on BLEDs at
the same time. A set of emitter-
follower transistors would cure the
problem.

LD B,os 800 06 08
LD Ao 802 3E 01
3{)} 1""'3““ 204 21 00 oB
0 )
PUS R’F so; B3 03

F
LD A, o
OUT ‘B og g
ELAY

To reduce the flicker even mare,
change the value of B for FF to §0{or
similar value). If the display is too
dim, try our next modificetion:

INCREASING THE
BRIGHTNESS OF THE 8x8

The brightness of the BxB can be

]cﬂACLHL :0]) CD 00 oA dramatically improved by sourcing
POP AF s:: }_-31 the display with a set of transistors.
%g ﬁ gu CB o7 These are soldered under the PC in a
JP NZ 807 8:2 %52 07 o8 row similar to the 8 sinking
transistors. Den't forget to cut the PC
JP oo 818 C3 00 08 tracks to each of the golumns of LEDs
before starting assemﬂ.
Delay at 0A00: Ev
11 oF o1 ——
iB
78
B2
C2 03 0A -
‘L NNNN NN
at oBoo: c
N
BYTE TABLE BC338 S
for letter A: B N
1F
1
3F 7418273 11 | 573 E
64 or 74LS8374
b4 or 7418377
3F 1
iF —
00

PODUCING A SHORT DELAY

When running the letter program
above. you will find a disturbing
flickering produced by the scan
routine. This is basically due to the
number of operations which must be
carried out by the ZBO for each
complete cycle of the program.

This takes a lot of clock cycles and
the scan speed cannot be increased
without increasing the clock
frequency.

The solution is to provide a delay
routine which requires less clock
cycles for each loop.

This can be done by using the B
register and an auto decrement
function IDJNZ. This will auto-

matically decrement register B until it

becomes zero.

At 0A00 the following delay routine
is inserted:

PUSH BC Cs

D B,FF 06 FF
n.mi 10 FE
POP BC C1
Return Co

Note: The B register must be pushed
onte the stack before it can be used
as a decrementing register as it is
alreay used in the main program to
count the number of DATA BYTES.

This will enable you to start experi-
menting with different letters and
shapes on the display and allow you
to see them in a brightly lit room.

We will continue next issue with
running these letters across the
display in a similar manner to the
running signs in shop windows etc,

AND

NEXT MowTH.
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Gonnecting the TEG to a:

—

Parts: $24.80 PC board: $3.80

PRINTER/PLOTTER

+5 VOL

T0 WAIT ON TEC

DATA BUS

e ]
rd
o

a

_ FROM EXPAN

ADDRESS BUS

|~ MU Dt M= MM

MEMORY SELECT 03

TO PRINTER

1/Q SELECT 06

Buy a Dick Smith VZ 200
Printer-Plotter.

This project explains how to directly
access (talk to)] a PRINTER/
PLOTTER. We have used the most
readily available printet/plotter as it
is not only the cheapest. but can be
obtained from a number of suppliers.

Talking to one of these clever little
performers is not very involved when
you know how. But without the
correct information it will remain
complately DEAD. When you know
how to supply it with the right stuff, it
will do practically anything bar talk to
you,

Actually you only have to sand it the
necessary codes to produce the
character, all the creation of the
shapa of the symbol is done by the
chip within the printer.

Not only do these printer/plottars
accept instructions to produce
numbers letters and' symbols, but
they can also be told to rotate, plot,
vary the size of the characters and
move in almost any diraction.

Printer/Plotter circuit

There is a two-way interaction
between printer and computer. Data
is sent to the printer faster than it can
be executed and to save holding up
the computer, it is deposited in a
FIFO register in blocks of about 4
bytes {in our case). Larger computers
can he instructed to go away and
execute other work while the FIFO
register empties.

Bursts of date are transmitted like
this until the whole program is
executed.

As we have used a standard printer, it
is obvious that it has been designed
to connect to any computer which
has a normal, full-size, key-board so
that each key will produce the
corresponding letter on the paper.

But this luxury is not absolutely
necessary as the computer merely
produces a code number which is
sant to the printer.

The code number {or value) is called
an ASCIH numberor ASCII CODE and
fortunately is identical for all types
and models of personal computers.

The secret to getting the printer
tc work an the TEC is the latch
chip. 1t holds the data long
enough for the printer to read it,

PARTS LIST
1 . 100n mono block
- 4049

74L8273
- 2716 {programmad)

— o —h

- 14 pin IC socket

- 20 pin 1C socket

- 24 pin {C socket

- 24 pin wire-wrap socket
- 24 pin DIP HEADER

bl ol el —h

1 - 36 pin Centronics type plug.
tinned copper wire
hock-up flex

3 - ‘quick connect’ pins and sockets

FRINTER INTERFACE PC BOARD
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Each of the letters, numbers and
symbols is shown in the table below
and the corresponding hex value
must be used for the symbol to
appear on the paper.

PRINTER/PLOTTER ASCII VALUES:

Try obtaining all the letters, numbers
and characters by following through
the table.

Try the following sequence and you
will see a word appear:
4

49 4E 43 52 45 44 49 42 4C 45

For the hex value 49, the letter | will
be printed. Press each number only
ONCE. The first press will appear to
have no effect. but as soon as the
second button is pressed. the |etter !
will be printed.

smce 20 10 30 [ 40[P s50) ¢ 60}p 70
w082 21[1 315 41]Q 51]0 61f 71
L5 oa|" 22[2 32|8 42|R 52|b 62]7 72
cr opf# 23(3 33[C 43]S 53|c 63[s 73
pc111 |9 24 |4 34 [0 44| T s4]d 64]t 74
pc212 |% 25 |5 35 |5 45|U 55)|e 65|u 75

welD [ 26 |0 36]F 46|V 56| 66]v 76
17 217 37]6 a7|u 7|9 67[w 77

* 28 |S 38| 48|x 58|h 68|x 78

“ 2019 39]  4g|Y 59|, 68|y 79

[+ 28]z 3n]. aa J’E sal 6Alz A
oerone 0B | ~ 2B |3 BB.: < 4B r'L_. 5Bk 6B _ZL 78
— |. 2¢| ac| 4c|- 5C|( 6C|: 7C

20]|= 30|~ 4b|; 8D|m 6D]) 70

. 2E|> 3E|. 4E|~ BE|n BE{~

2F 4F| ©SF |o BF|H

PRINTER INTERFACE TEC - 1/1A

Be very careful not to press button-
sequence 11 or 12 as this will cause
the mode to change and everything
will appear to ‘lock-out’,

Try writing a sentence using the hex
key pad. it's siow but eventually gets
you there, A space between words is
created by typing 20.

|

Any sentence you send to the printer
via the keyboard can be re-presented
again and again if placed intoc memory
before-hand. it can also be corrected
and adjusted {within limits}. To do
this, place the data at 0800 and call a
program at 1080,

Insert the following at 0800:

494E 435245 44 49424C 452020
48 §5 4C 4B oD oA 1D FF.

Push ADdress 1880 GO GO.

Recall it again by pressing:
ADdress 1880 EB GO.

THE LIST PROGRAM

This program lists any part of the
EPROM,. RAM or any additional
memory you add to your TEC. In fact
the first thing you can do is get a
print-out of your MONitor ROM.

Many readers have written
requesting a listing of the MONitor
and now they can produce it

themselves.

But before you can get a listing, you
must make a modification to the

operation to the printer. This involves
setting the two switches under the
printer:

i

The PC layout for the

|

-
¢

Printer/Plotter. The
overlay and parts
positioning can he
gained from the photo
on P 31.
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| _
This is how to do it.

On the bottom of the printer is a small
plete. Undo the screws and remove
the plate. Inside you will find a bank
of 4 switches. Switch 1 shouldbe in
the OFF position and switch 2 in the
ON position. Don’'t worry about
switch 3 and 4.

Whan the switches are set like this,
CR (carriage Return) will set the
print-head to tha left of the paper
without feeding the paper forward.
The paper can then be fad forward by
using LF (Lige Feed). The switches
should be set like this because the
program in ROM automatically line
feeds after each carriage return. If the
switches are not set like this, the
typing will be double line spaced.

into the TEC:

Enter the followin
GO:

ADdress 1800 G

The display will go blank and the
printer will CR and LF. Now enter
0000 and the printer will start printing
out characters in pairs. This is a
listing of the contents of your monitor
ROM.

Iif you want a listing of any of the
ptograms you have typed into
memory, start at 0800 or where your
program starts, and enter a 4-digit
number into the keyboard. It mustbe
4 digits, so don’t forget the leading 0.

The text mode is not very interesting.
After all, we have seen electric/
electronic typewriters for years, But
for a print-head to produce
GRAPHICS! That's different!

GRAPHICS MODE

The program at 1880 can aiso be used
to generate graphics on the printer.

Remember, all information must ba
programmed into the printer in ASCII.

Type the program below into the
TEC's memory at 0800, An FF is
piaced after the last piece of data to
signify the end of a program. Now run
the program at 1880 by pressing
ADdress 1880 GO GO.

at 0800: 0OA oD 12 49 2C g
38 30 2C 30 2C 38 30 2C 2
38 30 2C 30 2C 2D 38 30 2
30 2C 30 oD FF.

The printer wiil draw a square.

Look at the listing. it may look
compiex but can be easily decoded
using the table. |t will decode to this:

OA = LF = Line Feed.

OD = CR = Carriage Return

12 = DC2 = Graphic Mode

49 = | = sets the pen's location as

co-ordinates 0.0.

2C =, =Separates | from D

44 = D = draw from present location
to the co-ordinate given by the

next byte(s) of data.

38=28

30=0

2C =,

30=0

2C =,

38=28

30=0

2C

2D

38 =8

30=0

2C =,

30=0

2C

2D

38=8

30=0

2C =,

30=0

2C =,

30=0

OD = CR = carriage return

FF = signifies end of program.

The printer uses a co-ordinate system
exactly like the x.y axis used to draw
graphs. The origin is 0.0 {or 00,00)
and the positive direction of x and y is
shown on the diagram.

‘V

The co-ordinates of the corners of
the box are shown in this diagram.
This clearly shows haow the values
are obtained.

sermssasies. 1

0,-80 80,-80

The program can be separated into 4
sections, each drawing one side of
the box.This will show how the
program goes together.

The following program produces the
top of the square:

at 0800
30 oD F¥.

ADdress 1880 GO GO.

e 0AOD 12 492C 4438

The result will be:

Let us produce a line the full width of
the paper. For this you will need a 3-
digit value. The printer is capable of
accepting a value as high as 999 (also
-999) but this will be too high for our
width of paper. Try 300,

The ASCII value is 33 30 30.

at 0800:
0A 0D 12 49 2C 44 33 30 30 2C 30
oD FF

Press ;\Ddress 1880 GO GO,

The final 0I) is important to get the
printer to execute the graphics
command.

The value 300 will not quiie reach the
far side of the paper. Try 4§0. This
will be about the longestline possible
and don't forget to use the ASCII
values in the program.

Shorten the side of the box to 80 and
continue with the experiment.

The second side of the box will be
produced at an angle other than 90°
by inserting the following co-
ordinates: %0, -80

at 0800:
0A0D 12492C4438302C302C 35
30 2C 2D 38 30 OD FF,

Run the program. Does it produce
two sides of an irregular figure?

The next side will be produced as
follows:

0A oD 12 49 2C 44 38 30 2C 30 2C
35 30 2C 2D 38 30 2C 31 35 30 2C
2D 38 30 0D FF.

Run the program and see the result.

Finallﬁ:
0A oD 12 49 2C 44 38 30 2C 30 2C
35 30 2C 2D 38 30 2C 31 35 30
2C2D38302C0A0D 111D oD FF.

Produce other shapes and you will
understand how to plot co-ordinates.
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HEX

The second shape we will investigate
is a HEXAGON.

To produce this shape you need to
know the value of the internal angle
and produce a 30° 60° 90° triangle as
shown. This will give you the length
of the sides of the triangle and from
this the first set of co-ordinates can
be obtained (25,43) These values are
1/4 of 100, 173, which are the
tengths of the sides of the triangle.

(25"'3 (75,43

[
v/ s
b ! 100,0

2NN *)

0,0 250
‘\
Czs,-:.s 75,43
The second co-ordinate, 75.43 s

found by adding 50 to the value 25.
Continue around the hex shape until
the figure is closed.

This is the listing for the printer:

at 0800:

12 49 oD 44 32 35 2C 34 33 2 C3
352C 34332C31303012C3
37352C2D 34332C 32352 Czl)
34 33 2C 30 2C 30 oD FF.

o's and X's

The new instruction with this shape
is the MOVE command.— 4 [

This instructs the pen to lift from the
page and move to a specified location
without drawing on the paper.

Here is the listing and the shape
which will be drawn:

0800 0A 0D 12 49 oD 44 31
0808 30 2C 30 oD 4D 36 39
0810 36 30 oD 44 36 30 2C
0818 31 32 30 OD 4D 30 2C
0820 36 30 oD 44 31 38 3o
0828 2D 36 30 OD 4D 31 32
0830 2C 36 30 OD 44 31 32
0838 2C 2D 31 32 30 OD FF

This is a decoding of the first part of
the listing. This will be sufficient to
understand how the program is
written.

0A = LF =Line Feed

OD = CR =Carriage Return

12 = DC2 = Graphics Mode

49 = | = initialize the co-ords 0,0

0D = CR = signifies the end of the
previous command, It does not
cause the carriage to return but
enables the previous command

to be carried out.
44 = D = Draw

31 =1
38 =28
30=0
2C =,
30=0

0D = CR = end of draw statement,

4D = M = Move. The penis instructed
to move without drawing.

36 =6

30=0

2C =,

36=6

30=90

0D = CR End of Move statement.
44 = D = Draw

36 =6
30=0
ate.
ete.

6060

- :480,0

i

L]
-

-‘h-:‘

'%0,-60

-

4_--.‘—-‘-1-:-4-.--._

o
e

60,"120 120,-120

This diagram shows the value of the
co-ordinates required to draw the
shape.

Copy out the complete listing and
decode it to prove that the path taken
by the print-head is as shown in the
diagram.

ADdress 1880 to use.

38
2C
2D
2D
2C
30

30

WAR GAMER'S DELIGHT

The full impact of this effect is shown
on the next page.

The first thing you notice about the
program is a set of values st the
beginning which the printer does not
recognise. This means they must be
Machine Code vealues for an
‘operations’ pregram for the Z80. And
they are.

The program produces a honey-comb
pattern.

Anyone into war games will soon
recognise the possibilities of the
honey-comb as a playing board. The i
reason is each block has 6 borders,
increasing the possible moves and
thus the strategy. over a regular field
of squares.

This shape is created using a picture
eiement of a hexagon attached to a
straight line thus:

This pattern is repeated 4 times
across the paper and thena moveto a
new starting point-450,-86 down the

paper.

The co-ordinates of the new starting
point can be explained as follows:

After each picture element is drawn,
the printer is initialized. This means
that the present co-ordinate of the
pen is taken as 00,00.

This gives us a value 0f 450,00 for the
commencement of the 4th picture
element with reference to the origin.

The next row of hexagons commence
at the left-hand edge, which is -450
with reference to the above X co-
ordinate and a y value of -8B6, with
reference to the y value above. |

The only way to understand how the
honey-comb has been produced is to
decode the listing.lt contains two
loops, one to draw the picture
element and the other to count-to-4
across the screen.

Write each of the ASCII codes in a
single file and alongside it place the
printer value it reprasants.

You can experiment further by W
making the hexagons smaller. This
will use a 2-digit ASCII value for the
iength of the sides. In the program,
the original 3-digit ASCIl values have
been converted to 2-digit by using 00
for the 3rd value.
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| g WAR GAMER’S DELIGHT

The first 18H bytes ( 31 bytes is the DATA FOR PRINTER: d
MAIN program and this contains the soo o6 LD B,o4 820 12 Graphics Mode
instructions to fetch one byte of data 805 04 821 4;’ Initialize
from the printer program and send it so2 21 LD HL,0820 822 oD CR s p CR
to the printer. 803 120 823 44 Draw 4; 0
8o4 08 824 32 12 848 4D Move
Data for the printer is stored in the  gog§ 7E LD A,(HL) 82§ 35 § g‘"A 31 ‘l,
form of a BYTE TABLE and starts at  gob FE CP FF 826 2C , .43 30 9
0820. 807 FF 827 34 4 ‘40 30
808 28 JRZ o5 828 33 3 S48 3€
The main program is divided intotwo 809 0§ g2g 2C , 84E 3% %R
separate parts. 0800 - 080F is a loop 80 D3 OUT (ob),A 82A 37 7 341" 0 b
which loads the printer program and soB ob 82B 35§ § 540 44 raw
runs it 4 times, 80C 23 INCHL g2C 2C Bgl 31 ;
811 - 81D loads the data for the  Sop 18 JRFb e 2P 34 82 30 o
MOVE commands and each piece of goE b DINZ F g2F 2C , 853 1C ,
data is sent to the printer until FF is oF 10 Z F1 15 no2, 870 31 | 854 30 O
detected 810 F1 3 855 oD CR
) 811 21 LD HL 0860 831 30 O si r¢ End
The count-to-4  operation is 812 60 832 30 O
performed by DJNZ (at 80F) which 813 08 833 2C , Data for
automatically decrements register B 814 7E LD A,(HL) 834 30 0 MOVE COMMANDS:
by ONE on each pass of the locop until 81s FE CpP Ff 835 2C , 860 4D Mov :
it becomes zero. 816 FF 836 37 7 81 2D - e
817 28 JRZE7 ..o 837 35 5 862 34 4
The program then advances to 818 E7 g38 2C 8t 35 o
loading HL register-pair with the 819 D3 OUT (06),A 839 2D - 863 3 o
contents of memory location 0860 81A 06 83A 34 4 864 2C
and this instruct the print-head to 81B 23 INCHL 83B 33 3 Bbg b !
move to the teft-hand edge and down 81C 18 JR Fb a4 ssCc 1C , 86 38 8
the paper to a new starting point. The 81D Fb 83D 32 12 Sbg 36 6
main program then jumps to the start 8tE FF NOTUSEO gS% ;% 5 g8t OD CR
Lﬂl.?O)D) via instruction JR Z E7 (at 81F FF NOT USED 330 2D ' 86A FF End
3
42 J
843 2C ,
844 30 O
845 2 y
846 30 O

JBUB ¥6 BE 21 20 @8 Pt FL *
IB0E 28 €5 23 ¥6 23 18 Fb 1@
»B8lad F1 2] 6@ @8 VE FE FF 2
2818 £7 D3 @6 23 '8 Fb FF FF
2822 1% 49 91 44 31 35 2C 32
vwe2z 36 2C 34 3% 2C 32 3a 2C
X _ / Bo32 20 36 39 2C 32 27 34 35
V80Y 086 84 21 20 @8 JE FE FF 2838 2C 20 32 36 27 3! 35 2C

P8P8 28 @S D3 B6 23 18 F6 19 2840 20 32 36 20 3@ 2C 3@ @D
" P81@ F1 21 60 98 PE FE F 28 2845 40 00 37 3¢ 2C 39 BN 44
8818 E»2 D3 86 23 18 F6 FF FF BES3D 339 38 V¥ 20 38 2D FF FF
9820 12 48 @D 44 32 35 2C 34 B8SE -F FF F+ L KL SF FFE FF
- 89828 33 2C 37 35 2C 39 33 2( 0852 0 2C 34 3% 3@ 20 20 3%

9839 31 3¢ 30 2C 38 2C 37 35 B8EB 32 8D FF
9838 2C 20 34 33 2C 32 35 2 ' -
2849 20 34 33 2C 30 2C 39 9G
9848 4D 31 3@ 30 2C 30 20 44
2859 31 35 30 2C 38 80 FF FF
8858 FF FF FF FF FF FF FF FF
286@ 40 20 39 35 30 2C 20 38
@868 36 9D FF
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Being able to draw some of the basic
shapes { as we have shown), opens
up a whole new world of computer
graphics.

If we take the box-shape, we can
produce a very effective pattern
simply by re-defining the start co-
ordinates and repeating the shape
many times. The result can be any-
thing from a ‘check-tie’ toanirregular
octogon.

The colourful patterns which can be
ohtained {of which we csn only see
the result in bilack and white} is
produced by a combinatien of
drawing, shifting and colour-
changing. The first of these to he
investigated will be an irregular
octegon or DIAMONDO.

We have already outlined the
structure of the program and briefly it
is a set of instructions which are
loops. Each sets a particular
condition and then decrements on
each pass.

For the diamond shape, a square is
generated at the origin, 00,00 via the
program at 0880, 'Fhe lengths of
the sides of the square are 80,
When the 4 sides have been drawn,
the pen lifts off the paper and moves
to a new origin with co-ordinates
04.04. The program is now up to
location OBSCE it then jumps to 0542.
The contents of the accumulator
(which is the value at location 0860
l.e. 00) is loaded into 089A. Register
pair DE s incremented and now looks
at location 0861. The value 34 is
loaded into the accumulator. At 0847
the contents of the accumuiator is
loaded into location 0898,

So far, the program at 0880 has not
been aitered but the next two sets of

. 800 ob o6 3E oA D3 06 10 FC
: 808 3E 12 D3 o6 11 60 08 06
810 08 C5 ob 04 21 80 o8 JE
818 FE FF CA 23 o8 D3 o¢ 23
820 C3 17 o8 10 EF 3E 11 D3
828 o6 3E 1D D3 ot AF D3 0b
830 3F 12 D3 ob Ci1 10 DA 1A
838 FE FF C2 42 08 3E 11 D3
840 06 C7 32 9A o8 13 1A 132
848 9B 08 13 1A 32 9D o8 13
850 1A 32 9E o8 13 C3 OF 08
Bie 90 35 39 & 2p 34 D 34
0 00 34 2D 34
868 20D 34 oo 34 FF FF FF F
870 FF FF FF FF FF FF FF FF
878 FF FF FF FF FF FF FF FF
_ 880 49 2C 44 38 30 2C 3 2C
3 888 38 30 2C 2D 38 30 2C 30
maEmE KNl B
TR 9 00 3
N gAo FF FF FF FF FF FF FF FF
load instructions will changethedata The Machine Code
at.aqn_g 89E from 00 34 to 2D 34and  listin g required to
this will create the movement in the produce the IAMOND.

negative direction.

Complete decoding of the above listing,
with explanations.

800
8oz
804
80b
808
80A
8oC
SoF
811
812
814
817
818
81A
81D
81F
810
823
825
827
829
828
82D
82E
830
832
834
835
837
838
83A
83D
8$3F
841
842
845
840
847
84A
848
84C
84D
S$4E
84F
8so
851

0b
0A
0b
FC
12

0b

60 08
08

04
80 08

FF
23 o8
06

17 08
E

42 08
11
ob

9A 08
98

9D 08

9E 08
oF 08

LD B,0b
!ill)rif‘L {00, A
06),
mmf 00)04
LD A,12
OUT ge%,A
LD DE,o860
LD B.,o8
PUSH BC
LD B,o4
1B ety
CP FF
JP Z,0823
ouUT lsob),A
INC HL
JP 0817
DJNZ 0814
LD A, 11
OUT (06),A
oUT ,118) A
0b),
XOR 51
OUT (06),A
Iéll)né ’li) A
06),
POP ﬁc
b
CP FF
JP NZ,0842
LD A,11
OUT (06),A
RST 0
LD
INC
LD A,(DE)
LD (089B8),A
INC DE
LD A,&DE))
LD (089D),A
INCD
D@ DE%]A
089
mc(m-: !
JP 080F

089A),A
(nf-:’)

toad B with @

Loat A with the Forward Fead instruction

RUT 10 the printer pert

treato 6 ioops. ef farward feed

Selact the Graphics Mode

QUT 1e the printer

iL.oad DE with start of Oirection Change TABLE

Sets numbor ef colewr changes hefere o dirction change
Save B. B must be paired with € to be saved )
Sats number of squares for aach celour

Load HL with start of DRAWING TABLE

Load the daea a1 BBO into A

detosts ond ef TARLE

At end of tablo. jump 1o B23

OUT date vatua at BEQ 1o printer

Increcnent ta 881, BB2 ete

Jump to 837 w incremiant through Brawing Teble
Leap ORAWING TABLE 4 times

Changed to TEXT MDDE

OUT to printes

NEXT COLOUR

QT 1o printer

Claar A,

OUT to printer

Selsct GRAPHICS MODE

GUT o printar

Get B from STACK. Actuelty 8C.

Oecremamt B and jump 1o BT1 for 6 loops

Lead A with-data pt-B60 elc

Deatects end of BIRECTION CHANGE pregram

If gt zarg, jumpate 842

If zevo, change 1o TEXT MODE

DUT 1o printer

END OF PROGRAM.% % & % % % % % % & &
Louet firsi byte of Dircation Changa 1shle into locetien 088“ )
Increrbent DIRECTION CHANGE table

Lond next byte of Directioa Change table into A

Loed this byte inte Iscation 0898

Increment ths DIRECTION CHANGE tnble

Load thea third byta into the accumuinter

Lead this third byte into icaction 0890

tncramnnt the OIRECTIDN CHANGE TABLE

Lond the faurth byte of the direction change tablo into. A
Laad this laurth byte into location D8SE

tncremant the BIRECTION CHANGE table rendy for next
Jump te BOF o cammence the naat diregtion I
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The program will then jump to SOF
and draw the second side of the
diamond.

On the next pass, the register pair DE
will be looking at locations 0864,
m‘, .‘.‘, end 0.‘7. This will
change locations S69A, 0898, 089D
and G89E to 2D 34 2D 34 and thus
the third side of tha diamond will be
drawn.

Via the same reasoning, the 4th side
of tha diamond will be completed.

60 00 O 880 49 =1 - .
861 4 881 2C = 38 3: == s9s oD = CR
stz 2D - s =b H D=M
$3 34 4 o WCyw HE-=. A il
: 21, 4 -+ §SF 30 =0 9 =
=.‘ 4 30 =0 890 2C =, 98B 3& = 4

5 31’ 4 88§ 2C =, 891 2D == ®9C 20 =,
geé 2D - 86 30 =0 892 38 =83 89D 00 =0
86 31’ 4 llz 2C = 893 30 =0 OE 3}) =$
868 2D - ss 38 =4 894 2C = 89F oD =CR

]
g6y 34 4 889 30 =0 8 o =0 SAo FF =end
1 95 3

S6A 00 O 8sA 2C = x 896 2C =
B 34 4 8B 2D = — *.,7 30 =0 ‘

Try experimenting and changing
this program to produce other
patterns. We have included two
examples on the right and will be
continuing with these and more
‘add-ons’ in the next issue.

The aim of COMPUTER
GRAPHICS is to be abte to
produce ‘forms’ and ruled work
for invoices etc. and place
information in correct locations.
It also gives you an understanding
of ROBOT movement, an area
we all would like to investigate.

The l)l‘lg:tion Change table and Prawing table

with decoded values.

¢
i ottt
b T .
.S ir ::;‘:t"? I
<~ g s iy
] 1y ady,
Ak _*""' el bepd
S N i¢ R 3
b sEnrhg
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MON-1B

LOOKING AT THE REGISTERS

The MONITOR ROM for the TEC-1A .

{it can also be fitted tothe TEC-1} isa
MON-18. This ROM has the facility
for looking at the registars.

This ROM is the result of a numbaer of
requests from reeders who needed to
look at the contents of the various
registers during the running of a
program.

If you would like one of these up-
dated ROMs, send your MON-1 or
MON-1A plus $3.00 postage and we
will re-burn your EPROM to include
the additione] instructions.

There is a limit to when and where
you can use the register facility but it
can help enormously with dabugging
programs.

For instance, it can let you know the
progress of a program or delay
routine simply by interrupting it part
way through.

The way this facility works is as
follows:

If you reset the computer while it is
executing a program, by pressing the
raset button ONCE, the contants of
each of the registers is pushed onto a
stack.

This steck starts at OFF0 and
increases downwerds to SFD8.

To look at any of the registers, press
reset once and kay the address of the
register you want to look at.
The following list identifies the
location of each register:

Mem ADD: Reg:
oFFo
OFEF
OFEE
oFED
oFEC

MmO

=
4
F 4
')
-

stzck MSB
Pointer LSB

oFD

Note: Reset clears tha | register and
thus it will always equal 00.

Use JP 0000 if you wish to look at I,

An aiternate method of saving the
registers is to insert a JP 00 00
instruction in the program at the
position you wish to investigate. This
will cause a JUMP to the beginning
of the MONITOR ROM where it will
find a jump to the register-save
routineg.

This will enable you to exit a program
at a pre-determined point and look at
the registers. The contents will be
shown in the data displays.

Pushing Reset twice will destroy the
information.

This is the program at 9§F0 which
performs the ‘REGISTER-SAVE’
operation. Don’t forget the Monitor
ROM has an instruction at 0000 to
Jump to 0§F0.

05F0 ED LD (OFD8),SP
05F4 31 LD SP.OFFO
05F7 F5 PUSH AF
05F8 C5 PUSH BC
05F9 D5 PUSH DE
05FA E5 PUSH HL
05FB DO PUSH IX
05FD FD PUSH IY
O5FF 08 EX AF,AF’
0600 D9 EXX

0601 F5 PUSH AF
0602 €5 PUSH BC
0603 ©D5 PUSH DE
0604 €5 PUSH HL
0605 ED LD A,
0607 F5 PUSH AF
060B C3 JP 0580
0608 FF RST 3BM
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mounted the regulator under the
hoard so that it would not be broken
off.

We have now upgraded the TEC to
model 1B and this has seen the
inclusion of a shift key.

This shift feature allows the keyboard

to have a second command for each

key and opens up a world of
possibilities.

Two functions which have been
tacking on the TEC are INSERT and
DELETE. With the addition of the
shift key, you will be able to make
corrections to your pregrams and
close up gaps as well 8s create
locations for new instructions.

Those who have already builtthe TEC
can add a shift key in one of two
ways. The lowar RESET key can be
converted into a SHIFT function by
wiring aresistor and diode into circuit
and connecting te the computer. The
only problem with this is the upper
RESET button. It will be difficult to
access when the Video Display unit is
mounted overthe Z-80/EPROM area.

A better solution is to drill 4 holes
near the lower RESET button and add
the necessary components under the
board.

The shift function is software
controlled and you will need the
updated MON 2 to get the shift key to
work.

The MON 2 also includes a few othar
improvements. The most noticeable
of these is the location of the STACK.
You will remember the original
position of the stack is very close to
the top of the 6116.

The main problem with this location
is not knowing how far you can
program before running the risk of
hitting the stack.

The MON 2 places the stack at 08C0
and allows up to €0 bytes to bé
stored. There is still arisk of crashing
the computer if a stack error occurs
as the stack grows down to 0000 and
rastarts at FFFF and will eventually
hit the top of your program. Betwean
CO and FF is a storage area for
pointers, restarts, display buffer,
keyboard buffer, register save ares
and for interrupts.

This means programming starts at
0900 up to OFFF with the on-board
6116 and you don‘t have the problem
of landing in the stack area.

You can upgrade to MON 2 by
sending in your ROM and it will be re-
burnt to MON 2. The cost is $3.50
plus $1.50 post.

Pin 15
7415138~

A shift butten, 47k resistor and signal
diode is available in a separate kit for
80C¢ and this will double the
capability of your computer.

T +5v

. ing
1N 4148 -80

47k

Shift
or—0

Adding Shift to TEC-1, TEC-1A

MON 2 has 6 other shift functions
and we are in the process of writing
more softwara for further functions.

By the time this issue is released, we
will have completed this writing and
will include documentation with the
chip.

The cost of the TEC has risen to
$88.00 end it looks like going even
higher as the exchange rate for the
Aust. dollar drops. But we want to
keep the computar below the magical
$100 mark for as long as possible.

We have now supplied over 1,000
computers, in 3 different models.
Only the earliest model has been
fully documented. The upgraded
versions very only slightly and you
should have no difficuity
constructing them.

The reason for this is the simplicity of
the board. Everything is fuily
identified on the overlay and requires
only simple assembly.

Chances are it will operate first go
but there is always a small possibility
that something will be overiooked
and it will not come on.

If you are caught in this situation,
here is a run down on how to go about
fixing it:

You will nged a LOGIC PROBE and a
MULTIMETER. A CONTINUITY
TESTER {te be presented in next
issue) will also be handy.

Firstly the visual checks:

If the displays fail to light-up and no
sound is heard from the speaker, the
most likely fault will be a broken
track or poor solder connection. Turn
the computer off and check each
track with a muitimeter switched to
LOW-OHMs.

The regulator should get quite hot
and should have 5v on the output
lead. It must have at least 8v on the
input lead to prevent voltage ‘drop-
out'.
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The Z-80 will get quite warm, as will
the output latch near the edge of the
board.

The jumper near pin 1 of each latch
should be checked. Only one must be
insarted for each latch. This means
you have two unused holes for each
latch.

Check each of the keys for correct
positioning. All flats must be DOWN.

The notch on each chip must also be
DOWN.

Make sure all the pins of the IC
sockets go through the holes in the
PC board and are properly soldered.
We have seen some pins doubled-up
under the socket and not making
contact with the tracks.

Check the capacitor near the speed
control. It must be 100pf - not 10.0n.
100pf is indicatad by 100" or ‘101" on
a caramic capacitor whereas 100n is
shown as ‘104’ on a mono block or
100nS on a blue body.

Check for non-soldered lands,
missing links and incorrectly
soldered links. We inspected one
project in which the builder had cut
the links to the exact iength BEFORE
soldering and consequently one link
did not go through the board
completely. It was too short to be
soldered but the builder didn’t notice.
He soldered the land with the result
that the link locked as though it was
soldered!

Finally check for solder-bridges
betwaen adjacent lands with a
multimeter set to LOW ohms.
Remove the chips to get an accurate
reading.

Now for the ‘in-depth’ diagnosis:

1. Turn the TEC on and chack for Sv
out of the regulator. Check POWER-
ON LED. Check for S5v on each of the
chips: 74L.S273-pin20. 2716 -Pin
24, 6116 - pin 24. 2-80 - pin 11,
4049 - pin 1 7418138 - pin 16.
7418923 - pin 20,

2. Check clock frequency by putting
togic probe onto pin 6 of Z-80.

3. Check RESET pinof Z-80 is HIGH.

4. Check NMI line. (pin 17 of the Z-
80). It will go LOW when a key is
pressed. If not, a switch may be faulty
or the keyboard scan oscillator may
not be working. Keyboard oscillator
is part of the 74C923 and the
frequency-setting capacitor and
debounce cap are the 100n and 1uf
electrolytic.

5. Check pin 19 of the Z-80 with a
logic probe. If it is not pulsing,
program is not getting through.



6. Logic probe pin 18 of the 2716.
Pulses on this pin show the ROM is
being accessed.

7. Pulses on pin 18 of the 6116 show
RAM is being accessed.

8. No pulses via checks 5, 6 or 7
indicate the full byte in an instruction
is not getting through. This may be
due to a fauity address or data line.

9. Check Do (pin 9 on the 2716. for
continuity to pin 9 of the 6116 and
also pin 14 of the Z-80.) Check the
other 7 data iines for continuity and
also the 11 address lines.

10. With all chips still in circuit,
check each pin with the one adjacent
to it, for the 2716, 6116 and Z-80.
Our continuity checker in issue 14
will be ideal but if you can’t wait, a
muitimeter can be used. Remember
protaction diodes are contained in
most chips and low value resistors
may be present on some lines. Low
values of resistance may be perfectly
acceptable - you are looking for zero
ohms or short-circuits between
tracks.

11. Check pin 20 of the Z2-80 - the
IN/JOUT REQUEST line. If it is not
pulsing, the output of the computer
may be putting aload on the data bus.

12. Remove the two output latehes
and place the negative lead of a
continuity testar on one of the pins.
Touch every other pin of the output
latch with the other lead. Move the
first lead and repeat until all pins have
been tested. Do the same with the
other latch.

This will check for shorts on the data
bus as well as between pins of the
display.

13 If these fail to locate the fault, ring
us at TE. We may be able to help you
over the phone. If not, send the TEC
in a jiffy padded bag and we will see
what the trouble is.

So far we have had about 20 TECs
sant in for checking and repair. About
8 of them suffered from voltage
surges. This occured when the
constructor shorted leads together
and/or dropped a screwdriver on the
back of the board when the TEC was
oparating. This cen damage the
EPROM, RAM and even the Z-80.

Don't let leads from the ‘add-ons’
dangl!e over the rest of the computer
or let tha SELECT leads touch each
other whan fitting them over the pins
on the PC board.

The TEC is really very robust.and we
haven't damaged a unit yet, even
though we have three in constantuse
and thay are lat running both day and
night.

If you are careful with construction

the TEC will work. But as with all
pieces of electronic equipment,
zxc:elelss voltage will sound e death
noll.

While on this subject, we repaired
two more unusual faults this month.

Both problems wera the same and
occured like this:

When the constructor was building
the TEC, one or more of the
components were soldered without
being fully pushed onto the board.

Some time later the constructor
discovered the fauit and proceeded to
push the component into piace while
trying to resolder the joint,

The result was the land broke away
form the copper track and created a
hairline fracture which was not
spotted.

If this occurs on either the address or
data bus, the TEC will fail to come on.

If this happens, the first pin to check
is each of the Chip Enable pins on the
two output latches.

If a probe on these pins show they
remain HIGH, they are not bsaing
accessed.

Next check the IN/QUT select chip
(below the expansion port) and see if
1t is being activated by the Z-80. No
mformation on pin 4 could indicate

that the program is not getting to the
Z-80,

This leads you to suspect either one
of the data lines or one or more of the
address lines. They may be broken,
with the resuit that the Z-80 is not
receiving a full byte of program.

Before you jump to this conclusion,
check the Chip Enable pin of the
EPROM (pin 18) and see that it is
LOW. This will mean the 2716 is
being accessed and it should be
talking to the Z-80.

If the Chip Enable pinis HIGH. go to
the ROM/RAM decoder (below the
clock chip) and check pin 4 to see
that the pin is being accessed.

If one bus line is missing, the Z-80
will get the wrong op-codes and the
program will not flow correctly.

Before we continue with pro-
gramming, here are a few notes on
assembling the TEC-1B as some
changes have been mada since the
original notes in issue numbar 10.

The regulator is placed under the PC
and boited to the board via a 6BA nut
and bolt. You can add heat fin if a
number of add-ons are to be driven,
but under normal circumstances, the
reyulator and board will dissipate the
12 to 2 watts of heat.

The electrolg-tic has beean changed to
1000mfd 25v and it lays flat on the
board to keep a low profile.

The display drivars are slim-line types
and 3 alternatives hava been allowed
for in the PC pattern. The overlay
shows which link s are to be added for
the type chasen. Only ONE link must
be used for each chip.

Finally a £-80 or Z-80A can be used
as the CPU chip. We are operating
the TEC at 100kHz to 500kHz and
this is well below the maximum
speed for either It\'xﬂe A Z-80 will
operate up to 2.5 z and Z-80A up
to 4MHaz.

If any of the keys bacome worn, their
contacts become erratic and some-
times a double-entry occurs. This can
be overcome by increasing the value
of the 1mfd on the 74¢923 keyboard
encoder to 4.7mfd or even T0Omfd.
This will mask out the contact
bounce and produce a single pulse.

A 100n up to 10mfd can be used
across the reset and it may be
necessary to use the higher value if
tha Z-80 does not reset properly.

A 10k or 20k cermet can be used as
the speed control and it can be aeither
a VTP or HTP type. The advantage of
a cermet means you can use your
fingers to turn the pot and don't
raquire a small screwdriver.

SHIFT

The latest addition to the TEC soft-
wara is a SHIFT function.

This enablas the number of functions
to be increasad from 4 to 24.

it means each of the buttons can be
programmed to perform a second
function when caombined with the
SHIFT button.

To access this second function the
SHIFT button must be pressed first
and kept prassed while the desired
key is pressad.

HOW OOES IT WORK?

The keyboard encoder uses 5 lines of
the data bus and theremaining 3iines
are not used.

The SHIFT button is connected to
one of these lines and the monitor
program re-writtan to detect its
status when the keyboard is read.

Five functions are currently available.
More are in the pipeline and their
details will be explained in future
articles.

The 5 functions are:

SHIFT +

This is the INSERT function. it moves
every byte in the program up to the
next higher location and inserts 00
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SIMPLIFYING PROGRAMS

One of the most important features of
machine code is the fact that it
accupies the least amount of
memory.

The sikill is to make use of this fact.

If we take the simple progran"u from
issue 12 page 21 (1st columny,
RuNNING SEGMENT A ACROSS TH
SCREEN", we can shorten the pro-
gram by using the following set of
instructions:

LD A, 01 800 3E 01
oOuUT 802 D3 02
ouUT 804 D3 02
PUS 8obd Fs
LD DE zoFF 80 11 FF 20
DEC DE 80 1B
LD A,E soB 7B
OR D 8oC B2
JR NZ 080A 8oD 20 FB
POP AF 8oF F1
RLCA 810 07
JR 0804 811 18 F1

This program saves 8 bytes but has
the disadvantage that the delay
routine cannot be used by any other
programs as it is hidden in the listing.

The delay could be placed apart if
desired.

Eight bytes may not seem many to
save but is a start to efficient
programming.

This is where the byte-saving
occured:

The instruction RLCA is a gne-byte
instruction to shift the contents ofthe
accumulator lett. {1t does not shift
through the carry bit but sets it, as
explained in data sheet 13.)

The listing contains a number of JR
instructions (and o displacement
byte). These are 2 byle instructions
whereas a CAL instruction
requires 3 hytes.

THE DISPLACEMENT BYTE.

As listings get longer and more
complex. the value of the displace-
ment byte requires a method for
determining its value.

When the jump is 5, 10 or 15 bytes
forward ar backward. the disptace-
ment value can be obtained by
counting the locations: such as 00,
01. 02, 03 or FE, FD, FC, FB, FA etc.
But when the jump is 20, 30 or more
locations, the value can be obtained
via a simple mathematical procedure.

Determining the value of the
displacement byte requires 6 steps.
By foliowing these you cannot make
& miistake.

Step 1. Count, via normal counting,
the number of bytes between the
displacement byte and the location
being jumped to. Include the location
you wish to land on. e.g: Take the
folinwing example:

The number of bytes between dis
and 1B are: 20, B2, 7B, 1B. These
are counted as 1, 2, 3, 4. Thus the
answer is 4.

We will select a higher value for our
problem to emphasise the need for
the procedure.

Suppose the number of locations we
wish to jump back is 49.

Step 2: Convert 49 to a HEX value by
dividing it by 16:

The answer is 31H
Step 3: Convert 31H to binary:

3 1
0011 0001
Step 4: Change each 1 to O and each
0Oto 1

Ans: 1100 1110

Step 5: Add 1 to the answer:

Ans: 1100 1111

Step 6: Convert to a HEX value:
C F

This is the value of the displacement
byte required to achieve a backward
jump of 49 bytes.

The machine code instruction will
depend on the JR condition and will
be one of the following:

28 CF, 20CF, ori18CF

The ste we have performed are
called T{"Uﬂ S CDMPLE?“ENT.

Using the knowledge we have
gained. we will improve the BACGK
and FORTH program from P 15 of
issue 12.

Mainly aiming at byte reduction, we
will include a BIT TESTING
instruction to prevent overshoot of
the displays. Bit 0 in the accumulator
is tested and if it is a '1°, the program
will cause a change in direction by
rotating the accumulator in the
oppasite direction.

With these alterations in the program
we will save about 12 bytes. Try the
program:

LD A,01 goo 3E 01

OUT (02),A 8oz D3 o2

OUT (01),A 8o4 D3 o1

CALL DELAY 806 CD 00 0A
RLCA go8 07

BIT 6,A 809 CB 77

JRZ 0804 8oB 28 Fb

RRCA goD OF

OUT (01),A SoE D3 o1

CALL DELAY 810 CD 000A

BIT o0,A 813 CB 47

JRZ oaon 815 28 Fb

JR 0809 817 18 Fo

at 0A00:

11 FF 20

1B

7R

B2

20 FB

F1

The program is required to test bit6 in
the accumulator. fitis found tobea
"1°, the contents of the accumulator
i5 shifted in the opposite direction.
Bit0is thentested and when found to
be '1°, the program jumps back and
shifts the accumulator in the original
direction.

BYTE TABLE. To use this table, the
byte following the JR instruction is
counted as BYTE ZERO. From this
byte you count in either the positive
or negative direction using decimal
counting.

4]
1
2
3
4
4H
G
?
H
9
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INTRODUCTION
TO COUNTING

A microprocessor system is ideally
suited to counting situations. It can
be programmed to count to any
particular number then sound an
alarm or operate a relay or even notify
the near-completion of a run.

it can count UP or DOWN as wel| as
count in sub-multiples.

Take the case of packing a box of TE
magazines.

Firstly the operator requires a count
of 10. Each 10 issues must be placed
in opposite directions in a box to
produce a level stack. The operator
then needs to know when a count of
140 is reached, which represents a
full box.

Finally the packers need to know
how many boxes of magazines have
been packed so that the delivery
docket can be filied out.

This is effectively 3 counters which
must ba interconnected to achived
the raquired result. Ideally an audible
signal shouid be produced at the end
of each count of 140 so that the
packer{s}] can concentrate (day
dream) on the job.

The chance of finding such a design is
almost nil, except wia individual
modules which will have toc be
connected together to create the
system. The cost of doing this would
be about $300!!

But with a microprocessor system
such as the TEC, all thase up-down
requirements are possible in the one
unit, by simply providing a program!

The art of producing a suitable
program is the content of this
section.

We will start from the beginning and
explain how counting is achieved,
how to interface a ‘count-button” and
progress to producing a 3-digit up-
down counter,

A count-down system is often used
as it can be pre-programmed with a
START VALUE and the counter
decrements to zero, |t then sounds a
bell, activates a relay and resets to
the pre-determined start-value.

After studying the 3-digit counter you
will be able to create a 4, 5 or 6 digit
counter and even incorporate sub-
values to facilitate packing etc.

The counter can also be designed to
have 2 concurrent tallies, one being
permanently displayed while the
other is available on call-up via the
press of a button.

They would be displayed for a few
seconds and fall back into memory.

Absolutely any combination,
application or requirement can be
catered for, it only requires
programming.

To make it easy to understand, we
have started with a simple program.
But, as explained, this type of
program soon runs out of capability.
Thus a more complex system of time-
sharing of the displays must be used.

But this too has limitations and finally
an even more complex {as far as
understanding is concerned) use of
registars, must be employed.

_ 0-9 COUNTER

With this high-level system, the
scope is enormous. The system can
be increased to 8 digits, two or more
separate readouts. and have tally
values available on call-up.

This is where we start . . .

Creating your own COUNTING
MACHINE is one of the capabilities
of our micro. You can produce a
display which increments or
decrements by a countof one or more
on each press of a button. And the
hutton doesn’t have to be the '71°
button. [n our case we have used the
‘4’ button to show that any button
can be used.

By changing tha values in the "look-
up’ table, you can create the up or
down condition - something which is
virtually impossible with discrete
counting- chip construction.

You can aven produce letters of the
alphabet and increment each time ‘Z’
or ‘F" or ‘X' appears. You can do
anything from counting by 2's to
dividing by 'Z’.

Fer our first exercise we will produce
a counter which counts to 3. Thisis a
very simpie program. Only oane
display will be accessed and thus we
can cutput to it so that it tums on
HARD, while the computer is in the
HALT mode, waiting for an interrupt
from the keyboard.

It is important to note the computer
does not preduce the numbers 0-9,
the program creates them. The table
at 0900 contains values which turn
on various segments of the display to
create tha numbers,

s

=] D A.01 800 3E 01 The accumulator is loeded with 81 snd eutpulted to part 1. This cennects the
OUT IJ,A 'ﬂz ns Q1 cathods of the fiest displsy te earth. at 0900
LDH 0100 804 21 00 09 Losd HL pair with ths address of ths numbar table.
LD A (h ) 807 7JE Lsad tha first byto of the number table into the accumulgtar. EB = o
ouT tz ,A s08 D3 o2 Cennact segments of ths dispiay to the pesitive rail to get first numbar. 28 = 1
Ln B 0 ‘ﬂA ﬂb OA RAngieisr B is our 'ceunting ragistor’. 1 countz 10 bytas frem 9900 ts G0N, CD = 2
HAL*«-j aﬂc 75 HALT tha program se that first numbsr (0) will appear on tha display. AD ' = 3
CP 04 BOD FE 04 The progrsm racognises snly butten *4". 2E =
JR NZ Halt—I80F 20 FB If aot button 4", gate HALT. if buttan'4 prassad, incrament HL te look 01 0901.  Am = 4
INC HL 811 23 Ths byte ot 0901 is loadsd inte ths accumulator. E7 _ 2
LD A,(HL) 81z 7E The vaiua et 0901 (2B} creates tha figura ‘2’ en tha display. 20 -
ouT 1&,.& 813 D302 Output 18 1a part 02. EF — ;
DJN alt 'ls 10 Fs Ragistor B iz dacremanisd and if it is not zera. the program goes 18 HALT. AF :

—-JP Z 0800 '17 CA 00 08 When ragistar B is zara. the program jumps to START (0800). - q

Type tha program into the TEC and
press RESET, GO. The number ‘0’

will appear on the display.

Press various buttons on the key-
board and notice that only button ‘4’

advances the count.

Step through the table by pressing
button 4.

1. Experimant with the program by
creating the numbers on another
display.

2. Create a down-count by inserting
the table at 0900 in the opposite
direction. i.e: AF, EF, 29, E7, A7,

14 TALKING ELECTRONICS No. 13

ZE' An’ cn' z., EB'

3. Create a count-to-six by changing
the value of B {0B0A) to 06,

4. Create the letters A-F by adding
their appropriate hex vaiues to the
table, salect the correct value for B,
change tha compare value to anable
butten 'C’ tc operate and step
through the table you have producad.



TWO DIGITS

When two or more digits are to be
displayed, the program must contain
a multiplexing or time-sharing
arrangement so that each display can
show a number from O to 9 without
interfering with the other. This means
a HALT instruction cannot be used as
only one display will remain alight!

The program must be constantly
looping or ‘running’ so that both
displays are kept on. Each tima the
program cycles, it is looking for an
interrupt from the keyboard and ifone
comes along, the program operates
on the data it receives and compares

0-99 COUNTER

"The GONDITIONAL JUMP instruction

requires explanation.

In the 00-99 counter program above,
there are three places where the Z-80
will jump to another part of the
program when a certain condition is
met. The condition is NZ {(NON
ZERO). Let us explain how to
interpret this:

From the program above:

LD A,l

JP NZ 0809 ——T

CPo

it with the value 04, Depending onthe
resuit, the program wili branch to one
of two places.

The program below produces a
count-to-99 using the '4’ button as
the input.

The basic structure of the program is
quite simple and uses register pair HL
to point to the address (at 0900) for
the hex value needed to produce the
numbers O to 9.

Register pair DE points to the hex
value (again at 0900) needed to
produce the 10’s vaiue.

These 3 lines state: The | register is
loaded into the accumulator. The
accumulator is compared with 04,
Jump to 0809 is the result is NON
ZERO,

How does the COMPARE statement
work?

The CP operation is carried out like a
subtract operation and the zero flag
(Z flag) will be SET if the result is
ZERO end RESET if the resultis NON
ZEROQO. This means it will be "1’ if the
answer is zero and ‘0’ if the answer is
not zaro.

"JP NZ 0809

Each of these register pairs are
incremented and compared with FF
to see if the end of the tabie has been
reached. The increment of the DE
register takes place when FF is
detected on the 1's count. When the
10's count reaches the end of the
table, the whole program is reset.

The computer does not know it is
counting to 10. it merely knows it is
incrementing through a table. You
could put Chinase values on the
display and count to 11, simply by
changing the value of a few locations.

Here is the 0-99 program and an
explanation of sach step:

*XOR A 800 AF Set the accumulator to ZERO. at 0900:
LD BA 801 ED 47 Load the interrupt register with ZERO.
LD DE,0900 803 11 00 09 Load DE pair with address 8900, EB =0

r™ LD HL,0900 806 21 00 09 (oad HL pair with address 0900. END OF START-UP. 28 =1
XOR A ~=—ry 809 AF Beginning of MAIN PROGRAM. Clear Accumulator. CD =2
OUT (1),A 80A D3 o1 Turn OFF 1's display. AD=3
LD A:( L) g8oC 7E Load accumulator with byte pointed 1o by HL pair. 2E =4
ouT (2),A 8oD D3 02 Outpul 1o port 2. A7 =5
LD A,01 80F 3E o1 Load accumulator with 1. E7 =6
OuUT (OI),A 811 D3 o1 Qutput accumulator to port 1. Display s iltuminated. 29 = i
LD B,10 813 06 10 Register B is a COUNT REGISTER. Load it with 10 to create 16 EF =8
DJNi FE 815 10 FE loops o turn on 1's display. AF =9
XOR A 817 AF Clear Accumulator. FF
ouT (1 ’A 818 D3 o1 Output O to port 1 to turn OFF display.
LD A ( E) 81A 1A {oad accumualior with byte at 0900 e as pointed to by DE pair.
OUT oz)lA 81B D} 02 Output the value thus chtained to port 2.
LD A,02 81D 3E 02 Load the accumulator with 2
OoUT (01)IA 81F D3 o1 Output to port 1 to turn on 10's display.
LD B,10 821 ob 10 Loed count register with 10 [decimal 16} and create 16 loops lo
DJNi FE 823 10 FE turn on 10's display.

/"‘"" LD A!l 835 ED 57 Load the interrup! register into the accumulator.
cpP 04 827 FE 04 Compare with 4. i.e. subtract 4 from 1. |f the result is ZEROD,
/ JP NZ 0809—— 829 C2 09 08 advance 10 0B2C If the answer is NOT ZERO. go to 0809,

XOR A i 82C AF Clear Accumulator.
LD LA 82D ED 47 Load tha Interrupt register with ZERO,
INC hL 82F 13 Increment register HL to point to address 0901 elc
LD A‘,(HL) 830 7E Load the value at 0901 into the accumulator.
CPF 831 FE FF Compare the value obtained (eg 28) with FF. If equel. odvance to
JP NZ 0809——! 833 ¢2 09 08 0836, if NOT equal, qo 1o 0809,
INC DE 836 13 fherement DE.
LD A (DE) 837 1A Load the value pointed to by register DE into the accumulator.
CP Fi" 838 FE FF Compate with FF to see if end of tabie has beun reached

——JP NZ 080é 83A C2 06 08 if FF s reached. result will be zero. Advance 10 883D, It not, go

——JP o800 83D C3 00 08 JUMPTOSTART to 0806,

This is quite confusing because you
have to deal with the negative of a
negative. To simlplify things we can
use the word MET for ZERO. Thus we

get: J NOT 04

|l =04

Jump to 0809 if | is not 04 or go to the
next line of the program i | = 04,
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Now we come to the THREE DIGIT
COUNTER. it has an UP/DOWN
facility as well as CLEAR. Push +for
increment, — for dacrament and push
ADdress to zero the display. The
counter can also be preset by loading
0B03 and 0BO4 with values as
shown in the listing on the right:

PUSH AF
CALL oAoD
POP AF
RRA

RRA

RRA

RRA

CALL 0AOD
RET

THREE DIGIT COUNTER

START LD BC 0B00 «—— 800
LD DE oBo3 803
LD A(DE) 806
CALL oAo0 807
INC DE S0A
LD A(DE) 808
CALL 0A0D soC
LD HL oBoz2 SoF
CALL SCAN 812
LD Aﬂ 815
LD HL oBo3 817
INC CP 10 S1A
JRNZ DEC — | 81C
LD A(HL) 81E
INC A 81F
II.’I%AHL A :zo
21
JRNC START— 822
INC HL 824
LD AAHL) 82§
INC 826
Piton | 0
2
R ELEAR s
DECCP 11— §2
JRNZ RESET— 82D
LD AXHL) 82F
DEC 830
DAA 831
LD (HL)A 832
——————— JRNC CLEAR 833
INC HL 835
LD Aklll.) 836
DEC 83
Bhaa |
39
~——— JR CLEAR 83
RESET CP 13 «————! 83C
~-s———— JRNZ CLEAR S3E
XOR A 840
LD (HL)A 841
hediba i
3
—=—CLEAR LD &,p}

LD LA
JR START
SCAN

LD B, 900 0b 04
LD A lgl.) 902 ;’E
OUT (02)A 903 D3 02
LD A 905 78
OUT (01)A 906 D3 01
LD B 50 908 06 50
DJINZ 90A 10 FE
piw RO
’ 90 7
XOR A 90E h
90F D3 01

CB o8
30 ED
Ce

911
913
915
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01 00 ¢B
11 03 0B
1A

CD oo oA

ED 47

18 Bb
at 0Coo:
EB

28
CD
AD
2E
A7

2E7
EF
AF

o F ANDOF AOD Eé oF

ﬁgl cf) oD oA LD HL AOF 21 00 oC
Ao4 Fi1 ADD A,C A12 85§
A0§ 1IF LD LA A13 OF
Aot 1IF LD Al{lll. Al4 1TE
A07 1F LD (BC)A A1s 02
A0S 1IF INC BC Alb 03
Ao9 CD oD oA RET A17 €9
AoC Cy

Ta maks this program asay tounderstand, wehave tisted ONE COMPLETE
CYCLE. Exactly as it is run by the computar. CALL ROU_TI!\IES h_u\.ra bean
included aach time thoy ara coliad and this makads the listing lairiy inng.

Whan tha pragram is run for the first

tirne, the displey wili show thevalues

containad a1 81883 and OBe4, Far the purposs olshewing how tha pragram
warks, we will piace 31 a1 0883 and §3a18B04. This \A_nl! caueathedisplsy
to shew t23 [the value 4 wiil not eppoar in this 3 digit ceuntar).
Foliow threugh each af the staps end ydu will ese haw the pregram picks
up data from the ‘BUFFER ZONE" end converts it \._ruluals which cen te
idantifisd as numbers en the dispiay. This program ia baing executed at
maore then 100 times per sacendi

staRrt LD BLC aleo
LD DE sE#3
LD A(B
PUSH A
AND oF

LD HL sCae
ADD AL
LB K

L)
LD {BC)A
INC BC
LD HL eBe#x
LD B,y
OUT (830
LD AB
OUT {e1), A
LD Ry
DJSN
DEC HL
LD B,A
XOR A
OUT (st} A
RRC B
LD A(HL)
OUT (81}, A
LD A.B

OUT {a1},A
LD B,50
DJINZ

DEC HL
LD B.A
XOR A
OUT (oL}A
RACHB

LD A(HL)
OUT (o1}, A
LD AB
QUT {91}, A
LD B.5e
DJNZ

INC

CLE&AR

Location #E8d storos tho value of the umis dusplay

D 1o Joadad with 8 and E v Joadad with @3,

Load twee nibblgs (21 in gur axample) info the accumuiator
Savo tha accunwiator

This Inatruciion 7e00's the high adibie 10aving d1

H 18 loaded with BT amit L wath 00

Add 00 (o the accumuiotor Te gat 01 (D1 1x Irom abowve)

Load the accumulgiod {it has 8§ 1n i) vito the L reginier

Load the valus at $CHL {28} into the sccum [HL s now 8Cat)
Land tha vaius from the accumviatar {18} inin the BC registar pan
fncramgnt the BC reginter [t will hecame B4a1)

Fatch tha secumulater funiyn 27 am the seack

Shitt tha waive 21 tour places i tho right

s0 thot ton high bris will be transposed

with tho low hits Tha raauh wsll be 12

Ramiove the 4 HIGH s 1o gat 02

H will be Joaded with OC and L wsth 00

Add 00 1o the accurmnulator te get 02

Load 02 inte the L ragutar

Load the vaiuo at Q002 (D) inte the Accumuining

lLoad the accumulpotr it hes Q2 1o i) into the vddress poring o by o C.
tneraman? the BC raguster 1o UBD2)

DE 13 micramanted 1o GEDS

The veiue ot BBDS {43) is Ioadwd nrte thn pecwmulator

The HiGH nibbba 1 ¢inarod to gat 03

H rx losded with O ond | wrth 00

00 I% Ipaded (i KA accumotator (o get (3

03 :x inpded :nte L

The wisue at ACO "AD 15 loedsd ints: the gcpumutatar
Losd AD inta lacation 0BO2.

Tha BC rapeine par i5 meemestod 1o DBGY

Leaad H with OB and | with 02

Lead % with D4

Lload the accumulator with the velue at DBE2 (AD)

Cutput AD ta pan 2.

Load tha sccumpletor with O3,

Output B4 10 port O1 Thes will turn on a e d g to got '3
B 1% toadad with S0han (Tive-ob ¢ 80 0 dagmnl}

Parferm o jump command for B0 loops

HE now ponts to GEO

Tha sceudnilstor (it cantams D4} i loodad iito B

Claas the accumaistor

Tutn OFF tho digplay

Shitt reguater B nght to gat $2 (balf its previors valus
Load the valua at QBM {CDI into the accummlatne

Dotpul tne vnlps CO 1o pony 2

Losd B (2} into the accumulntar

Dutput 02 ta port 1 This turns on the socend dapiay nit o bd.a.g. 2
Lead B witke 5Q {in hoa}

Parfosm 50 loops Thia i 8B 1cops

HL row pmints tn GBOO

Load D2 into A

Ze1o the accumutainr

Turit DFF the daaplay

RAatate rapinter B Tu the nght to oot O

Losd the value at QBOO (28) intn (e eucusulutar

Output 28 to port 2

Lond 01 inte the accumutatar

Outpud OF tn port 1

Land B with 50

This wsjruchion craases 0D foopt of defsy-time

HL s daciampntod but the d4th feactun s not uked as you will sas.
Lood 0V ime B

Zara the wccumuiator

Turn oHf tha display

Rugsster B 1o shufted and the carey bt x SET

The afcumnintar 1o Ineded with a value Irnm the koyhomd
H iz toadad with BE and | with 03

Tha vailus 14w comparsd wath tha acaumuistur

It the twe ars tha SAME. tha programncramants I vat it jurmps to DEC.
Lord A with 21,

Incraasa the valus 21 te 22

Drcimio) adjust the sceumulater o nesded (not :n this caze)
loed 22 into tha lecatian OBDA.

Jumgp 1o start iv No carry ienm DAA oparaton. §f @ corry is peaducad, | o
whian B9 advencen to 10C Sneroment HL 10 0811

Load the valus &t OB r;p the sccumutaor

cramant A

Duacimmgl sdjust tha occumulytor H noctotary

Lrad the pecumuttar mtg OB0DY

Jump 1 CLEAR

Laaid FF nte the accomuliatar

Load Tho vecomulstnr emin tha ntarrupt vocio: ragistar
Jyinp in START















0000000000000 0000000000000000000000000

The advantage of having a No-OPeration
command as 00 means any [ocation can
be ‘burnt-down’ to OC if it is raquired to be
remoaved.

This is where the term ‘burn-down’
comes from. Whenever en EPROM is
burnt or programmed. the value produced
is less than the starting value for the
location.

Woe gaid values cannot be changed once
burnt. but in some cases you can reduce
the value if the following conditions are
maet;

The main criteria is:the ¢ells you wish to
change must he 1's.

The table balow shows the values which

can be burnt down and those which
cannot.

BURN-DDWN TABLE:

ONDOEDO
CaNWbLUNM

The hold vaiue can he hurnt down to the
values shown in the celumn.

Values cannot be "burnt-up’ as wa cannot
praduce HIGHs in an EPROM BURNER.

The only way we can restore HiGHs ar 1's
tothecells of an EPROM is to put it under
an ultra violet light source, whereby ALL
the locations will be arased and
converted to 1's.

THE CONCEPT

Locations in an EPROM can be burnt if a
voltage of 25v is applied to the Vpp pin
and pin CE puised for SO millisecands.

The cells which will be given a charga of
electricity will depend on the address
which is being accessed and the value of
data present on tha data lines.

These ara the only requirements and
programming can be done with a simple
sat of switchas. Unfartunataty this would
take an enormous length of time as 11
switches would be required for the
address lines 8 switches for the data lines
and each would have to be set for each
byte of infarmation.

A 2716 contains 2048 bytes and if a byte
is burnt incorrectly, the whole procedure
would have to be repaated.

The otherinconvenienceis all the bytes in
the program would have to be converted
to binary so that they can be loaded via
the switches.

All this would take so long that the
operation of burning would become a
head-ache.

By using the TEC, the address values
incremeant automatically as the program
advances and the values of date are
automatically converted to binary when
eech location is being burnt, This means
you can program in Hex.

In this way an hours’ work is converted to
only a few minutes,

This is the function of an EPROM
BURNER. It connects an EPAOM to the
address and data buses, provides the
necessary 50 millisecond programming
pulse and the 25v supply.

To hold the data steady on the data bus
for the duration of the burn, itis necessary
to HALT the computer. This is achieved
by using another monastabla connected
to the WAIT line. with a pulse length
which is slightly longer than 50
milliseconds.

When you think of it, 50 milliseconds is
20Hz and when you include a short
additional delay for the wait function and
a number of machine cycles for the
execution of a pragram to carry aut the
burn operation, you arriva at a burn rate of
about 15 locations per second.

Divide this wvalue into the numbar of
lacations you wish to burn and you arrive
at the length of time for burning an
EPROM. That's why it may take a minute
or 50.

Rean'Pigm T4

l— Swiich poultion
not importent

2716
" N = N
Purmiemts o 17T Pwad trwsr . 2037 il B5my
™ =
- 2132
a R w B &) s [
[T — :E: Roxd wgpat 4 2737 -ﬁ‘"l 6Ems r_
Don't forget to add the The programming
ullla "l jumper lead from pin 18 ulses differ

Switch paositions for
pro rammmg and
reading 271b's and 2732's

of the wire-wrap to the
PC hoard and cut pins
18, 20 and 21,

HOW THE CIRCUIT WORKS

Tha circuitis very simple and consistsof a
number of building blocks which come
together vie the ROM SELECT line from
tha computer.

Sterting at the top of tha diagram, the 25v
is derived from a 7824 voltage reguletor
which has been ‘jecked up’ by 1.7vby the
inclusion of a red LED in the COMMON
line. This gives and output of 25.7v and
by the time it reaches the EPROM. a
voltage drop of .5v has occured across
the switching trensistor. This trensistor
is switchad via the output line of the 50
millisacond monostable.

The 25vline nesed notbe switched ON and
OFF when programming but must not be
present when the EPROM is to be
removed from the sccket. By switching
the voltage as we have done, the EPROM
can be removed withaut damage.

In this article we have included only a
very simple burning routina which you
can load into 0800 and get the project
waorking.

The final two circuit blocks are mono-
stables or one-shots, craeted from NAND
getes. The lower monostable produces a
50 millisecond delay end the upper a 65
millisecond delay.

it places deta on the data lines, turns an
the required address lines and turns on a
Chip Select line {located near the edge of
the TEC PC),

etween the 2716
and 2732,

EPROM BURNER
ISSUE 13

—
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The timing diagrams on the previous page
start at the commencement of the
program {sae page 48 for the program].
The progrem runs for the first 4 lines and
in the fifth fine the instruction is to lcad
the contents of the accumuiator into the
location pointed to by the DE registar
pair. This instruction does three things:
not necessarily in this order:

it places data on the data lines, turns on
the required address lines and tums on a
Chip Seiect line {located naar the edga of
the PC).

This line accesses either a RAM or ROM
chip connected to it and the address
starts at 1800.

This action triggers both monostables
and the WAIT monostable immadiately
goes LOW to HALT the computer,

The program is stopped and the EPROM
BURNER circuit takes advantage of the
data appearing on the address and data
linas. This address is loaded intc the
EPROM and the data placed on the cells
at this particular location.

The high voltage is turned on for 50
milliseconds and a1 the same time CE is
puised. This permanently puts the vaiue
of data in the EPROM.

The 50 millisecond monostable ends it
timing cycle and 15 miltiseconds later the
WAIT monostabie goes HIGH. This
enabies the computar 1o continue
through the program and come 1o a
JUMP BRELATIVE instruction to bring it
back to line 5.

This time DE will be pointing to the next
higher locatien and A will contain a new
velue of data. The count-register-pair BC
will be one less than previousily. The
program continues to loop until BC pairis
ZERO.

At the conclusion of the burn routine the
program jumps to address 0000 and the
monitor program is executed to bring
0800 on the screen with the reset beepto
indicate the end of burn.

RECAP:

The program burmns the EPROM at
addross 1800 - 1FFF. To look at the data
in EPROM: address 1000 - 1TFF. When
the EPROM is removed from the
programmer, its address will depend on
the project you are using it in, but more
than likely it will be the only programmed
chip and thus it will be 0000 - 07FF for a
2716 and 0000 - OFFF for a 2732.

CONSTRUCTION

Begin with the resistors and signals
diodes. Keep them ciose 1o the boerd
before and after soldering but be careful
not to damaga them with heat. Four
power diodes are needed for the 30v
bridge. Fit them next. along with the 10n
and 100n greencaps.

There is one jumpaer link on the PC board
and this can be mada from a iead cut from
one of the components,

30v AC or DC

g
>~ —

EPROM BURNER

S PA.U.L.
o

4 x 1N4002 ——3{3_210_: & zE
5 4+ —— n 5o
& ()  MOUNT 7824 UNDER BOARD g 3
o
RED LED 2xBC547 | Pz =
10n oM !‘ O ' gg
=100K= SELECT 0 x D ~
Y e
| = | 8z
sl SY O | FER L
o - o= ' a. vy o 7]
T - 2 (o B | = 2 )
-1 - TE - m -
o x P~
—.—J 2716 €&
WAIT R READ 2732

A et r

bt iaad -

Boocoedl

The Chip Enable pin and Wait pinon
the TEC'.] p f

The 7824 voltage regulator is mounted
under the board and fixad to 1 with a nut
and bolt. The pins fit through the holes
pravided and are trimmed on the topside
of the board.

The two transistors and 14 pin (C socket
are the next 1o the be edded and then the
red LED.

The 220ul fiiter electrolytic must be
moeutited around the correct way and the
board is ready for the hardware parts.

Push the 24 pin wire-wrap socket
thraugh the holes in the PC and carefull
soléi;rlit in position. Gut off pins 18, 26
an .

A short jumper goes from pin 18 of the
DiP header to a solder-land on the PC
board {located betweaen pins 12 and 13).
The easiest way to add this jumper is 10
solder one end to pin 18 of the DIP piug
and the other end te the PC board
BEFORE soldering the DIP plug to the
wire-wrap sockaet.

Keep the pins of the wire-wrap full length
and solder the 24 pin DIP header into
position.

The three slide switches are mounted
through tha board if the holes are large
encugh. But if only smeil holes have been
drilled. the legs will need to be extended
with short lengths of tinned copper wire
and the switches mounted abova the
board.

Finally connect two jumper leads for the
WAIT and ROM SELECT lines and a
tength of twin flex for the 30v iine.

The jumpers require matrix connoctors
and a short pisce of heat-shrink tubing
aver therm 1o make them sturdy Heatthe
tubing with a flame to make it shrink over
the connector.

The twin flex raquires a 2 pin DIN plug so
that it will fit the 30v socket on the TEC
POWER SUPPLY,

Fit the 4011 |C and the board is ready.

Two matrix pins will be required on the
TEC PC board to take the jumpers These
are soldered as shown in the diagram
apposite and are includad in the kit

H you intend to produce a numher of
EPROMs you will need a ZIF socket.
These are expensive (lon expensive). but
ere assential f you want to avoid the
daemage caused by constantly msarting
and rermoving EPROMs from an IC
socke!l. The wire-wrap socket will arcapt
about 50 insertions and removals belore
il gets a little weak. If the pins do not
make good contact, the wrong values will
be burnt,

When fitting a ZIF sockot, push it firmly
into the wire-wrap by starting at one end
and gradually introducing the pins. 1wo at
a time, You cannol force all the pins
together at once.

Pin 1 of the EPROM is towards you and

this means the laver of the ZIiF socket is
also towards you.

Cont. P. 48. ..
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EPROM BURNER

.. .cont, from P. 22.

The lowar switchas must be set for 2716
or 2732.

Whan buming 2716's the upper switch
position does not matter as it is not in
circuit.

When burning 2732's the upper slide
switch salects the UPPER 2k or LOWER
2k of tha 2732.

The switch closast to the EPROM is
placad in the upper position when
progremming 2732°'s and in tha lowar
position to read tham.

This switch is placedin the lower position
when programming and reading 2716's.
Rafer to tha sat of disgrams befora
carrying ocut any cparation.

The high voltags is derived from a 30v
supply. This cen ba the TEC POWER
SUPPLY or from a 30v AC transformer,
Very little currant is required, however
the voltage must not go below 30v or the
regulator will dop out. Thisis because we
are genarating 25.7v end the regulator
raquires 3-4v acrossg it for ragulation.

Connection of tha EPROM BURNER
boerd to the TEC is vie a 24 pin wire-wrap
and DIP haader piug. The board fits in the
axpansion socket and requiras a WAIT
line and ROM SELECT line.

The ROM SELECT fine is pin 12 of the
74LS138 and WAIT is pin 24 of the Z-80.

Connect these lines to the TEC and plug
the EPROM BURNER board into the
axpansion sockat. Connact the 30v
supply and the red LED will illuminate to
indicate all is ready.

You can bum a naw EPROM or blank
locetions in an old AROM. You can even
burn oid locations providing they fulfiil
the requirements mentionad previously.

THE PROGRAM

The BURN PROGRAM can be placed
anywhere in the Monitor ROM or typad
into tha RAM. If placedinthe RAM, it will
naad to be typed each time an EPROM is
to be burnt.

The program is very simple and does not
have any checking facility to prevent it
burning ovar previous program.

The absence of this means you can burn
or reburn any location{s) anywhare
without having to break a safaty lock.

The first threa linas of tha program
contain variebles which have to be set
sach time vou want to burn an EPROM.
For this raason, tha three linas must be
typed intoc RAM with a fourth lina tc
provide a call or jump to the remainder of
the program. Tha rast of the program can
ba located in ROM (at say 0700).

Hera's how it is done:

You will need a blank 2716.

The first stage is to trensfar the MONitor
program into tha new EPROM. Load the

foliowing into 0800

LD DE 1860 800 11 60 18
LD HL co00 803 21 60 00
LD BC o¢FF 8So0b o1 FFob
AL 4
puéﬂ ?b 0B Cs
DJNZ FE goC 10 FE
DJNZ FE SoE 10 FE
POP BC s10 C1
INC HL 811 123
INC DE 12 1)
DEC BC 813 oOB
LD A,B 814 s

C 815 1
JR NZ 816 20 F1

Restart 0000 818 C7

Make sure the switch selects 2716. Push
RESET. GO. The TEC screen will blank
for about 2 minutes whiie the program is
burning.

Whan the screan reappears you can
check the operation by addressing 1000
and read tha locations. Compare tham
with 0000 and confirm the program has
been transferred.

Tha next stage is to add the burn routine
to the MONitor ROM. This is done at
0700. Change the values at 0800 to:

11 6o 1F
21 09 08
01 10 60

Push RESET GO and tha program will be
transferred in a few saconds.

¥ou have now produced a MONitor ROM
with 2 burn routine at 0700. Place the
new ROM into the TEC and it will startup
with 0800,

To use the BURN ROUTINE, type tha
following et 0800:

11 TO: ROM address + 1800H
21 FROM: RAN address
01 No of hex bytes

C3 00 07

Progrems to be burmt into EPROM are
placed at 0900 and can extend to 0FF0O,
To transfer these programs to EPROM,
place the following et 08002

11 00 18

21000

o1 Fo o

C3 00 07 Push RESET GO.

EX: S0 byte program at 0900 to 06000
in EPRO¥I=

at 0800

11 00 18

21 00 09

01 80 00

C3 oo 07 Push: RESET, GO.

Ab byte program at 0A00 to 0180 in
EPII?M:F &

at OBOO:
11801
21000
01 At 00

C3 00 07 Push: RESET, GO,

0 byte program at 0Co0 to 02C0 In
fonon 8

at 0800:

11 Co 0A

21 00 oC

01 40 00

C3 00 07 Push: RESET, GO,

i you type a program at 0809, the BURN
ROUTINE can ba lccated at §900:

1 XX XX

21 00 08

01 XX Xx

C3 00 07

decrement to 8900 Push: GO, GO,

Before starting any programming you
should fill the TEC RAM with FF's. This
will aliow any non-program locations to
be trensferrad and ratain the value FF.

To fill RAM with FF's:
11 FF FF

g; o3 08
Reset, GO.

Programs can ba transferred from
EPROM to the TEC meamory via the
following routine:

at 0Coo:

11 00 08

:;“10 (No of bytes)
—_— (N0 o es

ED BO y

C7
decremant to 8C00 Push: GO, GO.

Program will transfer vary quickly - This is
not a burn routine but a DUMP
ROUTINE which can also be used for the
non-volatila RAM project.

Example: BO bytes in EPROM at 0000 to
0800 in TEC RAM.

at 0800

11 00 09

21 00 10

Q1 80 00

ED Bo

[ ] Push Reset, Go.

{0000 in EPROM means page-zero in
EPROM).

Ex BOb
0900 in T

at 0BOO:

11 60 9

21 16

o1 00

ED BO

C7 Push: Reset, Go.

es in EPROM at 0630 to
RAM.

Before attempting any transfer, you must
write tha necessary program on & piaca of
peper using one of the examples in tha
text. Check it carefully then typa it into
the TEC at 0BOO (or othar location as
explained).

Using tha programmar and the non-
volatile RAM in conjunction with tha TEC
will open up lots of possibilitias.
Programs can be used on the TEC or
MICROCOMP and you will begin to sea
how evarything is going togather.
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These cases make the projaect look
very professional and can
accommodate both 2155’s and the
PC board. The floor of the case has a
number of spigots for mounting the
board and transformer(s] so that
everything fits firmly and neatly in
position.

As with all projacts which involve
connection to the mains, this project
must not be connected until it is
checked by someona with
exparience.

The first quastion you will ask is
“Why use two 2155's and two
bridges.”

The answer is simpla. Working with
currents up to 1 amp produca very
faw problems. Componants such as
divdes, regulators and transformers
are designed for a maximum of 1
amp. When you go over 1 amp, tha
problams start.

Nothing is dasigned for 1.5 amp or 2
amp and in fact high powar
componants start at 3 amp.

This meansa 1.5 amp or 2 amp power
supply falls into the middle of
component availability.

The cheapest and best solution is to
produce two 1 amp supplies and
parallel them up. This is what we
hava done. Two 2155 trensformers
are taken to two bridges and from
there the current gets divided
between the thrae outputs. Most of
the current will ba raquirad by the S5v
fine while the 15v and 30v lines will
not require heavy currents.

In practice, only about 30-50mA will
be required on the 30v line for the
EPROM BURNER and only about
100mA for the Relay Driver board.

HOW THE CIRCUIT WORKS

The circuit is basically a 7805
ragulatad power supply with a sarias
pass 2N 3055 transistor to supply the
current for tha Sv rail.

The 15v rail is taken from the input to
the regulator and is filtered and
smoothad DC, but not regulated.

Refarring to the circuit diagram. the
30v rail is obtained by voltage
doubling the 15v line. Tha top bridge
is responsible for this and means it is
the bridge which operates when only
ONE transformar is used. The lower
bridge providas the back-up when
more than about 700mA total is
required.

The 5v line has some interesting
points.

The output transistor is an emitter
follower in which the base voltage is
determined by the cutput voitage of
the 7805 raegulator. As we know, the
amitter of a transistor in an emitter
follower arrangement is .6v lower
than the base. Thus, to obtain a Bv
output, wa must supply the base with
5.6v. This is achieved by placing a
diode in the ‘common’ line of the
7805 and increasas the output by .6v.
Thus it emerges from the 2N 3055 at
axactly v,

In this arrangement we have lost the
shut-down facility of the 7805, But
since we have found this to be very
unreliable with a 2155 transformer,
nothing has really been lost.

——

TEC POWER SUPPLY

E-0
3 + p
oi
A 7805
o ——
;E 100n 100N
3 + —i—
1000u
@I
! [}
™
3 LEDS
+ N = ¢
1000u ' or © S
M~
et 30v 12v,§ Sv Y
—"l_ 1000u 35v ° ot ° "!
DC QUTPUTS 10u

The overlay for the TEC POWER SUPPLY. The 7805 voltage
raqulatnr does not require a heatsink but the 2N 3055 must Ee
suitably heatsinked as It Is the current regulating component.
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PARTS LIST

470R VYawatt
1k
2k2

i sl
[ ]

]

100n greencap
10mid electro
1000mid 16v or 25v
1000mid 35v or 63v

wd [a) =2 N

11 - 1N 4002 diodes

1 - 5mm red LED

1 - 5mm green LED

1 - 5mm yellow LED

1 - 7805 regulator

1 - 2N 3055 transistor

1 - T0-3 heatsink

4BA nuts and bolts
6BA nuts and bolts

2-
3 -

10 x 20cm hook-up flex
1 - 2 pin DIN socket
1 - 3.5mm socket

1 - RCA socket

1 - 2155 transformer

4cm heat-shrink tubing

1 - cord clamp

1 - power cord and plug-tap

1 - solder tag for earth lead

1 - H 0482 case

1 - SPDT switch for mains
haatsink compound

1 - TEC POWER SUPPLY PC

Extra parts: 1 - 2 pin DIN plug.
1-3.5mmplug & 1-RCAplug: $1.30

The 7805 requires about 1.5 amps to
be flowing before it will shut down
and this current is not available from
a 2155.

When looking at the photo of the
completed project you will notice the
requiator does not have a heat fin.
This is because the regulator does
not supply the current to the 5v line.
The transistor doas a!l the work. The
regulator supplies a voltage and
about 50-80mA to the 2N 3055, to
drive it. The transistor has a currant
gain of about 10 to 20 and thus it is
capable of supplying about
700-1400mA. This is why the -2ZN
3055 must be properly heat sinked.

GCONSTRUGTION

A!ll the comonents ara mountad on a
singte PC board with flying leads to
each of the output jacks and the
indicator LEOs. if using one trans-
former, a twisted pair goes from tha
12.6v AC holes on the midd!e of the
edge of the PC to the Ov and 12.6v
tapping on the transformaer.













This project contains everything to
get you started in Machine Code
programming. It assumes you know
nothing about micro-processors or
how they operate. The MICRO-
COMP is the simpigst computer to be
offered on the market. It uses oniy 3
chips and a bhandful of small
components to prove that computers
can be tackled and mastered by
anyone interested in electronics.

As with all our projects, full kits are
available and come with a complate
back up service,

As we have said, it doesn't displace
the TEC but complements it. And yet
the MICROCOMP is a stand-alone
project. It is self-contained and
comes with a range of interesting
programs as shown on P. 70.

Ten programs have already been
designed and come in the pre-
programmed ROM. They include
COUNTING, DISPLAYING and
GAMES. The readout for these is via
the displays on the board but as the
games become more complex we
have designed plug-in modules
which connect to the main board viaa
wirg-wrap/component header plug
similar to the arrangement used in
the TEC.

This has proven to be the neatest and
most rugged way of adding features
and allows you to increase and
extend the capability of the system to
guite high levels.

Some of the plug-in boards run two or
three programs and by building all the
modules, you will be able to run all
the programs in the EPROM.

Programs which have already been
completed include:

- MORSE CODE TRAINER

- MORSE RECEIVER

- TELEPHONE DIALER
- COUNTING

- MASTERMIND

- JUMP RELATIVE
determining the
displacement byte.

routine for
value of the

The MICRO-COMP can also be
combined with the TEC and they go
together perfectliy,. With the
assistance of the TEC you can create
your own programs. burn them via
the EPROM BURNER or hold them in
our non-volatile RAM card for
running on the Micro-comp. This non
volatile RAM project is equivalent to
TAPE-SAVE and has the advantage
of being able to be transferred
instantly or run as a ROM.

It is a battery backed-up 6116 and
when in the power-down mode.
consumes less than 2 microamps.

Two AAA cells power the unit and are
capable of holding the information for
about a year.

The TEC and MICRO-COMP provide
a complete designing system for
creating Machine Code programs
and you can use the Micro-comp for
the execution of the program.

The Micro-comp comes complete
with a 2732 EPROM which is filled
with lots of programs. All these have
been produced entirely on the TEC
and tested on the Micro-comp. We
have not had the assistance of a
compiler, video display or Z-80
simulator, proving that programs can
be generated 'by hand’,

Agreed, this means it has taken
longer to create the programs but the
challenge was well worth it. Even the
concept of a half-byte memory for the
Phone Diallesr was an innovation
never before tried,

We admit Machine Code is not a fast
method of creating programs but has
the advantage that almost anything
can be turned into a program. And it
can be done with the simplest of
equipment. The only limitation is the
programmer’'s skill.

By building both the TEC and Micro-
comp, you gain first-hand knowledge
of two different methods of designing
a micro system. You will also have
need for add ons such as the non-
volatile RAM and EPROM burner.

In effect you will be a self-contained
programming station capable of
turning out ‘one-offs’ or mass
copying your own programs.

Please remember: These notes use
simple terms and simple
erplanations to make programming
easy. Although they are accurate,
they do not cover everything and we
suggest you purchase a couple of
books on the Z-80, The two best
books to buy will be given later.

Since its introduction, the word
MICRO has been the most feared in
the industry because, up to now, the
operation of a microprocessor
system has been wvery much a
mystery.

Never has a writer explained or
presented a system which could be
understood by beginners. They
argued it wasn’t for beginners but
evaryone must be a beginner at some
time. Because of this, Micro’s have
been a closed topic to the newcomer
and this amazing electronic device
has been left for the clever ones.

Now this has all changed.

The MICRO-COMP is here. With only
3 chips it is even simpier than a
medium sized ‘regular’ project and
yet its capabilities are beyond belief,

For the ‘brains’ of the unit we have
used the Z-80. The most popular
microprocessor on the market. Why
the most popular? Because. up to
now, industry swallowed them up
totally and consumed the entire
production. ft's only with the siump
in computer and games sales that
supplies have reached the hobby
market. And due to manufacturing
efficiency. these truly amazing chips
have come down to only a few
dollars.

This means the project will be well
within your budget.

Apart from the programs already
mentioned. we are in the process of
producing programs and modules for
an Alcohol Breath Tester. a Digital
Resistance Meter, Digital
Capacitance Meter, a Bio-feedback
tnit, a Mini Frequency Countor and a
Lung Capacity Meter.

But before we get too carried away,
let's look at the project in detail:

THE MICRO-COMP.

This is a 3-chip computer capable of
accepting input data, performing
operations on this data and
displaying the results. The amazing
part of this project is the three chip
count. To achieve this we have used
some very cunning circuit designs,
some of which cannot be translated
to larger designs. However our aim
has been to produce a computer
which will execute Z80 Machine
Code with the least number of chips.
And this we have done.

The reason for the minimum chip
count is simple. Most constructors
count the chips in a project before
starting and anything over six scares
nearly everyone away. With 3 chips,
mawy will 'give it a go’ and that's
where we win. We want lots of
readers to try their hand at
construction and experience the
excitement it offers.

Everyone has seen micro systems in
a hard-to-get-at form. The ﬁersonal
Computer. But these have never
enabled you to get into the "works’ or
let you find out how they operate. You
oqu get to see the end resuit -the
print-out or Video picture.

The Micro-comp is designed to break |
this barrier. With only 3 chips you
will be able to follow a 'minimum
parts’ system and understand what is
going on. Even with 3 chips you can
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use nearly ali the Z 80 commands and
create an eandiess number of
programs.

This project is really a software
project. Building the Micro-comp is
purely secondary. But how can you
leam about programming without
experimenting with the real thing?
So building the Microcomp is really
an assential part of learning to
program.

Its price is low enough for everyone
to afford and it has an end-use around
the home as a controller for lighting
or security which would match any
commercial unit. You could also use
it in your hobby, model railway layout
or as a timer-controlier in industry.

The MICRO-COMP doesn’t do much
when compared with a Personal
Computer. But that's not its purpose.
It is intended to teach Machine Code
programming, the code behind all
computer instructions.

The only instructions a processor
understands is Machine Code. Ali
other high level languages have been
invented to allow humans to under-
stand what is going on. Languages
such as BASIC and FORTH provide a
connecting link between the micro
and the human mind. This means all
inventors of languages have had to
use machine code to write their
programs. So why not use Machine
Code direct?

Using BASIC is like hiring a scribe.
Centuries ago peopie could not write,
So they went to a learned man and
told him what they wanted written,
After a lengthy discussion he would
write a letter. The letter reprasents
Machine Code, The lengthy
discussion represents BASIC.

BASIC has its advantages and a
number of disadvantage. Its
advantage is it gets you into a micro-
processor system with very little
effort and undertanding. But its dis-
advantage is it needs the ’scribe’ to
be presant at ail times. With machine
code its like using the typawriter
yoursalif.

But most important Machine Coda is
the best way for producing programs
for controiling applications. When
you consider all video games and
industrial machines are Mackine
Code based, you wili see where the
future lies.

it is interestng to note that a micro
system rivals a ‘normal’ project
(using individual chips) when as few
as 10 chips are involved. When you
consider a microsystem can be
modified and aitered to suit changing
circumstances, it is clearly the oniy
way to go.

Why this hasn’t been the case, is
simply due to fear.

Everybody thought microprocessors
were compiex mysteries and
preferred to stay with the buiiding
blocks they knew and trusted.

But, in fact, the micro system is
simpler. Once the basic design is
built, it only requires programming to
perform the required function. To
change the function, the electronics
don‘t need altering, only the program!

Micro systems are simply thousands
upon thousands of building blocks
stored in the form of program and to
write a program is equivalent to being
able to create your own chips.

This is what the MICRO-COMP is.
You can get it to execute your own
programs and connect aii sorts of
input-cutput devices. You can get it
do just about anything in the
controliing and timing field but first
you have to iearn how to program.

To heip you with this we have
produced a number of programs to
demonstrate the capabilities of the
system and these are contained in the
lower haif of a 2732 EPROM which
comes with the kit. Later you wili be
able to send it in for re-burning for the
additional programs.

Befure we get into the construction
of the ‘'Comp. here's a brief
discussion on how it works.

HOW A COMPUTER WORKS

This is e very simple explanation to
get you started.

The operation of a computer revolves
around a chip called the CPU. This
applies to any computer and the
MICRO-COMP is a computer, even
though it is very simple. in our case
the CPU is a Z 80. Itis the 'brains’ or
‘clever chip’ in the system and
controls ail the other chips.

CPU stands for Central Processing
Unit and the feature which makes it
so clever is it is good at organising
things. it keaps the whole system
operating and running smoothiy.

in an audic or radio circuit there is
usually only one signal path. in a
computer there are lots of signal
paths. This is the one striking
difference between the two, [n a
radio. the path can be tapped at any
point and you wili be able to hear the
signal {such as voice or music). if you
tap any of the paths in a computer you
will hear a series of clicks or tones
and they will not make any sense.

This is because a computer requires a
number of lines carrying signais AT
THE SAME TiME to produce the
necessary commands and output
effects.

A single line in a computer will sound
like a tone because of the high speed
of operation but as far as the
computer is concerned, the jine is
producing a HiGH for a very short
pericd of time and then a LOW for the
remainder of the time.

Since a single line can only produce a
HiIGH or LOW, a group of lines is
required for the transmission of
numbers. This is achieved by
assigning the lowest-value line with
'1’, the next line with ‘2", the next
with ‘4’, the next with ‘8’, the next
with ‘16" and so on.

By tuming on combinations of these
lines, aimost any value can be
transmitted.

A group of lines such as this is called
a BUS and a computer has two
buses. One consists of 8 lines and is
called the DATA BUS, while the other
has 12 or more lines and is called the
ADDRESS BUS.

The microcomputer starts operating
after the reset button has been
pressed and reieased. This action
resets the Program Counter inside
the 280 to 0000 and instructs the
chip to fetch 8 bits of information
from MEMORY.

it does this by putting zero’s on ali the
address lines and turning onthe 2732
via the Chip Enabie iine.

The EPROM responds by deiivering
the 8 bits of data which are located at
0000 to the data bus. The Z 80
accepts these and places them in a
speciaj instruction ragister which is
only accessabie to the Z80.

Eight bits of information is called a
BYTE and the Z 80 determines what
to do with the byta , according to its
value,

The Z 80 wiii do one of two things. [t
will either carry out the instruction or
request another byte. An instruction
may consists of one, two, three or
four bytes. and the Z 80 waits for a
command to be completed before
executing it.

Looking at tha machine codes on the
back of issues 11 and 12 you will
notice some of them consists of one
byte whiie other are 2, 3 or 4 bytes
long. The Z 80 knows exactly how
iong each instruction is and knows
that some contain a data byte or
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displacement byte. This knowledge
is inbuiit into the Z80 and only needs
to be fed a simple program for it to
respond.

The first byte from memory is always
interpreted as an instruction and the
byte or bytes which follow make up
the first command. If you add a byte
or delete one, at any time in a
program, it will not be interpreted
correctly and the Z-80 will carry out
totally incorrect commands.

The Z 80 reads a program one byte at
a time. It does not look ahead and
cannot correct any mistakes. That's
why it is important to check a
program before offering it to be run.

Information passes out of the Z 80 via
the address bus and into it via the
data bus. After the Z 80 has
processed the data, it will send the
result out via the data bus. This
means information moves in TWO
directions along the data bus,
although not at tha same time.

in our case, information from the Z 80
is passed to an output latch. This
latch is a device which fits between
the computer and say a LED, motor or
relay. The need for this chip is very
important, as you will see. Data
could be sent directly to a LED
without using a latch and it would
work. But the computer would have
to stop functioning for the whole time
when the LED is to be lit. This is
obviously not a solution and s0 a chip
is placed between the two which
holds the ‘turn-on’ pulse for as long
as the LED is required to be activated.

This chip is called a latch . Itis merely
a set of flip flops which hold the bits
of information for as long as is
required. This enables the Z 80 to get
on with its other operations such as
turning oh a motor via another latch.
Output devices such as LEDs and
motors cannot be connected directly
to any of the data lines for two
reasons:

Firstly the current available in these
lines will not be sufficient to operate
them and secondly, the lines must be
available for other purposes.

This means any device wishing to be
placed on the data bus must be
separated from it until the exact
instant when it is required.

This is what an input latch does.

When these chips are not being
activated, they place no load on the
bus and allow the lines to rise up and
down. This feature is called TRI-
STATE as they are capable of
producing a HIGH or LOW when
required.

This is the basis of how a computer
starts up. More aspects will be
discussed later.

BEFORE YOU BEGIN CONSTRUCTION:

it is posssible to construct the Micro-
comp using your own components
and on your own PC board.

That's because all the parts are
standard and the circuit board is fairly
easy to reproduce. The 2732
EPROM can be programmed via an
EPROM programmer and everything
will operate perfectly.

There are only two hitches to you
doing this.

First is the guarantee.

if you make the project from your
own parts, it cannot be sent to TE for
repair. We guarantee to fix any model
made from one of our kits as we have
had lots of experience at this. Mainly
poor soldering joints, jumper links
cut before soldering, parts inserted
the wrong way around and broken
tracks. Small faults but enough to
keep the projact from working.

Digital electronics is extremaly
reliable but not if you make a mistake.

The second hitch is reliability. |f you
use second-hand or unknown
components, how do you know if
they are perfect? They may have been
over-worked or damaged in a
previous project and fail when put in
the Micro-comp.

Making your own Board?

The PC board is not as easy to make
as it looks. One mistake inits etching
and a track may be etched through.
Or a hairline crack may be created in
one of the lines which will be
extremely difficult to spot. You also
have to consider tha overlay and
solder mask. These make the project
look neat and professional. You may
save a few dollars at the startbut end
up costing more in the end. We have
had a few troubles with home-made
boards and unless you have made
lots of boards before, we suggest
buying a ready-made board.

Building from a kit is the safest way.
All parts are absolutely brand-new
and chips are transfarred from builk
tubes without being handlad. Boards
are inspected three times during
manufacture and made on semi-
automatic equipment with very little
margin for error. A sampie kit is
constructed before they are released
and at least three prototypes have
been made before the project goes to
print.

This contributes to the success of our
kits and the neatness of the finished
project is enhanced by the solder
mask on the underside of the board.
This prevents solder sticking to
unwanted areas and shorting
between tracks.

To be sure of success, buy a kit. A
number of shops are selling these kits
and you wil! find the costis less than
hunting for the individual bits
yourself.

PARTS LIST

10R
100R
330R
- 470R
- 3k3
- 4k7
10k
22k
39k
100k

H

BN e ot md ok b O -

100k mini trim pot

=1

Tn green cap

100n

1mid 63v electro
1,000mfd 25v electro

—d ok mb MY

1

1N 4148
1N 4002

PR}

- 5mm red LED (spPEED}
- Bmm green LED

4 - 3mm red LEDs

BC 547 transistors
BC 557 transistor
FND 560

AN o=t N b b

7418273 IC

Z-80 CPU

2732 EPROM {PROGRAMMED)
7805 regulator

ol mald wad md
1 L3

- 20 pin IC socket

24 pin IC socket

40 pin IC socket

8 way DIP switch

DPDT slide switch

- PC mount push switches

+

() =b wd b d asd
1

- 3.9mm mono socket
mini speaker

)
L

1 6BA nut and bolt

4 - rubber feet

13 - matrix pins

1 - hollow pin

20c¢m hook-up flex

1 metre tinned copper wire

1 - female matrix pin connector
2cm heatshrink tubing.

MICROCOMP PC BOARD
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CONSTRUCTION

Lay all the compdnents on a sheet of
paper and identify them. Make sure
all parts are present.

Start assembly by fitting the jumper
links. There are 41 of them and each
must be inserted carefully to produce
a neat result. For each, cut a piece of
tinned copper wire longer than
required and bend it to form a staple,
with the long lower section kept as
straight as possible. The two ends
must fit down the holes claaniy and
the wire must be able to be pushad
right up to the board. This means the
bends must be sharp.

If the two ends do not protrude
through the board. do not attempt to
solder the link as this will produce a
dry joint which will be very hard to
locate when troubleshooting. We
have had two cases of this and it took
hcurs to locate the fault.

Solder the ends of each jumper and
cut the ends off with a pair of side
cutters s0 that a little of the wire
emerges from the solder. Do not cut
through the solder as this will
fracture the joint and possibiy cause
a fault.

Next fit the IC sockets. Make sure
each pin fits down a hole before
starting to solder. If a pin bends under
a socket it will be very hard to rectify
after the socket has been soldered.
So check before-hand.

Soider one pin at each end to keep the
socket in place while you attend to
each pin.

Solder each pin very quickly and use
fresh solder for each connection. The
solder mask prevents the solder
running along the leads or touching
any of the lines which pass between
the pins. [t helps give a professional
result and makes your soldering
100% neater. But don't use too much
solder or biobs will resuft.

On the other hand don't use too little
or the leads will not be fully
surrounded by solder.

All the components are marked on
the PC board and it is possible to
build the project without any other
help. But as a guide we will go
through the assembly and explain
everything as we go.

Basically you start with the smallest
components which are closest to the
board and progress to the highest or
largest components.

We have fitted the lowest items and
now the smallest. There are 13
connector pins on the board and one

holtow pin for the TONE OUTPUT.
The pins accept flying leads and
female connectors as used in the
plug-in modules.

Fit the 16 LEDs in the 4x4 display and
8 LEDs in the single row so that the
flat on the side of each LED is on the
right. Refer to the markings onthe PC
board. The cathode leads of the LEDs
in the 4x4 are left long and a piece of
tinned copper wire soldered across
them, about half a cm from the board.

There are 4 individual pieces of
tinned copper wire which join the
cathode leads of the LEDs to the
circuit. Refer to the drawing to see
how this is done.

éi"é.“!‘f“[
JIJIJ‘LI

Note the 4 lines
cannecting the cathodes:

Next add the resistors and signal
diode in the clock circuit. All these
components touch the board and the
leads are trimmed neatly after eachis
soldered. Next fit the 4 power diodes
and eight BC 547 transistors. Almost
any NPN small signal transistor will
be suitable and BC 547 is only used
as a guide. There is one BC 557
transistor used as the input decoder
and this is indicated on the board
with a white transistor symboi. All
transistors should be pushed onto the
board leaving a space between body
and board equal to about the
thickness of a resistor.

Mount the 100k mini trim pot and
solder its leads. Push the leads of a
LED through the screwdriver slot in
the pot and bend them over so that
the body becomes a handle. By
turning the LED you will notice the
trim pot rotates too.

Now comes the need for a careful bit
of soldering. The two leads of the LED
must be soldered to the rotating part
of the pot so that the solder does not
run over the edge and touch any other
parts. If this happens the pot will be
ruined as it will no longer rotate.

Fit the two 1n greencaps into the
clock circuit.

Mount the DN-OFF switch and input
jack so that they touch the PC board
and solder the leads carefully.

The 7805 regulator is mounted under
the PC board with a nut and bolt so
that it touches the copper laminate.
This will act as a heat sink and
prevent the regulator getting too hot.

The leads from the regulator fit into
the holes on the underside of the
board and are snipped off the top side
so that they don‘t protrude.

The two electrolytics must be
mounted around the correct way.
Observe the negative marking on the
component and the positive marking
on the board. The 1Tmfd reset electro
is bent over and lays flat on the board
to pravent it getting in the way of the
reset button. Allow enough lead for
this to be done.

A 'PDWER-ON’ LED is fitted near the
regulator to indicate bv.

Three push buttons are the next
components to be fitted. The
positioning of these is determined by
a flat on the side of the switch
aligning with the marking on the PC
hoard. You can use any colour for the
switches as they are not colour
coded.

The mini speaker can he mounted
either way around as it is not polarity
sensitive. A 10cm wander lead is
required for the probe and it must be
long enough to reach over the entire
board. A short piece of stiff wire can
be soldered to the end of the lead to
act as a probe tip or alternatively the
wiras can be soldered to make them
stiff.

Qne jumper lead is required on the
board to select either the upper half of
the 2732 or lower half. A female
socket ts attached to the lead and
kept in position with a short piece of
heat-shrink tubing.

The last component to be fitted is the
8 way DiP switch. The numbers
and/or tetters on this switch must be
removed before it is fitted to the
board as they are not used in this
project and may cause confusion.

Use a knife or blade and scrape the
numbers until they disappear. Next
you must determine which way
around the switch is to be inserted as
some switches are CLOSED when
the lever is UP while others are
closed when the lever is DOWN.

We require the switch to be closed or
ON when the lever is DOWN so that
each of the levers correspond to a
number on the PC board. This is not
essential and the switch will work
satisfactorily around the other way,
but to make things simple keep to our
suggeastions.
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IF IT DOESN'T WORK

As we have said. digital projects are
extremely reliable and have an
enormous success rate. The chances
of this project working as soon as the
power is applied, is very high.

Howaever, if it doesn't snap into life,
here are some helpful suggestions.

Firstly check the power LED. It
should come on as soon as the power
is applied. [f it doesn't, the fault will
lie somewhere in the power supply.

Feel the 7805. It should get warm
after operating for a few minutes. !f it
is very hot, you will have a shortin the
circuit. Tum off the computer and
look for a bridge between two tracks.
This may be anywhere at all on the
board and this is how to go about it:

Measure between the positive and
negative rails with an ohm-meter set
to LOW OHMS. It should measure
about 30 ohms in one direction and
50 ohms in the other. The values you
will get are mainly due to the
presence of protection diodes inside
the chips and the resistors on the
board. The actual value of resistance
does not matter. Values such as this
do not indicate a short circuit. Butifit
10 ohms or less, a short-circuit is
present.

Remove one chip at a time. If the low
value is still present after alf the chips
have been removed, you will hava to
look for a fault on the board itself.

Start by removing the 7805 and then
one end of each of the 41 jumper
links. Measure the resistance value
at each stage. if the short is still
present, lift one end of each resistor
and capacitor. if it is stiil there, it will
possibly be a short between 2 tracks.
You will need a magnifying glass and
a sharp knifa. Cut between the tracks
at every location where you have
made a connection to make sure no
wiskers of solder are shorting
between one tand and another.

After this, the short should be
removed. Refit the 7805 and switch
ON. The LED shouid light. Refit all the
components and jumpers. Use
desolder wick to remove the solder
from each of the holes so that the
lsads can be inserted.

If the power LED comes ON but none
of the dispiays. set an input value on
the switches of say ‘40’ and reset the
computer. This will produce ‘99’ on
the displays. If they remain blank,
you will have to look into the
operation of the system.

This is where the built-in AUDIO
PROBE comes in. The probe lead wili
enable you to hear the signals on
each of the active pins of the chips.
We have specially designed the
computer to operate at a speed which
can be heard by the human ear. The
probe will let you hear the frequency
of the clock, the output of the address
and data bus and also the activation
of the latch,

Firstiy turn the clock speed down and
probe the ‘clock-input’ at pin 6 of the
Z-80. You should hear a fairiy high
pitched whistle. As you increase the
clock spead, this whistle will
increase until it gets too high to hear.
Next probe one of the data lines and
you will hear a tone which is exactly
one-eighth the frequency of the
clock. If nothing is heard, it means
the Z-80 is not operating or not
accepting the input clock waveform.
Make sure the reset pin of the Z-80,
pin 26, is HIGH, otherwise the Z-80
will be sitting in a reset state.

if nothing is heard on the address or
data buses. the fault will lie between
the Z-80 and EPROM. They must be
talking to one another for the system
to start up. Even a blank EPROM
{filled with junk of FF's) will produce
a tone on the buses.

Test pin 18 of the EPROM to make
sure it is being accessed. You should
hear a tone on this pin which means
the Z-80 is accessing the EPROM
and trying to get it to place data on
the data bus.

Some of the faults which can occur
between the Z-80 and EPROM
include non-soldered connections.
IC socket pins which do not pass
through the PC board and thus do not
connect to the circuit, power not
reaching the chips {due to a broken
track), or a fault in one of the address
or data lines near a solder
connection.

This generally occurs when you are
soldering and may be due to the iron
being toc hot, taking too long to
produce the joint or moving the
component while the solder s
setting. The result is a hairline crack
where the track meets the land and
this is very hard to spot. Use a muiti-
meter set to low ohms 1o measure the
continuity of each of the lines.

If everything seems to be correct, try
replacing the Z-80. Itdoesnot matter
if you use a Z-80 or Z-BOA, they will
both work equally well.

There is only one remaining
possibility. The Z-BO requires a
perfect square wave for it to function
and we have gone to a lot oftroubleto
produce a near perfect waveform.

I[f the rise and fall time is not
extremely short, the Z-80 will not
accapt it. This problem will be almost
impossible to determine, even with a
30MHz CRO. if you have come to this
conclusion, you should send your
project in for a check-up.

Once you have values appearing on
the displays. you can chack for the
correct operation of the programs by
accessingour OUTPUT LATCH TEST
ROUTINE. Turn on switches 01, 08
and 20. This will give a value of 290.
Push reset and the micro will jump to
address 0290. Three LEDs should
illuminate: 01, 08 and 20. Now turn
all switches OFF. All LEDs should
extinguish. !f any remain ON, the
fault could lie in the input port. Check
the soldering for shorts and all lines
for continuity.

if a fault is present in one of the lines
other than 01, 08 or 20, the micro will
not address 0290 and the wrong
program will appear.

If this is the case you will have to
experiment with various settings and
try to determine where the micro is
jumping to.

If a wrong program is picked up, you
cannot be sure it has accessed the
beginning of the program and thus
you cannot immediately determine
which line is at fault.

Turn atl switches OFF and press
reset. The computer should not
address any programs as the jump
routine will be loading HL with 00 00
and jumping to the start again. Thus
it will run around a ioop., back to
address zero.

if the 7-segment displays illuminate
but not the 4x4 matrix, or therow of 8
LEDs, the fault will lie in the jumper
lines which must be connected to the
cathode ieads of each of the 16 LEDs.
See the construction notes for this as
it will be the first time you have come
across this method wiring the
underside of a board.

The decoding transistors for ports 1
and 2 only come into operation when
they receive the correct instruclion
via the program.

When the micro is executing the
start-up program, it will be iooking at
the input port twice per loop and you
will able to hear this in the mini
speaker,

The output port will not be accessed
during this time and probing the
Latch Enable line will give no tone.

You must put a vaiue on the input port
switches to get the computer out of
the start-up routine if you want to
probe the output decoding transistor.
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This is done at pin 11 ofthe 74L5273.
If no tone is heard, trace the circuit
back to the BC 547 {near the Z-80)
and probe the base and emitter leads.
When the transistor is being turned
ON, a tone will be heard in the
collector circuit.

If all these suggestions fail, start at
the beginning again and solder each
connection. Use desolder braid to
collect any excess solder and inspect
every joint under a bright light.

Make a continuity check of each
copper track and maka sure each
land is not shorting to the one next to
it.

Check all the LEDs for correct
insertion and all chips for placement
around the correct way.

Check the regulator, the 4 power
dicdes, the clock circuit, the piace-
ment of the 9 transistors. the
positioning of the 3 push buttons and
the value of all the resistors.

Ask a friend to go over the project and
carry out the troubleshooting hints.

if all this fails, there is a repair service
from TE and for $15.00 plus $4.50
postage, you can get yaur umt
repaired. Send it in a jiffy bag with
$19.50 and we will do our best. Up to
now every computer sent to us has
been repairabls.

So, don’t despair. Send itin and we’ll
check it out.

WHAT EACH GHIP DOES

There ars 5 major building hlocks in
the MICRO-COMP. They are:

THE GLOCK - mada up of 3 transistors
THE GENTRAL PROCESSOR UNIT

« A Z-80.

THE MEMORY - A 2732 EPROM.
THE INPUT PORT - 8-way DIP swiTCH
THE OUTPUT LATCH a 74LS273

There are also a number of other
active devices (transistors}) which
perform inverting and driving
functions and also a single transistor
comnected to a mini speaker to
provide an audio probe to listen to the
computer in operation,

We have intentionaily kept the chip-
count down to make the project
ettractive and in this chapter we will
discuss each chip and how it fits into
the circuit.

TiIE GLOCK

Even though this is not a chip, we
could have used one. The require-
ment of a ciock is to produce a very
fast rise-time waveform at a
frequency to suit the project.

The clock in a computer controls the
speed at which data flows through
the whole system. The Z-80 will
operate at a frequency as low as 7kHz
and below this its registers will fail to
hold informaticn. This is because
they are dynamic and have to be
"‘topped up’ many times per second.

At the higher end of the range, the Z-
80 will operate at 2.5MHz and a Z-
80A at 4MHz.

In our project, we want the Z-80 to
operate as slow as possible so that
we can ‘see’ the program run and
hopefuliy listen to the bus lines
change tone as the program runs
through its steps.

The reason for the clock circuit
containing a diode and wave-shaping
transistor is to generate a perfect
square wave. The 2-80 is very critical
as to the shape of the wave it will
accept and the rise and fall edges
must be extremely fast - especially at
this low frequancy.

tn addition, we have included a speed
control in the clock circuit so that the
frequency can be adjusted from
7.5kHz to 35kHz. Thisis nearlya5:1
ratio and allows each of the programs
to be run at high and low speed.

Even at these speeds the Microcomp
must be one of the slowest
computers on the market as most
operate at a clock frequency of 1MHz
to 2MHz. But don't worry, even at
8kHz, you will see operations
performed faster than you can think.

THE Z-80

This chip is the heart of the computer.
It is called the CENTRAL PRO-
CESSING UNIT or CPU for short.
This is a truly an amazing chip and we
could fill many pages on its workings.

You will pick up a lot more on how the
Z-80 works as we progress with the
notes and the main fact is it controls
all the other chips in the system. It
takes information from the 2732 and
delivers the result of calculations and
operations to the output latch. The
spead with which it performs these
tasks is controlled by the frequency
of the clock.

The Z-80 is capable of controlling
over 100 chips and you can see our
‘comp is only a very small design.

The Z-80 is like a story-teller. It reads
the 2732 like a book and delivers its
interpretation to a child {the output
latch). The input port is like a child
telling the story-teller where to start
in the hook. The clock circuitis like a
watch - telling the story-teller how
fast to read.

THE EPROM

Chip number two is the program
storage  chip. It has been
programmed by TE so that a number
of programs and effects can be
produced on the displays. These
chips are baught in a blank condition
and programmed by means of an
EPROM PROGRAMMER so that
they contain the necessary set of
HIGHs and LOWs to make the Z2-80
perform the requirad operations.

The EPROM supplied in the kit is
ready to operate the computer but
you can program your own or get a-
friend to program one for you and it
will work just as successfuilly. The
full listing to do this is supplied in the
notes.

This is the main advantage behind the
type of programming we are covernng.
It means you will be able to write
programs for your own micro-
computer controllers, produce the
EPROM and get it running without
the need for any outside heip.

It is the most efficient type of
program available, in terms of
memory required. It consumes the
least amount of memory and is used
in all types of industrial applications
and video games.

THE INPUT PORT

This is an interface between the
computer and the real world. We
have already mentioned the need for
this connecting link.

The input port takes in information
from a set of switches and loads it
into the accumulator in the Z-80. The
Z-80 operates on this according to
the instructions in the program.

As well as the 8 switches, there are
also 2 push buttons which are in
paralle! with the two highest value
switches. Provision for two more
switches {external to the board) is
also provided on the PC.

The input port is software controlled
and thus any of the switches can be
programmed to perform  any
operation you wish. They can start a
program, stop it. call up a number,
increment a count value, decrement
it, sound an alarm, dial a phone
number and lots more.
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A switch places a HIGH on the data
bus. when it is closed, and only when
instructed to do so via the program.
The instruction for this is: IN A,(01)}
and the input decoder transistor is
activated to aliow this loading to take
placa. At all other timas the switches
put no load on the bus and allow the
lines to rise and fall so that the other
instructions in tha program can be
performed.

THE GUTPUT LATCH

The output lateh is the third end finai
chip in the project. This is the chip
which drivas the set of output LEDs
and displays. We have created three
different types of display and each
will produce its own special effect
according to the program being run.
The main purpose of this latch is to
hoid the information coming from the
2-80 for iong periods of time so that
we can view it on the displays. This
aliows the Z-80 to go away and carry
out other operations.

A set of transistors turn on one or
othar of the 7-segment displays via
the 8th line so that a two digit number
can be dispiayed.

INPUT/GUTPUT

The Microcomp is capable of
accepting information from the
outside world as wel!l as delivaring to
the outside. This capability is calied
INPUT/QUTPUT.

In a simple system such as ours, for
each address line it is possible to
connect 8 devices to the data bus and
access them individually via the
program. These devices must aiso be
gated into operation via the JORQ
line.

Devices can have either input or
output capability and since the Z2-80
has 16 lines, this gives us a lot of
devices! This is more than we require
and to keep it simpie we will consider
only one set of 8 on address line AD
and one set on address line Al.

THE INPUT PDRT

input information is obtained from a
set of 8 DIP switches and these are
connected to the data bus. Eight
switches like this gives us the
capability of up to 256 combinations.

When address line AQ goes HIGH and
JORQ goes LOW the value on thesa
switches is passed to the Z2-80 as an
input vaiue.

These switches are software
programmabia and can be instructed
to perform many tasks, depending on
the instructions in the program. The
micro only lcoks at the switches
during the instruction IN A,{(01) and
during the remainder of the time the

switchas are allowed to fioat up and
down and don’t interfere with the
data bus.

THE GUTPUT PORT

The OUTPUT PORT is a latch chip. It
must be a latch to hold the output
value fong enough for us to sea the
data on the dispiays. The latch will
retain this data until updated.

There are two gating transistors in
this project. One controls the input
port and tha other controls the output
port.

Each transistor produces a LOW
output when the I/0 Request is LOW
and the prescribed address line is
HIGH.

The /0 Request line does not
determine the N or OUT nature of the
signal, it just goes low when the Z-80
requests one of its ports. The
circuitry and instruction in the
program determines the IN or OUT
condition.

THE DISPLAYS

The Microcomp has three different
types of displays:

+ Two 7-segment displays
A 4x4 matrix of LEOs
w Arowof 8 I._EDs.

Each display provides a different
effect for any given set of values and
you will be able to make a
comparison between them as the
programs fun.

Here are a few facts and hints on
producing effects on the displays.

At first you may be surprised to see
two 7-segment displays operating
from one latch chip. Normally this is
not possibie as all the lines from one
latch are required to drive the LEDs in
the display.

But by using only 7 lines to drive the
segments, we have one line left ovar
to switch between the two displays.
This eighth line is normally used to
drive the decimal point but this is the
sacrifice we have had to make.

In our arrangement only one display
wiil iiluminate at a time and to make
them both appear to be ililuminated at
the same time we must switch
rapidly between them. This will
create a two-digit number and allow
us to produce a readout fora 00 to 99
COUNTER. 1t will also give us a
number of other effects as you will
see in the pragrams.

The 4x4 also connects to the latch
and because the LEDs are connected
in a diffarent way to the 7-segmant
displays. a completely different effect
wili be created. A program forthe 4x4
will not be recognisable on the 7-
sagment displays and vise versa.

The 4x4 matrixcan be thoughtofas a
miniature display board. it is
connectad to the latch via 4
horizontal lines and 4 vertical lines.
The anodes of the LEDs are
connected to the 4 lower bits of the
latch such that the first column goes
to bit 0. Column 2 goes to bit 1,
column 3 to bit 2 and column 4 to bit
3.

The anodes of ail the LEDs are
connected to tha 4 higher bits of the
iatch such that the lowest row
connects to bit 4. The second row
connects to bit 5, the third row
connects to bit 6 and the top row to
bit 7.

This means bit 0 sources 4 LEDs and
so does bit1,2 and 3. Bit4 sinks 4
LEDs and so does bit 5, 6 and 7.

To turn on a LED, the source bit must
be HIGH and the sink bit must be
LOW. This arrangement will allow
any individua! LED to be illuminated
and even certain combinations of
LEDs. But it does not permit
absolutely any combination to be
illuminated due to our wiring.

We can overcome this by a trick in
programming called multi-plexing.
This will be covered later and can be
seen in the dice project.

To see exactly how the LEDs are
accessed, address the program at
0290. By switching off the input
switches you will turn the matrix off.
Load input values into the switches
and you will see the rows and
columns of LEDs iiluminate.

The third display is a row of 8 LEDs.
This display can be referred to at any
time for both the binary value and hex
value being outputted from tha latch.
The binary value is simply obtained
by looking along the row of LEDs and
noting the on-off pattern. By adding
their value in binary you obtain the
decimal value of the latch.

But decimal values are of no real use
to us in this project as we are
concentrating on hexadecimal
notation.

To find the hex value of the output
latch, add the hex values alongside
each LED. This is easy to do after a
little practice.

Using the three displays together you
will see the hex value required to
produce latters and numbers on the
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7-segment displays and also see
what the micro in inputting and
outputting in binary form to create
these numbers and letters.

In all, it gives a graphic picture of
what is going on.

THE AUDIO PROBE

The audio probe consists of a single
transistor and a mini speaker. Its
prime function is to enable you to
listen to the ‘computer in operation’.

Thisis possible when the clock speed
is turned down and the probe tauched
on each of the pins of the chips.

it is interesting to hear the HIGHs
being sent along the lines, especially
the address bus where each line is
running at half the frequency of the
previous. The Z-80 is acting like a 16-
stage divider and you can hear this on
the probe.

The probe is aiso used for
determining the operation or non-
operation of tha Z-80. This is one of
the tests you will be required to do
when setting up the project as the Z-
80 requires a near-perfect square
wave for it to operate.

The easiest way to see if it is
accepting the clock pulses is to listen
to the address or data lines.

The only way to know if the Z-80 is
accepting the clock is to use the
probe on pin 6 of the Z-80 and then on
one of the address lines.

The audio probe is aiso used during
the course of the experiments. By
comparing the program with the
tones on the buses and the Latch
Enable pin, you can determine how
often the chip is being accessed.

The audio probe also connects to pin
‘80" on tha PC board which is bit 7 of
the output iatch. The Tone pragram at
0010 outputs a HIGH to this line and
than 8 LOW to produce a click in the
speaker. This is the basis to
producing tones and by varying the
speed control, the pitch can be

altered.
WHAT IS THE 27327
The 2732 is a memory chip

containing 32,768 individua! celis
which can be programmed to contain
a small charge.

Each cell is a single P-channel MOS
transistor capable of detecting the
presence of a charge.

This charge is held on a conducting
layer above the transistor, on a thin
fitm of insulating material. When the

charge is present the transistor
outputs a HIGH. When the charge is
not prasent, the transistor outputs a
LOW.

We can access each of these 32,768
cells and suppiy them with a small
charge during programming. The
charge remains in place for many
years because it has no where to
jump to as each area is surrounded by
insulation.

Exposure to uitra violet light will give
the charges sufficient energy to jump
off, leaving the plate in a neutrai
state.

When you look through the guartz
window you can see the array of
cells. It seems incredible that over
32,000 cells can be seen, but that's
the reality of electronics.

Woe access these cells 8 ata time and
this is equal to one BYTE. This is the
basic unit which is fed into a
processor and is the basis of all
Machine Code programs.

One byte can have up to 256
possibilities due to the fact that each
of the 8 cells can be either ON or OFF.

To output these 8 bits of data from
the chip we need 8 lines and these
form the DATA BUS.

We need anather set of lines into the
chip so that we can locate these 8
cells. For a 2732 we need 12 lines
and these are called the address bus.

There is ane interesting feature about
the address and date lines. Even
though they are identified as AO, A1,
A2, ....D0, D1, D2 etc. they can be
connacted to the microprocessor in
any order. This is baecause the cells
are uncommitted and provided you
raad in the same order as it was
pragrammed, the correct data will ba
outputted.

The only reason for keeping to an
accapted pin-out arrangement is so
the EPROM will work in other
designs and on camman
programming equipment.

THE GATING TRANSISTORS

Input and output ports must only
come into operation when regquested.
At all other times they must not put a
load on the data bus as it is raquired
for other communications.

Howevear when an instruction such as
IN port 1is sent to the Z-80, there are
two lines which will be held in a
stable condition and can be used to
activate the port latch. These are I/0O
Request and address line AO. These

can be gated together and the
resulting pulse used to activate the
port.

This is called simple decoding and
since the Z-80 has a number of
address lines it is possible to
connect lots of input/output devices.

We have used only the first two lines,
AO and A1 and they provide a simple
way to achieve an end result.

With this arrangement, the first
device will be activated with the
instruction: 1IN A,{(01) and the second
by IN A,{(02). Further devices would
be activated via IN A,(04} IN A (08)
and IN (10),A. 8y adding port values
together, more than one port can be
activated at the same time, shouid
this be necessary.

USING THE DIP SWITCHES

The 8 dip switches are connected to
the input port and are capable of
providing up to 256 different
combinations.

Eight lines like this is equal to one
byte and depending on the program
being run, this value can be used in
many ways. Examples canbe seen in
the programs contained in the
EPROM that comes in the kit.

We will now explain the meaning of
the values on the PC board, alongside
each of the switches.

You will see numbers: 80, 40, 20. 10,
8. 4, 2, 1. These are hex values and
are an easy way for us to give values
to a set of binary switches. The other
optionis towrite: 1,1, 1,1,1,1,1, 1.

Hex is a successful solution to
writing values from 1 to 256 in a form
which is easy to read and only
raquires 2 digits. To input a value
such as 234 refer to the Hex
Conversion table on P 16 of issue 11,
Itis equivalantto EA. Once you are in
Hex notation, you stay in Hex. This
makes it awkward when you see
values such as 10, 20 45, 80, 100 but
you must remember these are aiso
Hex values and a number such as 10
{one-oh) is really 16 in decimal
notation.

To place EA on the switches, you
need to know about Hex addition. Far
instance E is mada up of: 8, 4, 2, and
1. This is how it is done on the input
switches: The switches are
separated into two banks of four. The
iow value switches are labelled 8, 4,
2. 1. The high valua switches are 80,
40, 20, 10.

The value EA is placed so that E will
be loaded into the high section and A
into the low section. To anter E turn
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on switches 80, 40 and 20. This gives
EQ. To produce the value A, turn on
switches 8 and 2. The input switches
now hold EA.

After you have used them a few times
you will become familiar with their
operation,

One of the main uses is to generate a
JUMP VALUE to get to the programs
in EPROM. The computer interprets
the value on the switches as a START
ADDRESS by multiplying the value
by 10 {one-oh) and jumping to the
address of the value created,

The multiplication value of 10is a hex
value and is equal to 16 in decimal,

For example if we load the switches
with the value 1, the start-up
program will convert it to 10 and
produce the address 0010. This is the
address of the first program in
memory - a TONE routine. To address
the RUNNING NAMES routine, load
the switches with 8. This will make
the Z-80 jump to 0080, when the
reset button is pressed.

In a similar way, the start of each of
the programs can be accessed via the
switches. For instance, the Final
Message at 07AQ is addressed by
loading 7A.

Although we can only address every
16th location, the programs have
been written to start at an even Hex
value and end before an addressable
location. Some programs occupy 80
or more bytes while other take less
than 8. This means some locations
will be unused but this is the
limitation of the system.

Experiment by loading the start
address of various programs and run
them to see how they operate.

THE PROGRAMS

We now come to the programs them-
selves.

The list shows all the programs in the
lower half of the 2732. The number in
the first column is the START
ADDRESS which is loaded into the
DIP switches. Once the program has
been accessed, you can use the push
buttons and any of the DiP switches
to operate the program.

Whether you have burnt your own
EPROM from the listing or bought a
kit, you will want to know how the
programs are put together and how
they run. That’s the whole purpose of
this project,

Study each program carefully,
running it at different speeds and
answer any questions associated
with the listing. '

LIST OF PROGRAMS:
0000 JUMP ROUTINE
0010 TONE
0020 QUICK DRAW
0080 RUNNING NAMES
00DO - O0OF4 RUNNING LETTER ROUTINE {can
be called )
100 - 1FF LIST OF NAMES
200 - 28F LOOKING AT DATA
290 - 29F FROM INPUT TO 8 LEDs
2A0 - 2BF INCREMENT VIA BUTTON A
2C0 - 2CC AUTO INCREMENT (fast)
2D0 - 2DD AUTO INCREMENT (variable)
2EQ - 2EC AUTO DECREMENT
2F0 - 2FF AUTO DECREMENT (variable}
300 - 36F 4x4 EFFECTS
370 - 0 -9 COUNTER
390 - 0 - F COUNTER
3A0 - A-2 0-FCOUNTER
3F0 - 3FF VERY LONG DELAY
400 - 469 00 - 99 COUNTER
470 - B1F DICE
520 - b2F EPROM IN BINARY
530 - 623 POKER
630 - 6BF BINARY CLOCK
6CO - 6CB ONE MINUTE TIiMER
6D0 - 6DB 3 MINUTE TIMER
6EQ - 6EB 1 HOUR TiMER
6F0 - 738 ADJUSTABLE TIMER
740 - 760 1 MINUTE DELAY
765 - 79D Table for adjustable Timer
7A0 - 7FF FINAL MESSAGE

These programs occugpy the lower V2 of a 2732 EPROM.

at 0000:
THE JUMP ROUTINE

This routine will be used every time
you want to access one of the
programs.

Set the address value on the input
switches and press reset. The micro
will then jump to the program you
have selected.

Each program is a loop and the
Microcomp will run around this loop.,

The input switches can now be used
for other functions according to the
demands of the program. Don’t push
reset as this will cause the micro to
jump out of the program. Only
buttons A and B are used during the
course of the programs. These are
equivalent to switches B and 7.

THE JUMP PROGRAM

1. LD B,00 0000 06 00
2. IN A,{01) 002 DB o1
3. LDl‘ 00 00 004 21 00 00
4. LDL,A 007 oF

5. ADD HL,HL 008 129

6. ADD HL,HL o009 29

7. ADD HL,HL o0cA 29

8. ADD HL,HL o0o0B 129

9, JP (HL) 00C E9

This routine looks at the input port
{01) and jumps to the address set on
the input switches.

The program multiplies the value set
on the switches by 10 (one-oh) and
jumps to this value.

if no switches are set, the program

constantly loops back to 0000,
looking for an input from the
switches,

if "1’ is loaded on the switches, the
program jumps to 0010. if ‘2’ is set,
to program jumps to 0020 etc. If
switches 20, 8 and 1 are set, the
program jumps to 0290.

in this way we can access from 0010
to O7F0 in blocks of 10 hex bytes.
This is equal to every 16 bytes and
gives us a very good coverage of the
EPROM.

The way in which the program works
is this:

Line 1 loads the B register with 00
ready for a DJNZ statement as
required in some of the programs. it
has nothing to do with this program.
Line 2. The program looks at the input
port and loads the value itfinds onthe
switches into the accumulator.

Line 3. The HL register pair is zeroed.
Line 4. The accumulator is loaded
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into the L register, which is the LOW
register of the pair.

Lines b, 6, 7 and 8 add the contents of
the HL register pair to itself four
times. Each ADD doubles the result,
making a totai increment of 16 times.
A multiple of 16 is equal to 10 in hex.

Line 9. The micro jumps to the
address given by the value of the HL
register pair.

QUESTIONS:

1. Set the switches to address values
which are not the start addresses of a
program. Why do some of them
work?

2. Why does button B address the
start of the 00 - 99 counter?

3. Could the DIP switches be
replaced with push buttons?

4. Explain what we mean by the input
switches are software programmed:
5. Name a few davices which can bs
connectad to the input port:

ANSWERS

frequency of the Microcomp is about
3bkHz, the highest tone which canbe
produced is 700Hz.

This is not sufficient for a musical
scale or a tone generator and only a
sample tone has been included in the
EPROM.

By inserting the lead of the AUDIO
PROBE into terminal ‘80" on the
beard, below tha 7-segment displays,
the tone will be reproduced in the
mini speaker.

You can compare this tone with the
Latch Enable pin and the data bus and
see if the tones are different.

The TONE routine is a loop, starting
at 0010 and ending at 001F. The first
instruction AF is a single byte
instruction which clears (zeros) the
accumulator so that this value can be
outputted to port 2. The accumulator
is then loaded with 81 which

TONE ROUTINE:

XOR A 0010  AF
ouT (oz),A o011 D302
LD 0013 3E 81
OU%I),A 0015 D3 oz
XOR 0017 AF
OUT (oz),A 001 D3 02
LD 001A 3E81
ouUT 02),A 001C D3oz
JR 0010 001E 18 Fo

produces a HIGH to the AUDIO
PROBE input pin and also turns on
segment ‘a’ of the firstdisplay. Thisis
the complete TONE routine. The
sequence has been repeated again to
use up the available memory before
jumping back to 0010 via a JUMP
RELATIVE instruction.

The program will loop continually
until the reset button is prassed. The
input switch must be OFF to pravent
the program being accessed again.

QUICK DRAW PROGRAM

. . LD C,02 0020 oE 02 This is ths COUNT ragistar fer 2 rotatisns of the displny.
:';r%?‘m:t;mgfoy?:rﬁa:ns;a;t I:\:;?ill-lt m.v LD D,08 0022 16 08 O is the COUNT registar fet the B LEDs
This ig becausg the miero iumos into LD HL,00F5 0024 21 F§ 00 load HL with tha start of the byte tahle.
a location it understantj:!s gnd it LD L 002 E Load tha accumulstor with tha vslua POINTED TO by HL.
follows the program to the end. It OU'I?OI) A 002 3 02 Qutput the accumulator 1o port 2.

. the rtof th N DJN oﬁzA 002A 10 FE Ragister B cortains 00 [via jump pragram) DINZ iz s OELAY.
then ju mCI!.')S to ?t?' dq t lﬂ progrg:n INC HL 002C 23 Incremant HL 1o Ingk at the second byte in the table.
agrdeepf:-o uces a tu lSp ay on e nEc D WID ls Incremant the BYTE-TABLE COUNTER.

S . JR NZ 0027 002E 20 F7 If gnd of tabla not rgeched, jump to lina 4. Dtharwiss naxt lina.
?' 'Button B has t}}e :ame value ha.s DEC C 0030 oD Oscrament € and illumineto 8 LEDs again.
40 on dthet sa‘gl;ce es 438di|"l tﬂ'll: JR Nz oozz 0031 20 EF tt & is zero, advance to naxt lina.
Egrlaegﬁﬂon § 10 ress ”33 SE 90 Tha accumulstor is zeroad te blank the displey.
: OUT 003§ D3 oz The Accumulstor is outputted 1o paort 2.
?)Utr::é \I:V‘.(;tl!;;!e g‘:‘:gt;zrbzpp::s::(ﬁr; LD D )&oz 0031 11 02 OB The DE registar pair is svallsble far a-tang DELAY.
D 0
the same time to achieve the result of ECD ggsn 1B L;‘:"g’?"' E
the DIP switches. LD A’“ 3 LA ye D o A
4. The input switches can be ORE 003C B3 O E with the accumulster
. cl; 1o do  anvthin as Jn NZ °°3A 003]) 20 FB Jump if both D and E ere not zero.
proggﬂ?% the oro rath 9. A;(ol) 003F DB o1 Input ths 1wo switches,
rqu d V WE l? h g a § Bl’r 0041 CB 717 Test BIT 6 ta asae if awitch B is prassed.
5. Any device ic h as a s ‘E o JP Ni 0020 0043 €2 20 00 Jump te start of pregram if button B is presssd.
contacts such as a relay, morse key, BIT 1,A 0046 CB 7F Test BIT 7 to sea if buttsn A is prassed.
mlcrﬂ"SWltCh. 'prSSLII'B T:t or G:gn JP Ni 0020 0‘04' Cz 20 00 Jump 1o srart of progeam if A is pressed.
transistors acting 8s switchescanbe ;o5 4 gF 0048 3E OF Losd A with OF ta produce e ‘backward €.
used. oOUT ol), 004D D3 02 Output 8F te port 2,
LD B 004F 06 08 Load B with D8 for s shart DELAY ROUTINE.
THE TONE ROUTINE DJN 0051 0051 10 FE DJINZ dscramsnts registsr B te 25r0,
0053 3E Bq Losd tha accumulator with B9 to produce 'C' in display 1.
The TONE routine is located at 0010 OUT 0055 D3 o2 Output BY to port 2.
and this is addressed by switching 0057 DB o1 Input tho twe switches te see i either is prassed.
the lowest value switch ON thus: BIT 005 CB 77 Tast BIT 6 to sae if B is presssd.
JR Ni oobs 995 20 09 Jump it butten B is pressad.
oclolojololo]|o Bl'r 7’A 005]) CHB 7F Test BIT 7 to saa if butten A is pressed.
° Dul D Jn z,”‘n WSF 28 EA Jump back to lins 24 if net pressad and leap censtantiy.
LD Bo ”bl 3E Bo If butten A is prassed, lesd 1he accumulater with Ba.
inciole behind ti a tone ouT oz),A 0’.3 D3 02 Output BO 10 pert 2 to give "1 en display ONE.
:rhe principie behinc creating HAL 0065 6 Ths program HALTS. Reset by prevsing raset button,
is tg tOQEIGhﬂn %Utpl:’t bit. The SpleeGdd BIT 7,A 0066 B 7F Test bit 7 ts sae i button A is alse prassed.
“?;duc‘:s I'::ha f:e e‘uecnl;\,r :} tt:g E'|tgrua JR Z,0074 ”:'A 28 QA Jump if butten A is net prosaad
P I?H A oS LD A, 06 00 3E 06 Load Accumulatar with @b
o podece s I e AT SUTUDA ME Digt  cinisoro
L 8d accumulster .
50kHz. This is because the clock ouUT gz), 0070 D3 02 Ouiput B 1o pert 2 te get *1° en display ONE.
frequency is divided by eight to run JR 00bA 0072 18 Fé Jump back te displey 1's en both displeys. Keep leeping.
thedato bus and furthor clock ycles 1 g 9074 o8 it i
ou‘r o: utput 1 port 2.
instructions. Since the maximum HAL h 0078 76 Halt. Prags rasel butten te reset gama.
L
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QUICK DRAW

Quick Draw is located at 0020 and
this is addreassed by switching ON the
second lowest switch thus:

° 0020

Quick Draw is a reaction game for
two players. Player ‘one’ uses button
A and player ‘two’ button B,

difficulty in displaying them on the 7-
segmant displays. But for the
majority, a name can be added to the
meassage to add a personal flavour to
the project.

The main program consists of 4
different sections. The first produces
the message: “3-Chip uP built by".
The sacond looks at the list of names
and counts the FF's separating the
names. It compares this with the
value set on the input switches and

N

Part 3 of the program flashes ‘C’ on
the screen to represent copyright and
the 4th part of the program produces
the date: 1985.

The letters running across the
displays are produced by a sub-
routine which is used for the first,
sacond and fourth parts of the
program.

This sub-routine picks up the first
two bytes in the table and displays

The game is played on the two 7-
segment displays and the program
starts by illuminating segments
around the two displays. Then the
perimeter of the two displays
illuminate.

The first player to press his button is

displays the chosen name.

RUNNING NAMES:
MAIN PROGRAM:

them on the two displays. When the

the winner and this is shown by a *1’ LD IX 0100 B Eos_o_ DD 21 00 01 The iX register paints to the start af the byle teble.
appearing in the appropriate display. LD Hlﬁoo.A oo:‘ %‘j.l)%m The HL register providas e raturn sddrass for the sub-rautme.
JP 00 0 o0 7 Jump to the RUNNING LETTER sub-routine.
|.f bOtE I::ﬂc}f.el'sl PI'B.S|S 3'!: the same LD C.,00 008A OE 00 "C 15 eur COUN Tragistsr andis compared with an input velua
time, both displays illuminate. LD ]i 0114 008C DD 21 14 01 X is ieadead with the stars of the NAMES tabls.
, , IN A’(OI) ooqo DB o1 Input the value an the switchas, 1o the sccumulotor
Ifa ;talayer beats the gun’, the game CP o0 0092 FE o0 If the input valua 15 00. the progrun incrymants 1o find 8 and
resets. JR Z ovo 0094 2813 tha micra jumps 1o lvna 20 (finput valua s NO T zere. 10109
LD D,A ooqb 57 The mput valus 1s SAVED by .Iandmg it inty ragratar D
Press the reset button to startanew [ Aﬁ"x 0097 DD 7TE 00  The dota byte pointed to by the IX ragister s foaded inte A.
game. CPF o,oqA F.E F The accumulatar is camparsd with FF ta detect and of nyme.
Data Bvtas at OOF5: JR Z o0Az o009C 2 04 i end af namo is reachnd, tha pragrem jumps to kins 15,
yt INC IX WQE DD 23 It et of nama net ranched, {NC (X and jump 1o line 10, whare
o1 JR 0097 ocoAo 18 F§ the next bytu 1s lgedad into A and compared with FF.
012 INCC 00AZ oC The C rogister s incramented. indicating end af word,
04 LD c oom L’ Load € inta the accumutnrer
°. CP 31 “M A Campare accumulstor with D to sea if word has baen locatad.
88 JR NZ °°'E “A; 20 F7 Jumip i ward 15 not tnund
90 JR OOAB 00A" })ODOIB Jump OVER line 20
Ao DEC lx OOA 2 Thas ing anly apphes ta the fiest wared in the list,
81 LD o083 00ARB 21 B; 00 Leas HL with the ratern addeass fere tha subsrauting
lNc l oﬂAE DD 3 Incremant tX far the hirst lettar of the nama,
RUNN'"G "AM Es JP ooDo a0BoO cs Do 00 Jump ta the LETTER RUNNING routina and displav name.
. . LD c’o. 0033 oK 08 Tha € ragister is usad te caunt ‘COPYRAIGHT flashaes.
To access this program, switch B LD A58 0085 3E §8 Leed sccumulator with §8 to preduce latter 'C’ on display.
must be ON. This will produce OUT (02),A 00B7 D3 02 Output 58 ta port 2
address-value 0080. Do not turn on DJNé ™ o0B9 10 FE C 1pmains ON for 256 laops of DINZ (B register).
switch 80 as this will produca 0800! LD A 00 0o0RB 3E 00 Aceumautatar is leaded with zera.
OI'IFG the program has started, the ouUT ’oz) A 00BD D3 02 Zera 3 sutputted to turn DEF 'C'.
switches can be turned OFF or set to DJNé ! 00BF 10 FE Display 13 OFF for 256 Ioops of DINZ .
the value nacessary to access the DECC 001 oD The ON-0OFF ceunt rogister (RegistesCl is dacremented.
name you want to appaar on the JR NZ ooBs 00Cz2 20 F1 ON-OFF eHect is repoatad B timas.
screen, LD IX,01F§ 00C4 DD 21 F$ 01 Rouistor IX is Jaaded with 01F8, data for "1385’
sTolo o oTolo LD 0080 Wg.n é] .lg 00 Aegister HL is leaded with retum eddress {re-start address)
0080 JP ooDo 00 3 D0 00 Program jumps tn RUNNING LETTER routine,
)
Running names is a pragram which RUNNING LETTER ROUTINE: - sub routine
you use soon after the Microcomp LD C,0B ooDo OE 0B Each letter epponrs 8B times (11 timas)
has been complated. LD A,(IX +00) 00D2 DD 7E 00 toad accumulator with byte petnted te by IX
SET 7 OUD CB F S5ET bit 7. to tun an left-hand display
It displays a message saying the QUT (oz),A oonz D3 02 The sccumuimor is eutpurted to p;: 2,
builder of the project is YOU! LD B,20 ooD7 06 20 Load 8 wih 20 {for 32 toops of DINZ) fer time delny.
) DJN ooDo 10 FE Perform 32 Ioops of decramenting register B
To do this we have included alistof LD A,(IX + 01) 00DB DD 7E 01 Lesd the accumulator with next dat:ghvle‘in tabia.
about 30 names and t.hBSe are  QUT (02),A ooDD D3 02 Output the accumulatar te port 2.
accessed by loading the input port LD B,20 00Eo0 06 20 Load 8 with & vatue af 20. {32 in dacimesl)
with a particular value, once the PJN 00E2 10 FE Decremant 8 32 times.
program is running. DECC 00E4 oD Decrament C
. JR NZ.00D2 00Eé 20 E’ If Cia NOT zero, jump 10 line 2 and ropest @B tirmes.
Hopefully your name is amongst the INC [i o0E7 DD 13 increment the 1X register
list, but if not, there are a few general L] (IX + 01) OOE DD 7E 01 Load sccumuletar with noxt byts in table
names at the end of the table t.O FOVET CPF 00E FE FF Comperes accumulator with FE,
thc:lse exciuded. Nz:mes containingM JR NZ,00D2 0oEE 20 DE i sccurmusdetor is not FF. jump to start end shift jetters scross,
and W have been left out due to the Jp (]-n’,) ooFo E9 When FFis datected. micto jumps to sddress centmined in HL.
——
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clock speed is HIGH they will appear
to be on at the same tima. When the
clock speed is LOW, they will
produce a flickering effect.

The routine displays the letters for 0B
cycles (11 cycles) and then looks at
the next byte. Ifitis FF, the rnicro
jumps back to the main prograrn. If it
is not FF, the sub-routine picks up the
next byte and displays bytes 2 and 3
on the displays.

A table of names is situated atthe end
of the sub-routine, which is accessed
by the main program and used by the
sub-routine.

TABLE OF NAMES:

3 4F C ¥
c 2 H7e g3
I 76 R 33 1 06
P 73 E 7 FF
00 S ¢ D SE
u 1C FF A7
P73 00 V3
B ED bR
T 3% E 79 0 3F
L R 33  y;3E
B o0 G 3D
Y 7€ I ob FF
6E N 3 E 79
% P73 DsE
A7 T 78 g 4
Y bE A 7 N 3
FF L 3 F
BIC USE ¢3p
L 38 00 G 3D
B ®c 00 B,
E 19 FF G 3D
R 33 £ 3 L3
FF I o6 3 29
B 1C F 71 F
B 1C 1 o6 FF
¥R Am
B 7C C 139 %
o 3 R 33 54k
€ 3 S oD g3
3 c 3 N¥
C 3 FF
A 77 L 38 A 77
R 33 I o6 T 78
FF F

E seD -4
T 7 T78 . -
E 79 A 17 c 5
R N 3 3
BoOYE b

Py TN gl
H7 O3F s 6D
I o6 N3 40
P L3 ¥
SR BN}
A T 78 37
L] L 38 0 IF
P 7 E 79 L 38
H =% ut E
¥ O 3F DS

R L 38 00
03% 00 P13
Y & 1 06 R3
FF FF 03¢

S oD : 53 06
C T 53 l“,
o 3 LI -
T7l FF 52])
Tsp 00
00

FF

The list of names in the table and the
corresponding Hex value which must
be placed on the input switches. If '8’
is on the input, the message will read
'ENTER INPUT VALUE".

1 ANDY

2 BASIL

3 BERT

4 BOB

5 BRUCE

6 CARL

7 CHARLES

8 ENTER INPUT VALUE
9 CLIFF

A CLIVE

B CR!IS

C COLIN

D CRAIG

E DAVID

F DOUG

10 ED

11 EVEN

12 GEORGE

13 GLEN

14 GREG

15 IAN

16  JOHN

17 PAT

18 PETER

19  PHILIP

1A RALPH

18  ROY

1C  SCOTT

10 STAN

1TE  TONY

1F  LITTLE 'OL |
20 ?22?7?

21 -- GUESS - -
22 AN OLD PRO

NUMBERS AND LETTERS

To produce nurnbers and letters on
the displays. you cannot load a data
value of 01 and hope to get the figure
‘1" on the screen. You will get
segment ‘a’ illuminated. This rmeans
the hex value of the requirad
segments rmust ba added together to
achieve the required figure.

For example, to produce the figure
‘1°, we rnust turn on segments ‘b’ and
'c’. The hex value for ‘b’ is 02 and for
‘e’ it is 04. Add these together to get
06. To create the figure ‘2’ on the
screen, we rnustilluminate segments
a, b, d, e and g. The hex values for
these are: 01, 02, 08, 10 and 40.
Adding these together we get 5B.

This process has been continued for
the alphabet and nurnbers as shown
in the following table.

Some of the letters are hard to create
on a 7-segment display and the
closest possible resernblance has
been created.

7

7€

oonqomnmuungiQ:H@:ﬂ!szrxh"=OHHUOH?

This table gives you the full alphabet
and numbers, along with the Hex
value needed to produce the
character. Most of the letters will be
quickly recognised with ‘M’ and ‘W'
baving a bar over the character to
indicate it is repeated again to create
the letter.
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LODKING AT DATA

This program lets you ook at data in the
EPROM. This way you can check each of
the programs we have listad.

0200

The program ie located at 0200 and is
aaceased by turping on switch "2Q°, Push reset
to access the program. Page zero address
0000 will he displayed. To sccess pege 1. 2, 3.
4, 6. 6 ar 7. the appropriete awitches at the
input port must he switched ON.

For page 1. tum on switch 1. Far page 2. turn
on switch 2. For page 3, turn on switches 1 and
2. otc. Switches 8, 10, 20, 40, and BO are
meskad OFF via the instruction at 208 and thus
thay de nat affsct tha page-accessing.

The prpogrem is designed to joop sround
FF bytes and et page ‘2’ the program is
capable of raading itaelft!

At paga zaro (ar any other page) the program
starts by displaying tho oddresa vslue. This will
be shewn with LOW BRIGHTNESS. Pushing

buttan A will display 1the valus of data at the
oddress. This witl be shown with FULL
BRIGHTNESS.

Pushing button A again wilt advance to
addrass 01 and pressing hutton A agein will
shew the data at this sddress.

A fast-forward facility is providad by pushing
button B when tho addrass valus e baing
displayed. This will enahla you to fas1-forward
around e pags to pick up a missed lecation.

Yau cen salact 8 diffarent page numbar at any
time and the coract data will he displeyed.

This pregrsm is very handy for reeding the
cantents ef the EPROM and proving tha data
to be as steted.

The displey values are generated frem a byte
tahla aitueted at the end of the program and is
aa follows:

BYTE TABLE at 8280;

0= 3, All tes soOn ws have run eut of
1= on space. Thara are lels mers pragrama
2 = ;B in the EPAOM end these will bs
3 = ‘F coversd ln the noxt issua.

4 = 66 .

; = .n When you buy e kit yauwill bs able te
6 = 7n accese thess programs and ass how
z = 0 thay work.

; z., Tha Microcemp ia designed tothtinto
1 = ., s cassette cens and be storsd ilks »
B = 7 haek. Hepafuily you wiil be using it
c - 3 aii the tima and h wan’t ame the book-
D= 3 sheil. | hepa | heve sncouraged yeu
E = 7’ su#flcisntly t5 buy one of the kite. F'm
r - 71 wusra it'll ba the bast dacision you wiii

avar mskas.

INC E .noP. NOP
JR 0204
LD HL,0288

BIT 1,C

JR N2 o24E
NC E .nopr, NOP
R 020

RES 1,
JR 024E

100
102
204
206
208
209

20C
20F
210
211
213
21§
z:z
3
2%A
25C
21D
21E
21 F
120
221
223
226
12
22
22A
22C
22E
230
231
233
235

8

oF
3E 00
D3 02

ob 10
10 FE

EE

B FF
D3 o2
DB o1
CB 7F
28 o8
CB Cy

20
18 0

CB 91
CB 7
28 B
24C 18 Bb
24E
251
252
254
255
256
257
259
25A
258
25C
25D
25E
260
263
264
265
266
268
26A
26C
26E
278
272
274
2;. 10 89
|

27B CBS
27D 18 C

CB d1

3006

21 80 82

Cisaur TEST registor. BIT s are SET or RESET in the program,

Registar E hoids the count. from 00 to FF. Zeroed at stsrt.

The velua sn the switchas is loeded into the accumulator.

The accumuidter is ANOed with 7 - eniy 01, 02 & 04 derscted.

Tha velus an ths switches {up to 07} is seved in 'D".

The COUNT REGISTER is loaded in the sccumuiator.

AND OF romoves the 4 uppar bits laaving tha 4 lewer bita.

Laad HL with the stort ef the BYTE TABLE,

ADYD 88 te the accumulstor.

A new volua for L is created {far intar use).

The sccumulater is zereed.

Tha accumuiater is outputted to port 2.

g is leadead with 10 {18 in decimal}

DJINZ A dalsy af 16 is craatad.

The accumulator is loeded with

te by HL and outputted 1e port 2.

Tho count register is leaded inte tha sccumutator.

The accumulster is retated RIGHT. The 4 high bits
movs dewn te the 4 lower plaoces and are ANDed

with OF .

the wvalus painted

AND #F remaves the 4 uppar bits

HL ts loaded with @280,

The L reginter is AlDoed to the accumutator.

A new wvelup for L is creatad.

Zare the accumulator,

Cutput the accumutator ta port 2

Load B with 10 for o delsy roultne

DJINZ for 16 loops.

Load the accumulstar with the velus POINTED TO by HL.
SET bit 7 of tha accumulataes 1o turn an display 1
Qutput the accumulstor to port 2.

Leok at tha input switchas

Tast bit 7 to soe if switch A is prassed.

JUMP if it is not pressed.

SET bit 1 of the C registar indicating A pressed
Tast bn 2 of reglstar C w sea if it 17 81’0

H itis "1, jump to line 3. [f it is 2ar0, jump 10 naxt laop.
Jump to start of faop ‘2

Rasat bit 2 of registar C.

Tast bit 6 1& g8 if hurton B ia prassed.

I it is not pressed. jump to line 3.

IC 00 00 .crament rogistar E

Jump to line 3.

21 80 02 Load HL with start of byte 1abla.

Load A with the data pointed te by DE.

And the accumulstor with OF.

Add register L to the accumulator.

Croata o new vslue far L.

Load A with the data pointed to by HL.

Output this data te pen 2.

Loed A with the data byte painted te by DE.

Rotete the sccumutator AIGHT so that the 4 high order bite
ste shiftod te the 4 lower ponitiens.

AND the accumutator with 8F ta rameve the 4 upper bits.
Load Hi with start of DATA TABLE,

Add regietar L 1o the accumulater.

Creata a new value for L

toad A with the valua peinted to by HL.

SET bit 7 af the accumuistor te tuen on displey 1.

Dutput the accumulator te part 2.

Loak st the awitchea

Datact it button A has been presessd.

JUMP it butten A hes nel besn pressed.

BET bit 2 of register C indlcating button A pressed.

Test bit 1 af register C 10 eae if butten A hes been rateanad.
Jump if bit 1 ef regieter C is "1".

lc Q0 08 incroment register £

Jump 1o icop V.
Aasat bit 1 of register C.
JUMP 1o stan ef leop 2.
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The second difference is the start address
for programmming. MON 1B starts at
0800, while MON 2 starts at 0900.
Programs written at 0800 cannot be
successfully modified via the insert and
delete functions as they will run into part
of tha scratchpad area for the MON 2
system.

The following diagram shows how to add
the diode and resistor for the shift
function. The diagramin issue 13 was not
clear and this is an improvement:

ADDING SHIFT TO
TEG 1 AND 1A.

47K

letters and numbers can be applied to the
tops.

Firstly clean the buttons with
methylated spirits and apply tha rub-
down letters. Cover them with clear nail
vamish to protect them. If you want to

add another layer, wait for the firstto dry, -

otherwise the letters will smudge!

NOTES ON THE 8xB DISPLAY

The Bx8 has been modified to include
sinking and sourcing transistors as
described on P 27 of issue 12 and all kits
now include 16 transistors and the
necessary current limiting resistors.

This results in the LEDs being driven
harder and increases the brightness of
the display noticeably.

This is important whan multiplexing as
each LED will be turned aon for only about
one-eighth of the time and if sufficient
current is supplied durin g this instant, the
LED will appear to be on for the total
period of time with an acceptabis
brightness.

+5v

We had an interesting faultin an 8x8 last
week. It i3 interesting because the
knowledge we gained applies to other
projects where LEDs are driven in
parallel.

A constructor built the Bx8 and was not
happy with the output of about 3 of the
LEDs.

He went to his local electronics shop and
bought a few replacements.

After fitting them, he was quite swprised
that they did not work at ali' So he rang
us. At this particular powt in time we
were not familiar with the fault end did
not know how to advise him. S0 we
suggested he call arowd with the
project,

needed to tum them on. Even if this is
100mV or so, the result will be the LED
will not turn on at all. (See the experiment
in Stage-1, P 9)

It is important that LEDs are matched
according to this characteristic voltage,
for situations where they are placed in
parailel. The Bx8 is ane example as the
LEDs are effectively in parallel when the
whole screen is being illuminated in a
non-multiplexed situation,

DISPLAYING LETTERS AND NUMBERS
The 7-segmaent display is quite a unigue
unit. It will display all the numbers from0
to 9 as well as many of the letters of the
alphabet.

Thare are only about seven letters that
cannot be readity displayed and for these
we will have to make a compromise.

The ietter M is displayed as 8 small ‘n’,
with a bar over the top. This corresponds
1o a feature in mathematics where adotis
placed over the first and last digits in @
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number to indicate the number repeats.
(This is called a recuring mamber or
recurring fraction}.

The letter W is displayed as a small ‘v’
with a bar over the top, for the same

reason. The letter ‘U’ is displayed as a
capital letter while V is a small ‘v’

The letter ‘X’ is displayad as part of a
cross and Z is shown as two angles in
opposite gdrners of the display, and looks
quite readable.

The only letters which require inter-
pretation are ‘K’ and 'Q0".

Ten other characters have also been
included such as a question mark and
‘equals’ as well as a reverse bracket to

assist in displaying mathematical
SH | FT Some time later that day he asrived and problems.
we noticed the first difference was the
J. colour of the LEDs he had used. They A=oF
(o S— were less opaque than the rest and the =
PIN Q crystal inside the LED could be readily B= E" T = 4D
PIN 14 IN914 seen. This did not disturb us as the fight g:ﬁ; == g4
- output of the LEDs was our prime = == o
74C923 Z-80 owpt E=C 1z
= « = 1IN
When we tested it, sure shough: the 3 g - Ei r--o " = *A
TEC 1A/1B CONSTRUCTION HINTS: LEDs did not light up. I=20 f-f-—2= 3%
The output latches for the latest TEC's On measuring across the new LEDs with J=E == 88
are 74L§273‘s and the dotted link below a mulﬁm::a?g:t{o low ohms. the voltage E f E; )= oF
sach chip Is fitted. drop across the crystal was sk N = b5
. higher than the rest. {(When we are taking =
;rhhae 7;'8605 .,'fg,‘:’t:;:":s g;tff:t|¥h::::: a measurement like this, the swing of the g — ;BB
h h needle is being taken as a voltage drop. -
compound can be applied to assist heat We are using the 3v suppy in the mult- PF= 4; { = 2
transfer. meter to provide the LED with voitage and s — i‘ 2 = €D
The small link from pin4 of the 74L6138 % Peetle telle us the chatacteristic $ = A7 3 = AD
IN/OUT decoder mustbe added. It can be - T=46 4 = 2E
cut later if expansion is required. We then got three LEDs from our stock ‘v’ __; EA 5 E A7
About 58 empty holes wilt be on the board and measured the characteristic voltage w':_ Egl ; = f;’
after construction. Some provide for g::%riilr; i:’::e :?:ﬁ:y a:’: v::er:awwe“ﬁt:: X =126 ¢ = EF
i ile others are unused. i pay anc YT =AE 9 = AF
expansion while o them, the whole screen lit up perfectly. Z =Cy 6 — EB
After the keys have been added and The reason why the LEDs failed to
every‘thlng is operating SatleBG‘tDl’lly, the illuminate was due to the highervoltm mus A BM"K 2716 Fnﬂ FF,S

Afiter erasing an EPROM, such asa 27186,
it 55 wise to make sure it is entirely blank
before reprogramming jt. The program
twt follows does just that. It does not
inform you of the location or locations
thet do not contain FF, but rather the
screen goes blank and stays blank if a
ocation has not been fully arased.

¥f all locations contain FF, the TEC resets
via the MONitor program to the start-up
adedress (sither OBOO or 0900). This
prograen can be placed anywhers in RAM
and will work with either MON 1 or MON

2
« by James Deran. 3218
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As promised, a larger photo of the robot arm. If
yvou have built anything like this, why not take a
photo and send it in.

Your ideas, combined with others, will help us
to present an articla. .

~ MON 2 HEX LISTING:

For those with the TEC 1B and an
EPROM BURNER. here is the hex listing
for the MON 2.

With this you can make your own MON 2,
and save the cost of conversion.

Insert the data 0800 on the TEC, and
continue through to 8044,

Go through tha program at least once,
checking each of the values to make sure
a mistake has not been made. A single
mistake can mean the difference
between perfection and failure.

MON 2 HEX LISTING FOR TEC

€3 sn 02 FF ¥id 1A % IC BE

FF FF FF FF ezi1 1E $6 10 TF
w A Cb o E; MIC 2 TT MM
st FY FF FF ¥ i 3 RA X0 W
e %A O g oIl 1A SF 1D 59
o4 FFF Y "ii8 iF 31 5t
"y uﬂun eral 3 4B M §7
wic ¥F F¥ Mis®  3C 43 AF )Y
sie 1A Ch 3 Ky #l3 A3 C 4T M
wiyg ¥¥ FF IF FY 9130 4B 35 se %
T ﬁg?‘ﬂ aR3C 54 2F 50 1D
Hac [} EF A W 1
Wi A CA M g nﬂ A 26 1= 24
o9yd TF FE ¥F (¥ ] ; 2 TF 10
soM A CC o E} aiaC IE 3E 1T
s IFFrrrr "ge n 1;54 1]
bode F¥ FF FF FF n 3 14
vods ¥F FF FF FF ] 5 €y 14
cogd XY FF FV FY wis€ D5 13 E1 a2
saiC ¥F FF ¥F V7T +ibd EF 11 FO 10
wise FF KT EF FF ety FF FF F¥
was4 YE FF FF FF %168 FF FF FF FF
oes8 FF FY YF FY 3114 FF FF FF
eC ¥¥ FF FF FF ¢17e €5 Df ES F
ssés FF FT ¥F FF 0174 AT I8 #) £F
ssé4 FF FF Fi DB o17E 1s 01 IE W0
s0dl B0 ﬁ'ﬂ ol ITC 31 & 81 7
s Fi § FF 180 B &F 4E 1}
we F¥ FF FF I8y 4 7B Dy m
w14 ¥FE EY FF FF o1dd t» FE 4% AF
w7l FFE FF FF ¥F oidC Dy #1- 10 FE
wiC ¥Ff FF FF ¥¥ oigd oD % F1 Fi
ssds EB 38 CD AD "4 E1 B L1
w iE .\'jr Er o1 FF ¥F

EF IF F Eb oieC EY F FF ¥F
iC C3 EC CT 47 olAs F§ E5 1A Db
uﬂﬁinnn scAy o 7E FE FF
m‘ 4% €1 2D B snks 2o o3 Eis Fi

Eﬂll:ﬂg 25AC €9 FE FE 1t
-ﬁ ﬂt‘ EA *iBes F1 13 CD7e
[ ) AE Cy ugg o1 10 EE FP
MAd 10 OF I8 M ox ¥¥ FF FF FF
osAS 1C s FT IFP 218C FE ¥F FF §FF
SRS & of oo 5  JiC0 1 DR U (R

I 0 .

a0 TF F¥ FF FF o1 Ch 1:1- cB li c3
" FF Ff ¥F FF¥ a1 El. 53 CB ¢
sBC FF ¥ FF FF alle ucsﬂ
oele 1B 1¥ 1X 1D eiD{ 03 FF EF
d 1T 17 SE I otD8 Cg b 88 CD
et o8 12 % I} oiC Ao or 1s ¥B
HCC 13 ol 34 29 oiEs €1 fE ¥F
Whs 24 14 4 X L] ED Dx o
eal4 FE 1C 1D & " Che o4 CD
" 17 R FF FF MEC 79 o2 Ca 78
nubc FT ¥ FF MFs 0 FF ED
mnkx CDEy a2 03 siEL Diwd CDyo
ek I8 a E L WFE & CDTO N
skl o1 2B » WrC ﬂ'ﬂ n FF
oEC o4 CD M 0y 0IN0 73 B0

i DFws CK n10d nuﬂrﬁ
»F ﬂﬂllﬁ oted €4 Dy ES D
0] » G B e E§ FD ES 03
saFC FY ¥F ¥F FF 8313 D9 Fy C5 D%
o1 YD I w0 FD iy E£ EP ST B
LT 11 EF 1z Ei 114  AF t_: cC ol
)] 13 IS 13 Cs eaIC 3 CD M 3E
et 1§ BEL 14 B3 oiae Fr 11 En w9
slis I8 A9 59 OF g124 C3 4% 0% FF

218
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RERSIRIIIIIL
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HOW THE CIRCUIT WORKS
(and a general discussion.)

The circuit diagram is TALKING
ELECTRONICS COMPUTER 1B
{TEC 1B). It is a 9-chip. single-board
computer capable of executing Machine
Code commands and displaying the
rasult on either the inbuiltdisplay (a set of
7-segment displays) or on other displays
via the expansion socket.

The expansion socket is configured
identical to the RAM socket and is
accessed via line Y2 of the ROM/RAM
decoder 74105138, at the top right-hand
corner of the diagram.

The computer starts-up vie a MONitor
program contained in the 2732 -and two
monitor programs are in this chip.

The MON 1 select switch takes address
line A11 LOW for the low half and HIGH
for the upper half.

The other major change between TEC 1
and TEC 1B is the odtput latches. They
were originally 8212's but now
74LS273’s have been used. These are a
modern chip and are more readily
available,

STARTING UP

When the power is applied to the
computer, the reset line on the Z-BO is
taken low for an instant via the 100n
capacitor and this resets the internal
workings of the Z2-80.

its first opergtion is to look for the first
byte of data at address zera. in the
monitor. Depending on this being a ane-

contains 11 lines while the data bus
contains 8 lines. The data bus is always 8
bits wide for a Z-80 processor and this
gives it the name ‘8-bit system’.

The address bus is a DNE-WAY bus in
which the Z-80 activates the lines and
tums them on and off using binary
notation to generate an address value.

When all lines are LOW, address zero is
represented. When line A0 is HIGH,
address 1 is represented. The Z-80 has 16
address lines and address 1 is:

0000 0000 0000 0001. When line A1 is
HIGH, address 2 is:0000 0000 0000 0010

The address lines connect to a number of
chips but only one will respond due to a
“turn-on’ line called a command line being
required to be activated.

sl e
37 %%@*% E - 5 3 I
@
R5u =
R
= g 3 15 L7 19
. L] ~ s 20 6 1
FNDSD nsoo "0 a n
100n |"
BC547 ECTAT 74C923 I
YBOAR| In
ENCODERD [
ﬂu; "’ 1 11_8 5 __ui ]
8 o pe -
= T 55
= -
e kT
5y 7
3
slajr|a]r]
sy
el y aoj2ie{alE}
BCS47 -
]_‘1413 - 1 5 9 D
LS8 +|0i4al8|C
L23 4
FHalH =

When the ROM select switch is HIGH,
MON-1 program is accessed and the
computer displays 0800. When the
switch is LOW, the computer displays
0908 and tha MON 2 program operates.

This has been done so thatthe TEC 1B is
compatible with the original TEC 1 and
it can ba upgraded by adding a monitor
switch and a programmed 2732 EPROM.

The original TEC 1 had a 2716 EPROM
but these chips are no longer
manufactured and thus a 2732 is now
used. When a 2732 is placed in 28 2716
socket the upper half of the chip is
accessed and thus MON 1 program has
been placed in the upper half.

TEG 1B COMPUTER CGIRCUIT

byte, two-byte or three-byte instruction,
the Z-80 will execute it or request one or
two more bylas.

The flow of information from the Z-80 to
the other chips is via two buses. They are
the ADDRESS BUS and DATA BUS. in
addition, thers is a set of control lines
{sometimes referred to as the control bus)
that activate (generally) one chip at a
time.

All signals within the computer are at a
tevel iqual to rail voltage (called HIGH) or
ground{called LOW). For this reason thay
are celled digital circuits.

The shaded paths of the diagram
represent buses and the address bus
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These command lines are called chip
select, chip enable or output enable and
this allows only one chip to be activated
at a time.

The chip select lines are the outputs of a
decoder chip and this chip is “turned on’
by the Z-80 and only one of its outputs
goes low at a time,

It is a 3-line to 8-line decoder and this
means it has 3 input lines and depending
on the HIGH-LOW values on these lines,
one of the outputs will go low.

This is a-form of expander so that a singla
line from the Z-80 {e.g. from pin 19 or 20)
can control 8 devices.
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The top right-hand decoder is called the 74523 Laalal Information stored in RAM will only be
ROM/RAM decoder and the lower left- maintained as long as the power is
hand. the IN/OUT decadar, applied as the ﬂ".’ flops storing the data
The Z-80 immediately ceases all will not hold their state when power is

The data from the monitor flows to the
Central Processing Unit {the Z-80} along
the data bus as B parallel bits of
information AT THE SAME TIME.

This is called a BYTE of information and
can have 256 different possibilities. The
Z-80 knows if the byte is data or
instruction by the fact that it sterts at
address zero looking for an instruction
byte. From there the program must follow
correctly and this is the responsibility of
the programmer.

The data enters the Z-80 via & holding
register (an instruction register) that is
not available to the programmer and to
keep the discussion simple, we consider
the byte flows directly into the A register
(called the accumulator]. This is the only
register capabie of accepting information
from the daia bus. Ail other registers
must be fed from the accumulator.

Data can also flow out of the Z-80 along
the data bus and this bus is Bl-
DIRECTIONAL. The arrows on the bus
show the direction of flow of information.

The keyboard is scanned by the 74C923
and this is called hardware scanning as
the chip has inbuilt scanning circuitsfora
matrix of 20 keys.

When a key is pressed. a signal is
generated at the Data Available pin and
the Z-80 is notified via the Non-Maskable
Interrupt line.

processing and jumps to address 66 in
the MONitor. Here it executes a short
program and activates the input/output
decoder to turn on the keyboard encoder.
The encoder puts s 5-bit number on the
data bus and this is stored for later use or
operated upon, as required.

When the shift button is pressed, and
kept pressed while one of the keys is
pressed, an extra bit is added to create a
6-bit number and thus an additional set of
20 commands can be created.

The output latches are also controlled by
the in/out decoder and the control line on
each latch is called CP (clock pulse).

When these lines are taken LOW, then
HIGH again, the data appearing an the
inputlines is Iatched into the chip and will
appear on the output lines and willremain
there.

This allows devices such as 7-segment
displays, relays or globes etc. to be
activated.

The 6118 RAM is RANDOM ACCESS
MEMORY and as the name suggests,
bytes of information can be placed
anywhere in its matrix of cells. These
bytes are generally data however
programs can be &tored and run in RAM
and these are usually developmental
programs.

removed.

‘ADD-ONS’

This computer is only a baby in the
computer world however it does have the
facility for expansion and afready a
number of “add-ons’ have been produced.

Possibly the mostimportant add-on is the
NON-Volatile RAM. This consists of a
battery backed-up 6116, into which
programs can be placed.

Other devices can be connected to the
system via the expansion port and this
includes an IN/OUT module, an OUTPUT
module, a display module and a controller
module {to come).

The clock oscillator is adjustable via a
speed control pot and allows programs to
be run at different speeds for assessment.
If a real-time situation is required, a
crystal oscillator can be fitted and this
will allow time to be programmed
accurately,

The main intention of this computer is to
provide the starting point for an under-
standing into computer operations. For
this reason, machine code programming
has been employed. This means you will
be able to create your own systems for
such applications as controllers and
timers for industry and home and be able
to produce the project from the ground
up, without requiring any external
operating system.
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PROGRAMS FOR THE
TEC DISPLAYS and a sound

Program:

Hera are three programs for the TEC and
TEC displays. The effects that can be
produced on a set of 7-segment displays
is quite amazing. | thought we had run
out of ideas and yet they still keep
coming.

The first program is a Space Invaders
sound effect using button 4 as the firing
button. The other two programs use the
displays.

SPACE INVADERS ‘SHOOTING'
Philip Barns, 2118

Computer sounds and effects are always
impressive, especially when we have
control over them.

This program does just that.

It is a Space Invaders sound effect and
you can control it via button 4,

The point to note with this program is the
way the delay is increased by inserting a
varying value into a delay loop. In the
latter half of the program the OFF time is
gradually increased by placing another
varying value into a delay loop.

The resulting ON-OFF values outputted
to the speaker produce the changing
tone.

The program only accepts the press of
button ‘4’ {determined by CIP 04) and by
pressing this button repeatedly. a firing
sound will be produced.

LD A1z 900 3EI12
LD }IA 02 ED 47
LD H,FF S04 26 FF
LD RB,01 Sob b 01
Bodae 3 e
ouT (:1'),A t:% D3 o1
CALL o818 ®wDd CDhasos
OUT (o Gt Byez
)
((rl):'lA 813 €D 28 08

LD Al 816 ED 57

o4 18 FE 04
JP Z 08e0 ::% cih *0 08

H

JPNZoeses H1E Crosos

ou i
JR NZ o821

00 825 C3 00 08
LD B 1] 48
DEL C 829 D
JANIokiey 82A 20FD
RETURN 2C ©C»

THE BOX G.L Dunt 3219,

This program is an extension of the
techniques we have been discussing in
issue 12, P 18. covering the control of
two or more pixels at the same time.

It produces an interesting piece of
animation in which a box with lid is
displayed and moved across the screenin
a ‘chase scene’.

Again we won't say much about the
effect, except to say that you can get
quite involved with it and find it very easy
1o improve upon.

The program consists of 25 ‘frames’ and
each frame requires 4 bytes of the tabie to
produce the necessary effects. Each time
you increase the table (by 4 bytes) you
must also increase the counter register by
one {for each frame).

By using 4 bytes we gain the ability to
control two pixels at the same time. i
only one display is required, the two pairs
of bytes will be identical.

LD IX 9840 08300 DD 21 g0 o3
LD D,10 oo 1619
LD C,40 olsh ok g0
LD A(IX +-00) %808 DD7E™
ouT o?,A 0B D3 01
LD A(IX +01) 990D DD TE 01
OUT (02),A 0810 D3ez
DJINZ o812 16 FE
XOR A o814 AF
ouT o?" o815 D3 o2
LD A(IX + 02) 9817 DD 7Eez
OUT (e1),A 1A Djor
LD +03) ®31C DD7Ees
OQUT (e2),A oIF D32
DJN W31 I0FE
DECC o2y oD
JR NZ osos o824 120 Ez
INCIX o2 DD23
INCIX ofz¢ DD 23
INCIX oS2A DD 23
INCIX o8z2C DD 23
DECD ol2E 15
JR NZ eBob o82F 20 Ds
JP 000 083I Cioeeos
at 0840:
o1 o1 o 20
E4 E4 8 B4
ot or 10 26
E4 B4 C4 E4
61 ot QI 10
Es8 B 20 E4
0% o1 20 | {1
Es E1 Eo E4
o1 o1 o2 8
B4 o1 80 E4
01 03 20 "
Ed Eo Eo E4
o8 # &
.14 o2 20 o8
Ea Eo o4
01 er o8 01
| 7] 80 80 Eo
01 02 20 o8
Ed Eo Eo o4
(11 01 19 o1
E4 %0 o4 Eo
01 04 20 o4
Ad Eo o4
o1 7] 20 o1
Ez $0 E1 Ee
o1 o8 20 02
E2 L 7 E1 04

Halllovic's Plann:

This program has besen designed by BOR
Halilovic and givas a piano effect when
cne of the 20 keys is pressad. The notes
have a pre-determined length, and thig
distinguisheg it from the argan programs
wo have previously presamed.
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Data osod o0
Data osn o9
A, B R
y 3201 09
CALL o1 asoy €D Bo o1
HALYT A 76
CP 10 ¢8¢B FE10
JR NC 080D 30 07
ADD A% o80F Co 0§
LD (¢900),A 0811 32 00 09
JR 0807 o814 18 F1
SUB A,oF 0816 Do oF
JR o811 o818 18P
G. Sheehan &
BOOMERANG L. Svendsen. 3175

Boomerang is a program for the TEC
displays. The effect you get is so clever
that we are not going to spoil it by telling
you what happens.

The only point we will mention is the
compasition of the byte table.

Each pass of the program uses two bytes
from the table and the end of the program
is detected by looking for address 0844
Register L will be 44 at the end of the
table,

By using the table two bytes at atime, we
can specify the display we wish to access
and the segment to be lit,

Also, using a byte table like this requires
less proegram and fewer registers. It is
one of the tricks of compact

programming.

The delay at 0900 produces the speed of
execution.

Try altering and modifying the program
and you will iearn a lot about what sach
instruction does. You can also lengthen it
by adding more frames. It'll be like
creating your own cartoon.

LD 0800 21212308
LD )] oo 1E
OUT (sn),A. 9804 D301
INC wob 23

Lp o807 7E
oUT oS08 D3 ez
syifiha
CALL svse oeB Choe
LD AL :::% D ;“
Jr #z 3 o1z C20308
JF ol 14 Cien e
at 0820:
o1 20 20
o Ce oF
‘ ” 19 10
0 Ab EA
o "” L}
ob 24 A7
ol o4 04
oC 44 A7
1e oz o2
» Ce 20
2¢ o1 01
o3 AR Cr
Delay at 09001
90 311 FFeA
ws 1B
904
200 10309
°9 '



PROGRAMS FOR THE
8x8 DISPLAY:

The 8x8 has remained a popular ‘add-on’
and we still get requests for more
programs for it. Here are some recent
submissions:

if you have written a program equal 1o
these, send itin for inclusion in the next
issue:

FAN OUT Mk i

(ean Svendsen 3175.

FAN CUT Mk {1l produces symmetry on
the displays and can be seen by the same
byte being outputted to both ports 3 and
4. The end of the table is detacted by
looking at the value of L and starting
again when it equals the sddress of the
end of the table.

LD HL 0815 21 15 o8
LD A(HL 7E
OUT (03),A D3 03
OUT (8d),A D3 04
INC HL 13
iy o
CP 20 1?! 20
JP NZ o803 C10308
JP o800 C3 00 08
at 0815
l:: g
3
ﬁ E7

FF
E7 7E
L+ ) 3C

900 11 FF 0A

903 1B
904 v) ]
905 B2
906 €2 03 09
909 9

BOUNCING BALL AND
ROLLING BALL.

G.L. Dunt, 32719

This program is an extension and
improvement over the Bouncing Ball
program in issue 12, P. 26.

If you look at P.26, you will notice the
program js fairly long.

This is because it is necessary to specify
the start address of the ball, each time 1t
changes direction.

Much of tha program is. a repatition of
similar or nearly similar codes and to
reduce its length we need to look at any
part{s) that repeat.

At firgt they may not be obvious but ons
can ba found that starts at the base of a
column, up the column, across to the next
and down to the base again. The
sequance snds with the LED jumping to
tha start of the next column.

(f we repeat this 4 times, the whole of the
board will be covered. This wilt reproduce

the effect as described on P. 26 of issue
12 Using the same technique. we can
travel across the display and back again,
to produce a weaving effect as the LED
advances up the display Yo complete the
travel we need to move the LED from the
top right hand corner to the lower leht
hand corner, ready for the start of the next
sequence.

By using efficient programming as
covered in this program. we can produce
twice the effect with about half the
program,

Most of the reduction is done by defining
the co-ordinates of the ball only once.
This is done at the beginning of the
program and from there the ball position
is kept in the C and D registers. They act
as the x and y values in co-ordinate
geometry.

To move the LED across or up and down
the screen, the C and D registers are
rotated left or right. Each register
contains only one bit and when this
maves oul the end of the register, it either
“sits in the carry box’’ or passes it and
enters the other end of the register. In
either case the carry flag is affected and
we look for this to let us kirow the end of
the display has been reached.

As you can see, the LED is either “off the
end of the board” or at the other side of
the display. when the carry is detected
and we must shift it back one location,
ready for the next run. This way the LED
appears to be darting back and forth from
one side to the other, and we are not
aware of the ‘corrections’ that take place.

LD €0 0800 OE o1
LD o 0802 16 01
LD AC 0804 T
OUT (63,A o805 D3o3
LD A, o807 7A
OUT {04),A o8e8 D3 o4
CALL o900 080A CDh o0 o9
RLCD o8oD CB o2
JR NC 0807 080F 30 Fb
D 0811 CB 1A
RLC C 0813 CB 01
LD A, 081§ 79
OUT (03),A ¢o81¢ D3 03
LD A, o1 7A
OUT (04),A o819 D304
CALLog00 o81B CDoo o9
RR D o81E CB 1A
JR NC,0818 o820 30 Fb
RLD 0822 CB 12
RICC o824 CBn
JR NC,0804 0820 30 DC
RRC C o828 CB o9
LD Atn 082A 7A
OUT (04),A o82B D3o4
LD AC o82D 79
OUT (03),A o82E D303
CALL 0900 0830 CD o0 09
RRC C 0833 CB o9
JR NC,082D o835 30 Fb
RL € 0837 CB 11
RLC D 0839 CB o2
LD AD 083B A
OUT (04),A 083C D3 o4
A,C 83E 7
OUT (03);A 083F D3 03
CALL 0900 o841 CD 00 09
RLCC 0844 CB o1
JR NC,083E o84b 30 Fb

RRC C 0848 CB o
RLC D o84A CB 92
JR NC,082A 084C 30 DC
RRC D 084E CB oA
RRC D 0850 CB oA
LD A,D 0852 1A

OUT (e04),A 0853 D3 o4
CALL eg80 0855 CD o0 99
RR D 0858 CB 1A
JR NC,e852 085A 30 Fb
RRCC o8sC CB 09
LD A,C 985E 79

OUT (03),A 085F D3 03
CALL o900 0861 CD o0 09
RRC C 0864 CB 09
JR NC,085E 0866 30 Fb
JP 0860 0868 C3 00 08
At 0900:

LD HL,06FF 21 FF 06

DEC HL 2B

LD A,L m

OR H B4

JP NZ 9903 Cz 03 09

Return

RAIN DROPS:

Jim Robertson,

This program produces a very effective
pattern, similar to falling rain. The
_random_ number generator is the
interesting part as it is very difficuit to
produce random numbers in a program
that laops.

CALL Random Nos. CD o0 oA
AND o7 Eb 07
LD H,0B 0805 26 0B
LD L,A oso7 6F

RLC ) ool CB oE
LD DE, 000t @080A 11 0b &0
CALL SCAN oSeD CD o0 09
DEC DE odio 1B

LD A,D o811 7A
ORE o812 B3
JRNZ 813 20 F8
JR START s 18 Ee
at 0900:

SCAN

LD HL sBoo 0980 21 00 OB
LD B,o1 09e3 ob of
LD A(HL)Y 05 7E

OUT (03),A 0906 D303
LD o908 78

OUT (04),A 0909 D3 o4
LD B,20 (17)) 06 20
DJINZ oD 10 FE
INC HL o9oF 23

LD B,A 0918 47

XOR A 0911 AF
ouT SM),A 912 D3 04
RLC 0914 CB oo
JR NC 3 Y 30
RETURN 0918 Cy

at 0A00:

RANDOM NUMBERS:

LD AR eAee EDSF
LD B,A QAD2 47

LD AR A3 EDSF
RLA SASS 17

LD R,A A ED 4F
DJNZI oAes 10 FB
RETURN cAsA O
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PHONE DIALLER

TURNING THE TEC INTO A PHONE DIALLER

The following three or four pages
examine the development of an idea. itis
a Telephone Dialler capable of storing up
to 30 or 40 names and phone numbers
with a dialling facility and auto re-dial.

it is only a pragram of ideas as the output
appears on a speaker in the form of tones.

Since this is a fiarly ambitious concept, it
has been divided into 3 sections. Each
section describes a program that is
complete in itsef and increases in
complexity with complete design in
section 3.

The first program is fairly simple. It
shows how to get figures from the
keyboard and display them on the screen.
The second contains two function
buttons, G and E. The 'C’ key clears the
screen and ‘E’ indicates the end of a
phone number.

The third program is much more complex.
it has more features and is keeping track
of more things.

Each program has been created from
scratch as it is almost impossible to ‘add
onto’ an existing program.

Type each of these programs into the TEC
and study them. This way you will leam
how they operate.

PHONE DIALLER PROGRAM 1.

This pregram is limited to displaying 6
digits on the TEC screen as no scrolling
feature is present. As the keys are
pressed, the numbers fill the screen from
left to right. When the screen is full, the
capability of the program is reached.

The screen buffer is located at 0988 and
the scan rate is determined by the value of
B {at 082E and 082F). We can increase or
reduce the scan rate by altering the value
of B and by adjusting the TEC clock
speed.

No other features are available in this
proagram. The TEC must be reset and ‘GO’
pushed to clear the screen so that a new
number can be keyed in.

This simple program shows how to get
numbers from the keyboard and onto the
screen.

The only instruction that will be
unfamiliar is JRNC. It effectively divides
the keybeard in two, allowing keys 0-9 to
be accepted and A-F to be disregarded.

JRNC means Jump Relative if the Carry
flag is NOT SET. When the previous
instruction is a 'COMPARE’, it is best 1o
substitute the word 'BORROW" for cary,
and the instruction will be much easier to
understand. This is because the compare
instruction subtracts the data byte from
the accumulator and i a borrow is
refuired, the carry flag is SET.

PHONE DIALLER - Part 1

In our program, CP 0A causes the Z-80 to
substact 0A from the accumulator (it will
hold the value of the key}. When any key
below A is pressed, the subtraction
aoperation creates a borrow and this sets
the carry flag. If we push key 8, the
operation will be 6 - A and the answar will
require a borrow. Thus the carry flag will
be SET. If we go to the program. we can
see the Z-80 will continue down the
program and NOT JUMP as the
instruction says: JUMP RELATIVE NO
BORROW.

To fully understand these instructions
you have to comprehend the double
negative. For instance: | am NOT. NOT
going to jump means | AM going to jump.

Type the program at 0800 and the display
convarsion table at 0880,

Push RESET, GO and the displays will
btank. Press any combination of keys and
notice that only number keys respond.

Modify the value of B in the scan section
10 increase the scan rate.

Some ideas for experimenting include:
scanning from the opposite direction,
scanning only 5 displays, allowing letters
to appebr on the screen, and changing the
output to a CODE, so that you can turn it
into a CODE-BREAKING game.
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LDD, ™ T ik a% The tirst 8 memory locations are cleared so that the program
XOR A o1 AF will come on with a blank screen, We need only 8 locations.
iLp T 1] o3 11 o O The 7th location is éxplained in the text.
LD (HL) A s ” Register A is zeroed and this value is insertad into 0908 - 8907
INC HL oley £l via the HL register being the pointer register,
DEC D sl 15
JR KL okay 1 FB
LD 1df——- 4B ED £7 The Index register contains the value of the key.
CPa sl FE WA Compare the accumulator with 8A,
— JR NC ofoF 312 Jump relative if the key is A or higher

LD DE oBgo [ 143 11 80 OB Load DE with the start of the DISPLAY TABLE.
ADD AE o1y B3 Add 38 to the key value.
LD EA of1g §F Load the result back inte E. DE will point to a table-byte.
LD HL 0980 ik I 09 Load HL with the start of memory.
LD I..,(hl.] iy 7E Look for the first blank memory location by losding the value
P a0 MiA FE oo pointed 1o by HL into the accumulator and comparing with
JR I o1l it o3 zero until a blank location is found.
INC HL ik 13
JR oB1F 19 Fh
LD A{DE) ozt 1A When found, load A with the byte pointed to by DE.
LD R. WA olzz T Losd the table valus into the bienk memory location.
LD 13 3E F¥ Change the value of the index register by loading it with FF so
Lk LA s ED 47 that we can detect the same or another button.
LD d;‘lﬂ 7 b oE 22 start the scan at the left hand end of the display.
LI HL 0480 i 100 4 Load HL with start of memory.
LD D.oh 1 6k ob Load D with 06 for & loops of the program.

LD B.o0 e ok Load B with delay value for turning ON each digit.
LD L} alye TE Load the data at the firet memory location into A.
aQuT 101},.& oyl D3 oz Cutput to the segment pornt.
LD AC o833 19 Load C into A.
QUT (o1},A 034 Dion Output to the cathode port.
REC ob3é B s Rotate register G right, to access the 2nd display.
DJINZ oy 1¢ FE Create a short delay to display the digit.
XOR A oA AF Zoro A
0“1'.11[).& o538 D3 o1 Output to the cathode port to tum display OFF.
INC o530 I3 increment to the next location.
DEC I oL 15 Decrement the loop register.

— JR NZ o33F 8 EN} Jump to start of loop if D not zero.
JR old1 C3 0B &8  Jump to start of program if D zero and look for new key.

at otso:

PHONE DIALLER - Part2

The second part of the Phone Dialler
program uses a different approach., As
we have said, each must start afresh as it
is more difficult to adapt an existing
program.

This program accepts a string of digits of
any length and will remember them for
recall after key E {for END) has been
pressed.

The G button clears the display and can be
pressed at any time. When the desired
number has been entered, button E is
pressed. The display is blanked and the
numbers emerge from the right hand end
of the display and shift across to the left.
Three empty spaces are created before
the numbers start again.



This program introduces the concept of
control keys and also the need for sub-
routines for any sequence that is required
more than once.

Programs increase in length as more and
more housekeeping is called for.
Housekeeping is looking for bution
presses or detecting the end of a
sequence etc.

The prime requirement of the program is
to keep the displays illuminated. This
means we must be calling SCAN for most
of the time and as you will see, the SCAN
routine is a favourite place to put house-
keeping.

¥ you want a key to be immediately
responsive, it must be checked during the
SCAN toop. To be more precise. it must
be checked during the inner-most loop as
this is the loop which is being run for most
of the time.

Key the program into the TEC and run it.
Try changing some of the locations and
see the result. This is the best way to
following what is happening, especially
at specific locations.

HOW THE PROGRAM WORKS

The program generates 2 memory areas,
One is made up of B locations, from 0900
to 0905 and is called the DISPLAY BUFFER.
The other is from 0997 onwards and is
called MEMORY AREA.

The SCAN ROUTINE (at 0877} looks at
the Display Buffer locations and outputs
their value onto the dispiays.

The remainder of memory, starting at
0807 holds any number of digital as
required and is open-ended.

One location, 090, is left blank and its
purposa wil! be explained later.

As each number is keyed in, it is stored in
memory, from 0907 onwards, and the HL
register pair keeps track of the next
available location.

The number is also outputted onto the
display but firstly a SHIFT ROUTINE is
called. The function of this routine is to
take the value corresponding to the left-
hand digit and drop it out of the buffer
zone. The second location is then
transferred to the first, the third to the
second etc until all the digits have been
shifted one place to the left. This leaves
an empty hole at the right-hand end of the
display.

The way inn which this empty space is
generated is quite clever. The 00" in 0906
is shifted into the &th buffer
location.

The program then loads the pressnt key
value in the buffer zone, position six, and
reverts to a scan situation in which it is
looking for an ‘end of number’ via button

When this is detected, memory is
incremented one“lotation and E is
inserted.

The displays are cleared and the program
picks up the first digit at 0907and places
it in the 6th position of the buffer area.

The shift routine is called then the next
memory value is placed in the 6th buHer
location.

Before each new value is loaded into the
buffer area, it is compared with OE to
detect the ‘end of message.’

When E is detected, three blank locations
are produced and the message starts
again,

The CLEAR function is included in the
SCAN routine. This has been done so that
CLEAR can be detected instantly, as the
display scan must be running at &ll times
to keep the disptays illuminated.

DIALLER Part 2 listing:
Main Program:
1D D,20 0800 1620
CALL CLEAR 080z CD 5B 08
LD HL, 0907 0805 210709
LD A,l 0808 ED §7
CP 0A 080A FE 0A
JR NC,0820 080C 30 12
INC HL o08o0E 123
LD DE,08AS 080F 11 A5 08
tgn AE gu s%
13 §
mcﬁkxgln 0814 cil 65 o8
o817 1
AR 4§
LD (0905),A 0819 32 05 09
LD A, 081C 3E rr
LD LA o81E ED 4
e, ok
002 22 05
CALL SCAN 0824 CD 77 o8
JR o808 0827 18 DF
INC HL 0829 23
LD gu.).n 08ZA 77
LD D06 082B 16 ot
CALL CLEAR 082D CD 5B o8
LD HL.,0907 0830 21 07 09
LD L) 0833 7E
LD D,20 0834 1620
INC H 0836 123
CP oE 0837 FE oE
1D (ov08) o8aB 3208
09
CA.IEI. sc)ﬁl 083E CD 77 o8
DECD o841 15
JR NZ,083E 0842 20 FA
CALL SHIFT 0844 CD 65 o8
JR 0833 0847 18 EA
LD E,o2 0849 1E o2
LD D,zo 084B 16 20
CALL SCAN 084D CD 77 08
DEC D o850 1§
JR NZ,084D 0851 20 FA
CALL SHIFT 0853 CD 65 o8
DECE c856 1D
JR NZ,084B 0857 120 F2
JR 6830 085¢ 18 D5
Clear:
xon A o8sB AF
o85C 21 0009
LD mi. 08SF 11
INC HL o8bo 23
DECD o081 15
JR NZ, 08sF o8¢z 1:0FB
RN o864 ©9

Shitt:

0865 0b 07
ntﬂ? o847 DD 21 FF o8
Ix + @1) o086B DD 7E o1
LD(I + o0) 086E DD 77 o0
087 DD 23
m".c n 0873 o5
JR NZ,086B 0874 20 F5
RETURN 0876 Cy
Scan:
PUSH HL 0877 ES
PUSH DE 0878 D§
LD C,20 0879 oE 20
LD HL, 0900 087B 210009
LD D,0b 087E 1bob
LD B,so 0880 ©ob 80
LD A,(HL) 0882 7E
ouT (oz). 0883 D3 o2
om"k' 01),A 332 .1'1'3 o1
L)

s: 0388 CB 09
DJNZ OBSA 08BA 10 FE
XOR A o088l AF
ouT lsox),A ossD Dio1
INC HL 088F 23
LD A,l ofg0 ED 57
cpP 0892 FE oC
JR Z,089C 0894 2800

ch o896 15
JR NZ,0880 o897 20 E7
POP DE D1
POP HL o89A K1
RETURN o89B Co
POP DE 089C D1
POP HL 089D E1
LD A, FF 089E 3EFF
LD LA otAo ED 47
JP 98A2 C3 od 08

at 08AS:

0 = EB

1 =28

1 =CD

3 = AD

4 = 2E

§ = A7

6 = E7

7=29

8 = EF

9 = AF

9 =

PHONE DIALLER - Part3

The third and final part of the Phone
Dialier program is the longest and most
Impressive. 1t looks complicated
because it is looking after a lot of things.

The program accesses memory and when
using the 2k onboard RAM, it is capable
of holding up to 36 names and numbers,
each fitting into a block of memory 20H
bytes long. The progrem allows up to 27
characters for the name and numbet and
this should be sufficientfor any situation.

The program uses a lot of sub-routines
and they perforrn most of the work.

As the processor goes through the MAIN
program, it CALLS the sub-routines and
they do all the displaying, shifting, display
converting etc.
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Any operation that is required more than
once is put into the form of a2 sub-routine.
This reduces the length of the program
and allows the sub-routines to be called
as many times as required.

USING THE PROGRAM

Basically the program is self explanatory
as the instructions for its use are
displayed on the screen after the GO
button is pressed.

The first instruction is to selectan INDEX
NUMBER from 00 to 36 {decimal} into
which the telephone number is placed.

Push button E and the screen will blank
so that the index number can be inserted.

The index number will remain on the
screen for about one second and then the
second set of instructions will appear.
After reading the instructions, push E.
This will cause the screen to blank so that
you can type the name corresponding to
the phone number.

After the end of the name, insert a space
by typing F and the program will convert
to displaying a digit for each key pressed.

At the end of the phone number type E
and the program will scroll the contents
of memory.

To dial the phone number push D. The
program will pause for 5 seconds then
dial the number.

At the completion of dialling, the screen
will scroll the name and number again.

You can redial the same number at any
time by pressing D.

To re-load the memory BLOCK, push C.
This will re-start the program and allow a
new name and number to be inserted.

Once a name ardd number has been
inserted into memory at a particular index
value, it can be dialled very quickly. You
can push either button C or RESET. If the
Reset button is pushed, the GO button
must be pushed for the first set of
instructions to appear.

Push E and insert the index number; then
push D. The computer will dial the
number. A constant beeping will indicate
the location is notfilled and you should try
another index.

At the end of dialling, the name and
number will scroll and you can confirm it
ta be correct.

A SUMMARY OF THE PROGRAM

ogram creates a display buffer area

R" to 0A8§ and the values placed at

these 6 locations are directly transferred
to the TEC display via the SCAN routine.

The CLEAR routine zeros each of these
locations and also the next location. This
is one of the clever tricks of the program,
and itis cleared for the following reason:

The SHIFT routine starts at a location
that is one lower than OAS80, (namely
OA7F) and places the data at OAS0 into

—Jﬂ

IR WZensc
JFP elloo

PHONE DIALLER PROGRAN:

CALL CLEAR

LD HL.,0cAoC ;
CALL SCROLL
CP 10

JR Z.,0803

P

A
CALL K VALUE
LD A,C
LD XCOFC].A
LD A,01

LD (¢
CALL KEY VALUE
LD A,(08FC)

EEEE

Anli Aic} R

LD
- CALE SCAN

DEC D

— JR NZ,083C
=CALL CLEAR

LD HL0A2C -

-Il IZL“IS

o3
C'}.HII

XOR A =tnrms
LD (HL
cu.l.
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olod CD 20 09
03 21 0C 0A
0b €D Co 09

ooy FE 10

oloB 28 Fb

osoD FEoOA
o8oF I EF

of1s CD 20 09

o4 3E F¥

o1t ED 47

o8 21 00 00

oB1B 3E0

e8i1P N FEN
CD 30 09

0823

olz4 2 FCoy

0827 3E o1

08129 32 FE 09

o82C CD 3009

o82F 3A FCoe

N3z 17

33 17

o34 17

N5 17

o836 81

o137 32 FC 09

o83A 1420
3C CDooOy
3F 15

o400 20 FA

W42 CD 20 09

obds 21 2C 0A

i CDCow

4D z?lé

o4C 10

OB4E 1B F5

o850 FEoA

o852 IS EE

o8g4 CD 2009

57 LD 6o

oisA 161C

o8s5C 1Eo00
§E 3EFF
&0 ED

o8z Cb oA

oNés ED 357

0867 FE 10

o8k 30 K7

oseB 1C

o C 18

o%¢D FEm

_086F 1280B

o871 ED §7

o7 FE oF

087§ 28 1E

o877 32 FA &

o87A 1B E2

o87C CDEI oy

MIF 3AFA N

[ 1] 17

(] 1] 1

o4 17

odss 17

sk 47

ols7 ED 57

L 0] [

WA T

o8B 32 85 0A

MSE 13

113 15

ode0 26 CA

o2 C3 00 08

-1

o897 L’D E1 09

olgA 1A

009 312FEwm

olgE CD 3009

A1 03

oBA3 123

o8A4 AF

oAs 177

oBAG o5

o8A7 120FA

oBA9 13

oBAA 3E 10

MAC T

oBAD w0

The first 7 lines of the program displays “Enter Index .
.. otc and looks for the value 10 at the end of the

table to repeat the sequence. The program also looks

for an input value above 9 to jump out of the loop.

The acreen is cleared and the index register is loaded
with FF so that we can detect when abuttan has been
pushed.

Memory is set to zero by loading HL with 00 0@,
Location 09FE stores the value 01 so that keyvalueis
caled once. Tha requirement of the next 12 lines is to
get a double decimal number into Jocation 89FC.
C will contain the key value and this is loaded into
memory location 09FC {first figure).

Repeatthe sequence and call KEY VALUE ance more.

Load the first figure into A and rotate the accumulator
4 placeas to tha left to shift the number into the upper
haelf of the register.

Add the second figure to the accumulator and store
the result into 09FC as a two figure decimal number.
Creata a delay with register D and cail SCAN for 20H
loops. (32 loops).

Clear the display and load the pointer register withthe
start address of the wecond table. Display “Emter
name ...et¢” Look for the end of the table (£8) and
loop, unless a key D-S has been pressed.

Call CLEAR to cleaar the displey.

Read MEMORY ADDRESS notes.

Register D counts up te 28 characters {max allowed).
Register E counts ta 2. Two key presses for a char.
Fill the i register via the accumulator so that we can
detect when a key is pressed.

Scan the display looking for a key press 0-F.

Incremant the E register.

Load E into A.

Compare the accumulator with 02 and jump ifthe two
are the same. If not, go to the next instruction.
Look to sea if a space is required as this will indicate
the end of names and the beginning of numbers.
Jump relative if F has been pressed.

Store the value of Aat 99 FA andloop for second press
of button.

Call SHIFT to get display ready for next numbes.
Load the first numberinto the accumulator and shiftit
4 plsces to the left to occupy the upper half of the
ragister.

Save the result in B.

Put second number into the accumulator.

Combine the two to create a 2-digit number.

Load this value into the location looked at by HL.
Also load It Into the first display location.
Increment HL.

Decrement D and

Jump it 1€ Iocations not flled.

Jump to start if overflow occurs.

Zero A and load it

into the location lookad at by HL to create a space.
Shift the diaplay digits one placs to the laft .

Load the remaining locationsinto A and store st O FE
far use by the CALL KEY routine.

Call KEY VALUE. This will put Nos onto the diaplay.
Create 3 blank locations after ts numbers have bean
ingerted, to produce a space betwesn tha end of the
message and the atart so that itcanbe scrollad across
the displey.

Increment HL and ioad last locatfon with 18 so that
pragram will loop neme and telephone numbaer.



this lower location. As can be seen from
the program, this lower location is not
displayed on the TEC and thus the data
shifts off the screen. The data for the
second location is shifted to the location
for the first display and this repeats for
the 6 locations. The result is the data in
the blank location at 0ABS is shifted into
the last display location and thus an
empty space is produced on the display.

It is important for 0A80 to be empty for
this to wark.

The MEMORY ADDRESS routine creates
areas that arse 20H bytes long end starts
at ’mo ’

The program stores the Index number at
location 09FC and as each memory area
is created. it decrements the Index
number and the program exits when the
count register is zero.

The HL ragister will contain the start of
this address. It iz not used for any other
purpose and thus it will not be destroyad
during the running of the program and will
hold the cumrent wvalue for re-dial, if
required.

The SCROLL routine picks up the first
byte from the table and piaces it at 0ASS§
and then calls SCAN for 20H loops (32
passes of the display).

The SHIFT routine is then called and all
the bytes (including the bfank locations)
are transforred one position to the left.

The scroll program then loops and
repeats the sequence until the end of the
table is reached. It detects this by looking
for 10H (we could have chosen any value)
and the message re-starts.

When the ‘Dial key’ ‘D is pressed, a BEEP
routine and PAUSE routine are called.
These produce a suitable ON-OFF tona to
the speaker and the program converts the
values in memory 10 a string of beeps.

The program ignores the name at the
beginning of memory end looks for the
first location containing zero.

“The end of the phone number is detected
by also looking for & location containing
zero.

The program then jumps back to calling
the start of memory and scroils the
message across the screen.

SUGGESTIONS

The program can be keyed into the TEC
and fills ebout 3 pages, from 0880 to
¢AREE.

After this is done, itis wise to save a copy
of the program in non-volatile RAM so
thet it is not lost.

To save the program, type the following
dump routine at 0F8:

11 00 10
%
ED Bo ™
C7

CALL CLEAR =t—
CALL MEM ADDR

CALL SCROLL
cr

1
JR Z,0851
E‘h‘z‘:mn_:,

DJNL sABD
CALL CLEAR

CALL MEN ADDR

LD

NCHL ':l
CPFos

JA NZ+8CH

= L1} AS0
INC IX -~p—
CALL BEE

s82RA2808
> grouc¥sosy
22 2 ss38

1444
s
>

S8ES¥atHE0
28

-3
|}

LB + 9%)
CP

23
e

s
3

algat
553538

EH

upm
zho

»
[

SREeQ
=8s

sg

LA

KEY YALUE

]
g

ehgeicl £ 43
3

(=1
s

b 3=
259

&
2

- ;::f
-

22

Tefehr fr R R Y
]

1
2

Clear the scrasn.

Get start of BLOCK vin-89F€ (36 blocks avsilable).
Scroll neine and number across screan.

Loak for end of message. If another key is prassed,
jump out of loop.

Create a pause before distling by loading B with 20
and celling pause 32 times. This crestes spprox 2
second dalay.

Claar the screan of any junk etc.

Gat start of block (00-386).

Look for space hatween nanw and phone number by
comparing the contents of sach location with 00 and
incramsnting until 00 is found.

The next G kines craste the dialling pulses by loading
1X with the start of the numbertable and calling BEEP
rauting. {The beep calls a peuse). Tha program then
compares the byte in the table with the byts in the
block and loops until a comparison is found, Note: we
g0 into the routine ‘blind” and beap before a CPH
Craate a short pause at the end of sagh digit so that
the phone cystem detects the end of & digit
ncrement to next digit. look to see if end of phone
number has bean reasched and ratum tn abowe routine
for next sat of pulses.

H no buttons have been pressed during diafling, | will
still contain 0D [from above) and program will scroll
name and number. If any otharkey has besn pressed,
program wili loop with blank screen until D pressed.

This is the sod of the MAIN PROGRAM. The sub-
reuilines below are calied by the maln propram.

Registers A, B and C sre used In this sub-routine snd
thus they must ba pused omo the stack and saved.
Reg B holds the number of cyclea for the beep reutine
Register A tums on the spsaker bit

Reg € holds the tum-on cycies for the spkr.

The spkr is turned on vizs OUT (01),A

and a delay created via ragister C for

32 loops.

The ssme OFF delay period Is creatad via register C
for an even ‘mark-space’ ratio for the speaker.

The count register (register B) is decremented and the
program loops until B is zero.

The pragram calls psuse to produce silence.
Repisters A,B and C are poppad off the stack and will
contain the origlrwl wvalues and before the routine.
Return to the main progrem.

This routine clears the & display locations 8AS® to
0ASS and atzo §ASS by zeroing A and

loading HL with start address of bulfer zone

and loading zero Into the location pointad to by HL.
INC HL

DEC D

and Jump tor 7 loops.

Return 10 main program.

Load DE to point to beginning of number table.
Load key value into sceumulator.
Compsre with OA and jump if the key value is A-F or
not pressed or go to next instruction if 0-9.

INC HL {used when cresting phone number}

Save A in C.

ADD the start of table ta A (table may stert at OA031).
Make DE rasdy to point at value in tabls.

SHIFT diaplay contents one place to left.

Load byte from number tabls into accumutatar.
Load number byte into loaction in BLOCK.

and aleo into right hand display.

Load A with FF and then into | to detect when snother
kay hes besn presasd. ]

99FE caonteins 01 vin beginning of of main program
and KEY VALUE I3 calied once. Or 89FE contains 1€
to keep track on the rumber of locations being filled
the BLOCK.

Zera A,

Compare accumuiator with E and RETURAN # E key is
pushed. Otharwise call SCAN and display the
contenta of the 6 memory locations. Jump to stat of
KEY VALUE sub-routine and loop until 0-9 pressed.
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Decrement to $FB8# and push GO. Make
sure the non-volatile RAM switch is on
RAM (read/writa) so that the deta will be
accepted. Chack that the program has
been dumped by addressing 1080 and
compare the data with the listing.

If you have inserted names and numbers
into index locations and want to save
them, address 9F80 and push GO. Make
sure the RAM card is in read/write mode
and everything will be saved.

Switch to ROM mode and everything will
be preserved.

You can now turn the TEC off.

To transfer the program back to #800,
addressI7T80 and change 2 of the bytes to
the following:

11 69 98 -=. these two bytes
21 9 10 ~=< are changed

01 90 07
ED Be
C7

Decrement to 1789 and push GO. The
RAM card should be in ROM MODE for
this operation.

Push GO again and the program will run.
All names and numbers will be available.

AUTO REDIAL

An sutomatic re-dial facility can ailso be
included so that the number auto-
matically re-dials after say 5 or 10
minutes; if the number was originally
engaged. This is very handy for those
occassions when you particularly want to
contact a person and their number is
busy. By the time you get around to
calling agein, they have gonel

A simple addition to the program can be
fitted In at S8BE and this will create a
delay by counting the number of times the
name and phone number scroll past the
display. This is only a suggestion and we
have not actually produced the program
for re-dial.

Register E is the ‘count register’ and the
remainder of the program remains the
same. The only bytes you will have to
change are jump relative values as well as
the jump value at 89B4. You may ailso
nead a subroutine and a flag to pick up
redial mode.

Hero is & suggested AUTO RE-DIAL
program for insertion at

BRCE

JR Z

CALL CLEAR

CALL MEMORY ADDR
CALL SCROLL

CP 10

JR Z

CALL CLEAR

JR

MEMORY ADDRESS
LD HL,aBeo 0560
LD A.(0sPC) 0é3
LD D20 o
CP ob L)
RET 2 "weA
INC HL o3eB
DnECD 9l
JR NZ, s54H 096D
DEC A 096F
JR 096 70
PAUSE
XOR A o972
OoUT (M)A "73
LD DED2FF 075
DECD "7
LD ®7Y
ORD MNTA
JE NL,a978 7B
07D
SCAN 1
PFUOSH BEL o9do
PUSH DE o981
1D Cae ]
LD HL #A$0 984
LD D,ob 0487
= LD B.xe o9y
Ll Atg!].) o8B
OUT (02),A 098C
LD AC oSE
ouT gu),n oesF
DINZ #9 botH
L} 0993
XOR A LA oq:z
OUT (01 "
Begoe o
i
P i)
JR L0849 ~— 099D
¥ onE
JR ZE-}B:— QAL
osA3
-—JR NZ,0989 09A4
MMPD oS Aé
MOF ML AT
o9AD
POPF DE —wu- o4Ae
POP HL MAA
Bin wAD
Jr oiu oSAY
POP DE -t (] >
POP HL oR3
JP o8BB )T
SCAN2
SH HL aADe
PUSH DE sAD:1
oA D2
LD ABO *AD4
LD D04 AD;
= LD B, a0 oAy
LD AJRL) SADB
OUT (o1}, A SADC
Dl.'l‘l!"c LA OA.D%
01 OAD
RAC [‘. 0AE1
DJINZ oAE3 oAE3
XOR A oAES
OUT (01),A GAEb
INC 0ARS
L_.l,l{.(’:'n . SAES
POPD ¢AEC
POP HL oAED
SAEE

T L
& Q8

o
-

&5

aREegEREEgR
-

Memery Address sulrfoutihe locates the beginning
of the name and phone number block. Each block is
20H Bytes long (32 b{c‘t\es) and memory starts at
8B00.The BLOCK No i stored at 89FC and the
program increments Z0H loops for each block by
decrementing register D to zero, then decrementing
register A by ONE This is repeatad until A is 2ero0. The
sub-routine then exits. HL pair is constaptly
incremented during this program and will point to the
start of the block we want

Pause produces a silence from the speaker by
outputting zera to port 01. Register DE is
decremented and "wastes computer time’ for about
1/10th second. This sub-routine then retumns to
where it has been called.

The SCAN routine uses H, L and D reglstars and thus
they must be pushed onto the stack and saved.
Load HL with start of dlsplay buffer.

The routine displays 6 locations.

The left-hand display Is accessed via line '20°.
Load B with a short delay value.

Load the byte at the first location into A.

Output to port 02,

Load C into A, and

output to port 01. This will turn on left-hand display.
Rotate ragister C o the right for the next display.
Short delay via ragister B.

Zoro A, and

output to port 01.

Look at next memory location.

Load the keyboard value into A,

Look to see if CLEAR has been pressed.

Jump if it has.

DEC D ready for gutputting to the next display.
Jump relative if D is not zero.

Pop DE anc HL register pairs off the stack.

and RETURN 10 the maln program.

f CLEAR has been pressed, pop DE and Hi and load
the | reglster with FF o that the program will detect
whan another key has been pressed.

Jump to 0808,
POP DE and HL and jump to #8BB if D (DIALS) has
been pressed.

SCAN 2 is identcal to SCAN 1 in the scanning
section. The only differenca is the ‘checking’
instructions, to see if a particuiar key is pressed.
SCAN 1 above checks to see if a function key is
prossed, whereas SCAN 2 performs tha scan without
any checks.

By careful programming bath routines could be
incorporated into one, This would require s “chech bit”
and if ‘set’, the sub-routine would check the function
kays.

Cant. P.51:

20 TALKING ELECTRONICS No 14.



.. from P.20.
PHONE DIALLER Part 111

EXPERIMENTING FURTHER

Phone diailer part Il took about one
week of part-time effort for Colin to write
{He’s not very quick!) and has been tidied
and closed up for publication.

However there are a number of
improvements that can be made to the
program (apart from the auto re-diat
extension). For instance, the first byte in
the number table is not used and can be
deleated, the CP OA instruction at 09Ch
is not valid, and a few others.

The six middle locations are used by the
SCAN routine for displaying data onto the
screen. The 7 arvows under the locations
show how the data is shifted from one
location to the next viathe SHIFT routine.
Locations OAS0 to OABE are the ones
cleared by the CLEAR routine to blank the
display.

The diagram below shows how the
DISPLAY BUFFER operates.

| i |
] W o — ol o < N '-O|
M~ 0 0 o0 v 0 0 -]
1 < < <L < <C =9 < < 1
LO o o o (=] o o O_I

s S e

precedure and adiress for NEW

These will be your challenge end at the
same time see how you can simpliify the
program by using higher lsevel commands.
If you can’t. don’t worry. Programs in the
next issue will be at a higher level and will
use logic operations to create the same
result with fewer Instructions.

, "Widqgrdf
nlagam showing the DISPLAY area, the
DATA

NEW DATA

New duta is inserted at 0ASS and this
location is cleared via the SHIFT routine
prior to a value being inserted (refer 1o
SHIFT on P. 18). This prevents rubbish
being shifted into the location from 0AS&
as this would appear on the screen as
brief flashes of junk.

SCROLL
iD o9 Ce 3K FF Load A with FF and transter to tha | ragister to detect
LD Ca XD 47 when a key has been pressed.
LD A,l Ny ED !1 Look to see if & key hae been pressed by comparing
cPe o3Ch FE® the accumulstor with 8E. Retum if the accumutator
NOP o9Ce o0’ is OB
cp .lz nc; g ok
LD A,(HL) ::gc 7E Load the valus pointed to by HL into the accumulator.
ILDD D %20 Load D with a short delay velue {for befow.)
INC ﬁ-. osCF 23 intrement to the next focation.
CP 10 oo FE 10 Look 10 see if end of table reachsd.
RET Z D2 cs Return if end reached. display boff
Losd the byte of the table into tha display r.
CLRL. SCk# :ﬁ &'3.':, Call SCAN for 32 loopa {:- determined by the D
DECD nx 18 register,
JR % D 20 FA
CALL DL CD E1 99 Call SHIFT.
JK 99C4 »DF 10 E3 Jump to the start of the sub-routine.
SHIFT
Lond B with 7.
l'|_= . ATE :"E: ?n.;,l TF 8A Lord IX with location one Jower than display buffer.
LD + 01 9E7 DD TE st Load A with the velue in tha display butfer and transfer
AR +H]J MNEA DD it to the next fower focation.
INCIX MED DD 13 Incremant the IX register.
DacE .’E ﬁ s :-:; - sbova for 7 loop
jump to =
Jn o "n Cy Retum.
" O AEH
MAPLAY TABLE: —— C ; C3 P=4F
g pE g
: - gn The alphabet table on the right Is used to F= 8=#I
3= AD produce the letters for the name. Two key G= T=46
4 = 2E Pressesamn required for each letter. H=6¢ U=EFRA
: : g.;" The dlsplay table on the left is used by the }i% ;‘.:—?I
= 29 program to produce the digits of the phone .x: x _—“
z = EF number. These hexviauas can afao be used in =47 —
¢ = AF conjunction with the alphabet table if you wart L=C2 Y = AE
S = Ep ¥ditlttoappearin the NAME. M= 2=0C

at dAeCs

.
g
3

i}
oF

m RaENyg w08 7 MEBDIE™ PN

TR TENY, N 2T N L B R T

[ ]
[
MUIDEN DHEE™E > EHS-EM Al a MO e

M EWgel o WIEQORT WWeENm W EHmCAEN MNEFZ Mol
S$8SSOLNEOT NENSN NS SRS P ORS0RESQO0SALQQ
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This will allow you to select your own

supply voltage,
current capability.

with the necessary

When you are driving a motor, there will
be three functions (or commands) needed.
These are: ON/OFF (one command)
FORWARD and REVERSE.

To achieve this, a number of lines (bits)
will be required from the output port.
Depending on the circuit used to drive the
motor, either 2 or 3 bits will be required.

if you require the motor to operate in the
forward direction as well as revarse, it
will be necessary to use a relay. For a
simple ON/OFF and FORWARD direction,
a transistor ¢an be used and only one bit
{1 line) will be required. You can atso get
speed control from this line by including it
in the program.

Basically speed control consists of
outputting a high for a short duration and
alowfor a long duration and repesating the
sequence about 100 times per second.
To increase the speed, the duration of the
high is increased and the low decreased.
The only feature that remains constant is
the repetition rate, It iz essential to keep
the pulses above 100Hz so that the motor
rotates smoothiy.

ASSEMBLY

By now you will be familiar with our
assembly technigque. Neatness is the
overall aim. No matter how you build, the
final result must be as neat as possible.
This means the jumper links must be
straight and sitting firm against the
board, the LEDs must be close to the
board and likewise the transitors.
resistors and diodes. | thought it would
be unnecessary to mantion these points
but we are still getting projects for repair
in which the parts are mounted high
above the board, the jumper links are
twisted and kinked and the soldering is
rough.

On the topic of soldering, It is important
to use enough solder to cover the land and
the hole. Again. we are sesing the
smallest amount of solder on some joints,
just enough to tack the lead to the land)

This Is a very dengerous situation as you
can create a problem that will be very
difficult to locete. Sometimes the holes
in the PC board cut through the track and
the circuit reties on the solder to bridge
the gap.

If you don’t solder all around the lead, the
copper track may contain a gap and
obviously the project will fail to operate.
Inspect the board before starting and
check vyour workmanship  after
construction and you should have no
problems in this area.

Begin assembly with the jumpers. Make
sure they are straight and touching the
board.

Next fit the resistors. followed hy the
LEDs transistors and two spike-

suppressing diodes. The overlay shows
how these components are placed.

The 5 spike-suppressing capacitors are
next and must be fitted close to the board.
The IC's are mounted in sockets and the
dot on the overlay indicates pin 1. You
will find one end of the IC socket has a
‘cut-away’ portion to match with pin 1.

Fit the relays, mini speaksr and switches.
Then inspect the board to make sure all
leads have been soldered properly.

After adding sll the parts to the board, the
5 jumper lines are added and a female
matrix connector soldered to each lead.
These are covered with heatshrink to
prevent shorting betwaen leads when
connecting to the TEC board,

MATRIX PINS

You will notice the module in the
photographs has a set of matrix pins on
the output ports and also the relays.
These pins are not included in the kit
however you can buy some and fit them
as shown in the photo if you wish.

The b pins included in the kit are for
adding to the TEC PC board to take the 5
flying leads from the input/output board.

Paul has included a9 pin input plugand a
10 pin plug for connecting to the TEC.
These are not included in the kit but can
be easily made from 18 pin and 20 pin IC
sockets. They are smalil and delicate but
will last a number of insertions and
removals.

TESTING

The first program in the list is the test
program. Ithas a shortroutine to flash the
output LEDs so that every second LED is
lit and then the others are flashed. The
progrem repeats this a number of times
then changes to detect an input from the
input port. The resuit is indicated on the
cowesponding output LED.

If this sequence is not observed, the
program should be double-checked.
Make sure it contains the comect
commands. Then check the flying leads.
They must be connected to the correct
outputs on the decoder chip. Refer to the
line diagram for the position of eachlead.

TEST PROGRAN

LD B,10 0900 b 10
LD AAA 0902 3E AA
ouT A o904 D3od
ouT A 50h D3 os
LD A, o T 9B g 5550 »

55
oy E 90D D3 o4
ouT MeF D3es
CALL D Y o911 CDS* 9
DINZ ®Wi4 I10EC
LD A 001: %l O.Q‘
OUT (84 o1 3
auT A Dies
IN A (03 o91C DB o3
CFrL 01E 1F
OUT (04),A o1F D3 o4
JR 21 18Py

DD
DRC D :'.";5 :i'"'
LD 0954 ;%
SRz "t W
RET - O

The second program is & 12-note organ
using a solf-touch key pad for the input
and the mini speaker on the IN/QUT
module as the output.

The ide of an organ may have limited
possibilities in itself, but the knowledge
of how to produce a tone will be very
beneficial.

In robatics, for instance, a mouse can be
squipped with a spsaker to producs &
tone when it touches an cbatacle etc. The
note sounds for as long as the robot
touches the object.

The importance of the program Is to show
how a tone is produced and how the pitch
can be altered by adjusting the delay
valus.

Follow through the program and sae how
this is done:

ORGAN PROGRAM
XOR A ) AFR
OUT (01),A. o901 D3
OUT (o2 e Ds 2
ouT "0es D3 &4
ouT A 007 D3 8§
LD FF 9% UAFF N
IN A,(03) el DB ¢3
CP FF T3 4 FEFF
JR Z,090C 910 28 FA
LD BC,03FF 0912 o FFe3
DEC BC 091§ eB
LD A,B 0916 yiJ
ORC 17 m
JR NZ,0915 0918 20 FB
IN Aéll_s) MNiA DB o3
INC 091C a3
INC BRL oD 13
CP (HL) (3 BR
JR Nhnnc oy arm
illnc L) [ L 7} :2
0922

DJNZ 0923 (27 1) 1o FE
LD A,04 0as 3SEn
OUT (5),A 0927 D3 es
LD li(ll-) ;] )
DINZo9zA o92A 10 FE
XOR A [ [ A¥F
OUT(e5),A 92D D3 es
IN A, (03 ) 4 DB o3
CP FF o931 FEFF
JRNZ, 0922 0933 20ED
JR 0909 M35 18 D2

at OASe:

o o4 3C

FA BD CF

4 §C M

DE Fs AF

7€ 54 2C

BE D7 ) J

% 4C

¥y B7

+C a4

DD EB
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TUG O’
WAR

&

BLACK
JACK

TWO programs for the MICROCOMP.

These two programs bring together
the TEC computer. Non-voiatile
RAM and Microcomp. They show
some of the techniques of
displaying. inputling and _runnm? a
I:rngrany at a speed suitable for
uman invelvement,

These games were developed on
the ahove equipment and you can
create similar programs or adapt
them to suit your own
requirements.

TUG 0" WAR

in our wversion, we have made it
increasingly more difficult to reach the
end by waighing the table of increments.

The lowest walue has only one
corresponding value in the table whereas
the highest value requires nipe steps
befare it will advance to WiN!

This can be seen by referring to the byte
table and counting the number of bytes
for each output value.

Not only does this program show you
some new techniques in programming
but will also save you a few doilars, if you
already have the items mentioned above.

The two displays can be used to display
numbers. letters, or individual segments.
We opted to display the numbers 0-9,

The rest of the effact lies in the program.
This is how we went about designing it:

When the game starts. the two displays
are illuminated with zeros. This requires a

cont. P. 62 ...

The TUG O WAR program starts halow
and continues on the next page. [t
requires a table of 46 bytes forthe display
and this is placed at 00C0;

Instead of making a TUG 0" WAR ganie in a similar way. lots of other ideas and AT CO:
from a kit. you can create an improved games can be produced and this will save 3F +D
version by producing a progrom  and you the expense of buying special PC ob 7D
running it on a computer. boards and unusuail chips. ob 7D
5B 7D
Initially we saw this game in a popular Qur version has nine steps and requires a 5H 1D
elecironics magazine and liked the way it total of 45 pushes for one player te win gg :;
) r
worked over his opponent. 4F o
It used o row of 15 LEDs and by pressing This makes the game quite difficult and j:: :;
one of two buttons, a single illuminated you have ta introduce quite a lot of b o7
LED would ntove towards you Seven strategy to win. bb 07
LEDs were available for each player and b 07
your opponent had the same opportunity BESIGNING THE PROGRAM bt 7F
to make the LED travel towards himself. bd 7F
When designing a program., the first thing :g 7;
The diffieulty of play could NOT be you have to consider is the hardware oD ;l"
adjusted and a player would win when- available. In gur case this means the oD “F
ever he pressed his button seven times program has to be designed around two sD 7F
more than his opponent. push buttons and two 7-segment 1] 1] 7F
. displays. The row of 8 LEDs does not giva 1D 7F
TUG n WAH PH“GHAM: us sufficient seope. 9 7“ 87
L
LD Hl.,00Co o000 21 C0 00  Load HL with start of teble te: Left Hand display.
START -up LD DE’QQCQ 0003 11 CO 00 Lloac DE with atart ef table tar Right Hand display
LD C.00 Y oE 00 Lead the BIT TESTING ragistes with zem.
' i LD A(DE) oo0s 1A Load the accumulatae with the first byte in tha table.
QUT (01),A 0009 D3 oz Output thir value te the lateh.
it MULTIPLEXES LD B,20 oo0B ob 10 Lead 8 with a value far a dekay reutine
2 DISPLAYS DJNi oooD 000D 10 FE Create 32 loops of deccementing register B
XOR A oooF AF Zere the accumulater
o SET 4,A o010 CB FF Set the highpat BIT 5o thai the LH display will dlumingtas.
ADD A’ HL) o001z [ T ADD the byle logked at by the HL register. to Un sccumulnter.
QUT (01),A 0013 D3 02 Qotpot to tho latch
_ >IN A,(01 001§ DB ot Lash at the swilches
’—' LOOKS AT CP Co 0017 FE Co Cempare €0 with the accumulator te 502 if both switches ara prassed.
BUTTONS e JR Z,002D =r—tv ool 128 12 Juthp f hath switchns ate prossed
CP 40 o01B FE 40 Cempare the accumulator with 40 te sse if B Is pressed
s ~|— JR Z,0033 o01D 2814 Jump ot @ is presamd
RES 0,C oeiF CB M flaset bit O of tha C regisier,
W —— IN A,(01) =t ozt DB Lowk at the mnpvt part
LODKS AT i CP Co 0013 FE Co Camparn the aceumtilnigs with €8 18 sow if bath switchnas era prassad.
BUTTONS JR Z,002D —|—2 o028 28 0% Jump o bath are pressad,
CP 80 0027 FE §o Cempara the accumulator with 80 1o sae f A is pressed.
JR Z,0077 — ooz 18 4C Jump if A is prassed,
- : RES 1,C otzB CB Wy Reset bit 1 of the C ragistar
LD B,10 =t~ |~— 0D ob 10 Lond B with 10 fur 2 shart delay.
- DJNi a0z¥ oa1F 10 FE Create 18 leops of decrminantiog ragister @,
L FIRST —.J — JR 000 0031 18 Ds Jump tn start of muttiptaaing rouling
DETECTION? . BIT 0,C J 0033 CB 41 Tast hit 0 te see i it is the first timu B +s detocted.
A JR NZ,0011 A 003§ 120 EA Jump if not the first time.
| J ! -
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+ SET o,C Y4 o837 CRCi1 Sat bit 0 ¢f C befars pracessing butten B.
L * INC B * A INC DE 003 13 Incrament painter fsr BH display.
LD A,(DE) 083A 1A Load A with sacond byte [n table.
IS B O? — CP b 003D FE b7 Campare the accum. with B7 ta sex if and of tabla has been raached.
JR NZ, 004D - o03D 10:FE Jump if end ef toble NOT reachsd. Incramant if rasched.
I — LD C,10 o03F OE 10 Loxd € with 10 far multiplexing time-length.
hat ) a\ yW(DE) 004 1A Load tha sccumuiator with data pointed to by DE.
kel ouT (Ol),A o042 D30z Dutput 1o the latch.
LD B o044 Oh10 Losd B with 10 for short delay.
n-l Ni “‘0 oodé 10FE Decremant B 16 timas,
o048 AF Zrro the sccumulerar.
SET x\ o4y CBFF Sat the highsst bit to turm on the LH diapiny.
| HL) oo4E e ADD the byta pointad ta by HL. te the sccumulator.
BLINKS OUT (" 004C D3 oz Dutgut ta the [=tch.
g QOJE 0b 1D Laad 8 with 10 for shart dalay.
DJNi 0050 ooso 10 FE Decramant B 16 timan.
DEC ods: oD Decramant C.
—JR Nz'°°4l o003 20 EC Jump if € nat zero. Incrament if € n zora,
LD C.1o 005 OE 1e Load € with 10.
- XOR A o057 AF 2mra A ta rn o AH diapiay to crasta BLINK.
ouT ('“)v o058 Dioz Dutput 1a tha istch,
LD B G05A 0b 10 Laad B with 10 ta craeta a shert dalay.
nJNi ﬂﬁsc oo¢C 1I10FE Oecramunt B t8 rimasz.
XOR oOSE AF Zara A,
SET 7 A oosF CB F¥ SET tha highast bit of the accumulater to tum an the LH display.
L. ADD k] HL) o061 b ADD tha byte painted 1a by tha HL pair. to the accumuiator.
OUT (01),A oobz D3 02 QOut put ta tha istch.
LD B,10 ooby 0h 10 Laad B with 10.
g%g CODUII 00bb III'I'JFE Oegremant B 16 times.
oobs Oecramont C.
=] IS A ZERQ? }& JR NZ,0057 006y 20 EC Jump H C nat zara.
———JR N;‘F oobB 18 D2 Jump ta start of BLINKING ROUTINE,
* LD A,(HL)-<- oobD 7ZE Losd A with date byta pointad to by HL.
Ccy 3# oodE FEF Campara with 3F ta nae if LH displey is zara.
i DECREMENT JR NZ.0074— o070 10 02 Jumg if nat zaro.
A <——JR 001§ o072 18 Al Jump ta stert af pragram il zaro,
DEC HL-4+— o074 1B Oxcexmsnt playar A pointer.
FIRST w “"_'g?.r“ls g;g {:.B"E’ Jump ta stert af program.
o - TEST bit 1 of tha C ragiotar.
DETECTION: JR Ni Uﬂln —5 007§ 10D2 Jump if bit 1 la SET. Incromaent te next instructlon if nat aat.
f INC A SET1 l: o07B CD Cy SET bit 1 of the C glster.
= | INC l'il- o01D 123 Incramant playar A pointar.
IS A 87 LD A,(HL) o07E 7E Laad the dnts byta inte tha accumuletsr,
i, CP b7 007¥ FEb Campara the accumiiator with 67,
JR NZ,UUAE 1 o081 012 Jump f tha twa ara not tho sama. Ga ta neat instructian if the serme.
—~ LD C,10 o083 oE 10 The naxt 25 inatructions praduca e muitiplaxing aHact on tha
L1 A (DE) 008s 1A twa displtayz a= they the LH dizpisy tums on and off in a
ouUT toz).a\ o086 D3ex OLINKING pattamn.
LD 0 o088 06 1D
DJINZ 008A o0SA 10 FE
XOR A o08C
SET 1,A 008D CB FF
SPATD| | B,
01), o090 2
BUNKS 1D B,10 0042 % 10
DJINZ 0094 0094 10 FE
o09b O
I —JR Nl,ools on:1 1PEC This section is very neerly identical to the
g E (DE) :’; :i 10 instructions betwesn 083F to 00MB.
- 4 9 Refer to the above for the explanations.
OUT {e1),A cosC D3 01 eriot planations
LD B 0ogE 06 10
DINZ soA0 00A0 10 FE
XOR A oAl AF
OUT (01],* ooA3 D3oz
DOAS Ok 10
nJNi S0AT 00A7 10 FE
DEC 0OA oD
— JR Nz,ﬂlﬂn QOA 2¢ EF
—JR 08} QOAC 18 D5
IS B ZERD? - LD A}l(DE)'ﬂi 0OAE 1A Laed tha rccumulater with the veius pointad ts by DE.
- - CP 3 00AF FE ¥ Compara the sccumulater with 3F ta sea it tha AH dispixy is zero.
JR NZ,00Bb™ ooD1 200% Jump il pieyar B (s zera, incremont ta naxt Instruction if nat zera,
DECREMENT JP 00z ~——|=bs 0083 C32D %0  Jump 10 mrert of program.
Y . DEC DE-#— o0oBb 1B Decrament player B pointar.
JP o2 ——=d g0R7 C€32D 00  Jump ta srart af pragrem.
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toop in which the value for each display is
lookad after by e seperate register pair.
Tha teft hand displeyis lockad aftarby tha
HL registar pair and tha right hand display
by tha DE registar peir.

This choice is goveraned by the fact thet
tha HL pair has a larger number of op-
codes evailable to us end thus it is more
varsatila.

You will see the need for this later.

Numbers produced on the right hand
display can be created on the left hand
display simply by turning on the highast
line at the same time. This is dona by
adding ‘80" to the valua of date. Tha sama
effect con be craatad by SETTING bit 7 of
the accumulator and then ADDing the
value of tha right hand display. This is
what we have done. The data required to
produce a numbar in the right hand
display has bean edded 1to tha
accomulator after the highast bit has
beart SET. with the result that tha number
appaars on the left hand display.

Befora this can be done, there is one point
which must ba remembarad.

The accumulator must firstly ba claared
so that ail bits are zarc. SETTING e bit
and ADDing to the accumulator doas not
claar out any initial junk.

Using these facts. and a short DJNZ
dalay, will produce a loop program which
will itluminate both displays.

Alsc in this loop we must include an
instruction to look at tha input port and
datoct 3 things:

We muat detect if button A is prassed.
button B and also if both butions are
prassed at the sama time.

Detecting button A will ceuse tha
progrem to brench to a sub-routine.
button B to another sub-routine and both
buttons will ceuse the program te jump
ovar tha other branch-instructions.

Whan the micro jumps te either sub-
rguting, thare ere 4 instructions which
must be taken inte account.

Firstly it looks to see if it is the first timae
the sub-routina has baan jumped to
{during this press of the button). It does
this by checking tha debounce BIT in the
C ragistar. We must creete a debounce
condition so that the displays will
increamant only one byte in the table for
each press of the button. This is achieved
by resetting tha BIT(s} in the C register
while exacuting the main progrem. When
a button is pressed, the micro goes to the
sub-routine and leoks at the particular bit
in question.

if it is in @ RESET stete, tha micro runs
thraugh the sub-routine and SETs tha bit.
it then incramaents the pointer register to
icok a1 the naxt byte in the table. {1 then
campares the velue with 67 to see if the
end of the table has been reached. if it
has, it goes to 8 loop program which
flashes the winning displey.

If the end of the table has not bean
reached. the progrem looks at tha
opposition value to see if itiszero. Ifitis
zero. tha micro raturns to the mai.n
program. If the opposition is not zero, it
decrements tha pointer registar and
jumps to the mein progrem.

The effect on the scraan may ¢r may not
be en incremant or decrement. dapending
on the position of tha pointer ragistars,
however you can be assurad tha byte
table has bean decremented and/or
incremented correctly.

All you have to do now is put thasa facts
into a maching coda program.

Whan doing this. it is vary helpful to use
arrows 1o incdicate wheare the progream
jumps to, You can elso put labels and
notes at various locetions to indicate
what the program is doing. This will
assist you whan debugging and tidying
up.

Study the program on the previous 2
pages end see how it's done.

BLACK JACK

This program is designed around Paul's
Black Jack in issue 11.

The concept of tha program is to deal &
hand of random wvaluas esxactly like
pleying cards.

it than keeps & tally of your hand and
adjusts tha total to your advantege whan
ong or mora ACES are dealt.

Itis thefeature ofthe Ace baing equaito 1
or 11 which adds interest ta the game and
brings a littla strategy into the program.

Apart from the normal requiramants, the
program must keap track of an ece. When
one is included, BIT 7 of the C ragister is
SET. Tha C register is our TEST
REGISTER.

The computer keeps dealing cards until a
value over 21 is raeched. it then looks 1o
see if an ece is included by testing BIT 7,
1 this bit is SET, it subtracts tan from tha
totel. meking the ace equal 1o one.

Further cards are dealt and onca again a
score is kept. in an attemp1 to reach 21,

62 TALKING ELECTRONICS No 14.

wWhen exactly 21 is raached, the program
jumps to a routine which flashes 21’ and
at the same time looks at the input pont

for button B being pressed. It it ig
pressed, the program returns to the start.

Tha other important faature to remember
whan producing a program is TIMING.
By this we mean the length of time for the
things to ba done. such as the numbars
appearing on tha screen.

If they appear for too short a duration. it
will ba annoying A long duration wili
slow down the game.

Thesa penods are controlled by a delay
routina which is inserted into tha program

to ‘waste computer tima’.

The length of thesa dalays depends on the
clock spead and since we have a vety
slow clock frequency. we have delay
routinas te match.

Our maximum clock speed is 35.000
cycles per second so that if we waste
35,000 clock cyclas, we produce o delay
wf 1 second.

The simplast way of producing a delay is
to use DJINZ Tha maximum DJNZ dalay
is produced by loading B with FF and this
wastes 13 x 265 cycles (3315 cyclas) or
asbout 1/10th sac. Longor deisys can be
obtained by using 2 DJNZ’'s and shortar
delays by decreasing the value of B.

The other way to craate a delay ts to run
through & loop which gradually
decrements a dalay value This type of
program is necessary when multiplexing
is requirsd.

The only way of obtaining a suitable valva
for the dalay is to study some of the
examples.

If you are unsure, insart ‘80" and trim the
valua during final tasting. '80  reprosents
a mid-value and you can increase of
decreasa it later.

INDEXED ADDRESSING

Black Jack uses a table {located at tha
and of the programn) which does thraa
things. Firstly it daterminas the character
to appeat on the right hand display, than
the charactar for the left hand display and
tinally the aquivalent hex valua.

This raquires 3 bylas which wa hava
grouped togathar to form a ‘block’.

Evan when the left hand display is not
showing a vaiue, itis being eccassadwith
a zaro cutput so that uniform illumination
is produced when a valua such as "10 is
displayed,

Yo pick up the 2nd and 3rd byte in each
group, we heve used [INDEXED
ADDRESSING.

This is a hendy way of jumping down e
tabla without incrementing tha register.

it you were to incramant it. you would
have to daerement it befera the start of
_the next loop and this would invelva axtra
instructions,



In our program, the register in charge of
the tsble is incremented oniy after a
multiplexing operation [which may
involve a number of passes of a loop).

When the register is incremented, it is
incremented 3 times so thatitiooks atthe
first byte of the next group. That is the

1st. 4th, 7th 10th byte etc,

The 2Znd and 3rd bytes of each group are
looked at via the indexing feature which
uses a displacement value. Forinstance
{1X + 07} looks at the second byte and (1X
+ 02} looks at the 3rd byte.

RELOCATING THE PROGRAM

Although the program is desigired for the
Microcomp end to be run at page zero, it
can be shifted to any othar location by
simply changing sl the absolute address

There are two main types of addressing.
ABSOLUTE and RELATIVE. Relative
vatues refer to foeations by using a
displacement value in the program and
whenever the program is shifted, these
vaiues remain unchanged.

Howrver absoiute address values must
be changed whenever a pragram is
shifted as the wvalues refer to specific
iocations.

In our

program, the absolute wvalues

mclude the address of the tables and
jumps which are over BO hex bytes away.
{Relative jumps can only cope with jumps
less than BO hex bytes away. in either
direction).

Here's the program: Type it on the TEC,
hold it in the non-voiatile RAM and playit
on the Microcomp.

At o100:

Each hex value produces a number from 0
to 9:

3F
ob

4
=
O Wl TN -

At 0110;

The first two bytes produce the "CARDS’
and the third byte holds the value of the
card.

40 - 7F ]
values, 40 . 00
o0 o8
sB 2 67 9
PLAYER A’ PLAYER 'B’ - 09
02 o9
4F 3 ™ A
o0 o0
03 oB
&b 4 1E J
o0 o0
04 DA
D S g 10
]
. - 111 oA
HL Register DE Register D b 3F 10
Bit 1,0 Bit 0,C The -5 CARD HAND' which wins il 21 s nat o oA
obtained.
The diagram shows the twp dispiays and inta accou :’Euﬂrﬁﬁa":ddt?“ nint ‘iahe this o7 7 3F 10
their a fated st ; I n puld ke a simpie matter 00 ob
ssociated register pair. The 1y make it dp so
Debounce is done in register ‘C. ' v oA
___
Zero's the p—— XOR A o000 AF Zere the Accurnulatar.
ragisters LD lg’A 0001  ED 47 The | ragister must be londad via A, | rag. detacts 2nd pushof bytton.
LD E,A 0003 3SF Zste E. Hog E is our tally ragistae o datect “21° ot
LD C,A 0004 4F Zera € Reg € is our TEST ragistar far ACE detectian.
— v LD IX o110 0005 DD 21 10 01 1nad X with stert of OISPLAY TASLE.
_H ’lN A.,[D l) 0009 DB b1 Bultnn 8 mustnot he pressed whan micre pagses this pilint atharwise
CP 40 000B FE 42 pragrom will jump W stort of rautine. This preuory cheating i
| JR cond 18 F1 the burton s kept pressso
—» LD 1Y.0113 000F  FD 21 13 01 Loud 1¥ witn stect of table for disploying ualun of card,
LD n’"n 0013 26 oD H caunts the numbar ol graups of bytes in the 1ably Thete are 0D
Creates I*m (Ix + 00) 0015 Figh) 7E 00 Land the nccwmulator with the tirst byte in the teble. qroups.
Multi- OUT (02),A oos8 D3joz Output this value to tho eutput latch.
]Jlﬂill'lﬂ ﬁg“ oololc g:% :: ;"E Laad 8 with a value ta prodl.,gl:e a slflul delay.
i Show: XOR A 001E  AF ;:mam & loops of dscren;untmg register 8.
: th latar belere ing ta the naxt t 1 .
—- = SET 7,A 001F CB FF SET the higheat B1T in tha nee. 3o thet tha LH disglay will fuminate,
ADD A,(IX + o1) o021 DD 8b 01 ADD the value of the secend hyts in the tahie 1o the accumulalor
laaks for ouT s'z 1A o024 D3 oz Dytpe the result 1o the latch. The LH display will INuminate.
bulton B IN Ay(01 o0z DB o1 tnput tho value on the switchss te the accumuletar
— CP o o018 FE 40 Compnre the scournulator with ‘407,
ig %“}B—' :::é 18 oF Jump (f the scoumulater 1s squel to 40.
ob 04 Lnad B with 04 ready for o shart delay.
DJNi o2 E o02E 10 FE Creato 4 leaps of dacramenting rug B to displsy ths EH digit.
- INC 1Y 0030 FD 23 Incrementthe 1Y sogistee 3 times so thatitleoks stthe start of tha naxt
INC1Y 0032 FD 23 graup This register 15 our randem numbsr gansrslor and incraments
.-—-] INCIY o034 FD 13 canstahily, whiln the displays sre displaying.
} DECH o03b 2§ Reygistar H will detect the end ef tho byte table.
—JR NZ,0015 0037 20 DC Jump 1o displaying AH then LH digit. it H is nat zere.
—JR 0800 0039 18 Dy Wwhen H is zere. IY end X regisiar go te-start i table.
LD D,jo¢—- o03B 14 30 D will gousm the langth of time for displaying the random nymber.
LD A.,(IY + 00) 003D FD 7E o0 Tha sccumulatar 18 londad with tha displsy volua lor the pandom No.
Dispiays ouUT (03). 0040 D3 02 This vslus is ouypubiad to gort 02,
NEW l].)g“ni :::: :' }'E The AH dispiey will iflurminate for a delay dstermined by the value ef8,
Card for 9
30 foops gg‘;‘,AA ::; é; FF The actumulatar is zaraad rondy 1or tho next tws natructions.
Git 7 is SET to turn on the LH dispiay.
3‘3?{::;;01) ::E ;I; :: o1 Tha vslue of the sacend byte inThe group is ndded to the accumulalor
znd sutputted Yo part §2.
_ %g“ 3:.5. :;E :: }.E The LH display is illuminmaed (er & poriod of time a3 determined by the
] valya of B.
l i DECD LTI 1 D is dacremsmed by enf snd the program ioogs agsin.
— JR NZ, 003D 0083 20 ES When D is zaro. tha micre aduances to the naxt instruction.
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Protduces
1ally
viloe

Laoks
tor ACE

— Lauks for
2nd push

AT A ]

Bianking
Perigd

3]

Displays
TALLY
far 69
isops

] Laoks for
over 2%

)

Subtract
10 ¥ ACE

is preseml L»

I OFF al
end al

. game
prR e
HLINKS

21

LD A,(IY + 02)
INC E

BIT LE

JR Z,0006

BIT 3,E

JR Z,0066

LD B ob

INC £

DJNZ 0043
DEC A

JR NZ,0058
LD A,(IY + 00)
CP 77

JR NZ,0072
SET 7,C |
LD Al

INC A

LD LA
CcP oz

JR NC.007D
j4———JR 0009 '

LD D,bo
XOR A
ouT &?z).A
LD R, FF
DJINZ 0084
LD HL,0100
LD A.F
CP 11
JR Z,00 D4 —
AND OF
ADD A,L
LD LA
LD A,(HL)
OUT (02).A
LD B.,10
DINZ 0097
LD AE
RRA
RRA
RRA
RRA
AND oF
LD HL,0100
ADD AL
LD LA
LD A,(HL)
SET 7,A
OUT (021).A
LD B,o8
DJINZ 00AC
DEC D
— JR NZ,008b

LD A.E

CP 22

JR NC,00B g -

JP 0009
BIT 7,C «—
JR Z,00C4 —-
SUB 10
LD E.A

| RES7,C
JR 007D
QUT (01 A
02),
LD BFE
DJINZ oeCy
4 DJINZ 00CB

DJINZ ooCD
DJNZ ooCF

— JP 0000

LD A,0b
QUT (02),A
LD B,10
DJNZ ooDC
LD A,DB
QUT (02),A
LD B,k9
DJINZ 00ES
DECC

—JR NZ,00Db

XOR A

OUR ?z),A

LD B.FF

DJINZ ooEE

IN A,(o1)

CP 4o

JP Z,0000

JH ooD4

0055
0058
0059
o05B
a05D
oo F
00é1
0063
0064
00bb
00b7
o0bg
cobC
00bE
0070
002
0074
0075
0077
007%
007R
007D
007F
oplo
coBz
0084
00Bb
0089
o8 A
008C
00BE
0090
0091
0092
0093
0095
0097
0099
009 A
0098
009
009D
009E
00AD
00A3
00A 4
00AS
00Ab
00AB
00AA
00AC
0cAE
00AF
00B1
00B2
o084
00Bb
0oBg
00B B
00BD
o0BF
ooCo
o0Cz
00C4
00Cs
007
oy
WCA
ooCD
ooCF
ooDg
oo g
ooy
ooDs
WwDA
ooDC
oo DE
o0 Eo
0oEz
00E4
o0Eb
a0E7
L) o)
00EA
oeEC
00EE
ooFo
00F2
o0Fy4
ooF7

FD 7E o2
1C

CB 4B
28 09
CR 5B
18 o3
ok 0b
1C

10 FD
3D

20 EF
FD 7E o0
FE 77
z0 02
CR Fg
ED 57
3C

ED 47
FE o2
30 02
1B 8C
16 bo
AF

D3 o0z
ot FF
10 FE
21 00 01
1B

FE 11
28 46
Eb OF
8BS

&F

7E

D3 02
ob 10
10 FE
7B

1F

Losisit & wth the Jed byte in the prugp. We kngw the byte niust have n
vatlue- o ong @ grentey and 3o we can sataly INCromant £
Requstor £ in oue TALLY register Werrequrro it to.agdd the valutts of tha
ritdls ant hold tha resnk oy decimal lem The probiam curies when
you ath! one i 8 The arguater will show 04 We st convert OA ta pan
Thua waty e e By a DAA wsttegvios ar by saltwarne. We bive aptod
for sottvwate \We detect DA wa et 1 and 2 being HIGH and thon
wicrenant the E regates B tonns. Each time the tully ramstar 1a
weremunted {apart from the-_dacmul adjusting hagp). tho degufindintor
% reeramontud and when the goeamulatar 1s zurs. the prugram
ithvances _

toad the accumilbnise with ibio st byte ot the group

Compate 77T with the accumuditor. We are lontong o an A(__‘:-E

W the scoustulater tenpt 77, tn micry wat jumg tu LIMAFE 1 tho
;lnlru|1|lilalﬁr 14 27, thy progiaty will advance to the neat nstrachan
and SET hit 7 af the C regpster

The | cigaster casnits the wuths of presses of the B bibon We aro
ineskinig Y 2 oF saase presses 5o that the taliy canhe dimpbaved This s
the adyasitage of nsig the CAAHY coammangd

the mcto punps when §s 2 o MORE

Jutsp pe stag of prograne (bumon B hes baen preased ance |
Remqste: D produices the tetas for the tikly to appein

Riank thw tesplay

Outpur tit laseh

Lgard B with masartnny delay vaie

Perfarm FF tyops ot decternmbiag reginter B

Loitd HL swigh start of dispray wiipos

Load the tally rogater inte ther aceumabatar

Coitipare 21 wath the accumidlator _

It acewincloqr o8 25, the micia pinps to BLINKING 271

It 1at 27 remave high wibble by ANDmg soth OF

L conthimes 0O trom address above ADD 00 to accimulatse
Load the pesilt Uack natp L sa that thi mucto lonks 23 ape of the
addrussed of the tihly  Lbad the value ir finds et &

Uutpui thi: byte te the Tatch

Lived B wweh g v walse

Create 18 loups al decredenting rogister B

Load the tolly register inte the aceusrmidator

Rotate the tccumulatgr aght. eHsctvely brioging the 3 hits af the
HIGH nibbie ta eceupy the 3 [owor places. I

Aamava the 4 high bits by ANDing with OF

toatd the HL register wath start of doploy tablo

AOD L to aucumudgtor te create unew value far L sa that we {aok at uns
of tho addresses i the Libis

Leonid the byvte from iha tnbls inty tha ;‘;gcumul_ntiir

Sat m 7 al the ageurmilater 58 1Hat ths LH display Wwens an
Chitpuy this value to the Ipteh

Ligd B with o short delay vialoe

Creote B vaps of decrameniing regisier B

Docrmindit G und go o start of multsploaiog loop When Bas zum,
moremart 10 nextindtroction \n Drogram

Load the 128y rey:star iaro the Accumuolatar

Compere with 22

1t tally ex 22 or MORE. ineremns La rex) snstrycion.

Jurmya te statt of pragram. 11 taliy is tess than 22, ump 12 BIT 9,C,
Test bt 7 af the € cogister te see if av ACE has hoen dealt

Jump if no- ACE  Incramant if qin ACE is pitesont

Subtraet tin Fom tully, meking ACE wgual toc DNE

Laad tho mewe tally into tha tilly registsr

AReset ot 710 ahow ACE has been turnad inte DNE

Jump o thspldying pew tnfly

2ottt the actwnutator

Dutpan 10 1atoh 1or 2 dolfoy piivtod equal to 8 DINZ & [with B =FF) 1e.
neghetie END OF GAME

Jump ta slard and re-leng ahl registers

Loed C with 10 tar 16 toops of multiptexiag 1" and "2
Loed A with 96 to arpate 'Y an RH display

Ditpus this te Yatch

Craonte shart deduy

Degrement B ta o

Loiad the secuinulator with VB ti crente "2 in LH display
Dutpet to latch.

Crente short deloy

Dacrement B te zayo.

Decrament.Coand if natzero, jump 1o start of multiplasing the disploys.

Laro &

Gutput taialch 1o turo pff both digploya

Load B with FF 10 proguee o ahont delay far tha DFF tima

The anly way of furmping out of "HLINKING 271" .is ta push buttan B or
seawt thwcampuaier  The pregeem inputs Trom 1he sat of buttens and it
B (s prossed. the pragrom jumps ta 0000, Othsrwvst thin pragrar
kaxps fpprpiop '
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Before we eontinue our diseetion of the
program for the Microeomp, let us pause
for a discussion on a number of related
topics. These witl help you to understand

how a mierc system goes together and
how it funetions.

PROGRAMMING THE 2732.

The 2732 in the Mieroeomp kit comes
ready programmed with a set of experi-
mental programs and anly the lower half
of the ROM has been filled.

This leaves the upper halt vacant, for use
in any way you wish.

There are two ways in whieh the upper
half can be filled. One is by using an
EPROM programmer and burning the
loeations yourself. The other is to write
the program anrd have someane else burn
tho ROM.

Burning a program is anly done after you
are tharoughly satisfied with s
performance, as it ys very difficult {if not
impossible) to change the program , enee
it is burnt. For this reason itis best to get
the program up and runhing via a medium
whieh can he easily altered, as a program
quite often has to go through lots of
ehanges and modifieations before you ere
eampletely satisfied,

The most logical way is to use some form
of RAM memory, in which the lpeations
can be altered ns many times as you like.
The only difficulty with RAM memory is it
will lose its eontents when the power is
switched off. If the RAM is hacked up
with o battery, the eontents will be
retained.

This arrangement can then bhe used to
generate pragrams without the fear of
lass. should the eomputer be turned off.

The program can then be transferred from
the programming computer 10 the
Microcomp.

The Microeomp sees rach half of a 2732
as a separate 2k block of memory.

e —1! Iy
.: [F]as
] [Das
4"-E =
;3E :gm von
2] [ 3lnin
«1] ;F_’[
gz 2o
L\ng [F]os
e los
o] Al

- Elene aly

2732 PIN-OUT

The program-accessing routine at 0000
must be wrintar for both the lower half
and upper helf and this will enable you to
start at any address, providing it is an
even hex value,

Burning can be carried out on the TEC
EPROM BURNER and full details of this
project ean be [nund in issue 13,

Memory is divided into PAGES and each
page consists of 256 bytes. When
programnung, all address wvalues are
wrilten in hexadecimal farm and one page
eontains FF bytes. See P. 16 of issue 11
for the hex table and details on under-
utanding hex notation. A 1k bloek of
memaory has 4 pages and a 2k memory
ehip such as 2716 has B pages. A 4k
memory ehip sueh as 2732 will hold 16
pages of bytes.

A program ean range from only a few
bytes to many pages and to give you an
idea of the compactness of machine
eade, the two previous games, TUG O
WAR and BLACK JACK, aeeipied about 1
page each. Obviously a more complex
game with a more complex display {sueh
as a video screen) would require more
instructions but one page has the
capacity to hold about 100 instructions.

This meens a 2k ROM will hold about 8
simple programs

Programs are nat fast to be produced and
it may take 10 to 50 hours tocreawe aone-
page program. A 2k ROM may take
weeks or evenr months to fill!

Once you are satistied with the
performance of a4 program, yvou are rearly
to burn it into an EPROM,

Before this can be done there are two
things vou should do.

Firstly you should determine where you
are going to place the program. This is
importart as it will be in a different
lncation te where it was beging ereated
and the absolute address values will not
apply.

Often the program is created at address
0000 and all jurmp instructions relate to
this. Any address values which have
heen defined are called absolute and
must be changed when the program is
shifted to a new loeation.

When yuu have determined the new
foeation, you should BLOCK TRANSFER
the program to the seme address in the
non-volatile RAM, using the following
program:

at 0Coo;

11 _  TO: address + 1000H
21___ From:address + 1000H
o1 No oi bytes.

ED Bo

C7

For example, if you have produced o 148
byte program at G0G0 in the non-valatile
RAM and need to shift it to 0280, here is
the Block Transter program:

21 00 10
01 48 01
ED Bo
C7

At the beginning of the RAM you
need a jump routine:

0b 00
DB 01
21 00 00
bF

29

19

29

29

E9

This is entered at 0000 in the non-volatile
RAM, whieh is ADdress 1000 on the TEC
(to access the start of the expansion port
socket)

Now you must ehange all the absolute
address values (such as the start of a
table. o jump instruetion etc.)

Change the switch en the non-volatile
RAM card to 'ROM’ and switeh the TEC
off. Transfer the non-volatile RAM ta the
Microeomp and lead ‘28" on the input
switches. Turn the comp on aod push
reset. The program will run.

You should now remave all traces of the
lower pragram so that you are sure the
new one is the only ene being run, This s
done an the TEC by loading %F into each
loeation ot the old program

The pragram is now ready for transter to
EFROM. You have confirmed its
operation and run it at its new logation -
nothing more need be done.

Refer to the EPROM BURNER projeet in
issue 13 tor the aetual transter procedure.

When you have completed a program and
burnt it inte EFROM, it should be fuly
documented by writing it oul as shown in
our examples.

It is important to use arrows to indieate
the jumps and even a bloek diegram
explaining what is happening at various
lucations.

A descniption of the pragrem including
which buttons are doing what, will alse
helip as it's very easy to forget how the
game 1s played. after a few months.

Give the program a name and fill out the
lag helow Lo assist in identificetion.

If you follow thesa rules you will he able
Lo use pants of the program when creating
new idees and save generating every-
thing afresh.

Sw. Name of
Positions: | pddress: | Program:
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RAM is the abbreviatien far RANDOM
ACCESS MEMORY.

It is tompory storage memory in which
data s only retained while the power is

applied.

When the power is reimoved, the contents
are lost. This isbecouse ditais stared via
a Hip flop or single MOS transistor and
these require pewer [although very little)
for the data tn be retained.

There are two forins of Random Access

Memoary. STATIC and DYNAMIC.

Static Memary uses o flip flap for each bit
of infarmation and this will hold the HIGH
ar LOW as tong as the powet is connected
1a the chip.

Dynamic Memory uses only a single MOS
transistor i which a charge on a
substrate indicates the presence of dato.
Since this charge has the tendency to
leak away. it must be repienishad every 2
milliseconds. This requires additional
circuitry and 15 wmiconvenient in a small
system: although it is the cheapest way
1o purchase blocks of memory.

RAM is also called Read/Write memory
as it caa be written inte and read during
the process ef executing a program.

A micro system which does not have any
ARAM is called a dedicated system atud is
timited ta running a program cemained in
ROM menrory.

The need for RAM varies enormously
with the task. Sometimas you nniy nead a
few bytes of RAM to store tempory
values and the same locations can be
written into agam and again

Othertimes you need a large amount ol
RAM to store a whoie screen of
infermation.

With as hittle as one page (256 bytes} a
system can be designed to perarm quite
compiex tasks as the deta can ba updated
and written-over constantly.

The Z-80 requires only two very small
sactions of RAM lor it 10 become 2
‘thinking' computer. Thess two areas are
catied SCRATCHPAD and STACK.

The scratchpad er BUFFER zone needs
only a few bytas where such data as
displays wvelues are kept. This frees
. ragisters  for carrying oul program
commands.

The other area is STACK andthis is whera
bytes are loaded {tn pairs) 50 that the
contents of a particular register can be
saved. The stack is unusual in that it
grows downwards as more bytes are
added and itis essential to kaep removing
bytes at the same rate as they are added
so that the stack does not grow too large,
The othar peculiar featura aboutthe stack
is the access you have toits contems. [tis
a LAST-ON FIRST-OFF arrangement and
only the top byte (and the next) is

accessible and this is another reason for
keeping the steck manageable.

The main purpose of the STACK is to free
registers for other aperatians and then bo
nble te re-load them with the value that
hod been saved.

Our Micraeomp does not have RAM
memory and thus the stack and scraich:
pad features are not avalable.

The alternative to scratch-pad is to use a
register pair to hold 2 bytes of data and
this has been done i maay of tha
programs. This severly limits pro-
gramming bs the working registers are
held-up as memary cells

Without a stack, ptogroms have to be
designod differantly and may take more
pragsanmung steps. but they work just as
well.

IX. 1Y, HL and DE register parrs and also
the alternate A. BC. DE and HL registers
can he used 1o get arnund the storage
probiem.

Same of the pragrams for the Microcomp
show how the registers have been usedin

this wiy.
ROM

ROM is Read Only Memory

This memory is usod Lo stnre instructions
which do not have ta be altered Data in
ROM remains fixed and stabile. even
when power is removed {tis perinanent

There are different types of ROM
mamory. One is programmed by the
manufacturer and cannot be changed. the
other is erasable memory and can be
pragrammuod by the chieat. it can also bo
erased if the contents are not required, by
exposing to ultra violet light for abeut 15
minutas,

in the Microcomp project. a 2732
EPROM has been used. This is the most
economical size for the job and is capablo
of holding 4k of information. 4k is
equivalent to 4096 bytes and wouid be a
very lang proegram if it contained a single
program!

it we assume an instruction takes an
average nt 2 bytes, the program will
axtend for 2048 lines! A program of this
length would take many weeks to
produce and the number of things it cauld
do would be guite imprassive

In the Microcomp. the 2732 is accessad
in two halves. This is done via 4 jumper,
The lower half contains a range of
programs which we are currently
investigating and by taking the jumper
lead to the lewer pin on the PC board. the
upper half of the EPROM is accessed.

The upper half is blank and yoeu can fitl it
with progrems of your own, The first 10H
bytes must contain & jump routineg
identical with the lowar half to allow you
to jump to the stort of each program,

In the near future you will be able 10 send
in your EPROM for filling with additional
routines. The programs for the ‘add-ons’

will be leaded into the upper half and
many of these arg already finalized. But
firstly wo want to fully explain the lower
half and gat you aquainted with tha

concepts.

One question we have been asked s why
the Micrncomp has oniy 11 address lines
whereas the 2732 requires t2!

The answer is we are creating the 12th
address line via the jumper lead. Whan
the 12th line is LOW, the lower 2k is
accessed. When the jumper s HIGH, the
upper 2k is accessed Since this is a
manual apatation. a program cannot
cross the 2k border and routings inn the
lower half cannot be nccessed by those in
the upper section. {If you wish to crass
tha 2k boundary. place the jumpar on
Al11).

Because of our arrangement, the 2732
can be cansidered as two separate 2k
blacks. each of which 15 equivalant to a
2716 EPROM Infactyou canuse 2716's
without ths need for any modiheations.

Each 2k Dblock is addressed n
hexadecimal notatien. It starts nt 0000
and goes to 0TFF. Tha next 2k starts at
0800 and finishes atOFFF. There are 8
pogas in 2k and these are: Page 0. 1. 2, 3,
4. 5 6 and 7. Each page contains FF
bytes as explained previously.

All address vatues. data values and Jump
Aelative values are Hex values and you
need to think in HEX notativh when
writing Machine Code programs.

Using the Microcomp wili familiarize you
with hex and encourage you to think in
this notation.

BASIC vs MACHINE CODE

Everyone has heard much about BASIC,
it introduced many of us into the worid of
microcomputars and n  deservas its
reputation for being the best language for
teaching computers to beginners

And true enough. Basic has eneblad
beginners to perform tasks which would

have been absociutely impossible
otherwise.
But basic isn't the solution to  all

programming. When you need g simple
pragram for sequencing orf timing, you
don't need basic. When you need high-
speed graphics, you don't use Basic. And
when you want to design your own
sysiem. you can't include Basic.

In fact you den’t use any high level
language at all. ¥You use only the codes
which the micreprocessor understands,
and these are caffed MACHINE CODES.

That's the language or instruction sat we
are teaching: MACHINE CODE or
MACHINE CODE PROGRAMMING.

With Machine Code you can perform all
the oparavions and effects available to the
Basic programmer except vou have o

creote them all yourself.
i
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Remember that all the work and skill put
nto compiling the set of Basic
instructions would represant years of
effort and we would never be abis to

attain this level of developmant via a
simpla model,

For us, wa will have to be satisfied with
starting at the beginning and learming
soma of the simpilest forms of
programming. Even these will achieve an
amazing variety of effects and you wilt be
qguite imprassad with the results,

We are not rubbishing Basic but let's soy
it is completely removad from the field we
are cavering. Machine code is is up to
10.000 timas fast and tekes up to 500
timas less mamory. But Most imprassive
is a Machine code systam can be created
without any external assistance. You
become the master - designing your own
systam and only requiring a list of
Machine code instructiens for you 1o he
able to complete anything from a
sequencer to a robot,

HOW TO START PROGRAMMING

All programs start with an idaa. The idea
mey be vague al first ar you may be lucky
anough to know exactly what you wantto
achiava.

Vague or concrete, the way 1o start
pragramming is by getting & sheet of
papar and jotting down notes.

Start with sketches, scribbles and bits of
data.

Put & date en tha shest and think up a
name for the project. Names and labals
help identify and strengthen your ideas.

Thess jottings will look feeble wher you
took back on them, but at the baginning
they form the groundwork on which to
build. {t's the only pasitive way of getting
the facts 1ogether,

Put down all you know and all you want ta
do, then go away and sort it over in your
mind.

Your brain can actually put 1hings
togethar much better after you have
clearad it first by writing down all the
preliminaries.

Don't be afraid to use papar. 1t will take
about 6-10 pages to produce ona page of
finished work.

At first the bast idee is to use perts of
axisting programs and modify them to
suit. Later you can think about creating
complete programs of your own.

Lastly. don't be disappointed if the
program doasn’t work first go. We have
trouble with ai! of ours. Thay rarely work
first time.

But that's the wonderful part about pro-
gremming. The micro picks up vour
mistakes end feils to operate.

Whan this happens, you can spend hours
trouble-shooting the fault.

Tha best advice in this situation is to give
the program to a friend aquainted with
programming and ask him to check it. A
fresh mind is more able to spot a silly
mistaka,

If you don’'t have anyona in this category,
you will have to work through it yaursalf.

1f the displays fail to light up. you will not
know how far through the program the
processor has gone.

Start at the beginning and look for the
first OUT command. immediately after
this instruction place a HALT command.
This will lat you know if the micro has
travelled this far through the program.

i the displey still fails to tight up, you will
have to investigate each of the steps and
instructions very carefully. Work back-
werds through the program using the
DISASSEMBLY codes on the back of
issua 12 {and alsa in Notebook Na 3} and
make sure you get the same instructions
as in the original production of the
prograrm.

Next check the JUMP and JUMP
RELATIVE walues to confirm that the
micropracessar is actually landing on the
eddress imended. Read the section on
Jump Relative in issue 12 of TE, becausa
thesa are the trickiast bytes to add to a
program. Remember, they are tha LAST
bytes to ba insarted as you nead 1o count
tha number of bytes between the present
address and tha address to be jurnped to.

MK RN

Machine Code programming
ailows you to create your own
system - with pen, paper and
op-codes.

MO NN

When creating a praogram. you will not
know the value of a displacement byte
initially and it is important to put a line in
place of the byte thus: so that it
can be inserted later. This line lats you
know thet one byte must be counted
when working out the displacemant
valuas.

if the display stili {ails to illuminate, you
can creata your own display value by
loading the accumulator and outputting it
to the displey and then adding a HALT
instruction. This is a last resort! and lets
vou know how far thea progrem is
prograssing.

{ hope you don’t hava troubles of this
complexity but # so, this will gat you aut.

Start with simple programs and get your
ideas flowing. I1's not as difficult as you
think to convert ideas into visual effects
snd its very rewarding to sse them
running.

When writing a program for the
Microcomp, you start et address 0000,
This is whare the processor naturally
s1arts when the reset button is pressed.

it can then ba shifted 1o a higher location
and a jump routine used to access it

Creating a program which RUNS takes a
certain amount of skill. By ‘'runs’ we mean
it campletes ane pass of the program and
displays the appropriate information on
the displays. After you get it to run you
can cancentrate on adjusting the values
of timing to achieve tha most pleasing
effects.

But the main prablem is getting the
program ta run and we have already
mentioned how to get inte the program
and force it to display. There are a couple
of other points which we fargot to
mention and they involve the placing of
tables,

Tables shauld be placed well away from
the program so that you dont’'t run out of
raom. When everything works pearfectly,
they can be moved up and the pointers
changed accardingly.

The idea is to get everything into a
compact black and relstive addressing
usas less bytes than absalute addressing,
sa use it whenever possible. . Also
remove any NOPS and any holes or
spaces. Closing up a program and
neatening it up tekas time but it makes it
much more prasentable in the and.

We will now continue with the programs
ir the monitor, explaining each and every
instruction and how the program is
intanded to work.

FADM INPUT PORT TO B LEDS

This routine is located at 0290 and is

addressed by switching the switches ON
thus:

Glo o oo

This program is very handy for checking
the operation of the computerin the early
stages. This may be too late for some
constructors, but for those with a
praklem in the displays, it will help lacate
tha fault,

The program checks each line of the input
port and outputs it to the displays.

Each time you turn en input switeh ON,
the corresponding LED, in the row of 8
LEDs. will be Hluminated.

1f this does not happen, you ean trace

through the particular line and locate the
fault.

The pragram at 0290 contains 6 bytes.
That's ali, just 6 bytas! It inputs the data
aon the input port and loads it into the
accumuletor. It then autputsitto part2to
tum on the appropriate LEOs and then
jumps back to the start of the program.
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This means it js rapidly looping around
the program and will update the displays
as soon as the input values are changed,

Tha program can also be used to cOmpare
batween the row of B LEDs, the 7-
segment displey(s} and the 4x4 matrix.

Experimant by inputting a hex value and
see the effect you get on each of the
displays.

In this way you can create any sffect you
want on the 4x4 {within limits).

FROM INPUT PORT TO SLEDS
IN 01

JR o190 0294

From this program you will see:

1. The value of each LED in the row of
LEDs corrasponds to a switch. The
lowest value is 01, then 02, 04, 08, 10.
20, 40, B0, and this can be confirmad by
the values written on the PC beard.

2. The wvalue of each switch also
corresponds to a segment in the 7-
segment display. Tuwin on various
switches and see the effect|s).

Prove the following:

81 01

Aol col“z zuI a0 Inz

9n| laa ml |04
88 08

Adding ‘80" to a value will make the
display jump to tha 10's display. Note
that BO by itself does not turn on ANY
display.

Button ‘A’ is connected to 80 and will
make the figures jump from one display to
the ather.

3. The 4x4 matrix has been wired so that
each column is turned on by a LDW velue.
These values are: 01,02, 04. and 0B, This
will causa all tha LEDs to come on. Each
of the rows can be tumed OFF and this is
dong via the values 10, 20, 40 and 80,

There are some limitetions as to what
combinetions of LEDs can ba turned on
and thia is something you must be aware
of.

Experiments:

Create these effects by using the input
switches:

ense e
deseioee
(I B3 BN Rrilede

et el Lol @

l (@] ) (e} (d}

Create these effects on the 4x4 matrix:

® & & @ ® & o 9
1 2NN TR S & & B
22 - TR - S v B N
Tt O 4 & o o 0 ®
* = ‘ON’
o 0 o ® & @ °
® o & @ T T S
- J - S / BEY e ® o o
d f H I I VI ¢ §

0290 DB 81 tLooks at mput switches and placas the value in the accumulatos
OUT (02),A ©292 D3 02 Outputs accumulater te the latch
18 FA Jumps to start af pragram.

Create these onthe 7-segments displays:

This will enable you to see the effacts on
the display without having to manually
input values via the switches,

The accumulator is required for two
lunctions. It outputs the value of the
count and then looks to see if 3 switchis
pressed. That's why we nead another
registar to hold the valus of the count. so
that the accumulator can be loaded with
other information. Thus the C ragistar has
been used for temporary storage.

The program contains two small loops
and the micro is constantly executing the
top one when button A is not pressed and
the fowaer one when the button is
pressed. The micro jumps from one loop
to the other during the time when the
button is travelling from one state to the
othar,

3E 00

4F

DB o1
CB 7F I
28 FA

This is a vary simpla way of creating e
debounce condition and prevents mote
than one ¢ount being registered on each
press of the button.

AUTO INCREMENT (fast)

This progrem is locatad at 920 and lets
you sit back and watch the displays

LI L] 070
o olo

increment automatically. You will be
interested ta know that the program
takes 256 steps before it repeats!

Compare the effect on the row of B LEDs
with the 4x4 and seven segment displays.

Notice that they produce entirely
ditferent effects duse to the placement of
the LEDs and this can be remembered
when designing displays for advertising
etc.

INCREMENTY via BUTTON A LD A,00 02Co 3E 00
INC A 02Cz  3C
This program at 02A0 increments the OUT (02),A 01C) D3 02
display each time button A is pressed. DJNZ o:és 02Cs 10 FE
DJNZ 02C7 02C7 10FE
ojof (o] [0 (© DJNZ 02C9  02(9 10 FE
o o o JR 02C2 02CB 13 F5
LI} A,00 02A0 3E 00 Load the accumulator with zafo.
LD C.A 02A2 4F Load zero into C.
IN Ag(oi) QIAS DB o1 input the value on tha switches to the accumulator.
BIT 1,A 02A5 CB 7F Test BiT 7 of tha accumulatas to sae if buttan A is pushed.
JRZ nA, 0117 28 FA Jump 10 2A3 i NOT pressed Go to 3A% when prossed !
LD ﬁc O’A’ 79 Load C intp the sCcumulator.
INC .IM 3c Incremant the pccumulator
LD cyA ozu 4F Load the snswer into tho TALLY ragister 'C'.
OU‘I‘ 0’;,A °1Ac n’ 02 Ouiput the accumulater 1o the dispioys.
IN A{01 02AE DB 01 (pu: the switches 1o the accumulster.
Bl'l' 7 A .2” CB 7!' Tast BIT 7.
Jl Ni '3“ 0’382 10 FA Jump 18 tAEd A s prossad. Go 18 ." when roleasad
JR BZA3 ﬂBd i8 ED Jump ta TA3.

- i
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The first  instruction loads the
accumulator with zero. You wil notice
this address is not used again by the
program. Thus we call it a START-UP
value. The accumulator is then
imcremented on each pass of the program
and the value outputted to the Jatch. The
next three instructions are DJINZ's in
which tha B register is decremented to
zero during each instructian. After the 3
DJNZ's the program jumps to 02C2 and
outputs the next higher valua.

AUTO INCREMENT {variable)

This program is located at 0200 and the
spaed with which the computer

A% %] ozpo

- 9|0 -]
completes ona cycle depends on the
satting of the input switches,

LD D,01 ozDo 1b o1
IN A,(01) o2D2 DB o1
LD C,A 02D4 4F
LD A,D 0zD$ 1A
OouUT &uz),A 02Db D3 o2
DEC 0208 oD
JR NZ 02D8 o2D9¢ 20 FD
INC D o2DB 14
JR 02D2 02DC 18 F4

AUTO DECREMENT

LD A,00 o2E0 3E 00
DEC A 02E2 3D

OUT (01),A 02E3 D3 02
DJNZ o2E5 02ES 10 FE
DJIJNZ 02E7 O02E7 10 FE
DJNZ o02E9 02E9 16 FE
JR 02E2 0zEB 18 Fs

Load the accumulator with zera,
Diecrement the accumulatar.

Output the accumulataor to the latch
Duagrenmient ragister ‘B’ FF loaps,

Jump ta stan af program.

AUTO DECREMENT (variable)

This routine s located at O2F0 and
decrementes the display when button Ais
pressed. It has a fixeldl rate of
decrementing and is nol variable.

LD E,FF 02Fo 1E FF
LD AE o21Fz 7B
OUT (02),A 02F3 D302
DJNZ 0iF5 02Fs 10 FE
IN A.gu) 02F7 DB o1
Bit 7, 02F9 CB 7F
JR Z)02F2 01FB 28 Fs5
DECE o2FD 1D
JRO2F2  02FE 18 F2

o g|o|a(o 02F0

Load the COUNT HOLD register with FF.

Load the Cuunt Hold registar into tho accumuiater.
Crutput the eccumulator to the latch.

Craate a short delay with the B ragister.

Input the hank of switches ta the accumulator.,

Test bit 7 of the sccumulator to seo if A is pressed.
Jump to 02F21f it is not pressed. Go to next line if pressaed
Decrement registar E.

Jump ta 02F2,

Loed the TALLY register with 01,
Input the switch velue to the eccumtatar,

Load the accumulator into 'C’ for the detay veluo.

Load the TALLY inta 1he accumutatar,
CQutput the tally value to the displays.
Decrement register C.

Jump to 0DZD8 «f register C 15 not zero
Increment the tally registar.

Jump to the stan of the program.

‘D’ is the tally register and holds the valus
to be displayed on tha screen, so that tha
accumuletor can ba used for other things.

'C" is the delay register and it is
dacremented very similar 1o 2 DJNZ
statamant, where FF produces tha
longest delay and 01 the shortest datay.

This is not quite corract, howaver, as you
will find out for yourself.

Load the value 01 end compars it with 00,
90 is a much longer delay and it appears
to he as long as FF? In fact this is the
case! The longest deley is produced when
a register is loaded with @0 since the first
operation to be performed on the register
is to decrement it. The result is FF¥ and
that's why it tekes FF loops to bring it to
2aro.

The program is daesigned to start with an
output value of 01 and increment auto-
meticaliy to FF. The ON time (the delay
time} is adjustable via the setting on the
input switches.

Note: We don’t have any control over tha

values appearing on the scraen, just the
speed of the increment.

AUTO OECREMENT

By changing one byta of the program at
02C0, we produce a decremanting

02E0

ol0 o o
o o|o|0

countar, The best effact of decrementing
can ba sean on tha B LEDs. Adjust the
speed control te viaw the effect in slow
mation.

4x4 DISPLAY

As the name suggaests, tha program at
0300 is designad for the 4x4 DISPLAY. It

0300

will produce almost no interpretable
eHfects on either of tha other displays.

The routine we have presanted is only just
the start of what you can do with a set of
LEDs in an array. Qur 4x4 can be
mulitiplied-up many times to produce an
enormous array of LEDs or glohes and
chviously tha uitimate is to produce a
video screen with coloured globes to
duplicatea TV. Butthe costofthis kind of
vanture is anormous as the pans alone
would cost a fortune and the tima taken
to wire it up would ba too much for an
individual constructor.

That's why we have concentrated on a
manegealle module.

One of the daecisicns you hava to make
when outputting to LEDs, is the method
of turning them ON. One is to connect
aach sutput of a latch diractly to a LED.
Tha other is to multiplex the display and
scan it. The multiplex mathod uses tha
least numbaer of chips and is obviously the
chesper.

The retativa mersits of each will be
covered in future articles and for the
moment wea wiil study the effects which
can be produced with a display
connected in MULTIPLEX mode.

The program at 0300 is an DUTPUT
ROUTINE in whicht a value is loaded from
a tahle into the accumulator and
outputted to the display. The display
remains illuminated for a deley period and
then the next byte is picked up from tha
tabte. This is done until all tha bytes have
beat used,

When the end of thea table is reeched, the
program starts again. This is rapaeted for
8 loops and than the micro advances to
the sacond part. This is identical to the
first except for the byte table. it has
antiraly different velues and the effect is
completely different. At the conciusion of
the sacond byte-table, the micro jumps
back ta the start of the program end the
first pattern is outputted.

The speed of presenting a pattern is
controlied by the clfock end the inbuilt
deiay value. The delay is fixed but the
clock cen be adjusted to slow-down or
speed-up tha effect.
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—» LD B,08 0300 ob o8 B i1s the COUNT REGISTER for the numbar of loops in the first prrgram
— LD HL,0338 o302 21 38 03 toad HL with the address of the start of the BYTE TABLE
LD C,18 030§ oE 18 Load C with the number of bytes lor the program (There are 24 bytes |
—»DEC € 0307 oD Decremant the number of bytes remaitung in the table wo detact the end nttable.
JR Z,0318 —— 0308 28 oE if no bytes remain, decrement the numhor of loops and stan program again
LD A,(HL) 030A 7E Load the accumulator with the byte pointed 1o b the HL regisier par
ou‘rls'z)’ 0308 D3 o2 Ouiput ttus value 18 port 2
INC o3oD 23 fncrement HL to point to the next byte in the table
LD DE,oss0 030E 11 80 00 | pad DE with a short delay vaiue.
DEC DE 0311 1B Decrement DE
LD AD 0312 TA tond D into A,
ORE 0313 B3 togically DR the accumulatar with E ta see whan BOTH D and E areserg
JR NZ, 0311 0314 20 FB Jump 10 0311 if the answer is NOT ZERQ
L—JR 0307 031b 18 EF Jump 10 DEC € and repeat lor the second byte in the table
——— DJNT 0302 —— 0316 10 EB Becrament the rtumber of hrups and stort the byte 1able ygam
LD B,o8 031A ob 08 toad B with & fnr the second part of tha program
—»-LD HL,0350 031C 21 50 03
LD €C,20 031F OE 20
—~DEC € 0321 oD
JR Z,0332 0322 28 oE
LD A (HL) 0324 7E ) _ . )
ourT 01], 0325 D3 02 Thes partisidentical with that above
INC |s 032y 23 except the byte table 1s longer and
LD DE,0080 0328 11 80 00 Iocated ar adifferantaddress When
DEC DE 0328 1B 8 loops of this part have been
LD A,D 032C 7A exnecutnd the program jumps to the
ORE o3z:D B3 top program and the cycle repeats.
JR NZ, 032B 032E 20 FB
L—JR o311 0330 18 EF
L DINZ 031C - 0332 10 E8
JR o300 0334 18 CA
At 0338: At 0350; To access the LEDs we have separated O O O O o 0O C O
the output tatch into two halves with the
o1 CF oF BS D4 4 jowur bits connected to the anodes and ® ¢ 00 ® & & 0
o2 3F FF DE D2 the 4 upper bits to the cathodes. ® ® 0 0 ¢
o4 CF oF ES B2 . ) e o0
o8 3F FF E4 B4 The following diagrams give you tho O O O 0O ® ® @ ¢
EF 96 oF Ez2 D4 values required tn turn DN one or more
DF FF Fl.lf E1 D1 LEDs: 6F TF
BE 96 0 D1 Bz R
F FF B1 B ALL ON "OF" o
L L ALL OFF “FF or0p". | ® ® © & & ® & ©®
ocgc ;!: 72 GENG 000 OO0 O0O0
03 C3 74 LEGENO:
oC 3¢C 78 B4 000 O000O0
— O =0\ 000 o0 e @
An almost unlimited number of pattemns @® =0FF
antd eHucts can be produced on the 4x4. - ) 8F oF
However not every combination can be
displayed due tu the limitations of how O O O O Q O O O ® ® ) ® ® O . @
the LEDs are accessed. OO0 Q0O OO0 0 O
™ - OO0 OO0 OO OO0
t5 means you will hove to learn how to
eccess the LEDs and gst the patterns you 0000 0 00O ® & 0@ ® ® 0 0
want, O 0 00 ® & &0 OO0 00 © @ 00
To turn on 3 LED, the cathode end must [": 1F AF BF
be laken to earth and the anode to
positive, OO00O0 0000 9g0ee0e 0000
This is tha hex value required to O O O O QO O O O ® ® 0 ¢ ® 06 ¢ 0
illuminete an individual LED:
®o0o 00 ©06060, 000 0O0O0O0
@ OCOO0O0 @808 o000 06600
@ 2 3F cF OF
G @ (@ (B 0000 00O0OOC|eeee eeee
® & 0 & o0 00 0000 o 000
OOOO O OO0 0Ol eoe 9 © & 0 0
@@.OOOO ® e 00| OO0 o0 00
AF SF EF FF
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When we usa two register pairs to create
a very iong tima deiay, we do not place
ane pair alter the other as this would only
doubte the time dalay. We place them ON
TOP of each other so that the effact is
MULTIPLICATIDN. This means one pair
is INSIDE the other and we say it s
HIDDEN or NESTED. This arrangement
gives rise to the term NESTED LDOP.
This is what wa are creating in this
section.

The simplest method of incraasing the
delay is to add the instruction: 10 FE.
This will heve the effact of adding 256
cycles to the delay time. This is 8 DINZ
instruction end operates with the B
register. The advantage of a DIJNZ is it
does not effact the accumulator. In the
Microcomp we do not have any RAM and
we cannot save the accumuletor via a
PUSH oparation since we do not have any
STACK. Thus it's an advantage not to
alter the contents of the accumulator.

DJNZ loops are not nested loops but are
additive and require tha B register to be
zaro a1 the stert of the delay routine to
create the longest delay. At the end of a
DJNZ tha B register is zero and this is
ideel for the next DINZ.

DJNZ's can be grouped thus!

DIJNZFE 10FE
DIJNZFE 10 FE
DINZFE 10FE
DIJNZFE 1o FE
DINZFE 10FE

0 - 9 COUNTER

Thae first coumter we are going to study is
a 0-9 UP CDUNTER. This is located at
addrass 0378 and will show us how to

output numbers onto the display and how
the INCremant oparation is parformed.

The main fact to ramamber with the
program is the computer is NOT adding
oumbers. It is simply going through a
tabla of velues and 1t is the values it
fetches that create the incremants on the
scragn.

The table could be designed to produce
ietters or symbois and we would losa the
effect of incrementing.

The requirements of a counter are these:

The computer must detect when a button
is pressed and distinguish it from other
buttons. In our design button A
corresponds to BIT 7 and button B to BIT
6. of the accumulator.

The program must be running Of
LDDPING at all times ready to instantly
pick up an input value.

Bacause the program is running at high
speed, we must include a DEBOUNCE
feature to prevent more than ONE
COUNT being registered when abuttonis
pressed.

With these facts in mind, we have
produced the 0-2 COUNTER.

The program contains 2 loops. One is
executed whan button ‘A’ is NOT pressed
and the other when the bution is
PRESSED. We also have te detect when
the end of the BYTE TABLE is reached.

0 - F COUNTER

This routine, a1 0340, increments the
display each time button A is pressed.

The main program for producing the
letters on the display is located at 03AS
and the micro jumps to this address via
the instruction JR 03A8. The main
program is also usad by the A -Z, 0 - F
counter and shows how the sama table
and output program can he accessed by

two different START-UP ROUTINES.

LD C,10 0390 OE 10
LD DE,03DF 0392 11 DF 03
LD HL, 0390 0395 121 90 03
JR 03AS 03198 18 OFE

R-Z 0-FCOUNTER

This counter is located at 03A0 and

produces the letters A+ F and hex values(
- F on the display via button ‘A"

LD C,2A 03A¢  OE2A
LD DE,03CS 03A2 11 Cg 03
LD HL,03A0 03AS 11 Ao 0}
IN A,(01) 03A8 DB 01
BIT T,A 03AA CBIF
JR Z,03A8 03AC 18 FA
INC DE 03AE 13

LD A(DE) O©3AF 1A

OUT (02),A 03Bo D302
IN A,(01 03B2 DB o1
BIT 7,A 03B4 CB 7F
JR NZ,03Bz 03Bt 20 FA
DEC C o3B8 oD
JRZ,03BD 03By 2802
JR 03AS8 03BB 18 EB
JP (HL) 03BD E9

The 3 counters in this saction use the tabie ot
03C6.The 0-9 counter usos anly those bytes
corresponding 1o 0-8 The O-F counter uses
bytes from 0 to the end nf thy tabie

The A-Z.0-F counter uses all the tubla
In additien, the 0-F countoer uses mosi of tha A-

Z. O-F program and that's why 1T has only 4
instractions

At 03Cht

A T v  {
B 7C w 4E
C 319 X 4C
D sE Y 6E
E 19 y A 1B
F 71 0 ¥
G 3D 1 0b

H Th 1 5B
1 ab 3 4F
J 1E 4 bb

K T2 5 oD
L k! | b 7D
M 47 i 07

N LY ¢ 1F
0 3F 9 b7

P 7 A i

Q o B 1€
R £ ] C 19

S eD D SE
T . 7

U 3 F 71

By now you wili be awere that certain
combinations of hex wvalues produca
letters and numbers on the display.

Use the program at 0249 to produce the
numbers ¢ - 9 end letters A - F, by
switching DN tha correct switches. Use
the output display values on P68 to assist
you inthis. Add the value on the switches

and compeare with the tabla et 93C6.

0 - 9 COUNTER

LD C,8A 0370
LD DE03DF 0372
IN A,(o1) 837§
BIT T,A 0377
JR 7,837 0379
INC (lilE) :;32
LD

OUT (92),A 037D
IN A,{o1 e37F
BIT T,A 0381
JR Ni,837F 0383
DECC 9385
JR Z,057¢ 8386
IR 0375 0388

oE oA Reqisier C 12 the eounler for the BYTE TABLE Thera gro ten bytas

11 DF 93 Thne DE reqistar pins 19 lusdad with the zisr-addrass af tha byte talla

DB o1 The wput teteh is louked at and 1he valua rt halds 15 pleced inte tha accumuiator.

CB 71F The anty line {ar BIT) which is tested is bit 7. This is the Sth ine and s butten A

18 FA 1134 in HEGH |ar SET) tha program sdvences. | it is LOW [or AESET), it goes to: IN A (O],
13 INCramant the DE registor gair to look at address 83B8.

1A The byts o1 G3ED s placed in 1he nccumutatar

D3 o2 Output thy byie ta the diselay.

DB o1 Lack at the wmput pan

CB 7F Tast bit 7 ol the accumuiater

10 FA Jump 10 address 8¥TF if button Ais proseed. Whenbutton is relemsed. p dvance te neatiine.
oD Decremant the 8YTE COUNT register.

3: g It end of tabis is reached, JUMP ta slart of pragram. If not reachad, go 10 8375,

I
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00 - 99 COUNTER

Counters and counting are a very
important part of electronics. Business
and industry needs counting. Whether it

be to keep track of Imoney or
componenis, it needs 0 know the
answers.

The counter program at 0400 shows the
basics of how a counter operates and
how the COUNT VALUE can be held in a
single register pair.

Functions such as INCREMENT,
DECREMENT and RESET can also be
included. The most involved part of the
program is debouncing the switches, to

LD E,00 0400
LD A,E 0402
AND oF 0403
LD HL,03Eo0 0405
ADD AL 0408
LD LA 0409
LD A,(HL) 040A
OUT (02),A 0408
LD AE 040D
RRA ¢40FE
RRA 040F
RRA 0410
RRA 0411
AND oF 0412
LD HL,03Eo 0414
ADD A,L 0417
LD LA 0418
LD A,(HL) 0419
SET 7,A a41A
OUT Eozg,A ¢41C
IN A,(01 ¢41E
BIT 7,A 0420
JR Z,042A 0422
LD AE 0424
INC A 0425
DAA 0426
LD E,A 0427
JR 0432 0428
BIT 6,A 042A
JR Z,0402 042C
LD A,E 041E
DEC A 041 F
DAA 0430
LD EA 0431
LD A,E 0431
AND oF 0433
LD HL,03Eo 0438
ADD AL 0438
LD LA 0439
LD A,(HL) 043A
OUT (02),A 043B
LD AE 043D
RRA 043E
RRA 043F
RRA 0440
RRA 0441
AND oF 0442
LD HL,03E0 0444
ADD A,L 0447
LD LA 0448
LD A,(HL) 0449
SET 7,A 044A
ouT {oz A 044C
IN A, {01 044E
BIT 7,A 0450
JR NZ.0432 0452
BIT 6,A 0454
JR NZ.0431 0456
JR 0401 o458

pravant the count  automatically The program hasically consists of two
incrementing if the button is kapt loops. The top loop is executed when the
pressed, buttons are NOT pressed and the lower
when either of the buttons is pressed.
This is necessary to keep the displays
] o|0|0|0(0|0 at o3Eo: illuminated whila at the same time
o preventing tha program from
3F incramenting the displays if a button is
D400 ob kapt prassad,
5B
4F
bb
oD
7D
o7
TF
67
1E o0 Registar € halds the present COUNT VALUE in dacimal form.
7B Load E into the accumulator sp that it can ba pperated upon.
Eb6 oF Mask off the 4 HIGH ORDER bits. In othar words, remowve tham.
21 EO 03 | a0 HL with the stert of the BYTE TABLE that produces the display numbers.
85 Add the start of the byte lable to the accumulnior.
oF Lead the accumulator into L to produce a new painter velue.
7E Load the accumulator with the byte pointad to tiy the HL ragister peir.
D3 02 Qutpun this value o port 2.
78 Leoad € ioto the accumulotor again, this time to produca the 10's volue.
1F Shift the bils in the accumuletor one place to the right.
:; Shift the bits in the accumuolator another place e the right.
iF
Eb oF Mask the 4 HIGH ORDER bits so thal they ore effectively removed,
21 BO 03 | ad HL with the start of the byte teble.
a5 Add the value ol L to the velue in the accumulator.
6F A new poinler value is craated.
7E Load the aceumulator with tha byte pointed to by the HL registar pair.
CB FF SET hit 7 of the accumulator to ‘17 to turn on the 10's displey.
D3 o2 Output the value of the accumulator to the latch.
DB o1 [mput the value on the switches to tha accumitataor.
CB 7F TEST hit 7 to see if button A is pressed.
18 ab If it is zoro, pamp to OZ4A. If it prassed.increment 10 next instruction.
7B Leoad £ mto the accumwletor, ready for an INCremant operation.
3C Increment the accumulator,
27 Decimal adiusi the accumulator. This means an A will ba ¢changad into 10,
S5F Save the naw count value by lnading it into Lthe E register.
18 08 Jump 10 043,
CB 77 Frony 0421, the program jumps to this address and 1ests for button B.
28 D4 i not pressed, the program jumps to 6403, I pressed. the program increments.
78 Load the COUNT REGISTER into the accumulater.
3D Decrement the accumulator.
27 Decimat adjust the accumuiator. This will change a zero inte a 5.
;g Save the count valire by leading it im0 the E registar,
Eb oF
11 Fo 03
85
oF
7E
D3 02
7B
1F
1¥ The remeinder of tho program keeps both
1F displays illumineted by looping from 0432 to
1F 0456 while eithar of tha buttons remains
Eb oF prassed. As soon as the button is relessed, the
21 Fo a3 program jumps back 1o 0402 and axecutes the
a5 op loop.
6F
7E
CB FF
D3 oz
DB o1
CB 7F
20 DE
CB 77
2¢c DA
18 AS
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DICE

The DICE Pragram at0470 introduces a
few more programming skifis.

o o|0j0
- L-21-2F -
The first of these is a RANDOM
NUMBER GENERATQR. Random
numbers are almost impossible to

generate via a computer due to it being a
very predictable machine. The only
relieble way to get a random number is to
introduce the human element.
This is what we have done in this
progreim,

At the start of the program a running LED
routine movas a single LED around the
4x4 matrix. The ON time for each LED is
created by a dalay routine thatuses the B
abd C ragistars. The C register is loaded
with 6 and decremaeants {0 zero. Each time
this is done, the B register is
decremented and whan it reaches zero,
the LED jumps to the next location.

The randoim number is generated in the C
ragister and we can exitfrom the program
with avalue remaining in C. Since C is the
inside lopp of the delay it is decrementing
very fest and it is not possible to predict
what vatue C will contain.

If it were the outside loap it would be a
different matter. Players would gredualiy
get to understand that pressing et the
beginning of cycle would generate a low
number end at the end of a cycle. a high
number.

Owing ta the unpredictability of the
human reaction, an even spread of
numbasars from 1 to 6 is created with our
ioutine.

The second feature of the program is the
COMPARE and BRANCH.

After the random number has been
obtained, a number of flashes are created
on the screen and then the accumuliatoris
compared with the random numbe;
befare jumping to the displey routine.

This routine is e very simple multiplexing
routine in which three bytes are outputted
for e period of BO cycles.

The program then detects that the input
button has been released and jumps to
the start of the progrem.

tf a button-chack was not made, the
sama numbar would appasr on the
displeys due to B constant number of
cycles occuring in the program for eech
game.

At 04D3:
7 E
72 E4
74 Ez2
% E:
B8 Dt
D8 n1:

——p LD D,0

LD i eums
OUT (02),A
INC HL

LD B,15

LD Cob

IN 4,(01)
BIT 7

JR Ni,o.un
DEC C

JR NZ,047D
DJINZ 0478
DEC D

-|— JR Z,0470
L—JR o475

»LD A,0F
OUT (02),A
DJINZ 0493
LD AFF
OUT (o01),A
DJINZ 0499
DEC D

— JR NZ,048F
LD D, 80
LD AC
LD HL,04E0
CP o1

A—— JP Z,045F

LD HL,04F3

CP o1

= m— JP Z,045F

D HL,04E6

CP 03

-¢—JP z 04sF

D HL,04E9
cp 04
o— JP Z.045F

D HL,04EC
CP as
e— JP Z,04F5

D HL,04EF
CP ob
— JP Z,04Fs

At 04Eo0:
B4
00
00

program
D2
oG
78

LD A, (HL)
OUT {oz),

n.mi ou-'A
INC HL

LD A,(HL)
OUT (oz),
LD B0
DJINZ osoz
INC HL

LD A,(HL)
um' (a:),

nJNi osoA
DEC HL
DEC HL
DEC D

-— JR NZ, 04F5

BIT T,A
JR NZ,0514
JP 0470

0470
0472
¢475
0476
0478
¢479
¢47B
¢47D
¢47F
0481
0483
0484
0486
0488
0489
o48B
048D
048F
0491
€493
0495
0497
0499
049B
049C
049F
G4A0
G4 A1
04A4
04A0
04A9
04AC
c4AE
c4B1
04B4
¢4Bb
04B9
04BC
a4BE
04C1
04C4
¢4Cob
04Co
04CC
04CE

72
B4
D8

c4Fs§
04F6
04F8
04FA
04FC
04FD
04FE
o500
0502
0504
asas
osob
0508
0s0A
a30C
es0D
05OE
o50F
o511
o512
0514
os1b
0518
0S51A

16 oC

21 D3 o4
7E

D3 02

23

06 15

oF ot

DB 01
CB 7F
20 CA
oD

20 F7

10 F3

15

28 E5

18 E8

1b 0b

3E oF

D3 o1

10 FE

3E FF
N3 o2

10 FE

15

20 F1

16 80

79

21 E0 04
FE 01
CA F5 04
11 E3 04
FE o2
CA F5 o4
11 Eb 04
FE 03
CA Fs5 o4
21 E9 04
FE 04
CA Fs o4
21 EC o4
FE 0§
CA Fs &4
21 EF 04
FE ob
CA F5 o4

7E

D3 o2
0b 0A
10 FE
23

7E
D3 02
06 0A
10 FE
13

7E
D3 o2
0b CA
10 FF
2B
1B

1%

20 E4
AF
D3 02
DB o1
CB 7F
10 FA

C 15 the byto tahte enunter for the dxd

HL will goint 10 the byte 1able address

A is lrndad with thn vaiee ot tha first byie in the table.
The acgumedator is outputied ta port 02

The byis table pontor is incramwniad

Laad B with 15, tor o dedav wainn of 2t toops
Land € with 8. far tha dige valuas: G- 8

tnput feaey tha input port (o lhe accoravintor.
Chack to soe iE buttnn A has been prossed

If prassod, jump sut of the dolay reutine
Degromant reagestne C

If Cis oot zoro, qunp ap. 1! C zura. advence.
Dociemeat B and it oot rarn, Jump up
Querement the byta tabie mygivier O

Whon [ is raro jump te <tart af pingram

11 nat rorn, continuge QELAY ROUTINE

Load O wath 6 tor s tlashas al the dhsplay.
Liad A ta tirn on the whole 4x3 dispipy
Output to part DZ

Ragister B + dacramonted to create a dobuy
Load & with o vatue 1 turn $x4 OFF

Output te purt D2,

Craate a st delay with reqiscer B
Decremmet the flash-Count reqistor

Loop for 6 fiashos

Laad O tar BO toops for maltiple sing routine
Load aur 1andem numbar into the ack:umuiatag,
Load HL wrth addenss of table far raviniplex rounine.
Cempaie tha acconmulatug with 1

If ibe accumulaters is T jump fa multiglex routine.
Loasd ML with start addrags for digploying "2°
Ceormnpara the aceumulatar with 2

if accumulatnie 1n 2. furnp to multiplpa rounne,
Loud HL wath stert-address tor displayiag '3
Campara eccumulater with 3

It apguawlatfie s 3, jump 0 mednpiex rootine.
Lanod HL with stert-address Tor displaying "4
Compara thy secumulatur with 4

H aceuwmulator 1s 3, jump 1o multtlex routing.
Lapd ML with stait-address tor displayiag '
Compare accunwilator with b

H accumulator s 5. jump te multipiea reuting.
Load HL with start-addrass tar displayioy 6.
Compars accumulatar with §

Jump tn mabtiplax rautine s aceum is 6

A Jump vatue mual be found and Lhe micro jumps 1o the multiplexng routino balow and
produces adispley 0n the a4 that 15 similar to tha spots on tha Faca of a dico Tha routing
runs for BC loops . makes aure buften A s nat presaad. thoan jumps te tha start of tha QICE

52 52 52
00 B4 54
58 c8 58

Load A with the wnlue pointod to by HL
Dutput tha valus to port D2

Load B with # short delny vaiue,

Crmnte n short delny with rogisier B,
Pminy ta neat display address

Loud the value pointad to by HL into A
Qutpul to port 02,

Laad B with r shart dalay velue.

Crunte » shart deliry with ragisier 8

lac HL to look ap naxt addritsy

Lond velue paintad 10 by HL in the accumuiator.
Dutpast to port 02

Laad ragister B wilh a ahont delay value
Decremant ragiziar 8 to zern.

Grc HL to tock 81 stare of display 1abln

Decrament multiplas routing Jeep ceunter.
Leap again if D is nat 7are.

Zuro the accumvintor nnd output tn pert D2 ta
blaak tha dispiay.

Look at the sutput part (o ses it butina 8is NOT
pressed balore re-starting the DNCE pregram.
Loop is & ia presesd.

C3 70 04 Jump to a1en ot QICE pregram,
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INTRODUCTION

A discussion on Talking Electronics latest monitor
for the TEC computer

JMON is a big step abead for the TEC,

Some of the conteots of JMON are: a
highly improved Monitor Program, a
versatile Tape Storage Program,
software for driving a liquid crystal dis-
play, a Menu Driver for utilities, a
Perimeter Handler, User Reset Patch,
Single Siepper and Break Pointer with
registerdisplay software, and simplified
access to utilities and user routines.

JMON also uses indirect look-up
tables stored in RAM. This idea leaves
the door open for many possibilities.

Ali the above arxd more is contained in
2k bytes,

The following is a description of the
major blocks in the ROM.

THE MONITOR PROGRAM

To support new features added to the
TEC, a new interactive monitor
program bas been written. The new
monitor is, by itself, a considerable
upgrade over previous monitors and
when combined with other software in
the monitor ROM, gives great features
for the TEC user.

Major improvemeots have beco made
in the MONitor software, (0 allow
quicker entry and editing of code. This
has been achieved by adding such fea-
tures as aulo key repeat and auto incre-
memnt. If you add the LCD, its larger dis-
play and cursor control software open
up a second level of improvement.

THE TAPE SOFTWARE

The TAPE SAVE facility is versatile
and reliahle.

Some of the functions include: 300
and 600 baud tape SAVE, aulo execu-
tion, LOAD selected file, LOAD next
file, LOAD at optiooal address, TEST
tape to memory block and TEST tape
check sum. Both tests may be combined
with other options.

The tape software uses the universal
MENU driver and perimeter handler.
These rontines allow easy selection of
cassette functions (e.g. Load, Save, etc.)
and easy passing of variables to the tape
software.

Article and monitor by
Jim Robertson

The tape software contains check-sum
error detection that allows the user to
know if the load has failed. A cbeck-
sum compare is performed after every
page (256 bytes) and also after the
leader is loaded. This means the user
docs not need to wait until the end 0f a
load or test forerror detection.

Each full page to be loaded, tested or
saved, is displayed on the TEC LED
display. Up to 16 pages are displayed.

Upon completion of a tape operation,
the MENU is re-entered with an ap-
propriate display showing:-END -S
(END SAVE); PASS CS (CHECK
SUM); PASS Tb (TEST BLOCK);
PASS Ld (LOADY); FAIL CS (CHECK
SUM); FAIL Tb (TEST BLOCK),
FAIL Ld (LOAD).

The onc exception is when an auto ex-
ecute is performed after a successful
load.

The lape software will display each
file as it is found and also echo the tape
signal.

LIQUID CRYSTAL
SOFTWARE

This software is called from the
monitor program. It is possible to de-
select this software (o allow the liquid
crystal display to perform a oser-
defined purpose while the monitor is
being used.

The Liquid Crystal Display is being
accessed as a primary output device to
the wser during the execution of the
monitor. Eight data bytes are displayed
al a time and a space between each for
the prompt (it appears as a “greater
than” sign). Four digits in the top left
hand comer show the address of the first
byte.

In the bottom left hand comer is a cur-
rent mode indicator and (his lets you
know which particular mode JMON is
in. E.g. Data mode, Address mode etc.

The prompt points to the next location
to have data entered, or if at the end of
the 8 bytes being displayed, the prompt
parks at the top left comer indicating a
screen change will occur on the next
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data key press. This allows revision
before proceeding.

It is possible to use the monitor with
only the LCD uuait, the only drawback
being the actual current value of the ad-
dress pointer is not displayed (the value
showo in the address portion of the LED
display). However this is only minor.,

MENU DRIVER

This is a universal routioe used to
select various utilities routine from
JMON. It is already used by the tape
software and the utilities ROM. It may
also be easily used by the TEC user.

The Menu Driver displays names of
functions in thc TEC LED display. The
number of different names is variable
and may be user defined. [t is possible
to step forward and backward through
these names.

A 3-byte jump table with an eutry for
each name provides the address of the

uired routine. A jump is performed
upon "GO."

To have a look, call ap the cassetie
software by pressing SHIFT and ZERO
together. If you have not iitted a shift
key, the cassette software can be ad-
dressed by pressing the addreas key,
then the plus key, then zero,

To move forward through the MENU,
press "+". To move backward,  press
".". Notice the automatic FIRST-TO-
LAST, LAST-TO-FIRST wrap around.

Pressing "GO"” will take vou into the
perimelter handier.

PERIMETER HANDLER

Like 1the Menu Driver, this is a univer-
sal program and may be casily used by
the uscr.

This routine atlows vanables {0 be
passed (0 routines i0 an easy manner.
The variables are typically the stan and
end address of a block of memory that
is 10 be operated on, such as a load, shift,
copy, elc.

A 2-character name lor each 2-byte
variable is displayed in the duta display
while the actual variable is entered and
displayed in the address dispilay.

The number of variables may be from
I to 255 and is user definable.

The data display is also uscrdefinable.

It is possible (0 step forwards and hack
through the perimeter handler in the
same fashion as the MENU driver.

When a "GO" command is reeeived,
control is passed to the required routine



via a 2-byte address stored at 0888 by
the calling routine,

The SINGLE STEPPER and
BREAK POINT handler.

A singie stepper program can be im-
portant wben de-bugging a program. It
effectively “runs” the program one step
at a time and lets you kmow the cotitents
of various registers at any point in the
program.

If you have ever produced a program
that doesn’t "run”, you will appreciate
the imponance of a single stepper.
Many times, the program doesn’t run
because of an incorrect jump value oran
insiruction not behaving as the
programmer 1hinks.

The single stepper runs through the
program one tnstruction at a time and
you can halt it when ever you wish. By
looking al the contents of 1he registers,
you can work out exactly what is hap-
pening at each stage of the program.

The single stepper opesales by access-
ing a flip flop connected to the Mask-
ablc Interrupi line of the Z-80. It can be
operated in the manval mode, in which
a single instruction is excomed after
each press of the "GO” key. In the auto
maode, 2 instructions are executed per
second,

BREAK POINTS

Break points work with groups of in-
strichions. They allow register ex-
amination in the same way as a single
stepner. The advantage of break points
is that there is no time wasted stepping
slesvly through a program. This is par-
ticularly imporiant as some programs
contain delay loops and they may take
weeks to execute at 2Hz!

Brealk poinis are ooe of the imost effec-
tive ways to debug a program!

STARTING WITH JMON

JMON is straight forwand o use. Some
new habits most be leamt, however they
are all quite easy.

INION has 4 modes of operation. They
are:

DATA MODE, ADDRESS MODE,
SHIFT MODE and FUNCTION
MODE.

The data address and shifi modes are
not new hut have been, in pan, changed
in their operation. The function mode is
new 10 the TEC and 1 am sure you will
find it useful. Below is a description of
each mode.

THE DATA MODE

The data mode is used to enter, ex-
amine and edit, bex code into RAM
memory. It is identified by one or two
dots in the data display and the word
"DATA" in the bottom Iefi band comer
of the LCD display. It is similar to the
data mode on all previous MONitors.

The data mode has a sub-mode called
AUTO INCREMENT. This 1S a default
setting, meaning thal it is set to auto in-
crement on reset. The user may tum off
the auto icrement sub-mode if desired.

When in the auto increment mode, the
current address pointer in the address
display is automatically pre-incre-
mented on each third data key press.

A SINGLE DOT in the RIGHT-
MOST LED display indicates the cur-
rent address will be incremented
BEFORE the next nibble received from
the keyboard is stored.

This allows the userto review the byte
jost entered.  If an incorrect nibble is
entered, the intemal nibble counter
MUST BE RESET by pressing the AD-
DRESS KEY TWICE. Then two nib-
bles may be entered at that location.
This ts a slight annoyance at first, but it
is a small price to pay for such a power-
ful feature as anto increment!

After two nibbles have been entered,
the prompt oo the LCD is IM-
MEDIATELY updated and points to the
next memory location, or in the case of
the Iast byte oo the LCD, the prompt
PARKS AT THE TOP LEFT CORNER
signifying an entire screen update
UPON THE NEXT DATA KEY
PRESS.

This allows the user to revise the
entered code before continuing.

You must be in the data mode to per-
form a program execution with the
"GO" key. (Actually, you can be inthe
SHIFT mode also.)

Because of the aulo key repeat, and
"aulo increment”, it is possible to fill
memory locations with a value by hold-
ing down a data key. This may be use-
ful to fill short spaces with FF's or
ZEFO'S.

Because the LCD prompt is advanced
immediately after the second nibble
being entered while the LED display is
advanced on the third aibblc received,
the "+" key will advance only the LED
display while the "-" key will shift the
L.CD prompt back two spaces, if either
are pressed immediately after the
second nibble is entered. This may seem

strange but is the result of a clever
design which allows for revision of
eotered code on either display before
proceeding.

ADDRESS MODE

This is identified by 4 dots appearing
in the address display of the LED dis-
play and "ADDR" in the LCD boitom
corner.

The address key is used to toggle in
and out of this mode.

TEC INVADERS
AND MAZE

These two games come on a 10
minute tape with instructions and a
detailed diagram of the "invaders"
screen showing the various charac.
ters.

The instructions are basic hut suf-
ficient. One VERY IMPORTANT
opmission is the 8x8 is connected to
PORTS 5 and 6 for hath gumes.

Both games are very entertaining
but invaders suffers a little by the
limitations of the 8xR.

However it does impose a chal-
lenge and vou can constantly improve
On your score.

Aaze dose not suffer one bit by the
limits of the 8x8. In fact the 8x8 is
perfect for the Maze. The scrolling
effect has to be seen to be appreciated.

Maze is a game to keep you oc-
cupied for hours.

See Camerons tape #1 on P. 39.

- g s s — e
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The address mode will be entered by
an address key press from eitherthe data
or function mode. An address key
pressed while in the address mode will
result in a return (n the data mode.

While in the address mode, data keys
are used (n enter an address while the
control keys (+, -, GO) are used to enter
the functinn mode. Nn aulo zeroing bas
been included, thercfore 4 keystrokes
are required to enter any address.

SHIFT MODE

This mode allows easy manual use of
the cursor. The shift works by holding
down the shift key and al the same time,
pressing a data key.

The monitor must be in the dala mode
and only dala keys work with the shifi.

Sixteen functions are available but
nnly ten have been used in this monitor.

The shifts are;
Shift-zero: Cassette MENU is dis-
played.
Shift-one: Cursor back one byte.
Shift-two: Start single siepperat cur-
rent address.
Shift-four: Cursor forward 4 bytes.

Shift-five: Break from shift lock (see
function mode).

Shift-six: Cursor back 4 bytes.

Shift-scven: Enter regisier examina-
tion routine.

Shift-eight: Cursor forward § bytes.

Shift-nine: Cursor fnrward 1 byte.

Shift-A: Cursor back 8 bytes.

Note that |, 4, 6 and 9 form a cross and
8 and A form an arrow and each is posi-
tioned to correspond o their cursor

movement.

Keys 1, 4, 6 and 8 move the cursor
LEFT, RIGHT, UP AND down on the
LCD.

Key "A"” shifis the screen back to
dispiay the previous eight bytes.

Key "8" shifts the screen forward
eight bytes.

When editing a program, the shift
enables fast movement through the
memnry. Data entry is achieved by
releasing the shift key.

The shift mode is not identified ex-
plicitly nn either dispiay.

THE FUNCTION MODE

This has been provided to enable a
quick way tn call commonly used
routines. Only three keystrokes are re-
quired iovoke up lo 48 different
routines.

The function mode is broken up into 3
sections.

They are: Function select-1, Function
select-2 and Punction select-3.

Each is identified by a single dot in the
address display: right-most for function
1. second right for function 2 and third
right for functinn 3. On the LCD dis-
play, the functions are identified by: Fs
- 1, Fs - 2, or Fs - 3 in the bottom left
coner.

Fs-1,Fs-2and Fs-3 areentered FROM
THE ADDRESS MODE by pressing
the "+" key for Fs-1, the "-" key for Fs-
2, the "GO" key for Fs-3.

I is possible tn swap between sections
without coming out of the current func-
tion mode by pressing the required func-
tion select key. After entenng the re-
quired section, A DATAKEY ISTHEN
USED TO SELECT ONE OF SIX-
TEEN ROUTINES.

The address of these routines are
stored in a look-up table.

SECTION-1 - the SHIFT-LOCK
FEATURE.

Section- | is selected FROM THE AD-
DRESS MODE by pushing the "+" key.
Thekeys 0. 1,2,4,5,6,7,8,9and A
then have the functions as listed in the
shift mode. (Key 5 has the function of
retuming to the dala mode.}

Cursor control routines return back to
section-1 (o cnable continuous cursor
movemen (shift-lock).

The look-up table inrthe jump addres-
ses for section-1 is aL 07E0.

SECTION-2

Section-2 is selected from the address
mode by pushing the "-" key. This isun-
uscd by any existing software and is
available (o the user.

HERE'S HOW TO USE IT:

Using the section-2 is very easy. All
that is required is to enter the ad-
dress(es) of the required routines ip a
table. The table begins at 08C0. The first
two bytes at 08CO comrespond (0 the

20 TALKING ELECTRONICS No. 1§

zero key in sectinn 2. While the second
two (08C2) correspond to key noe etc,

Here is a short program as an example:
08C0: 00 09 04 09 08 09

(These are the addresses of the
Foutines).

0900: 3EEB 18 06 3E28 1802
0908: 3ECD D302 3E 0] D30t

0910: 76 C9

Now push ADdress, “-", "0 and the
routine at 0900 will be CALLED from
the MONitor. Resel the TEC and ury
ADdress, "-", "1" and ADdress, "7, 2,

Because these routines are CALLED
from the MONitor, you may use a retumn
(RET, C9 or RET NZ etv.) instruction
10 re-enler e MONItor in the same
state as you left it c.g. in the funclion
sclect-2 mode.

SECTION.3

This has been reserved tor the utilites
ROM at 3800. The tablke for Seclion-3 (8
at 3820.

USING THE
SINGLE
STEPPER

Getting the single steoper 10 work s
simple engugh, however there is some
skill required to urkdersizad aos limita-
tions and knowing how to svoid them.

To stant with, you nced i program that
you require tn be SINGLE STEPPED,

This program may be anvwhere in
memory except in the fowest 2k (the
MON ROM).

This i because the MON —elear line s
used as par of the tinng. Y ou may call
intn the MON ROM but oniy the firstin-
struction will single -iep. and when
retuming out of the RUM. the next in-
struction will also not be stepped,
{(However they will be cxevuted at nor-
mal speed.)

Programs that use the TEC s keyboard
require careful atrention as you cannot
step them in the normal way  This is be-
cause there is no way o distinguishing
between key-presses fur the single step-
per and those for the subject program.

This reduces the uscfulness of the
single stepper a little mwever thought-
ful snftware design enables o [airdegree
of flexibility and this problem may be
side-stepped.



The key use of the single stepper is as
a de-bugging aid. When you are writing
programs. effective use of the single
stepper usually requires that while writ-
ing your programs, you allow forthe use
of the single stepper by leaving room to
place one byte instractions that tam ON
and OFF the single stepper.

Programs using the keyboard may be
stepped by tuming OFF the stepper.
This allows areas requiring use of the
keyboard to run in real time while other
areas may be single stepped. This ap-
plies only to programs that use the
keyboard routines provided inside
JMON.

The only disadvantage here is that
after completing your program you may
have NOPs left.(from where you
blanked over the single stepper control
bytes).

The keyboard contrels for the single
stepper are as follows:

To stant single siepping from the cur-
rent address, this is what to do: From the
dua mode, press shift-2. This will stan
the single stepper. The (irst instruction
wiil be performed and the address will
be displayed as "PC" (Program
Countcr) on the single stepper. To ex-
aminee the registers, press "+". The fell
two nabbles correspond to the high order
hvte o in the case of register pairs. the
leit-hat<! register. Yoo may go back-
wards also by pressing "-". The
regisien: displayed are : PC, AF, BC,
DE. HL. IX, 1Y, AF', BC', DE’, HL'
arx] SP, in this order.

To «tep the next instruclion, press GO.
You can atso step continucusly at about
21z by pressing any data key.

When in the uito step mode. you can

stop t any time and examine the
regisic by pressing "+ or "-", or bring
it back o the: manual mode by pressing
GO.
The addvess key resets back to the
MONMuor unconditionally. The control
bytes for the single stepper are as. fol-
lnws;

To stop single stepping in a program:
F3 (disable internupt).

To restart in a program: EF (restart
28). This causes a restart to (028 where
a routine passes the start address (which
is actually the retum address of the res-
tart 28 instruction) to the single stepper.
1t also enables the interrupts and then
returns to the next instruction which is
then single stepped.

This SINGLE STEPPER is only a first
model. Hopefully, when more room is

available, some improvements can be
added. One improvemem on the
"cards,” is allowing it to be interfaced
with a utilities ROM. This ROM will
extend the display capabilities, allow
editing while stepping and to disas-
sembie on the LCD each instruction as
itis stepped. If you have any ideas or re-
quirements, write in and tell us.

BREAK POINTS

Break poiots are locations in a
program where cxecution is stopped
and the registers are examined in the
same fashion as the single stepper. The
advantages over single stepping include
real time execution and less or no con-
trol bytes in a program. They alsn usual-
ty altow much quicker fault finding.

Asatrade-off move, only a simple (but
elfective!) fonm of break-point is avail-
able with JMON. This allows for more
MO Nitor functions and also eliminates
the need for extra hasdware.

More complex methods sutomatically
remove the break-point control byte and
e-insert the eorrect op-code and allows
re-entry 10 the program.

USING JMON BREAK-
POINTS

Break points are achieved by using a
restan 38 instruction. The op-code for
this is FF and all that is required is for it
to be placed where ever you require
your break point.

Belon unning your program, make
sure the TEC is reset to 0900, This is
necessary to clear the anto-repeat on the
stepper/break-poim register display.
(Ttus is explained in the LCD section).

Simply run your program as nommal.
When the break point is reached, the
register display routine is entered. The
value of the program counter display
WILL NOT BE VALID on the first oc-
curring break unless you provided the
aldress of the break point at 0858, This
minor flaw was unavoidable without
coosiderable additional software which
would llave "eaten” memory like there's
0o tomorrow!

If you allowed for break commands in
your programt, you may then have mul-
tiple breaks and siep to the next break
with the GO key.

However if you placed a break com-
mand over an existing instruclion then
no further breaks will be valid and you
should never try multiple breaks in this
cas¢ AS YOU MAY CRASH THE
MEMORY.

In the above case, make a note of the
contents of the registers and return to the
monitor via the address key and then ex-
amine memory locations, if required.
(You may enter the register examim-
tion routine via shiR-7). Furtber breaks
should be done by removing the exist-
ing break and placing it where required
and re-executing the program from the
start.

Some other good ideas are to load the
stack away from the MONitor's RAM
area, (08F0 is good but make certain
that 08FF does not contain AA - as this
prevents the MONitor rebooting its
variables on reset and your stack may
have accideutally crashed these vari-
ables.) Also, if you are uging the LED
display scan routine in the MONitor
ROM, shift your display buffer to 08F0
by putting this address into 082C/2D.
Now you can examine ynur stack and
display values aRer returning to the
MONitor.

There i5 a conditional way to cause
breaks. To do this requires a condition-
al jump relative with FF as the displace-
ment. 1 the condition is met, the jump
is made and jumps back onto the dis-
placement which then becomes the next
op-code! Remember this as it is a very
useful idea. You cannot continue on
with multiple breaks after a break
caused by this methiod.

Break points are aquick way to debug
a program. Itis very important that you
{amiliarize yourself with them, They
bave been the single most important
programming aid used when writing
most of JIMON and the utilities ROM.

SUMMARY:

Clear the auto-repeat via the reset.
. Use FF to cause a break
: PC not valid on first break.

: For multiple breaks, provide
spaces for the break control byte.
: Shift stack and display buffer
(optional)
: Use FF as displacement for con-
ditional breaks.
Finally, make sure you write down
when, where and why, each time you in-
sert a break-point.
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After the high tooe, the code will be
nutputted and also a digit will appearon
the TEC LED display. This is the num-
ber of COMPLETE pages to be saved.
In this case it will be zero.

A point to raise here is that if you ever
accidentally enter a start address that is
HIGHER than the end address, wben
GO is pressed, the software will detect
this and display "Err-In". In this case,
Push "+" or "." to go back to the
perimeter handler where you can cor-
rect the error.

When the code has been saved, a shon
end tone will be beard and then the
metin will re-appear with "-END-S",
meaning eml of save.

Once the code has been saved, rewind
the tape.

To re-load the tape press the "+" key
and you will see "SAVE-L" on Lhe dis-
play, then "TEST-BL", "TEST-CS",
then you will come 1o "LOAD-T™ (for
load tape). Note that there is no "TEST-
H" or "TEST-L" for low and high
speeds as the test and load routine will
load either speed austomatically.

Press GO. The data display shows -
[~ for file number. This will be as you
left it when you saved. When loading or
testing from tape, the file number here
determines which file will be subject tn
the selected operation. If you enter
I'FFF hwre, the next file found will be
used, regardless of its file number.

For now, we will leave it as il is.

Next push "+". The data display will
show "-S", meaning Stant address. This
is always set to FFFF by the sofiware.
The start address allows you in option-
ally load a file ortest a hle at an address
differcnt to the une on the tape, (which
is the adddress from which it was saved).
To demonstrate its operation and to
n:ake it a more convincing triaf, we will
enter 0AQ0. The file will now be loaded
at QA0 Af you press the "+ key again,
you wiil be back at the file name. (This
last point demonstrates the program-
mable nuniber of "windows” feature of
tle perimeter handler. 1t was set up for
2 "windows" by a short rowtine entered
frnm the Menu driver before passing
control to the Perimeter handler,
remember that there was 4 "windows”
when you saved the file).

Now press GO.

The display will blank. Nnw start the
tape playing. The sound from the tape
will be echoed on the TEC speaker.
Soon the leader will be heard and it

should snund as crisp as when it was
saved. I not, experiment with the
volume. The interface allows fora wide
vanation of volumes but 3/4 volume is
a good place to stan.

After the leader has passed, the file
name isloaded and should appear on the
display. If it was not correctly loaded,
"FAIL-Ld" will appear. In this case ex-
periment with the volume and retry.
After a few seconds the file name disap-
pears and the number of complete pages
to load are displayed on the middle
digit. The code is now being loaded.

The code is loaded very quickly and
hopefully a "PASS-14" will appear. If
not, re-try with a different volume set-
ting. After you have successfully
loaded, hit reset and ADdress 0A00 and
01, 02 cic. will be found.

If you are unable to get a successful
load after many attempts, then skip
abead 10 tbe trnuble shooling section.

Now we have a successful load, we
will experiment withthe TEST BLOCK
function.

Change a byte in the UA00 block. Now
call up the tape software (Shift-0, or
ADdress, "+" 0}, select "TEST-BL",
and LEAVE FFFF at the optional stan.
("-S"} Then rewind tbe tape and play it
back like you did wben loading.

At the end of the test, the display
comes back with "PASS-TB", Now do
this again, but this time enter 0AQ0 at
the optional start and FFFF for the file.
This will demonstrate the loadAest next
file feature.

Because 0A(0 has been entered in the
optional start "window", the test will be
between tape and the code at 0A0D.

Rewind the tape and press "GO" onthe
TEC, then play the tape.

Because a byte has been changed, the
test thas tme will fail and (he display
will show "FAIL-TB."

Use the 1est-block feature whenever
you wish to compare a tape file with a
memory block or test that a save opera-
tion was successful.

tf ever revising software on a tape of
which you do not bave a copy in
memory, use the test checksum (TEST-
CS) to ensure that the file is good. By
use of the "LOAD NEXT FILE" feature
(FFFF in the file number window) you
can go through a tape completely,
checking each file.

THE "AUTO-GO"

To use the Auto-GO feature, you must
enter the required GO address WHEN

YOU SAVE THE FILE. The go address
is entered under the "-G" data display.

Experiment with the follnwing:

0900: 21 100911 0008 01 06

0908: COEDBOCD 3608 18 FB

0910: 6F EA C6 EB E3 EB.

Save this as described above, but this
time enter 0900 under the "-S" heading,
0921 under "-B", and (0900 under "-G".

Now re-load it and if the load is suc-
cessful, the program will start automati-
cally and an appropriate display mes-
sage will appear,

USING THE TAPE SYSTEM.

The primary use for your tape save
systein iS a3 a mass storage device for
your files.

Files may be saved and lnaded as
described previously, the imponant ad-
dition bere is good paper-work hahits. It
is very important to keep a log of your
files or you will quickly forget what you
have, wbere it is located, and you will
end up writing over your files!

Your log systeimn must include iden-
tifying each cassefte and the side of the
1ape, the files on the cassctte in the cor-
rect nrder, how many of each file, the
date and any notes ou the file. If yourre-
corder has a tapc counter facility, it
makes good practice to record the read-
ings from this, so that files may be
quickly found anywbere ou the tape.

Also a great aid is to log approximate-
ly thelocatinn nf each file e.g. half-way,
30 seconds from rewind from end etc.

Apply the above idea to the start of
vacant area on the tape also.

Another very good way (o use the tape
system is as a "RUNNING LOG",
where a whole side of a cassette is used
tosave a developing program, stage-by-
stage. If you crash your program, you
can re-load it back from tape. A good
idea here is to use the high byte of the
file number as the program identifica-
tion and the 1nw byte as the progressive
count or version rumber on the tape.

When you bave a final version, then
save that on a permanent cassette. The
"RUNNING LOG" cassette can then be
used over and over. .

Once again, paper work is very impor-
tant. Make sure you documeut any dif-
ferences between successive files. This
may belp later in de-bugging. Also, al-
ways include the date and time as this
will give a chronological order to your
work.

TALKING ELECTRONICS Ne. 15 23



If you are wondering how many times
you should save a file, and at what
speed, the answer really depends oo the
reliability of your system.

The major factors in reliability are
your ape player and cassette quality and
how wel you constructed your inter-
face. If any of these are horderline, the
sysiem may work but you may have a
higher than nomnal failure rate. Our
tests show reliability at better than 98%
on saves of 2K blocks. Different casset-
teg and players were used over many
months and rarely did a fault creep in.

Youcaniest your system out by saving
the monitor 10 times op each speed and
then perform a BLOCK TEST. You
shiould get at the very least, [7 out of 20
passes. If not, some trouble-shooting
may be required. If you get 19 or 20 you
could probably get away with high
speed saves and not have to worry about
checking them on your running log. For
permanent storage, a good system is a
high speed save, then two low speed
saves and check each afterwards.

The low speed save should be more
reliable than the high speed save as the
low speed save will tolerate the oc-
casional hiccup. However, this extra
reliability does not cover all possible
causes of failure, e.g. problems related
to frequency or bandwidih restrictions
of your tape player as the period is not
changed only the mtio of pulses.

Finally, a file that is absolutely neces-
sary 10 be retrieved from tape must be
stored oo two tapes. This provides a
doubleback-up facility againsi acciden-
tal crasure or damage.

"OH NO!I" IT DOESN'T
WORK.

If your tape system fails to work cor-
rectly, then check the interface board or
better still, have a friend check it

Eliminate any problem and re-try.

I problems still exist, test the cassette
player with a normal pre-taped audio
tape. The music should sound normal
and pot flutter. If i1 futters, the tape
player is due for a service or replace-
ment, or if hattery operated, the batteries
may be flat.

Various sectious may be eliminated by
listening to the tape signal. If the signal
saved on the tape sounds ok when
played back on the player, but is not
heard on the TEC, cbeck the input sec-
tion of the interface board and also the
"E" output of the player with a pair of
Walkman-type headphones.

It is possible that the volume output is
ot high enough to be amplificd on the
interface board.

This is very unlikely though on ordi-
nary {ape players but we found thistobe
the case with our VZ-200 data cassette
player.

If no signal is getting to the TEC and
everything else seems to be ok, test the
input buffer by setting the tape software
10 load and taking the input high and low
with a jumper lead.

‘The LED on the speaker should echo
the inverse of the input. 1f not, shiR the
jumper to the collector lead of the input
transistor and repeat the process.

If the speaker LED now toggles, the
input transistor is faulty.

ITnot, investigate the latch chip. Make
sure all the pins arc well soldered and
the feed-throughs are connecting
properly.

If the tape signal is heard, in the TEC
speaker, but the file number is not
recognised, loaded comectly, or the tape
fails to load the data blocks consistent-
ly, try a better guality cassette tape. If
problems persist, try a different player
as the signal may be distorted or not
have enough amplitude.

11 you still can’t get it to go, a tepair
service is available for $9.00 plus $2.50
postage.

RUNNING OLD
PROGRAMS WIiTH JMON

Most old programs will run with
JMON without to much alteration.

For most, they will only need 10 be
relocated from 0800 to 0900 and that's
all. Those that use old MON-1 routines
such as the running letter program orthe
wae player can’t, of course. un with
JMON.

Of those which use the keyboard, most
can be easily altered bul some require a
complete overhaul.

These ones listed below cannot ruo oa
TMON, or require more extensive chan-
ges that those presented here:

SPIROID ALIENS, HALILOVIC'S
PIANO, BIG BEN CHIMES, WIN-
NERS CALL, YOU'RE DEAD
FUNERAL DIRGE, TOCCATA, THE
STRIPPER, ADDING AUTO
REPEAT, AUTO RETURN AND
STOP, AUTO MOVEMENT AND
HALT, THE ROMMED PRINTER
SOFTWARE and SPACE INVADERS
SHOOTING.
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Those not mentioned should run ok if
re-located 1o 0900 and the mods listed
below are done, if required. These mods
apply only to routines which use the
keyboard.

TEC KEYBOARD THEORY

Basically the keyboard usage of ear-
lier routines is brokenup into twotypes:
Those which halt and wait forainput via
the interrupt, and those which imialize
the input buffer (the interrupt vector
register or [ register) and read it "on the
ﬂy.ll

The first type may again be broken
into two groups. Those which explicit-
ly read the value [rom the input buifer,
with 2 LD A/l instruction (ED 57), and
those which assume the mnputl to be in-
side the Accumulator alter tlie intecrupt
tas occurred. (Remember the earlier
MON-1 series did not save the ac-
cumulator during the NMI routiue but
instead returned with the input key
value inside the accumulmor. A dis-
astrous state of affairs)!!

JMON

The specially-provided rontines in
JMON will work for all the ubove types,
the only diffcrence being the way you
alter the program in question. Here's
how to alter the routines:

To vp-date any type which uses a
HALT instruction (76H) as part of the
keyboard input section. change the
HALT instruction (76H) te a RST 08
(CF).

The RST 08 routine SIMULATES the
halt instruction by {irst looping untit NO
key is pressed then looping until 2 key
IS pressed.

After akey press is receoved the input
value is masked to remove vnwanted
bits and stored in the input bulfer, (the
inerrupt vector register), i identical
fashion to the old interrupt mutine.

Now if the halt instruction is im-
mediately lolowed by a LOAD AI(ED
57), you may leave it a5 it is of remove
it as it is oot required any mure as the
input value is retumed in A

If a program doesn’t have a HALT in-
struction but uses the keybourd, then
look for the LOAD Al instructivn (ED
37). Change this to 2 RST 20 (E7) and
place a NOP over the wnused byte.
Notice that this IS NOT the same RST
instruction as above.

Be careful not to mistake the LOAD
A (ED 57) witha LOAD [LA (ED 47)
otherwise you program may gel upset
and go on strike.



Programs which have neither a HALT
or LD Al instruction cannot be altered
by apy of the above methods because
they enter a continuous loop and require
the interrupt to force an input value into
the accumulator. A classic example of
this is the "space invaders shooting” oo
page 14, issue 14. This above loop is lo-
cated at 0821. (while you're looking at
this, grab a pen and change the byte at
0812 from 02 to 0, at least it will run
correctly with MON-1)! All the above
types are among those listed as not
being suitable formodification via these
methods.

FINALLY

If you find a program whicti doesn't
work (we haven't tried them all) or
something else interesting, please write
and let us knaw.

USING THE KEYBOARD IN
YOUR PROGRAMS

The new keyboard set-up is no more
difficult to use now than before. In ac-
tual fact it is casier and requires less
bytes than before thanks to the use ol the
RST instructions.

Four RST's are provided to handle the
keyboard in different ways, The first
RST we shall look at is RST 08 (CFH).
This RST is a "loop until a NEW key
pressis detected” routine. If you refer to
the section on running old programs,
you will see that this RST s used to
simulate/replace the HALT instruction.
(You know how to use it Already!)

An important (eature ol this RST is
that it ignores any current key
PRESSED, that is if a key is being
pressed when this RST is performed. it
will not be recognized. This mimics the
NMI which only recognized a key press
once, (This is why the auto-repeat feca-
ture could not he done with the
keyboard hooked up to the NMI).

Whben this RST detects a valid key
press, it inpuls the value from the key
encoder aod masks the unwanted bits
and stores the input in the interrupt vec-
tor register (as did the MON-1 senes).
The input value is also returned in the
accumulator. The shift key can not be
read from this (or any other MONitor
keyboard routine) as the shift input bit
(bit 5 is masked off.

Here is an example of its use:

0900 CF RST 08

0501 FEI2 CPIi2

0903 2004 IR NZ,0909

0905 3EEA LDAEA
0907 1806 JR 090F
0509 FEGL CPO1

090B 20F3 IR NZ,0900
090D 3E28 LDA28
090F D302 OUT(02),A
0911 3E01 LDAOI
0913 D301 OQUT(01)A
0915 I8E9 IR 0900

The first thing you should notice when
you enter and run the above, is that the
“go" key is pot detected when the
routine is fisst started, even though it is
being pressed. This is because the first
past of the RST loopsuntil the key being
pressed is released. The RST then loops
untl a new key press is detected. When
the RST retumns, the input value is both
in the interrupt vector register and the
accumulator. The rest of the routine
tests foreithera 01 or "GO" key and out-
puts to the display.

Use this RST when ever you want the
TEC to go "dead" and wait for a key
press.

The second RST is RST 10 (D7), This
is similar to the first RST but has one
very important difference. The dif-
ference is that this RST DOES NOT
wait for a key being pressed to be
released before returning. While this is
not as likety to be used as much as the
first RST, it does have some good uses.
Any program which requires some ac-
tion to take place while there is a key
pressed, but do oothing when there is
not, may make good use of this RST.
Some possible uses include random
number gencration on the time the key
is held down; count while a key is
pressed. tumn oo a relay while a key is
pressed etc. As you can see, this RST
simulates momentary action switches.

This RST exits with the input stored in
the same fashion as the ahove RST.

The third RST is RST 18 (DF). This is
a LED scan loop and keyboard reader,
The scan routine will scan the 6 TEC
LED displays once with the display
codes addressed by the address at 082A.
(0800 is stored here hy JMON. You can
leave it as it is, just store what ever you
want at 0800 before using this RST).
After the scanning routine is done, the
keyboard routine is called. The
keyboard routine is actually catled from
RST 20. What happens is this. After the
scan has beep called from the RST I8,
the program contioues oo at 0020,
which is the start address for RST 20. So
the RST 18 is the same as RST 20 EX-
CEPT THAT RST 18 CALLS

FASTSCAN. Therefor the description
below applies to BOTH RST 18 AND
RST 20.

This keyboard routine is very intel-
ligent and is able 1o detect several dif-
ferent conditions.

One important feature is that it
"remembers” if it bas already detected
the one key press and it ignores it if it
has. This provides us with a "ONE AND
ONLY ONE" key recognition for each
key press. Each key press is "recog-
nized"” on the first detection.

The key is checked fora "FIRSTKEY
PRESS" by the use of a flaghyte. When
the routine is entered AND NOKEY IS
PRESSED, this flag byte is CLEARED.
When a key is detected, the flag byte is
checked. If zero, the key is accepted as
a "FIRST KEY PRESS." The flag byte
is then set to stop further "validating"
of the same key press. The input value
is then masked and returned in the Ac-
cuomulator (only).

If the flag byte IS NOT CLEAR, then
the key is not recognized as “valid.”

Careful consideration was giving to
the interaction of the MONitor and user
routines so that the "GO" command
from the MONitor WILL NOT BE
TREATED AS THE FIRST KEY
PRESS of a user routine. (This was
achieved by using the same flag byte for
both IMON and any user routine).

HOW TO INTERPRET THIS

RST

If a key is recognized as a "FIRST
KEY PRESS" then the ZERO FLAG
will be set to its active state (a logic {)
and the MASKED KEY INPUT will be
returned in the accumulator.

if the key is NOT valid then the ZERO
FLAG will be clear AND the ac-
cumulator WILLHAVEALLITS BITS
SET (FF).

(FOR ADVANCED PROGRAM.-
MERS)

1o addition to the zero flag being con-
ditionally set, the RST 20 (E7) also sets
the carry conditionally, according to the
following conditions:

If there i3 a key pressed then the carry
will be SET REGARDLESS of whether
it is a "first key pressed” or NOT. IFNO
key is pressed then the carry is cleared.

This allows you to ioterpret the
keyboard the way you want, while still
giving you the convenience of using the
RST to do some of the work.

Jim's section cont P 47.
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Speech Module

Add speech to your TEC!

BC 85T

L}

Since the dawn of time, Colin has been
fascinated by electronic speech syn-
thesis, 50 it was with immense joy that
we discovered the SPO256A-AL2
speech chip. This chip is a universal
speech unit that can be made to speak
almost any English word. The price was
cheap and the interface was minimat, it
was just too good to pass up! Sol took
took up the project and this is the result.

The module is interfaced to the TEC,
and the TEC controls what is said. The
only requirement is that you have acrys-
tal oscillator, as the module requires a
3.58MHz clock signal from the unit.
Demonstration programs have been in-
cluded for testing and simple word se-
quencing, and these programs will show
how the unit is accessed.

This is the sdeal companion project to
go with the 1/O board, and a robot
created out of the two projects will
cause a real stir if it speaks a comment
in response to what it is sensing in its
environment.

The module is connected via an 8 way
ribbon cahle and 4 fying teads. The
ribbon cabte picks up DO-DS5, and the 5v
supply. The other 4 leads connect to
STROBE(05, WAIT, RESET, and CLK.
Note that only the lower six bits of the
data bus are used by the speech chip.

by Craig Hart

Spanmlar

SPEECH MODULE CIRCUIT

The reasons for this will be explained
later.

OPERATION

The operation of the unit is straight
forward, but it is important {0 under-
stand its operation so that you can use it
once you have built it. The SPO256A-
AL2 is made to speak by sending it a
series of ALLOPHONES. Analluphone
is the smallest individual sound that the
unit can speak. Words and sentences are
formed by outputting a series of al-
tophones, one after the other.

Each allophone is assigned a number
and this number is Joaded into the chip
via the TEC data bus, then the ALD line
is pulted low (by strobe line 05).

The SPO pow commences tospeak the
allopbone and indicates so by pulling
the WAIT line low, halting the TEC
unti} the module is ready for more data.
The BC557 is tumed on hard by this and
the LM386 amplifier is switched on.

Sound is clocked out of the unit at a
rate determined by the CLOCK line. For
normal speech this is 3.58MHz. Sound
is filtered by an R-C network, (0 make
the sound more "human like" and
amplified by the LM386,
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PARTS LIST

All resistors 1/4W 5%
1 -1k Brown Black Red
1-82k Grey Red Orange

1 - 10k trimpot.

1 - 47n greencap.
2 - 100n monoblock.
2 - 4u7 electrolytic.
1 - 10u electrolytic.

1 - 100u electrolytic.

1 - BC557 transistor.

1 - LM386 ampilifier 1C.

1 - SPO256A-AL2 Speech IC.
1- 8 pin IC socket.

1 - 28 pin IC socket.

1 - 8 ohm speaker.

4 - PC pins.

4 - PC pin conneclors.

1- 20 cm length 14 way
ribbon cable.

1 - 24 pin DIP header.

1-10 cm length 2mm heatshrink
tubing.

1-‘SPEECH MODULE’ P(C board.



When speech output ceases, the wait
line goes HIGH, and the TEC is able to
continue processing. la doing so, the
BC557 is switched off and thus the
LM386's power supply is switched off.
The reason for doing this is due to the
high ioput impedance of the chip; it is
prone to picking up stray noise. The
most common noise source is the scan-
ning of the LED displays! This results
in an uncomfortable buzz wben the unit
is not speaking and by switching the
power to the amplifier this has been
eliminated.

THE ALLOPHONE SET

The SPO has litue intelligence ahout
what you want it to speak. You cannot
simply feed it a word, and have it say the
correct pronunciation in every case.
(Although other chips do have this
capability) Instcad you, the program-
mer, must translaie ¢ach word into the
appropriate allophone(s) for that word.
There are 64 individual allophones, and
each sounds different. In these 64 al-
luphones, there are 5 pauses of various
lengths, cotrespooding to word and sen-
tence hreaks.

This diagram will make it easy to wire up
the speech module. Connect the 12 leads
as shown, to the lands on the underside
of the board. The clock line (clk) goes 1o
pin 8 of the 74LS04 on the crystal

oscillator board,
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By consulting the Allophone refer-
ence table you can look up what you
think the right sequence is then play
argund with different pronunciations of
the same basic letter, until you reach the
best sounding word. It can be a tedious
process, but many common words have
been pre calculated and a list appears at

the end of the article, along with the |

table of individual allophones.

Take a sample word : ALARM. Sound
out the word slowly, letter by letter.
Now look for a matching sound in the
list. Write down your guess and
progress through the word. Where you
have two or more choices, pick the al-
lophone of the appropriate length. For
alarmn, 1 chose AA LL AR MM, or 18
2D 3B 10. Add a pause to the end and
the terminating byte 04 FF. Plug the
data into the test program at 0910 and
nro it.

It sounds a little cut-off in Lhe first "a’,
so try a longer *A’ i.e. AX (0F) and try
again. Enter OF at 0910 and run the
program again. Sounds better now
doesn 't it!

By following this method, you should
be able to come up withany word within

a short space of time, Remember, the
secret is to sound each letter and syllable
out and then search for the best al-
lophone of the group. The sample word
provided gives you a context in which
the allophone is used. This is useful
when deciding between TT1 and TT2
etc.

We also discovered that it was much
easier to produce an nnderstandable
word if you used Lhe slang way of saying
it. The speech module always produces
the same type of sound for any given
allophone, so if you stick to spelling
only, then the words always come out
very strange. If you use slang then you
will find that the resulting word is much
easier to understand. :

A perfect example of this came up
when we first started work on the
project. We bonght our first sample chip
from Tandy. It carne with alist of words
and full specification data. When the
project was working, we started trying
some given examples, and although the
examples were rccognizahle, they were
not very clear. Then Ross said to try the
slang pronunciation. Voila! perfect. The
words which were before just average
became clearer and much more recog-
nizable.
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PAUSES AND REPEATING
ALLOPHONES

The five pauses are worthy of a
separate mention. Youmust always
pause after aword, to make the SPO
stop talking. Use a PA1 or a PA2,
Use PA3 or PA4 between sentan-
ces. Refer to the following table for
when to use PA1, PA2, and PA3
DURING words.

PA1 Before BB, DD, GG and JH.

PA2 Before some BB, DD, GG and
JH.

PA3 before PP, TT, KK, and CH.

FINAOW HOI3dS

Begin by inserting the resistors. Solder
them in and cut their leads short. Next
insert the Capacitors, observing polarity
with the Electrolytics.

Insent and solder the trimpot, then
finally the traosistor. Turn the trimpot
fully towards the SPO - this is full
volume and should be set here until
testing is complete.

Check to sce that you have a BC357
and insent it according to the ‘D’ oo the
overlay, Lastly insert the two ICsockets
and plug the chips in, being careful to
orientate pin one with the mark on the
PC and avoid touching the pins of the
SPO256A.

5 +  BCSS7

470 21000 @

s & 5m15.0 g,
3 ™ W\ J388|e T agndl
8 N5 a D ik
2. —azkf 100n 3” §g
5 D3
i Bs
Py ) 5P0256-AL2 s“gb,‘,
Vet

TE

The speech board is very simple. Don’t
forgetyouwillneedthecrystal oscillator
projecttogetthe 3.58MHz clockline.

A repeating allophone is one which
can be spoken twice and flow along.
i.e. EY EY produces 'AY pause AY’,
while FF FF produces one long 'Ffff".
Oniy 10 of these 64 allophones are
repeatable like this. They are: {H EH
AEUHAO AX AAFF TH & SS, Use
these aliophones in preferance o
iong timed syllables iike SH in SHirt,
WE intWEnty, or SH in leaSH.

CONSTRUCTION

Although a simple project, care
should be taken to ensure that a
good jobis done, sodonot rush. Lay
all the parts out in front ol you on a
piece of or cardboard (Notthe
High - Low shagpile of the iiving
room|) and check to see that you
have been supplied with everything.

\/
2
O
O
X
3
@
>
—
N

The pin out ol the SPO-256-Al2
atiophone chip.

Strip 6 wires from the nibbon cable,
then connect the remaining § between
the data tines and the DIP header. Con-
nect power with the last two strands.
Follow the diagram and vou can't go
wrong. Separate 4 of the remaining
wires into individual lenpths and solder
into the 4 remaining holes on the
module.

Attach a matrix pint conmxciar to the
other end of each wire tor connection to
the TEC. Heatshrink vach connector
with the tubing supplicidd. A note on
heatshrinking: Don’t skip this section
because you think it'sa waste ol time or
too hard to do. Heatshrioking the con-
nectors strengthens them wid the wire is

0910 0D 17 1702 2A0C2C 04
0918 04 2A0F 100031 160D

0938 O0C ID3709 133204 FF

TEST PROGRAM
0900 21 1009 LD HL,0910 HL = Points to stan of table.
0903 7E LD A (HL) Get next Allophone,
0904 FEFF CPFF End of table ?
0906 2805 JRZ090D Yes, HALT.
0908 D305 OUT (05),A Speak allophone.
090A 23 INC HL Next aitophone.
090B 18 F6 IR, 0903 Say next ...
090D 76 HALT EOT, stop until key pressed.
090E I8F0 IR, 0900 Key pressed, say again.

Your aflophones are entered
from 0910 onwards.

0920 33 04 04 FF this says "TALKING COMPUTER"
0910 IBO72D350036072F  Here is another greeting

(0918 0406 001A 10001213 message.

(0920 000D 130313033713

0928 0308 18 100931 16 11 The TEC introduces itsell

0930 33 04 04 04 38 20 00 30 here!
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much less likely to break off. If you
always melt the wirc when shrinking
over a candle, then try using the BAR-
REL not the tip of your soldering iron.
This gives you a better controlled heat
source and a neat job can be done on
those small connections,

The last two lengths of wire connect to
the speaker. Wire these up and the board
is compiete. Now for connection to the
TEC. You wili need to have your crystal
oscillatorinserted. Ifyou do not corrent-
fy nwn a crystal oscillator, you must
puichase one witha 3.58MHz crystal. if
you have a different frequency crystal
fitted, it nrust he around 3.2 - 4.0MHz
otherwise the sound will be too high or
low pitched. A 2MHz or 8MH2 crystal
will not suffice,

Insernt a PC pin in port 5 pad, asecond
pin tr the board for the WAIT line, and
4 third pin in the board for the RESET
line. Most users will ulready have done
50, butif not, see the wiring diagram for
the iree pin locations,

The piber pin you will have 10 connect
as best you can. To tap the 3.5MHz
signal DG NOT connect to pin 6 of the
Z20. This 1y hecause the crystal’s lre-
quency s divided by two before reach-
ing the TEC board. Insiead, solder a PC
pin onto pin § of the 74LS804 on the
crystal oscillator PC. This is the
3.5MHz clock output.

TESTING

Plug everything together and power
up. tf your TEC locks up or the unit
makes strange sounds, remove powet
and go to the section on troubleshioot-
ing. Your TEC should start up as nor-
mzl, with the unit deadly quiet. Enterthe
TEST PROGRAM and you should be
greeted with amessage. Listeo carefully
and let vour hearing adjust to the metal-
lic pitch. If all ynu can hear is junk,
check your program, then if still no go.
proceed w the troubleshiooting section.

if the test program produces recog-
nisable output, try the other examples
and then try making up a few words of
your own. You will soon fiod that you
can say jost about any word, once you
get the nght allophones.

There can be hours of fun even getting
it 1o comectly pronouoce your name.
“Paul’ is casy enough, but what about
‘Vouzopolous'?? or even comumon
words like ‘construction’ and
‘calculator’?? With such a versatile
unit, the sky's the limit.

ALLOPHONE REFERENCE
TABLE

NUMBER ALLOPHONE DURATION
SAMPLE

00 PAl 10 ms PAUSE
01 PA2 30 ms PAUSE
02 PA3 50 ms PAUSE
03 PA4 100ms PAUSE
D4 PAS 200ms PAUSE
05 18] ¢ 420ms  Boy

06 AY 260ms  Sky

07 EH* 70 ms End

08 KK3 120ms  Comb
09 PP 210ms Pow
oA JH 140ms  Dodge
0B NNI 140ms  Thin
0C [H* 70 ms Sit

np TT2 140ms  To

0E RRI1 170ms Rurml
0F AXY  TF0ms Succeed
tt) MM 1IR0ms  Milk

11 TT1 10ms  Part

12 DH! 290ms  They

13 13'¢ 250ms  See

14 EY 280ms  Beige
1S DD} 70 ms Could
16 Uw! I{KWms To

17 AQ* H0ms  Aught
18 AAY 100ms  Hot

10 YY2 180ms  Yes

1A AE 120ms  Hat

IB HH] [30ms He

1C BB1 80 ms Business
1D TH* 180 ms Thin

IE UH=* tD0ms  Book
IF UW2 260ms Food
20 AW 370ms  Out

2i PD2 160 ms Do

22 GG3 140ms Wig

23 vV 19O0ms  Ves

24 GGl 80 ms Got

25 SH t60ms  Ship

26 ZH I )ms Azure
27 RR2 120ms  Brain
28 FF* 150ms Food
29 KK2 190 ms  Sky

2A KK] t6a0ms Can’t
2B 2L, 210ms  Zoo

2C NG 220ms  Anchor
2D 1L 110ms  Lake
2E WwW 180 ms  Wool
2F XR 360ms  Repair
30 WH 200ms Whig
3t YYI i30ms  Yes

32 CH 190ms  Church
33 ER1 160ms Fir

34 ER2 3ms  Fir

35 oW 240 ms  Beau
36 DH2 240ms  They
37 SS+ 90 ms Vest

38 NN2 I90ms No

39 HH2 I80ms Hoe

3A OR 330ms Store

3B AR 290ms  Alam
3C YR 350ms Clear
iD GG2 40ms Guest
3E EL [90ms  Saddle
3F BB2 S50ms Business

* = Repeating Allophone.

BASIC DICTIONARY

2B 3C 35

30 OF 0B

0D 1F

36 27 13

28171727

28 06 23

37 0C 29 37

37370707230C0B

14 11

38 06 0B

10 0D 070708

1 132D 072334 0B

12 O0DZ2E073E0123

13 1D330D 1308

14 2817270D 13 0B

15 280C280D 1308

i6 370029370D 1308

17 37370707230C0B
0D 13 0B

i8 14110D130B

19 38060B0D 130B

OO NALWON-C

A 14

Alarm OF 2D 3B 10

Alex 1A 2D 07 29 37

Alexandra 1A2D 072937 1A0B
1527 OF

Al 17 17 2D

Am 1A 10

Amateur 1A101A 113133

An 1A 0B

And 1A0B 15

April 14 01 08 OEQC 2D

Are 3B

At 1A 0D

August 17 1E220F 37 11

B 3F 13

Baby 013F1401 3F 13

Balhe 3F 14 36

Bather 3F 14 36 33

Be 3F 13

Becky 3F 072913

Bee 3F 13

Beer 3F 3C

Beth 01 3F 07 1D

Birthday 01 3F 331D 01 21 07
14

Bite 01 3F06 03 11

Blank 01 3Fr2D 1A 0B 0229

Bob 01 3F 18 18 01 3F

Bread 1C 2707 070015
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Brett
Brother

Calendar

Calling
Cat
Check
Checked
Checker
Checkers
Checking
Checks
Clock
Close
Clown
Collide
Computer

Cookle
Correct

Cormrected
Correcting
Correct

Crane
Crown

D

Data

Date
Daughter
Day
December

Dennis
Disk
Divided

Do
Drive
Drives

E

East
Eight
Eighteen
Eighty
Eleven

Emergency

01 3F 27 07 03 11
01 3F270F 1D 33
3F 18 06

3F 1806
013F060311

01 3F0603112B

373718

2A 1A1A 2D 07 0B O1
2133

08 17 3E2D 0C 2C
2A 1A 02 0D

32 07 07 02 29
320707 02290D
32 07 07 02 2A 33
320707 022A 33 2B
320707022A0C 2C
3207 07 02 2A 37
2A2D 1818 0229
2A 2D 35 37 37

2A 2D 200B

08 OF 2D 06 36

2A 0OF 1009 31 16 11
33

081E2A 13

2A 34 07 07 01 29 01
1

2A 34 07 07 01 29 01
0D OC 01 15

2A 34 07 07 01 29 01
opocC2C

2A 34 07 07 01 29 Of
1137

08 27 14 0B

2A 27 20 0B

2113
211818011133
21 14 02 0D

21 170D 33
012114
151300370730 1C
33

2107 0B 0OC 37

210C 37 37 29
210C230601210C
0115

0321 16 1F
212706 36

2127 06 36 2B

13

13 37 11

14 11

14110D 1308
140D 1113
132D 07 23 34 0B
13 1033 0A 07 OB 37
13

Engagement 07 07 00 0B 24 14

Engages

01 0A 1007 07 OB 01
02 0D

07 07 00 0B 24 14 01
0A 0C 2B

Engaging

Enrage
Enraged

Enrages
Enraging

Error
Extent

Exterminate

F
Father
February

Fifteen
Fifty

Fir

Five
Fool
Force
Four
Fourteen
Forty
Freeze
Freezers
Friday
From
Frozen

G
Glenn

H

Happy
Has
Have
Hello
Hertz
How
Hundred

Idiot

In
input
Is
i

J
January
John
Julie
July
June

K
Karen

30 TALKING ELECTRONICS No. 1§

07 07 000B 24 14 01
0A QC 2C

07 0B OE 14 01 0A
07 0B OE 14 01 0A 01
15

07 0B OE 1401 A OC
2B

07 0B OE 14 01 QA OC
2G

07 07 27 00 33

07 2A 37 0D 0707 0B
oD

0729 370D33100C
0014 0D

07072828

28 3B 1233

28 07 1C00 19 1F 34
13
280C280D132B
28 0C 280D 13

28 34

28 06 23

28 IE1E2D

28 3A 37 37
28171727

28 1727 0D 13 0B
28 172700 13

28 28 QE 13 2B

28 28 0E 132B 33 2B
28 27 06 01 21 14
28271810

28 28 OE 35 2B 07 0B

0A 13
01 222D 07 2C

14 01 0232

39 1A 0913

1B1B 1A 2B
181B1A23

1B 072D 35
3939341128
3820

39 OF OF 0B 01 21 27
0C0C 0015

06

0C 01 210C O0C OCOF
1

0C 08

0C 0B 0009 1E 11

0C 2B

0C 03 11

0A 07 14

0A1A0B 1F 31 3413
0A 18 0B

0A 31 3E 13

0A 1F 2D 06
2A 1F 0B

2A 07 14
2A 1A 27 00 07 OB

Kilo
Know
Kristy

L
Live

M
March
Mark
May
Memory
MHz

Minute
Minutes
Modem
Monday
Month
Mother
My

N

Name
Naughty
Nine
Nineteen
Ninety

No
November

O
October
Of

On

One

Or

Our

P
Past
Penelope

Penny
Point

Q

R

RAM
Rebecca
Ross

S
Saturday

September

Seven
Seventeen

Seventy

2A0C 2D 35
38 35
08270C 371113

07 07 3E
2D 1323

07 0710

103B 32

103B 29

1014
100710182713
1007 24 0F 3939 34
11 2B

10 0C 0B 0C 02 0D
10 0C 0B 0C 02 0D 2B
103501210710

10 OF OF 0B 01 21 14
100F 0B 1D 1D

10 OF 36 33

10 06

07 07 0B

38 1410
381717021113
38 06 0B

3806 0B 0D 13 OB
3806 0B OD 13

38 35
3835002307 101C
33

35

18290011351C 33
18 23

18 0B

30 OF 08

3JA

20 33

0913

09 3B 37 ob)

01 020907 0B 07 2D
35 0913
010209070813
030508 11

2A 31 1F

3B

2701 1A 1A 10
OE 33 3F 07 02 08
B

0E 18 37 37

07 07 37 37

3737 1A 020D 33 21
14

370708 1107101C
33

37370707230C 08B
373707 0723 0C 0B
0D 13 0B

37 37 07 07 23 6C 0B






EPROM PROGRAMMER REVISITED

Parts $2.30

110

Circuit diagram showing all corrections and modifications

CIRCUIT DIAGRAM

CORRECTION

A mistake has been made with the
circuit diagram on page 20in issue 3.

The 100k resistor between pins 8
and 1 of the 4011 does not exist on the
board and pin 8 is actually directly
conaected to the ROM SELECT
LINE. Itisnot coupled throughthe 10n
capacitor (via the 100k mentioned
above) as shown.

CIRCUIT UP-GRADES

If your EPROM programmer is
working ok and you're completely
satisfied with its performance, perhaps
it is best left alope. There are two
modifications though, that are HIGH-
LY RECOMMENDED:

The first is the 100k resistor on the
lefi-hand side of the BPROM socket

(next to a diode) SHOULD BE

REDUCED to 10k. This will allow for
far more reliable readings (if yours
doesn’t read at all or very poorly, then
this will almost certainly fix it).

The second is a 10n greencap is

connected across the 100k resistornext
to the EPROM socket on the right-
hand side of the board (when looking
at it from the top).

This 10o greencap is to prevent
spikes from damaging the EPROM.

There are Some other very handy
modsto make. This next one will make
it possible to read from 2732 (4k
EPROMS) without having to slide the

switch across. The BIG advantage of
this is that it is possible for the software
to read from the 2732 just after you
have programmed each location. The
software can then diagnose a failure
and re-try or abort quickly. The
software routine is provided below
which will do this for either 2 2716 or
2732,

Three additional parts are required
for this mod. They are two [N 4148
diodes and a 10k resistor.

The first diode is soldered between
the DIP-HEADER and the EPROM
socket. The cathode (the end with the
band on it) is soldered to pin 18 of the
DIP-HEADER and the anode is
soldered to pin 18 of the EPROM sock-
et, Next, the track running between pin
18 of the EPROM socket and the mid-
dle of (program 2716 read 2732)/pro-
gram 2732 switch is cut. The anode of
the second diode is soldered to the pin
18 side of the cut and the cathode is
soldered onto the middle terminal of
the switch. One end of the 10k resistor
is soldered to the anode side of the
second diode (the end connected to pin
18). The other end of the resistor is
soldered to groumd.

Once you have fitted this modifica-
tion, it may be tested by fitting a 4k
ROM into the socket and addressing
1000. You should be able to read the
contents regardless of the position of
the read/program 2732 swilch. The
high/low switch is still used to select
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PARTS LIST
(For all mods)

2 - HX

o
1

10n greencap
[00n greencap

IN4148 diodes
3v9 Zener diode

Ll o
] ]

1 - DPDT switch
I - Hcm tinned Copper wire
i - 10cm hook-up wire

which half of the EPROM you wish to
read and the read/progrum switch is
used to select the type of EPROM you
wish to program.

The next mod s a litde more in-
volved but is an important one if you
wish to re-program some of the
EPROMs supplied by TE.

The programming requirements of
some types of more modem (bul now
obsolete) EPROMs are not compatible
with the current set-up of the EPROM
programmer. This mod allows the
EPROM programmer to be used with
a wider variety of EPROMs. The mod
does this by switching the program-

ming voltage from 25v to 21v and

reduces the programming pulse from
50mS to 10mS.

‘The pants required for this mod are:
one DPDT swilch, one 10n greencap,.
one 100b greencap, a 3v9 zener diode

cont. P45.....







0760 OF RRCA
0761 OF RRCA
0762 OF RRCA
0763 B6 OF  ANDOF
0765 21 BO 07 LDHL,07B0
0768 85 ADDAL
0769 6F LDL.A
076A TE LD A,(HL)
0768 02 LD (BC).A
076C 03 INCBC
076D C9 RET
076E 21 FO OF LD HLOFF
0771 06 06 LD B,06
0773 0E 0l LD C01
0775 7TE LD A,(HL)
0776 D3 02 OUT (02),A
0778 79 LD AC
0779 D3 01 OUT (01).A
0778 OE 40 LD C40
077D 0D DECC
077E 20 FD  JRNZO7/D
0780 07 RLCA
0781 4F LDCA
0782 AF XOR A
0783 D3 01 QUT (01),A
0785 23 INC HL
0786 10 ED  DINZ0775
0788 C9 RET
0789 FF RST 38
078A FF RST 38
0788 FF RST 38
078C FF RST 38
078D FF RST 38
0788 FF RST 38
078F FF RST 38
079 D5 PUSH DE
0791 C5 PUSH BC
0792 CB9A  RES3D
0794 IA LD A,(DE)
0795 FE FF CP FF
0797 20 09 IR NZ,07A2
0799 13 INC DE
079A 0B DECBC
0798 78 LD AB
079C Bl OR C
079D 20 FS JR NZ,0794
079F ClI POP BC
07A0 DI POP DE
07A1 ©9 RET
07A2 3E 47 LD A.47
07A4 D3 02 OUT (02),A
07A6 3E 01 LD A, 01
07A8 D3 01 OUT (01),A
07AA 76 HALT
07AB 18 F2 IR 079F
07B0 EB 28 CD AD 2E A7 E729

EF 2F 6F B6 C3 ECC747

PRINT-2 AND PRINT-3

SOFTWARE

With the changes to the keyboard hand-
ler routines in both MON-2 and JMON, an
up-dated printer ROM has been produced.

The new software is burnt into the same
ROM at higher locations. When MON-2
was released, an up-dated ROM called
print-2 was included in the printer interface
kits. This gave you the same routines with
an altered kcyboard section. It was also a
little more Fancy as it showed the start ad-
dress on the LED displuy ns you typed itin.
Unfostunately, Print-2 did not include a
"dump string at 0900 routine to replace the
dump from 0800 which is now vnusable as
MON-2 uscs 0800 for its variable storage.

With the advent of JMON, the same
arrangement has been used. The JMON
printer routines are located higher again. so
in the onc ROM you have the printer
software for all three MONiors. The list
mutine for JMON is an improvement on
botl: carlier software packages, ns JMON's
routine vses the perimeter handler to allow
you to enter both a START and END ad-
dress. Print-3 includes a “dump from 0900"
routine which can be used with MON-2.

The ROM with the JMON routines in it
is called PRINT-3 and is supplied with the
printer interface as standard.

JIMON’s hex dump routine is m LA20,
the typing routine ot 1AAD and the "dump
string at 0900" routine is at 1ACD,

Below is a dump of PRINT-3. Burn the
ndditional section(s) in PRINT-1/2 ROM.

The graphic demonstration routines in
PRINT-1 will work with all MONitors,

1800 06 3E
17 17
76 ED
76 ED
CD 5D
CD 61
D3 06
s 18
50 18
iE 20
1A CD
31 18
19 Eb6
Cco 30
37 38
46 FF
T7E FE
06 C7
FF FF
FF FF
7E FE
18 F6
FE FF
Fé 10
oD 03
43 30
32 30
30 2C
20 31
30 2C
36 30
34 3¢

JE
76
cD
cD
17
57
18
06
18
ig
cop
10
iF
TE
34
43
21
3B
18
FF
21
D3
CF
(+] 3
D3
CA
2C
4D
38
4D
oD
3ac

oD
ED
5D
61
17
B3
3E
TA
7B
086
5D
Fl
21
B3
a5
44
o0
11
Fl
FF
c3
06
18
23
06
oA
44
3l
30
a2
44
2C

D3
57
18
18
5F
5F
oD
co
<D
o8
18
c3
6C
06
36
45
o8
B3
FF
FF
18
23
TE
18
c7
12
33
32
2C
32
31
31

OA
17
37
57
18
18
3E
TA
78
D3
61
1F
DF
3l
39
FF
FF
D3
FFP
FF¥
FF
06
28
Fl
OA
oD
2C
30
3Je
2D
2C
2C

D3
17
B2
17
76
c3
DA
CD
ch
06
18
1F
85
32
41
FF
20
06
FF
FF
29
OA
05
3E
DA
FF
30
oD
30
38
2D
2D

06
57
57
17
ED
49
B3
61
61
1A
13
1F
6F
33
42
FF
a5
23
FF
FF
05
21
D3
11
oA
49
oD
44
oD
30
as
31

iflo

182D

1830

1840

1850

1860

1870

1880

1880

18A0

18B0

18C0

1800

18EQ

18F0
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1900
1910
1920
183D
194D
1950
1960
1970
19890

1390

The-

36
3l
2C
ab
4D
oD
3o
36
31
2C
30
4o
oD
36
op
FF
76
17
D3
FF

next

additions:

19A0
1980
19C0
1900
19ED
19F0
1A00

ialp

716
17

oF

FF
3
3E
23
08
oD
32
02
FF
3B
3A
or
9

30

36

2D
ao
33
44
2C
ao
36
2D
30
34
44
30
43
FF
ED
57

a6

FF

3Aa
17
82
FF
0D
29
ioQ
ch
1A
DB
5D
F¥
FF
EOQ
Ce
FF

2c
30
31
2c
32
32
32
2C
3D
31
2cC
as
34
op
33
FF
57
76
18
FF

EO
57
D3
FFr
03
21
FC
00
2
08
59
FF
a2
o8
FF
FF

32
oD
32
20
an
36
34
33
oD
32
2D
30
34
4D
oD
FF
E6
ED
EC
FF

block is

08
76
06
Fr
06
a3}
on
TA
DA
cp
C3
EF
FO
FE
ch
FF

Below is PRINT-3

1A20

IA3D

1A40

1ASD

1A€60

1A70

1A80

1A90

1AR0

1ABO

1ACO

1ADO

21
00
08
99
04
FF
3E
CD
08
8z
B3
aA
e
8B
CE
FF
cP
CF
D3
FF
21
3E
18
FF

34
ED
c3
08
c7
FF
DD
82
c5
1A
06
8
c9
1A
49
FF
E6
E6
06
EF
00
11
F1
FF

1n
BO
14
00
04
FF
B3
1A
3E
23
3B
E5
F5
Fi
27
FF
OF
CF
iB
FF
09
D3
FF
FF

11
21
00
o]
ER
FF
06
7B
20
Cl
[0
B7
OF
B6
D3
FF
o7
82
EC
Fr
7E
06
FF
FF

ac.

4D
3D
KR |
2c
3D
30
b
4D
30
31
2¢C
30
32
FF
FF
oF
37
FF
FF

3c
31
[H1))
32
2D
2c
2C
30
33
oD
32
20
2C
ac
FF
FF¥
17
ER
FE
a3

2¢
a5

44

30

39

2D
2D
2¢
a6
14

3D
38

20
2D
FF
FF
17
oF
FE
FP

2D
30
32
oD
30
38
31
2D
30
34

oD

30
al
32
FF
FP
17
82
FF
FF

the PRINT.2

Ee
aa
19
FF
3E
ug
0o
22
0H
©s
a1l
FF
o8
FF
™
FF

NE
AL
Fa
=F
Ly
ae
A
Do
I
nl
it
fary
T
A
T
FF

17
g
FE
FF

e
2
I'JE-
0o
cp
FE
b
AQ
FR
16
FF

additios:

BO
¢o
ao
SD
FF
FF
2B
co
D3
10
D3
ED
EF
OF
06

FF

07
D3
FF
FE
FE
c7
FF
FF

09
an
on
1h
B
FF
98
82
0€
F3
06
52
OF
Ceo

'Cg

FF
07
06
FF
FF
FE
D3
FF
FF

01
20
3E
14
FF
FF
o8
1A
TE
3E
ED
El
OF
a0
FF
FF
a7
18
FF
FF
20
06
FF
FF

17
E6
FF
e
086
17
D4
CD
1A
g2
FE
¥F
02
E6
01
FF

0A
ac
1A
A7
FE
FF
c
06
cD
oD
5B
g
Cch
27
FF
FF
57
D
FF
o
05
23
FF



THE DAT BOARD

The Display And Tape Board

. by Jim
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Thix beoard will change the way you
progran forever. The DAT BOARD is
perhaps the most vital addition to the
TEC ever. Not just a pant time "add on,”
but rather a permanent addition to your
TEC.

Once you start vsing it, we think you'il
agree.

The name "DAT" is atvacronym for Dis-
play And 'Tape. While others brawl over
"their” DAT. (have you seen one?), we
have quietly slipped in the back door
wilh our version.

The DAT BOARD provides these func-
tions:

¥ 16x2 LCD display.

* Cassetie tape /O interface.

¥ Single stepper module.

* 5 Bufiered and latched input bits.

* | inverter for general use.

* Diode clipped input line. (For RS232
input)

* MON select switch.

PORT 3

Port 3 addresses an input latch. Below
is a break-down of Lhe bils on port 3.

BIT#
0 .
1 -

Serial in
input i

- input 4
- input 2
- tnput 5
- ioput3

LV i <RV I N

The above are the inputs from the
74C14.

6 - key pressed signal,
7 - Tape input.
CONNECTION

Up ustil now, TEC add-on’s have been
connecied via the expansion port. We
wished to avoid this as there are {00
many devices ¢luticring up this area al-
ready. The search was on for a better
place (o put our new board. We decided
upon the blank area left nf the eprom,
because it is commnn to all TEC's and
has up until now not been used by any-
thing else.

Bul there's nothing to connect to there!
I hear you say. Well not quite, Simply
solder acut-up [.C. sockel onto the links
and you have an (almost) instant data
buss socket. The DAT BOARD has a set
of feed downs that push into the sockets
and serve the dual purposes of connec-
tion and fixation.

PARTS LIST

1 - 100R

1 - 470R

4 - 10k

1 - 10k mini trimpot

1 - 100p ceramic
2 - 10n greencaps
3 - 100n greencaps

1 - BC 547
1 - 7418373
1 - 74LS74

1 - Smm LED (for rimpot handie})
2 - 3.5mm sockets

1 - 20 pin IC socket

2 - 14 pin sockets (one to cut-up})
1 - 20cm 12 way ribbon cable

1 - 50cm figure-8 shielded cable
1 - 1.2 metres hook-up wire
4
1
1
3
9
1

3.5mm mono plugs
100em tinned copper wire
- Female matrix connactor
- 32mm x 2.5mm bolls
b« 2.5mm nuts
- 16 character x 2 line LCD*
1 - DAT PC Board
‘Don’'t Forget: The LCD display can
be bought separately.

4
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The feed downs are simply lengths of
stiff wire soldered to the underside of
the P.C. that extend about | to 1.5 cm
down to push into the L.C. sockets.

The fixing of the DAT BOARD is also
aided by three “stand offs," in the form
of three bolts with nuts to tighten against
the board. These may extend through
the TEC board if you want as there isno
track work undemeath.

CONSTRUCTING THE DAT

BOARD

Originally, the kit of parts for the DAT
BOARD was going to be supplied in
two sections. We have changed our
minds since, but have decided to present
these construetinn notes unchanged.
The first thing (o do, is to fit ALL the
links, regardless of what section you are
constructing,

1f you have already built the TAPE and
keyboard section and/or are now con-
structing the LCD/SINGLE STEPPER
interfaces then skip abead to the respec-
tive notes. Once you have built the
LCD section skip back to the notes on
inserting the feed downs, stand-offs and
control buss leads.

THE TAPE AND LATCH

SECTION

Most the components for the TAPE
SECTION are fitted on the bottom ieft
comer of the board. The exceptions
being a 100n greencap, that goes on the
middle left of the board, the latch chip
and its socket. Fit these in the order you
prefer and then solder a short piece of
tinned copper wire in the hole marked
“Sp.“

This is where the female matrix connec-
tor will slide on. If you are wondering
why we recommend a piece of tinned
wire instead of a male matrix pin, the
reason ig that the force needed to push a
female over a male matrix pin is far to
greal to be bealthy for the TEC or DAT
PCBs. (The keyboard is destructive
enough). The tinned wire can be tinned
again 1o give just the right fitting
diameter, if required.

After fitting all the components, cul the
length of hook-up wire into 4 equal sec-
tions. Strip and tin each end of all the
fengths. Solder two pieces to the ground
strip next to the tape in and tape out pads
onthe DAT BOARD. The other ends of
these wires solder to the top tags of the
3.5mm sockets.

Solder the two remaining wires to the
tape in and tape out pads. The other ends
are soldered to the DIAGONALLY OP-
POSITE tags oe the 3.5mm sockets.
Keep track of which socket the wires are
joined to, and mark them accordingly.
Drill two holes large enough for the
3.5mm sockets in the back or side of the
RETEX case and fit the sockets inplace.
Strip the ends of the shietded cable and
twist the shietd into one strand. Remove
the covers of the 3.5mm plugs and slide
them onto the figure 8 cables, so they
are back 1o back. Solder the shields to
the larger tags on the plugs. The middle
conductor is soldered to the smaller
tags. Do this for each of the four ends.
Solder a Scm picce of hook-up wire on
tbe 1K resistor which connects the out-
put latch to the speaker transistor. The
wire is soldered on the LATCH SIDE of
the resistor. The other end of the wirc is
soldered 1o the female matrix connector.
This matrix connector slides over the
pin marked SP oo the DAT BOARD.
Now you are ready to insert the feed
downs.

INSERTING THE FEED

DOWNS

The feed down are made of stiff tinned
wire of about 2cm fength. The easiest
way (o solder these is to solder a con-
tinvous fength in each hole, and then
trim it down afterwarnds. Do this for all
the feed downs and try to get them
straight ax possible.

The feed downs plug in to a cut-up IC
socket soldered across the links near the
EPROM. The socket is soldered where
the tinks form a straight line as they dis-
appear into the TEC PCB. (See
diagram). If you want, you ntay make
the feed downs longer, remove the links,
and permanently solder the DAT
BOARD in place. Of course, you will
need to put jumpers beneath the board
to replace the missing links. This arran-
gement will provide a far more reliable
circuit connection. Make sure you have
finished the board COMPLETELY
before you do this, as you will not be
able to sotder undemeath the board
afterwards.

CONNECTION OF THE
CONTROL LINES

There are 10 control lines that are
soldered to the bottem of the TEC
board. A 20 cm 12 way ribbon cable is
used to make all the connections. The
ribbon cable is soldered to a row of pads
on the DAT BOARD about 2.5cm
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below the top edge. The ribbon cable is
soldered to the BOTTOM SIDE of the
DAT BOARD and then drops down be-
tween the TEC board and the RETEX
case (if you bave one).

All the connections to the DAT
BOARD are prinled on the solder side
of the board while the connectionsto the
TEC are made as per the wiring
diagram,

The two 3.5 mm sockets for the
infout are mounted in either the back or
side ofthe RETEX CASE. If youdo not
have a case, then the sockets can be con-
nected with short pieces of wire and left
"floating.” We do not recommend that
youdrillholes ineither the TEC or DAT
boards for the sockels. Thisis tosave the
expensive TEC boand from the exces-
sive force involved in plugging and un-
plugging the leads. The best idea is to
hold tbe sockets when inscriing the
leads.

THE STAND-OFFs

In addition tothe feed downs, three bolts
act as stand-offs. The heai of these boles
sits on the TEC boan! o1, if vou wish,
you may drill into the boand wkl feed the
bolts up thruugh the board. I you have
the original TEC-{ boand with i 8212
latch chips, the top balt will not be able
ta be feed through the board as there is
track work associated wah the {now
aborted) on-board tupe interface and
battery backed RAM.

If you bave drilled the holes, then feed
the bolis up from the boitoms of the TEC
and lock each in plice wuh a nut, A
second nut is screwed down to about
{cm off the TEC board oo cuch bolt.
This sets the licight of the DAT
BOARD. The DAY BOARD is then
placed over the two bolts u.d a third nut
ig tighteoed onto the DAT BOARD.

I you to not wish to drill imo your TEC,
which is quile understarviable, then
place a2 out on each bolt and wind it
down to about lcm from tix head. Poke
the bohis through the the hole in the
DAT BOARD and tighkn down the
second nui.

Next, insert the board and note how high
itis off the TEC. [dcally it should be 1.5
to 2cm off the board. Trim the feed
downs until you are happy with the
height. Adjust the stand-offs until they
all sil neatly on the TEC board. Finally,
a blob of blu-tack can be used to secure
the top stand-off on to the board. This
will help keep the DAT BOARD square
oathe TEC.



TESTING THE

LATCH/TAPE INTERFACE
The laich is easily tested by running up
JMON. If the keyhoard works then the
latch is obviousty working. Youcan test
each bit of the latch by laking the
remaining inpuls to ground. These pins
are connected to pins 2,4,6,8 and 12 on
the 74Ct4 sockel and also pin 3 of the
lalch chip itscll. Make sure that you
don’l have the 74C14 fitted as this may
damage the chip.

The following program will eclio the.

latch on the LED display:

0900 3E 3F D3 02 DB (3 E6 3F
0908 D3 01 C3 00 0Y

To test the 1ape, refer to the pages on
using 1the tape system that show how to
use i trouble shoot the tape nterface.

THE SINGLE
STEPPER/LCD
INTERFACES

If yau are constructing this section
before the tapeflatch section, you will
need to make amadificationto the TEC.
The mod 18 to add a 4k 7 resistor between
pin 15 o the 4049 and pin 10 of the Z80.
The purposc of this mod is to route the
DATA AVAILABLE SIGNAL to the
DATA RUSS. Without this, JMON s
unable to read the kevboard. (This mod
i descnbed aumerous imes throughout
this issue). The LCD interface consists
of just four conponents. They are a D
flip flop. a 100p cap, a 100R resistor amd
a L0k airimpot, The D flip flop, (that was
spare) is configured to acl as an IN-
VERTER!! This design saved us from
having 10 use another chip,

The single stepperinterface simply uses
one half ol a ¢ual D flip flop!

CONSTRUCTION NOTES

These 2 interfaces are simple o con-
struct. Just take carc withthe orientation
of the 74L.574 chip. 1f you have a spare
LED on hand then you can sotder it onto
the trintpot o use as a knob (one is
provided in the kit).

FITTING THE LCD

Place the LCD FACE DOWN nn the
work bench and feed a S5cm length of
tinned copper wire into each hole on the
LCD. Soider the wires in place and then,
starting at one end, trim the wires lo
form a ramp. This helps you to insert the
14 wires one-at-a-time inlo the DAT
BOARD. The DAT BOCARD edge con-

pector is placed at the top of the DAT
BOARD and the LCD overhangs the
board like a veraxiah.

Insent the LCD into the DAT BOARD
as best you can. A second person witha
pair of tweezers could belp tremendous-
ly in getting each wire down its hole.
After you have fitted the wires into their
holes, position the LCD 1o the height
you want. This should be about 1om 1o
{.5cm, and carefully solder it in place.

TESTING THE LCD

After you have finished construction
and wired the DAT BOARD 1o the TEC
as shown in the wiring diagram, you're
ready to go. Fit the board in place and
turn the 10k trimpot clockwise when
looking al it from the left, Tum it as far
as it goes. then tum it back just slighdy.
This sets the contrastievel and if il is not
approximalely al the pasition described
above, nothing wilt appear on the LCD.,
if you have JMON then fit it into the
EPROM sockel and power up the TEC.
All things being equal, the display will
show the fullowing:

0900>xx xx XX XX
Data xx xx xx xx

If not, the most likely cause is that ooe
of the data lines is nol getting to the dis-
play. The easiest way to check this is to
type in the following:

0900 3E 55 D3 04 C7

AFTER you have entered this, connect
a jumper between port 4 and the wait
line of the Z80. When you have done
this, hit go.

The TEC should go "dead.” Now, with
alogic probe. tesi the edge connector of
the LCD. Starting from the right, the
logic levels should be: H. L, H, L. H, L,
HANDL.

If not, then check all the connections
and retcy uniil right. If the connections
are right, but there is nothing on the dis-
play, check the voltage on pin three of
the LCD. This voltage should be in the
range of 0.5v to 1v. Adjust the trimpot
until you measure this voliage.

Still no luck? Tum off the TEC, bold
resel down and tum the TEC back on
while still hnlding down the resel. The
top row of the LCD should be dark and
the bottom line should be light. If not
then there maybe no power getting to
the LCD, the contrast voitage may be in-
correct (but you bave already checked

this), or the display has been damaged,
they are all tested before they leave TE).
If the top line is dark when power is ap-
plied but the display does not respond
when reset is released, then put your
logic probe on pin 6 of the LCD. Hoid
down the "+" key and waich the logic
probe. Pin three should pulse HIGH
each time the TEC beeps. If not then
check that you have the wire going lo
port 4 in the correct place. Check the
track work around the 74LS74 chip and
the chip itself.

1f pin 6 seems ok, then check that the
t00p cap is fitted as this is VERY IM-
PORTANT. Pin 5, the t/w line, should
always be pulsing. Check this with the
logic probe.

The only other line left to test is the
register select (RS). This line is address
7. and the easiest way to check this is
with a continuity tester. If the LCD
clears when power is applied, but noth-
ing appears on the LCD, then it is odds-
on that the cause is address 7 not being
wired correcily.

TE REPAIR SERVICE

Stift can’t get il going? Check it all
theough again, keep in mind that the
most likely cause is a mistake in your
wiring. As a VERY last resort (after
ringing us) send it i and we 'l see what
we can do. i

Our repair fee is §9.00, plus $2.50 for
post and handling. This includes re-
ptacement of all parnts except the LCD
(that was tested before leaving us).
Before you semd it in, remove the con-
trol buss wires (the ribbon cable) from
the DAT BOARD. Pack it up securely
and send it down. If you want the tape
seclion lested leave the 3.5mm sockets
connected.

TESTING THE SINGLE

STEPPER
This is easy. With JMON fitted, enter
this at 0900:;

0900: 00 00 00 00 00 C3 00 09

Now, press shift 2. The single stepper
will show 0900 PC. Press any datakey
and the single stepper will cycle
automatically. The occasional clicking
you (may) hear is a result of the imerac-
tion of the interrupl response cycle and
the decoding of the 74LS138 decoder
chip.

1f the single stepper doesn’t work, then
check your wiring as it is doubtful that
the 74L374 chip is faulty.
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WHAT THE LCD

INTERFACE DOES

The LCD is designed to directly inter-
face tn microprocessors. Unformunately
there are two main types of
microprocessor buss timing and the
LCD is designed for the wrong type (as
far as we are concerned). In order to get
the LCD to interface to the Z80, a little
bit of juggling with the timing is needed.
The first problem is the the LCD re-
quires an active HIGH Enable signal.
This has been achieved by inverting the
PORT 4 /O select line. This inverting
is done by the spare D flip flop on the
DAT BOARD, By looking at the
TRUTH TABLE for the 741574, 1
found that it was possible to configure
it as an inverter if 1 used the CLR pin as
the DATA input!

To cut a long story short, the idea
worked. Eureka!

The pext problem is the LCD requires
R/W to be stable on the falling edge of
the E signal. If you look at the ZR0
timing, you will see that the R/W line
and the IORQ change state simul-
taneougly. By the time that IORQ bas
gated port 4 and the port 4 signal bas
been inverted, the R/W line will actual-

dHvoa
lva 93l

(111}
Nl

f

Iy change (slightly) before the E line on
the LCD!

To overcome this problem, a simple RC
netwotk has been placed on the R/W
line. This RC delay holds the R/W line
stable while the B line goes low. The
time we are talking about here is just a
fraction of a microsecond, but that is all
it takes for the chips in the LCD to ac-
cept or reject the in-coming signals.
Another problem is that the LCD re-
quires 2 ports to communicate with the
ZB0. It also wants to decode the second
port itself, This is a common require-
meot of many peripheral devices, and
the solution provided here is also useful
for all these,

To give the L.CD #ts second port, and let
it decode it for itself, address line 7 bas
been presented to the LCD. This means
that the second port is decoded (by the
LCD) on port 84.

DISPLAY CONTRAST

The LCD requires anexternal voltage to
set the contrast level.

The contrast of LCDs varies with
temperature and viewing angle. To
allow for this, the LCD bas an external
contrast control. The contrast is control-
led by adjusting the voltage on this pin.

L |
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This is the function of the 10k trimpot,
that is wired as a voltage divider.

OPTIONS

Several optional extras can be added to
the DAT BOARD. Below is a descrip-
tion of each:

MON SELECT SWITCH

When you add the DAT BOARD, there
may oot be enough room between the
board and the EPROM to fit your MON
select switch. If this is the case,
provision has been made o fit the
switchto the DAT BOARD. Simply in-
stall the dotted link and move your
switch to the dotted switch position on
the DAT BOARD. Ron a wire between
the pin marked ‘ROM P21" and pin 21
of the EPROM.

SERIAL INPUT

The SERIAL INPUT (Shy

This input is for a serial signal, or a
RS§232 level signal from a printer or
RS8232 device. This input clips the sig-
nal, which canbe +/~15V 10 +/-25V, 10
safe logic levels.

This sigual winds up as DO on the
7418373,

THE 74C14

This bas been added to increzse the ver-
satility of the DAT BOARD. Some pos-
sibilities for it include a touch sensitive
qwerty key pad, an external time
reference, a thermistor controlled gscil-
tator for temperature mcasurement or
just buffered inputs. Nothing permanen
has been planned for i, it is mainly for
experimentation. We are open o your
ideas!

THE DIRECT CONNECT
PIN

This is located between the transistor
and the 6 x 1M resistors. The purpose of
this pin is to allow direct connection be-
tween two TECs. One TEC can down
load to another through the tape
software or a serial commuoication
program. {1 have a 9600 Baud roufine
that also talks to 1BM’s and com-
patibles).

THE UNUSED INVERTER
The input {or the unused inverter is the
right most matrix pin on the bottom
right-hand side of the DAT BOARD.
The nutput is the matrix pin directly
above it.



HOW THE TAPE CIRCUIT

WORKS
There's not much to describe about the
tape circuit as all the hard work is done
by software. The output section consists
basically of an AC coupled LOW PASS
filler with some atienuation on the end
to prevent the digital level voltage from
over driving the cassette players input.

The input section is just a simple AC
coupled common emitter transistor
amplifier with the hase heavily biased
on. The bias on the transistor is impor-
tant as this ensurcs that the software is
able to read a steady logic 0 when no
(AC)input is present.

HOW THE SINGLE
STEPPER INTERFACE

WORKS

The single stepper INTERFACE works
by interrupting the Z80 after each in-
struction. The interrupts are generated
from a D flip flop oa the DAT BOARD.
Each time the Z80 fetches the first byte
of an instruction a special signal called
M1 is generated. This M1 is used to
clock the ROM CS line into the D flip
flop. The Q-bar output of the flip flop is
connected to the INTerrupt pin. This
means that an interrupt will be requested
on every instruction fetch unless the in-

TOP RIGHT
Bottomn side of the DAT
board with the feed-
downs fitted.

TOP LEFT
Diagram showing how
the cut-up iC socket is
mounted on the lInks.

LEFT

Wirlng diagram show-
Ing where the "fiying
ieads” from the under-
side of the DAT board
are connected to the
TEC.

Note that the diagram
DOES NOT show the

wires leaving the DAT :
board In the correct [
order, only the correct 1
places on the TEC L.
board. Use the labels I 6

on the underside of the

DAT board for the cor-

rect DAT wiring posi- ;@
tions. :

lf—ip —
oo

struction was fetched from the MONitor
ROM.

It is important to prevent interrupls
while executing in the MONitor ROM.
If we don’t, then an interrupt will occur
just after it is re-enabled, at the end of
the stepper routine. Immedialely fol-
lowing the El (enable interrupt), is a
RETum. If an intesrupt ocours oa this
RETum, then the stepper routine is re-
invoked and each time this RETum is
reached, the program toops hack to the
stepper routine forever!! (Ifit wasn’t for
this problem we would not require any
extermal hardware at all). .
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THE LIQUID CRYSTAL

DISPLAY

INSIDE THE DISPLAY
The display has three internal registers
though whic¥| all communication is done.
These ara the registars:

THE DATA REGISTER

Tha data registar Is a raad or writa
registor to which all DISPLAY DATA (in
ASCl format) and BIT MAPPED
PROGRAMMABLE CHARACTERS are
sert. This DATA registar acts as a TEM-
PORARY BUFFER between theinter-
nal DISPLAY RAM or CHARACTER
GENERATOR RAM (both describad
below) and the host computer (our TEC).

Characters may also ba read from this
registar.

Intemal oparations transfer data ba-
twaen this register and the internai RAM
{or between RAM and this ragister). This
registar is iocatad on port 84H.

THE INSTRUCTION (or
CONTROL) REGISTER

The instruction register receives all in-
struction bytes. ALL bytes sent to this
registerwiilbe interpreted as CONTROL
by the LCD, This is a WRITE ONLY
register and is decoded on port 04.

THE ADDRESS

COUNTER/BUSY FLAG

Bit 7 of this registar Is used asthe busy
fiag. After EVERY operation it goes
HIGH to indicate that the display is not
ready to parform ANY type of additional
operation yat. As soon as the 'dispw
becomes "on line" again, it will go LOW.

The lower 7 bits ara the current ad-
drese of the intemal cursor. All read or
write operations occur between the data
register and the addrass held in this
register.

This register Is READ ONLY. (The
ADDRESS COUNTER Is sat or altared
by instructions sent to tha INSTRUC-
TION REGISTEH and then transfarred
into THE ADDRESS REG!ISTER by an
INTERNAL operation). This register is
located on port 04 with the control
register. Internai decoding gates the
R/W line to select betwean aach

ister.

Az well as the ragisters, the display
contains both RAM and ROM, Below is
& description of the Intemal memory in-
side the LCD.

by Jim.

THE DISPLAY RAM

All the display information sent to tha
DATA REGISTER is transfarred into tha
DISPLAY RAM by an internal operation.
This RAM can hold 80 bges of display
information. Whiie the LCD may onlydis-
piay 32 characters at a time, the extra
bytes allow for the display to be shifted
or can sarve as general purpose storage
RAM. An unusual featura of the display
RAM is that the addrass from the last
location on the top line (27H) to the ad-
dress ontha bottom iine (40H) IS NOT
CONSECUTIVE.

THE CHARACTER

GENERATOR ROM

This HOM contains 192 different 5x7
dot matrix charactars. Thase inciude full
upper and lower case Alphabet charac-
ters, numbers, maths symbois, Greek
and Japanese characters.

Ail of the most used characters are
here. Any type of character we needthat
is not there, can be made up on the
CHARACTER GENERATOR RAM.

THE CHARACTER

GENERATOR RAM

The CHARACTER GENERATOR
RAM allows us to dafine up to 8 diffarant
characters of our choice. The format of
gach is a 5x8 dot matrix with the cursor
making up the 8th row. Any or all can be
displayed togethar on differant parts of
the LCD and also may appear in several
places atonce. We can use this tomake
games charactars.

GETTING SOME-
THING ON THE
LCD

Using the LCD is sasy because it con-
tains its own "inteliigent” chips which do
all the hand work for us. From JMON,
putting anything on the LCD is VERY
easy because the LCD has been set-up
by JMON.

JMON sats tha LCD to shift the cursor
right after each antry. You cannot see
the cursor as it has been turned off by
the software in JMON.

To aid with the experiments below, put
FF at 0821 {the LCD will stop changing
after tha first F) and AA at 08FF. These
disabla the LCD fram the MONitor (the
FF at 0821) and stop the MONitor re-

52 TALKING ELECTRONICS No. 1§

booting its variables on a reset (the AA
at 0BFF). The MONitor wili reset to 0AQD
to remind you that the vaniables have not
be re- hooted on reset. (Unless a ke
was held down whiie reset was pushed,
in which case you must again put FF at
0821 and AA at 0BFF).

Ok, tets start by putting the iatter L on
the screan.

Firstly we must claar the scraen and
send the cursor homa. This may be done
by one instruction - (1. We output this to
the control ragister on port 04. Betora we
can output to the LCD wa must wait until
itis ready. Because this is raquired tobe
dona frequently, the RST 30 instruction
has beenusad to do this for us. The RST
30 reads the LCD busy flag and loops
until it goes LOW.

Ok lets type this in:

0ACO F7 AST 30
0A01 3EO1 LD AO1
DAD3 D304 OUT (04).A
QA0S 76 HALT
Reset, Go

The display will go blank and the (in-
visible) cursor will return to home (top
left-hand corner). The 01 instruction sats
all the display RAM locations to 20H
(space). The 01 instruction doesn't al-
fect any previous mode seatting or dis-
play options {discussed balow).

Now enter this with the RST over the
HALT at 0ACS:

0AO05 F7 RST 30
0AQ06 3E4C LD A4C (L)Y
0A08B D384 OuUT (84),A
DACA 76 HALT

Reset, Go

The latter L appaars in the top ieft
comer.
Ok, now as beforae, put this in with the

RST over tha HALT:
OACA F7 HST 30
CAOB 3E 43 LD A.,43 7(C)"
CAOD D384 OUT {(84),A
0AOF F7 RST 30
0A10 3E44  |DA44 (D)
0A12 D384 OUT (84) A
0A14 76 HALT
Reset, Go

Tha above section outputs two more

bytes to tha DATA REGISTER.
ntil now we hava just been using a

aimpie mathod to output data. This has
shown us the baaic way to talk to the
LCD. Now that we have come this far
and feamed the basics, we'll advance to
something more usefui.

The ¢ode below wiii cutput a word onto
the bottom lina of the LCD. The display
DATA wili be heid in a tabie at 0B0O.



DA14 F7  RASTa0
DA15 3ECO LDACO
0A17 D304  OUT (04),A
0A19 018406 LDBG,0684

DA1C 210008 LD HL,0B00

OAIF F7 AST 30
0A20 EDA3  OUTI
0A22 20FB  JANZDAJF
0A24 76 HALT

0B00 4D 41 53 54 45 52

To set the cursor to the bottom line wea
output 80 to tha instruction register (bit 7
sets the cursor addrass antry) + 40
(which is the actual address o?(bottom
laft display) = GO.

Tha QUTI instruction is new to our
repertolre. it's operafion is to output the
byte addressed by HL to the port ad-
dressed by C. HL is then incremented
and B is decremanted. If B becomes
ZERO the ZERC FLAG is set and the
operation is complete. This instruction
can output up to 256 bytes at a tima.

Because wa need to check the busy
flag we loop back to the RST 30 until all
the bytes have been dona. If we didn't
nead to check the busy fleag we could
have usad the OTIR instruction which
automatically repeats itself until B=0.

All the above is done with the cursor
switched ofl. For the next saction we
want o hava the cursor on. To switch on
the cursor output OE to the instruction
register an port 04.

0AQ00. F7 AST 30
QA01 3EOE LD ADE
QA03 D304 QUT (04).A
0AD5 76 HALT
OA08 GC7 AST 00

Now let's sea what does what on the
display.

Using the above routine, output the
bytes below one at a time, to port 04 and
HALT betwaen aach. (laave what's on
the display there).

Check the function of each on the tabla
of controls,

181C1C1C 02 14
14 100C OF 08 0C

Good luckll

SETTING THE ENTRY

MODE
The display may be configured to per-
form severa! diffarant functions UPON
EACH DATA BYTE ENTRY. They ara:
1 INCREMENT CURSOR ADDRESS

after storing inputted data byte (06H).

This is our normal mode.

2 DECREMENT CURSOR ADDRESS
after storing input (04).

3 SHIFT THE DISPLAY RIGHT after
entry {05).

4 SHIFT THE DISPLAY LEFT after
entry (07).

Each mode is selected by outputling
the byte shown to port 04.

Onca the entry mode is set it 1S ONLY
CHANGED BY ANOTHER ENTRY
MODE SET COMMAND. None of the
other control bytes will alter the entry
moda, _

The shift on antry feature (05,07) has
been found to ba difficultto use and even
appears to contain design bugs.

You may experiment with it but wae
won't be using it in these notes.

The CURSOR DECREMENT may
come in handy sometimas but its mora
likely to be useful to processors which
move blocks of data around In a more
limited way to the Z80.

RUNNING WORDS ON

THE LCD
Hunning words along the LCD is also
simpie because the LCD'S intelligent
chips do most tha work for us again. Qur
job is to entar the words we want to scroll

(up to 16 characters per line for this

routing) and send shift commands
aach time we want a shift.

The routine below is antered in 3 sec-
tions, Each section isa logical progres-
sion and increases the programs
abilities. You can look at the instructions
in each saction and compare it to what
tha section does, This way you can leam
how to putblocks togethar to use the dis-
play any way you want. Balore entaring
the code below put FF at 0821 and AA
at 08FF as described befora.

Enter this and INCLUDE the NOPS
and the table at 0B0O then run it:

0AO0 3EO01  LDAO
0A02 D304  OUT (04)A
0ADA F7 AST 30
0AO5 3E06 LDAS
0A07 D304  OUT(04}A
0ADS F7 AST 30
DACA 3ECC  LDA.C
OAOC D304  OUT (04)A
OAOE F7 RST 30
OAOF 00 NOP
0A10 00 NOP

0A11 00 NOP
0A12 00 NOP
0A13 00 NOP
0A14 018410 LDBC,1084
0A17 210008 LD HL0BOO
0A1IA F7 AST 30
OA1C EDA3  OUTI
0A1D 20FB  JRNZOATA
0ATF F7 RST 30
0A20 3ECO LDACO
0AZ2 D304  OUT (04).A
0A24 F7 AST 30
0AZ5 213008 LDHLOB30
0A28 0610 LDB,10
0AZA F7 AST 30
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0A28 EDA3 OUTI
0A2D 20FB  JRANZ 0A2A
0AZF 76 HALT

0BOD: 54 41.4C 4B 49 4F 47 20
0B08: 20 20 20 20 20 20 20 20
 (TALKING) |
0B30: 45 4C 45 43 54 52 4F 4E
0B38: 49 43 53 20 20 20 20 20
(ELECTRONICS)

This will put "TALKING" on the top iine
and "ELECTRONICS" on tha bottom iine
of the LCD and stop. Study the above
saction and see if you can work out the
role of each instruction.

Now we’ll add the shift section. Enter
this with the first "NOP™ over the Jast
"HALT" and run it:

0AZF 00 NOP
DA30 00 NOP

0A31 3E18 LDA,18
DA33 D304  OUT (04).A
0A35 010080 LD BC,6000
0A38 0B DEC BG
DA39 78 LDAB
0A3A B ORGC
0A3B 20FB  JRNZ0A38
0A3D 18F2  JROA3!

Tha above code loads the shift instruc-
tion (18H) into the accumulator and out-
puts it to the control register on port 04.

As you can sea it shifts the displey, but
this mathod is not very good if we want
to shiftonly a few characters as we must
wait for them to be shifted through the
enlire display RAM befora thay ra-ap-
pear. To ovarcoma this we can count the
number of shifts and resat tha display
with a 02 command, as soon as all the
letters have bean shifted outsida the dis-
play. The 02 instruction resats tha dis-
play from shift WITHOUT CHANGING
the contents of the DISPLAY RAM,
CHARACTER GENERATOR RAM, or
the CONTROL MODE. Becsuse wa
would like the words to shift across the
entire display and ra-appear as soon as
they have all gone, we must load the
words justoutside the screen to the right.
The following additions make the words
start shifting into the display from right-
to-laft.

Ok, Now entar the following, AT THE

ADDRESSES SHOWN:
OAOF 3ES0 LD A.90
0A11 D304  OUT (04).A
0A13 F7 RST 30
0AZ2 3ED0 LD ADC

The above instructions set the DIS-
PLAY RAM ADDRESSES to tha RAM
locations just right of the screen. The ad-
drass of the top line is 90 and the ad-
drass of the bottom line is DO. (Actually



these are the addressas + B0H, the SET
ADDRESS instruotion).

0A2F 161B LDD,1B

{The D register is our shift counter).

0ASD 00 NOP

0A3E Q0 NOP

0A3F 15 DEC D

OA40 20EF  JRANZO0A31

0A42 3E 02 LD A,02

0A44 D304 OUT (04)A

0Ads F7 RST 30

0A47 18E6.  JROA2F

The last group makes up the shiit
counterand reaets the display when the

counter reaches Zaro. When the 02
command is received by the LCD the
displgl.)lr_lis retumed to its NORMAL posi-
tion. This means that the inputted data
s returned to WHERE IT WAS
ENTERED (just right of the screen).
Now, when the next shift command is
racaived, the lettera start to shift left back
on {o the screen.

QUESTION:

Why don't we need to wait for the
BUSY flag to go low after the ahift in-
struction?

f you wish to change the number of
characters to be shifted, you may do so
by putting your new characters at CB0O
for the top line +and at 0B0 for the bot-
tom line. Unused locations shouid have
20 (spacs) inserted until 16 locations are
filled. {From OBOC to 0B10 and from
0B30 to OB40). The value of the laop
counter loaded into D at CA2F should
also be changed. The valua of the loop
counter is bast set to 10H + the number
of letters occurring in the longest line.

8.9. For the the example above:

TRONICS = 11 (0BH) Letters.

So add 0BH 4+ 10H= 1BH.

So 1BH is ioaded into D at CA2F.

To undarstand the above formula bet-
ter, try 1C and 1A and see the result.

FINAL NOTES

The slow response of tha LCD defracts
from the effectiveness of the shifting a
littde but by experimanting with the dalay
at0A35 you should be able to gat a good
oor:iipmmiaa betwean apeed and display
clarity.

The abova ehifting method is just one
of dozens of ways we could have used.
A more complax program could shift in-
formation across and out ona end and
load new information in the other to
create a running information display.

Use the blocks in this program and the
othars to make up your own display
routines. If you come up with something

interesting, write in. We would love to
aee what you've come up with.

DESIGNING YOUR OWN
CHARACTERS

You can have up to aight different
characters stored in a character-gener-
ator RAM. Each character Is displayed
on the screen when itis addrassedin the
display RAM. The addresses are be-
tween 0-7. The user-defined characters
are made up of an 8x8 matrix {only &

columns are displayed, the cursor

makes up the Bth row.)

To set up a character, 8 bytas are out-
putted to the character- generator RAM.
The first byte makes up the top row {only
the 5 lower bits are displayed). The
sacond byte makes up tha second row
etc.

Before sending the BxB charactar (ac-
tually a S5x8 character), the entry moda
must ba sat (if not alraady) to address-
increment with no display shift (06) and
a set character RAM address operstion
must be done.

The controf byte for this is 40 + the ad-
dress of the first byte of sach character-
matrix. E.q: 40, 48, 50 for charactars {,
2,3 elc.

Once a character is set up, it is dis-
plfxad by placing its address in the DIS-
PLAY DATA RAM. Before doing this the
DISPLAY RAM must be selected via B0
+ address.

OK, let's put our own charactar on the

0AOD F7 RST 30
0A01 3EO1  LDAOI
0A03 D304  OUT (04)A
0A05 F7 RST 30
0A06 3E40 LD AA40
0A08 D304  OUT (04),A
0ACA 018408 LD BC,0884

0AoD 21000B LD HL0BOD

CA10C F7 RST 30
GAt11 EDA3 QUTI
0A13 20FB JANZ 0A10
0AtS F7 RST 30
0At6 3E B0 LD ABO
CA18 D304 QUT (04).A
cA1A F7 RST 30
0A18 3E.00 LD A,00
DA1D D384 QUT (84),A
QAtF 76 HALT
0B00:

11,0A,04,11,0A,04, 11, 0A

Experimant with the values in the table
and see how it all goes togethar. By In-
creasing the value loaded into B, to
10(hex) (at CAOC) a second character
may be programmed at the same tima.
Tha table for the second character will
start at 0B08. This will be displayed
when a 01 is wiitten into the DATA
DISPLAY REGISTER. Experimant and
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see if you can get 8 characters appear-
ing in several places at once on the dis-

play.

MYSTERY EFFECT

The routine below produces a very in-
teresting effect, It uses the PROGRAM-
MABLE CHARACTER GENERATOR to
produce 8 different characters soma of
which are displayed severat imas. We
won'ttell you tha effact, we'll let you type
It in and see for yourseil. You won'l ba
disappointed!

Tha program consclidates much of
whatwe have learned about"driving” the
LCD. if you axperimant further and add
a shift to it than it will be a complete
ravision of what we have coversd in
thesa pages.

Now lhat you know how to use the
LCD, start writing some programs that
use it. It you come up with something in-
teresting don't hesitate to send it in to
TE. We would be very intetested in
some simple animation or an adventure
game or anything that others would be
interested in seeing. Go 1w iti

0AQ0 F7 RST 30
0A0O1 3E01  LDAO1
0AO3 D304  OUT (043.A
0A05 F7 RST 30
0A07 3E06 LD AOG
0A0O8 D304  OUT 04
0ACA 21000B LD HLOE00
0AOD 018410 LDEC,1084
0A10 F7 RST 30
0A11 ED A3  OUTI

0A13 20 JANZ GA10
0A1S F7 RST 30
0A16 3E40 LD A0
DAI8 D304  OUT (04).A
0A1A 212008 LD HL.0B20
0A1D 0640 LD B0
OATF F7 RST 30
0A20 EDA3  OUTI

0A22 20FB  JRANZOA1F
0A24 F7 RST a0
0A25 3ECO LDACO
0A27 D304  OUT (04).A
0A28 21 100B LD HLO0B10
0A2C 0610  LDB,10
0A3E F7 RST 30
0A3F EDA3 OUTI

0A3t 20FB  JANZ 0A3E
0A33 76 HALT

OBO0C: 20 4D 4952 52 4F 52 20
0808:484D 41 4745212020
0B10:20 00 01 02 06203 02 20
0B18:01 00 04 05 06 07 20 20
0B20:00 11 11 11 1§ 1518 11
0B28: 00 OE 04 04 04 04 04 OE
0B30:00 11 12 141E 11 11 1E
0B38: 00 0E 11 11 11 11 11 OE
0B40:0011111F 1111 11 OE
0B48:00 OF 11 11 171011 OE
OB50:00 1F 10 101E 10 10 1F
0B58: 00 04 00 00 04 04 04 04



CONCLUSION
This concludes this issues instalment on
the LCD.
Study the previous notes carefully and
get to know the LCD fully. There is
enough information bere for you to

write routines using the LCD and we
would like (0 see some ideas sent to us
for issue 16.

The LCD will be supported furtber in
issue 16 and if all goes well, we will
have a cheap, full alpha-numeric key-
board with supporting software. 1 am

working towards the stage were you can
anotlate your routines and send the text
and the routibe in on tape. We can then
load them into our desk top publisher.
Don’'t forget if you have any good ideas
or questions about the TEC, send them
in to "TEC TALK." .

Beiow is the tabie of LCD control bytes. Use these In conjunction with the previous notes

. Code . Execu-
Instruction — Function tion
ns | mw] b, | ong| ong| 0B, | D2y | DB, ] 08y | OBy time
Clears all display and returns cursor to
(1) Display clear clolofleloo{elo]| o] |home position (address 0} 164me
Returns cursor to home position. Shifted
(2) Cutsor Home Bloejeejeqye|e|e| | |display returns to home position and DD 154 my
RAM contents do not change.
Sets direction of cursor movement and
(3) Entry Mode Set e loef|o|oefe|a]o]| s {w]|s |whether display will be shifted when data 4038
is written or read
(4) Display ON / OFF Turns ONJOFF total display (D) and cursor
: ofoflolo|e}o]ryfo|c|s |(C), and makes cursor position column start | 4ORS
ceontrol i
blinking {B)
Moves cursor and shifts display without
(5) CursorDisplay Shift | o |o o | o |8 | 1+ jw|ra{ | . |changing DD RAM contents aops
Sets interface data fength (DL)
{6) Function Set Bla|le]|s|»]ou] N 4B ys
. ; Sets CG RAM address to start transmitting
7YLG RAM  Address
{ Saf doress | o ||| Ace or recewving CG RAM data “aops
@
(8} 3 RAM  Address Sets DD RAM address to start transmitting
"cot o boln Aop or receiving DD RAM data at s
, 5 Reads Bf indicating module in internal
13, BFiAaddress Read g | 1 | aF AC operation and AC contents {used for both o s
CG RAM and DD RAM)
110 Data Write to CG Writes data into DD RAM or CG RAM
RaM or GO RAM | ' | © Wnite Data aps
{11} Data Read from Reads data from DD RAM or CG RaMm
CG RAM or DD| 1 ] 1 Read Data a0 pus
RAM
« 1 Invalid bt WD = 1 : In¢rement C=1 : Cursor ON RA. = 1 : Right shift
Acg i CG RAM address D = 0 : Decrement C=0 : Cursar OFF RA = 0 : Left shift
Aoo-; DD RAaM ﬂ_dd_fess
S =1 : Display shift E=1 : Blink DN DL=1 : 8 bits
S =0 : No display shift B =0 : Blink OFF DL=0 : 4 bits
D=1 : Display ON SIC= 1 Dlsplay BF =-1 : Internal operation
S/C =0 : Cursor BF = 0 : Instruction can be
movemens acce pted
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MAGIC SQUARE

This is a fun game for the 8x8 that will
have you amused and frustrated for
hours.

The object is to light up the outside
square of the 8x8, The game is made up
of three 2x2 boxes of LEDs with a space
betwean aach, Thismakas full use of the
8x8 to display a playing fiald that is ac-
tually 3x3.

Nine keys ara used to play the game and
aach kay corresponds to a group of
LEDs on the display.

TOSET UP

This gama, like JMON, requiras EITHER
a 4k7 resistor batween the NM1 (pin 17
of tha Z-80) and D6 (Pin 10 of the Z-80)
OR the LCD expansion board with the
input chip fitted on port 3.

Tha 8x8 is fitted to ports § and 6 with the
port saigct strobe of tha laft-hand latch
going to port 6.

This is vary Important! {once you master
the gama, try swapping tham over, this
wliil invert tha playing fiald and glves you
a mirror image to work with).

The 8x8 is placed with the LEDs above
the latch chips.

It is important te fit tha 8x8 before typing
in tha cods or at least hold down the
raset if you have alraadg entered the
coda, by using our third hand.

MAGIC SQU

run with the TEC crystal osciilator how-
avar it will work with the 4049 oscillator
but the fonas will be fowar pitched.

TO PLAY

Type in the code and sava it if you have
a tape system. Now address 0C00 and
press GO. Tha code is placed at 0C00
to allow Simon and Magic Square to be
saved, loadad and playad togathar
(howavar thay do not raquira each
othar). {Unfortunately Simon has bean
held over to issua 16 because of the
shortaga of space in this issua).

Aftar starting the gama, a random pat-
tern appears. By prassing the gama
keys, the playing fiald will change. Each
key has a particular affact that remains
constant throughout the gama. Tha ef-
fects of aach kay is for you to work outl
The kays used for the game ara: 4, 5, 6,
8,9,A,C,Dand E,

As you can sea, these make up a 3x3
box pattern on the kayboard.

Go toit! The object of the gama is to light
up the outsida border with the centra
OFF.

A fair point to add Is that it is always
possible to do this regardless of
starting pattem - belleve it or notl

E has been written to

by Jim Robertson

When (iff} you finally succeed, your affort
will be greetad enthusiastically on the
8x8. The game may be re-started by
hitting the GO key.

HOW THE SOFTWARE
WORKS

Three random numbers are generated
from the time it takas to release tha GO
kay and also from the refresh register.
The three lowest bits of thase threa
bytes ara used to form a 3x3 matrix. The
top 5 bits are ignored.
All processing, pattern changing and
tasting is done on this 3x3 matrix. After
processing, this matrixis convertedtoits
equivalent 8x8 dispiay and then
scanned. A loop is used to scan the 8x8
and read the kayboard untii a key is
datected.
When any key is detacted for the first
time, & flag b?ne remembers this and tha
program will ignotre any stibsequent
pushes,
This allows each kay to be processed
just once. When no k‘etﬂ is pressed, the
flagis claarad to allow the next kay to be
rocassad.

en a key Is pressed and allowed as
a "FIRST KEY" prass, it is checked for a
comresponding table entry. i no cor-
rasponding value s found, the key is
ignorad. This is how the unwaritad keys
are masked.
After a key has baen validated a table
entry 9 bytes higher is accessed. This
entry is a byta that will be exclusiva-
ORad with the firstbyta of the 3x3 matrix.
A second byte 9 bytes higher again con-
tains tha low order byte of the address
of the 3x3 matrix entry. The first byte is
now EX-ORad with the matrix byte and
the result stored as the new updated
matrix byta. This is how the patterns are
changed.
The abova process is repeated for the
sacond and third matrix bytes. Tha exact
same process described abova is used.

The antry for the second byta is 9 bytes

higher than the first and the address 9
higher again.

Tha samse convention is used for the
third entry. This convention allows aloop
to be used for all thrae matrix bytes. This
ioop is located at 0C49,

After the abova process, the 3x3 is
checked for the raquired box pattern. if
comect, the pattarn is convertad to its
8x8 format and fiashed with accompany-
ing tonas.

i the pattern is not complets, the pro-
gram Joops back to the main playing
loop.
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A routine at 0CAB converts the 3x3 to
8x8 display format. This routine is cailed
after all the required processing has
been performed on the 3x3 matrix. This
routine is a loop that gets each 3x3
matrix byte, calls another routine te con-
vert each matrix bit to two 8x8 bits and
spacing. then stores the result twice snd
adds a blank lina. :
The tastblank Jine is ignored by the scan
routine and the result is an Bx8 format.
At 0CC4 a loop converts one bit to two
and adds spacing. This is done by shift-
ing the matrix bit into the carry and if the
carry is clear, the two B8xB Lils are left
clear and shifted twice for the 2x2 box
bits and once for the space betwaen,

Iif the carry is set, the 2x2 box bits are set
by rotating the SET CARRY irio the 8x8
byte and aiso setting bit 7 belore rotat-
ing. This will then set the carry after the
first rotation, ready for the sscund rota-
tion. The third rotation clears tise space
bit. After this is done three timey, the 8x8
byte is rotated back to removs tne last
unwantad space bafore returning.

THE TONE ROUTINE

The tonaroutine is focated at v CD3. The
duration of the tone psried is in 7 while
tha cycle count is in E. The "KEY
PRESS® beep uses this valus lcadsd
into DE whila other tones cuch as the
restart tone load DE befere calling the
tona routine.

SCAN ROUTINE

Tha scan OCE7 is a straigiw-{fcrward
multiplex routine except that it scans
backwards. This allows the Bx5 tc be
right-way-around while keaping the rest
of the progrsm straight forward {other-
wise the 8xB buffer would nesd to be
loaded backwards).

*Magic Square” contains a number
of very valuable "building blocks”
that can be used in your own
programs. It can stand studying for
many hours to see how the various
operations have been achieved.
The tully documented program is
presented on the next two pages
and you should add your own notes
alongside Jim's to help you under-
stand what is happening at each
step.

Colin Mitchsli.



MAGIC SQUARE PROGRAM

MAIN
PLAYING
LOOP

KEY

0C00
0C03
0C04
0C06
oCo8
0CO0A
0C0C
0COD
0C10
0C11

0Ci4
0C15
0C16
0C17
0C1A
0C1D
0C20
0C22
0C24

PRESSED 0C26

KEY
VALID

0C27
0C2A

oCa2e

0C2F
0C30
0C32
0C34
0C37
0C3A
DC3D
0C3F
0C41

0C43
0C45
0C48
0C49
0C4C
0C4E
0CA4F
0C50
0C51

0C52
0C53
0C54
0Cs5
0C586
0C58
ocs58
acsC
0CSE
0C60
0C62
0Ce3
0Ce4
0C66
0C68
0C6A
0CceB
0C6C
0CBE
0C70

PATTERN QC72

DONEI

0C75
oC78
oc78
oC7D
0C7E
0C80
ace3
0C84
0Ces
oca7
0C89
0C8C
0C8F

11 00 00
13

DBO03
cB77
28 F9
ED 5F
82

32 40 0D
a8

32 41 OD
82

83
07

32 42 oD

CDAB 0C
CDE7 0C
DB 03
CB77

28 06

AF

32 43 0D
18 F1

3A 43 oD
87

20 EB
3E FF

32 43 0D
21 00 OD
Dt 09 00
DB 00

E6 1F
ED Bt

20 D8
CD D8 0C
28

11 09 0C
06 03
19

D3 06
CobDaoC
01 00 15
0B

LD DE,0000
ING DE.

IN A {03)
BIT 6,A

JR Z,0C03
LD A.R

D (0D40)A
ADC AL
LD (0D41).A
ADD A,D
ADD AE
RLCA

LD (0D42),A
CALL 0CAB
CALL OCE7
IN A,(03)
BIT 6,A

JR Z,0C2C
XOR A

LD (0D43),A
JR 0C1D
LD A,(0D43)
CRA

JR NZ,0CiD
LD A,FF

LD (0D43) A
LD HL,0D00
LD BC,0008
IN A,{00)
AND 1F
CPiR

JR NZ,0CiD
CALL 0CD8
DEC HL

LD DE,0009
LD B.(OS})
ADD HL,DE
LD A(HL
ADD HL,DE
PUSH HL
LD L.{HL
EI?RH HL
POP HL
DJNZ,0C4E
LD HL,0D40
LD A.&HL’)
AND 07
CPo7
JBR NZ,0C1A
INC HL
AND 07
CpO5

JR NZ,0C1A
INC HL

LD A,(HL)
AND 07

CP 07

JR NZ,0C1A
CALL OCAB
LD DE,0030
CALL 0CDB
LD B,03
PUSH BC
LD D,10
CALL OCE7
DECD
JRNZ,0C80
XOR A

OUT (06),A
CALL 0CD8
LD BC,1500
DEC BC

Random number genaerated :
by the duration it takes the player to release the key atthe start of the
program.

Tha value of the refresh reqgister is loaded into tha accumuiator.

D register is added to ths accumulator and stored as the first value.
E ragister is added (with carry) and stored as tha second value.
Registars are added 1o the accumulator and shifted to produce the
third random number. This Is aiso stored.

Call 3x3 to 8x8 convarsion routine.

Call scan.

Testfor key prass.

i bit 8 on port 7 HIGH then no key is pressed.

Jump if key pressed otherwise clear "key pressad” flag and loop until
key prassad. Othaerwise clear.

“key pressed" fiag.

Loop until key pressad.

Tost "first kay press® flag.

Jump if kay already pressad, ctherwise set key pressed flag

HL = base of valid key table.

BC = numbaer of valid key antrias

Gat input valus from ancoder chip

mask unwanted bits

block compare with increment.

NZ means no right entry. After all values tested, ignora key.

Key valid. Cell key pressed bsep.

Decramant HL as CPIR increments it before testing the zero flag.
DE = table index.

Set B for 3 loops. One for sach matrix byte.
Get value to EX-OR with matrix,
Save in A,

Calculate address of iow byta of matrix byte and put in HL.
Save for later.

Sst HL to matrix byte address.

Toggle bits and stors

as updated matrix byte

Racover HL

Loop for 3 bytes.

Check for box pattern. (HL} = first matrix byts.

Remove unwanied bits

and testfor 7 (111)

Jump to main piaying loop if not 7, otherwise
Test second matrix byte.

Testtor 5, (101)

Jump if not, otherwise

do third matrix

byte which should

be egual

to 7 {111}

Jump it not box pattern.
Pattern right so call 3x3 to
8x8. Load DE with win tone
and call tone routine.
SetB for 3 flashas.

and save count

D = scan counter

Caii scan.

Loop until D=0

Cb&f display, - A B
cat e T
Load BC with off time |
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Recover flash loop countar

and loop for 3-flashes.

Call scan,

and loop continuously

looking for the GO key

to be pressed.

Jump if GO not pushed.

Load DE with restart tone

Call fone.

Restart game. ]
B = loop counter set for 3 conversions.
HL = address of 3x3 matrix.

DE = 8x8 buffer.

Sava loop counter.

Get matrix byte.

Call 1 to 3 bit conversion.

Savae first display

byte twice

Jﬂ then

add

a blank ina :

increment to next display buffer.

Increment HL to next matrix byte.

Recover ioop counter.

Repeat for 3 bytes.

done.

B = 3 loops. C la cleared ready to raceiver display byte.

Rotate matrix byte to set or clear carry.

Jump NC to shift C 3 places

glsg set bits 1 and 2 of C with SET CARRY and
it

rotate C Jeft

Last rotation inserts space

do for 3 loops

remove last space

place resultin A.

done.

D= period E =loop countar

Clear A.

Sound oot to speaker.

Delay for tone

riod.
E;aoggla bit 7,A (speaker bit)
Decremant loop counter.
Loop until zero.
Done.
HL = end of 8x8 buffer.
B = scan bit output byte.
Qutput first display
byte to port§
then output scan bit
to pornt 6,
short multiplex
display de
Decrement |!|L to next display byte
replace scan bit in B,
clear accumulator and
output to port 6.
Shift scan bit loop until sean bit
falls into carry
then returmn,

0Cco0 78 LDAB
0Cot B ORC
0092 20FB JR NZ,0C8F
0Co4 C1 POP BC
0Ce5 10Es DJINZOC7D
0c87 CDE70C CALLOCE7
0C9A DBOD IN A,(00)
0CoC EB1F AND 1F
0COE FE 12 CP 12
0CA0 20F5 JR NZ,0C97
OCA2 118000 LD DE,0080
0CA5 CDDBOC CallLocbs
OCA8 C3000C JPOCOO
3x3 OCAB 0603 LD B,03
fo 0CAD 214000 LDHL 0D40
Bx8 OCBO 115000 LD DEODS0
MATRIX 0CB3 CS5 PUSH BC
TO ocB4 7E LD A (HL)
DISPLAY 0OCB5 CDC40C CALLOCC4
FORMAT 0CB8 12 LD (DE).A
oCBY 13 INC D
OCBA 12 LD (DE),A
0CBB8 13 INC D
O0CBC AF XOR A
0CBD 12 LD (D?.A
OCBE 13 INC D
OCBF 23 INC HL
0CCo C1 POP BC
0CC1  10F0 DJNZ 0CB3
0CC3 C9 RET
1TO3BIT 0CC4 010003 LD BC,0300
CONVER- 0CC7 OF RRCA
SION 0CC8 3002 JRNC.0CCC
OCCA CBF8 SET7.C
0CCC CB11 RLC
0CCE CB 11 RLC
oCD0O CB11 RL C
0CD2 10F3 DJINZ 0CC7
ocD4 CB19 RRC
oché 79 LD AC
ocb7 C9 RET
BEEP OCD8 115050 LD DE5050
0CDB AF XOR A
TONE 0CDC D309 OUT (01),A
0CDE 42 LDB,
0CDF 10FE DJNZ OCDF
OCE1 EEB80 XOR 80
OCE3 1D DECE
OCE4 20F6 JR NZ.0CDC
OCE6 C9 REY
SCAN OCE7 215700 LDHLODS?
OCEA 06 80 LD B,80
OCEC 7E LD A {HL)
OCED D305 ou*rgsm
OCEF 78 LD A,
0CFO D306 OUT (08),A
OCF2 0640 LD 8,40
O0CF4 10FE DJNZ OCF4
OCF6 2B DEC HL
OCF7 47 LDBA
OCFB AF XOR A
0CF9 D306 oUT ge).a
OCFB CBO08 RRC
OCED 30ED JR NC 0CEC
OCFF C9 RET
TABLES:
0DO00: 04 05 06 08 09 DA 0C OD OF 06 04 0007 02 00 03
0D10: 01 00 40 40 40 40 40 40 40 40 4040 06 04 02 07
0D20: 02 01 03 01 41 41 41 41 41 41 41 41 41 00 04 06
0D30: 00 02 07 00 01 03 42 42 42 42 42 42 42 42 42
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DRIGS

How many timea have you flipped

hwgl'mmagazinofnﬂ'nevamhopoof

finding an interesting article? As you

thumb h the pages, the hopes are

you come to the last

pﬁm find an article of untold wit

andhteraat o make the purchase ofthe
worthwhile.

this isn't the present case but
n'ow you have reached the end |
want to summatrise all that's happened
in the TE world and bring together the
projects in this issue.
yweo have the CAR ALARM. lthas
arangoolfaahnstorivalan ing on
1 Yﬂw have a car worth saving, this
keep your mind st rest.

The TEC article is quite large in this
issue as a result of Jim's tireless effort.
Some readers, not interested in the
TEC, will think It s on for too long, But
one of the biggest criticisms of
worthwhile in other magazines
ls the lack of back-up and support.

Generally the ectextends over an
issua or s0 and gnaver heard of again.
All those who build it up are left high and
dry wﬂh little undsrstanding of Its full

Notsowitli’maTEC We have gone e

E‘é’f

fuil clrele looking for other microproces-
sors, to rival the Z-80. Butafter spending
thousands of dollars and hundreds of

hours we have come to the conclusion
that the Z-80 is the beat {overail} and
pest on the market,
With thie wa have no hesitation in
bringing you pagea of assistance in
and developing programs in
Z-80 and ltia our ﬂm'l belief the tha
Z-80 will be around for yesrs to come.
The two new projects for the TEC are
the DAT board h board.
The DAT board is a for program-
mars as it allows programs to be written
andanalyaadomstep al a time via 8

’%':UA‘ board rfaoes the TEC to

ainporeoordartoalbwthastoragaoi
programs in a very convenient form.
Thsoftwaro!odrlveﬂwDATboalﬂ
and the tape interface is contained in
Jim's new MONitor ROM called JMON.
JMON is the reault of 9 montha con-
tinuous réfinement and hundreds of dif-
ferent versions have been created over
“that time. The end result is certainly a
very.good MONitor package
Because JMON isa cansidemble ad-
vancementover MON 2, if you ars build-
Ing the computer from scratch you
through’ fﬁn wwlﬂl M?i?a mlnztahsd qo
[ ) me 00l
‘Jawesrﬂn, 1%, 12, 13, and 14,
‘One-essentinl add-on for the TEC Is
the NONVOLATILE RAM (issue 13) and

arket and can be built for under

if you would like to create a matrix of 64
pixels, the 8x8 is a must.
After these you can build the DAT
BOARD and appteciate its wide range of

capabilities.
in the TEC article we have suppiied a
game program cailed MAGIC SQUARE.
kcanbet in and played on the Bx8

display. MAGIC SQUARE Is fully docu-
mented and it is hoped that you will
appreciate how the routine works as
much as you Etha_ game.

MAGIC SQUA will have you baffied
for hours. Once you work out how to get
the square out, see it you can work out
how the program works!

Once you have typed it in, It can then
be saved on tape and recalled [ater.

i the TEC computer has grabbed you,
a documentary package is evaiieble
from Jim for $15.00 pius $2.50 postage.
fn this you get a full lme~by-llns explena-
tion of how ali the JMON routines work.
As Jim put it, he hopes that you can
understand the purpose of every instruc-
tion. Also if you purchase this package.

Drigs is
the
dregs!

rou help Jim offset his costs on develop-
JMON and the DAT BOARD ete.
r® ere also some other notes on
programming in the package and wiil
prova to be more beneficial than buying
a $25 book on the Z-80 by =
“bandwagon” publishing Co.

f you have really been bitten by the
bug ou can buy a program tape with

games, wnnan by Cameron

Af rd The first program is called

ard is played on a 8x8. it con-
sistsoia27x30 aying field and the aim
is to get out. This wuﬂ keep you occupied
for weeksl|

The other game is "TEC invaders” and
it's abitiike Space Invaders on a smaller
scale.

These programs came as a result of
co-operation between Jim and
Cameron. it all started when Cameron
came into TE some years ago with his
TEC INVADERS. At the time the pro-

was far to long to be published and

best efforts of Cameron and myself

were unable to shorten it. One day Jim

found the program and thought it would

be a good program to put onto tape. Jim

rang Cameron and they lormed an
agresmen!togsther.

Jim provided Cameron with a tape sys-
fem snd Cameron did some work re-
quired to add the finishing touch.

—
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The rest ia historyt

To go over the TEC projects once
again: DAT BOARD and PCB is $55.35
or $16.35 if you want just the tape and
single stepper fediiities without the LCD,
Speech is $27.25, JMON is $16.00.
Jim's package is $15.00, Cameron's
tape is $6.50, Jim's EPROM program-

mer up-date is $2.30, These are ail es-
sential if you want to get into program-
mi

Next we have a beginners project (al-
though the soldsting reqwres a fair de-

rea of skiii). it's an Organ alon
Fnas of a stylus or?an and is great fun lo
pley. It looks most impressive when built
up and is ideal as e gift for the budding
Beethoven.

A miniature FM radio has been a con-
stent request from raaders who have
constructed one of our FM bugs. il's
smali enough to be hidden and allows
you Lo create your own FM link.

And finafly we have the FM bug that
evaryone's been waiting for. Our Tkm
bug, the ULTIMA,. It's a sneak preview of
out next bugging book “Sacurit
Davices.” Orice the word got out thet it
had been developed. we staried seliing
kits! Now it's avaliable for everyone and
providedérau are careful, you can experi-
maent and achieve ranges of thm and
moreg.

The articies for Sacunty Levices are

neatly ready for final page-making and
they should be going to the printer very
soon.

Apart from the 1km. bug and FM redio,
we have included 6 other security-re-
lated projects 1o add to our range

Many oi these are not avaiiable on the
marketwhile others cost hundreds, if noi
thousands of dollars. {Take for instarce
the Pen bug. it sells for over $3,000 on
the commercial market!)

You can save a fortune by building
things yoursell and at the same time,
learn how its all done.

Lock out for this book, as well as future
issues of the magazine at your locai
nawsagenis or send for a subseription
and be assured you don't miss a copy.

iISSUE 16

We hopa to see bothissue 16 and 17
outin '89. Issue 16 shouid not ba too far
off as we have have numerous articles
left over trom this one.

Jim is designing an axpansion board
for the TEC. The board was to be
presented in this issue but it beceme
clear that there just wasn't the room.
Jim's board increases the memory b
20k. 8k of this is a battery backed .
There is an on-board “inteliigent”
EPROM progremmer thet when not
baing used to read and pregrem
EPHSMS. can be used as 20 general
input/output lines.

So we come fo the end of ancther
pscked issue. So full that we didn't have
any room for the adverts. Ahl Suchistife.
A magazine without advertising.
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