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NTRODUCTION

Y\ computer, even one as smatl and inexpensive as the TS 1000
ir the ZX81. can provide seemingly endless interest. There is
:0 much to be discovered. so much pleasure in the realisation
hat writing programs is not impossibly difficult, so much
:ausfaction in the tracking down of elusive ‘bugs’.

n time. however, even this brave new warld may fade a little,
he shine of novelty wearing away, and that is the signal to
:xplore further, to find out what is inside the box, to connect
:xternal bits and pieces, to make the computer do something
1ew. 1his book is vour guide in that exploration, your map of
-are paths, your warning of dangers.

he first warning is perhaps the most important. Computer
:omponents are not partial to being handled too casually.
some electrical work, such as the addition of extra access-
wries 10 a car, is unlikely 1o land anyone in serious trouble.
he batterv may go flat, or some wires may overheat, but
iniess the car itself catches fire the damage can usually be
menaged fairlv easily. Putting a damaged computer right can
1e a lot more difficult.

he most common source of trouble s due to hamfisted use
T the soldering iron, which can overheat components or
~nreck printed circuit boards. Those who doubt their skill in
his direction should practice on something less vulnerable
refore thev tackle changes to the ZX81, If the soldering iron is
emaoved as soon as it has done its work, there should be no
iifficultv. The trick lies in judging when the work is done.

wnother cause of damaae is static electricity. Most computer
:omponents are designed to work at relatively low voltages,
ina the charges that make your clothes crackle when you take
hem off in drv weather would be more than enough to punch
1oles in the insulation of many chips. Walking across a nylon
-arpe1 can charge you to similar levels. It does you no harm,
Jecause the power involved is minute, but it can make you
atal to anv integrated circuit which you touch.
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t is therefore wise to quard against static build up, by simple
srecautions that should become a habit. If you always touch
in earth point on a component or circuit before you touch
invthing eise, the voltage levels will be equalised, removing
he danger. Thase who handle computer systems profession-
;ilv may be required to observe rather more stringent rules,
wit equalisation of voltage levels remains the key point.

iemember that the soldering iron is connected to earth, so
iefare vou use it you should earth both yourself and the
:auipment.

‘ou should also switch power off before making any changes
0 the svstem. Clearance between pins and circuit tracks is so
:maill that accidental shorts are onlv too easy to create. Before
estoring power, make a careful check for stray whiskers of
~vre ana spolashes of solder, which can cause expensive
iamage, and are likely to produce obscure faults that are
ifficult to trace.

‘ou should not allow vourself to be too discouraged by these
~varnings. Keeping to the rules should see you through.

‘ou may be aware that the TS1000 and ZX81 computers are
:ssennally the same machine: The ZX81 was developed by
sinclair Research in 1981 in the UK and is still marketed by
dnclair in the UK and distributed by them through much of
he world. The TS1000 is manufactured by the Timex Cor-
auration under licence from Sinclair Research, and the major
iifference is that TS1030s come with 2K of RAM, while the
.X81s come with 1K. In this book, any information about the
. X81 also refers to the TS1000, unless specifically noted. For
:ase of reading, the two computers are simply referred to as
he ZX81.

he book is divided into three parts: The first examines the
nside of the ZX81, the seccend deals with the external inter-
ace. and the third describes some systems which can be
iaded to the basic ZX81 via that interface. The division is not
1qid, because most of the changes that can be made affect
nare than one area. but in broad terms each section prepares
he ground for what comes next.
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NTERNALS

iefore looking inside the ZX81, let us consider what we expect
o tind. There will be a microprocessor, some RAM (Random
Lccess Memory) for it to talk to, and some fixed data in ROM
Read Only Memaory) to tell the processor what to do. There
Tust be some provision for communication with the outside
~vorid, or we would never find out what was happening inside
he system.

hat descrintion of a minimum computer system also consti-
utes a tair definiticn of the ZX81. but two factors give the
naching a uniaue personality, the programs which are held in
he ROM and the highly specialised ULA {Uncommitted Logic
vrrav) which the manual calls the ‘dogsbody’. The program
ina the ULA complement each other, and changing either
~vould be bath difficult and expensive, which places a limit on
he alterations which can be made to the system as a whole,
Aithin that limit. however, quite a lot can be done.

he kev feature of the ZX81 is its apparent ability to maintain a
ndeo display with minimal rescurces. The task is demanding.
ine svnchronising pulses must be generated every 64 uS,
~ith a modification of their pattern to produce frame synchro-
nusing puises. During 40 uS pericds between line sync pulses
; stnng of up to 256 data bits must be output to form the
iisnlay, at a rate of 6% bits per microsecond. Some com-
witers need 30 integrated circuits to achieve this.

n SLOW mode. the ZX81 appears to handle the display output
asks while it 1s busv executing a program, but that is an
Husion. The program runs for only about a quarter of the time,
wuring the periods when the display scan is not demanding
1etailed output data. While the pattern data is being output,
he whole svstem is occupied with that task, and normal
IrOCEessIng is suspended.

n FAST mode. the displayis abandoned toits own devices, so
Jrocessing can be continuous, and therefore four times as
“ast.



o refresh the display, it is necessary to read codes from the
iisplay file in RAM, use them to form pointers to character
xattern data in ROM, then transmit the pattern bits senally as
ndeo outout. All parts of the system are involved, because the
yrocessor supplies the base address used in accessing the
rattern data. The ‘dogsbody’ chip controls the whole ope-
‘ation.

luite apart from this, the ULA chip has other duties;

uveneration of a 6.5 MHz clock. using a ceramic filter asa
reauency standard.

Derivation of a 3.25 MHz clock for the processor.
Uriving the tape recorder in SAVE

rResponding to tape output in LOAD

sensing keyboard action

peciding when ROM and RAM should be active, on the
wasis of the address provided by the processor.

controlling general system timing.

t is scarcelv surprising that some of these tasks come into
:ontlict with each other. imposing system limitations. The
lisplay cannot be maintained during SAVE and LOAD, which
nust act centinuously to maintain the correct baud rate for the
1ata passing to and from the tape. in any case, the same pin on
he ULA provides both the video signal and the output to the
ape recorder, hence the odd patterns on the screen when
‘ape s in use.

wvnother point is that software-controlled timing of inputs or
wurputs cannot be completely precise. The stop-go pro-
:essIna must introduce some degree of jitter. For longer inter-
rals, the PAUSE command provides a solution, but such tasks
;s output wavetorm generation must be performed in FAST
node.

he other principal factor limiting the system performance is
he ROM-borne program. This is entirely conditioned by the
issumption that BASIC will normally be used, and in that role

4



1 performs very well, but the use of machine code is not as
impie as might be wished. |t can be run, but only via BASIC.

' rather important deficiency is the lack of IN and OUT in-
tructions in the BASIC repertoire, which means that they
jave to be implemented in machine code if external devices
ite 1o be brought into play.

iowever, most of the limitations mentioned can be overcome
v a little ingenuity, once their nature and origin are under-
100d.

retting Inside

Jpening up the ZX81 is no problem once you know that three
:crews are nidden under the stick-on rubber feet. Remove
hese and the two visible screws, and the underside of the
:ase. which is really the caver, will came away, revealing the
ingerside of the circuit board. which is held in place by two
nore screws. As the screws are of different sizes, itis useful to
nake a note of their positions.

Nhen the last screws have been removed, the circuit board
:an pe turned over. but it will still be attached to the case by
he kevboard connections, so handle it carefully. Touch the
:ase of the video modulator first. to equalise voltages and
ivold static damage. The modulator is easy to identify by its
retal case and the connector marked TV,

he circuit board carries four — sometimes five — integrated
arcuits. the modulator, and a number of smaller components.
~he metal case is a heat sink to help cool the voltage regulator,
o which it is bolted. If that is on vour right, furthest away from
rou, the ‘dogsbody’ chipis in front of it, next to the modulator,
hen comes the ROM chip, and then the processor. On the left
s the RAM. which may be implemented as one 24-pin chip or
wo 18-pin chips, the board layout allowing for either configu-
auon. The ZX81 has 1K of RAM, the TS1000 has 2K.

1f the smaller components, the keyboard connector is ob-
nous because the kevboard film wire goes to it, the clock



:ircults are on the near side of the board. close to the ‘dogs-
wodv’ chip, together with some odd circuit elements, the area
1ear the three iack sockets contains filter circuits for the tape
nout and output and for some video output standards, and
nost ot the remaining components are resistors, diodes, or
iecoupling capacitors. If the details of the assembly fail to
match the picture in the manual, there is no need to worry, as
he lavout permits a number of variations.

Ine variation is the omission of sockets for the RAM, which is
: DIty, as it makes modification in this area more difficult.

he printed circuit can be separated from the keyboard by

wiling the film wires out of their sockets, and this makes
1andtina easier, but it should be done sparingly, as the wires
ire easliv damaged.

he internal circuits consume about 300 mA, and the external
xawer unitis capable of delivering up to 700 mA, but a second
imit on available current is set bv the internal regulator, which
1e1s rather hot under the collar ifitis asked to do too much. It
:an be loaded bv about ancther 50-100 mA, but if mare power
's required it should be obtained from a separate regulator
iriven from the +9v supply rail. The outputs of the two regu-
ators should not be ioined together, as has been done in
:ome proposails, as one will then tend to take all the load.

“he Circuit

‘he circuit diagram {Fig. 1} is not too easy to follow, so it has
een supported by a signal list showing the main inter-
:onnecuons. {Table 1).

‘he svstem is broadly what one would expect, but there are a
ew surprises. For example, address lines A0-A8 qo directly
rom the processor to the RAM, but are connected to the ULA
ind ROM bv series resistors, allowing the ULA to control the
{0OM address directlv when picking up pattern data, as will be
:xplained when the display system is examined. Similarly,
he data lines ao directly from the processor to the ULA, but
ire passed to the ROM, the RAM and the outside world

6
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hrouah series resistors.

he clock oscillator consists of a 6.5 MHz ceramic filter work-
nag in conjunction with circuits in the ULA. This generates the
iot freauency’ for the display, and the ULA must also divide
he clock down to 3.25 MHz to serve the needs of the pro-
:essor. | he lower freauency appears on pin 14 of the ULA, and
s ampiified by TR2.

he other transistor, TR1, is used in a rather odd circuit. The
ransistor base qoes to HALT, and the emitter goes to NMI, so
ollective current will onlv be drawn if HALT is false {(at a
Jositive voltage) and NMI is true {at near-zero volts}). When
:urrent is drawn. WAIT is pulled down, becoming true. This
uts the processor into a wait condition when NMT is true and
WALT is not. ancther specialised function used by the display
;ystem.

Jddest of all. however, is the connection of the INT line to
:adress line A6, This generates an interrupt when the current
:adress is of the form XX0X, XX1X, XX2X, XX3X, XX8X,
IX9X., XXAX, or XXBX, another element in the Machiavellian
:omplexities of the display system. Unfortunately, this debars
he use of interrupt by add-on circuits, a severe limitation.

he video output system caters for three national standards,
hose of France. Britain and America. In view of the origin of
he eauipment, it is not surprising that the British standard is
he simplest, pin 16 of the ULA being connected directly to the
nodulator. For the French standard, a diode and two resistors
ire aaded, while the American version involves a different
liode and resistors, a channel select switch on the corner of
he board next to the requlator, and a connection earthing pin
"2 of the ULA. The purpose of this link is discussed in the
-ection covering the keyboard.

‘ery littie change is permissible in the parts of the circuit
wnich have been described. The svstem is too closely inte-
irated to permit change without disruption. The areas yet to
1e examined. the RAM, the Keyboard, and associated parts of
he svstem, allow more scope for ingenuity.

"0
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Vo reference has been made to the Printer, which is a stan-
1ard accessorv for the ZX81, but which may not be available
‘aor use with the TS1000. Virtuallv no circuitry at all is provided
0 serve this accessorv, which connects to the external con-
rector. All its needs are catered for by a section of the ROM
rogram, wnich passes out data in the simplest possible form,
iowever. the printer cannot be ignored completely, as certain
nout/output addresses are dedicated to it, and these may be
;alled if LPRINT or LLIST are invoked by mistake. An outputto
2011 FB enables or disables the printer, and also conveys data,
~nile an input on the same port provides an indication that the
yrinter is (or is not) ready to respond. Note that FB in binary is
1111011, The low bit is the significant fact, when coupled
wvith the high state of the other bits. A number of other input/
wutbut addresses with bit 2 low will serve in place of FB, and
i1l such addresses should be avoided for other purposes.

"he Memorv Map

he orocessar generates sixteen address bits, which appear
in 1ines AJ-A15, This allows 65536 addresses to be defined, in
he manner illustrated in Fig. 2.

Normallv, bit 15 determines whether the upper or lower half
T the address range is to be used, and bit 14 determines
ynich auarter within that half is to be used, and so on. The
X81 works in a slightly different way.

n the basic machine, A15 is ignored, so the contents of the
ower half of the address range can be found repeated as a
1host’ in the upper half of the range. Add 32768 to an address
n the lower half of the range, and the contents of the address
-0 rormed will be same as the contents of the lower address.

114 s used to select ROM when it 1s zergo, and RAM when it is
". In the basic machine, A13 is ignored, so there are again
1nost copies within the respective quarters of the memaory
ange.

nternal 1K RAM uses bits AQ-A9, A10 being added with 2K
nemorv. external 16K memory uses AQ-A13. Each added bit

2



:uppresses part of the ghosting, and some add-on memories
:uppress the ghosting entirely.

he 8K ROM uses A0-A12. and in the basic machine produces
: ghost at 2000-3FFF.

hose who want to explore the ghosts will find the DUMP
rograms in Appendix A useful. The hexadecimal form may
:all for more thought by those not familiar with that form of
1otation. but it will be found to give a clearer picture of the
nemaory structure.

he abosts must be eliminated if the memory area they
iIccupy 1S 10 be put to other use, and this is done by pulling
{OMCS' or RAMCS' high, according to whether the ghost
nginates from ROM or RAM. The elimination must be selec-
Ive. on the basis of the address pattern for the area to be
sleared. For example, the upper half of memory could be
leared bv pulling both chip-select lines (ROMCS' and
VAMCS”) high when A15 = 1, but they must not be forced low
xvnen A15 = 0. Even in this relativelv simple case it would be
~v1se 1o make a check before firm installation. as it appears that
:uppression of the ghost might affect the operation of the
iisplay routine.

he input/output address map is more difficult to fathom.
Viost Z80 svstems use only bit A0-A7 to define 1/0 addresses,
wt the processor does generate nominal sixteen bit
:adresses for IN and OUT instructions:

N A. {N): The contents of register A define the upper eight
wts. the value of N defines the lower eight bits,

JUT (N}, A: The contents of register A define both the data
:na the upper eight address bits, the value of N deter-
Tunes the lower eight bits.

N. r {C): The contents of register BC define the address.
JUT (C), r: The contents of register BC define the address.

he addresses used bv the basic ZX81 systern have lower
wtes FB, £D, FE and FF. However, the decoding is simplified

3




0o a point where any even-numbered address will read the
tevboard, and if the four addresses are written out in binary it
recomes clear that onlv the low bit is being checked:

B: 11111011
D:11111101
E: 117111110
4101

t is therefore necessary to limit addresses used for external
:auipment to those with the three least significant bits high,
;na bit 7 should preferably be low, to avoid canflict with FF.
he concise rule is that addresses mav be used if they are one

ess than a multiole of eight in the range 0-127. This allows
IXxteen addresses. Some expansion might be possible by
wilising the upper eight bits, but these are also used by the
X81. and caution is necessary.

t would be fair to say that the addresing systems of the ZX31
1ave been whittled down to @ minimum, and that this can
woduce problems when the system is extended. In the case of
nemorv addresses, the two chip select lines allow clearance
i1 ghosts, but there ts no comparable facility for input/output.
Ine user did experiment with the insertion of a resistor in the
ORQ line to the ULA. hoping to use it to allow the input to the
JLA to be pulled high, making internal input/output inactive,
aut the scheme failed on timing grounds, and also because
he display system got itself into a terrible tangle, with inter-
:sttng but unreadable results.

here is one important way out. The ZX81 provides no IN or
JUT functions inits BASIC. which means that special machine
:0ae routines have to be provided to drive input/output func-
lans. On the other hand PEEK and POKE provide convenient
:ccess to all memory locations, so it would be much more
:atisfactorv to be able to use memory addresses as channels
or inoput/output data.

Nothing could be simpler. Where a normal input/output cir-
:uit uses |[ORQ as a qualifier, MBEQ is used instead. Any
1nosts in the memory area used must be suppressed, but the
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imitation in available addresses is overcome, and no
nacnine code need be provided. It may be a coward's way
1ut. but there are times when bravery is wasted . ..

nternal RAM

‘he provision of a thousand or two thousand bytes of storage
:ounas ample for simple programs until the way the bytes are
i1seq is examined in detail. The Dispiay File alone can absorb
ib 10 792 bytes, with a fuil screen, and this is usually the first
:rea 10 suffer when memory is used up. The system variables
ake up another 125 bytes, and room still has be to tound for
he orogram, the input buffer and the stacks. As programs
yecome more ambitious. the need for extra store rapidly
ecomes evident, especially if anly 1K is available.

he advice from Sinctair. not unnaturally, is to buy a RAM
1ack, but that is not the only option.

he RAM lavout is shown in Fig. 3. Provision is made for two
‘K X 4 memoaories. using 18-pin 2114 chips, or one 24-pin chip
:an pe used, giving either 1K X8 or 2K X 8. For the 2K memory
he small link beside the 24-pin RAM position must be moved
rom L1to L2 in order to bring address line A10 into play.

his allows uprating of a ZX81 1K memory to 2K, as in the
S$1000. but there is scope for further development. As Fig. 3
:hows, the connection pads for a 28-pin chip have been
1esigned into the fayout, and this is almost connected in the
nvav required by the 4K x 8 static chips which are beginning to
:urtace. Fig. 4 shows how the pinouts of the 24 and 28 pin
IAMS compare. Some of the connections are already pro-
7iged, and the rest would not be 100 difficuit to make. [twould
101 be iImpossible to accomodate an 8K x 8 RAM, but the "64K’
1AMs are still a mite expensive.

he big bugbear in any internal RAM change is the need to
‘emove existing RAM from the circuit board, unless a chip
:0cKet is provided. The correct approach is to clear the solder
rom each pinin turn, using a ‘solder sucker’ after just melting
he solder on a pin with a brief touch af the iron. When most of
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he pins are free, the last few will probably vield to a bit of
1entle leverage combined with short dabs of the iron, but all
he surplus solder needs to be cleared away to allow a replace-
nent chip to be inserted.

he coward’s approach is to snip the pins of the original chip
vith a pair of very fine-nosed cutters, so that the pins can be
emoveqd independently, but that means the chip has to be
hrown awav. Solder clearing is still essential.

NMhen a change has been made, the check PRINT PEEK 16388
256 PEEK 16389 should give 2 RAMTOP value expressing
he full size of the enlarged memory. The figures are:

‘K memory: RAMTOP = 17408
K memory: RAMTOP = 18432
'K memory: RAMTOP = 20480
iK memaory: RAMTQOP = 24576
6K memory: RAMTQOP = 32768

fthe expected figure fails to appear, a careful check for shorts
setween pins may discover the reason, that being the
:ommonest cause.

hose who have no objection to the somewhat dubious prac-
ice of soldering one IC to the pins of another may take a
iifferent line towards memory expansion, though they will
yveed to keep a wary eye on available headroom.

ig. 5 shows the arrangement for a pair of 2K x 8 RAMs (e.g.
litachi 6116). Pins 18 and 20 of both RAMs must be bent out
:1dewavs so that they can be connected separately, and a lead
nust be brought away from the pad to which cne of the lower
1ns wouid otherwise be linked. Selection logic must then be
srovided, as shown in Fig. 6, the chip being a 74L500 quad
JAND gate mounted upside down on the circuit board by
:tickv fixers’, the little pads with adhesive on both sides.
iemember that the pins will be seen in reverse, making the
iumupering look unusual.

Nhen the original chip enable, taken from the unused pad for
an i8 or 20 of the RAM, is low (active), one or other of the

20
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al1d ol all Fig 4]
1 GHOST OF 1K RAM
3000 AFFF
1 — -
§ GHEET OF 1K RAM "
L1 AR RIS ix ignared |
3B0-38FFH the whide o-eg qives
1 aghos: at ADDD-BEFFF H
H 1k, RAM
i BEISTOES RN B1d - and A14 - 1 are
FdkaiREY reguired condltiong
f ;
A12 selects HUM or FEAM
o 1K RAM
J000-33FFH A1 i ignored
1
A0 ignored by FAM
1
GHOST OF 2K ROM
1 ZBOD-2ZFFFH
1]
L]
1
2K R{OM
o | o AN 2IFFI
L]

1G 8 — MEMORY MAP OF ROM/RAM ACDITION
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witouts ot the NAND gate complex will be low, according to
he state of A11, and one of the two RAMs will be enabled. The
ame scheme can be used with TK RAMs, in which case A10
:nould replace A11.

iaving considered possible ways of extending RAM, it is
easonable to look at bossible ways of extending ROM, too.
vianv useful snippets of machine code have been proposed in
he iournals, and it is much better to have them available in
1OM than to have to load them at the start of a session or after
i power preak.

he obvious choice for the ROM is a 2716 EPROM {Texas use
516 for the equivalent.} This provides storage of 2K bytes of
ixed data. It has to be programmed, but some suppliers will
‘el Up customer’s programs for a reasonable charge, or a
riendlv owner of a programming device might help.

t is convenient to have some RAM associated with the RCM,
ina this should be set in a memorv area where it will not be
pen to corruption by the programs in the main ROM. A pair of
114 RAMs. each giving 4 x 1K storage, will serve very well,
ina if both ROM and RAM are placed in the 2000-3FFF region
hev will be out of harms way.

he circuit i1s shown in Fib. 7. with the memory map in Fig. 8.
he diode connecting A13 to ROMCS' suppresses the ghost of
he main ROM when A13 is high, and the ROM/RAM combi-
1aton is disabled when A13 is low. avoiding any clash
setween the two store sections. The 74L5155 decoder sets up
he memorv map, using A12, A13 and A14.As A11is ignored,
ina A10 is used onlv with the EPROM, there will be ghasting,
ing additional decoding Is necessary if the ghosts need to be
lleared to make wav for other store or memory-mapped
adresses.

onstruction s a matter for personal taste, but Fig. 9 shows 3
wossible arrangement. This would be a ight fit inside the case,
it a smaller lavout would make the wiring more difficult.
Vote that the conductive strips on the Veroboard need to be
:utwhere a given strip is used for more than one signal. If the
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issembpiy is mounted inside the ZX81 case, make sure that no
‘norts can occur by placing a sheet of insulating material
retween the two circuit boards,

f the oroblem of programming the EPROM can be solved, this
;issemblv can he used to create a completely independent
perating system, removing some of the limitations of the
IASIC interoreter program, especially where machine code is
:oncerneaq. There are so manv possible routines that could be
nciuded that it would be a pity to describe only a small
:ampile, but Appendix B gives an indication of what can be
10ne. while some of the input/output routines which are des-
:nbed in the section on Externals could be useful.

vccess to the EPROM programs is made by the USR function,
:S gescribed in the manual.

“he Disnlay System

he method of producing the display is very complex, in-
:giving both hardware and software, and uses some obscure
 unaavertised characteristics of the 280 processor. Only a
-:uperticial description can be given here, but it should suffice
45 a usetul quide for those who wish to explore more deeply,

he display phase is initiated by a puise generated by the ULA
anich is passed to the processor as a non-maskable interrupt
NMI}. This causes the processor to jump to location Q066H,
vnere there i1s an interrupt servicing routine. This increments
V. the alternative A register, and if the result is not zero the
‘nierrupted program is resumed. If A" = 0, however, all the
Train reqisters are pushed on to the stack to preserve the data
eing used by the interrupted routine, HL is set to the Display

Ile address held in 400CH. and then bit 7 of HL is set. AHALT
nstruction follows.

“he nrocessor now begins to execute two acticns alternately:
ine action performs a NOP (no operation] instruction, which
auts the contents of the program counter on to the address
ines, The other action is a Refresh cvcle, which puts out an
;adress with the lower eight bits determined by the contents



1T the Refresh register, and the upper eight bits determined by
he contents of the | (interrupt vector) register, which are
nitialised to 1EH,

t should be noted. however, that the circuit using transistor
R1 holds the processor in a WAIT state until NMI becomes
alse. The length of NMI therefore determines a pertod during
wvnich display action is held in abeyance.

AMhen the output of a line begins, there is no time to hang
ibout, The processes involved are much too rapid to be
1andled bv the processor, which continues to cutput the two
;adresses described above, one after the other. The program
:ounter address is set to pointto the display file by performing
» nominai iump to the address contained in HL, and the ULA
1ses this address to read character codes from the display file.
L8 500N as a code has been read, itis used to form an address
yased on the processor output during refresh, the character
:00e, and the output of a three bit counter in the ULA. The
;adress is:

286 LA DDESE - COLINT

vnere |is the number in the | register (1EH), CODE s the code
‘ead from the display file, and COUNT is the output cf the
hree-bit counter. The address points to a pattern byte stored
n the top of ROM at 1EQQO-1FFF. The byte is read by the ULA
ina output serially to the video moedulator at a 6.5 MHz clock
‘ate,

:OUNT is incremented bv each television line sync pulse, and
1etermines which of the eight bytes forming the character is
0 be used. Each line of characters in the disnlay file is read
ugnt times before the system moves on to scan the next line.

he following BASIC program illustrates this action, and may
1elp to make it comprehensible:

‘0 INPUT CODE

LS

3 FORC=0TOQ7

'0 LET PATTERN = PEEK (7680 + CODE*8 + (}

6



:0 FORB=1T08
30 LETA — INT (PATTERN/128)
O LET PATTERN = 2* (PATTERN — 128*A}
0 LETZ%$ = CHR$ 8
0 IFA=1THEN LET Z% — CHR% 128
‘00 PRINT Z28%;
10 NEXT B
20 PRINT
B0 NEXT €
40 GOTO 10

y character code {0-63) is input. C represents the binary
:ounter, and the PEEK address is that defined above for pat-
ern access In the real svstem. The bits of the pattern are
-epresented on the screen.

he BASIC performs the progress siowly, but the actual out-
wut of data handles a new byte every 1.23 uS, filling cut one
aattern row ot a 32-character line in 40 uS, the time which the
elevision scan takes to traverse the display area. It all fits in
yeautifully, but working it out must have cost a few
1eadaches . . .

AMhen 256 bvtes have been output, making up a complete line
T characters, it is necessary to move on to the next line of
:naracters in the display file, and this is handled by the main
nterrupt routine at G038H.

or the oresent purpose, however, the point of most impor-
ance 1s the effect which this system has on extensions of the
1asic ZX81. One slightly unexpected point is that if more than
‘6K of BAM is provided it is important to make sure that the
tisplay file does not lie across the boundary set at address
;000H. If it does, the system will fail apart, because the signi-
icance of setting bit 15 in the display file address will be
1tferent for the two parts of the file, and the pointer to the file
~iil get lost.

n FAST mode. there is no need to warry about display system
or most of the time. NMI is suppressed, so that display action
ioes not occur.
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n SLOW mode. the main point to watch is that any of the
rointers used in the display system are left well alone.
ittempts to poke into the display file can cause a crash if the
:naracter displaced is a NEWLINE, but poking is possible if a
:neck for NEWLINE is made first.

In the whole. it is best to skirt round the display system
svnerever possible. This is yet another case where discretion
s the better part of valour.

“he Keyboard

AMhatever else mav be said about it, the keyboard system of
he ZX81 is an outstanding example of simple ingenuity. Forty
iressure paag switches and eight diodes, plus connections,
:ccount tor all the visible hardware.

s shown In Fia. 5, the switches are connected in a matrix of
ngnt rows and five columns. The rows are connected through
nodes to address lines A8-A15, and the columns are con-
1ected to input port FE, which is hidden in the ‘dogsbody’
:hip.

o interrogate the keyboard, it is necessary to read from port
E while holding one of the top eight address lines low and the
rthers high. That may sound as if a conjuring trick is needed,
wit instruction ED 78 makes it all easy. The instruction
ninemonic is iN A. (C), and the action is to input data from a
1ot detined by the contents of the C register, the data passing
o the accumulator. The small print remarks in passing that
he upper eight address lines happen to be determined by the
‘ontents ot the B reqgister,

he instruction sequence to check a key might be:

D BC, FEFEH
N A (C)
T O, A

~he contents of B would set address line A8 low while holding
19-A15 high. Row 3 of the keyboard would therefore be pulled
‘ow. and if any switch in that row was pressed the corres-
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ronaing column output would be pulled low. The check on bit
) would give a zero result if the Shift key, in column 1, is
ressed.

he kevboard input routine is located at 02BB on, though this
:ection only sets low bits in HL to indicate which key is
wressed. Further processing, taking note of the current work-
‘ng mode, is needed before the actual meaning of the
iepression can be determined.

*roviding a more orthodox keyboard is no great problem. A
vell-spaced layout is so large that the usual practice is to
nount the circuit board inside the kevboard case, taking care
hat the power, TV and tape recorder connections and the
xrernal interface are conveniently accessible. The replace-
nent kevboard can be wired by ribbon cable to the pins of the
ilm wire sockets. since suitable replacement film wire would
re more difficult to provide.

n passing, it may be remarked that the film wire may kink or
itherwise suffer damage if it is pushed into the sockets care-
esslv. In such a case the remedy is to clip off the ends and so

wravide fresh material, but this cure will only work a limited
wmper of times.

'n addition to providing the forty replacement key switches,
:ome Turther improvements can be made with a new key-

soard. One of the most obvious is the provision of a proper
eset key.

he reset line of the ZX81 is pulled towards +5v by a resistor,
inatied to ground through a large capacitor. At switch-on, the
:apdacitor delays the rise in voltage, so that the processor is
nitiallv held in the reset state. As the voltage on the reset line
Ises. the processor is freed to work normally.

|l that is needed to provide a manual reset is to connect a
:witch between the reset line and ground. When the switch
:10ses. the line is grounded, and the reset state is entered.
Inen the switch, and the line voltage rises towards +b5v,
illowina normal action to be resumed. This can, of course, be

]



rovided without changing the keyboard, the switch being
itted at a convenient position in the ZX81 case.

v slightly less obvious change is the provision of single keys
or functions that normally need two. Double pole switches
ire neeaed. and these are connected in parallel with the nor-
ndl switches. as follows:

unction select: Shift and Newline
tubout; Shiftand 0
dit; Shift and 1

Admilar treatment may be convenient for the ‘arrow’ func-
ions. Graphics, etc. This is a matter of taste.

Infortunatelv, a general repeat function does not seem feas-
ble. though it would be very useful. It would require a method
it interrupting all the keyboard paths to simulate repeated key
1epressions. The permissible repeat rate varies widely, too,
:s The response to some key actions can take a relatively long
‘ime.

inallv, some other uses of the keyboard input port must be
101ed.

he kevboard column outputs appear on bits 0-4 of the port,
:orresponding to pins 33, 31, 29, 27 and 25 of the ULA. Bit 5 of
he port is similarly related to ULA pin 22, which is tied to
arouna in the American version. When the keyboard routine
1as checked the kevboard inputs, it goes on to check bit 5, and
T the bit is high (MARGIN} is set to 37H (55}, the value for a
~0Hz television frame scan. [f the bitis low, (MARGIN)] is set to
"FH {31), the value for a 60Hz frame scan.

iit 6 of the port signals, by a high state, that data from tape is
ivaliable, one bit at atime, and Bit 7 provides the data.



"HE EXTERNAL
NTERFACE

he connector which forms part of the rear edge of the ZX81
1rcuit board carries most of the signal lines which are likely to
he needed for communication with external devices. How-
:ver. the utility of some of the signals is restricted by the way
n wnich thev are used by the internal system, so the connec-
ion of external equipment must be approached with a
neasure ot caution. A detailed examination of the signals
1ere will lav the ground for the descriptions of specific add-on
acHities.

sddress Lines: A0-A15

-ixteen active high outputs.

he address lines are driven directlv by the processor, and
:nould not be too heavilv loaded. If more than two TTL inputs
jave to be driven. the {ines should be buffered, but the buffer-
ng must be simple, or there may be unacceptable signal
1elays,

he lines serve both memorvy and input/output, the latter
wormaily using only lines AQ-A7, though the state of lines
18-A15 can be determined bv certain input/output instruc-
1ons. as described in relation to the ZX81 keyboard system.

n theorv, all the address lines ought to be taken into account,
sut the discussion of the ZX81 memorv map showed that this
yas not entirely essential. What is essential is that there
:nould be no overlap between the memory or input/output
;adress areas used by different devices. This can be assured
w adequate decoding, and the disablement of internal ZX81
Tiemory wnere necessary, using RAMCS’ and ROMCS' (see
45}

he external lines are coupled to the ROM address inputs via
"K ohm resistors. This allows the ULA to take over control
wring screen refresh,

13



data Lines: DQ’-D7’

raht active high lines, bidirectional

he main data lines are not brought to the external connector,
wvnich receives the secondary data lines, coupled to the main
ines via 470 ohm resistors, The main lines connect only to the
rocessor ana ULA, the subsidiary lines serving the memory.

Ise of the data lines is controlled by strict rules. When data is
)eing output by the ZX81, no external device may drive the
ines. When data is being input by the ZX81, only one external
1evice mav drive the lines. {Though this second rule can be
wroken if the imnlications are properly understood.)

he usual wav of satisfying the rules is to use devices with
‘ristate’ outouts, which disconnect themselves from the out-
Ut lines except when they are enabled. The enable signals
ire optained bv decoding address and control line signals.

oading on the data lines should be kept light. The use of
wffering is complicated by the bidirectional use of the lines,
Ut is not impossible,

vMemorv Request: MREQ
Jne active low line. output,

" he processor makes this line low when it wishes to com-
nunicate with memorv, whether reading or writing.

nout/Output Request: IORQ
Jne active low line. cutput.

'he processor makes this line low when it wishes to com-
rnunicate with an input/output channel.

tead: RD
Jne active low line, output.

‘he processor makes this line low when it wishes to receive
1ata,



Nrite: WR

Ine active low line. output.

he processor makes this line low when it wishes 1o transmit
1ata.

ROM Chip Select: ROMCS’

Ine active low line.

“his ine is connected to the chip enable pin ofthe ROM, and is
iriven bv the ULA through a 880 ohm resistor. If the line is
witlled high by an external device, the ROM will be disabled,
:na both the normal output and the ‘ghosts’ will disappear.

his must be done selectivelv, on a basis of the address in use.
f the line were pulled high by a direct connection to +5v, the
:'wvstem would fail to work. At the least, the line must be
illowed to go low for addresses in the 0000-1FFF range, i.e.
vnen A13. A14 and A15 are all low, unless an alternative ROM
wrogram 1s suppiied externally.

iowever, it is both permissible and useful to disable the
hternal ROM when A13or A14or Albisin a high state, as this
:sliminates all the ‘ghosts’ of the ROM,

1AM Chip Select: RAMCS’

Ine active low line.

his line works on the same principle as ROMCS', but is
:onnectad to the RAM chip enable pins. If external RAM run-
wng up from address 4000 is provided, RAMCS' may be tied
o +5v or otherwise taken high. This disables the internal RAM
:ompiletely. {If +5v is used to pull the line up, it should be
:pplied through a 330 ohm resistor as a safety precaution.
“his also applies to ROMCS'.)

f the internal RAM is to remain in use, with external RAM in
iher areas. the internal RAM should be enabled only when
114 is high and A10, A11, A12, A13, A15 are all low. [f the 2K
nternal modification has been carned out, A10 must be
ieleted from the address lines used.

5



leset: RESET

lne active low line.

f this line is taken low. the processor action stops, and when
he line 1s released the processor will restart by reading an
nstruction from location 0000, When power is first applied,
he Reset line is held low by capacitor C5, which charges up
Jowlv through R15 until the processor is enabled to start.
-horting the Reset line to ground discharges the capacitor,
:na releasing the short produces a normal restart from 0000.

" he line may be used to reset external devices in the same
ircumstances.

'n some Z80 svstems, the start location is varied by creating
sruficial data as Reset is released. but this requires direct
iccess 1o the processor data lines, which is not available at the
xternal connector. Those who are interested in using an
ilternative ROM program which can be entered automatically
nav like to investigate the possibility of supplying an artificial
ipsolute iump instructicn (e.g. C3 XX XX} in response to the
irst three processor reads after reset is released . . .

Ialt: HALT

Jne active low output line.

f HALT is low. the processor is cbeying a HALT instruction.
heline gces high in response to an interrupt or the release of
1eset,

his signal is used by the internal system, and may be of
105siDle use in determining whether processing or display
erresh is being executed.

Yait: WAIT

Ine active low inputiine.

Vvaking this line low puts the processor in an idle state. The line
s normaily used for gaining extra ttme for slow memory or

nout/output devices to respond, but inthe ZX81 it has a special
15e. being controlled by TR1. It is therefore doubtful whether
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nxternal useis practicable, though some experiments might be
narthwhile if response time proves a problem.

3us Reguest: BUSRQ

‘Ine active low input.

sus Acknowledge: BUSAK

Ine active low output.

f BUSRQ is made low. the processor is asked to yield control of
he svstem. When the current instruction has heen executed,
he processor will make BUSAK low to signal acceptance, and
il then allow the lines which it controls to float’. so that they
:an pe controlled by other means.

Viaking use of this state is a complex matter, and is made more
10 bv the presence of the ULA. However, the signals may be of
1se in FAST mode, when the ULA is less active,

Jock: 6

Ine active low output,

he clock generator runs at 6.5 MHz, but a divider in the ULA
aJenerates a 3.25 MHz clock for the Z80, and this is available
:Xtarnally.

leftresh: RFSH

Ine active low output.

he Refresh signal is intended for use with dynamic RAM, and
he circuit diagram proposes its use for that purpose, but it is
i1so affected bv the ROM program, and may not be trustworthy
n SLOW mode. It has been assumed that static memory is
-afer.

Non-Maskable Interrupt

One active low input.

The NMI line is controlled by the ULA, calling a jump to location
0066 when it is low. It is not available for external use.
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nterrupt: INT
Jne active low input.

he interrupt line is coupled to A6 inside the ZX&1, and is not
svanable for external use.

viachine Cycle 1: M1

Jne active output,

he processor makes this signal low during the first cycle of an

nstruction fetch. It is also made low. with IQRQ, to indicate
hat an external interrunt vector is required. No external use
:an pe envisaged.

sround
~wo connector pins are used, 1o ensure good contact.

5 volts
his line is supplied from the output of the internal regulator,
:nd mav be used for loads of up to 50-100 mA. Higher loads
nav gamage the requlater, and even 100 mA will add to the
nternat heat dissipation to an undesirable degree. This line
nust not be connected to +5v derived from an externai
:ource, as one or the other will tend to take the whole load.

Y volts

his line comes from the external nower pack. The off-load
/pitage Is appreciably above the nominail value, falling
:narply asloadis applied. However, it can be fed to arequliator
n external eauipment to derive a stahbilised bv supply, pro-
niding the total current drawn by external equipment does not
:xceed 400 mA. For higher currents, a separate power source
‘s necessary.

Ising the Interface

t mayv appear that there was no sense in bringing out some of
he interface lines. as they cannot be used by external equip-
nent. but it should be noted that they have a value for the
nanuracturer. in that the board can be plugged into test gear

18
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or a comprehensive check.

n terms of user reguirements, there is a great deal that can be
1ione with the signals provided, as will be shown on the

ollowing pages.



:XTERNALS

jefore getting down to the creation of add-ons, it 15 as well to
:onsider how far vou may want to go. A randem addition of
ine secuon after another may lead to chaos, so some advance
nanning is useful, taking the limiting factors as a starting
Joint.

he most important limitation may well be the power supply.
v small system drawing 50-100 mA may rely on the internal
equiator, but heavier demands, up to about 400 mA, will
‘eauire a separate regulator driven from the +9v supply. If
nore than 500 mA will be drawn, then a separate power
"ource 15 necessary, such as that shown in Fig. 12. More than
ne ot these sources mav be used in conjunction, but the
/arious sv lines must not be linked. or something is likely to
.00k,

he next limitation to consider is the available range of
;adresses. Relativelv few input/output addresses are avail-
:ble for external use. but memory mapping may provide an
:iternative.

vn extremelv elementary but important limitation is that the
:xXternal connections of the computer need to be made avail-
ible to all the add-on devices. Some professionally made
1evices use the system illustrated in Fig. 13, which allows one
1evice to be plugged into another. This is quite a satisfactary
:cheme. providing the individual units are coupled by spacers
:na through-bolts, so that the connector is not under
niechanical stress.

tnother approach uses a motherboard with sockets to con-
1ect un the individual devices. This has the advantage that an
:xTra power supply can be mounted on the motherboard, but
T Is likelv to be more expensive, due tc the cost of the
:onnectors,

Jne problem with large systems that may not become
ipparent until too late is that the first connector — and the part

=0
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it the circuit board with which it mates — mav be put under
train, ar the actual computer may not be easy to position
:onvemently for use. The obvious answer is to insert a con-
1ection lead between the comoputer and the add-on complex,
yut this needs ta be done properly. If a casual bunch of wiresis
1sed. there may be cross-talk between different lines, and that
:an be a senous problem.

Ine approach which has been found to work well is to use
1obon cable, earthing alternate conductors to form a sort of
:creen. 1wo such cables will probably be needed, one for the
1nper connecuans and the other for the lower.

viare gqenerally, it is only too easy to forget that computer
arcuits work at frequencies well above those which were
‘egaraed as the top radio bands a few years ago. This means
hat the lavout of wiring is important. Excessive neatness
wtained by lashing bunches of wires together is a sure road
o tailure.

x goad recipe is to start with one of the standard Veroboard
avouts, keeping the connections on one side of the board
rarailel as far as possibile. Solder pins can be used to simplify
~viring, though they are not essential.

ince the add-on systems which are to be described are basic
vpes open to considerable variation, it wili not be possible to
1escribe the construction in full detaif, but in most cases the
:drcuit dhagrams have been drawn in such a way that layout is
-uagested. What the diagrams cannot show effectively is the
ieeq to put decoupling capacitors, usually of 0.01 uF, across
he nower feeds to each integrated circuit. These should be
1iear the component they serve.

est add-ons as much as possible before inking them to the
:omputer, using lash-up test rigs, and there will be a lot less
ufficultv in getting the overall system going.

ixternal Store
he first add-on that occurs to mind is external memory, and
he first memorvy component that you think of may be the 2114

]
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wnich may not be important,
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‘K x 4 RAM. mainly because it is cheap and readily available.
Infortunately, it is also rather greedy where power is con-
-erned. Intel auote 50/70 mA, which would scon absorb avail-
:pnle current. A 16K RAM extension. using the internal RAM
:nip to provide 1K, would involve 30 2114s, which would draw
:1 least 1.5 A,

rome of the more recent static RAM chips are much more
noaest in their requirements. The HM-6515 1K X 8 CMOS
+AM draws around 10 mA., and so does its 2K companiaon the
1M-6516. These devices cost more, but are easier to use.

'iq. 14 shows a 16K RAM built up from HM-6516 components.
vddress lines AOQ-A10 go to all eight RAM chips, and so does
he WR line. so these signals are buffered by 74LS241 octal
wuffers, The data lines alse go to all the RAM chips, but the
oads in this case will be light, so no buffering is needed.

Aith +5V and around, that accounts for 22 of the 24 RAM pins.
he remaining pins are chip enabie and output enable, and
hese are driven selectively by a 74LS155 decoder, Two ele-

rients ot a auad NAND gate chip, 74LS00, enable the decoder

vnen A15 = 0 and A14 — 1. to put the RAM array in the 4000 -
FFF address range.

ach RAM needs a decoupling capacitor of 10 nF connected to
bv and ground close to the chip.

his is one possible configuration of external RAM among
Tianv, but it should provide a useful guide to the form of other
irrangements. If Al1b and A14 are exchanged, the RAM will
espond to addresses in the 8000-BFFF range, and if the in-
rarter in the A15 line is removed the address range will be
:000-FFFF.

~onsider the circuit for a mement: Using 2K x 8 RAMSs allows
imnier decoding. With 1K RAMS, a 74LS 154 16-way decoder
vould have been needed. (Fig. 15) In this case, the internal 1K
‘AM could have been used, its select line being connected to
ine output of the 74L5154. With 2k RAMS in use, the internal
{AM must be nermanently disabled.

6



-etting up a good external memory is thus a matter of com-
wromise and balance. A more expensive type of RAM chip
Tav save cost elsewhere, and is likely to simplify the wiring.
“utdown on RAM cost. and there will be a penalty elsewhere.

~he use of dynamic RAM is not viewed with enthusiasm.
vcoording to the circuit diagram, RFSH can be used in its
niended role. but there must be a question mark over that.
Wwnamic RAM also involves address switching to place AO-
v6 and A7-A13 on the seven address pins in turn, and though
his minimises the task of address decoding it is a complicated
:Iternative. If vou want to experiment in this area — Good
uck!

~he provision of external ROM is very little different from the
wrovision of RAM. The RD signal replaces WR, but the rest is
:ssentially the same.,

y point worth making, however, is that with RAM it is permis-
-Inle to scramble the address lines or the data lines, since no
ne cares exactlv which of the internal storage elements is
1sea for a particular purpose. This is not permissible with
i{OM. which has to be set up on the assumption that the
:adress lines are correct. This is a question of compatibility
etween the eauipment which creates the ROM and the
aquipment which uses it.

t should also be remembered that if ROM is placed in the
niddle of a RAM area. the initialisation program will ignore
he existence of the higher block of RAM, even if an attempt is
naae to bring it into action by modifying RAMTOP.

he best place for ROM is in the 2000-3FFF area, and since the
resence or ROM usually implies the need for associated
1AM. a small block of RAM may be placed in the same area.

v last word on memorv: Don't be too eager to fill up all the
:valiable memory space at once. You may later find that there
s a need to use it for some other purpose, and —to be frank —
he idea of keving in programs long enough to use 48k of RAM
ioes not appeal. The challenge of squeezing as much as

-7



sossible into 1K seems far more attractive . . .

1 Simple Input Port

vn unwise lecturer on a computer course once tried to dismiss

nput/output systems by saying casually that they were really
_ust the same as memory systems. He later had cause to regret

hat remark.

n a sense, what he said contained an element of truth. From
he processor point of view, the only difference between
Tiemorv and input/output accesses is that for one MREQ is
nade low, while for the other the signal is IORQ. An input port
:nould come into action when it recognises its address, put
T In combination with [ORQ = 0 and RD — 0. It should
espona by placing data on the appropriate lines, probably by
:nabling tristate outputs.

hat said, there is room for variation. The port may be of
rarious Kinds. It may contain a clocked latch buffer, or a trans-
ararent buffer, or — less probably — it may pass on an instan-
aneous picture of what it is receiving on its input lines. The
:locked latch enables data to be frozen at a moment deter-
Tuned by a timing system. The transparent latch can freeze
1ata at the moment when the port is read, so avoiding change
1uring the read process, which may cause trouble if the third
ptton is used, the chance snapshot.

Jow. suppose that data is presented to the port: How does the
:ompuier know when to read it? Once again, there can be a
wumper of possible answers. The computer may take a read-
ng at regular intervals, relying on its own internal timing
vstem to decide the right moment. The computer may per-
orm an output as a request for an input to be got ready. In
:2imost anv computer but the ZX81, the input channel could
aise an inferrupt to request the computer to read its data, but
nterrupt is barred in this case.

his leaves us with the 'polling” system, which relies on the
“1andshake’.

*olling means that the computer makes a periodic check of its

-8
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nout channels to see if any of them have data available.
nstead of looking at the actual input ports, it will look at an
1Xira input port which is driven by bistables, one bistable to
:ach real input port. When data is sent to a port it is strobed
nto a latch, and the strobe aiso sets the associated bistabie.
his makes the extra port show a 1 in the bit position corre-
:nonaing to the real input port which has been set. The com-
yuter checks the extra port now and then, and when abitis set
he data on the corresponding port is read in. This aiso resets
he bistable.

~ o avoid losina data, the state of the bistabie is signailed back

0 the data source. which is prevented from sending more
1ata until the bistable is cleared. This is the "handshake’, an
:ssenual process in controlling computer data paths that
iandle onilv one byte at a time.

vthough the system described could serve up to eight input
yoris, it is equally applicable with only one. The ultimate
aimpiification 1s to limit the data to seven bits and use the
1ghth bit to show the state of the bistable. The data read is
riscarded if the eighth bit is not true. This method is con-
renient with 7-bit ASCIl data, and is a basis forone form of the
~entronics’ interface.

he input port will thus, in general terms, take the form shown

n rig 11. This shows the actual port component as a plain
ilock. which could be a latch, transparent latch, or simple
wffer, but which must have a tristate output. The output goes
o the data lines, and the output enable is conditional on the
:orrect address. IORQ = 0, RD = 0. The extra port is assumed
o be on an associated address. created by reversing one
:adress hit, so that decoding arrangements can be kept
:mple.

~his is a theme on which many tunes can be improvised. The
nain limitation is the shortage of permissible addresses,
:aused bv the simple ZX81 input/output address decoding,
it up to seven input ports and a ‘"handshake’ port could be set
1D,

Q0
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vs the ZX81 BASIC has nc IN or OUT commands, these have
o be aenerated by machine code, and simple routines will be
wfered for this purpose after output ports have been
iiscussed.

t should be remembered. however, that input ports can be
nemorv mapped’, MREQ replacing I0RQ, and this allows
'EEK to be used as aconvenient means ot access from BASIC.

1 Simple Output Port

he svstem arrangement for an output port is very similar to
hat for an input port, but there are some tundamental
1ifferences.

irstly, an output port must always latch its data, because the
;omputer only makes the data available briefly. Secondly, the
“Yandshake’ port remains an input port, but the control of the
sistable is changed. It is now set when the computer performs
in output action, and cleared when the external device reads
he data. While the bistable is set, the computer is required to
eTrain from executing an output to that port, and the external
1evice is reauired to take the data as soon as possible.

ig. 17 shows the output port configuration, which should
weed no comment.

Ince again, the lack of an QUT comand means that machine
anquage is required to access the port, or it can be memory-
napped to allow access by POKE.

t should be appreciated that the power which can be supplied
v an output port latch is very small, and if any heavy duty
:ontrol work is required there must be some power
implification,

wnother point that may not be obvious is that the setting of the
3011 takes place so quickly that lines which are taken to the
:ame state as before are barely disturbed, which allows indi-
s1dual bits to be changed independently.
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vlachine Code for Innut/Output

he simplest way to set up machine code cn a ZX81 is to hide
tinside a REM statement. For this. an elementary loader in
JASIC is convenient:

- REM XOOOOOCOOOCER XX XXX XXX
‘0 FOR X = 16514 TO 16534
‘0 SCROLL
20 PRINT X,

10 INPUTY
:0 PRINTY
i0 POKE X, Y
0 NEXTX

his allows for the insertion of 20 bytes of machine code. The

wumber of bvtes can be varied by altering the length of the
iEM statement and the second parameter in line 10. For n
wites of code, there should be n characters following REM,
:na the second parameter should be 16514 + n,

AMhen the machine code has been entered, lines 10-70 may be
ieleted and the remainder of the warking program may be
;:aded.

\n alternative method of entering machine code is given in
wopendix A, The method given here has the advantage that
he cade is loaded as part of the BASIC program,

ar an input command, the code is simple:

6514 219 XXX DB XX IN A {XX)
Bols 72 4F LD CA
Eel17 6 06 00 LD B.0
6519 201 C9 RET

he statement let Y = USR 16514 will set the input data in
«anaple Y. XXX is the input port address. It is read into A,
wnich iscopiedin C, B =0, and then Y = BC.

Ln output command is slightly less straightforward.

_13



6520 62 0 3E 00 LD A0
6622 211 XXX D3XX OUT (XX),A
6524 201 £ RET

n this case. the output data is set by POKE 16521,n, which
thanges LD A0 to LD A,n. USR 16520 will then perform the
utput.

he input address can be changed by a POKE into 16515, and
he output address can be changed by a POKE into 16523, so
hese routines are auite flexible, though a little clumsy to use.

he only rule to remember in the use of a REM to hide
nachine code is that a HALT instruction (76H) will terminate
he REM prematurely, as it will produce NEWLINE code, the
YASIC line terminataor.

inally, a simple handshake routine may be useful, though it
-ouid be constructed out of the two routines already given,
nus some BASIC logic.

6525 219 XXY DB XY In A XY Extraport
6527 40 252 2BFC JRZ 2

6529 219 XXX DB XY InAXX Inputport
6631 6 O 06 00 LD B,0

hod3 78 4F LD C,A

6534 201 £9 RET

ET Z = USR 16525 will set Z from the input port data, but the
outune will loop if port XY shows a zero state. The routine
‘ocks up’ if port XY remains stubbornly at zero, but that is the
rature of a handshake svstem. You have to arrange for the
ncoming aata to warn the computer when the data stream is
:omplete, by putting up a special code or sequence of codes.

nough material has been given for some useful work an
nput and output ports, and it is time to turn to the more
:ompiex varieties.

~pecial Input/Output Ports
viost microprocessor manufacturers  produce  special
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:upport chips' for use with their processors, and Zilog are no
sxcepuon. Among the devices they provide, the Z80 PIQ is
~orth examination here. (Fig. 18).

he unit is a Parallel Input/Output device, providing two ports
vnich can be used in a number of modes. With the address
-onnecuons shown. the system uses four addresses;

'F Port Adata
‘F Port Acommand
:F Port B data
F Port Bcommand

T either portis given the command word 00XX1111, itis setin
wiput mode. As data is set in the port by an output, its RDY
ine qoes high, showing data available. The external device
espondas by making STB low.

feither portis given the command word 01XX1111, itis set in
nout mode. The RDY line is initially high, and goes low when
STB strobes data into the port. RDY goes high when the data is
nout to the computer.

f port A, but not port B, is given the command word
“0XX1111, it is set in bidirectional mode. Both sets of hand-
:nake lines are used, those proper to port A for output and
hose belonaing to port B for input. Input and cutput data can
:0-exist within the PIO.

f either portis given the command word 11XX1111, a second
:onrol word 1s required. Where this contains a low bit, the
:orresnonaing bit of the port becomes an output: Where the
:ontrol word contains a 1. the corresponding bit of the pont
secomes an input. An IN instruction will read ali lines, but an
WUT instruction onlv affects output lines.

here is a slight shag to all this. The normal use of the PIO
iepends on interrupt, which signals that a port is ready for
wiput or has data to be input. The actual meaning of the
nierrupt 1s indicated by the supply of a particular interrupt
sector. None of this can be used by the ZX81.
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Nevertheless. the ports can be useful in themseives, and the
ack of interrupt facilities does not rule them out completely.

vn alternative is the 8255 PPI. (Fig. 19) This is a very similar
:nip, but it provides three ports, the addresses used being:

‘F PortA
“F FoitB
F PaortC
F Control.

he control word has the form 100XX0XX. Bit O controls the
ower half of Port C, bit 1 controls Port B, bit 3 controls the
inper nalf of Port C, and bit 4 controls Port A. In each case a 1
:erects input and a 0 selects output.

v sensible arrangement would make Port A output, Port B
nnut, and Port C half-and-half. Port C could then be used for
:ensing handshake lines and setting and clearing bistables.

he main purpose of this short visit to the more complex side
)T input/output technigues was to provide a warning: Almost
:very application in this area has slightly special require-
nents. and these multi-function chips may not quite match
wvnat is wanted. The most important lesson to learn about
naking up microcomputer equipment is that the hardware
hat is readily available must not be allowed to determine the
iesign. The hardware must do the job that is needed, even if
hat makes desian more difficult and shopping round for the
Jits even worse.

Jriving a Standard Printer

he ZX81 uses its own special character code, and its printer
intving routines are tailored to work with the special Sinclair
arinter, which has to be spoon-fed with data, one bit at atime,
ind it is therefore rather difficult to connect a standard ASCII
arinter, but the difficulty can be overcome. The method de-
:crined here can be adapted and expanded in a number of
~vavs, put it has its attractions.

-ust to make the problem a little more difficult, it was decided
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hat the LLIST. LPRINT, and COPY routines should still be
:Tfective. and that meant that the entries to the original printer
cuune at 0851 — 08F4 must be maintained. The entry points
ire;

1851: Entrv to the routine loading the print buffer, The
dnclair orinter needs the buffer, because there
nust be no hesitation in the steadv output of data
wts. but a standard printer ig less particular, so this
outine can output the data directly,

1869: This is the entrv used by COPY. It prints 22 lines of
ext. using the Display File as a source,

1871: This entrv sets up conditions for printing one line of
ext trom the printer buffer.

here is one other point to note, and that is an entry from 0620
it OBE2, which means that the last part of the print routine,
:oncerned with buffer clearance. must be retained. Putting
he necessary routines in the rermaining area is & rather tight
:queeze.

irst. there is the question of how these routines areto replace
he original rautines in ROM. An external ROM is needed, and
his must be brought intc action for addresses of the form
18X X. Decoding eight bits could be rather complex, so a pair
T comparator chips are used (see Fig 20). These will produce
in outnut signal when the top eight address bits show the 08H
1ate. and the signal can be applied to the main ROM enable
ROMCS’) to put the ROM out of action, and will alsc serve to
icuvate the external ROM.

.ince it might appear inconvenient to set up a ROM with only
'B6 locaticns, it should be said that the ROM could also be
arought into action for addresses in the 2000-2800 range, so
hat other parts of its contents could be used for other
wurposes. If this is done, the ROM ghost in that area must be
:uppressed,

he contents of the original ROM in the 0800-0850 and 08E2-
)8FF areas must be reproduced in the external ROM, and the
evised printer driver must be entered into the intervening
ocations.

0



he first section of the program is straightforward, but the
iext routine has to loop back on itself to maintain the normal

NIFV points.
'RINT 0851

1854

1 0855
1857
1859
18HA
185C

2 085D
18HE
1860
1862

1863
3 0864
1867

OPY 0869
1868

4 OB6E
186F

INE 0871
1873
1876

sECODE 0878
187 A
870
87E
¥880

1882
1884
1886
1888
1889
1888
83D
188F

CD 7808 CALL RECODE :Subroutine to get

WSCI

:Save A during ready
:neck.

;Check ready

;loop if not ready
;Restore data
;Output data

:Get hyte
;NEWLINE ?

;If so, decrement D,
;nd

returnifD =0
:Loop

;3et up for 22 lines,

HL.{400C]) ; Pick up Display File

ainter,

:Get and print a byte.
:Setup for one line

HL.403C :Point ta Print Buffer

F5 PUSH AF
DBFE IN  A(FB)
28FC  JR  Z.L1T
F1 POP  AF
D3FB  OUT (FB)A
C9 RET

7E LD A(HL}
FE76 CP  76H
2002 JR  NZL3
15 DEC D

C8 RET Z
CD5108 CALL PRINT
1806 JR L4
1616 LD  D.16H
2AOC 40 LD

23 INC  HL
18EC  JR L2
1601 LD D
213C40 LD

18E5 JR L2
FEOB CP  OBH
3850 JR  CL7
0625 LD  B,25H
DEOE SUB OEH
385B JR  C.L6
063A LD  B,3AH
2856 JR  ZL5
063F LD  B3FH
3D DEC A
2850 JR  ZL5
062A LD  B,24H
D603  SUB 3
384C  JR  C.L6

;00-0A = space

;A=Code — OF
0B-0Q0D:+25—-0E=
1/H

OE = 3A
A=Code — OF
;OF = 3F
;A=Code — 12

10-11: +2A-12=
18H




1891
1893
1895
1397
1899

1898
189D
189F
18A1
18A2
18A4
1BAG
18A7
1I8A9
18AB
1BAC
1IBAE
18B0
}18B1
1883
18B5
18B6
18B8
18BA
18BB
18BD
18BF
18C1

183
18CH
18C7

18C9
18C8B
18CD
18CF
18D
18D3
18D5
W8D7

&7 809
) 08DB
18DC

06 3C
28 36
06 3E
0603
3898

06 2B
28 3C
062D
3D

28 37
6 2A
3D

28 32
06 2F
3D

28 2D
06 3B
3D

28 28
06 2C
3D

28 23
06 2E
30

28 1E
06_3A
D6 OB
38 1A

06 5B
D6 1A
3814

06 OD
FE 36
280C
6 66
3806
0678
D6 1A
3804

06 20
78
b

LD
JR
EE)
SUB
JR

LD
JR
LD
DEC
IR
LD
DEG
JR
LD
DEC
JR
LD
DEC
JR
LD
DEC
JR
LD
DEC
JR
LD
SUB
JR

e
SUB
JR

e
CP
JR
SUB
JR
LD
SUB
JR

LD
LD
RET

B,3CH
Z1h
B,3EH

C.L6

B.2BH
Z.L5
B,2D

ZL5
B,2AH

T B
B.2FH

ZA5
B,3BH

215
B,2CH

ZL5
B,2EH

Zl5
B.3AH
OB
C.L6

B,5BH
1A
C.L&

B.ODH
36

P i
66
CL?
B,7BH
1A
C.L6

B.20H
AB

:12=3C
A=Code—15
;13-14:
AE—15=+29H
1o =27B
-A=Code—16
b =212
:A=Code — 17
=00
;A=Code — 18
= =2
A=Code — 19
;19 =3B
;A=Code — 1A
1A = 20
A=Code— 1B
=B = 2E
A=Code — 26

;1C~25: + 3A—26=
14H

A=Code — 40
:26—3F: +5B—-40=
1BH

;767

;76 = 0D
:A=Code — A6
;40— AL = space

:A=Code - CO
AB—BF: +7B-CO=
BBH



6 08D0 B8O ADD AB
1I8DE €9 RET

f the translations in RECODE are traced through, it will be
ound that codes OB-3F are renroduced as they are shown in
he ZX81 disblay, while the reverse video alphabetic codes
v6-BF are printed as lower case letters. All other codes pro-
iuce a space. As with the normal display, token codes are
ranslated to text before output.

here is no provision for BREAK, or for running in FAST mode,
e to the restricted memory area available. Since the
iumper of bvtes to be handled is only one eighth of the
iumper readired by the Sinclair printer, the lack of FAST
noae should not be important, and the lack of BREAK should
Ny prove a temporary annoyance. Those who wish to add
he missing features must move RECODE to another address
:rea. 1he routine is freely relocatable.

viinor chanaes may be needed for some printers. For
:xampie, an active low READY signal requires that the jump at
1857 must be changed from JR Z to JRNZ.

.0 much for the software. What hardware is needed? Apart
rom the ROM, which will require the sort of circuit described
:1Isewhere in this book. an output port is needed to drive the
wrinter, and an input port to check the READY line. The 8255
'Pl in the last section might be used, but simple ports would
1e quite sufficient.

he essential connections for a printer with the ‘Centronics’
vpe of interface are;

| he data lines from the output port

| he data strobe from the output port
I he READY line to the input port
Ground

details of the connection pins involved will be supplied with
he printer. Unused pins of the input port should be grounded
o avoid random or high states in the related bits.




HALHAANOT IODOIYNS-O LY LI — L7 9o

M a o ca wa LT
| v
it
L T B T b Nl ]
‘GOS™ s o0
Ha37 1 T ] [ 41 Hel e "W H
LA b=

s

L



his complex project needs to be undertaken with care, but
:nould not brove impossibly gifficult.

inalogue OQutput

Jigital outputs can be used in a number of different ways,
rom data transfer to the control of power circuits, but con-
‘ersion from digital to analogue form opens up a further
ange or options.

‘he basic digital-to-analogue converter is shown in Fig. 21,
elative resistor values being used because the actual values
:nould be chosen to suit particular requirements, If K is small,
he outout voltage across the series resistor is a maximurm,
sut the relationship between the digital input and the output
‘0ltage is nan-linear. If K is large, the linearity is much better,
wut the output voltage is small. A typical value of K is 10-20.

hose who wish to examine this further cando so bv using the
yrogram  D/A" in Appendix A. This uses a FOR loop to
:alculate:

= Xo + Xgl2 + Xg/4 + eeeee + Xo/ 128

~vnere x., 1s bit n of the digital input. {= X]

henV =6 (Y/(K +Y)

1ives the output voltage across the series resistor, and
// X shows the ratio of outout voltage to digital input.

he hardware reauired is simple, though it is sometimes in-

:onvenient that the output is developed across a resistor
Ttached to +6V. ratherthan to earth. If you need to disable the
sutput, replace the open-collector buffers by open-collector
ND gates.

nitial experiments may well consist of comparing the read-
‘nas on a meter placed across the series resistor with digital
wutput bytes, but for maximum effect the system needs to be
ed with a string of output bytes to produce a varying voltage,
wvnich can be displayed on an oscilloscope or fed to a sound
-vstem,

f vou have enough store space, set up a sine-wave table as an

5



ifrav, SO That you can create a stream of outputs from the
able. This will produce a rounded tone, the pitch depending
in the speed with which the table is scanned. To get the
igher notes, you will prabably need to use machine code,
SASIC being too siow.

hen set up a second scanning program running through the
able at a different speed. Add the two outputs, and feed them
o the analogue output channel. Two notes are produced.

xpanding on this, it is possible to produce quite complex
nusicai sounds. A fully detailed explanation would be out of
alace here, because computer music can be a major study in
s own right, but a little experimentation can work wonders,

lemember to use FAST mode when generating waveforms,
is the stop-go action in SLOW mode will make the output
ream irregular.

f music fails to appeal, the use of analogue output to control
:ervo sysiems can be interesting. The principle is that the
aosition of the driven member of the servo is indicated by a
r0ltaqe, perhaps generated by a patentiometer. This voltage
s compared with the analogue output voltage, and the dif-
erence between the two voltages is ampiified and used to
irive a motor which will move the driven member in such a
~vayv that the voltage difference is reduced. When the two
rortages match, the motor stops. You can therefore send out
nstructions from the computer to tell the system what posi-
ion the driven member shouid take up. A particular applica-
Ion is 10 a model grab crane, which can be made to pick up
wojects with remarkable precision.

his guick look at the possibilities of analogue output has
recessariiy been brief: A whole book could be devoted to the
:unject.

inalogue Input
wnalogue input requires the conversion ot analogue data to
iigital form, which is more difficult than the reverse process.
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f the speed of response required is not high, then a system of
he form shown in Fia. 22 will serve. An up-down counter,
1siIng a pair of 74L5191s, is coupled to a simple digital-to-
inatogue converter of the type already described. The ana-
‘ogue output is compared with the incoming voltage, and if
he incoming veltage is higher the counter is counted up, if the
‘ncoming voitage is lower the counter is counted down.

“he counter output is passed to an input port, which must be
iT the tatching type, and must be set during the interval be-
ween two counter clocks. to ensure that there are no timing
wroblems. Even then, there is a risk that the port may be set to
i hew value as it is being read, so the setting action must be
slocked during an input read.

-or faster response, a successive approximation system is
1eeaed. This generates a series of sample voltages, the first
:qual to half the working range, the rest equal to half the
roitage that precedes them. If the resulting total voltage is
ower than the input voltage, the latest sample is retained,
stherwise it 1s discarded. The digital output contains a 1 for
'ach sample retained, a 0 for each sample discarded,

“he problem here is that the system depends on the input
‘attage remaining constant while the comparison is being
naae. Unlike the counter method. it is not possible to follow
:nanges in input voltages continuously, It is therefore neces-
:arv 1 use a ‘'sampie and hold’ circuit, which samples the
nput voltage at a given moment, and holds that voltage
:onslant at the comparator input during the comparison. The
:ampte and hald action can be initiated by a special input
:ommand preceding that which reads the digital output.
‘here must be enough time between the two inputs for the
:onversion to take place,

~he mare complex forms of analogue input system are best
rased on purchased modules, as the techniques of laser-
ching resistors to correct values, essential for maximum
iccuracy, are only available to specialists in the field,

NMhere samniles need only be taken fairly slowly, a single

8
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nalogue input system can be made to serve a number of
roitage sources by the use of multiplexing. The sources are
:elected in turn bv a digital output which switches in the
ampie and hold for that source, setting up the sample at the
:ame ume. A reading is taken, and the next source is then
ejected.

)ne of the biggest problems in both analogue input and
inalogue output is the scaling of the digital/analogue rela-
1onship. With an 8-bit system, this becomes especially impor-
ant. because such a system can only have a resolution of one
wiart in 256, and if that resolution is not fully used there will be
: 1085 of accuracy. Values should be chosen so that the input
r01tage range runs close to the maximum for the system.
Jnce a digital word has been read into the computer, it can be
1andled more freelv, using multipliers to give it a representa-
Ive range.

vs with all boundaries between slightly different technolo-
1es, analogue work in association with a computer can pro-
1uce many headaches of this sort. In general, the rule to
ollow is simple: Forget about precise numbers, and the
rormai systems of units. Just make sure that a maximum
inalogue level corresponds to a digital value of a little less
han FFH. and worry about the scaling afterwards.

3 Svecial Peripheral

he AY-3-8910 Programmable Sound Generator is a very
rersatlle component, though its use is slightly hampered by
he fact that it was desianed for use with a processor having
:ommon aadress and data lines, Sixteen reqisters are pro-
riaed. each with its own address. Fourteen determine the
:ouna output and the other two form input/output ports.

t might be possible to multiplex the Z80 data and address

Ines together, but a lot of logic would be needed and there
nignt be timing problems. The solution adopted here (Fig 23)

s 10 supply the address and data on two output ports, with an
puonai input port if the full facilties of the PSG are required.
his makes control more complex but simplifies the logic.
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~ he 8910 has four workina modes, determined by the state of
nouts BDIR and BC1;

iDIR BC1
)| 0 Inactive
) 1 Read from PSG
' 0 Write to PSG
1 Latch Address.

iDIR is connected to RD, and BC1 is connected to Ab. An input
n an aadress of the form XX 1 XXXXX will read from the PSG,
in outobut on the same address will latch the PSG address, and
in output on XX0XXXX X will pass data to the PSG.

~he working addresses are further defined by connecting A7
o pin 24, a chip enable in the active low sense, so A7 in the
;adress must be low. AB is connected to pin 25, which is an
ictive high chip enable, so A6 in the address must be high.
iemembering that bits AD-A2 must be high to avoid calling
' X81 internal functions. the required addresses hecome
11011111 (5FH) and 01111111 (7FH]}, the latter being used for
eading from the PSG and latching addresses.

‘ettingup atone on Channel A requires that register O and the
ower half of reqgister 1 be set to form a 12-bit word represent-
na the 8910 clock frequency divided by sixteen times the
eauired tone frequency. The clock is half the frequency of the
X81 clock.i.e. 1.625 MHz, so to produce a note A = 440Hz the
~vora must be 231. ar OE7H. The transfers required are;

D A0
WT (7FLA  Latch address O
D A E7
WT  (BF),A  Setdata E7H in Register 0
D A1
WT  (7F),A  Latch address 1
D A0

JUT  (BF), A Setzeroinregister

vsimilar process with registers 2 and 3will setchannel Btone,
~vnile reqgisters 4 and 5 serve channel C.

1
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he reauired channels must now be selectad by setting regis-
er /. placing high bits in positions 0,1 and 2 for channels A,B
ina C. A high bit in positions 3,45 will enable the noise
:nannels. the pitch of which is set by register 6. (Bits 6 and 7 of
‘eqisier 7 controt the input/output ports, 0 selecting input and
" selecting output).

he amplitude of the output on the three sound channels is set
Jv registers 8 — 10. The four lowest bits of each register set
:teadv amplitude, but if bit 4 =1 the envelape control takes
wer. 1he envelope period is determined by registers 12 and
"3 as a 16-bit word. and the type of envelope is determined by
‘eqister 13.

he ports are registers 14 and 15.

his short qutline does scant iustice to a versatile device, but
wrovides an illustration of the approach to interfacing special
sernipherals. In the final analysis, the hardware is relatively
‘1mpie in relation to the software needed . .

1 Control System
~ o complete this study of ZX81 add-ons, it seems appropriate
o outline a fairlv complex control system, the methods used
reing applicable to other types of system.

he physical system to be controlled 1s a model railroad
:nown in Fig. 24, Though apparently simple, it is in fact a
s1assic configuration, and its five turnouts allow no less than
hirtv-two route combinations to be established. With two
rains. the seven track segments allow up to forty-two situ-
stions to be created. Fortunatelv, control can be on a relatively
:impie basis.

t will be stipulated that a train on section C can only proceed
owards E. a train on section D can only proceed towards B. It
~1il be assumed that a train will alwavs want to proceed to the
1ext section it can enter.

he control nrogram must be a continucus loop, so that it is
:onunually checking the situation and making decisions
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;bout permissible moves. First, it needs to know where the
rains are, and it will store that information in seven single-
etter variables, e.gq. E =1 means a train on segment E moving
:slockwise, E = —1 means a train on segment E moving the
ther wav, and E = 0 means that the segment is uncccupied.

wo-letter vanables indicate the status of routes. AB = —1
neans that the route from A to B is barred, AB = 0 means that
11s permitted, AB = 1 means that it has been allocated.

he program must then analyse the situation and adjust the

rariables accordingly. This process needs to reflect simple
ogical thought. For example, if a train is at A, waiting to
1iepart, 1t can only move when AB = 1, and this allocation
Nust set the turnout giving the train access to section B.

he routine might be;

000 IFAB =1ANDA =1TTHENGOCTQO 1040

010 LETAB=0

020 IFB<>00ORDB= ORFB=10RGB=1THEN LET
\B = —1

‘030 IFA=1ANDAB=0THENLETAB =1

ine 1000 ensures that route AB remains unaltered while the
rain using it has not cleared section A,

ine 1010 makes route AB permissible on a tentative basis.

ine 1020 reverses that if B 1s occupied or a route into B 18
iiready established.

ine 1030 allocates route AB if it is permissible and there is a
ran In A heading towards B.

his madule is repeated far all the other routes. In a control

wvstem, the route check would be followed by a section
:ething up the turnouts and applying power in accordance
~i1th the authorised routes.

iowever, there is no need to have an actual layout running to
:neck the performance of the program, and the version given
1ere shows how that is done. It produces a mimic diagram

4



:howing the position of two trains as they move round the
racks. Even if a full control svstem was planned, the mimic
ilagram would give the owner of the precious rolling stock
veicome confidence that there would be no damage in seri-

1S use.

f a third train is added. the system can come to a stalemate,
~th all the trains approaching, say, the A/B/G turnout at the
:-ame moment. You mav care to work out how this might be

wvolded . .




RAINS

00
05
10
210
"30
40
60
B0
70
80
90
00
10
20
30
40
"6
60
70
80
80
200
10
28
il
40
.50
60
S E0)
80
290
100
10
|20
130
140
150
160
70
|80
190

DIM A (100,2) The long intialisation is
LETFLAG =1 necessary because so many
PRINT AT 12.13; “TRAINS variables are used. The
GOSUB 2000 letters A — G indicate the
ClLS track sections, The two
LET AB—0O letter variables indicate
LET BA—0 routes.

LET BC=0

LET BF =0

LETBG=0

LET CE=0

LET DB=0 X and Y give the screen
LET ED=0 co-ordinates for the two
tET EF=0 trains, subscripts 1 and
tET EG=0 2 being used, with no
LET FB=0 subscripts for the common
LET FE=0 variables used by sub 6000.
LET GB=0

LET GE=0

LET A=1

LET B=0

LET C=1 The P variables similarly
LET D=0 give the position pointers
LET E=8 used to read X and y from
tET F=0 the array Af).

LET G=0

GOSUB 1000

LET X1=C FLAG is setto 1 only when
LET X2=0 the situation changes, so
LETY1=0 that routes are updated
LET ¥Y2=0 only when necessary.
LETP1=1

LET P2=44

IF FLAG=1THEN GOSUB 3000

IF FLAG =1 THEN GOSUB 5000 The main execution loop
LET PA = P1 of the program consists
LET X=X1 of lines 420tc 600.

LET ¥=Y1

LET A% —11"

GOSUB 6000

LET P1=PA



200 LET X1=X
.20 LET PA=P2
230 LET X=X2
50 LET A$="2"
360 GOSUB 6000
;70 LETP2=PA
:80 LET X2=X
:90 LETY2=Y
00 GOTO 420

000 FORN=0TO30

010 LET ANG=PI*N/30
020 PLOT12—-10*SIN ANG,24-10*C0S ANG
030 PLOT 37+10*SIN ANG,24+10*C0OS ANG

‘040 IFN = 15 THEN PLOT 37+10*SIN ANG, 14+ 10*COS ANG
‘050 NEXTN

‘060 FORN=1T0OZ27 This subroutine plots the
070 PLOTN+104 track layout on the screen.
080 PLOTN+10,14

‘090 PLOTN+10,34

100 NEXTN

110 FOBRN=1TO18

120 PLOT 18—-N, 15+N

"130 NEXTN

140 FOBN=0TO7

1680 PLOT47.N+14

160 NEXTN

170 PLOT 12,35

180 PLOT 13,36

190 FORN = 141029

200 PLOT N,37

210 NEXTN

220 PLOT 30,36

230 PLOT 31,35

240 PRINTAT 18.15;"A”

260  PRINT AT8.22;"B”

260 PRINTAT6.10;"
270  PRINTAT 1.10;”
280 PRINT AT 10.2;"

mgow



290
300
=310

000
010
020
030
040
050
060
070
080
090
100
D)
120
130
140
“150
“160
170
180
190
200
210
a2
230
240
"250
260
270
280
290
300
‘310
320
330
"340
350
"360
370
380

PRINT AT 8,13;"F"
PRINT AT 13,15;"G"
RETURN

FORN—-1TO 15

LET AN, 1}=21

LET AiN.2}=N+86
NEXTN

FORN =1T0O3

LET AIN+15,11=21—N
LET AiIN+15,2)=21+N
NEXTN
FORN=1T012

LET AIN+18,1}—18—N
LET AiIN+18,2)=24
NEXTN

FORN= 11413

LET AIN+30,1}=6—N
LET A(N30,21=24—N
NEXTN
FORN-1TO3

LET A(N+33,11=3
LET A(N+33,2)=21-N
NEXTN

FOR N = 1T0 12

LET A(N+36,11=5
LET A(N+36,2)=17—N
NEXT N

FORN =1T0Q10

LET AIN+48,1}=2
LET A(N+48,2})=16—N
NEXTN
FORN=1TO3

LET AIN+58,11=3
LET A(N+58,2)=6-N
NEXTN
FORN=1T7T03

LET AIN+861,13=3+N
LET AIN+61.2})=3—N
NEXTN
FORN=17T06

LET AiIN+64,1)=6+N
LET A{N+64,2)=0

This subroutine sets up an
array defining the positions
at which the train numbers
appear beside the track.



390
400
410
420
430
440
450
‘460
‘470
480
430
500
‘510
20
530
540
550
560
570
580

his is the route check logic routine
IFAB- 1 AND A-=1 THEN GOTO 3040

000
2010
020
{030
1040
1050
1060
070
080
20940
2100
2110
2120
2130
2140
150
2160
2170
180
190

NEXTN
FORN=1T03

LET AIN+70,1)=12+N
LET AIN t 70,2)=N
NEXTN

FOB M =170 4

LET AIN+73,1)=15
LET AIN+73,2)=3+N
NEXT N

FORN =1T0O89

LET A{N+77,1)=14-N
LET AN+ 772.2)=10t N
NEXTN

LETN=1T0 13

LET AIN+86,11=15
LET A{N-+86,2}=8+N
NEXT N

LET A{100,1})=14

LET A{100,2)=22
RETURN

LETAB=0

IFB <> 0OORDB=10RFB=10R GB=1THEN LET AB-
IF AB--0and A= 1 THEN LET AB=1
IF BA=1and B= -1 THEN GOT 3030

LET BA=0

IFA <> O0OTHENLET BA = 1

IFRND > .5 AND G=0ANDEG <> 1 THEN GOTO 3030
IFBA=0ANDB = —1THENLET BA = 1

IFBC=1AND B=1THEN GOTO 3140

LET BC=0

IFC-~10RBF-1THENLET BC=—1

IFRND > .5ANDF=0ANDEF<) 1 THEN GOTO 3140
IF BC=0 AND B=1 THEN LET BC=1

IF BF=1 AND B=1THEN GOTO 3180

LET BE=0Q

IFF<{> O0ORBC=10REF=1THEN LET BF=-1
iIF BF-~0AND B=1THEN LET BF=1
IF BG=1 AND B=—1THEN GOTO 3220

EET BiG =t

1



200 FG K?00REG=10RBA=1THENLET BG= -1

210 IFBG-QANDRB—= -1 THENLET BG=1

220 IFCE=1ANDC=1THEN GOTO 3260

230 LETCE=0

240 |[FE <% 0ORFE=10R GE=1THEN LET CE=-1

250 [FCE=0ANDC=1THENLET CE=1

260 [FDB=1ANDD=-1THEN GOTO 3300

2270 LETDB=0

280 IFB<>C0ORAB=10RFB=10RGB=1THENLET DB--1
2290 |IFDB=0ANDD=-1THEN LET DB=1

300 IFED=1ANDE=—1THEN GOTQ 3340

310 LET ED=0

320 |FED A3 O THEN LET ED=~1

330 IFED=0ANDE=—-1THENLET ED=1

-340 IFEF=1and E=1THEN GOTO 3390

360 LETEE=0

360 IFF<> OORBF=10REG=1THENLET EF=-1

370 IFRND > 5ANDG=0ANDBG< > 1 THEN GOTO 3390
:380 |FEF=O0CANDE=1THENLET EF=1

390 IFEG=1ANDE=1THEN GOTO 3430

2400 LETEG=0

410 IF GL> 0OORBG=10REF=1THEN LET EG=—1

420 IFEG=0ANDE=1THENLETEG=1

430 IFFB=1ANDF=1THENGQOTQ 3470

440  LETFB=0

450 [FB <> 0ORAB=10RDB=10R GB=1THENLET FB==—1
460 IFFB=0ANDF=17THEN LET FB=1

470 IFFE=1ANDF=-1THEN GOTO 3510

480 LET FE=0

490 IFE<>00ORCE=10RGE=1THENLET FE=-1

;500 IFFE=0OandF=-1THENLET FE- 1

B10  IFGB=1ANDG=1THEN GOTO 3550

b2¢0 LETGB=0

B30 IFBL> OORAB=10RDB=10RFB=1THEN LET GB=-1
;540 IFGB=0ANDG=1THEN LET GB=1

560 IF GE=1 AND G=-1THEN GQTQ 3590

;560  LET GE=0

570 IFE <7 O00RCE = 1TOR EE=1THEN LET GE~ 1

B8O IFGE- OAND G—= 1 THEN LET GE=1

890  RETURN
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2000
010
020
2030
:040
050
:060
070
:080
090
:100
:110
220
:130
: 140
: 160
: 160
: 170
: 180
:190
200
210
220

000
010
1020
030
040
1050
W60
070
080
A09()
3100
3110
11210
130
140
160
160
170

PRINT AT 26" A=":4;""" This subroutine displays
PRINT AT 1.26;’B=";B:" " the current situation.
FRINTAT 2,26 =" =
PRINT AT 3.26:"D="":D;" "
PRINTATA 26:"E="FE:" *f
PRINTFATS 26 F="F
PRINFATB 26 ="1(3 " *
PRINT AT 8.26;"AB="";AB;" ~
PRINT AT 9.26;"BA="";BA;"“
PRINT AT 10.26;"BC=";BC;" "
PRINFAT 11.260 BF="BF '~
PRINT AT 12.26;"BG=":BG;" *
PRINEAT 13760 CE=""CF "
PRINT AT 14.26;”"DB="";DB;" "
PRINTFAT 1525 ED=":EQ "
PRINF AT 1626 EF="EF.*
PRINT AT 17.26;,"EG=""EG;" "
PRINT AT 18.26;"FB=";FB;"
PRINF AT 19 26: " EE=""EEF:"
PRINT AT 20.26:"GB=":GB:"" "
PRINT AT 21.26;,"GE=",GE;” "
LET EEAG={]

RETURN

IFPA» 26 THEN GOTQ 6110 Train movement
IFPA=1THEN LET A=1 subroutine
IFPA=1THEN LET FLAG=1

IFPA=22 AND A=1 AND AB > 1 THEN GOTO 7500
IFPA <> 25 0R A <> 1 THEN GOTO 6090

LET A=0

LETB=1

LET FLAG=1

GOTO 6320

LET PA=PA+A

GOT0 7500

IFPA >36 THEN GOTO 6340

IFPAL<> 26 ORB <) —1THEN GOTO 210

LET B=0

LET FLAG=1

IFBAS>1 THEN GOTO 6180

LET A=-1

GOTO 6090
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3180
1190
1200
1210
1220
1230
1240
1250
1260
3270
1280
1290
1300

i310

1320
i330
1340
1350
1360
1370
1380
3390
3400
3410
3420
1430
1440
1450
460
470
1480
1490
1500
1510
1520
3530
3540
050

1560

LET G=-1

LET PA=100

GO 1O 7500

IFPA<> 360RB <> 1 THEN GOTO 6300

LET B=0

LET FLAG=1

IF BC <> 1 THEN GOTO 6270

LETC=1

GOTO 6410

LET F=—1

LET PA=86

GOTO 7560

IF PA-=27 ANDB- - 1AND{(BA (> 1ANDBG <> 1) THEN
10TQ 7500

IF PA—34 AND B—1AND (BC <> 1and BF <> 1} THEN
10OTO 7500

LET PA-PA+B

GOTO 7500

IF PA » 48 THEN GOTO 6430

IF PA (> 48 THEN GOTO 6400

LETC=0

LETFIAG =1

LET E=1

GOTO 7500

IF PA=46 AND CE <> 1THEN GOTOQO 7500

LET PA=PA+C

GOTO 7500

IF PA > 58 THEN GOTO 6530

IF PA <> 490R DB <> 1 THEN GOTO 6508

LET D=0

LETB—-1

LET FLAG=1

LETPA=36

GOTO 6320

IF PA=49 AND DB <> 1 THEN GOTQ 7500

LET PA=PA D

GOTO 7500

IFPA > 77 THEN GOTQ 6730

IF PA=61 AND E=—1ANDED<> 1 THEN GOTO 7500

IFPA=74 ANDE=1ANDEF <> 1TANDEG <> 1 THEN
i3 T0O 7500

IFPA <y 590RE {3y 1THEN GQOTO 662¢
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570
3580
590
3600
i610
1620
1630
640
650
1660
670
680
690
7700
W10
/20
730
7440
750
i760
770
i780
790
800
810
820
830
1840
1850
1860
870
880
890
900
910
920
1930
1940
950
960
1970
1980

LETE-O

LET D=-1

LET PA==58

LET FLAG-1

GOT0 7500

IF PA <> 770RE <> 1 THEN GOTO 6710
LET E=0

LET FLAG=1

IF EF <> 1 THEN GOTQ 6680

LET F=1

GOT(O 6880

LET G=t1

LET PA=87

GOTG 7500

LET PA=FPA+E

GCTO /7500

IF PA > 86 THEN GOTO 6900

IF PA=80 AND F=—1AND FE <> 1THEN GOTO 7500
IF PA=84 AND F=TANDFB <> 1 THEN GOTO 7500
IFPA<> 78O0RF <> 1 THEN GOTO 6820
LET F=0

LET E=~1

LET PA=77

LET FLAG=1

GOTO 7500

IFPA <> B6ORF <> 1 THEN GOTO 6880
LET F=0

LET B=—1

LET PA=36

LET FLAG=1

GGT0O 7500

LET PA=PAtF

GOTO 7500

IF PA- 89 AND G- —1AND GE <> 1 THEN GOTO 7500
IFPA -98 AND G- 1 AND GB <> 1 THEN GOTO 7500
IFPA <> 870RG <> —1THEN GOTO 6980
LET G=0

LET E=—-1

LET PA=77

LET FLAG=1

GOT0 7500

IFPA <> 1000r G¢{)> 1THEN GOTO 7040
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8990 LET G=0

000 LETB=1

010 LET PA=26

020 LETFLAG =1
030 GO7T0 7500
040 LET PA=PA+G
BOO  PRINT AT X,Y;" "
510 LET X=AI(PA,1)
520 LET Y=AI(PA2)
530 PRINT AT XY A
540 RETURN

ubroutine 6000 would be replaced in an actual control
jwuation by a routine to set the turnouts as indicated by the
‘outes. and to detect the presence of trains in a given section,
iDplying power as appropriate. The real control routine
~vould. in fact, be somewhat simpler.
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\PPENDIX A
3ASIC PROGRAMS

YUMP (DECIMAL)

his brogram will display store contents in decimal. At RUN,
:n Input of the starting address is invited. Then a block of 22
ocations will be displayed, the address of each location
ollowed bv its contents. CONT will produce the next btock of
"2 locations.

he program will run in TK RAM.

‘0 INPUTA

B LETRB = PEEK A
A PRINT A
10 PRINTB

0 LETA=A+1
350 GOTO 20

JUMP (HEXADECIMAL)

his version works in hexadecimal notation, and the
:onversion routines used will be of value elsewhere. The
‘nital input must be a four-digit hexadecimal number, the
eading zeroes included where necessary.

he program will just run in IK RAM.

‘0 DIM Gi4)

0 LETO =16

0 LETR=28

10 LETL=20

0 INPUT A%

30 FORN=1TO4

0 LETL=L*Q+ CODEAS${N) —R
i0 NEXTN

0 LETB = PEEKL

‘00 LET C = INT(B/Q)
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10 LETD = B — Q*C

20 LETH =L

30 FORN =1T04

40 LETF = INT(H/Q)

‘50 LETGI5—N) =H — O*F
‘60 LETH=F

70 NEXTN

‘80 FORN = 1TO 4

90 PRINT CHR% (G(N)+R);
‘00 NEXT N

10 PRINT " ":CHRS$(C+R);
'20 PRINT CHR${D+R)

‘30 LETL=1L + 1

‘40 GOTO 80

6K DUMP (HEXADECIMAL)

his is a more complex dump for 16K store. [twill runin 1K, but
uns out ot memorv half way down the screen.

0 DIM G(4)

‘0 LETQ =16

0 LETR =28

& LETL=20

{0 INPUT A$
i0 FORN=1T04

0 LETL=L*Q + CODEA%$(N) — R

30 NEXTN

00 LETH =L

10 FORN =1TOQ4

20 LET F = INTI{H/Q)

30 LETGI5—N)=H - O*F
40 LETH=F

50 NEXTN

60 FORN =1TO4

70 PRINT CHR$(G(N) + R);
80 NEXTN

‘00 FORN=1TO8
10 LETB = PEEK L
‘20 LET C = INT(B/Q)
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‘30 LETD = B — Q*C

‘40 PRINT* *: CHR$(C + R):
'50 PRINT CHR$(D + R);

'60 LETL + 1

'70 NEXTN

‘80 PRINT

90 GOTO 100

Note that in these programs the definition of Q and R at the
Tart saves significant space, as numeric constants are
ntered into the program in full floating point form wherever
hev occur.

OAD

his program simplifies the loading of machine code data,
ina provides for checking existing store contents with the
wtion of leaving them as they are or entering new values. At
i{UN. an input is invited to define the starting address in
1iexadecimal format. That address and its contents are then
sisplayed. A Newline with no data will produce the address
ina contents of the next location. but a Newline following the
nout of a hexadecimal byte will change the location contents
ina display the new value.

00 INPUT US$

10 DIM G(4)

20 LETA =0

30 FORN=1T04

40 LET A = 16*A + (CODE U${N)) 28
50 NEXTN

‘60 LETB = A

70 FORN =1T04

‘80 LETC = INT(B/16)

‘90 LETGIN) — B - 16*C

‘00 LETB=2C

10 NEXTN

'20 FORN =1T04

30 PRINT CHR${G{5—N}+28);
40 NEXTN
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‘50 LETD = PEEK A

60 LET E = INTI(D/186)

70 PRINT* ':CHRS&(E +28):CHR$(D-16*E+28);" ';
‘80 INPUT U$

‘90 IFU$ — " THEN GOTO 330

:00 LETF = 16*(CODE U${1) — 28)+ CODE U%{2) — 28
210 PRINT US:

:20 POKEAF

30 LETA=A + 1

A0 PRINT

50 GOTO 180

n a IK machine. this would leave very little room for machine
0ae, even if the expedient of pre-defining 16 and 28 were
;aopted, as was done in DUMP.

YA

his program works out the relation between digital input and
:nalogue output for a B/A Converter, using various values of
{i{see Fig 15). Kis input at the start, and will normally be in the
ange 1-100.

0 DIMGI(8)

‘0 PRINT “INPUT K"
0 INPUTK

0 LETX =1

) LETH=X

i0 FORN=1T0O8

0 LETF =INTIH/2)

WV LET GiNy=H  2*F

W LETH=F
00 NEXTN
10 LETY =20

20 FORN = 8TQ 1 STEP — 1

30 LETY =Y + GIN)/{2**{8—N))
‘40 NEXTN

‘60 LETV = 5*{Y/(K+Y))

‘60 LETR = V/X

70 LET V = (INT{V*1000))/ 1000
‘80 PRINT “X="X;"V="V,"R=""R

:8



A0 LETX =X+ 10
00 IF X 256 THEN GOTO 50
180 STOP

he increments in X set in line 190 can be changed to suit
ersonal views.,

{ represents the digital input, and this is broken down into bit
orm in arrav G. Y is then calculated to represent the effective
:onauctance ofthe shunt network. multiplied by R, and then V
‘s the voltage developed across the series resistor. R is the
-auo of V to X, which will change more with small values of K,
vnitle larager values of K will give better linearity but less
wutput.
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\PPENDIX B

VIACHINE CODE
'ROGRAMS

roaramming the Z80 processor in machine code is not
inauly difficult if a start is made with a limited set of
nstructions which is expanded as confidence grows, but the
X81 is not designed to make the use of machine code easy,
~ith provision for SAVE and LOAD of BASIC programs alone.
‘uch expedients as hiding machine code in REM statements
1ave been widely publicised, butis only satisfactory on a fairly
imited basis. For example, here is a useful renumber routine
~vnich cannot be held by that means because it includes two
6H bvtes, which would terminate the REM prematurely;

:TART 0000 3E 76 LD A.76H ‘Newline Code
002 21 76 401D HL.4076  ;Program start
1005 11 64 0Q0LD DE.CO64  ;100isfirstline number

OOP Q008 72 LD  (HL).D :write in line number
009 23 INC HL
Q0A 73 LD  {HL},E
0B 01 00 30LD  BC.3000  ;Set BC out ofthe way
1I0CE ED B1 CPIR ;Look for Newline
1010 ES PUSHHL ‘Save pointer.
011 21 0A  00LD  HL.O00A  ;Lineincrement=10
1014 19 ADD HL.DE -Update line number
1015 EB EX DE/HL
1016 E1 POP HL :Retrieve painter
3017 BE R L ;Newline again?

: 318 20 EE JR NZ.LOOP :If not, loop.

1A C9 RET

he routine can qo anywhere in store, the addresses given
1eing added to whatever starting address is chosen.

nter this program using the BASIC LOAD routine given in
wopendix A, enter it by a USR call, and it will renumber LOAD

00



n atlash. {For best effect, change the LOAD line numbers first,
:xcept those used as loop points.) GOTO and GOSUB links
vil not be chanaed, but putting them right is much easier
han renumbering the whale program by hand.

\ librarv of such small routines could be buiit up, but the only
-ausfactorv way to store them is in a ROM, so that they are
siwavs available when wanted. That is the object of the ROM/
1AM extension described in the main text.

Juite a useful wav 1o get involved in machine code writing 1s
o take BASIC programs as a starting point. The renumber
outine started life that wav, and was adapted into machine
:0a0e when the principles used had been proved. A machine
:oae version of the DUMP routine might be worth trying,
hough it would need to access the Print routine in the BASIC
iOM — the Melbourne House books on the ROM coding
~vould be an invaluable guide there, and would also suggest
Jeces of code that could be adapted to suit machine code
ieeds. such as the SAVE and LOAD procedures.

viachine code is compact — the renumber routine only 27
wies, less than a medium sized BASIC line, so a very large
rumber of routines could be fitted into a 2K ROM. Since this
Yook 1s about hardware. no more than an appetiser for
nacnine code can be offered, but that should have encour-
iged you to consider the possibilities . . .

01
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