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. INTRODUCTION

he ZX Spectrum as supplied :ncludes an introductory pooklet and a Basic
wogramming manual. These books together contain virtually no detailed
niormation on the hardware aspects of the computer. This book fills in that gap by
aroviding an in depth tcok into how the Spectrum works. For the absolute
seainner who knows nothing about computer hardware, this book provides a
100¢ introduction to whal makes a computer tick. For the advanced electronics
wizard who is desperate 1o use his Specirum to perform all sorts of weird and
~vonaerful tasks. this ook also holds the kev, by providing invaluable circuit
ilagrams and operational descriptions.
tarting off by explaining the fundamental principles behind the Spectrum’s
woeravon, the book progresses with full descriptions ot how each part works and
ow all of the pans interrelate. After a complete explanation of all the edge
:onnecior signais. simple illustrative experiments making use of these signals
ire aiven. The remainder of the book consists of practical circuits which you can
wild. Constructional hints. drawings and photographs are included to help
Jeqinners with no previous expenence.
ul of the Spectrum cir¢uit diagrams contain component numbers such as TR4.
hese are aenerally the codes printed by the components on the Speactrum circuit
yoard. Thereis a full lavout diagram of the Spectrum hoard together with marked
wsiions for each component in Appendix D. The complete circuit diagram can
ye found in Aopendix E. You should refer to these appendices if you wish to find
he nosition of any components. The component codes given for the additional
1ardware orojects refer to the parts st for the project, not to the main Spectrum
oans list.
here are currently three diferent versions of the Spectrum in circulation. The
irst 60,000 machmes were ‘Issue 1. the next half-a-million were “Issue 2°, and all
1ew machines are ‘Issue 3'. Earlier editions of the Hardware Manual dealt with
he Issue 1 Spectrums. This edition only deals with lssue 2 and Issue 3
‘nectrums. Whilst the differences between these two types of Spectrums are in
nost areas minor, certain features on the Issue 2 are no longer present on |ssue
»'s. Mayor differences are described in the relevant chaplers as they occur. Some
ninor aifferences. such as a new capacitor or resistor are not included on all of
he circuits throughout the bock. However, the full circuit diagrams in Appendix E
:now all of these differences

sefore we start delvina ¢eeper into the intricacies of hardware, a few words of
narnng will be given. The Speclrum contains a lot of sensitive and expensive
:nibs. These will not be damaged provided that you take adequate precautions. If
‘0w are aading any kind of interface to the Spectrum, always switch off all power
unplies before making the connection o lhe Spectrum. Always switch on the
~nectrum before or simultanegusly with any external power supplies. Finally, if
‘ou are testing various voltages inside the Spectrurn or on its edge connector,
ake care not to short anv pins together ny mistake. Check and double check
wvervihing you do!

'LEASE NOTE — whilst every efforl has been rmade to ensure that all
niormation aiven in this book is correct, no responsibility can be accepted for any
oS wnich mav have occured. All Spectrum circuits are the copyright of Sinclar
lesearch Limited. Cther designs and programs are the copyright of the author,
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. GENERAL OVERVIEW OF THE SPECTRUM

‘his chabter is essentially in two parts The first part aims to inlroduce the basic
:oncept ot binary numbers. The second part explains each of the main sections of
he Spectrum in a general way.

"ECTION A
:omputers are essentially two state devices. They rely upon logic to operate.
his logic can be in cne of two states only. Far convenience, these two states are
Isuady reprasented by a 0 and a 1. At its simplest level, the computer
Tampuiates 1's and {'s to produce the answers. Consider for example the simple
wearanon of acdition. This could be represented by a b:ack oox with lwo inputs, A,
v anc two outputs C. D. A and B could be added together to produce their sum
epresented by C and D. The addition would be carried out by several simple
ransistors inside the brack box. The adaition function would be defined in binary
s 1ollows:

Y {sum) Cicarry)
I

f

B D &
0 0 )
1 1 0
0 1 0
1 0 1

+ 4+ + + 4

Jote that 1+ 1 cannot equal 2 because in the binary number system. only O
Ny 1 can be used. The carry bit here is similar to that in the cecimal humoer
vstem. If we added B - G, this would give 7 carry 1 in the decimal numoer
wsiem. The difference is that a carry in binary represents 2, whereas it
epresents 10 in decimal,

ECTIONB

n the following descriptions of lhe various sections within the Spectrum, you
~1l find it heloful to refer to the overall biock ciagram infig 1.
he central processing unit {CPU) is, as its name implies central to the
wearanon of the Specirum. |t is connected to other pans of the computer by data,
:ontrol and address buses (more about these later). The CPU inthe Specirumis
+ £B80A and lives insice the large chip IC2 at the centra of your Spectrum ooard.
his processor is an 8 bit device which means that there are 8 separate
:onnacuons in its data bus. The CPU can send information to other devices inthe
‘pectrum along this data bus and the other devices can send data back to the
:PU via the same bus. Because there are eight connections. each one of which
:an pe either a logic O or a logic 1, any number between 0 (ali0's) and 255 (all 1's)
‘an pe sentvia the data bus (256 = 2% — 1),

‘nu may wonder how the CPU can understand very large decimal numbers or
~voras lvped at the keyboard when it is using BASIC. After all. if you type HELLO
31 the Spectrum keyboard it might be difficult to see how this can be represented
w a number between 0 and 255, in fact, the answer 1s not very difficult. The CFPU
miv deals with a smail part of the gperation at atime. To understand HELLG, the
:PU first deals with the H {seen by the CPU as 72 decimal), then it deais with E
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seen as b8 decimal} and so on (see Appendix & of your Spectrum BASIC manual
or a comp ete «ist of characters and the.r decimal equivaients). Large decimal
umpers are deait with in a similar way. Eacn decimal number is stored in the
pectrum in 5 bytes of memory. Chapter 24 of the BASIC manual explains how
hese byles are used.

iglore the CPU can actuaiv start deing anything, it must be instructed what tc
10. The instructions for running BASIC are held in memory. The BASIC operaling
wvsieT program contains all of the information required by the CPU ic
inoerstand BASIC. This operating program is written in mach ne ¢code and starts
0 "un when you swich the Spectrum on. The actual program is stored in the read
v memory (ROM} chip IG5, Read anly memory cannot be modified by the GPU
;na the program remamns tixed in the memoery chip even when the power IS
witched off.

he BASIC programs whicn you enter into the Spectrum go into random
iccess memory (RAMY. Unlike the ROM, this type of memory can be changed by
he CPU. When the power 1s switched off. BAM forgets everything that was stored
nside it. You therefore have to save vour prograTs onh a cassette before
witching off. If you do not, tne pragram wiil be lost forever.

iaving found what to do from the pregram in ROM., the CPU must get inputs
rom the kevboard or cassette and send outputs 0 the video display or cassette,
he uncommitted loaic array (ULA) helps the CPU to interface with the outside
varid. The ULA gets infermation directly from the keyboard and cassette inputs,
hts information is then sent to the CPU. When the CPU wants o record a
Jrogram on cassette or buzz the buzzer. it tells the ULA to do it. Output to the
gievision is rather more complex. The ULA copies the screen output from the
fdeo memaory to the video cutput circuit 50 times every second. This creates the
llusicn of a continuous dispiay. Ali that the CPIU has to do when it wants to output
a the TV disnlay is to put the video information into the videc memory. [he ULA
hen does the rest.

o far. transfer of information between the CPU. memory, ULA, keyboard ete,
1as been taken for aranted. How is it actually done? All data is transferred via the
1ata bus. The tvpe of transfer being carmed out is defned by various control
danais on the control ous. For exampie. Ihe CPU sends out a read signal if it
v1shes to read some data fromthe ULA or memory. This tells the ULA or meTory
o send some datato the CPU. Ifthe CPU w:shes to output semething to be stored
n memory, it sends out a write signal. This ells the memaory that it must store the
1ata from the data bus. S¢ that the memory knows where it should store the data,
he CPU also supplies an address on the 16 bit address bus. The address ous
heretore a lows the CPU to send or read data fromup to 2™ = 85536 different
nemofiy 1iocations.

ne buses can only deal wilth the twg [ogic states O or 1 on each oftheir lines. in
iractice. these iogic states are represented by voltages. By convention {so that
nost modern computer integrated circuits are compatibie with one another).
ogical 0 is represented by a voltage between 0 volts and 0.8 voits. Logical 1 is
epresented by a voltage between « 2 volts and + 5 volts (the maximum supply
witaqe for logic chips). If the voitage is between 0.8 voits and 2 volts. the signat is
n the process of changing from O—1 or 1—0. Ali logicat data transfers occur
vithin these voltage imits. The chips are designed so that they are not reading
1ata at times when it mav be changing.



‘ou should now have a basic understanding of the btocks which make up the
‘pectrum. The following chapters explain each of these blocks in much greater
wetail. Each block is considered in isolation, but you should always try to
‘ememper how it i1s connected into the rest of the svstem. The full circuit diagram
T the logic systems which make up the Spectrum can be found in Appendix E.
“ou can reter to this diagram if yvou have any difficulty in seeing how the irdividual
Arcuits interconnect.
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3, THE POWER SUPPLY

he Dower supply of any computer is probably the piece of circuitry most often
weriooked by the user. The computer is connected to the mains supply and it
:omes 10 life. It is ust taken for granted that the correct currents and voltages will
e generated. If you are going to add on your own hardware however, a complete
ingerstanding of the power supplies is necessary. This chapter therefore tukes a4
:lose look at that forgotlen piece of circuitry and its limitations. The chapter
:XDiains how to make the most of your Spectrum power supply. It also provides
arcuits for additional power supplies for use with your external circuits.

n the Spectrum, all of the power comes in at +9 volts at acurrentof up to 1.2
:mos. Lhis is supplied from a ZX Mains Power Supply. Unfortunately, none of the
:nIps in the Spectrum use a 9 volt supply. Most of the logic. including the CPU
merates trom a + 5 valt supply. The video circuit requires + 12 valts supply as
vell. The video mamary chups are most awkward of all, requiring - 12v, +5v and

:v all atonce!

he problem isn't simply ane of producing a suppiy that is roughly constant at
‘nuanly the nght voltage tor most of the ime. The +5 volt supply must be within
% of 1 Svolts and the 1 12v and —5v supplies within 10% of their nominal value
ill over the circut ali of the time. Even a microsecond s drop in voltage could spell
1saster. How are these constant voitades produced?

HE +5 VOLT SUPPLY
his isthe maior supply inthe Spectrum Inthe 48K version it isreally stretched to
15 hmit supplying a full 1 Amp of current. Looxing at the regulator, you will see that
1is bolted onto a large piece of aluminum. The little + 5 volt regulator integrated
srelnt with anly three connections to the outside world, contains complex
equiation circuilry.

ieferning to fig. 2a, the 7805 regulator accepts +9 vults at its IN pin. The
niernal regulation circuitry then reduces this ta - 5 volts at the QUT pin. The fact
hat the inout is + 9 volts 1s irrelevant (except for the amount of dissipated power}.
t couid eaually well have been anything from + 7 voits to +25 volls, the output
vould still remain at a steady + 5 volts. You might wonder where the lost 4 volts
1as gane to ltisdissipated as heat by the aluminum heatsink. When the regulator
S suppiving 1 amp, 4 watls have to be dissipated by the heatsink {(about one
warner of the heat from a small soldering iron!}. That's why the Spectrum soon
1e1s quite hot after it is switched on.

HE +12 VOLTS SUPPLY

he 5 volt supply was relatively easy to produce. 4 volts were simply dropped by
he requlatar. Producing the ~12 volts with only +9 volts available 1s rather
nure comopolex, Reterring to fig 2b, TR5, TR4 and their associated components
sroauce the 12 voit supply. TRS forms acurrent feedback for the oscillator formed
w €43, R61, L1 and TR4 (the main power drive transistor). Operation of the
Ircuit relies upon the induced reverse voltage across L1 which occurs on every
wvele of osciliation. This reverse voltage pushes the collector of TH4 up above 9
qolts to a maximum of about - 13 woits. At this level, D15 conducts to charge up
the +12 volt supply capacitor C44. C44 then discharges to provide a constant

15



12 volts to the memories and video circuit when D15 is not conducting. If the

12 volt supply starts to tall too low, this causes TRS te conduct more. The
isciilation frequency of the oscillator then increases, boosting the voltage back
10 1o its onginal level.

HE -5 VOLT POWER SUPPLY

wgainrefertofig 2b. The - 5 volt part of the circuit consists of C46, D11, H55, D12,
116, RS54 and C47. This circuit operates on the "charge pump principle”.
iemember that the coilector of TR4 in the 12 volt circult is oscillating rapidly
etween about + 13 vaolts and O volts. When rising up to 13 volts. €46 is charging
12 D11 upto a maximum of about 12 volts (0.7 vaolts are dropped across all silicon
iliodes during conduction). Whenthe collector of TH4 drepsto 0 volts, this pushes
he neqative plate of C46 down to —12 volts. C47 then charges via D12 and R55
rom C46. The voltage across C47 is held constant at —5 volts by the zener diode
11746 is then charged up again on the next oscillator cycle and 50 on.

SURRENT LIMITS

urrents which can be drawn from the Spectrum’s own internal power supply for
1se by external circuits are fairly limited. For the 16K Spectrum, about 300 mA
:xira can be taken from the +5 volt supply. The absolute maximum limits are
ather difficult to define. Generallv, the more you take from the power supples,
he worse the reqgulation becomes. Bad regulation can cause the computer o
-rash more freauently. but shouldn't cause any damage provided that you stay
~ithin the limits recommended above. For 48K Spectrum owners, it is advisable
0 add an extra ~5 volt supply for all external circuits. The current limits on the
sher supplhies are similar to those for the 16K version.

HE —12 VOLT SUPPLY
‘ou mav now be wondering what has happened to the 12 voit supply. It is
:nown on the edge connector in the Sinclair BASIC manual. However, it isn't
:nown on the main circut diagram. In fact, it doesn't exist. The '—12 volt’
1ONNECnon was wronaly [abelied. it should really be ‘'unregulated - 12 volt’, aince
115 connected 1o the collector of TR4. Luckilv, it is very easy to use this oscillating

-2 volt supply to produce a — 12 volt supply, with the addition of a few common
:20mMponents.

welerring to fig 2c, you will almost instantly recognise a circuit very similar to

hat far the —5 volt sunply in the Spectrum. It works on exactly the same charge
wmp principie. No zener diode has been incarporated in this circuit, because the
3 uF capacitor charges up to 12 volts anyway and is therefore at the correct
roitage. Reguiation of this type of circuit is never very geod under load. The
nitage will nse to ahout —10 5 volts if you take 20mA from the circuit, so this is the
ecommended maximurm current. )f you decide to build the circuit Ihen make sure
hat the two capacitors are rated at 16 volts or above. Apart from this, none of the
:ompon&nt values are critical

XTRA +5 VOLT SUPPLIES

or all but verv low current circuits on the 48K Spectrum {such as the simple
esistar and switches tvpe of experiments in this book), you will have to add an
:xternal nower supply. The same will apply to the 16K version if you want to draw
nore than 300 mA from the +5 volt sunply. In either case, you have two options:

6
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Usina the ZX Power supply

“here will be some extra current capacity available from your +9 volt Spectrum
upply, especially if the - 12 volt supply 15 not tully loaded. The author found it
1uité acceptable to abtain up to 500 mA more from the ZX supply. The circuit for
101NQ this is shown in fig Ze. Only that pant of the circun to the right of the figure is
eaured. This circuit is basically dentical to the one used inside your Spectrum.,
‘onnect the 7805 requlator as shown in fig 24, its input pin being connectedto + 9
«0its. This pin diagram shows a view [ooking down onlo the black piastic par of
he regulator, which has the device number slamped on it.

Jo not forget to bolt a heatsink onto the regulator. Small vaned heatsinks of a
-unanle type are available from most good electronic stores. A cheap alternative
5 10 bolt a prece of aluminum onto the regulator. A piece similar in size o thal in
he Spectrum will do nicely. C1" in fig 2e should be inciuded to help regulation.
'2ul al 156 volts will do. Another 22 uF capacitor should alsc be included across
ne output. I1s advisable to scatter some 0.1 uF decoupling capacitors around as
~¥ell. About one tor every two chips should be sufficient. The +5 volts provided by
his circut should not be connected to vour main Spectrum + 5 volt supply rail.
- Inly the 0 volts connection should be made to ali chips.
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Using an extra mains supply unit

he full circwt is shown in fig 2e and will provide upto 1 Amp at - Svolts Instead
neonnectineg pin 1 of the regulator to the Spectrum + 9v supply, as i the previous
xamuole, 1t should be connected o the new +9 volt supply. This extra -9 volt
Uoply consists of a 240v to 9 volt at 1 amp mains transformer, a 1 amp bridge
ecnfier (BR1}) and a large 1000uF + 25 vol: smoothing capacitor C1 You miust
:nsure that the mains transformer is safely wired up. Build it into anearthed metal
ase. | he 7805 can then be bolted to the case, which will act as the heatsink.
weeessible mains conneclions must be avoided to eliminate the possibility of an
tectric shock. Apart from the differences mentioned above, the circuit is identical
o that described in section 1.

‘ou should ensure that the mains supply is connected to your extra power
Upply al the same fime as the Spectrdm. If power is not apphed simultaneously
:ome chips could be damaged, because they don't like lo have voltages appled
0 anv of their ping without power being aoplied to them

IECOUPLING CAPACITORS

he nower supples are distributed all over the main Spectrum board. Therefore,
1 achip on the far side ot the board from the power supply suddenly requires extra
UFrent. a localisec drop in voltage could occur. If the vollage drops too low (even
or a microsecondi, it could be enough to deslroy essential aata ana prograrms
dored N memaory, Supply 'decounling capacitors’ are therelore placed at
Arateatc positions around the board. They are able to smooth out the supply by
woviding large cutrents for shért periods of ime. The voltage is therefore held
nproomately constant. C1—C8 around the memaory chips are there for this
£ason, as are te other capacitors around the board connected across the
upply rails. You should put some around any externat circuits which you build as
vell. One 0. 1uF capacitor for every two chips should be enough.




- TR e,

L O e L

W

. FEAT Sl Mk
1

EIG 2e — ADDITIOMAL +5 wDILT POWER SUPPLY



S5UE 2 BDARD

i 4 & [}

r i T 4
y = _h...... :

FRE R

o
S5UE 3 BOARD

el % -

L T )
"‘q,_,_-l:..__ﬁ

bk,

W lsasnew

i) s

lllll el ¥
|

'LATE 3— PHOTO OF MAIN SPECTRUM BOARD
MITH 280A CHIP QUTLINED



. THE Z80A CENTRAL PROCESSING UNIT

his is the microprocessor chip itself. Housed in its 40 pin plastic package, this
:nip is the computing centre of your Spectrum. It is the big chip labelied IC2 in
wopendix D. The CPU is able o perform several basic functions. These are:

lead data from memory

Mrite data to memory

lead data from an input/output {1/0) device
Arite data to an 1/0 device

‘erform arithmetic and logical operations on data

Mhat the ZBOA does at anv particular time is determined by the instructions
vnich it abtains from memory. There are 158 different types of instructions which
he Z80A can understand. Programming the Z80A in machine code is a complete
:upiect initself. You should ook at a specialised book on programming if you wish
O know more.

‘ou mav have seen other computers using the 280 chip, and wondered what
he difference between it and the Z80A is. Both are identical in their operation.

he only difference is that the Z8B0OA can operate at speeds up to 4MHz whereas
he Z80 can onlv gperate at speeds up to 2. 5MHz. More recently, a new chip
-alled the Z80B has been introduced. This is still the same as the Z80 chip, but
:an operate at speeds up to 6MHz.

L5 was mentioned earlier, the Z80A is an B bit microprocessor. 't transfers data
i bits at a ime. The first microprocessor ch-ps were 4 bit devices, but now some
nicroprocessors are 16 bit or even 32 bit devices. They tend to be rather faster
han the 8 bit ones because they can transfer more information in the same time.
iowever. they are much more expensive, so the 8 bit micros are more popular in
10me computers.

he Z80A clock signal runs at 3.5 MHz {except when accessing video/program
nemary — see chapter 8) in the Spectrumn. 4ll CPU operations are referenced
elative to this clock signal, so the 0—1 and 1—0 ransitions must be very fast to
nisure that all operations start each cycle at exactly the same point This is why
R3 and its assaciated resistors and diode are required. The 3.5 MHz clock
agnal from the ULA does not have a sufficiently fast logic 0 1o logic 1 transition.
wnce all internal CPU circuils may start at shightly ditfferent voltages inthe 1 0.8
/olt to +2 volt range, if the time for the clock signal to go from +0.8 volts to + 2
qoifs is significant (in nanosecondsty, different parts of the internal circuitry may
nart at deferent times. If there is a difference in start limes. the Z80A may
nalfunction. TR3 cnsures that the transition at the CPU clock pin is fast enough.

BOA CPU PIN DESCRIPTIONS®
10 — A15 The address bus — tristate outputs {ie 0 or 1 or floating. When
loating. another device can provide the address bus instead of the CPUJ. This
ws provides 2' = 65536 different addresses for memory data exchanges or
& 256 input/output device addresses (the lower eight address lines are used
iuring 1/0}, The CPU can also refresh memory {(see refresh pin) by providing

iote that signals with a bar over them such as BD are ‘active low’. This means

hat a read is occuringwhen AD — 0. Normally, 1 = hueand 0 = falsebut all
“80A control signals with a bar over them arc inverted so that 0 = true and
= false.



+and refresh addresses on the lower 7 bits of the address bus.

X3 — [V The data bus — these eight tristate bidirectional lines gre used for
iata input and output transfers with the CPU. Transfers take place between
nemaory or peripneral devices and the ZB0OA.

W1 Machine cvcle one — Qutput active low. The signal means that the CPU is
urrently getting the Op-code for the next instruction to be executed from
nemorv. M1 also cccurs with IORQ to indicate an interrupt acknowledge cycle.

ARFC Memaory request — tristate output, active low. This signal indicates 1o
he memary thal the address bus now contains a valid address for a read orwnte
peranon. This signal is required to distinguish between a memory or input/
wInut operation. For example, MREQ, RD and ROMCS must all ne active hefore
i rega from the BASIC ROM can take place (see fig 5.

ORQ Input/output request -- tristate output, active low. Indicates that the
ower half of the address bus holds a valid I/0 addrass for an /0 read or write
peranon. This signal is required to distinguish between an input/oulpul or
nemory operation. Note that IORQ and MREQ will never be active at the same
me.

1D Read — tristate output active low. Indicates that the CPLU wishes to read
rom memory or an I/0 device. The addressed device should use this signal to
Jutthe relevant data onto the CPU data bus.

NR Write — Iristate outpul, active low. Indicates that the CPU data bus holds
iata to be slored at the addressed location. or output to the selected 1/0 port.
viemorv should use this signal to store the data from the data bus.

IFSH Refresh — output active low. Indicates that the lower 7 bits of the
;adress bus contain a refresh address for dynamic memories. This is required by
wnamic memory chips so that they do not forget. If they are not fully refreshed at
east once every two milliseconds, there 15 a danger that memory will be lost.
Ahen this signal i5 present, the upper 8 address bus lines contain the CPU |
egister contents. This lzads to a fault in the Spectrum hardware. By setting the |
eaisier to any value hetween 64 and 127, :nteresting contention for the video
1AM occurs. Alb and A14 from the CPU are salecting the 16K of RAM which the
ILA normally has priority over. In this case, although the relevant address occurs
vith MREQ active. ne RD or WR signal occurs pecause it is a refresh. This
:ampination of signals seems to confuse the ULA so that it doesn't stop the CPLU
1ock properly. A BASIC program which will illustrate this proolem is included in
‘napter 8 onthe ULA.

1AL T Output active low. Indicates that the CPU has executed a softwara HALT
nstruction. It awaits an interrupt from another device befors it will continye
weraton. There is a simple experiment illustrating the operation of a HALT in
hapter 14.

NAIT Input active low. Used by slow memary or 1/0 devices to tell the CPU that
hev are not yot ready for a dala transfor. The CPU sits back doing nothing until
he slow device indicates that it is now ready.

NT Interrupt request — inpul, aclive low. This signal can be generated by
:xternal devices to make the CPU run a special machine code program some-
viere in memory. I the internal soffware contralled interrupt enable flip-flop 15
:nanled. the CPU will accept and acknowledge the interrupt. A flip-flop is equiv-
itent to one bit of memorv, The CPU uses this bit of its internal memary to
ememoer whether or not it should accept interrupts from oiher devices, For more
1ietails on the use of interrupts, you should refer to g specialised book on the Z80.

4



a1
2 arz
!
larz
- |
XY
Wil 1—| A1h
1%
1—" LK
124 —
LA k3 ?\“. 7
ik |
i | 4_'.| o4
oS ; a
n4 TRY— o 03
Ma148  FTHN313 ¥
E
—”n nl.]
o
=l [
"
| *5u
2
oz
e 7
a4
S
B
s 01
UT e v- — T
JeAat HMV—J
826 HH0n
L e W
e H-""\:W e d ) |
7Y 10k '8! HaLT
=]
JREQ
n} L
ORLr - ;IORL]
UROGE H l
170 SN,

A
48
AQE g
Al Sa_.
AT Ii'r_._"
A Iiﬁ-— e
A5 535_..
aa [34 Y
1C2 I3
7304 Al |_.*
o R >

Ce
i RFaH
RFSH » 1 >
37 RST230r  [iAc
M- i
131 22N
= _— X 1"d
AESET = } ] R
— .k  JEEET
S = AUs3Ed
' i A2l
bl
I'za e
AT |

P £ RZ3 1kb
ELSALKE l——p

e

FA—>

"oy

RO »

—

1G 3 —Z730A CENTRAL PROCESSING CHIF

s



y simple experiment showing you how you can make use of the interrupt line 15
uven in chapter 14.

NMI Non-maskable interrupt — input operated on the negative going edge of
he interrupting signal. The NMI is always accepted by the CPU al the end of ifs
:urrent mstruction. It forces the CPU to run the program in Memory starting at
.adress 102 decimal {66 Hex). See chapter 14 for a simple example of its use.

IESET inout active low. This signal forces the CPU 1o the reset state. In the
lpectrum, when power i3 applied, C27 holds the reset pin low until it has charged
i via R31. Thig allows the rest of the computer to reach an ocperational state
yefore the CPL starts 1o run the program in memory from address zero. Details of
wding a push button to reset the Spectrum are given in chapter 14.

SUSRHECQ Bus reauest — input, active ow. Used by an external device to
‘equest the CPU address bus. data bus and tristate cutput control signals for its
wn use. 1he CPU will hand over control of all its buses as soon as the current
nachine cvcle is terminated. To indicate to the reguesting device that control can
ow be taken. the CPU sets its BUSACK output [ow.

IWSACK Bus acknowiedge — output, active low. Indicates to the reguesting
ievice that it can now take full control of all the CPL buses.

JVore information about some of these ZB0 signals and how they can be used is
nciudedinother chapters, In particular you are referred to chapters 8. 12and 14.




:. VIDEO AND PROGRAM MEMORY

his 16K of RAM is supplied onboth the 16K and 48« versions of the Spectrum. it
:ontans dll of the data for gqenerating the display on the television screen, the
+anous vanables reauired by BASIC, workspace, user defined graphics and your
JASIC programs.

Now refer to fig 4. Each of the memory chips IC6 — |C13 can siore
Yt = 16K (K just means 1024) bits of information. Eight of them are required to
rnake up the 8 hit data bus. So that the memaones can fit into smaller chips with
fewer connections, the address lines are multiplexed. This means that first of all
AD — A6 are presented to the memory chip, followed by A7 —A14. These two
:e15 O 7 bits are latched within the memery chip. The memory chip is then able to
:eiectthe correct location. 1C3 and IC4 do this multiplexing, the selected address
ines diverted to the memory chip inputs being determined by the state of the
;eiectpini onlC3 and IC4 DRAM ADO — DRAM A6 on the ULA can override the
wiputs tfrom |C3 and IC4 because of the 330 chm resistors in series with the
nutilexer outputs, This override capability enables the ULA to get data for
wiput to the video circuit whenever it is required. You may now be wondering
xnat woudld happen if the CPU and ULA both wanted 10 access this memory
amuitanecusly. Qbviously they cannot both access two different memory
ocations at the same time. The resolution of this conflict will be described in
:napter 8 onthe ULA.

he tvpe of memory used here is called dynamic random access memory. The
nternal memory array is arranged as 128 rows by 128 columns of cells. The row
address strobe [RAS) and column address strobe (CAS) signals are used to laich
he relevant addresses into the memory chips. Data can then be written to or read
rom the addressed location, Each row must be accessed at least once every
'mS otherwise the memory may forget what is stored inside it. In the Spectrum
his relreshing is not a problem whilst video outputis occuring, because the video
ncmory has to be regularly accessed to produce a continuous video display.
Juring the video tield syne:, when the memory is not actessed for about 5m5, the
wimal CPU refresh takes over. Memory which can be read from and written to,
wt which does not require this continual refreshing procedure is called Static
1AM. In both tvpes of RAM, the data is lost when the power is disconnected,
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3. THE BASIC READ ONLY MEMORY

C51s a 16K bvte read only memaory (ROM)] chip. Housed in its 28 pin package,
his chip is provided wilth 14 address lines. 8 data lines. two chip select pins. one
wiput enable pin 1o enable data to be read by the CPL and of course the power
:ubply connections. Bs pin connection diagram is illustrated in fig. 5.
he ROM contains the program which telis the CPU how to run Sinclair BASIC.
his wrogram is embedded into the silicon struclure of the chip during
nanutacture and cannot ever be changed. If this were not the case then BASIC
woud disappear whenever the power was switched off. Alsg, singe you cannot
noaify the BASIC program nothing that you can do with software from the
pectrum keyboard can possibly destroy BASIC.

“he ROM is positioned from address zero upwards. |t has to be positioned
1ere. because whan the CPU is reset fwhen it is swilched on}, the CPU always
uns the machine code crogram starting from address zero.

he ROMCS connection on the rear edae connecler can be connected directly
0 +5 volts o disable the BASIC ROM. The ROMCS outpdt from the ULA is
onnected via R33. and is therefore unable to pul the ROMCS signal low when
he -5 volt connection is made. This might be useful for future add ons which
vould have ther own ROM or BAM switched in instead. Different lanquages
;ourd then be run from the Spectrum in place of BASIC. Replacing the BASIC
iOM 1IN this way with a new chip requires a thorough understanding of the
:pectrum hardware and software requirements. A totally new operating system
nr inzlusion in the new chip would nave to be written.

ships called EPROMs (erasable programmabie read only memories) are
ivailabie with the same connections as the Sinzlair ROM. The 27128 EPBROM is
:ucn adevice. Ittoo contains 16K bvtes of memaory. The differenceis thatitcan be
rogrammed by the user. Once programmed. it retains all ot the data just like a
1OM. even when the power is switched off. EPROMS canbe erased so that they
:an pe reprogrammed, using ultraviolet light. This shines directly onto the silicon
:hip through a glass window in the top of the package. This facility is useful
secause it allows the same chip to be used again and again with different

wograms in it
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. THE KEYBOARD
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he kevboard consists of afive by eight grid of wires, the crossing points of which
:an De connected bv pressing the relevant key (see figure 6). Whenever the
sASIC ROM program wishes to find out which key on the keyboard is pressed, it
:cans eacn of the eight rows in turn. Each row is selected by setting the relevant
.80 address line to logic 0, keeping the rermainder at logic 1. Each of the five
:0lumns is usually held high by one of the resistors R65-R69. If any of the keys on
: particular row are depressed. the assaciated colurnn input to the ULA will be
sulled down to logic © instead of its usual logic 1. The key can therefore be read.

sonsider for example that key ‘D' is pressed. By doing an IN frorm an address
arth all lines at logic 1 except for A9, bit D2 of the input byte would be 0, whilst DO,
1, D3 and D4 would all be at logic 1. The keyboard is scanned 50 times per
:econd to see if anv of the keys have been pressed, so that everything you type
:neuld be noticed by the Spectrum. A keyboard scan is initiated by the ULA
nterrupting the CPU at the end of displaying each video frame. The CPU then
eacs the keyboard.

f vou wish to scan the keyboard yourself for some reason, the following
:adresses can be used. Bear in mind that each of these numbers is smply used
¢ set all of these address lines except for the one being used to scan, tu logic
evel 1. Using this method of input, the reading of keys is no longer restricted to 50
Imes per second. It can be done as often {within limits) or as infrequently as
iesiredt,




"N 32766" uses A15 to read the half row SPACE to B
"N 491507 uses A14 to reada the half row ENTER to H
"N 67342 uses A13toreadthe halfrowPto Y
"N 614387 uses A12 to read the half row 0 to 6
"N 634856" uses Al11 toreac the halfrow 1 to 5
"N 845107 uses A10 to reac the halfrow QD to T
“NBL022" uses A to read the halfrow Ato G
"N BAZ78” uses AS to read the half row SHIFT to
nthe byte read in:
X0 = logic level at KBD 13 input
11 = logic level at KBD 12 input
12 — ledic level at KBD 11 input
X3 = loaic level at KBD 10 input
)4 = logic level at KBD 9 input
5 — unused (appears as logic 1 inbyte read in)

6 — voltage level at EAR socket (see below)
)7 = unused (appears as logic 1 in byte read in)

HE LOGIC LEVEL AT THE EAR SOCKET
~ he lngic level read in from the EAR sncket will in general be O for voltages below
ibout 0.6 volts, and 1 for anv voltage bhigher than that. However, the threshold
evel between lcaic 0 and logic 1 is shightly different in the Issuc 2 and Issue 3
Togels. The following table illustrates this difference. The voltages at the FAR
nout are set to four different values controlled by ULA control byte bits D4 and D3.

4 N3 Voltage Issue 3 isstie 2
N57342 IN57342
! 0 0.4v 191 191
] 1 0.7v 191 255
0 3.5v 255 285
1 3.8v 255 255

he value read in using iN 57342 uses address line A13 to read the half row of
eys P, C, |, U, Y, and the values shown are with none of these keys pressed. The
eaainvalues are the same for the two Spectrums, except when D2=0and D3 =1
nthe ULA control bvte. The Issue 3 then registers the value atthe EAR port (D6 in
nout byte} as a 0. The Issue 2 recognises it as a 1. As it happens, 04 and D3
ormally are in this state, so if the keyboard is scanned by a user program (rather
han the ROMI, bit 6 in the input byte should ALWAYS be masked. Sevaral
:ommercial programs locked to see if a key had been pressed by checking for IN
7342 NOT EQUAL TO 255. This worked on Issue 2 machines, because the
salue was 255 without a kev pressed. However, as soon as Issue 3's came on the
riarket, such software stopped working because it hadn't masked out bit 6!
Jetails for constructing your own additional keyboard interface which will plug
mo the rear edge connector are given in Chapter 16.
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i. THE UNCOMMITTED LOGIC ARRAY

he ULA 1s Sinciair's special chip. It has been designed to replace lots of smaller
ogic chips which were used in older computers. The way in which it operates is
iefined when the chip is manufactured. and can never be changed with software.
ts function is to take the heavy burden of input and output from the CPU. It

aermorms the tedious output of information to the television ail of the time when

Jower 15 appiied to the Spectrum. Apart from this major task, the ULA also deals
with output to the buzzer and cassette plus input from the keyboard and cassette.

ILA FIN DESCRIPTIONS

1RAM A0 — DRAM A6 from the memory address multiplexer chips IC3 and
4. These enable the ULA to determine which address is being selected by the
:PU. Also used by the ULA to select the address of video data from the video
nemory. Wwhen used by the ULA as outputs in this way, they are able to override
he output from the address muitipiexers because of the set of series 330 ohm
esistors.

JRAM CAS — dvnamic RAM column address strobe (CAS) output. Used to
atch in the column address for the dvnamic RAM from the address multiplexer
see chapter 5 for more details).

iOMCS — ROM chin select output enables the 16K ROM chip IC5 whenever
he CFU wishes to read from it. The ULA can monitor this with its A14 and A15
:adress inputs, 50 it can be outputting video information at the same time as the
:PU is reading from the ROM.

CORQGE — input connected to the ZBOA IURL) pin via R27. If this IORQGE
~onnection is held high by connecting it to + 5 volts, the Z80A [ORQ signal no
onaer reaches the ULA. This can be useful for adding extra /O devices. See
:napter 15 for more details.

IAS — used as row address strobe on the dvnamic BAM chips. {see chapter
: tor more details about refreshing dynamic memories). This pin is also
onnected to the Z80A refresh pin via B57 {330 ohms). The memaories can then
& refreshed by the CPU dunng the video field synctime, when reqular accessing
w the ULA stops for about & ms.

{BD9 — KBD13 — inputs trom the Spectrum keyhoard. See chapter 7 for
urther details.

)} — blue — vellow colour difference output.
v — red — vyellow colour difference output.
¥ — luminance and svnc outputs for the video.

13 — D7 — 8 bit bidirectional databus. Connected directly to the video
nemory aatabus and via 470 ohm resistors o the main systemn databus. This
‘naples asvnchronous operation of the ULA accessing video RAM and the CPU
:ccessing the rest of memory. The computer therefore runs faster than it would if
he ULA stopped it every cycle.

LK — 3.5 MHz clock output to the Z80A CPU. This clock may occasonally
e stopped by the ULA to prevent the CPU from accessing the video RAM when
he ULA Is using it.

MNH — tells the ULA when the CPU is writing to some device. If that device
1appenstobe the ULA then the ULA will use this signal to latch the incoming data.




D — tells the ULA when the CPU1s reading from adevice. If the device)s the
JLA. dala will be autput onto the databus for the CPUL

AREQ — this input tells the ULA that the address bus now contains a vahd
wadress 1or a read or write operalion. This signal is required 1o distinguish
etween a memory or I/ O operation.

NT — -nterrunt to the CPU operates 50 times per second Upon recening
his interrupt, the CPU increments a 2 byte counter in memory and scans the
revboard to see if any keys have been pressed.
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HE TRANSISTOR PATCH IN ISSUE 2

ssue 2 Spectrums have TR6 soldered across the Z80A chip. The connections to
his transistor are shown in figure 7b. The eflect of this patch is to pull the
ORQGE inout to the ULA high whenever address line zero {AQ}is at logic 1. The
iLA will therefore only be selected when AQ and IORQ from the Z8B0A are in the
ogic O state together In Issue 3 Spectrums, transistor TRE has been
ncorporated on the printed circuit board. It operates inexaclly the same manner
s Inissue 2 Spectrums.

UHQGE

IG 7b — THE TRANSISTOR PATCH CIRCUIT

IDEG OUTPUT

Ine of the maior problems on most home computers is that of producing the
naeo display. Especially for a colour display of the resolution used in the
Spectrum, data has to be copied from the video memory to the display at a
:antinuous and fast rate. This poses problems when the CPU wants Lo read from
he videc memory at the same time as the ULA. Two devices cannot address
ifferent places in amemeory chip simultaneously.

Jost other computers use one of two methods to resolve this. In the first
nethod the CPU has priarity. This produces 'snow on the screen. representing
jdeo information which was not displayed because the CPLU was using the
nemory. Snow Is annoying but the CPU runs at full speed. The second method
1ves the video circuit priority during a telewision field scan. This requires that the
-PL) shouid onlv be able to operate during the field syn¢ time. Lising this method
10es eliminate snow. bul the computer operates very slowly. Neither of these
nethods is satisfactory.

‘our Spectrum uses a very ingenious way to get over the problem. Let us
issume that the ULA is accessing video memary. The CPU can simultaneously
iccess the ROM or extra 32K of RAM without anv bus contention occuring. The
ILA and video memaory have their address and data buses separated from the
est of the svstem by 330 obhm and 470 ohm series resistors respectively.
\ormalv thersfore, there are two separate systems aperating independently of
ne giher. The ULA outputting video, the ZBOA operating BASIC. But then. the
:PU mav wish to access the 16K of RAM which the ULA is using, because this
:ontaing ali of the BASIC svstem variables as well as the video memory. Al this

0



201t the ULA reahses whal is about to happen (by monitoring A14 and A15), so it
1astily stops the CRU clock. The Z80A doesn't notice this because its only way of
neasuring time 1s by assuming that its clock input is consiani. The ULA can then
et the CPU have access to the memory for a few huncred nanoseconds when
here is a brief gap in viceo output.
10w does this novel design feature affect any programs which you may wish to
wrile? In BASIC, it will always appear totally transparerit to the user, but if you run
: macnine code orogram from the affected 16K of RAM, the timing of routines will
01 be constant. Norrmally this would not be important, however, routines with a
anucal tminaloop mthem, such as a BEEP routine, will riot operate properly. The

EEP in BASIC does work progerly because the machine code that operates it is
‘unnng trom the BOM.

+ BIT ABOUT INTERRUPTS
f vou stan writing maching ccde routings, you may wish o use vectored
nerrupts. Whenever the CPU is interrupted (eq by a piece of your external
wardwarel, you can make it run a routine whose acdress can be found at a
1oson In memeoery pointed to by a 16 bit pointer. This 16 bit pointer is made uo
rom the CFPU | reqister contents anc an 8 bit byte supplied by the interrupting
ievice. The | register defines A8 — A15 in this case. Assume now that your
nierrunt routing address is held inthe 16K of RAMused by the ULA. The i register
viil therefore contain a decimal number between 64 and 127 {(A15 - 0,
14 = 1), During every mnstructicn cycle of the CPU. a refresh will occur.
iefresh puts out the I register contents onto AB— A15 and operates MBEQ. Thig
:ompinaticn of signals confuses the ULAINto expecting a read to or winte from the
vigeo memory by lhe CPU. This doesn't occur so lhe ULA gels confused. Sou
~ontused in fact that it omits some video cutput, causing snow on the screen!
Try running this small BASIC program to set the | reqister so that you can see

the sniow for yourself, Remember thal values of | betweern 64 and 127 create
SNOW.

10 CLEAR 32489
<0 INPUT “Enter the value for I reqister ;v
30 FOKE 32500.62 .REM LD Ay
40 POKE 32501.v
o POKE 32502,237 REMLD LA
v  FPOKE 32503.71
0 POKE 32504.201 .REM RET
40 LETa - USR 32500
0 GOTO20

—ine 10 stons BASIC using memory above address 32499 Lines 30 — 70 put
4 macnine code prograrm into memory. You will be prompted for the value
~equired in the | register The machine code program then sets the | register when
11g called from BASIC at line 80. Return from the machine code jurmps to line 80,
causing the whole BASIC program to be repeatec,

1




LOCKS

he ULA generates its own masier clock. This master clock frequency is held
:onsiamt at 14 MHz by the crystal X1. The 14MHz master clock is divided by 2 lo
iroduce the correct video dot frequency of 7MHz. Division by two again reduces
he freauency to 3.5MHz which is fed to the Z80A. This 3.5MHz clock is nat
:onstant and can be stopped for short periads by the ULA to override the CPU
WriNg vided Memory accesses.

iEYBOARD AND CASSETTE INPUTS

he kevboard is dealt with in chapter 7. In summary, if you read in a byte from [/O
adress 254, bits B0 — D4 will hald the logic level at the KEC13 — KBDS
nouts to the ULA. These bits are set to O if akey is pressed and to 1 if itisn't. D6
1olds the input level at the EAR input from your casette recorder.

UZZER, CASSETTE & BORDER COLOUR OUTPUTS

v control byvte can be senl 10 the ULA by writing to output address 254. Of the
taht bits in the control byte, only DO-D4 are used. Bits DO-D2 control the
iORDER colgur, bit 3is the MIC gutout bit and bit 4 is the buzzer cutput bit.

IORDER COLOURS ANDVALUES FORBITS0—2
12 D1 DO Colour

black
Blue

red
magenta
green
Cyar
vellow
white

B T
L ek R kR )

n tact. i1 can be seen that DO contrels the Bl UE cutput, 11 controls the RED
wput and D2 controls the GREEN output. All other colours are combinations of
hese basic cnmary colours.

:UZZER AND MIC OUPUT BITS 39

"M ibuzzer) D3 {mic) Voltage at ULA pin 28
} 0 0.4y
I 1 0.7v
0 b 1)
1 3.8y

i

AL



AW

~igure 7c and figure 7d illustrate the cassette interface and buzzer circuits for the
wao Spectrums. Looking at the above table, it will be seen that the MIC output bit
niv generates a voltage change of about 300mY when it is flipped between logic
land logic 1. This signal is used to save programs on cassette. However, the
aitage level is insufficient to overcome the 0.7 volt drop across DY (and D10 in
ssue 2's). The buzzer therefore doesn't operate. When the buzzer output bit is
lipped between logic 0 and logic 1. it generates a voltage change of about 3V.
~his targe voltage change is sufficient to operate the buzzer. The buzzer in an
ssue 3 Spectrum is dnven via transistor TRY from the 1 8V DC supply, so it
Joesn't bresent any additional load to the + 5V regulated supply.

LA PN 2R

“——p—

TASIETTE

AH '_T-_M
WTRUT

!
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| t INFUT
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WL I CASSETTE

IG. 7e — ISSUE 2 CASSETTE INTERFACF AND BUZZER CIRCUIT
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‘MPLIFYING THE BUZZER

he sound output from the Spectrum's internal buzzer s normally not very loud.
or certain games or other applications, it may be advantageous to connect the
nectrum up to an amplifier. This is very easy, because the Spectrum sound
4anai is present on both the MIC and EAR sockets at the rear of the computer. All
hat is reauired is a standard 3.5mm jack plug, a length of two way audio cable
:na a suitable plug to the amplifier being used. Connect the two plugs to opposite
:nas of the cable. For an amplifier with a high impedance input, plug the 3.5mm
ack into the Spectrum’s MIC socket. For an amplifier with a low impedance input,
nug the 3.5mm jack into the Spectrum’'s EAR socket.
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!, THE MEMORY EXPANSION SOCKETS

he Sinclair Spectrum can be purchased in two different versions. One of these
:ormains 16K of user RAM, and the other contains 48K. This chapter explains first
7 all how a 16K Spectrum can be upgraded to a 48K Spectrum, and there then
ollows a detailed description of how the additional memaory circuit operates.
:ince upgrading an Issue 3 Spectrum enables the use of chips which cannot
e used on a Issue 2 Spectrum, the type of Spectrurm should be checked before
Jurcnasing any chips.

IPGRADING AN ‘ISSUE 2 SPECTRUM

he ungrading procedure for Issue 2 Spectrums consists of plugging twelve
niegrated circuits into seckets on the printed circuit board and soldering one wire
ink. The followina integrated circuits are required:

C15-22 B of 4532 32K < 1 dvnamic memory chips (see text)
C23 1 of 74L532

C24 1 of 74L500

C25-1C26 2 of 74LS157

he 4532 memory [C's will probably be the most difficult to obtain. Luckily,

‘everdal mail arder companies can supply these, either individually, or as a
:omolete 'Spectrum memory upgrade kit'. A current copy of any goed computing
naagazmne should contain advertisments by some such company.

he 4532 chins used in Issue 2 Spectrums are 64K RAMs from Texas
nstruments which failed lo operate o specifications. Usually, several bits in one
1aif of the chips are permanently fixed 1o a logic 1 or 0. The bad half of the chip is
ol used. Two versions are therefore available corresponding to different
perancnal halves. These are designated the 45321 in which the lower 32K bits
unction correctly, and the 4532H in which the upper 32K bits function correctly.

o select the particular type of 4532 which is used, awire link is provded onthe
nain circuit board. Notethat only Texas Instruments chips should be used. Thisis
recause Texas 4532's are split in half using the ROW address A7. Most other
nanutacturers’ chins use A15 (COLUMN address A7) to select the operational
'alf of the chip, so they must NOT be used in the [ssue 2 Spectrum. If any difficulty
5 experienced in obtaining 4532's, it is possible to use any manufacturers’
K =1 chips instead. The 64K chips will probably be more expensive, but it will
101 be necessary to solder in the wire link.

[I
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‘ou should now refer to the lavout diagram in figure Ba. This illustrates the
1nsitions of the expansion sockets on an Issue 2 board. Carefully unscrew the
ve retaining screws on the underside of the Spectrum. The keyboard should
hen come awav from the circuit board and base. Using the layout diagram as a
wide, start by insenting the memory chips 1C15 to IC22 into their sockets. Ensure
hat all of the pins on the integrated circuits are vertical and straight before
sliempting to insert themn into sockets. The small iIndentations at the ends of the
:nips correspond to the indentations marked on the diagram. It is ESSENTIAL
hat ALL of the chips are inserted the correct way round Now that all of the
nemories nave been inserted. carefully plug in the 74L3532 (IC23), the 74L500
{C24) and the two 74151575 (IC25 and 1C26).

Ising a fine tipped soldering iren and a piece of stripped single strand wire, the
ink can now be made. If 45320Ls have been installed then solder the wire between
he central hole {rmarked “link” in figure 8a) and the hole marked OV, If 4532Hsg
1ave been installed. then connect the wire between the central hole and the hole
narked +5V. Take great care notto let the solder run onto any other connections,
:ince that mav damage the computer when power is applied.

he installation is now complete. Go back and check that all of the ¢hips are in
he correct sockets and pointing In the correct direction. Alsc check that none of
he pins have been bent under the integrated circuits in case there is no contact
¥Ith the socket.

:;onnect up the power supply and you should have an operationa! 48K
.pectrum. Check this by typing PRINT PEEK 23733. The response should be
a5, titisn't then consult vour local Spectrum expert.

JIPGRADING AN ISSUE 3' SPECTRUM

he upgrading procedure for Issue 3 Spectrums consists of plugging twelve
niearated circuits into sockets on the circuit board and soldering in two wire links.
he following integrated circuits are required;

C15-1C22 8 of 4532 32K 1 dvnamic memory chips (see text)
C23 1 0f 74L.532

24 1 0f 74L.500

C25-1C26 2 ot 74L5157

he 4532 memorv IC’s will probably be the most difficult to obtan. Luckily.
everal mail order companies can supply these, either individually or as a
:omplete 'Spectrum memory upgrade kit'. A current copy of any good computing
nagazine should contain advertisements by some such company.

vost manufacturers’ 4532's can be used in the Issue 3 Spectrum. These are
4K RAMs which failed to operate fully. Usually, several bits in one half of the
:nips are permanently setto a logic 0 or 1. The bad half of the ¢hip is not used.
‘everal versions are therefore available. corresponding te different operational
ialves. These dre designated 45320 in which the lower 32K bits function
iorrectly, and the 4532H in which the upper 32K bits function correctly. The
wefinition of lower’ and ‘upper operational halves varies from manufacturer to
nanufacturer.
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0 Select the parbeular type of 4532 which is used, a block of contact pads
vnich can be connected by wire links is provided on the main circuit board. The
wonnectons to this link block. tegether with various options for common types of
nemory chips are illustrated in figure Bc. Texas Instrumeants 4532°s are split in
nalf using the ROW address A7. Most other manufacturers’ chips, such as those
vroauced by UKl use A15 {COLUMN address A7) to select the operational half
¥ the chip. If any difficulty is experienced in obtaining 4532’s, it is possible to use
v manuracturers 64K < 1 dynamic HAMs. The 64K chips will probably be more
Xpensive, but either the 'L’ or 'H’ Iink pattern for that manufacturer's chip canbe
selected

‘ou should now refer to the layout diagram in Figure 8b. This illustrates the
wositions of the expansion sockets on an Issue 3 board. Carefully unscrew the
ive retaining screws on the underside of the Spectrum. The keyboard should
hencome awav from the circuit board and base. Using the layout as a guide, stait
Jy inserting the memory chips IC15 to IC22 into their sockets. Ensure that all of
the pins on the integrated circuits are vertical and straight before attempting to
nsertthem into sockets. The small indentabon at one end of the chip comesponds
o the indentations marked on the diagram. It is ESSENTIAL that ALL chips are
nserted the correct way round. Now that all of the memaories have been inserted,

sarenully plug in the 74L332 (IC23), the 74L500 (IC24) and the two 74LS157's
IC25 and IC26).

Ising a fine tipped soldering iron and two pieces of stripped single strand wire,
he links can now be made. Various valid link patterns for different types of 4532's
re illustrated in figure 8¢. Choose the correct pattern for the type of chips being
1sea. Take care not to let the solder run onta any ather connections, since that
Tiav cause gamage to the computer when the power is reconnected.

he installation is now complete. Go back and check that all of the chips are in
he correct sockets and facing in the carract direction. Also check that none of the
nns nave been bent under the integrated circuits in case there is no contact with
he socket.

sonnect up the power supply and you should have an operational 48K

‘pectrum. Check this by typing PRINT PEEK 23733. The response should be
'55. It it isn't. then consult your local Spectrum expert.
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XPANSION MEMORY CIRCUIT DESCRIPTION

. MEMORY READ

Nhenever the CPU wishes to read data from the 32K expansion memary, A15
Vil go to logic 1 to indicate an address in the range 32768 — 65535. As the 2804
ead cvcle is initiated both RD and MREQ signais will go low. The high to low
ransition of MREQ is buffered by 1C23a to operate RAS. The RAS line going low
Auses the addresses AQ — A7 to be latched into the eight dynamic RAM chips.
WAS going low is delayed by the RC network comprising R71 and C63. Even-
uallv, the RAS low signal filters through to 1G23c which operates the address
nuitivlexers “select” line. This changes the outputs from the address multi-
stexers to AB — A14. Another RC network comprising 870 and C64 delays the
‘ow going signal yet again. This delay gives the address multiplexers a chance to
:1abilise before CAS finallv latches their outputs into the memory chips. A
:omoiete 15 bit address will then be latched into the memory. After a further short
ielav the data appears on the Spectrum data bus so that it can be read by the
PU.

. MEMORY WRITE

Nhen the CPU wishes to store some data in this 32K block of memory. A5 is
iaain ser to legic 1. The write cycle commences with WR and MREQ going low,
wddresses are lalched info the dvnamic memories in the same way as a read
wele. The only difference is that the WR pin on the dynamic memories is low as
vell. The memories therefore know that they must store data from the CPU data
yus instead of outputting data.

.. Memory Refresh o -

Nhen a refresh cycle is executed by the Z80A, WR and RD remain inactive in the
oaic 1 state. The address muliiplexers are therefore set 1o direct A0-A7 to the
memorv array. i he Z80A puts the number of the row to be refreshed on AQ-AG (7
uts allow 128 different row addresses). MREQ then goes low to operate the RAS
ine on the memories. This is all that is required forarefresh. Each of the 128 rows
;re rerreshed at least once every two milliseconds by this method. Continual
etreshing by the CPU was not required for the video memory except during field
vnenronisation pulses to the television, This is because the ULA 15 accessing the
71deo memory sequentially at each of the 128 row addresses during video data
uTpUt,
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0. THE VIDEO CIRCUIT

he Spectrum video circuitry is based around the LM1B8SN integrated circuit
sroauced by National Semiconductor. The video circut diagrams for Issue 2 and
ssue 3 Sopectrums are shown in Figure 9a and Figure 95 respectively. The
MT18BSN accents two colour difference signals (U = blue-yeliow, and V =
ed-vellow) from the ULA. These are combined to preduce a single colour output
danai. It s more economic 1o use colour difference signals rather than separate
iEC. GREEN and BLUE signals. Only twa sets of circuitry are required instead of
hree gssociated with RGB sianals. The colour is mixed with the incoming
:omoosie video sync. and iuminance (Y from the ULA} to produce the composite
zolour video sianal. Afler being buffered by the emitter follower circuit using TH2,
he video signal is fed intc the video medulator. This enables the video
niormation 1o be displayed on an crdinary colour lelevision.
tis unfortunate that RGB video was not used. because sormne colour monitors
equire these signals. However, it is still possible to improve the rather poor
wality display obtained on atelevision. For this, a monitor with a composite video
nput is required. Chapter 20 explains how such a manitor can be connected to
OUr Spectrum.
ooking at figures 9a and Y9b. it will be seen that several adustments are
wvaliable on Issue 2 Spectrums. The two adjustment resistors VR1 and VRZ aiter
he relative amplification of the red-yellow and the blue-yellow signals. By varying
hese adiustments, you can vary the output colour quahty or the grey scales. See
he next chapter for details on how to accomplish this. Note that NO adjustiabie
:omponents are provided in lssue 3 Spectrums.

5
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1. TUNING THE ISSUE 2 VIDEO CIRCUIT FOR
BETTER QUALITY DISPLAY

t should be noted that this chapter is only relevantto Issue 2 Spectrums. The four
;arable companents which were present inside Issue 2's have been replaced
vith fixed components which cannot be varied in Issue 3's.

MPROVING THE MOVING STRIATIONS ON THE SIDE OF
:HARACTERS

vanv Spectrum computers suffer from annoying striations on the side of video
:naracters. These are caused by an interaction of the ULA 14MHz clock with the
fnueo disptay which it 15 used to generate. The strations can be improved by
itering the clock frequency very slightly using VC1.

o do this, vou should fill the Spectrum screen with some text. Any old program
isthing will do. Ther turn the computer over so that it is resting on the keyboard.
f vou have an early version of the Speclrum, a small hole should be present on
he right hand side. A small screw head should be visible inside the hole. if your
‘nectrum has not got a hole then it will be necessary to open the case. Todothis,
emove he 5 retaining screws thal are visible on the underside of the Spectrum
:nalift off the kevboard as far as you can. Locate and remove the small retaining
crew on the component side of the board near the middle The circuit hoard
nould now be free from the bottom af the case. Tum the circuit board upside
iown You skouw'dsee asmall hole with a screw head ipside an the nght hand side
n the noard Using a small screwdnver carefully turn this screw a little way
1ockwise then back a little wayv anticlockwise. This should give you a feel for the
fect of the adiustment You should then be able to adjust the selting 1o produce
he most pieasing display possible. Note that turning the screw through one
omplete revolution will set the adjustment back to its onginal value.

ometimes it will belo to readjust the channel setting on your television.
Infortunately. as the computer warms up, the crystal expands and its frequency
:nanges. Bad striations may therefore reoccur whenever the temperature of the
.omputer changes a lot. You should therefore let it warm up a bitbefore trying any
iaiustments. If the stnations do become bad again, the anly solution 1S to readjust
he frequency as before using VG1.

~he easiest wav tu vary the colour is with the colour control on your 1elevisian.
dmikarly for grey scales, adjust the brighiness and conirast on your TV. The
nllowtna paragraph explains how to vary the colour settings inside the Spactrum.
his ONLY applies to acoloar {or grey scale) CHANGE  If there is no coluur at all
hen refer to chapter 13.

0 adiust the colour setting (or grey scaie), you will need to open up your
Speclrum by remaving the 5 retaining screws which are accessible from the
ingerside of vour compater. Hav ngunscrewed :he case you shouid put a display
:nowinag all of the colours and shades onto the screen. The praogram at the start of
“hanter 16 of your BASIC manual 18 suitable for this. Now you can carefully
waivst VR1 and VR2 using a screwdriver. The positions of these two adjustment
resets are shown in Appendix D and in Fig. 9¢. Watch the colours onthe screen

<8
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ISSLIE 2 ROARD

'R1 vanes the red-vellow amplitude and VR2 varies the blue-yellow amplitude.
fR1 has to be varied in coniunction with VR2 to vary the green level.
:CREW HOLE FOR v

10w vou eventually set the colour (or grey scale) is purely a matter of personal

i3 VOU vary the settings. This will give you a feeling for the effect of each control.
areference.
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‘HANGING THE COLOUR OR GREY SCALE
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2. THE EDGE CONNECTOR

his chaoter contains a contact by contact description of the signals available on
he rear edae connector. Some hints and ideas to help you design your own
JArcunts are included as well. For some simple experiments which you can do see
:napter 14,
he conneclions designated 28A and 1A are marked on the upper sice of the
:pectrum board. 28Bis under 28A and 1815 under 1A. Fig 10z illustrates the rear
1ew of the Spectrum showing the cofrect arientation of the edge connector. Note
hat it is shown upside down in the BASIC manual!

WDE A CONNECTIONS

A A15 ofthe address bus. Thiscan be used as an outbut from the Spectrum to

alect various external devices in conjunction with the rest of the address bus. |t
an also be used as an inout to the Spectrum from any external devices which
ake over contral of the CPU buses using the BUSBEQ signal.

A A13 of the address bus

:A D7 of the data bus. This bidirectional 8 bit bus can be used to transfer
niormation to or from the Spectrum.

'Ano connection
:A slot to locate the edge connector in the correct position.
;A D0 data bus
A D1 data bus
1A D2 data bus
*A D6 data bus

A D5 data bus

1A DG databus

2A D4 data bus
~ 3AINT connected to the Z80A interrupt line, and via R26 (680R) to the ULA
NT pin. This could be used by an external device to request an interrupt fromthe
‘pectrum, or if connected to +5 volts this will prevent the ULA from interrupting
he ZBOA CPU everv 20 ms. See chapter 14 for an experiment using INT.

4A NMI to the ZB0A non-maskable interrupt input. Normally held at logic 1 by

128010K) connected to 5 volts. If taken low by an external device the Z80A will
7e forced to wmp to address 102 decimal (66Hex} and start executing the
nacnine code from there. See chapter 14 for an experiment using an NMIL

5A HALT from the CPU HALT oulput — indicales that the CPU has executed
: sortware HALT instruction. The CPU waits tor an interrupt from an external
ievice before continuira to execute the program. See chapter 14 for a simple
Xpenmentusing a HALT.

6A MREEQ from the CPU memorv request output — indicates that the address
Jus naw holds a valid address for a memory read or write operation. This signal s
us0 operated during a memory refresh.

TA IOBQ connected directly to the Z80A input/ouput request output.
ndicates that the lower half of the acdress bus holds a valid 1/0 address for an
/O aperation. The upper half of the address bus holds the contents ofthe GPL A
eaister if IN A .norOUT n, A are used in a machine language program. n appears
n the lower half of the address bus. If a reqister indirect /O operation occurs, the

32
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PU C reqister appears on AD — A7 and the CPU B register appears on A8 —
5. From BASIC, a full 16 bit 1/0 address can be specified. This appears on AQ
— 415 when IORQ is active.

84 BD the Z80A read uulput indicates (hat the CPU wishes to read datad from
memaory or an |/ device. The addressed device should use this signal to put the
‘elevant data onto the data bus.

9A WH the ZBOA write output indicates that the CPU data bus holds data tobe
stored at the addressed location.

Z0A —5 voits power supply line, See the power supply circuit for details.

1A WAIT connected to the Z80A wait input, held high via R29 (1K5}to + 5

pIts — this input can be used by slow exlernal devices to make the CPUwait urtil
hev are ready to transfer their data. Care should be taken not to operate this line
or long periods of time (ie more than 1ms) because dynarnic memory will not be
etreshed during wait states. The program or data could be corrupted and lost if
MAIT is used for teo long.

Z2A + 12 vOolt power supply cutput (see power supply circuit for more details).

2IA +12volts NOT minus 12 volts as labelled in the Spectrum manual! This pin
s in ract connected to the collector of TR 4 and is therefore an unsmoothed +12
It supply. You should not use this as a +12 volt supply directly. The +12 volt
supply from 22A should normally be used. A circuit to convert it to —12 volts is

Iven in chapter 3.

“4A M1 from the Z80A machine cycle one output — indicates that the CPU 13

wurrently getting the opcode far the next instruction to be executed from memory.

"5A R memory refresh signal from the ZBOA. During a memory refresh the

:PU R reaister appears on AD — A7 and the CPU | register appears on A8 —
v15. This can have interesting consequences if | has a value between 64 and
27. See chapter 8 for fuil detalls.

"6A AC address bus

“TA A10 address bus

“8A no connection

<IDE B CONNECTICONS
‘B Al4 address bus
<B A12 address bus
3B +5 volts logic chip supply
4B -8 volts unregulated DC supply from the mains adaptor.
:B slot for locating the edge connector in the correst position.
B O volts connection for the power supplies. Two connections are supplied
vecause this line carries the sum of the other
. B 0 volts power supply currents, You should connect both 1o your external
arcunt to prevent either connection being overloaded.
4B CLK the 3.5 MHz clock signal from the LILA. Can be usedto syrichronise the
Jperaton of several Z80A support chips with the ZB0A CPU. Note that the ULA
rnay sTop this clock for an odd cycle now and again ifthe CPU s accessing the first
6K of HAM. See chapter 8 for rmore details.
2B AQ address bus
0B A1 address bus
1B A2 address bus
2B A3 address bus

13
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38 JOROGE connects to the [OFQ input of the ULA chip. itis also connected
o the IORQ output from the Z80A via R27 (680R). If IORQGE is connectedto +5
«olts the ULA chip will not receive its IORQ signai from the Z8QA. This could be
1serul for expanding the number of devices available for user /0. A7 could be
1sea to disabie the IORQGE signal when it is low. You would then be able to use
v — AB in anv combination to address any one of 128 1/C devices. A circuit todo
his together with an expeniment using KJRQGE is given in chapter 14

4B Ov another zero volts connection intended for use in conjunction with the
71gdeo signals.

58 VIDEO Video signals from the Spectrum. These are not always

:onnécted ta their designated signals an Issue 2 Spectrums,

6B Y Chanter 20 explains how to connect up a viden monitor to
7BvY these signals.
8B U

9B BUSRQ connected ta the Z80A bus request input and held high by R30
1K) to +5volts This can be used by external devices to request the use of all the
:PU buscs. Contrel is handed over after the current machine cycle is completed.

he Z80A signals to the external device when its buses are available by taking
JUSACK low.

‘0B RESET connectedto the ZB0A reset pin. This line is provided with a simple
iC delay. at power on. to allow the whole computer to reach an operational state
»efore the CPU tries to do anything. A simple RESET button can be connected
retween this pin and 0 volts {see fig 10b). When this awitch 15 operated the CPLU
¥l resetin the same way as at pawer on. 1 he difference isthat you do not have to
lisconnect the pawer supply and then reconnect it. A RESET switch would be
:xtremely useful to anyone who replaces the BASIC ROM with a machine code
nonitar. pecause memory would not then be erased whenever a reset had to be
rermormed.

18 A7 address bus

*28 Ab address bus

*3B A5 address bus

4B A4 address bus

*BH HOMCS connects directlv to the BOM chip select pin and via H33 (680H)
o the LA, If you connect ROMCS to —5 volts the 16K BASIC ROM will
usappear from the Spectrurn memory. Obviously you must replace this with
wnnther nrogram in Snmea external memory at switch aver, otherwise the com-
Juter will crash!

6B BUSACK the 2804 bus acknowledae signal tells an external device that it
nw has full control of the Z80A buses. It is used in coniunction with the BUSHQ
agnal.

78 AS address bus

8B A11 address bus
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13. FAULT DIAGNOSIS

the Spectrum is a complicated device and lhere are several faults which could

gucur. Most fauits tend to be of a simple nature such as a loose connection, bad
wning or a biown fuse. It is these simple type of faults which this chapter aims to
soiate. For more complex repans, the computer should be returned to Sinclairor
aquaified reparr company.

SYMPTOM: No display at all

Follow these instructions in seauence:

. Lonnect the video lead from the Soectrum to the television.

). Switch on the TV.
~. Connect the Spectrum power supply unit to the mains.

A Connect the supply lead to the Spectrum.

a Press the ' ENTER kev on your Spectrum and keep it pressed. Can you hear a
faint clicking corming from the buzzer? If you cannot then goto 'g’.

.1t vou get here then most of your Spectrum is working. Try tuning your television
o match the channel gutput from the Spectrum. If you still do not get a display on
the TV thenaoto .

n, Check that your mains gower pack leadis correctly inserted into the Spectrum.
h. Check the fuse In the mains olug to the ZX power supply,

' It you have accessto a mulimeler check thatthere isa - 9 volts between the Ov
and - 9 connectiong on the rear edqe connector. If there is not any voltage then
thorouahly check all power supply connections, There is almost certainly a break
'n connection somewhere.

. if your Spectrum still isn't working then seek professional aid.

YMPTOM: No colour on the display
. ollow these instructions in sequence:

a. Make sure that you are actually meant to be displaying colour. The program at
the start of Chapter 16 in the BASIC manual will put all availabie colours on the
screen,

1, Check that the colour control on vour television set is adjusted to give colour. At
one end of the scale you will only get black and white pictures.
. Check that the TV channel you are using is exactly tuned to your Spectrum. If it
5 not you will get a poor quality display with little or no colour.

1 If vou get as far as this, it is quite probable that the colour crystal in your
“pectrum is not tuned to the colour crystal in your television. On lssue 3
Joectrums, itis not possible to tune this, so the computer will have to be repaired
rotessionally. On issue 2 Spectrums however, you may try to retune the
.pectrum. First unscrew the five retaining screws under your Spectrum so that
U can move the keyboard. The adjustment to be varied is VC2. Look at the
omponent layout diagram in Appendix D to find it. Now rotate VC2 slowly using a
'mall screwdriver {clockwise or anticlockwse). You should find a point at which
olour returns to vour display. |f after a complete turn of VG2 the colour hasn't
Alurned. you will have to get the Spectrum repaired professionally.

1D



SYMPTOM: Random graphics on the screen

Ahen power 15 connected to the Spectrum a display of random graphics in
i8s0rned colours appears. There is no copyright message present. If this occurs
~ith no external circuits connected to the Speclrum, your Spectrum will have to
e repaired professionally. The fault 1s normally caused by bad power supply
equiation or a fault in one of the chips. The reduction in regulation of the power
.upplies caused by extra circuits being added can sometimes cause this problem
i5 well. You should therefore discannect anv external circuits and try providing
hem with an external power supply.

ona |leads to external circuits can alsc cause problems. There are two solu-
ions to lang leads. You can either shorten the leads, or if this is impossible,
ncorporate some bufter integrated circuits.

f this problem occurs even with no penpherals attached, the taut is most
sropably with the power supply. You can verify this by kistening to the Spectrum
vnen itis switched on. A smail buzzing sound can be heard if the power supply 1S
nnctioning properly.

tis advised that vou return your Spectrum to Sinclair Research if this is the fault
sith vour Spectrum. if you are feeling adveniurous. howewver, you may take your
:pectrum's life in your own hands and try repiacing TR4 with a smali NPN
ransistor, if this does not rectifv the fault, then try replacing TRS with a small PNP
ransistor.

6
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4. EXPERIMENTING WITH THE EDGE
ZONNECTOR

This charter provides lots of practical information which will be required by those
‘who want to connect thetr own circuits up to the Spectrum. |t should be read in
<ani.nction with chapter 12 which exolains each of the edge connector signals on
3 bin by pin basis. To llustrate how some of the signals can be used there are
ome small circuits and associated test programs.

NHAT YOU WILL NEED

~he first niece of hardware which you must have is a suitahle connector ta plug
nio the back of your Spectrum. A connector will allow you to solder wires onto the
sarious contacts very easily.

.he type of connector required 15 a 28 way double sided 01 pitch edge
:onnecior with a key i posdion 5. The key is there to locate the connector in the
vorrect position. You should be able to purchase a connector like this from your
acal computer/electronics store or by mail order. If you have any difficulty getting
une 1t is possible to use dastandard 43 way 0.1 double sided connector with a key
N any position from 5 — 20. The extra contacts can then be carefully cut off with a
1acksaw o produce the correct size of cannector.

Now that vou have got your connector you will want {o start connecting sume
arcuits to it. Two simple options are available:

1



. Breadboard system

e
IR

1G 10h — BREADBOARD SYSTEM

Jvanv different types of breadboards are available. Most modern ongs have
netal contact strips with abaut 5 contacts par strip. Thesea strips are maulded into
i paslic baseboard, The leads lo cormgonents such 4s integrated circuits,
esisiors, capacitors etc can be pushed through holes in the plastic to make
:ontact with the metal strips underneath. Connections between companants can
hen be made with lengths of single core insulated wire. These pisces of wire
1ave about 5mm of insulation stripped from each end. The wires then push Into
he relevant holes on the breadboard.

his tvpe of construction for circuits is very guick and zasy. Once you have
imished with a circuit it can be unolugged and a new one can be constructed. A
sreadboarding system is iltustraled in fig 10h. This shows the prototype PIO
iadition and an extra - 5 vaolt nower supply. Single strand wires were soldered
nio the Soectrum edge connector at one end. The other end is left free to
:onnect to anywhere on the breadboard.

38
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*. Vero strip board system
L yveroboard 15 a readv made circuit board with horizontal copper connection
arps on ane side. Holes are drilled through the board spaced 0.1 apart on a
:quare gnd pattern. This type of board is useful for experimental work where a
nore permanent circuit than breadboarding can offer is required. Component
eads are nserted throunh the holes and saldered onto the copper strips. Sa Lhal
1setul cirguits can be made. the copper strips will ofter have to be broken. These
reaks remove unwanted connections between component leads. A special
rero spot face cutter’ can be used lo make breaks in Lhe tracks. A more readily
waliable alternative is to use a 1/6" drill. Te make a break. place the drilinto a
1ole on the copper side of the board. Revolye it in the cutting direction whilst
wessing it into the board. Stop when a break in the copper strip has beer made.
f vou usc veroboard it is highly advisable to use integrated circuit sockets. This
vil make the chips easy to remaove in the event of failure and will eliminate the
wssioility of thern overheating when they are being soldered. The big advantage
i veroboard is that vou have a permanent circuit. The disadvantage 1s that it
-annot be modified as easilv as a breadboard. and used verchoards may have to
e thrown awav. A circuit constructed on a veroboard is shown in fig 12b.
¥hichever of the above two tvpes of prototyping board you use. you should
sdways try to keep the connection wires as shart as possible. If leads attached to
g€ connector contacts are too long. then the extra capacitive load may prevent
he: Spectrum from working at all. Long leads sometimes make the computer
-ragn fairly frequently until it has warmed up.
widing a few chips onto the Spectrum, such as the designs in this Dook,
yresents no problems. The Z80A can provide sufficient line driving capability
tself. If vou decide to design lots of additional circuits then some form of buffering
viil have to be added. If vou are designing circuits of this complexity then it
‘nouldr't orove too difficult to design this buffering yourself using the information
nven in the rest of this book. Refer to some of the books in appendix B for help.
Ne now come to some simple circuits which vou canbuild. Many only consist of
: simme switch and resistor.

9



iESET SWITCH

he circut s illustrated in fig 10b. You simply connect a push button between
IESET and Ov on the edge connector. When yeu press the bution the RESET
ine is pullec down to Ov to reset the ZBDA. Upon rcleasing the button, C27
‘narges via H31 untl the voltage reaches logic 1 level. The Z80A then starts to
un he machine node program starting from address O (usually in the Sinclair
i0OM1. Using this button simulates a "power on reset” and consequently
rograms which were in the memoery are celeted.

fy
|
|
:E’ $31
-
f,_::- 2K
]
BOA | HESET
{ESET 1 ¢ &
N |
“USH
MWITCH
AL | 0
WE N l
-l P

IG 10b — RESET SWITCH ADDITION
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'ALT EXPERIMENT
+he HALT line ts an output from the Z80A chip. When active {output = logic O) it
indicates that the CPU has executed a software HALT instruction and is awaiting
4n interrupt from an external device, Whilst the CPU is halted it execules NOP's
JNO operations which de nothing). These cnsure that the memory refresh
mecnanism continues to aperate irrespective of the duration of the HALT.
he cireuit for this experiment 1s shown in fig 10c. Any small LED (light emitting
lode) will do. Now try running this httle program.
0 CLEAR 32499
‘0 POKE 32500.118 \REM HALT
;0 POKE 32501.201 :REMRET
'O LET a = USH 32500
0 GOTO40
ine 10 stops BASIC using memory above 32499 Lines 20 and 30 setup a
nacnine code orogram (o execute a HALT then return control to BASIC (after an
merruot has been received from the ULA). Line 40 jumps to the small machine
:ode program. You should notice that the LED lights when you run the prograrm.
ntact itis switched on when the program first gets 1o ling 40. Then the ULA sends
nnterrupt ta the CPU which turns off the HALT line. The program goes back to
ine 40 and turns the HALT cn again, until the next interrupt is received from the
ILA. You can't actuallv see the LED flashing on and off because it is flashing at
:0 Hz (the ULA interrupts the CPU 50 times every second).

AMI TEST

he circuit tor this test 1s shown in tica 10d. It simply requires a push switch
etween the NMI inout on the edge connector and the O volt line. If you press the
uttan to generate an NMI {non maskable interrupt) then no matter what the CPU
x¥as aming previously. it will now start to run the interrupt service routine at
dress 66Hex (102 decimal). This in fact will reinitialise BASIC and so it has the
:ame crfect as pressing the RESET button,

NT AND IORQGE TESTS
n these tests we are qoing to use the circuits in fig 10e and fig 10f. These
rfectivelv connect the approprate lines on the edge connector directly to 1 Sv.
he 100 chm resistor 1s there to reduce the current taken from the power supply
ngd can be omitted.
Jow enter the following short program. Leave bath switches for INT and
ORQGE oben whilst doing this.
g CLS
"0 PRINT AT 0,0; PEEK 23672 ~ 256"PEEK 23673
W GO TOZ20
¥hen vou run the program you will see an incrementing number at the top of
pur sereen. 1his shows how many times the CPU has been interrupted since it
vas swiiched cn Now oberate the INT switch. The clock stops. Try 1o BREAK
our BASIC program, Nothing happens! All is not lost however, Switch the INT
witch off again and the counter restarts where it left off. You can aiso use the
tevboard again.
Mhv did this happen? Well, the way in which the counter and keyboard cperate
eles upon interrupts. Once every 50th of a secand the ULA activates the INT
ne. This causes the CPU to iump to a little bit of machine code in the BASIC



v

UM INPUT
"
= /3 [
EAN HALT QUTPUT Iﬂu’
15 e e
141G 10e — HALT TEST FIG 10d — MM TEST

By By

“00n 100n

IG 10e — INT TEST FIG 10f — IOROGE TEST




iOM. The purpose of this routing is to scan the keyboard toseeifa key has becn
resseq and 1o increment a 3 byle counter in memary. By connecling iNT ta 1 5
soits. vou stop the ULA interrupt signal reaching the CPU. The CPU doesnt ever
.can the kevboard or increment its counter unless it receives an interrupt.
herefcre none of the kevs on the keyboard operate and the counter stops.
Jow enter 1his one line program.
0 +tOBt=1TO30 BEEPO.01 L NEXTt: GO TO 10

f vou run i1 you will hear a BEEF of nisirg pitch from the buzzer. Try operating
he INT switch. It has no effect and the tore continues. INT doesn't affect output
rom the CPU to the ULA. It only affects inputs from the ULA to the CPLU. Switch
NI off again. Now try operating the IORQGE switch. The BEEP suddenly stops.
‘et again the keyboard has become tolally unuseable, but for a totally differert
£asen. Lan vou sec why?

Jdl 170 which is done by the ULA relies upan the ULA being able to detect
vrenever the CPU wants 1o send it information ur gel informalion frum it, The
JLA uses the address lines, RD, WR and |IORQGE to test if the CPU is trvirg to
ommunicare. By conrecting IORCQGE to | 5 voits, you are preventing the Z8B0A
ORA signal from reaching the ULA. No commurication between the two devices
:an therefare aeour. The 3 byte ON time clock does continue to run because the
JLA g still generating interrupts for the CPU 50 limes per second.




5. ADDING A Z80A PIO CHIP

his parailel input/output chip enables the Z80A CPU to communicate wih the
wiside world. In this chapter a brief explanation of how the PO works, how to
arogram it, and how to connect it up to the rear edge connector will be given. ttis
101 intended to give a complete and fully detailed description of the PIO chip. This
niarmation can be readilv obtained from specialised books on Z80 intertacing.
hapter 18 contains details of an 8 channel analogue voltage to dgital output
onverer as a practical example of a useful device which can be run from the
10, One of its manv uses is for reading the X and Y coordinates from a joystick
nput.
he Z80A P10 chin has been designed specifically for use with the Z80A CPU
:nip. |f you look at the pin connections in fig. 1 1a you will notice lots of farmiliar
:1anais. There is the databus for fully bidirechonal communication with the CHL,
he clock. M1, IORQ. RD and INT signals a:dl being connected directly to their
xauivalent pins on the edge connector. There are also two pins for the “interrupt
mavle input” and “interrupt enable output’ signals. These are only of relevance
xynen interrupts are being used. The basic use of interrupts are to force the CPU
o run a specified piece of machine code program. For example, the Spectrum
might be running BASIC and also be under use as a central heating controller.
The CPU doesn't want to waste time keeping a check on the house temperature
{from a signal from a thermostat) because this would slow down the BASIC. We
~vould therefore use interrupts. If the temperature gets toc high or too low
nvwnere in the house the thermostat circuit would interrupt the CPU which is
hen forced to run the central heating program. When this is completed it can go
rack to BASIC and forqet about the heating until it is interrupted again.

ooking at the other connections vou will see that there are two /O pors,

hese are designated port A and por B to distinguish between them. Each port
1as 8 170 hnes (PA0C — PAY and PBO — PBY) and two handshake lines
ARDY, ASTB and BRDY, BSTB). In this book only the eight [/O lines will be
1seq. The other signals are used in BYTE data transfer modes between input/
wiput devices (usually of different computers).

n order to illusirate the PIO chip programming there folliows a practical
ample with explanation. The objectis to detine PAO ta PA1 as inputs and PAZ
0 PAY as outputs. It will then be seen how these can be used by the CPU to
werate the switches and lamps circuit. This example uses port A, however port B
:an pe used in exactlv the same way by sending control words and data words (o
1or Binstead. The cirguit shown in fig 11k should be built onthe same board as

the PIO chip. The 741505 integrated circuit is used to aperate the light emitting
diodes {LED's) because the PIO chip outputs cannot supply enough current.
Aruallv any lype of LED can be used in this circuil.

f vou have a 16K Spectrum then the Spectrum's own +5 volt power sUpply
nould be sufficient to onerate all o the circuits in this book. 43K Specitrum
wners mav 1nd that their —5 voll power supply jusl cannot provide sufficient
:urrent for their extra 32K of memeoery plus the additional circuits given here. If you
ind this to be the case with vour Spectrum, an additional -5 volt power supply witl
»e reguired. A suitable designis discussed inchapter 3.
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sefore the PIO chin can begin to operate as we desire, it must be told what it1s
*xpected to do. This is carried out by writing a control word to it. The format of a
-ontrol word is:
7w D6 D D4 D3 Dz D1 DO
At MO x X 1 1 1 1

node signifies mode
NOT o be set.

not used by the PIC soitcanbe Oor 1.
he mode word can be any number from 0 — 3 inclusive.

nnge bvte cutput with handshaking
noge 1 = bhvie input with handshaking
node 2 = bvie input/output with handshaking
noae 3 = control mode

Ance we will be using the control mode, the mode word must be setto 3. The
:ontrol word s therefore:

11 1 1 1 1 1 = 2b5decimal

his is sent to the control port for port A. OUT CA 255 can be used in BASIC.
A = control port address for port A and depends upon how the PIO chip is
onnected to the address bus {scc later).

he PO chin now needs to know which linaes of port A are to be used for input
:nd which lines are to be used for outout. Another control word is therfore written
o Dort A with the relovant data it setto O for output or 1 for input. So

W B D5 D4 D3I D2 DY DO
) 0 {0 { 0 0 1 1

yvrittento CAwillset B0 — D1asinputsand D2 — D7 as outputs. You carn use
WTCA 3 inBASIC.

lefore vou can actually write any of the BASIC IN and OUT commands given
ibove, vou must define CA and BA plus CB and DB if you wantto use port B. The
pectrum itself does not use A7, AB or A5 for 1/0 devices, so these are used lo
werate the PIO chp. A7 as wired infig 11ais usedto enable the PIO chip when it
s setto 0, AG selects whetheracontrol (A6 — 1)ordata{A6 — O)ywordis being
:entto the PIQ. AS selecis whether port A{AS — O)jorportB (A5 — 1)is being
1sad, A4 to A0 should be left at loqic 1 throughout, so that ordinary Spectrum 1/0
unctions are not disrupted.

Lelected Binary Recima! Token
ort A data GEE 0T 2 A A R | R LA
“ort A controd G e ot R U A B S 93 CA
“ort B data 6 R S R | 63 CB
‘ort B control s R TR R R S 127 CB

T =i Ay



XPERIMENTS WITH THE LED's and SWITCHES
\wavs start your BASIC programs with-

Q0 REM Pon A initialisation orogram
‘0 LETDA — 31
O LETCA — 93
0 QUT CA,255
=0 OUTCAS

his will set up port A carrectly for your program.
OME INPUT

115 possible to generate each of the binary numbers 00, 01, 10, 11 equivalent to
}— 3in decimal with the switches in different oositions. Try the following program
000 10 5ee now the number displayed changes with different switch positions.

00 LETx = INDA
20 PRINT "My input switches read ":x
a0 GO TO 100

~ome output
he LED's allow us to display any binary number from ¢ —83. The following
ragram will de this for you:

00  INPUT "Number? "A
10 LETA — A4
20 OUTDAA

130 GO TO100

Jow that vou have seen how to do some simple inou! and cutput with the PIO,
‘ou could write a program which counts up in binary automatically. By operating
ne of the switches the orogram could then start to count down in binary.
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16. ADDING YOUR OWN KEYBOARD

NTRODUCTION

his chapter explains in detail how you can build a keyboard interface which will
Jug directly intp the rear edge connector. It will operate in parallel with the
rginal Spectrum keyboard so that two keyboards can be used simutaneously.
*hapter 17 explains how you can use this keyboard inter'ace for Sinclair corn-
ianble joysticks. The possibilities are enormous. You could add a numenc
-evpag (an old calculator keypad for examplej, a hexadecimal keypad for
vacnine code programmirg, or a complete full size keyboard.

IRCUIT DESCRIPTION
‘ou should refer to the circuit diagram illustrated in fig 12a. The keyboard

onnectons EKBODY — EKBD13 shown on this circuit diaararm are equivalent
onnections to KBD1 — KBD13 shown in fig 6. The signals IDRQGE, AD, and
iD are all combined so that the commaon inputs to NOR gates ICth, and
C2a — 1C2d are only low when these signals are all low. This extra keyboard
nierface is therelore selected whenever the ULA (port 254 is addressed to be
eaa from. If none of the kevs are pressed then the inputs to the NOR gates are
Juiled high by resistors R2 — 86 Qutputs to the NOR gates are low and are
nverted by |C3 to give a high on the data bus lines D0 — D4, Since 1C3 hex
auffers have ‘open collector outputs, the ULA can easily set any of DO — D4 at
oqic O f any of the Spectrum keyboard keys are pressed. NOow imagine that
"KBD 1015 conrected to EKBD6. If vou look at fig 6 you will see that this indicates
hat the 'F kev has been operated. When a read occurs with AD low the input to
L 2d is puiled low. The output to 1C2d goes high and D3 s pulled low by 1C3d. The
:PU can therread D0 — D4 directly from its data bus and register that the 'F'
10V Nas been pressed.

*ARTS LIST
Henistars
i 4K
12 — H6 10K

il &% 14 watt

.apacitors
31 22uF b valt elactrolvtic
;2 0.1 uF disc ceramig

.emiconduciors
C1 74L.502
C2 74L.502
23 74505

M - DBIN4148 diodes

viscellaneous
»off 14 pin DILIC sockets
‘8 wav Spectrum edge connector
"3 x 2.6 {or larger) piece of 0.1 pitch copper strip veroboard
vire and solder

1 e
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ONSTRUCTION DETAILS

4G 12b — KEYBOARD INTERFACE BOARD

his circuit can be built on breadboard or vercboard. The component arrange-
nems for the vercboard desian are illustrated in fig 12b. Sockets should be used
or the three integrated circuits so that they are not damaged by overheating
iuring soldering. Maxe sure that you break all of the copper strips as shown in the
ilagram. A 1/6" drill is suitable for this [see chapter 14 for some hints on
:onsuruction). The circuit must be carefully wired up as in the ‘ull circuit diagram in
1@ 12a. The campleted circuit board showing all of the components scldered into
wstion, together with the interconnection wires i1s shown in fig 12b. The tips of
he arrows on dicdes D1 — D8 in the circuit diagram are normally represented by
: pand on the correct end of the components.

‘nu will now want to connect some form of kevboard up to the cireuit. The next
:napter explains 1 detail how to connect up seme joystick game controls.
sternativelv, there are lots of full size keyboards available which could be
annected up. The major problem here is that all ¢f the Keyboards tend to be
~wirea In a different wav. It is not therefore poss.ble to give exact details for
:onverting different keyboards in a book of thig nature. The basic requirement is
hat the kevboard is rewired to conform o the Sinclair keyboard shownin figi. For
:xample, the '|” key must be connected between EKBD4 and EKBD11. The 7"
v must be connected between EKBDS and EKBD10Q and so on. If thig rewiring
¥ a kevboard does not appeal to you, several large mail order companies will
uppty individua!l keybcard switches. It 1s farly easy o mount these an a large
rece of veroboardona 5 « 8 key gnd.
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7. SINCLAIR COMPATIBLE JOYSTICKS

Y ioystick. in this comext, means some form of hand held device used 1o give
novement Nstructions to programs. Sinclair joysticks wili have a LEFT, RIGHT,
JP. DOWN and FIRE function. The hand held unit could consist of a lever which
erales one ot four switches when pushed forwards. pulled back or moved from
qae to side. An alternative smail hand held umt with a compact arrangement of
yusnbuttons 1s shown in fig 12e. The outer four buttons give the movement
:ommanas and the central one is a fire button.

he Sinclair ioysticks appear from software to be identical to the top row of keys
i the Spectrum keyboard, both from BASIC and machine code programs.
LO¥stick 1 will appear on input port 61438 and joystick 2 on port 63486, The
unctions of the ioystcks correspond to the number keys as follows:

{ey Function

LEFT

HIGH
2 DOWN JOYSTICK 2
: P
: FIRE
; LEFT

RIGHT
3 DOWN JOYSTICK 1
! i
1 FIRE

norder to add this control hox to vour Spectrum, the keyboard interface circuit
iTchapter 1615 reguired. Only the diodes DB and D5 are used. The other diodes
:an ne omited.
he unit illustrated in fig 12e uses 5 push button switchas faor the control box.
he imternal arrangement of buttons soldered oo a piece of veroboard is shown
n tig 121, The exact arrangement and type of buftons is left to the constructor.
nternally the control box {es) must be wired in accordance with fig 12¢ (for
oysnick 1) and fig 12d {for joystick 2}. The connections to the keyboard itterface
:re clearly shown on these diagrams. If you are able to obtain a ready made
oystick control box which makes contacts as in fig 12¢ and fig 12d then this can
e connected to the Kevboard interface circuit instead of a completely homebrew
arcunt,
yb that vou need now is some software to use with your joysticks, Any Sinclarr
oyslick compatible software can 2e used. There follows a program named
YPOLLO to enable vou to experiment wilh the joysiick coatrol. Joystick 2 or the
iavboard keys 1 — 5 are used.




1G12f — INTERNAL LAYOUT OF HAND HEI D JOYSTICK
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‘rogram Apollo — description

(9%

FUEL SPEED HE I1GHT DE 54
y ENT
ne aqg 33 lflﬂ

IG 12d — DISPLAY FOR "APOLLO" GAME

he aim of the game is 0 successtully land a lunar module on the surface of the
noon. Intially you are in a steady circular orbit. The joystick controls your thruster
ockets, These apply thrust away from the moon [UP), towards the moon
DOWN). to increase tangential velocity (RIGHT) and to decrease tangential
setocity (LEFT). You only use fuel when operating a thruster. A continuously
;paating readout of remaining fuel, speed, height above the lunar surface, and
ate of descent appears onthe screen. The objective is to land on the surtace with
3 low rate of descent and a slow speed. if either of these is too large then you will
xasn. Inthe event ot your fuel running out the thrusiers will no longer operate and
‘0uU will be lett to the mercy ot gravity! The FIRE button should only be used in
ipsolute ermergencies. It will fire yaur super boost refro rockets and accelerate
wwav rom the moon. Use thus facility with care. The super boosters consume fuel
il an alarming rate and are so powertul that several seconds of operation will
yoost vou out of orbit for ever .. . The normal laws of gravity are obeyed. Slow
10wn vour orbital speed and you will drop into a lower orbit which increases your
:Deea again. Applying full thrust towards the lunar surface will push yoi. closer fo
he moorn. but vour urbital speed Increases rapwly so lhat centrifugal acceleration
hrows vou out further into space. Happy landings.
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WPOLLO PROGRAM LISTING

00 REM APOLLO MOON LANDER
10 REM Cooyright by A C Dickens
20 REM December 1932

S EETr =30 FT s 1)
40 REM Draw the moon

50 CLS:CIRCLE 127.87.11
60 CIRCLE 110.96 4

/0 CIRCLE 140.100.10

gl CIBCGLE125 ¥5.7

90 CIRCLE 145. 77,5

N0 CIRCILE 120,78, 14

10 PRINT AT 20. 0; "FUEL 1] SPEED [ THEIGHT [ ][ DESCENT"
al I A

30 LEIl y= 157

iy CEEE R

Bl LETw=1

‘60 LET kt=70

70 LETp=0.095

80 LETw=1/70
80 LETam =70

00 LET o =pi3

i LBl =0

20 LElk.-0

3 LET =100

2 LETH =02

60 REM Getioystick input

60 IFfu=0THENLET e - 31:GOTO380
70 LET e = IN 63486 — 224

B0 LETTf = INT {e/16) : REMFIRE key

80 LETe—e-f16

N0 LET 1 = INT(e/8) REM LEFT key

10 LETg=e-f1"8

120 LET 3 = INT (e/4): REM DOWN Key

130 LET e = e—13"4

140 LET f2 = INT fe/2): REM RIGHT key

5l L ET -8 (22

60 LET f4 - INT e REM UP key

0 LETH =it=11]"p

il LET 2 — =12

g B3 =115

00 LETf4 =(1- 14) "p1

) dEF=T0 IBENLET fu =1 10 =TIl = &8 p
20 IFH+f2+f3+14> O THEN LET fu = fu—1l
:30 REM Calculate nex! position

A0 LFTH — (kt/r—v v)/r

50 LET am = am+(f2a—f4)r

B0 LETu=u+(f1-f3-1

70 LFTr=r+u

80 LELw = ami/r




0 LET|=vét

00 LETk=k1]j
3110 REM Clear orevious spacaship
20 PLOTINVERSE 1:x.y
i30 PLOT INVERSE 1:x. y+1
40 PLOTINVERSE 1:x-1y

60 LEFEx = 127115tk
60 LETy=87+rCOSk
370 IFx <225 ANDx >= {1 ANDy >=0ANDy <_= 174 THEN GO TG 710
380 LEFx—10
90 LETy=20

00 GO TO750

10 REM Draw new spaceship

20 PLOTx.y

30 PLOT x-1.y

40 PLOT xy+1

50 IFfu = 0 THEN GOSUB 950

60 LETh=r-n1

70 PRINTAT 21, 0: INT{fur10)/10: " ][ "
BO PRHINT AT 21, 8; INT (v*100); "[ ][],
90 PHINTAT21.16;INTh, [ [ ]

00 PRINTAT 21,24 INT(u 100y, " [ ][],
110 IFh<=- OTHEN GO TO 830

20 GO TO350

330 REM At lunar surface

0 IF ABSv = 0.04 THEN GO TO 900

b0 IFABSU =015 THEN GO TO 8900

60 CLS

70 PRINT AT 20, 0; "SAFE LANDING - WELL DONE!™
80 FORx 0TO300: NEXT x

0 GO TG 100

0 REM Impact with the moon

10 CLS

120 PRINT:FLASH 1;"TOO FAST === YOU CRASHED!”
30 PAULSE 200

10 GOTO100

150 RBEM Out of fuel

60 PRINT AT 20, 0. FLASH 1; "EMPTY";
70 LEllu=20

80 HETURN

Jote: [] indicates a space.
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8. EIGHT CHANNEL ANALOGUE TO DIGITAL
IONVERTER

ntroduction

‘ou will appreciate from reading earlier chapters in this bock that the computer
12al5 in diaital quantities. This leaves anly two options for each oit of information.
t must be ether 1 or 0. Inthe real world. quantities which we may wish to measure
an ornen take a wide range ol values. Some exampies are blood pressure,
emoperalure. light intensity, or volume of soung. These paramelers can usuatly
se expressed as a variable voltage by using a special transducer. An analogue to

itgital converter {ADC) will accept as Hs input a variable volage (say 0 — 255
«0iIts1 and provide a digital output which can be read by a computer. In this circuit
in 8 bit ADC has been used. and consequently its output canvary from 0 — 285

ninteqaral steps. The circlit can therefore measure down to an acouracy ot 0.01
nits,

‘onstruction details

ha 8 channel ADC connects directly to port A and port B8 of the PIO chip
1escribed in the chapter 15. The author used a 25 way D type connector o
acilitate removal of devices from the PIO. The unit in use is shownin fig 13¢. You
:an see the D type connector protruding from the side of the box. The componeant
avou: on 0.1 " pitch veroboard is shown in fig 132. Make the breaks in the copper
racks as shown before scldering in the components. Itis recommended that all of
he integrated circuits should be plugged into sockets and not soidered directly
mnio the board. This will make it easier to rentace faulty ch:ps and eliminates the
Jossiihty of damaging the chips due to overheating during seldering.

14 and C4 have been asterixed on the layout diagram. These are the timing
:omponents for the clock circuit. The photograph of the circuit board in fig 13d
:nows H4 as a variable resistor in senes with a tixed resistor. This enables you 1o
:etthe oscillator to its maximum of B00KHz, however it is not normally necessary
o run it at this speed because BASIC is st slow. It is also difficult to ensure that
he frequency is not above 600KHz uniess you have access to an oscilloscope or
reauency counter. You are therefore recommended to omit the variabie resistor
i and use one fixed 1K8 resistor in its plage. Interconnection between
:omboneants should be made in aceordance with the gircuit ciagram in fig 13a.

)
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OMPONENTS LIST FOR THE 8 CHANNEL ADC
ZESIRTORS

it 390 ohms

2  4K7 ohms

13 82K ohms

14" 1K8 ohms {or 330 ohms in senes with a 2K2 preset — see text)
15 220K ohms

6 220K ohms

il Va watt 5%
CAPACITORS

b R )

2 0.1uF
23 0.1uF
4 330pF
5 22 uF 6w

NTEGRATED CIRCUITS

C1 CD4011BE
C2 ZN427C
C3 CD4051BE

VISCELLANEOUS

/R1.VR2 100K chm X and Y axes joystick

1.17 copper strip board

:ockets for IC's

ase

;onnector to PO
Note — f vou have any difficulty obtaning a suitabie 2 axis joystck, it 15
wanable from:

vianlin Electronic Supplies,
(3. Box 3,

lavleigh,

S5EX 556 28R

11
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1G 13¢ — 8 CHANNEL ADC IN USE WITH A JOYSTICK

1IOWIT WORKS

he heart ot the circuit 15 the analogue to digital converter chip {IC2). Its objec-
we is to accent a voltage at its Vin input and convert it to an B bit digital
wiput. 1o do this it requires several signals from the PO chip plus a clock. The
nock s similar to the Z80A c¢lock in vour Spectrum, but operates at a lower
reauency. On each clock puise the chip performs the next bit of the conversiorn.

he treauency of the clock is about 500 KHz, and it is turned on and off by PAQ

ach analogque to digital conversion therefore takes about 20 u5. The conversion
s iniuated by PA2 operating the start of conversion pin and PAD switching on the
1ock. 1C1 together with its associated resistors and capacitor forms the clock
srcuit. When the convers:on is complete. IC2 sends an end of conversion signat
o PA3. This indicates that the output data byte can then be read PA1 operates
fie output enable pin. Port B of the PIO can then be used to read in the 8 bit data
wie fram the ADC.

n the samole BASIC drawing program, FAO, PA1, and PA2 are all operated
amuitaneously. The end of conversion signal will be finished in the time it takes
IASIC to complete the coordinate read routine. |f machine code were to be Lsed
hen it would be necessary to use the end of conversion signal. This is because
naching code oparates so much faster than BASIC. 1The ADC may nol have
ompieted the conversion. and therefore it must be checked

he ADC chip is fairly expensive, co if we wish to measure analogue voltages
rom more than one source, it is better if we can arrange this with only one ARC

15
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1G 13d — B CHANNEL ADC INTERNAL LAYOUT

:nin. This is where 1IC3 comes in useful. Thisis a 1 to 8 line analogue multiplexer
nip. An address from O 1o 7 can be applied to it via PA4, PAS and PAB. This
:naples anv one of the 8 inputs to be connected via the multiplexer to the
:ommon ouput. If we select address 0 for exampie, the input voltage applied at
0 will appear atthe /0 common pin. The chip is conceptually similar to an B way
pole switch. Changing the address to the chip is like changing the position of the

:witch.

he BASIC drawing program will operate with the X and Y axes of the joystick
:onnecied channel to 0 and channel 1 respectively. Lines 10 to 90 set up the PI1Q
rart so that port B is all nput and port A is all output except for PA3. Consider lines
40 1o 170, which read in the X coordinate. First of all, port A outputs are set to
ero. 1 his stoos the clock. selects multiplexer channal 0, and disables the ADC
nio. Then in ne 160, the clock s started simultaneously with the start of
:anversion sianal to the ADC chio. By the time that line 170 reads in the X
:0ordinate from port B. the conversion is complete.

he BASIC drawing program itself is very easy to use. There are two modes,
"V and 'S. each entered by pressing the appropriate key on the Spectrum
(evboard. In'S mode a small flashing dot can be mnved around the screen with
he ioystick, but it doesn't leave any mark. If D' is pressed then the moving dot
eaves a ling behind it. You can d-aw pictures in this way. Typing 'S’ again slops
he drawing until you press ‘D' To start a new drawing press N

14



JIRAWING PROGRAM LISTING

0

0
0
1
:0
10

0

50
L
00
10
20
30
40
50
60
(0
B0
490
U0
“t0O
20
30
40
50
60
7O
280
g0
W00
10
w2
330
340
350
B0
270
H0

REM JOYSTICK DRAWING PROGRAM
REM

HEM SET UP THE PIO PORTS

LETDA — 31.LETCA = 95

LETDB = 63.LETCB = 127

QUT CABIN11111111

QUT CA.BIN 00001000
QUTCBBIN11111111
COUTCBBIN11111111

LETAS - 'S’

LET X1 = O:LET Y1 =G

REM SLT UPTHE SCREEN FOR PLOTTING
BORDER 7: PAPER 7: INK0: CLS

REM READ X COORDINATE

QUT DA BIN 00000000

OUuT DABIN 00000111

LET X = INDB

REM READ Y COORDINATE

QUT DA BIN 00000000

QOUT DABIN 00310111

LETY = INDB"175/255

REM D=DRAW. S=5TOP DRAW,  N=NEW PICTURE
IF INKEYS = "D IHEN LET A% = D"
IF INKEY$ — "S"THENLET A% = =S
IF INKEY$ “NYTHEN GO TO 100
IFAE = "D THEN GO TQO 350

REM FLASH DRAWING PQINT

PLOT OVER 1. X.Y

HEM GEFNERATE DELAY

PAUSE 10

PLOT OVER 1: X.Y

LET X1 — X

LETY1 = ¥

GO TO 140

HEM DRAW/

BLCT Ny ]

DRAW X-X1, Y-Y1

GO TO 320

L5




9. ACENTRONICS PARALLEL PRINTER
NTERFACE

NTRODUCTION

he Spectrum has been designed to operate with a variety of Sinctair peripherals.
wo of these can be used to obtain printed output on paper. The first is the ZX
“ninter. which produces output on narrow strips of aluminised paper. Such output
s normailv sufficient for program listings, but unsuttable for most professional
inplcations such as word processing. High guality printers for such applications
ic exist. Thev are generally provided with one of two standard printer interfaces
sentronies parallel or RS232 serial The Zx Interface 1 peripheral allows
19232 nrinters 1o he connected directly to the Spectrum. However. most modern
mniers are equipped with Centronics paraliel interfaces as standard, and no
inclair interfaces are vet available to allow such printers to be connected directly
c the Spectrum. This chapter explains how to make a suitable Centranics parallel
srinier interface using just one ZBOA PIO chip. A comprehensive interface
srogram s aiso pravided. for use with a 16K or 48K Spectrum.

XIRCUIT DESCRIPTION

n order 1o construct the parallel printer interface, the Z80A PIO chip must be
:onnected to the Spectrum rear edge connector. This is explained in Chapter 15,
iaving wired up the Z80A PI1O chip to the Spectrum, it is then necessary to
:onnect It up to the printer. The connections should be made as illustrated in
igure 14a. Some form of multicore cable will be reguired to connect between the
'IQ and orinter plug. The type Used will be dependent upon the Centronics plug
:moioyed to connect to the printer. Two commoen types exist: an insulation
isnlacement type and an individual wire type. Either type will plug into the mating
-ocket on the printer. The former is designed for use with ribbon cable (strands of
¥Ire mouided side by side in the form of a ribbon). This type is very easy to use,
recause no solderting is reguired at the printer end of the interface cable. The
:econd tvpe Is designed to have individual wires soldered onlo the terminals
nside the connector. The type used will be determined by availability and/or
rersonal preference.

6



ONHECT
QPG
OHT

Al

‘BO

'‘B1

‘B2

"HE

‘BT

A0

SIGMAL

=1 RUBE
DATAD
DATA 1
DATA2Z

DATA S

LATA4
DATA S
DATAE
DATA 7

BUSY

T ————— = = == —

llfa . T.p.E--“..r—\
HUOOGODD{JDGDDDGDDD [|I
|

O
ODDODOODDDODODUOOQ
65 |

gu

S

IEWINTO REAR OF 36-WAY
:ENTRONICS PRINTER PLUG

IG. 14a — CONNECTIONS BETWEEN Z80A PIO AND PRINTER
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"ARTS LIST

he followina parts are required for the Centronics parallel printer interface:
of 10K resistor
of ZBOA PIO chip
of 40 oin DIL socket for ZB0A PIO chip
of Centronics 36-way printer plug {IDC or solder type)
ength of suitable interconnection cable (with at least 12 cores)
‘3-wav card edge connector
nece of 0.17 pitch veroboard
vire

:oider

HE INTERFACE SOFTWARE

he ioh of the interface software is to send the correct characters to be primted on
he printer when the BASIC 'LPRINT and 'LLIST' commands are used. The use
i this software is explained in the next section entitled ‘Using the interface’. This
:urrent section explains how the program works at the machine code level. If you
io not understand Z80 machine code, this section may be ignored — it is only
1ecessary 1o uge the BASIC programs listed in the next section.

EARFP IBW Assembler — Source Listing

F i LS Rl <] OFG £7F4E
IR G RESEFN BRSNS EE NS RN R EEE R EENN L
el e £
1 EE 5 CEMTROMILS FARALLEL ENTERFAECE
1A 3
1D 3 for a 14F fX SPELCTRUM
At §
O BT - tc! Nopyraght & C DICKEMS
218 5
219G 3 Januwary (984
Al g
e R e Y e s e YT SR XS]
AT 3
F4E wmaGF Garzfaa R/ EDLU 95 SLCONTFROL FORT &
FAE st FF alda Ch L L) Y7 sCONTROL FORT E
EJ4E owalf M5 Dy £ 1 tDxals FDRT G
E4E 6 TF AAG DR FEl &% sDA1A FDRT B
70 sline Jenpgth ctour age byte
EaE SCBE1 Q280 L FHNETH Pl £5C8Y sDecimal 234581
1290 sREESFRVED WORD TARLE =i ar L addr 2xs
FaE o3 G TABLE EBU £
R 3PRINTER ROUN IRFE ADDRESS WL TOR
EAE SLIXE LERlE B A e £ foccs
| B o e

24 INIl sete o the FIN porte and the
VIEY Spranter routine vector.
Aahi §

L]
Edr =l fF O g INET LD A 255
Efaa 3 A5f T HG {ILT (R . A
ESL FEEDN Lk g LD FAa. 253
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LA
obm

ESh
ESH
ESHA
Ef(l

(] =
o da i)
F&a

F&a

F &

| =]
EbHF

E7a
E74
E7&
E7é
F7D
FE7F
Ea2
E24
EG7
EQ7
EHL
FHSE
E71
EPS
E9=
EQ7
£ e
ETFA

EQC
E-E
FhAil
CAY
bl %
ERs

FRA
EAL
EaF
EEZ

SEFF
D=TF
JFE O
L>7F

SR
FR7iiL
ir] S FE
EDg TCDoE

Fan

AU A0
Bl

FOCRY &4 6
Sa50C
FOCRY&AE
Cl2aa7F
FEO&
=10 o
FE1&
{:AlPYF
FEi7¥
CAICTT
FEAY
DIE277F
FEGL
= il
FE2>

o8

FEHe
ez

TE Do
Fliaars
a7F

e SC
FLUHE F 7
Sl g

SEeD
CHSTF
FO3a77u
FDCETADO

ihe]
44916
g e
44T
g g
14 Friy
14 LEY
Mg Fa
CIA Her
vt e
A5
1513
LEhT e
1Sy ]
bl [
G5
LTt
5 T

USHO
9590
A
15141
1500
15T
1&4 3
1653
15650
ga7a
QoHHGA
G o
Lo ]
Br1a
@7
@7
BFAN
07505
0L
s e
BRI
(SRRt ]
(S ais o)
]
EELNH
BaH =g
GE G
bbb
l=Fa it
VTG
1EEO
Lata ]
9o
B RE]
VIR
Lithe B3
a9 qes
A9 5
19 64
1970
AGHG
TG
| G
1l
126G

T (CAY, &
Al = pr inter STROBE (owtpuk from FIOG
A = printer BHSY line (1nput to FI0OD

LT TR T PO I 1]

S5E! ALL of port B as ocutputs
PN et o
ouT (CHRY . A
(SRR Ay, 1
ouT (CH)Y . &
TSET & default ot MO LF after a LR
LI Fi, i
LI (Iv+118) A
L B, M Ih

(SRF)

(ECHOY B

tS5E1 detault line length to 7a

1.1

LT
RET

schararter

iReser ved words,

iFHIMI

iMalM oubpuk

A, Te
{LEMGTH! , &
riostine 15 entared with the

tr he printed
TR, AT,

1in kthe & reg.
commas in 8

statemnet and standard ASCI1

scharactere are all dealbk with.

MAIN HIT
JH
BIT
JF
EE
JFP
CF
JF
F
i
5=
JF
CF
JR
F
HE T
CF
JR
L

i It musl be a

B, (1Y +11id) sWas las=st char a [AR?
HE. 14H

1,{Iy+:18 ika=s la=st chr an Al7?
MT AT

& iFRINT comma™?

I, FPL0OM

22 1Al control character”

Z,FAT

253 sTAB rontrirl rharactker ?
Z,FTaD

180 51 1t A reEServed word!

HC . RESWRD

1% 1ENTER code™

Z . ENTER

22 SControl code™

C slagmiwe enntrol codes

128 iStancard ASCII
IZ. FROLUT

character™

Lser defined oraphic if

ther e, =0 oubtput a SFACE

SFCOUT LD
FRIHIT 1M
LE
LI}
LF
JR
iMazimoam al
ireached.

LD
CALL
LD
BIT

so go tin new

A, 37
(Iy+11%;
B, A

A, (LENGFH)
([¥4119)
NG, PRINT

sIncrement CHR counter

limwed line iength has been
Tine

.17 sENTER ooe
OUTFUI

LI +119) 1
Z.0IY+118Y (Bhnould

drl LF be —upplied?

e




ERY

ChEy
FEf
EBF
F RF

“EC1
ECS
ELS
FCH

‘ECE
F [

Fn7
Fha
EDY
FDER
EDE
FDF
EE®
FEZ

EES
FE4
EfH
FER
EED

EF 1
EFZ

FFS

EFE
FFE
EFD
FEF

F
F &g
Fuog

iy
Farn
F &F
F o
i
F14
ELF

Fie

28035

ZEOL
L 7F
=

{ B

FOE&AT TG
FRCB?H00
28a
Chas7F

SN
197=

FRCB7HRA&
FOXRETY
TR 7
FLa& 77
&7

g

1819

g7

(L)
FO3677FF
TEE
CDas57F
FIOCET&SE
Zaes
IEwR
CDaS 7+
FD 47

SE D
1aF &

=

FDOBEF&LH
FOUrEB7&BE
ce

FNIET
E&HOF
ca8
SEZ2G
CDI5TF
FL&4 77
19F4a

FDCHETALCE

16756
LR
1015
146
L&t 7uh
IR IR

[a T
166
11l
1124
1176
11 44
11543
1440
1175@
1i1BQ
1%
el
2l
12248
L)
1240
1250
12050
127
1280
1250
130w
1514
17523
Zaa
17350
1Z50
YAl
1270
1784
1 25
1 Gitaed
t4ieh
L PN
5
G
1450
14&u
144
A5k
g F
Pl
151 &
1558
155w
19446
1 S5
1560
157
Eagia
Calfid
ottt
1&1&

JR Z.FRINT
i0utput an LEF
LD Aa.1a fLLF code
CaLL DUfFUT
FH 1M LD G, B sHestore wvalue 1n the A redd.
JR I T
ilpal with an FHIEF code
ENTER LD (IY+119) &
RIT Z.¢Ir+118:
JK I, OuiFUT
CaLL 0OUTFUT
iBupply a LF
LD A, 1
- ¥ ME JE OUiIFuUf
iDegl with TAbg

18R

TAabl

Tab4g
ToET
TAREZ

aT

FCOM

RKES
CF
JE
SUE
1.0
INL
JR
LG
INC
LD
LI
CAlLL
HiT
JE
L
ChaLL
TN
LE
LDJaME
RFT

i'eal wrth

SET
HES
RET

ODeal with

ST
PN
HE |
LD
Cal L
TWE
TR

5k trirst

Pt

SET

A, (T¥+1ig

(Ir+l1 1

C.TAH] sFa=t print head?
(I¥Y+117}

oA

H

TaEZ

B.A

il

{5 K 2 i o PR

&, 1% JENTER
OuUTFUT
Z2.tIv+118)
A By -t

O, 10

auTHLA
(I¥+115)

fA. 3¢ i5FACE tharacter
TAE4

iLF after ENIER?

Al code
G (IY+1 180

1,41l¥Y+]118): fake Ynd walue atter

FRINT comma code

A. (IY+1193

15 sColuwnns are
Z

&, 52 3 SFACE
OUTFUT

(Iv+11%)

FOM

15 spaces apart

parameter after an Al

1, 1I¥+118)

00

Al




F1T}

FIlE
F22
FZ2&

F27
F2A

F2C
Fe
F 2
F 1
Fa2

F.5d

Fibo
F a9
FZA

F.5
F=
Ea0

Fa:

F a5
Fag

Fag
F4a
Fac

Fae
B e ]
F52
F53
FS&
FS7

c=

FOCR76CH
FoCE7 88
C?

T N bl Lo
L

CE7E
2BF B
=D

FLao
peLS] o

CDSCTE
TE

2

CD?E7E
CE7F
waF 7

CIFCFE

FS
BE5F

DE1F
CE47
2aFA

JEFD
NA1F
“EFF
D31F
-1
c?

1626
&0
G
H50
faYalt)
&7

1 e

1 578

| 7o
Tl

e
Ly

1740

1 75
Toe
Fie
700

FFe
Bt

TE1o

i8oa

1850

t9an

1050

1E&a
g876
J3 =15
HG
FnA

1716

152a

1954
D4
Foua
oA
FT0

1¥78a

1736

Il ]

Tl

ara
LA
268
g latt
HEsa
AT
TErE
Rt
Rl
2119
EalEE
o i

2148

2156

2144

1T
189
1

s le

218

222

2238

Z224@

2258

RET

ferord that last code was a TAE so that
& TAER parameter :s e:pected next time
Lhis ruibine 1w called.

T e can ew o

TAR SET . f1xy+118)
FRES L AR i g e
RET

H
iFrint out a reserved word

x

RE SWRD LD HL. FABLE iReserved word=s in ROM
SR 154

sS5ran the recerved word table wtil A

ieauals M. Facrh reserved word 1= stored

jas 1ts A5CI] codes with the lact letter

shaving BIT 7 set to a 1.

1

RESWL BRIT 7, (HL}

INC ML
JR 7 ,RESW}
DEC &
oy S

JR N7,REGWI

HL now points t the start of the
correct word. Output a SFACE first. r

ELRETIRF TR T}

CALL SPCOUT
RESWOT LI A, (HL?
IMIE HL

Ak

Outpout o charage ter uof the reser ved
word taking care of line length.

FLIF TR

CALL PROUT
EIT 7.A ;End of wora?
IR 7, RFSWOT

Qutput o SPALLE to terminate word

EL I L]

P SFCOUT
sOUTFUT routine sends the chioracter in
sthe A reqg. to the printec. IF the printer
il BUSY then the routine waiks for it
ito bepcome REAODY.

-
-

OUTFUT PUSBH AF

CUT (DB . A
SHWAIT for BUSY to go | ow
LOGF IN A (DA}

BIT #@a,A

JR NZ 1 QOF

STROPE data into the printer

E LI E

(1) A, LF D

L& R (EHAY A
LD . fFF
QT (DAY, A
FPOF nFE

RET

REK]



~he followina paragraphs describe the operation of the above Assembler
wogram.
he BASIC 'LLIST and ‘LPRINT commands have heen designed so that the
snaracter outout routine address is stored in RAM at £5CCS5 (23749 decimal).
vormally, this would be set to point to the character output routine contained
vithin the BASIC ROM. However, by POKEing a new output routine address into
"'5CC5. characters lo be output can be routed via a new, user defined routine.
hisis the basis of the new cutput routine listed here.
he first nart of the program labelled as routine INIT is the initialisation routine.
he PIO chig is inilialised so that all port B lines are defined as outputs (for the 8
iata lines). Only AG and A1 of port A are used. AQ is used as an input from the
wrinter BUSY line, and Al i1s used as a STRUBE cutput tothe printer. The defaults
or linefeeds and carriage returns are also set up.
stthis stage, it is worth noting the use of the 280 1Y register. in the Spectrum it is
swavs set to £5C3A (23610 decimal). Therefore, location IY4+118 is 23728 and
Y+ 119 s location 23729. If vou look at the list of the Spectrum System Variables
:naoter in the BASIC programming manual, you wili see that locations 23728 and
‘3729 are not used. This program therefore makes good use of them. Location
Y + 118 (23728) records if a linefeed should be generated afler carriage return
ina also whether or not the orevious print instruction was an AT or a TAB.
ocation 1Y+119 (23729) stores the number of characters which have been
mnnted out on the current line. The only other variable used by this program is
abelled LENGTH. This is in location 23681, again an unused byte in the System
fariables area. It contains the number of characters per line of the printer, and
nav [ake any value hetween 1 and 255.
inallv, at the end of the INIT routine, the output routine vector {labelled ECHQ)
s set lo point to the start of the output program. MAIN. Routine INIT is called once
o initialise the parallel printer. The parallel printer will then remain in use until the
3ASIC command ‘NEW' is performed, or until a different address is POKEd into
ocation ECHO.
iouting MAIN exDects to be entared with the character to be printer contained
n the Z80's A reqister. It will perform in the following ways, dependent upon the
:naracter in the A register:

=0-3

hese are the Control Codes. as listed in Appendix A of the Spectrum BASIC
‘regramiming manual. Of all of the control codes available, only four ara diractly
eievant to the printer output format. These are code 6 (PRINT commal), code 13
ENTER]). code 22 (AT control) and code 23 (TAB control}. Upon receiving a
“RINT comma’ code. subroutine PCOM is entered. This routine outputs
‘PACESs so that all characters separated by commas are printed in columns 16
:naracters wide. TAB and AT codes cause flags to be setin location 1Y +118. The
:oae received after a TAB is then used to move the printer head to the corract
:olumn pasition. AT codes are followed by two parameters {the line and column
1081tions). The first parameter after an AT is therefore ignored. The second
rarameter moves the print head to the correct column position, as with TAB. The
NTER code sends a carriage return character to the printer, followed by a
inefeed (if selected). Carriage return characlers will also be sent to the printer if
he number of characters alreadv printed out exceed the programmed line length.
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=32 127
Ji of these codes represent standard ASCII characters, so they are all sent
irectlv to the printer far printing.

1=128-164

hese codes reprasent the User Defined and Block graphics characters in the
:nectrum. Since none of the available Centronics printers support this part of the
‘pectrum character set, a blank SPACE is output ta the printer.

1=165-255

“hese codes all represent BASIC keywords. There is a table containing BASIC
tevwords inthe ROM. Keywords are stored in ASCH format, the last letter of each
evword having bit 7 set to 1. Subroutine RESWRD scans this table up 1o the
elevant kevword. It then outputs the keyword to the printer character by
:naracter until the last character with bit 7=1 is reached.

‘ou should now have a qgeneral idea about the operation of this software.
ndividual routines and their operational description can be seen in the
wssembler listing. The Assembler program printout and the BASIC program
istings were all produced on an EFSON MX80F/T dot maltrix printer using the
sentronics parallel interface described in these pages.

ISING THE INTERFACE

Ince the hardware for the interface has been constructed and connected to the
wmer, the new printer program will have to be typed in. Two BASIC program
istinas are provided for this. One is for 16K Spectrums, the olher is for 48K
;pectrums. They are written so that the interface machine code is POKEd into the
inpermaost bytes of avallable RAM. Once the relevant program has been BUN,
he LLIST and LPRINT commands can be used. Other BASIC programs should
»e LOADed on too of the BASIC interface routine. Do not type NEW, because this
vIil delete the machine code which has been POKEd into the top of memory.

VA REM i 0030 00 N N N W
iv REM

“i3 KHEM Cenktronics Farallel Intertace Houtline

- REM

48 REM (cibv Adriann Dickens Jarmuary 1734

S0 KEM

A BEM X0 R K % N % N A I B A
7P REM

B FEM This is four o 18K Spectrum

Fo REM

wi CLERAR 32333

HaCEET =327 Ed

24 READ =

7o IF ==2594 THEN RAWMDOMIZE USSR 332353534: STOF
Mgy PINE a,w

e LET g—a+l

e GO TO 276

] BATE: 62, Rmaab b i SSy &2 e, b, S 6 T, BES I EIL R
HE DT B0, 211, 12, 60 ,8.253, 117,118, 1. 112,134H, 257
PO DATA L7.1R7 P2, 62,770,500, 127,972,281

S0 DATA ISE.ZOT, 118, T, TY | B 0SS

i DATA Pe3,1189,70, 1948, 0,177,058, 4,207, ¥. 127
SSa DRTA 509,22, 002, 20 127,259,235
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=
.

a4
Btk
o
Rt
.Hia
el
gy
1w
e
LT
L B
e
LF=LE )
S
Hi
SR
NET
C B
e )

Lelsl

2

T

s
Ep
-t
L
g

s
RS
1T
iy )
L
LI B'E |
T
b= 1%
7
"Hd
10
A

tia

Pt

DATA 262,70, 127,054, 145, P1e, 57, 127,254,13, 40
DATA 84,294, 32,214,254, 108, 56,2, 62, 32

BATA 253.52,119.71.53, 129,92, 253, 199, 119, 48, 20
DATA &7 13,785, 469,127, 753,54, 119, 1, 052, 207, 118
DATA Ba.da, 5, b, 18,205 BT, 127 17, 29,10

DATA 253.58,119, 0, 253, 203, 119, 84, 40, 77, 205, 4F
DA1A 127 42,160,254, 115

RATA 2531.763, 118, 154, 753, 199, 119,56, 7, 285, 196, 119
PEIA 71.4,04,95,71,4,253,54,119, 255,67, 13, 205, &9
DAFA 177.253,207, 118, 84,40, 3,62, 18, 705,69, 127, 253
aila Jh.ll? éL132 14,244, 2vl

DdaThA oL, 2ir:, 118, 198, XS5, 000, 118, 142,291

[ETER T rug.lEb 11?233, 19, 2on L7 pad, PO A9, 12F, 25T
nala 52.11?,L4.24v

DATA PSA, 285, 11, vas, 761, 253, 703, 118, 198, 257, 767
DATA 118,142, 201,33, 149, &, 214, 144

Doldy Pl Fullf, 535, 48, 251 ﬁ],LS4 H,_L,¢4ﬁ S, 1T, 104
Dol A |“a._u.295,1 E.i;é.ﬁﬂg,127.4@. P WA T o R P fF
DATA 245_.201,.63,71%, 31,203, 71, 32, 250

DETFA b?.?E_.Lll.Jl &2, 255, Lli,¢},L4I,Lﬁ], Pata o

REM
REM
FEM
FEM
FEM
REM
REM
HEM
REM
REM
LLEf
LET
READ
IF =
FOEE
LET
GO 1
Léa 1 iy
IHSEN
PAara
AL A
oA
DATA
(ISR
Dy féy
DTN
INIE RN
a1 a
a1 #y

AN N R I R
Centronics Parallel Interface Rooakine

ichby Adrian Mickens January 1784

W N W B B D R R

Ilhre 1= for a 18K Spectrum

H 5141
a=4=>1a72
n
=VSE FHEM  RANDOMIFE USSR aS1ar: STOR
3l
a—a+l
O Z7e
P e e ) e Lo PSS e U S e Lo 1 R (e
AP, Z211.127_ 462,48, Pl Bl T2 DI 1 55 o008 00 o fpedeiion o 0 e
L7 177, 92,062,760, 06, 179,97, 20}
PR el by | 2 ol I oot e e
Jﬁa.llH,?E,19416,255,?Sq.é.zﬂz.?,zﬁﬁ
?54.22.?&?.?5.255,254,?3
SaZ, Do, 255, 2N, 145, el I, B e ot i 4. 1.5.48
44.eu4,n¢.’1b.2J4 128,5&6,2, 47,30
PERGETS LIS R 58.1”?,?2.253.1?& 117,48, 283
S 15, 200, 69,255, 253,544,119, 1 | Iyt . FrOl b [
Bh. 40, 5,480, 16, 005, 49 235,120, 24,15
i SR 11?.0,?5:.2“’ 118-86.4@,]22,2@5,&?

ATA S55.62,10,24, 115

IVl G
Ml G
31 A
D40 44
AT A
GaT A
tHA 1 A
M 1 4
DT é
a1 A
DryEés
D M6
DAl s

PER.TOR 118,134,255, 190,117, Gbh, 7, 252,156,110
71.4,24,7%, /1,9, 253,54, 119, 2585, 62, 13, 2635, 67
PERS.ITF, 265, 118,846, 49, 5, 62, 10, 205, 49, 755, 253
li 111? éla--_‘.’_, lé‘ quﬁ '_"F‘l
S55.263.118, 198, 53,207,118, 1427, 701

PH3.126, 119,230, 15, 200, 67, 37, 205, &%, 5%, D53
52,119, 24, 740

JEALZAR, 118, Z0s6, 201, 753,203,118, 198, BLHE, 003
t18.1a2 .291,33;14? H, 214, 154
doi1oh, 35, 4@,Ld1 équd4&M|JL¢Lqﬁ,2mJ 154, 254
126, 35,005, 1SR, 754 263,127, 40,247 125, 154, 254
?4&;211..6-&. 19, .'.‘14;.@_1-'?1 Z*Luﬂ
bZ.?ER.EI1.31,&?,?55.211.3&,;41,?@1.25&
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IOME BASIC NOTES ON USING THE PROGRAM

he number of characters orinted per line an the printer can be changed by
‘OKEIng the desired number into location 23681. For example, suppose that a
ine lenath of 64 characters per line is required. Simply POKE 23681,64.

~ome printers turn the paper on by one line when they receive acarriage return

CR} character, but others only move the paper onto the next line when they
ecelve a linefeed character (LF). In order to support both types of printers, it 2 of
ocation IY+118 (decimal 23728) determines whether or not linefeeds are
rovided.

0 aenerale linefeeds, POKE 237284
o suppress linefeeds, POKE 23728,0

.ince a orinter is likely to be used in lots of applications, the interface program
:ouid be stored in an EPROM chio. Such a chip could be connected to the edge
anhectar of the Spectrum. The programs provided in this section will operate
rom an EPROM. because all variables are stored in the Syslern Vanables area in
1AM.
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‘0. CONNECTING A VIDEO MONITORTO
‘OUR SPECTRUM

vost pecple use a standard colour or monochrome television set with their
‘pectrum. Good pictures can be obtained on televisions, but coloured characters
in ¢oloured backarounds can sometimes be difficult to see. This is acompromise
¥nich must be acceoted If a television is Used as the computer display device.
lowever. it is possible to obtain a marked improvement in picture guality by
:onneetng a specialised computer display device in place of the telovision. Such
inevice is called a Video Monitor.

s Video Monitor louks very similar tu a television. |t will have a screen. together
vith some contrals to adiust contrast, brightness and the horizontal and vertical
sitiion of the display. Notable absences are the apeaker and channel tuning
:ontrols usually assoclated with atelevision, These controls are not necessary on
: monitor. The video sianal connected to its input is displayed on the screen —
here is no possibility of tuning into another signal. Effectively, the video
noqulator circuit on the Spectrum and the video demodulator circuit on the
glevision have been bypassed by a direct hnk. A good analegy exists between
fi0eo and audio signals.

vormally, when a television is being used with the Spectrum, the signal from
he Spectrum is just like that transmitted by the television networks. It must be
‘acelved at the television end. sorted oul from all of the other television channels,
hen displayed. Radios operate in a similar manner. With audio signals. it is much
etter to connect the signal scurce (recerd or tape deck) directly to the amplifier.

ransmitting the signal, then receiving it on a radio tends to reduce the sound
mlaity dramatically. Exactly the same happens with video signals.

tvou decide to add a videa monitor to your Spectrum, there are two basic types

—olour ar monochrone. Provided that the particular monitor which you chaose
1as a COMPOSITE VIDEO input, it should be suitable.,

annection to the Spectrum is made wia the rear edge connector. The
ompesiie video output is connected o 15B on the edge connector. A suitable
:anh connection is pin 14B on the edge connector. Figure 15a shows how to
:onnect the video plug to the rear edge cornector. A suitable length of COAXIAL
:ngie core cable should be used.

fthe Spectrum is an Issue 3. simply plug the video plug into the socket on the
nonror. and start to use the Spectrum as if a television were being used. If an
ssue 2 Spectrum is being used, a link may have to be made inside the Spectrum.
he position of this link on the circuit board is shown in figure 15b. Any short
ength of interconnection wire can be used to make the link. Once the link has
reen made. the monitor can be used as with the Issue 3 Spectrum.
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"HONO
LUG FOR
ACNITOR

/

/

JONNECT TQO EDGE

JONNECTOR FIN 14B (0 volts)

4

SONNECT TO EDGE
JONNECTOR PIN 15B (video)

IG. t5a — CONNECTING A VIDEO PLUG TO THE REAR EDGE CONNECTOR
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PPENDIX A — GLOSSARY
wddress bus — a set of 18 connections which allow the CPU to select the
ocation at which it wishes 1o perform a particutar operation.

wctive low — signals which are "active low” are deemed to be operational when
hev are at logic 0.
wnalegue to digital converter (ADC) — acireuit to convert an analogue voltage

nio digital number which can be read by a computer.

wavnchronous — when two devices are operating independently of one
nother. they are said to be aperating asynchronously.

didirectional — able to transmit and receive information.
Sit ol memory — the fundamental unit of memory. EachbitcanbeeitherGor 1.

wvte of memory — 8 bits of memory. The CPU reads ang writes data 8 bits — 1
wte at a time via the data bus.

jinary — a number system based on two instead of the ten used in the decimal
WELEM,
;hin — named after the small sihicon wafer or chip which has all of the computer

Arcuiis etched into it This small silicon circuit is often packaged in black plastic
Jackages with rows of metal pins to connect it to the outside world,

PU — central orocessing unit. The Z80A in the Spectrum, This device does all
i the computing work,

rash — what happens when the CPU stans to run a program of nonsense.
seneratly, crash causes the computer to get into such a mess that the only
:olution s to turn it off and start again from scratch.

rystal — asmall piece of quarz crystal cut to an exact size so that it resonates
;1 some tixed freauency. Used to fix the frequency at which clocks run to anexact
ralue.

lata bus — & set of eight connections over which all data transactions between
1evices i the Spectrum occur.

reatsink - a device desidned to conauct heat away from small components.
he large piece of aluminum in the Spectrum conducts heat away from the +5
oIt requiator to keep it coaol.

iex — shor for hexadecimal. This number system is based on 16 instead of 10
n decimal. The characters 0123456789 ABC D EF are used to represent
1 — 15. The number 1FHex is therefore equivalent to 1x16 + 15 = 31
1lecimal. Hexadecimal 1s useful because 0 — 255150 — FFHex, s¢ only 2
1qits are required to represent any of the possible numbers which can be
ransterred on the data bus.

ngh -- sometimes used to indicate logic level 1

nterrunt — a signal produced by external devices to interrupt whatever the
:PU is doing and make it do something else.

iaht emitting dicde — a device which will only pass current in one direction.
iaht i1s emitted when the device is conducting.

ow — sometimes Uused to sianify logic level G
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vlachine code — a program in binary which the CPU can understand direcily.

viemory — the devices in which all of the information about BASIC and
Jrograms 1s stared.

MHz — afrequency cf 1 miilion oscillations per second.

‘enoheral device — some device connected to the CPU. The keyhoard and
:assette recorder are both peripheral devices.

tefresh -— an operation which must be performed reqularly on certain types of
nemory ii they are to retain their stored dala.

1AM — randoim access memary can be read from or writen to al any address
w the CPU. Twe types are commoenly used, static which does not need
erreshing and rlynamic (as used in the Spectrum) which does.

iOM — read cniv memary, as the name implies can only be read from but not
vriten 10, The BASIC ocoerahng system In the Spectrum s stored in this type of
TTEMOry.

date — aninputor aulput can narmally anby be in one of two stales, Gor 1 (" but
ee risiale).
ransducer — a device which converts some physical quantity stich as speed,

il oressure or temperalure into an electrical signal suitabie for processing by a
mputer.

“ristate — sometimes several outouts from different chips can be connected
oagether. S¢ that their data cannot canfiict by having a logic ¢ and logic 1 state
:onnecied together {shorting the power supply through the chips!), all but one of
he cutbuts would be piaced in a tristate condition. The tristate outputs can then
e either 2 1 or § and it doesn't matter.

ILA — uncommitted leaic array. Mass produced device which can be
:ommitted 1o perform a particular function in the final stages of manufacture.

ener dicde — used to stabilise the voitage acress it at seme level defined by
he diode characteristics.
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1PPENDIX B — REFERENCES
Snelair ZX Spcctrum BASIC programming manual, Sinclair Rescarch,

982.
Y Sinclair ZX Spectrum Introduction booklet, Sinclair Research, 1982,
. Uxford lllustrated Dictionary, Oxtord Univ. Press 1962.
1. Mostek Z80 and P10 databooks.
Mostek 1980 memary databocok and designers gude.
1. Texas Instruments, TTL Databook, 1980,
Ferranti Semiconductors, Quick Reference Guide 1981.
3. Zlog Microcomputer Components Data Book, 1960,
}, National Semiconductor, Linear Databock, 1980
0. National Semiconductor. CMOS Databook, 1981,
1. Ferranti Electronics Ltd.. Data Canverter Handoook, 1380.

2. JC. Nichols, EA Nichols and FP.R. Rony, Z80 Microprocessor
roaramming & Interfacing Book 2, 1981.
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PPENDIX C — SPECTRUM PARTS LIST

jesistors R47 220R

% 148 4K7 (or 2K2)
i 49 18K (or 8K2)
3 470R 0 ke

4 470R ol

15 470R 152 2K2

S 354 100K
18 470R 195 56R

FE 156 220R
R 157 3230R
111 BK2 Egg :EB

Ig gﬁg 360 100R
114 BK2 161 15R
e 362 15R
e 163 220R
117 330R 364 151
118 330R 1365 10K

119 330R 166 10K
120 330R 367 10K

121 330R 168 10K
122 330R 1169 10K
123 330R 170 220R
124 3K3 (or 1K) 71 220R
125 1BOR R72 10K
126 BBOR 373 1K

127 6BOR 74 10K
= 277 1K

132 10UR e

33 B80R Capacitors
134 15R Ct  47nF
135 10K G2 47nF
136 680R 3 47nF
137 1K Cd  A7nF
138 3K3 C5  47nF
139 3K3 C6  47nF
140 1K C7  A7nF
141 1K5 C8 47nF
42 1K U8 — C24 Decounling Capacitors
143 3K C25 22uF 16v
144 5K1 C26 47nF
45 1K C27 1uF 63v
146 1K C28 22uF 16v

12



24
230
231
P
233
34
;35
386
37
38
39
340
41
42
A3
44
45
A6
A7
48
A5
:50
:51
52
53
54

47nkF
47k
100nF
100nF
47nF
22uF 1bv
10nF

47nk

33pF

33pF

10nF

47nF

47nk

47nF

100nF

100uF 16v
100uF 16y

1UF 50y

22uF 16v

47nF

47nF

22UF 16v

NOT USED
100DF {or 150pF)
100DF (or 150pF)
470pF

-85 — C62 Decoupling Capacitors

63
64
‘BR
.66
.67
(68
65
;70
27
S
;73
74
75

47pF
100pF
22UF 16v
47nF
1000k
100nF
100nF
100nF
100nF
160F
16ph

4 7uF 63v
100nF

Transistors

TR1 ZTX
THR2 ZTX 313
THa ZTX 313
TR4 ZTX B51
T8s ZTx 213
TRE6 ZTX313
TRY? ZTX450
TR8 BC1B4FP
TR9 BC1B4P

313

Miscellaneous

7805 1 amp 5 volt regulator
X1 14 MHz crystai

X2 4 4336 MH2z coiour crystal
VR1 2K?2 horizontal preset
VR2 2K2 horizontal preset

Diodes

1 — D14 [IN4148B
D15 high power atlicon diode
D16 Zener diode

Integrated circuits
'C1  Sinclair ULA

IC2  Z80ACPU
WC3 745157
C4  74LS157
C5 16K ROM

(C6 — IC13 16K x1 4116 Uynamic RAMS
iC14 LM188SN
G165 — 1022 32K x 1 4532 Dynamic RAMS
C23 74LS32N
1C24 74 500N
C25 74L5157N
iC26 74L5157N

NOTE: This is a complete list of parts. as used in lssue 1, Issue 2 angd Issue 3
oectrum computers, Whiist many components are common to all three
iers1ons, some components will only be found in one or two of the lasues.
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pectrum +3 o Silver
eed

fenry Burek of Barnsley, South
‘orkshire, writes:
I have a Sinclair ZX Spectrum
+3 and a Silver Reed EX32
- typewriter/printer. Both are
‘quipped with interfaces which are
'entronics-compatible  parallel.
Vhen the two are connected foge-
her nothing happens.
know the Specirum +3 and the
-onnecting lead sre satisfactory as
hey drive anothar Cenitronics prin
eI — a Sejkoshiz GTIN0A - suceess-
ully, [ know the Silver Reed EX32 is
arisfactory, as it can be driven by a
KK Speclrum via a Kempsion inter-
ace,
¥hai can I do to make the Silver

Heed and the Spectrum +3 work
together? They are both supposed to
have the same interface standard.

As far as I can see, it shounld
IR work. The only possibilities I

can think of are that either
the ground lines are connected
incorrectly or that the DBUSY/
Acknowledge lines are connected
wrongly. The latter seems the most
likely and you should make suvre
that the BUSY(11) input of the
Spectrum +3 is connected to the
ACK(10) pin of the Centronics
connector. Apart irom that 1 do
not know what to suggest, It
should work.

If you wish, you will be able to
nse the RF (ITHF) output io con-
nect to a TV while walching the
menochrome picture on the Am-
strad monitor.

Silver Feed EX3Z
entranics

annector {«-\_‘_

Tpectrun+ 5 Dentronies
3D e anty

:pectrum +3 Centronics lead.
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“ustomer Registration Card

’lease fill out this nage {or a photocopy of ity and relurn tsothat we may
teep you informed of tew books, software and special offers. Post tothe
iopropriaic address on the pack,

Jate 19 ..
Name
Street & No.
il - Postcode/Zipcode

odel of compuler owned

Mhere did vou learn of this ook
| FRIEND [] RETAILSHOP
| MAGAZINE {give name)
| OTHER {specify)

[ ] 1015 [ 1618 [ ] 2024 [ 25 and over

2
£
=3

L

low would vou rate this book”
HJALITY [ Excellent [ Good [] Poor
IALUE: [ Overpriced [ Good [ 1 Underpriced

Nhat other books and software would vou like to see produced for your
omputer?

P

EIFah sgnida30a 1
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This is probably the second most useful book you can buy for your Spectrum —
he first beina the programming manual that comes with the machine.

“he Spectrum Hardware Manual should command a place in your library of
eference works about the Spectrum.

“Yerv useful stuff, indeed.’ — Personal Computer News.
wdrian Dickens explains exactly whatis inside the Spectrum, and how it works.

ull circuit diagrams and a detailed explanation of each component make it
:asv 10 understand the hardware side of this remarkable microcomputer.

dany features not revealed in the Sinclair Manual are discussed here: how to
:aiust the colours for your own TV set, how to amplify the sound of the internal
oudspeaker, and much more.

‘ractical hardware nrojects include how to connect a full size keyboard,
onnecting the Spectrum to the outside world, and how to build your own
oy sticks for use with the Spectrum. The Spectrum Hardware Manual is a
»00h that will be an essential combanion to anyone wishing to
iiscover how the Spectrum operates or wishing to expand

is potential.

Jow includes information for Spectrum Issue 3.
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