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4t INTRODUCTION

This docunent i5 & brief description for saftware developers of the main
features of the Spestrun 128 microcomputer.
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2 HARDWARE SPECIFICATION

The Spectrum 128 is & ZBOA based microcomputer with 128K of bank switched Ram
2nd 32K Rom memory. Its extermol interfaces ond outputs comprise.

1} Cassette port As for Spectrum Plus
2] TV output
3] Expansion bus

4] RS-232/Midi-out port Spactrum 128 specific

5) RGB-monitor output

8) Keypad

71 TV sound
A major consideration of the Spectrun 128 design has besn to make it 85 far as
possible coftware and hardwore compatible with the Spectrum, Where information
4s not given the system will behove In the same fashion os ths Spectrum eg
screen layout, cossette data format.
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3 MEMORY MAP

The Spectrum 128 contains 32K Rom and 128K Rem srranged in 16K byte pages.

The two ROM pages (0-1) are mapped into ths bottom 15K (0-3FFF) of the 260
memory map

The cight RAM pages (0-7) are mapped inta the top 16K (CODD-FFFF) of the memory
nep, RAM page 5 is elsc mapped to the rengz 400D-7FFF while RAM page 2 is mappod
o the range BODO-BFFF.

1t is thus possible, though not very useful, to have the same RAM page mappod
into two different address spaces within the 280
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Fhe RAM pagus sre divided ints a vides contendod secdion, pages 4 to 7, and o
nun costeaded sestion pages 0 to d.

The Spectrun 198 has tws possibte hardwers soreen bases, strewn G and soreen 1.
Sorpen D is ssed by the system ond resides in AAM page 5 curresponding to tho
normal Spectrun screen, The systen softwore does Mot suppors the use of the
secund sereen hose, scresn 1, which $8 reslistically eveilanle tly ta machive
cude appl jcations programs. The second scroan rosides in RAH poge 7 s
®waps, when paged into the 740 address space, oniu memory eddress COO

Physical Hemory 280 Memory

RAM  pago 7 screen 1 contended editor Paging Rddress
pags B contended Ran poge 07 GOOO-FFEF
page 5 screen O contended Ran page 2 BO00-BFFF
page 4 contendea Ren page 5 2000-7FFF
page 3 uncontended Fom page 01 DODO-GFFF
page 2 uncantended
page 1 uncontended
poge O uncantended basic

ROM  page 1 Spectrum

page 0 Editor

CerA BB EEERE B ¥ A Y

4 1/8 mp

The Spectrun 1/ addresses reserve A4-AD for uss by Sinclair Ressarch. These
sca ective Low and decoded by the prosence of & single signal. Unused addresses
in the range A4-AD should be set high

Line  Address Function
a0 FE Spectrum keyboard, cassette, loudspeaker and border.
A Fo Spectrum 128 paging, soreen selection, sound and i/0.
a2 g X Printer

A3,88 F7/EF Intorface One

Tho following addresses ars only found on the Derby.

7FED D2-D0  Ram Page select
03 Screen select
ba Ron setect
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o5 tock [becone a Spectrun]
BEFO Sound chip - data register write
Lregister dopendont)

FEFD Sound chip - dota read

{register dependentl
- atdress write

BDOMXOK, where XKXX i the register

selected O-F

1B+hit §/0 §5 acheived on the Z8D by using the insiruction BUT §,(C] which sends
the valuo in register N to the 16-bit i/ address n

IR R R

5 CONNECTOR SPECIFICATION

hers are three connectors on the 126K Spectrum whose eonnections require
additional information for use in interfecing external equipment.

1. RGB cannectar
This is the B-way DIN (type 45326 RGB socket, viewed loaking into the rear of

the computer,

P Signal Levet
. 1 Compusite PAL  75ohms, 1.2 V pp
Lo 2 0 Volts bC

L7 6. 3 Bright T
881 a Composite syno TTL
.52 4. 5 Vertical sync  TTL
¢ : s Green T
7 Rad T
B Blue e

2. Serfal/Midi connector
This is & BT-type socket, viewed from
Laoking towards the sacket.

Pin  Nams
[
™
RXO
TR

oomswm

e
12V

the Left hand side of the machine,
Function

0 volt reference
input, dots to computer

output, data fram conputer

input, flow contral to computer
sutput, flow control from computer
power

Lines 2-5 Ll operate v 5V Leveis.The signal names seem to contradict their
functions, but this is because the Spectrum 128 is scting us a DTE rather then

a DCE.
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3. Expansion Bos
Compenent side
o5 WL WE AD -sv 41ev B Ag
' - [
D6 | 03 [INT [HALTITORA1 WA (WRTT1-12v igntate 1
[T A A I
b 1 ]
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Underside
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& SQUND CHIP
The sound generatar on the Spactrum 128 is the General Instruments AY-3-8012,
This device has throo sound channels anc en 8-bit +/0 part which 1s used to
control the RSZI/MIDI port and keypad.

The sound chip contsins sixteen rogisters which are selected by writing first fo
tho address write port with the number cf the register end then writing ar
roading from the dats write or data reac ports. Once s register hos boen
selzcted with en address write, it con ke accassed repoatedly by data
read/writes wtil o new register is solected

The basic clock input to the sound chip ts st 1.7734(476)Mz sccurate 1 in 10+

Tho registers have the following properties

R0 - Fine Tone Control for Chanrel A

5 — Ooarse Tone Control for Chennel C

The tona 45 a 12-bit value taken rom the sun of R1,03-00 and RD,07-D0. The
axtra bits in R1,07-D4 are unused. Tha sound clock is divided by 16 to get the
basic froguenty unit for tha Tone ond Ncise rogisters. With a twelve bit
counter ranga frequencies in o range from 27Hz to 100kHz cen be generated.

A8 - Noise Gensrator Control, D4-D8

The period of the noise source 16 teken by counting down the tower § bits of tha
naise register avery sound clock period divided by 15.

7 -~ Mixer and i/o cantrol
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This register cunteols both the mixing of noise and tane values for
and the dipection of the B-bit i/

Bach channot
o port.
tong or nutse source.

A zera indicates the enabling of o

07 - not used

B5 - (1) input part, 10) ouspuz part [marally in Gutput mode,bits
7 alwoys set

05 - Channel © Noise —

D4 - Chaonel B Noise |

03 - Channel A Noise |

—- & 7ero ensbles each chanmel
B2 - Choanel € Tane 1

D1 - Channel B Tone i
00 - Champel A Tone —

B8 - Anptitude Control Chennel A
A - Amplitude Control Channsi B
RA ~ Anplitods Controt Channel ©

These three registers wontrol the smplitude of the sound and whether it is
modulazed by the envelope registers.

D& - if one then the emplitude of the channel is taken from the
envelops generator elss the emplitude is taken from the valus
O-min to 15-rax in 03 to DO

03-D0 ~ anplituds of sound channel

R§ - Envetope Coarso Pariod Controt

G ~ Enveiops Fine Period Contral

The B-bit values in AB + RC are summed to generate o 16 bit number which i
counted down in units of 256 times the sound clock. Envelope frequencies can be
©btained thus batween ,iHz end BOOGH: .

O - Envelops shape and eycling comtrol

The lower four bits of this register control various functions of the envelope
generatar. They represent tho following funciions

09 - Continue

D2 - Atteck
01 - Alternote
00 - hote

Grephically they have tha following effects on the envelope.

03 b2 b DO

60 X X .
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KEYEAD LAYOUT
The keypad bas the following legends insoribed on ite knys.
Top rou

middie row
Hottun ron

editor commands
ganes keys
numeric keypad

N M - . .
* Delete left ¥ * Delete right ¥ Togale ¥
» + . N B
4 * foursor upl % * *
+ - s M «
« y . N N ( N ) «
N M . - -
M * - - »
» N N N Cand .
o - . s *
* leursor tefti ®  {cureer downl ¥ [oursor cight] *
“ M N » N
* 7 + 8 » g - - N
< M * - .
s . » . .
* Detete word left * Delete word right *  pege p * pags down  *
+ - . M «
M . * » +
N . N . N
» a » 5 . s + s .
" - . N N
N » . . *
* gelete ool sft * delote ol right *  top of text ¥ *
* N B N *
. M - N Enter  ©
N 4 N 2 N a N N
. N o » .

ricsl  ®
* shift * bottom of text * »
N N » .
» trirel . * = :
. . » *
. o » . - *

Tt connects to the Specteum 428 over s special bi-directionel Link, using &
pratacol which dus to its complexity (and Likely changing nature) we witl nat
document but instead give the routine KPSDAN far ite use. This has & ROM vector
in ths Editer rom at address 11BH {see sactton on Rom vectors).

bakrRketersrs Uy
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SOFTHARE. GRGANISATION

8

agsaciatad with the progran editor, ausic
Tne Spectrum Rom contains the Basic

The Editor floe conleies the routin
conteol (PLAY), RS-232 and Roa disk,
tanguoge ond the keypod routines

Flam pags 7 contsins the ran storage for the editar ond ram disk directory.

Ham page O i the ram used for program storage by Basic
In normat opsration the Speetrum 128 Starts on gower up in the Editor Rom and
E£disor Ram. e & Basic program is being entered the screen displa
information fs held in the editor ram poge, when & Line is terminated or moved

off in the editar, after boing altered the memary mop is changed to Spectrus Hom
and Basic Ham, the Lino is passed to the Spectrun syntax hendier ond 17 it
passes this check it is either entared into a program or if it is o direst

Sommand, it runs. While s progran is running the compuier is in the Specem
Fon and Basic Aan, o ternination it returps to the Editor Rom on 7 B
§78 Loentaee 4 r oo oA ar WIC. han; ATIANE s USkY Eo ORIV tomon s

Tho result of this switohing back and forth is that the Basic user when peekirg
and poking within the machine will onty have sccess to the Spectrum Rom and

Basic Ran
Great care should be taker if & program indulges in paging of Rom or Fam tu make
sure that on return to Besic the system is s up s 1t was Left. A program

which pages Rem should slso moke sure thet it hasn't paged out its stack spave.

A Bilicon dise facitity 15 available to the Basic progremmer, ellowing him to
save files into the Alem pages which are narpally unused extept by mochine code
programs. Entry points ta this facility are nat availoble to machine code
progranners, on the essumption that they witl be able to meke fester end more
economical use of the additionsl Ham spece by use of code designed spocificatly
far their application, Ascess fram Basic is by use of the standard filing
eysten conmands with an exclamation mark(!] following the initial command. Tre

only command not supparted is VEHE

LOAD 1 “makpaint® CODE
SAVE 1 "Gemopich SCREENS
VERGE 1 "hasprog”

ey

BeseuunEEa sy

9 ROM VECTORS
In the Spectrun 128 Fom there are s fumber of useful Rom vectors, suitable far
use by machina codo progrems. No other routines in the Editor Rom should be

used by programmers ss the contents and organisation of the rom ore Lisble to

change



Spectrin 120 Techyicul Guide = rov & Page 4
18 Fobroary 1906

Routing Addross Function
KOSTAN A
BghOuR 15
MIDI_ SEND 118
ST 1211
rT 124
T2 g
SCRTHP 12 Epson conpavible RS232 screen dunp

Thess rovbines will corrupt all unused registers

¥ KPSTAN - EDITOH ROM 118H *

catl this routine to service the keypud
A3 interrapts must be dissbled on entry

exit conditions are ss foliows

ROHD1, RGPS, and ROWAS are Left holding tha instantencous keypad insge

2 Tlag is ctesr: something's wrang

= no pp Gevice is tonnected

- no keypad iz conaected

— more than 1 key is pressed (not fncluding O/SHIFT)
7 Flag is sat: everything's o,

on internadiste key code o returned in £

F nG key wes oressed then E is 10000000

elss £ i5 Okkkkkkk

internediate key codes ere returnad as follows !

catoutstor Legend row  col  key only key and O/SHIFT
o 1 1 6o (108)
X 1 3 S5 ¢ @) 6d [109)
EntiR 2 . 5c ¢ %) €0 1110}
3 ® 3 54 [ % & (111)
2 2 2 Se ( 4] 70 (1121
1 2 1 8¢ [ 85) 7 1113)
) 5 4 50 { %) 72 1119)
{ 5 3 81 ( 9) 73 (118
* 5 E 52 { o8] 74 (116)
/ 5 1 3 ( 99) 75 (117)
- a 4 54 (100) 76 (118)
s 2 3 5 (1011 77 (1181
8 4 2 66 {102) 78 (120}
7 a 1 57 (103} 38 1121
+ 3 4 68 (104) 7a (122)
5 3 3 63 (105} 7o (1281
5 3 2 6o (10} 7o (128
4 3 1 6 (107) 7a 1125)
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018 ool @ cat 4
wr,W,Mmmuwwuwnmaw~
row 5 7 BTS¢ 57 67 - an//a "
e mealundanll
- * . « .
row & 2 67/75 * SB/78 ¥ €5/77 T B4/7G *
*

»uun.u‘eanew-oemmmum
roR 9 % 8b/78 * 6aslc * €9/70 * 68/70 *
*
SOUNo IR SR, SO

N p .

row 2 % Bf/71 % 50/70 ¥ S4/6 % So/se
. N

wctuv)\vm\t*tetsxo‘ae‘scﬂ M
. +

Fow 4 T e * sh/bd * o
* *

ERR R ST TR PR TN Y KS e

® HSHOOK -~ EDITOR AOM 118H M

This entry point sitiows access to tho music system from machine code. It
requires strings to be set up in the some forn s the SBasic PLAY command

The dats structurs required ts described botow.

Indes registers

The music routines in the Editor Rom use two control blocks sccsssed
indirectly via IY and I

IY paints to a controt block which contains 'systen’
the strings that sre currontly being interpreted
60 bytes Long. The variables in this biock are :

information sbout it
This block must be et tzast

offeet
CT_cianD U i valus of IX for channet 0
£7_gHAN EOU CT_DHAND+2 —_— 1
o1 cawe £ i
o1 cnANa Eatl
GT_GiANd U
CT_OHANS Egu
1 cHANS Ey
CT_cHAN? EBU 2
CT_FLAGS U CT CHAN7+2 ; Fia
L bieT set 5f suring 1 finishad
[l EQU CT_FLAGSH

; quaus pointer for channel O
orat EQU  CT_a0% § o e ———— 1
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o1 oo tab ; o a
€109 Eat
ot E0u
o5 £ou
o Eoy
% £y
aian £0u 3 tenp store for chan indicator
TEW £y tenp slore for copy of flags
areme £au temp starage for mointer to O ptr
g £y Lengih of current eveal in T states
TeHD £nu no of dec BC Loops fur 1 T state
Env my CTITEWPDHR surrent envelope shaps/cycie byte
now EU ot B temparary mixer mask
[ 3 (Qy  CT_MIKTH

RAM sode’ for tempa adjustment

IX points to & buffer for the string currently being proce!
strings thore will be 8 of these buffers and the higher Level Softwars switches
the vatue of IX hetwsen them. Note thet the valuns of IX are stored at the
start of the IY control buffer. An IX buffer miss be at Least 5 bytes long.
The buffer varishies are :

1Y _CURR £l current MIDI note

DT EDU MY CURRMT WIOT chemnel number {byte)

47 CHAN £QU MY MIDEH channel number (0,1 or 2) {byte)

WV OCTAVE E0u current ootave (byte)

B VoL € current volune {bytel

W NoTE EQu current note code [byte)

W ADD Eau pointer to naxt char (ward)

w_enn £y i pointer to end of string (word)

W REPEAT £y pointer to last repeat {word)
TFLAG Equ misc flags {hyte)

w_OFEN €y open bracket stack(byterS words)

v oLosE £QU i elose bracker stecklbytess words)

s _PEND £0U z notes in queve (bytel

W QUEUE EOU MY PENDH start of queve [20 words)

The string nterproter

In order o provide tring interpretation for machine code progremmors an
entry paint to tho cade has baen provided at t1e global MUSIC_HOOK, On entry to
this point the calling code must have sot up & control block at IY and music
buffers for sach string to be interproted {(up to a meximum of B strings]. The
control biook must heva the following paremeters set

(IY+CT_CHAND} must contain the value of IX for the first string.
(IYsCT_CHANT

te up to 8 strings §f nocessary,
{IY+CT FLAGS) must have reset bits for strings to be played and
s for shsent strings
Bit 0 is the first string etc.

On entry the code will set up the default tempo to 120 oratohers per min.
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Each music bUffer must have the foltowing parsmetors sot :

the

GV MIBII  DFFI if MIDL output is ot peditad athend
HIGL chonsel nusber (0..15)
(W0_GH) The chsnnel nimber for this string. The First siring
i5 chanmel 0 and 5o on.
(MV_OCTAVE}  The default octave for the base of the 2 actave renge.
A value 5 gives rote code © 85 midete
t_voL) The volume for the G chip on this channel (0..15]
{WYNGTE}  The default note type [S=crotchet)
thw_aon) 18 bit adcrass of the First code in the siring. This
value shoutd slso be copied to (MY_AEPEAT) if ropeat
15 required to stert fron the beginning of the string.
Mv_eNoy Pointer to the next byte after the end of the string.
(W_IPEN)  Must consain O {bytel
(M/_OPER41)  Musy contein the 16 bit start addrees of tha string.
(MV_CLOSE)  Must contein OFFH,

©On ontry to the code interropts must be disabled. The code witl exscute s
RET on correct termination of sll strings. Any errors will jump to the internal
errar handling routing ond control witl be 16st. The routing will corrupt alt
normal registers. IY will be returnsd as the correct pointer to the system

varisbies. The alternste register set is unaffected.

* MIDI_SEND EDITOR ROM 11E

This routine outputs & byte to the RS-232 port acting as o MIDI-OUT port

The MIOI output routine is accessed via s cali to the global sddress
HIDI_SEND, The byte to be sent is in A and is sent immedistely. The routine
corrapts A,AC,0E end L. Interrupts must be off to ensure correct timing.
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* pea EDITOR AON 121 »

f15-232 Reueive charscter routing

If a character 15 received then G-flag 15 wet and the character is returned fn
A, else rio character C-flag clea

The receive system expects B—date bits, no parity and 1 stop-hit.
Carrupts el registers

* ouT_T EDITOR ROM 124 -

RS-232 Send s tokon routing
This routine takes as input o taken in A

The baud rate is set up by poking into the Editor system varisble BAUD s valus
equivalent o s bit tine in T-states diviced by 25. From Basic 1t can be set up
with the conmand FORMAT *P*; speed

This routine sends dats in the farmet, B-dots, no-parity, 2 stop bits.

Coreupts att registers

* ouT T2 EDITOR ROM 187 .

R$-232 Sond a character routine
This routine takes as its input m chsracter in A

The baud rate fs sat up by poking fnto th Editor systen varishie BAID & valus
equivalent to 8 bit time in T-states divided by 2

This rautine sends data in the format, 8-data, no-parity, 2 stop bits,
Corrupts atl registors

* SCROMP EDITOR HOM 124 »

Dunp the screen imege to an Epso

compatible printer
Corrupts Ll registers

This takes no parameters and sends o bit image of the current screen to an Epsan
compatible printer oyer the RS—232 fnterface,

The baud rete is 5ot up by paking into the Editor system variable BAUD o value
equivatent to a bit time in T—stetes dividad by 26

crkmm Tk EA A Ak
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10 KUSIC AND SUUND

¥his section desoriben how o uge the Specteun 128 music system From Basic, this
Will ellow you to experiment with sstting up sound effects, The strings used
for machine cods programs are jdentical in format to the Basic strings described
below for the PLAY conmand.

The Spuctrun 128 has two different ways to meke music ond sound of fects. Both
work through the sound channel of & TV or can be sent io sn external maplifier
via the ear-phone socket on the cassatte interfoce. There is no internst
speaker,

The first method uses the Spectrum BASIC BEEP conmond. But 128 BASIC siso has
the PLAY command which ailows you to make ophisticated music with up ta thres
motes ot ance. It olso givos you more control over the sound of esch dndivids
note than is possible using B

t

The PLAY caunand can be used to iet your Spectrum 128 play tunes on many types
of synthestzer snd other olectronic nusicel instruments, such as drum mechines,
The Spectrun 128 is MIDI DUT (Musical Instrunent Digital Interfece) compatible,
which allows it to be connectsd to eny other equipment which conforms to bl

0L TN stendard,

Progranning sounds

Making music end sound effects with PLAY s simple. You just type in the series
of notes thst mske up © tune, then ask the Spectrum 128 to PLAY them. You can
slso fnoluds tnstructions that tell the Spectrum 128 what sort of tone you went
for the sound

To hsar some of tha wide renge of sounds thot you can make, type in mh of the
o programe below, RUN it, then try the other example. In the fallow

Cloniion wbers 1% ban b enfusen sith Tacter 0! Feseds Shesh with an
undoriing (og '0')

mslc

0 LET
2$="T1 8006 {CDEC } {SEF76) { 36AGF 5EC } 5047C9CC"
ET

0 L
3="DA[CDEC] (SEF7G] (3GAGFSEC) SEL7EQELE "
30 LET c$="031706} {7661 (706} 560763606 "
40 PLAY a8,b8,c8

SGIND EFFECTS

10 LET aS="MBIX3S0WS07 [ ((C1)1":PLAY
a8:PAUSE 25

20 LET 28="HS6UX50DOWIO3({(C]])
28:PAUSE 25

30 LEY aS="ME6WRDINBC™:PLAY a$:PAUSE 25

Using the PLAY conmend

In the examples sbove, you will ses that each time tha PLAY command is used, it
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56 futlomed by up to three different (atters, sach followed by o € sign in a
stotenant Like

FLAY ag,bs, ¢

Each of these is the name of a string (s ceries of characters] mhich you fave
alresty given tn the conputer earbier in the pragram. The strings tell the
Spectrun 128 whish sounds to make.

PLAY controls three separate sound channels called A, B, and G and there can to
p to three strings, one for each channcl. In the MISIC example given ahove, o
tetls channel A to play the melody Line, bS tells channel B to piay & harmony,
and 05 tells chanpel T to play o bass port, In the SOUND EFFECTS exonple, omly
e noise 15 used at s time (although up to three can be), so each ong is in
channel A end the conmand 15 simply PLAY as.

In fact sny of the channels can produce either a musiosl tone or noise, So you
can mix sound sffacts in with your music (see Channel selection).

Canstructing strings

Gonposing music and sound effects on the Spectrum 128 §5 sinply s matter of
Greating strings containing the informotion you want. You oan See how this
works in the MISIC oxomple sbove. Eech string is creatsd with the LET command,
fotlowed by the rame of the string, and i1s contents enclosed in ™ marks. Try
this example, which plays just ene nate - an A.

Ay music progrom using PLAY also uses LET to tall it what ta play, s you can

see by looking 3t the earlier examplas. The resson why these prograns Look more
complicated than the example abave is that the strings enclosed in the " marks
contain many lesters and numbers to define @ longer tune or mars complex sund.

Any musicel sound hos @ pitch end durstion. It slso has a volune and tone
quatity, The strings in the cxamples sbove contain information sbout atl of
these, The sunmary opposite Lists cach pussibie command, and t1ey are explained
in detsil below.

PLAY conmond summary

This is a brief List of ths commands which can be contained in a PLAY string.
ALL lotters except nate names must always be in capitats.

String entry Function

b or C-B Bives pitch of noto within
current scteve renge

$ Flattans note following 5t

# Sharpens note fallowing 3t

o Fotlawad by nunbar 0 ta 8

sets current octave rangs
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Bets Length of notes

Benotes o rest

Saparates tan nu

v Foltowed by o munber D £ 18
sots volums of motes

W Fotloved by o punher D to 7
sats volune effect

u Thsnapepragting Sgleny 1y
sny sirin

x

Foltowed by & number 0 to
$5535 sets duration of
volume of fest,

T Followed by & number from 60
to 240 sets tompo of music

€ Enciase repested phrase

[ Enctose a comment.

# Stops & PLAY cannand

M Followsd by o nunber from 1
to 63 selects channals

Y Followed by & nunber from 1
0 16 turns on & MIDI
channel

z

Fotlowed by & nunber sends
that nusber o5 o MIDI
srogranming code

Setting the piteh

As you sow shove, you set the piich of sny noto by giving 1ts wusical nune = eg,
CES. Sharp notes are prefixed by # leg 0) ond flat notes by .
Cfhstionnot dbisre ni boknuas 1N Whe Kay of O wnd Gies ferebes B b0 breR N
nates in the lower octave, C to B in cepitsis for the higher one.

Any number of motes within these two octaves can be played one after enother, eg

10 LET &
20 PLAY as

‘of edaf gLFEDARGCC"

1f you want to span more then just twa octaves, you can change the overall pitch
£ 1ol sl fibyosingthagoctare comand @ follaedibysg;meatensitron:
to 8. not gpecify an nctovs (as in the oxample sbovel it i
autonatically st £o 5 (Lhe rangs Conteining miodie C1 ave conmnad

Fomiiia In hres. Tor R nbtaiNRTen FoLlsn 10 WAELL. o hok. nerate Consard 15
given.
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Tais progrom tots you heor the s tune played in o higher sotave (Gust adé the
07 to your eertier progronl

0 LET o807 cf odal gOF
20 PLAY o8

EDAFGLE!

Try chonging thu octove nunber progressively to heor the full pitch range which
your Spectrun 129 can produce. Notive that some of the very lowest notes in
octyves O and 1 will not be reproduced at the right pitch except through the
MIOT output. The Spectram 128 will sinply play them at the lowest pitch
possible.

Since each pitch range covers two ootaves, two sdjacent ranges overlap. For
exumple, the high part of 04 contains the Low part of 05 {see the disgran
elowl. Hote that you can extend opy range SUightly by using a series of sharps
(#42) or flats [$558) to raise the pitch of individual high potes or lower the
pitch of low ones.

Note duration

If you do mot specify the length of each note, they wi.l atl be played at the
sone Length (o5 crotchets] as in the examples sbove. You con fix the e
any note or series of notes by prefixing it with a number from 1 to 12

progrem tets you hear tha di fferent note duretion with nunbers From 1 to o

10 LET o3="10ACACAT5C6C7CBO9CH
20 PLAY a8

t 45 tha shortest note and B the tongest. They are related to musical
convention according to the follawing teble.

Numbsr Note Name

semi-quaver
dotted semi-gusver
quaver

dotted quaver
crotehet

dotted crotchet

dotted minim
semi-breve

EmNmasana

Each of these conirols tha length of all notss which foliow it until you give s
new number code.

You can also Use the numbers from 10 to 12 to specify tripiet notes (throe nctes
pleyed n the time dormsily used for two).

0 ceiplot seni-quaver
i triplet quaver

12 triplet crotcher

Each of thase only spplies to tha three notes Fallowing it and must b foltowad
by their three names, eg

10 LET a$="11ACE"
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A rest tno note playing) is specific by a & ond kas the cene (ength os tho

current nate. For exsmple

10 LET aS8="7A508CE06E"

i Tive minine with equal posusts between then,

©an be indicated by giving the two pote durations connseled by an

Tied notes
Underscare chsracter end the note name,

70 LET 28273 58"

% Saalh ot aumaTianyen give will steo epply to wny following cades wnuit
you give another duration cod
The # conmand

In soms of the exampies you will see the letter N used to introduce a series of
Aotes within the string, eg

LET 58="07M1COE"

W §s used in casos where two sots of nunbers would otherwise clash. In the
cxample shove, O §s Set to botave 7, then a series of notes is given, ctarting
with she duration coda 1

Without the N code, the Spectrum 128 would reod the octave code gs 71 -
obyiously not what wes intended!

Note volume
The overati volume of the sound is controlled by the voluno setting of your TV

or smptifier,

playing while others continua). s the naxinum nd is used sutomaticetly by
the Spectrum 128 if you do not specify @ Leve

The Low valumes are very quiet and you will nornally use 10 to 45 untoss you are
sutputting to an anplificotion systes or via the MIOL port to o synthesizer.
Try running thic progrom

10 LET 88="V10cdefgabCDEFGAR "
20 PLAY a8

Now try changing the numbpr after the V to o new volua to hear the differsnce

Volume offects

Instesd of you just setting esch note to & fixed voluna, PLAY also Lets you
change the volume of the sound whila ¢ is playing. For example, you can meke o
note start suddenly and then dig away (Like & pieno} or meke a bound ef Fect rise
and fall in volume (like = Stemn train

This effect is controllsd by tho tatter W which can be included in any of the

steings cantrolled by the PLAY commend. You must aleo include the Letter U in
anch string whors you wont o use the sffact. You cannot use it 1f the string
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alresdy has o volume setting [i7 16 contains a V) - the votume command will

overrule the ef fucy

The ¥ must be followed by o muber fron O to 7 which controls haw the sound
builds up (she sttock] o Folls off [the decayl. This is the full ra
numbers and what they do

0 single deay then aff
% singte stiack then off
2 singte decsy theo hold
3 single otiavk then hutd
4 repested docay

5 repeated attack

§ repeated attack-decay
? repested docay-aitack

This progran plays the some pate with each ef fect in turn to et you hear what
they sound Like

10 LET 2$="UX100av00
20 PLAY ot

Notice the U tn turn on the effect, then the sarigs of W numbers,

There i6 one ather new command used here, the letter X. This can be followsd by
a number from O to 65535 to set the length of the sound effect - the larger the
fumber, the tonger the effect 15 drawn out.

You do not have to fncludo sn X setting. If you do not, tho Spectrun 128 wilt
automatically chooss tha longest. In general, repetitive effects (We to 7) are
nore effective with quite shart settings, eg X30D. 'Single shot' effects (W0 to
W3) nieed & ionger period, ep X1000. Try changing the value after X in the
progran sbove to hoar the di fforence.

Tempa

The speed a2 which a piece of music i5 played cen be sst with the command T
foltowsd by the number of crotchet heats per minute {bpnl in tte range 60 t

. The command controls the speed at which all notes are pleyed, hut cen only
b included in channel A (the First string after tha PLAY commend) otherwise ft

is ignored, sy

10 LET a8= mmcaerg"
20 PLAY @

If no tempo {s speciFied, the music will be played at 120 bpm.

Ropeated phrasos
Any msicol phraso can be repested by enclosing the sppropriats string or part
af & string in brockets. For sxemple

abCIDEFG )"

10 LET &

If thare §s an unequal number of brackets, the

will repost the last four notes.
IF thers is only a closing

Phrase will be repeated back to the last bracket.
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bracker, the phrase will bo repested back Lo the beginning of the string, e

10 LET 28="5hCOEFG) "

will repeat atb soves oates. Double closing brackets

10 LET 28="020EBA1 )"

will couse an ‘infinite' repeat. This is particularly usaful for thing
repetitive bass Lines. To turn off an 'fAfinite’ repsat you usz the H command.
The H commond

An H tnctuded in any string immedistely turns off the PLAY command. The main
use of thie is where you have Bn infinitely repeated base Line in one strieg.
You cen stop this at the end of the tune by putting an H an the end af the
string which plays the malody.

Comments

You can include reminders and comments anywhere you ike by using 1! marks.
Anything written sFtsr 8 1 will be ignored until the next ! on the ® st the
end of tho sbring 1s resched, eg

10 LET 5$="ahCDERS fohorus {aCEaDG™

Channet setection
The command K is used to select which of the thres channsls are in operation and
whether these give noise or musical tonas.

You cen have s maximum of thres chanmols in use at sny one time, but it dags not
matter whether they are ail tane, oll noise, or a mixture of both.

Your choice is sntersd with a number follawing the M, worked out tike this

1 Tona chamnals | Noise channels
I A 8 & A B [

t 1 2 a1 B 18 B2

funber

Hark each channel you want to turn on, end note down its nunber, Then just sdd
them together to get the code you should use efter tho M. Far exomple, if you
want to use tone channels A, B, and C, you sdd the numbers 1+2+4=7, 50 you use
the coamand M7. In the same way, M6 would turn om noise channsis A, 8, and C.
Nojss can be used on eny chennsl but the most wide-ranging Prequencies ars
svaileble in channel A. For the best results put your sound affects in tha
string which contrals this chennel - a§, tha first string aftar the PLAY

connand.
Controlting musical instrunants

Whensver the PLAY coamand s running, a signel cen be Gent to the MIDE port $n
the AS232 sockat ot the front of the camputer. This output will drive any MIDL
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any mekes of synth

compatible nusical insirument such a5

achine, 50 Lhat the instrunent will play the music which has been progras
TG the Spuctrun 120,
Using the MIGI output lets you play mare corplicated wusic with up to sight

ROSES 8L e time instesd of three. ALL you 6o it tu follow the PLAY commond with
the nomos of o S0 Sight strings, (5 o hS, for exenpte) ach of which 10
canstructed s doscribed abov

Uo 1ot try to send music to the MIDL port unless you have alveady connected the
fastrunont. Ta send the output %o the MIDL port, each string showld fhciude the
Letter ¥ foltowed by s channet mumbsr from 1 to 18. If you use the seme number
in ezch string, up to eight notes can bo pleyed by ana instrument at the same
time. If you use differsnt numbers, you can cartral up to eight diffarent
insteuments ot the same time. If you do mot pul & numbor erter the Y, the
Spectrun 128 Will send all instructions to chenrel 1.

Most MIDE fnstrunents powsr up in OMII mode so that they play the notes on
channel T st well as the chamnel to which they ere directed. To get the notes
an the correct channsls, the MIDI instrurent must be put into POLY mode. You
can Co this by directly altering the ipstrument's MIDI channsl, or by fncluding
the eppropriate MIDI programming code in the string. The prapramming codes far
your instrumont should be Listed fn 1ts handbouk end can bs sant to it from the
Spectrun 128 by including the letter Z in the string, followed by the MIDI cods
Aumber.

If your synthesizer understands key velocity leo thet the program you send it
contrals the volume at which it plays) this is interpreted from the V settings
in the strings. It is celoulated st eight times the valume sot by the V
commsnd, 0 it tekes the values 0,8,15 Tho key release velocity when a
note is Gnitched of f is sent 85 B4. If the synthesizer is nat dasigned to
understand key volocity, it will plsy the same wlune regardioss.

20,

R R S

11 SPECTRUM/SPANISH 128/UK 128 DIVERGENCES

The Spactrum 123 runs in two distinot modes, the first and start-up state is as
& 128K machine, tho second 75 85 @ 4K Spactrum, When running in 48K mode the
onty detectable differance is that previously unused space in the Spectrum rom
noa contains the keypad scamping routines, In Spectrum 128 mads the buffer far
tho ZX printer is used for extra systen variebles, so programs that use this
ares for code spece moay not function. On the edge connectar interfacs the 280
clack signsl s not connected on Spanish machfnes. Also on the edgs conmector
tha Spectrun sighols VIDEQ, NOT-Y, V and U ere not connected as the screen
signals sre hsndlad through the AGB cannsotor,

A potentisi source of periphersl incompatibility is tho stert up mode of the
systen which is Editor fon, and Basic Ren, this may couse intelligsnt
poriphersis which cantain thair own Rom cade to foil if they sssuma thot op
power up the Spactrun Rom is present and either use it for date or jump
after thoir own initialisation proces rse there is no corrospondence
betwean coda in tho Spectrum Rom and the Editor Rom 5o tho Likely result of such

action +s o system crash.



20

Spectrun 186 Technical Guide — rev 3 Pa
14 Eebruary 1985

The Bpectrim portion uf the Row fownd in the Spectrun 120 15 very sinilar o the
standard Hom foond ip 48K Spectrums. The major difforence is that some of the
emity cpace ot the end of thn fon Fyresiausty FE hex) hon boen £t with

to control the keypad. Care bas beer takar o ensure that tocztioss
Which previously may have been Usod o vestor node 2 JECsrrURts Temain
wnatiered.

In st versions of the Spectrun an interaction accurs batusen the cantents of

the interrupt vector page or 1 register end the video controtier. In ds
that during memory refresh cycles the I register CORtents ace ouiput on the high
2ight address Lines. When the sddress that is formed 8s a result points at
videe ram the video controller canfuses memory refresh cycles with monory sccess
The end result s noise on the screes and patentizl random memory

oycles,
corruption,
If you are writing a Spectrum program, 1 register values ADH-7FH will cause this
effect, On the Specteum 128 I registor values betwesn COH-FFH may also cause
the effect whon rom pages 4-7 (vidoo) are in the memory map from COOO-FFFRH .

Stated simply, any programmer using 280 interrupt made 2 should onty vector
K

interrupts into addresses between BOODH nd BEFFH. DOtherwise they ris
untracesble program failures and screen display eorruption

There sre s nunber of minar physical and electrical inprovements that will teke
place between the dovelopment mechines and the UK production ver:

The 280 clock signal is braught out to the edge connectar (Whoops).

Softwars develapers using Spanish machines will experience difficulties
obtaining good sound and picture quality on UK telovisions. The resson far this
is that the sound carrier on Spanish television is modulazed at s different
frequency to that on UK

The pinaut of the RGB connector will be altered, edding & PAL catour composite
signal end V-SYNC, daleting the existing monochrome composits.

Spoctrum 128 mode System Varisbles

These sre the new varisbles ssscciated with 128K mode snd they reside in the 48¢
printer bufffar, The most useful of thass to shird parties will be BAUD, which
sliow you to set up the RS-232 speed and ROND?,RONR3,RONA5 which give access to
the keypad.

Variable Address Function
AP 5800 ROM swapping subroutines

YOUMBER 5814

ONERR 561D

PIN SBRF

POuT 5834

PouT2 5844

TARGET 5858 Address of subrouting in old AOM
RETADDR 5854 feturn address in new

BANKY 585C Copy of Last byts output to bank
PAMRST 5850 RST 8 instruction

RAMERR 585E Error nunber or old ROM
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55 Bit peviod in T states / 25
5661 Swvond-tharacter-recei ved-flag and data
5063 Burrent column frem 1 to width

st64 Bappr colusn width

5665 Humber of pursneters exepected by FSR32
5668 Bit 0 ... Calculotor/Edit node

Bit 1 ... WSIC tine changed
. Silicon File aper for write
* Siticon/cossette SLVM
- Load
. Save

Herge
£ 7 ... Verify

Bi
H_STRT 5867 SLVH Nane.

SLVM header blocks

Hi_00 8671 Typa cote
HD B 5872 Length of block

W0 00 5874 Start of block

#0 0F 5876 Progran tength

0 11 5878 Line number

5,00 5874 Socond set for LDAD, VERIFY, MERGE

sc o8 5878

s 587D

SCOF SE7F

x.00 5871 Screen Gump varisbles

YLoo 5672 {Dual use of varfables)

oLosP sea1 0Ld SP when TSTACK 15 used

SPNEXT 5693 Pointer to last [enpty] entry in directory
SFSPACE 5885 Nunber of bytes Left (17 bit]

The following verisbles return a keypad image when KPSCAN is called

AOvO1 5888 pam1111 - present, device, micro, rost
AOWa3 5889 20220338 — ron, rowd
ROV45 5884 44445555 - rowd, rous
SRET 5888 Return address for ONERA

LASTY 5880 Lest valua printed by colculator
HC_LINE 5852

FC_START 5B94 (word)  The velue of the now start line

8O STEP 5896 (word)  The sten size batween Linas

TETAGK sFF Temporary stack used when memory paging

saussossnsRser e
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Any queries orising from this documentation should bo sent tu our new address.

Tochnical Suppart,
Sinciair Research Ltd,
#ilton Hatl,

MiLton,
Cambridgeshire,

o

10/2/68

Andrew Cummins



