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INTRODUCTION?
This sound effects poard utilizing two of +the General
Instrumente AY-3-8%910 rrodrammahle sound denerators sllows wour
computer to dernerate an  infinite number of real time comeles
sounds. Each stereo chir’'s sounds maw varw 1n comelexits  From
simrle tones 211l the way wurto trirle tones with freuency sweers
mixed with noise and modulzated bhe an envelore —ontrol. The tures
and nrumber of sounds rFossible is limited onlw  bw  wour
imagination and wour comrFuter’s memory Size.
FEATURES!
§-100 Comratible
Twe GI AY-3-8210 Sowund ICs on board,
Twa on board sudic ag-s For stereo effects,
Two low level outruts available for extermnal ames.
Frototuring area on board.
Four 1/0 rorts availlable.
FC board 14 solder masked and sillhscoreened,
Gold rlated contact fingers for lomg life.,

This comxlete kit includes all rartsrsocketss Ilsreto.,

Roard is buffered armd liberalls burassed for trouble
free oreration.

Designed for auick and saswy asssembly.
Addressable a2s 2nw 4 of the 256 avasilable rorts,

Comratible with Sound Command Languadge (5CL tm)
SrOSTams .,

Works with either 8080¢ or Z-8C CFU.
CFU is free to do other tasks aonce 3 sound is started.

Frogrammed /0 does not conflict with swstem memonryg.
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FARTS LIST

2 40 min IC sochkets

g _ 16 Fin IC sockets

10 14 rin IC sockets

11 C 242K resistors

2 iK resistors

2 2.7 ohm resistors

13 +01 mfd Burass Disc Cars (value not critical)
2 «1 mfd, Cars

3 4.8 mfd =135 V Tantalum (value not critical)
1 <33 mfd 25V Tantalum (value rot critical)
4 1900 mfd 16V Electrolwtic

2 10K to S0K Trim rots

2 TO-220 Heastsinks (with hardware) for voltade redgulators
1 7805 +5VI0C Yoltade Redgulstor

1 7812 +12VDC Voltade Redulator

3 ' 7400 (or LS) TTL Gate

2 7404 (or LS) TTL Gate

1 7410 (or LB TTL Gate

2 7474 (Qr LS) TTL Flir flor

2 8242 (or 74L52646) TTL Gate

3 74347 (or LS or 8T97) Tri-State Buffers

2 LM3ABO (412162-1) Audio Amrs

2 GI AY-3-89210 Sound Chirs

i #C Board
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Gerneral Comstruction Hirts

For soldering we rocommend s 32 watt solderving sencil. no  NOT
wee a soldeving  dugmiltt Use szl diameter (such as 22 6a.)
rosin core &0740 sllow soldsre.

Kesr the seoldering rencil CLEAN witih o uJot aronde or olobli.

After comrornents such o resistors ov cars bove  been solderosids
dae a small rair of digdonal cutters to remuve the eoooess lead
lernstin,.

Dhserve rolarities of all tantalum and electrolutic cars.,

For 8 rrofessional AEPFEATINCe Insure Lriat  aoll sockets  gre
mounted Flusn against the PC hoarvd.

LIMIITED WARRANTY

LDistital Research LCorroters worrants =10 comeoncnts amn thites it
to be free of defects o material and worimanshir for & period
af 20 davs., Arg defective savts murst Lo returoend Lo o uw o anel o will
e rerlaced at no chorse, any hoard yarchased as a0 Lol woleh
walfunctiorns dourirng  the warvanty  seviod sl bas nol Deer
subdected to abusie ard has beon sssembled with  reasonstle care
will be reraired ov rerlaced (our ortilon? st no charge,

Arny unassembled kit surchaced From us wmaw De returned wilinwn 14
daws of receirt for &5 FULL "no auestions asked® refuand. MO
reason is necessarw. ITne above limilted warranties sglso aprly Lo
Lite aesembled bw DRIComeuters,

Ang board which is not covered e the soove warranties  wiltl e
recraired at a cost commensouraste with the work reculrved. Tiag
charge will not exceed $20 without srior arrroval.

This warranty is made 1 Liew of aree other warvaid exsrossed o
imslied and i1s lisited in all couses Lo bthe rerstr or reslseomend
aof the kit involved. Abcsolutelys no claims srve made For bhe
augitability orv relighility of this sroduct in ary aeeslication or
systemsy ared Wwe  sra i no way resronsible Tor sy oo

GE T
conseauential damade . I tihe terms of  this warranbky sire oot
accertabler the wpactct omaint e returned for 3 rafina .
Retention of the sroduct bw tihwe customer snall constitute 3
adreement that he hae cesad and accerts the terms of this limited
warranty,
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ASSEMBLY INSTRUCTIONS

{3 Give the PLC board 8 0 dgood visuasl insrection for anw
obvious defects. A few minutes srent here could save hours of

work, later.

( ) Using ar obm meters imsdre that there asre no shorts
betweenrn Buss rins 1»2sandgd 50,

¢ Imstall snd solder 14 gan sockets in I locations
1023910918 912913»14vi7amd 18, Note thet there is 3 nutch or
indentation on each of the IC sockets. These should be oriented
in the same direction ss the smsll dot on the FC  board, Each
dot sidgnifies win #1 of easch I[C.NOTE! o Neot imnstsl]l sockets in
locations 195 and 22, To do so would eliminste the neastsink iog
for the LM3IBO audio amers.

(V) Instsll ard zolder 14 =in  sockets in locations
49548y 221%920,21y and S1.

« ) Install and solder 40 rin sockels in locations & snd 7.
( ) Imnstall]l and solder the 2 LM380 zudio ams: in lacstions

1% ang 22, Insure that =i one of the devices 1w addscent to
the nots on the board.

{ ) Install and solder the 13 bursss cars 10 locations
C1-CAsyCoe-CPe012-C16. Note! caracitor CS5 is ot sed.

¢ ) Install and solder .1 mfd casrs  in locations 10 and
c17.
) Install and solder the four 100 mfd cars i locations

119018 £22 angy 23, Observe rolsritu.

¢ Install and solder the &.8 mfd 1%V tantasluams 15
locations ClP+C20sarmd C24, Dbzerve solarity

) Install and solder the .33 mfd =259 tanbaium  car  at
location C21. (bhserve the solaritwe,

[ Install and solder the 11 2.2K resishors 1 F Lacations
RKlrd-6y9-15,

) Install amd solder the 2 1K resistors in locations o
arvd 3.

[ Inmstall and scolder the 2 2.7 obm resistors o locastions
R and 17.

¢ ) Install and solder the 2 Lrim rots alt locshions 77 ool
Rié&.

[ Mount arnd solder the 7805 voltase regdulator  with it

neatsink 1n location Z146 wusing the hardwsre surrlied,
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¢ 7 Mront and solder the 7812 voltadge regulator with  its
Feateink in location 283 using the hardware susslied.

¢ Flug the boazrd in wour sustem (ereferabls using  an
satender board), Using gither regulstor mounting tabh as grounds
messdres the ouytruat of each resulator, The 78B0% snould meassure
+EUDE. 4+ ar ~ Fx., Tne 7812 stiould measure +I12V00 + ar ~ 5X. If
eiLther rediilator is defectiver reslacement is necessarw  bhefore
come-leting the board,.

[ trisaert  Lhe 7400 in locations  10x12rand 13 Be
extronuiy caratul to matech #in ¥1 of eacnh IC (denoted be & small
roten or indsntation) with the small dot on the board,

[ frmert bhe 7404 in locations 11 sl 14,

« ) Teers the 74310 in loosastion 2.

) Prinad o Lhe 74745 in locations 1 oand 3.

{ ) Towert the 8242¢ (or 74L5244) in localtions 17 armd 18,
{0 Insert Lhe 743&67¢ i locations 1920 and 21,

{ ) Insert the GI AY-3-8%1i0s in logations & and 7. Note
these are MOS devices asnid  should bhe handled wusing static
electricity Frecaution.

( ) It i & good 1des to rereat the sbhove srocedures adsine

double checki1ne wour work for mistaskes. Alaoy recheck Lhe
voltage redulstors for srorer oparation.

{ ) Eefore conmecting the sreabevss sel  the trim  wots to
arrrodimatels the center of their rotation.

INITIAL SET U AND USE

The first thing that =ou showld do before tewing Lo use the
Sourd Hoard is to read and studw the 61 AY-3-8910 Dals Harnaal
included with the kit, This book will sgive wou an understanding
af bow the sound chir works. Frue to memorize sades 8 andd 9 of
the manuals this will make srodgramming easier. To understand
Lhe sound chis 15 to understand the sound bosrd.

Higoern Gobobas dn Lthe Dats Manuasls

The internsl registers are referred to by their octal number in
the marvidls Remember Bssic Lalks inm decimals andd most swstem
monitors talk im hex. It is recommended that wou oblain & dgood
8080 or Z-80 srodramming  card  whidich  cenltains hexos actals
decimaly st ASCIT eavivalents.

The table shown on F=age 47 on tie dats manuasl is for 1.79 mhe
clock comrared to the 2.00 mhr clock used from the S-100 buss,
Resister 7  (Enable Redgister) iw atl dmeortanty and 1s sctive
law.:. Nothing will work unless thie register is  trested with
utmest care., Also R7 controls the direction of the 1/0 rorts A
and B,
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All of our sofitware erresumes that the board 1is  asddressed at
rorte BOH thra 83H (128 thru 131 decimal). To select this rort
addressy location Si (address select)y rsosition A2 thru  Ad
should be Jumrered or closed,. Leave rosition A7 oren. [f wyou are
using a8 Z-80 CPU st 4 Mhz wou  must  Jumrer or close rosition
labeled "4 Mhz". This inserts two Wait states when the sound
troard is accessed.

If rort 8O0H conflicts with ang of wour software wou maw use 51
to select any other dgrour of 4 I/0 rorts. 81 works 1like this?
the binary rerresentastion of the desired hlock of rorts is
rerresented by AZ-A7, A logical zero is 3 closed switch and 2
lodgical one dis an oren switchy .. sorts O thru 3 would be
selected when switch sositions A2 thra A7 asre closeds sovrts RO
thru B3 are selected when rositions A2yA3sand A6 are closed.

Tuwo tures of audio outruts are srovideds low and hidh level.
The low level outruts are desidgred Lo drive an external
amrlifier such as @ home stereo.,. These low level outeuts are
marked "A and B InrFul” since thew are inruts into wour stereo.
The hidgh level outruts are desidgned Lo drive speakers directiw.
Full outrut is  aserox, 2 to b watts rer side,. Hreakers are
connected at E3-E4 and E7-EB for chirs 4 arid B respectivelw, A
sreaker imredance  of  § ohms or more is reconmended, Shel loded
audio cable is necessary Lo conmect the low level ineruts (E1-E2
and  E%-E&) to =zoaur external 3ok, It is very imrortsnt to
observe rrorer gSrounding  =ractices. A1l even E  numbers are
HAroundy ano all odd are sisnals.

The most imeovrtant thing to remember is that the GI chirs are
subsystems of their own. These subsustems are totallwe controllied
oy the contents of each sound chir’s 16 resisters. The main
furetion of wour comegter is to  dimdtislire or modife the
contents of Lthese redgisters. as the redgisters chandge the sounds
sroduced ochange ., The main function of the S$-100 Sound Effects
Hoard is to rrovide the hardware interface between wour comsuter
and the sound chirs.

The internal resgisters sre not directly addressable. Redister
atidressing  is  sccomrlished bw Quteuting the Kestister number as
data to the EVEN port rumbers, The redister nuamber 13 latched
internally bw the sound chie and anticirstes that the datas to be
toaded to that resister will be Outealt to the O rort  on the
nest board access. B0 remembiery 11 takes two Duteualts to losda
data into  the sournd eohiss redisters. Excertion: s1ince tLne
Regigter number is latchedy it is sossible to cortinually modifu
tine BAME  regiszter’s contents once the Redgister rnumber i3
srpacified, This is mice for frecuency sweerss ato,

For most suwstems the auickest wsw to talk to  the $-100  Sound
Zffects EBoard is via BASIC, It wour BASIL has INFUT and QUTRUT
commandsy then wou agre in business! If  wou cannoet  wse  BASEC
then 1t will take the machine code instruactions INE (DBH) anmd
QUT (D3H) to talk to the board. Why  do wou need  anw ineut
instyuctions? Inruting from the QO rorts reads the contents of
the last latehed Register. This is 8 programming  aidy allowing
wotl to read the registers” data. This i1s wuseful when wou come
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ur with 8 dood sound and want to krow exactly how wou did it.
It is 3lso nice when a sound does ot work.,

The followind is actuslly two BASIC srodgrams. Run at 10 is &
srodram to write into  Sound Chir A. It asks first for which
redister wou want to modifyy then it recuests the data. Run a3t
100 is 2 rrosgram to dums 811 16 redister.

10 FRINT "ALL VALUES ARE DECIMAL®

15 FPRINT "XIT TAKES TWO QUTFUTS TO WRITE TO A REGISTER"
20 FRINT "ONE TO SFECIFY THE REGISTER®

22 PRINT "THE OTHER TO SPECIFY THE DATA®"

24 PRINT "THE REGISTER # IS SENT TO THE EVEN FORT®
25 PRINT ®THE DATA IS SENT TO THE O FORT®

26 INFUT "REGISTER #"35R

26 0UT 128K

40 INPUT "NATAD

S0 GUT 1291

49 GOTO 26

100 J=0

110 FOR I=1 TO 164

126G 0UT 128,

130 FRINT JsINF(L129)

135 J=J+1

140 NEXT I

L350 END

Bw loading the Tollowing redisters with the sccomraning dats &
rmice chime sound is sroduced,

Redgisteor # Lata
2 (decimal) 75

4 107
7 248
a 14

? 16
10 14
11 255
12 43
13 8

Set 8l1 other redgisters to 0, Redister 14 and 15 are 1/0 rorts
arnd not used in sound deneration.

Refering to rage 8 of the Data Manualy we are loading two
differant tornes into chanmels B oand C (resisters 2 and  4).
Register 7 (Enable res,.) is loasded with 248 which 1s F8H leaving
trits Oy 1y armd 2 LOW, This enables 211 three tomne channelssy
disables Noise omn all three channelsy and sets I/70 =orts 6 s0vd B
for ineut only. The values loaded in redisters 8 2 arnd 10 set
the amelitude, The walues loaded in redistervs 11 snd 12 set the
modulation Envelore reriod, The value lusoed 1 register 13
determices  the Ernvelore share  as  show o #odo 26 (third
waveform? .
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To create the same sound via assembly lansguade wou would use the
followinst srosgram.

Q000 3E 02 MVI Ar02H sLOAL A WITH REG.# .
Q002 3 80 QUT 80H FLATCH REG. #

0004 3E 4Rk MVI Ar4RH sLOAD A WITH DATA

00064 n3 8i OouT 81H FFUT DATA IN REG.

0008 3E 04 MVI A+04H s MORE (OF THE SaME

O00A L3 80

000C 3L 4R

000E n3 B8i

0010 3E Q7

0012 n3 8o

0014 I F8

001é& 3 81

0018 JE 08

001aA D3 80

001C JE 10

Q01E 3 81

0020 3t 09

o022 N3 80

0024 3E 10

0026 n3 gl

G028 JE 0O/

002A 3 80

o020 3E 10

Q02 D3 81

0030 3E OFE

0032 {3 890

0034 3E FF

0034 0Dz s

00348 JE oC

003h 03 8o

Q030 3E 2®

003E n3 gi

G040 JE Oh

0042 03 4o

0044 3E 08

G046 03 B81 M

0048 Ce RET 30 BAULKe ALL DONE

THEORY OF OFERATION

The 5-100 Sound Effects Board 1s basically a8 rarallel 170 board.
The basic functions asve  Fort Decoder Dats Buffering At
Emablinss Buss Controly Fower Supsliesy Wall Statess and Clock
conditioring, This board varies from the above by  iheluding
audio amrs, Fort decode 1s asccomslished by 217 and 18 and switch
51. ftata buffering e handled by Z1%s 20y and 21, Buss conttrol
1% develored by several dgastes of 22 and Z10 thra 14, These dates
convert control si1gnals from the buss  nto si1dmals the  gound
ohitre interrrets tnto read  asnd wrtte commands. L6 surrplies
redulated +OVI0 to all  drigital devices  on the  board. 23
surrlies  resulasted 12000 for the audio ames. Z1 rrovides Wait
states necessary foOor rrocessors foaster than 500 ns clock
reriods. 23 divides Buss rsin 49 (Clock?y by two and ortionglls
pw fTour. Thise recuires g cut of the trace tTrom L9 to E10s and a
JUumFer installed from E10 to E1L, Tnis will lower all
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freauencies angd noisess it is ot recommended unless wour
arrlication reaugires this effect. 219 asnd 222 rrovide high
tevel outruts carable of driving sreagkers with "room filling
sound®, Low level outruts are slso broudght out. The sound chies
are Reset by Buss sin 75 (Freset)y Buss min 99 (FOC)r or Buss
ein 54 (Ext Clr). If wour compruter does mnot Frovide Ext Clry we
highly recommend wsou rrovide this funtion.
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INTRODUCT IOM

SCL iz & machine lansuase interfreture for use with the 5-100
Zound Effects Board., It consizts of two functional modules: the
Feaizter Examines’modifd  routine and the Scund Command Lansuaaga

Interfrreter.
EXAMIMEA-MONIFY ROUTIKNE

The internal architacture of the AY-3-8310 zound IO iz chmpﬁsed
of 1& reaisters that control the reriocd. amPlitude snd envelops
of three seperate oscillators. The chart in FIG. #1 lists these
regizters. Included alsoe are nolse freduency and mixer reagisters
that sllow a selected band of noise fredusncies to aPfear on  any
ar &ll of the three channels. Mote that the Enabhle Regizter is
negative lozic <Cltow trueld, so that FF +turnz all channels off

while OO0 anahl tones and noize on a1l three channels. The

20
[

Ewxamines/Medifys Routine allows @ou to individually display the
contents of each regizter and modify it with any two digit Hex
number. The AY-3-8%10 DATA MAMUAL Prowided ocutlines the detailed
oferation af the Prosrammable Sound Generator (PSG> IC”"s and
axPlains each regizter. The manusil uses octal notations while all
references in this manusl and SCL are hexadecimal. Thus Register
10 in octal £ ig in Hex. etc. up to resister 17 octal which is

Hex “F".
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ExaminesModify allows wou to work with either PSE chie on  the
board. The oferation of the ExaminesModifw rodtine is expiained

in wrester detail later.
SCL IWTERFPRETER

The S0 interepredar allows the seneration of comPlex sound
affects with minimal eProsramminz =ffort by Prowvidine simple
access Yo the P3G resister zet for loading walues, incrementing.
decrementing. loofins and time delav. A Proosram can be written to
zny oren section of RAM memerw  in gour machine and recalled.

modified or fPlased uron command. A more detailed analvwsis is

included in "Usinas SCL".

INTERFACING SCL TO YOUR SYETEM

The S, software accesses the udsers IS0 driwvers wia wectors
Ppeszed to it din the DE and HL resizter fairsz at startur time. The
ugser mJdst pProvide a short zubroutine to fetch a character from a
console dewice <kewboard? and rass it in register A. In addition,
a =ubroutine +to efrint the ASCII character on the congole
Cerinter, wideo, ete.) is redquired. The pointer to the "fetch a
character” subroutine iz Placed in the HL refister pair while the

Fointer to the "Print a character” zubroutine iz Placed in the IDE

reaizster Pair bafore entering thae SCL Prosram. 0L iz then .
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ROM. The followina iz an examPle of a tuwpical prooram.

$THIS ROUTINE SETS UF THE REGISTERS FOR SCL
$AND FERFORMS INFUT AND OUTPUT FUNCTIONS.
FTHIS ROUTINE EXFECTS YOUR DATA PORT AT 01
FAND YOUR STATUS FORT AT 00. RECEIVER FLAG
#AT BIT O ANDI TRANSMITTER FLAG AT BIT 7.

JWE ASSUME YOUR SYSTEM MONITOR TO BE AT
$LOCATION OFO0OH, REPLACE WITH YOUR MONITOR

FAINRESS .
Q000 210000 START iLXI HyO0OCH SFETCH A CHAR.
- 0003 111800 LXI Iy 0018H SFRINT A CHAR.
0006 CHOOEQ CalL.L SCL $SCL ADDRESS
0009 CROOFO CcaLL MON iISYSTEM MONITOR ADD. (TYF)
_000C DEOO INKS IN K8 $STATUS FORT
QO0E E&0O1 ANI Rha §CHECK DATA AVAIL.
0010 C20C00 JNZ INKS iLOOF
0013 DRO1 IN DATA # INFUT DATA
0015 E&7F ANI PARITY #STRIP PARITY
. 0017 CL—~ RET i60 BACK
0018 F35 FUSH FSW $SAVE A AND FLAGS
0019 BEROO OTFS IN FS $STATUS FORT
QO01R E&8B0 ANIT TEE $ CHECK RUFFER EMFTY
001D €21900 JNZ OTFS iLOOF
0020 F1i FOF FSW iGET A AND FLAGS
0021 D301 ouT DATA §OUTPUT DATA
6023 C9 RET
0024 END

UZIHG oL

The followin® rfrases exflain how to use the ExaminesModify and
Zound Command Lansuase Interpreter. The mnemonics of SCL were
azgisned to &3 closelw azffroximate +the actual orerations as

Fossible and allow for Guick aszociation to minimize learnina

. time.
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Lime,
IMITIRL COMMANDE

Mhan SCL 1= first executed at s=tartup. the ExaminesModify Prooaram
CEMPY will pPromPt the user wibth "REG?" and wait for the user to
entar a register nymber in Hex to examine, The register number
desired iz entered followed by 3 sPace whereuPon uPon EMP
displass the contents of that resizter in Hex format followed bua
A question mark. It the contents are to be chanzed the new two

Face? or "return"

]

dizit Hex code iz entered fFollowed bae m ¢
v haracter . If no chanase iz required the "space” or "return" keu
lgaveas the resizter a: iz and once alain Promftz the wuszer with

YREGT!. The following examPles examine two of the FEG reaisters

in chie "0 and modife one of Hhem.

REGT Erter "OO" Jzpacel
REG 00=007 Entar AR <sfpacel
FREG? Enter "O01" {xpacel

REG 01=007 Enter Csfacelr or trebturni:

FEG?T

In the shove sxamplse reaister 00 (Channel H Fine Tuneld was

chanzed from OO0 to AR while the contents of resister 01 were
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unchanzed at 00, Reaizter numbers OO throuah OF apelu to the
registers in P53 chie "O" while resizter numbers 10 threush 1F

arrly to PG chip “1v.

The user has the oftion of entering one of five seecial
characters to the “REG?" Prompt:. Exclamation Point ¢'> to  exit
HCL fer ﬁﬁ:‘; CPM2: & carital "L" to access the sound effects
librarza Cexplained later?; carital "M +to write into memorw;
carital "P" to Plaw %the =ound from memors and capital "R"™ to
disrlayw chif regsisters. H Period ¢. 3 will return the user from
ane  of te modes to EMP mode. In the caze of "M" or "PY the uszer
uilf be PromPted with “"ADDR?" which iz a reduest for the address
in EAM where the dezired funckion iz to bhe exercised. This

addresz loaction in the "M mode., SCL will aszume FFOO. A pPeriod

T will return the uzer to EMP mode.

"M* MODE

“ﬁ“ mide allows =ou to write in SCL format into any awvailable RAM
area by enterins the firzt location of that area followina the
"ADDRTY  efromrt. SCL will examine that location and display the
contents of that Hex address. Subseduent strokes of the "Return”
o "Space" keszr will szter zequentialls throush the RAM startina
at the desired location. Ans location can be changed by tyPine a
twoe disit He2x number followed bw g "SPrace" or "Return". The minus

kes =3 allows the user to sztep backuwards throush memory, R
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Feriod ¢, % witl cause SCL to leawe the memors area and return to
the EMP mode. SCL code iz relocatabhle. A Program can be  mowved
froem one RABM area to anobther and 2till be plazed with the "PY

cammarnd .

F* o MODE

"P" mode allow:s wou to Plas the frosram @ou have entered into a
RAM ares one time. The prlas mode starts at the Hex address
entered directly followin® the "ADIR" fromPt and continues unktil
it encounters a return command in the Program at which time it
re—entars the EMP mode with the “REG?" frormbt.

"L" MODE

The "L" mode iz a ltibrars retrieve mode and allows the user to
Flas Pre—frosrammed sound: in RAM or external ROM. If an "L" is
entered the user iz PromPted with “IMDEX" requestines the index
number of the desired sound. Once the index number is entered the

refrombted Ffor another index

"

sound is Plaved and the wuser i
numbar. The method for calculsting the index numbers 15 covered

in "Library Call Section". A rericd ¢.3 will return the uzer o

thae EMF mode.

"R' MODE

gt mode dumfs the contents of all reaisters of both PSG7% on the .
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canzole dewice to allow rewiew.
SCL LAMGUAGE

The SCL interpreter allows the user to Process a chain of SCL
commands Placed inm either FAM or ROM. The chain defines the
control of the twe PSGE chirs on the S5-100 Sound Effects Board,

Commands £fall into the followin® catesories:

FAudio Channel Setur Jreriod and amPlituded
Audio Channel Wrdate {arithmetic)

Enables

Moize Setup

Moize Update {arithmetico

Envelope Contraol

PSG Chip Select

Delawsz and Looks

Individual Fesiszter Update (arithmetic)

Vibrare Call

et doez not allow for  GATOS Yume control statements or
Canditional Test statements. The interfreter does not allow the
usaer to base the zound effect on the results of conditions

external to the Prosram. Mote the commands deal with the PERIOD
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of B tane. the inversze of its fretduencw (P=IAF3>.

FJDIO CHAMNEL SETUP

Set Channel A (Fformat 1M PP WD

This command etz Channei H to a PERICD of MPP Hex and and

amplitude WYY Hex. The Hex waluez are entered into regizters 0.1

CfFor pPeriad) and 2 camplitde) of the PS5G chosen by the PSG Chip

Select command discuszed later.

Examrie: 13 26 O3 would set resgiszter O to

26 Hex register 1 to 03 Hex and resister 3 to 05,

M wers imPortant pPart of thisz command is the wvalue of the most
significant bi¥ of the amflitude Hex wvalue., YV, Yalues from OO0 to
OF =3iwve a 16 level amrlitude control that can be chansed only by
a revizion of the hewx walue. If awplituyde control by the envelopa
Benarator iz desired. then the most sisnificant bit must be hish

Clomgic 41>, Thus to control the amelitude of Channel M with the

Enwvelopse Control would then become 13 26 10. Since the amPlitude
walue iz assisned by the Envelorse Control the walue of the lesst

sianificant amplitude bit can be isnored.

Set Channel B <format 2019 PP WD
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Thiz command ¢erforms the gamse functions on Channel B of the

zelected PS3E chip and loads HMex wvalues in Resisters 2. 2 and 9.
Set Channel © Zformat 3M PP YW

This coammand rPerforms the s=mase functions on Channel C of the

selected PG chip., ¥t loadszs registersz 4. % and A.
AUDIO CHAMMEL UPDATE

After the walues of Period and AmPlitude have been aszigned to
the three audico channel:s: certain arithmatic orerations can be

Farformed on them uszine the following commands:
ADD TO PERIOD AMDAOR AMPLITUDE of Channel A (format 40 XX YY)

¥¥ iz & Hew walue that iz added to MPF which because of the
feriod=-freduency inwversion relationzhifP. decreases the freduency.
Addina a number areater than 20 Heax chanses the sisn of the
aperation and subtractsz that walue from MPP ¢2°s comPliment)
thereby increasing the tone frequency. The same i true of tha
AmPlitude reaiszters where %% iz a Hex walue added/subtracted to
W' These commands are usualls used in a loor and repeated
zaveral timesz to obtain wrward or downward frequencs and
amPlitude sweeprs. It is not usually desirzhble to make the wvalues

af  M¥ oar YY teo large hecausze the tone resgisters will 4Auickls be
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sterred owver the tor and wrar back around.

RO T PERIOD ANDAOR AMPLITUDE of CHRHHEL. B (format S0 H¥ YY)
Performs the zame oPeration on Channa2l B of the selected PSG

chir.

ADD TO PERIOD ANDAOR AMPLITUDE of Channel C  <format &0 #HX YY)
ferfaorms +the same orferaticn on Channel T of the selected PSG

chir,
EMABLES <format 70 HH2

Ar ingPrection of the P36 resizters chart will disclese that
regizter 7 allows for turnins the noise and tones on or off on
the three channels and selectina In Qut commands of the two 1.0
ports,. SCL addresses the Enables Register with a3 70 HH format
where MM is & Hex walue Placed in Register 7. It should be noted
that the Enables Resizter is Low True so that all ineputs low (O3
would turn on all three channels with noise and tone mixed and
#llow hoth ¢he I/0 Port:z: fo be written to. Tone A iz the least
zignificant bit of 3 dual Hex uvord while IO B is the most
cignificant bit. [These sxamrles will helr explain the 70 command
in areater detsail:l. Since SCL does not concern  itself directls
with the IS0 pforts and thew hawve nothine to do with the
Froduction of sound we wiill disresard the effect of 70 codes on

I1/0 commands.
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TO 00 Enable tornez and noize channels R B $ C
1%)EEI Turn off tongsz and noisze channels A B & C
?0 Turn on channel A ftone only

7O 2E Turn on channel & tone. channel B noise

vO 07 Turn off tomneaz Turn on noise AR &

Examp le: —» ZF HEX iz 0011 1111 in binary

- 3E HEX iz 0041 1410 in binarwy

Channel A on, {(tone)

Actually since the two hizhezt bits (BE &BP) do not matter the
walues could Jjust hawvs easily been asszisned as 70 CO i 7O FF; 7O
FE: 70 EE and 70 C7F. The term "enable® mioht be better described
3z  "mixer" =zipce it iz adwi=zed that to turn off a channel
completely the amPlitude for that channel be assigned a value of

0.

HDOISE SETUP (format 80 HHD

The PSG6 eenergtes & noize spectrum whose freduency is his
somawhat akin to the center freduency of a notch freduency whosa
walue iz fn= ¥ clocksisHH 10 or the input clock freduency

Cuszualle 1 mhzd diwided by the fProduct of 16 times the DECIMAL
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equivalent to the Hex walue HMH. Since resister & o which the
"20" code addreszses itself. iz onlw 5 bits the hishest walue for
HH would be 4F Hex or 31 decimal. With 3 1 mhz infut freQuencw

the noize could be as low az 2 whx or as hish as &0 Khz.

HOSIE UPDRATE (format S0 HKK2

Irce the noize freduencs haz been dstablished by the 80 command &
He:xx walue can be added/subtracted to thiz frequencws by the format
S0 ¥H where MM iz a3 Hex walue added %o the Hex freduency
designator HM. Rz in the case of +the Period and Hmelitudae
commands values arester than 80 MHe:x chanse the zisn and subtract
from MM, Since MW refresants  an  inwverse function. being the
feriod of the noisze freduencz., addina XX to NN will actuallw

decrease the noizxe fredquencyd. The 20 command iz most often uszed

in loars to zweer the noize frequency.

Ewxamp e 20 02 waould add 2 20 the noisze Period,
40 FE zubtractsz 2 from the noise Period.

2z comieliment .

EHVYELOPE CONTROL

Since mosgt goundz hawe a defined attack. sustain and decaw

rattern the abilits of a zound @enerator would be severlu limited
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be =3 lack of Envelore Control. The AY-3-8910 PSG Provides for
Enwvelore Control with PSG registers B, © & I The SCL format is
A¥ HH LL where HH LL iz the Hex Period of X tyPe. A study of the
chart #4 will disclese that there is in essence eisght different
tupes of envelorss. It should be noted that while the chart shows
ten. there are duplicationz. It =hould also be noted that a walue
for ¥ of 0,1.2:3, or 2 Hex will a1l 2ive the zame baszic envelore!
a share attack Jdinstant) with a decayw whose wvalus is detarmined
by HH LL. The hisher the walue of HH LL the lonser the decau
time. To calulate the lenath. use the formula fe= f  clock/C236)
HH LL <base 10 where the clock fredjuency iz divided by the

Froduct of 256 times the HH LL vwalua converted to decimal.

It iz the enwvelore that s=iwves different characteristics to
ditferaent typaes of sounds. Careful manirulation of +this section

ill wield more realisztic zounds.
FaG CHIP SELECT (format EBO. BL, B2, 83D

e +o this foint alt of the SCL commands have been written in
general. HWith the PSG chie zelect command the erogsram is btold
whickh of the twe P3G chirs the data is toe be written to. The

commands are @z follows.

1.3 BO szelects chir #O Jieft sterec channel) with random

feature dizabled



2. Bl =zelectsz chir #1 <right ztereo channel? with random
feature dizabled
3.2 B2 Selects chir #0 random feature enabled.

4,2 B3 gselacts chir #1 random feature enabled.

It is aepropiate to expPlain the Random Feature Part of 3CL at
this time. It allows a Pseudo-random number to be placed into
desionated resgisters each time the Frosram Cor looprd is sterpad
thrauah., Hith B2 as a PG select command any 00 Hex walue pPlaced

in any of the followina SCL command with “"randomize" that walue:

1.2 or 3 series Period or AmPlitude wvalues.

40,90 or &0 zaries arithmatic arerations.

20 series noize freduencs

B0 series noise arithmatic crepations.

HH and LL Hex pairz of the =envelorPe control <(especialld

effectivel,

In addition "DOY loop walues, delas wvalues. and "E" tePe commands

o am he randomized. ‘More aboyt those orferations in their

rezfective sactionsz).

Fither chif can be chosen in either Random Feature or Mon—-Random
Feature moda but bath chirs cannot be addrezsed or plaved at the

ame  time. Femember . howswer, that wvaluez can bhe loaded into a

v

4




PSG”’s resisters and they will remain until the value is chansged
or the reset activated. The %tones; amplitude noise and envelorfa
can be set in one P56 and activated, left bw the host Processor
and will pPlay merrils alons until it iz told %o do somethins
else. Thus both PSG s can he made to Produce different sounds at
the same time if the Program is froferlys written. If all of this
sounds confusing, it is... but 2 little time with the Prosram and

the Sound Board will hele clear ufr the masters.

DELRYS AND LOOPS (DO.IF.DE>

Rh wez! HMow the crust of the SCL pProgram. Hs may alreadw ba
expected the Prosram runs much faster than real time sounds take
s0 all of the commands written ufF to this Point satisfy the P35
chip but not wour ears. Some method must be uzed to load a wvalue
and let it sccur in real time. Delaws and LooPs consist of a DF
Max command <Delaw For) and & DO command <o Loor). Each of these
commands 15 followed by a3 2 disit Hex code to assien a value. DO

loors can be negted but for each 00 there FUST be a DE Cloor endy

command .
For Examfle: Do 10 To 14 times.
40 06 QO fidd & o channel A
IF oR Delae cach time 1 millisec,

DE End af looe.
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The DF command caused SCL to Fause for HM # 100 microsounds with
a 2 mhz system clock ctnoete thiz iz not necessarily the PSG clock
frequency. As can be calculated. the total delaw with a single
IF cemmand is 298 #* 100 microseconds or . 256 seconde. Althousah
the DF can be repeated. and sazier wav iz to nest it in a DO loor
which multirlies the fotal time by the walue of DO HH where MM is

A Hex number., Thusz the followin® 1loop would delaw for 256

zeconds=s.
Do OR DO 10 Times
F FF Delaw for FF # 100 Microszeo,
DE End of loop.

Fz sztated frevicusls DO loors can ke nested up to the extant of
stack RAM frowvided by the Program callins the SCL (or &3 levels

whichever iz zmallerd. Each nested loof uzes 4 buteszs of stack.

For Examfle: ho 05 Il 5 times.

40 06 OO0 Add 06 to channel A Feriod.

Lo oA 00 140 times.
DF FF Nalaa for (256 zeconds.
nE Inner Looe End.

TE Dister Looe End.

6




Thiz froaram would add O +o channel A, delaw for 2.96 seconds
then loofP four more times for & total of Z0.48 seconds. Ubviocuslwy
wery lons time interwvals can be qQuickly develored. The location

of a DE areatly effects the prosrams’ actions.
IMBIVIDURL REGISTER UPDATE

Thiz SCL command formated ER HE  YY where XX iz added to P35SG
resister and masked with Y. Since it addresses anw sinsle PSG
register it allows manipulation of that sinsle resister onlw. It
can also be used to reset any resizster by usins the format ER 00

00 where R iz the deszired resizter.
LIBRARY CALL

(Format CR X¥>) The Library Call command sllows fre—~Proarammed
routines or sounds to ke callied from a library ROM and intesrated
into the current frosram At the CHA  command SCL leawes the
current Prosram and JumPsz to a location in the Library ROM  that
is four times the Hex walue aof ¥X. SCL aszsumes that the Librars
ROM liwes in the next 1K bute of memors abowe the location of the
m SCL ROM iz located at EQO0O the

wat

SCL ROM.  Thus if  the

1
2}

Library ROM would have to be located at E400. I¥f there was a
roytine at E440 the command to call that routine would be CA 10,
Routines written in the Librars BOM must end with 3 DE command in

gorder for the SCL to re-enter the original Proaram at the sPot it

/7



left and continue. The CA command allows access of up  to 1024
bytes of library effects in 4 bute increments. Since most SCL
Prosrams are more that 4 bytez lon® thisz offest Presents no
problems. The uszer must remember to locate the besinning of a
likrars Proaram at 3 ROM locatien that iz a3 factor aof 4. The
access  to external library sounds sreatls increases the pPowsr of
SLL o immulate complex and realistic =zounds. An examPle would be
a librarys EQM With all of the major and minor chords Proarammed
in and to simPly do & CUR command %o Play that chord. One channel

coeuld Flaw the melods while the other flawse the chords.

MISCELLANEQUS CONTROL GROUPS

The Ffinal SCL contraol command iz the EXIT command that consists

wof an oren 00 or FF. It should be remembered that while the EXIT

i

command causzez SCL to leawe the pProsram and return to this

B

FReaizter Examines Modifs mode., it doez not reset any of the chip
reaizters. If the oscillateorsz. noize and enveloPe resisters are
net disabled., the chir will continua to execute the last command
it received until it is urdatad. FAs dou will see from the samPla

Proasrams certain regizters should be disabledAreszet before the

Frogram is exited.

The followine are a2 few zound effects alons with deszscrirtion.

TUAL PHASOM

3
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Selact left channel random disablad

Do zix times

10
05
OF
20
IF
OF

7O

Set Channel A to period 005 at full volume

Set Channel B to period O1F at full wolume

Enable all Tone Channels

0 20 hex Limes

fAdd 02 to Channel A leave wolume alone <fweeP)

Add 02 to Channel B leave wvolume alone (sweaf)d

Delas for 200 microsecondz each timae
End inside loof

End outside loop

fizabkle all channels

End Prosram




X0

SHMALL WAR

B2 Select left channel ramdom enabled
FO

Fv Enable Hoisze on all chanel A onlwy
10

o1

10 Fut Channel A under Envelofe Control
20

55 Sat Hoisze Period to 55 hex

o

OB Do eiaht times:

20

00 Random noise feriod

Do

20 Do 20 hex times:

F lelaw For

FF FF hex times 100 microseconds

DE End second DO loop

RS Set envelore to ture 2

20 With random Periocd in MSB

FF

nF

G0 Delay for random Period

o

035 Do 5 times:

nF



00 Random delay pPeriod

DE End third DO loor

DE End firzt {outsidel DO loop
o

FF Dizable all channels

10

Qo

00 Turn Channel A off

Q0 End of froaram
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NOTES ON USING CP/M VERSION OF SCL

SCLX IS THE COM FILE THAT CONTAINS THE SCL INTERFERTER.
DEMO.COM IS NOT A TRUE COM FILE. IT IS A DEMO FILE CONTAINING
SEVERAL SCL. PROGRAMS TO CHECK OUT YOUR SOUND EFFECTS BOARD.

DEMO.COM IS LOADED VIA DIOT. IN ORDER TO LOAD s TYPE THE COMMANDS AS
FOLLOWS. ASSUMING THE SCL DISC IS IN THE SELECTED DRIVE.

BrAIDDT

DOT VERS 1.4
~INEMO.COHM
-R

NEXT PC

1500 0100
~G0

Br8CLX

REG? P
ADDRT 1000

AN *1" EXITS SCL AND REROOTS CP/M.
DEMO IS LOADEDR BY IRT AT 1000H. DEMO IS5 FLAYEDR BY THE °*F* COMMAND
OF SCL.

ANY SCL. PROGRAM CAN BE STORED ON A DISC BY USING STANDARD CP/M "SAVE®
COMMANLD AND RELOADED USING DRT. THE DEMOJHEX FILE IS A 800D EXAMPLE.
CF/M IS A TM OF DIGITAL RESEARCH (CALIFORNIA.)
A
Curs 1 LINK Fogr ScCL ORG: papyY
dopp: 21 gc PF N IF P co ppEF COgF cpep iF cf ch
ppiy: BC B E6 TF €7 5 47 CD 19 CF 7B CI €9




