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DESCRIPTION

The 6381 consists of three synthesizer “voices”
which can te used incegencently or in conjunction
wiln each other (or external audio sources) 1o create
complex scunds. Each voice consists of a Tone
Cscillator/Waveferm Generator, an Envelope
Generator and an Amplitude Modulater. The Tone
Oscillator controls the pitch of the voice over a wide
range. The Qscillator precuces four waveforms at
ihe selected freguency, with the unique harmenic
content of each waveform providing simple control
of tone cglor. The volume dynamics of the oscillator
are centrelled by the Amplituce Mcculator uncer
ine cirection of the Envelope Generater. '‘WVhen
tnggered, the Envelope Generator creates an
amgituce enveloce with programmabie rates of
increasing and cecreasing volume. In acciion ¢

the three voices, a pragrammable Filter is provided
for generating complex, dynamic tone colors via
subtraclive synthesss.

SID allows the micrccrocessor to read the
changing output of the third Osciilater and third
Envelope Generator. These oulputs ¢an te usea as
a source of medulaton infermatien for crealing
vibrato. frequency/filter sweeos and similar effects.
The third oscillator can also act as a rancem
numeer generator icr games. Two A/D converters
are provided for inter-facing SI0 with
potentiometers. These can be used fcr "caccles” in
a game environment Cr as front canel ccntrols in a
music synthesizer. SIO can process external aucio
signals, allowing muitipte SID chips to te daisy-

chained or mixed 1n comelex polypnonic sysiems. J
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SID CONTROL REGISTERS

There are 29 eight-bit registers in S10 which control the generation of sound. These registers are &

ang are histed delow in Table 1.
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Reg #
A4 A3 A2 A1 AO (Hex)

00
o1
c2
a3
ol
cs
cé

QE
OoF
10
1

12
13
14

-

13
16

1 7

18

19
1A
18
1C

Data
07 (o]} Ds D4 03 D2 D1 D0 Reg Name
VOICE 1
F7 Fo F3 Fd F3 F2 F1 FQ |Freq lo
F15 F1a F13 F12 F11 F10 F9 F8 | Freqg Hi
pw? | Pwe | PWS | Pwa | PN3 | PW2 | PN1 | PWO PW LO
—_ — - — pwit | PW10| PWS | PWB|PW HI
NOISEl L | 1] AA | TEST | U8 | SYNC| GATE| Control Reg
ATK3 | ATK2 | ATK1 | ATKO | DCY3 DCY2 | DCY1 | DCYO| Attack/Decay
+n3 | STN2 | STNT | sTNO | RIS3 | RS2 | Rig1 | RISO Sustain/Release
oL VOICE 2
F7 Fo F3 F4 F3 F2 F1 FQO |Freq LO
Fi5 Figs | Fi3 | Fi2 y Fii Fi0 F3 F8 | Freq mi
w7 | pue | PWS | P4 | PW3 pW2 | PW1 | PWO|PW LO
- - — — pPW11 | PWI0] PWS | PW8 |PW HI
NOISE| ruL | 1| AA | TEST | B88 | SYNC| GATE| Control Reg
ATK3 | ATK2 | ATK1 | ATKO | OCY3 | DCY2 | CCY! DCYQ| Attack/Decay
STN3 | STN2 [ STN1 | STNO | FIS3 RIS2 | RIST RISO | Sustain/Release
VQICE 3
F7 Fo F3 Fd4 F3 F2 F1 FQ |Freq Lo
F15 £14 F13 F12 F11 F10 F9 F8 |Freqg Hi
PW7 | PNE | PWS | PWa | PW3 | PN2 | PWI. PWO | PW LO
- — — — PW1T [PWIQ| PWO | PAB PW HIi
Nosz | muL | 1| AN | TEST | U8 | SYNC| GATE| Control Reg
ATK3 | ATK2 | ATK! | ATKO | OCY3 OCy2 | DCY1 | DCYO Attack/Decay
sTN3 | STNZ | STNT | STNO | RIS3 | RIg2 | RISt RISO | Sustain/Release
Filter
- — — —_ - Fc2 | FC1 | FCO {FCLO
FC10 FC3 FC3 FC7 FC3 FC5 FC4a FC3 |FC HI
RES3 | RES2 | RES1 | RESO | Filt EX Fit3 | Fut2 | Fit 1 |RES/Filt
30FF| HP B8P LP voL3 | voLz [ voL: | VoLl Maoce:Vol
Misc
PX7 PX6 PXS PX4 PX3 PX2 PX1 PXQ [POTX
PY7 PY6 PYS PY4 PY3 PY2 PY1 PYQ [POTY
07 06 05 04 03 02 0} 00 |0sC3/Rancom
g7 €5 E> £d £3 g2 g1 £0 |ENV3

TABLE 1 — SID REGISTER MAP

ther WRITE-onty or READ-only

Reg Type

Write-only
Write-only
Write-only
Write-only
Write-only
Write-only
Write-only

Write-only
Write-oniy
Wnte-only
Write-only
Write-only
Write-only
Write-only

Write-onty
Write-onty
Write-onty

‘Write-onty

Wnite-only
Write-onty
Write-only

Write-cnly
Write-only
Write-onty
WNrite-onty

Reac-onty
Read-only
Read-only
Read-only




SID REGISTER DESCRIPTION

VOICE 1

Freq Lo/Freq Hi (Registers 00.01)

Togetner these registers ferm a 16-bit nu.ncer which
linearty controls the Frequency ot Osciilator 1. The
frequency i1s determined By the following ecquation:

_ Fout = (Fn * Fcik/16777216) Hz

Where Fn is the 16-Cit numger in the Frequency registers
ang Fcik is (he sysiem clcek appiied to the 32 input (pin
6). For a stancard 1.0 Mhz clcek, the frequency 1s given
oy

Fout = (Fn * 0.CSS6) HZ

A complete table of values for generating 8 cctaves of
the equally-temcered musical scale with cencert A (340
H2z) tuning s croviced N accendix A. It snould be noted
that the frequency resofution of SID is suthcient for any
luning scale and allows sweeping from nate (o nate
iconarmentc) with no ciscemable frequency sieps.

PW Lo/PW Hi (Registers 02.037)

Tcgetrer 'rese registers ‘crm a 12-oit numeer (bits 4-7 cf
W HI are not useq) wnica unearty controls ine Pulse

wicth (quty cyc'e) of the Pulse wavefcrm on Qscillater 1.
The pulse wicth is cetermined Dy the fallcwing equation:

FWout = (P'Wn/40.25) %

‘Where FWn 1s the 12-bit numger in the Pulse Wiadth
regisiers.

The pulse wicth resciutton allows the wiath to te
smcoothly swepl wilh no discernacie stepeeng. Note that
re Puise wavetorm on Csciilator 1 must 2e selected in
crcer for the Pulse 'Wiath registers (0 have any audible
ertact. A vaiue of O or 4095 (SFFF) 1In the Pulse Wiath
registers wiil proguce a constant CC output. while a vaiue
of 2C48 1S8CQ) will procduce a square wave.

CCNTROL REGISTER (Register 04)

This register ccntains ergnt central bits which selfect
vancus ccticns an Csciilater 1.

Gate (Bit Q)

Tre GATE oit controis the Enveloce Generator for Voice

1 "Nhen this bit 1S setl to a one, the Envelope Generator is
Galea .nggereq) and the ATTACK/DECAY/SUSTAIN
cycie :s initated. When the it is reset '0 a zero. \he
RELEASE cycle begins. The Envelope Generator controis
tre ametituce of Cscillator 1 appeanng at \ne augio
outcut. ‘herefore. the GATE bit must De set ‘along with
suitable enveloce carameters) ‘or ne selected output of
Csciliator 1 10 be augible. A delailed discussion of the
Enveiope Generator can De founa in Apgendix B.

Sync (Bit 1)

The SYNC bit, when set to a one, Synchronizes the
tundamentai frequency of Cscillator 1 with the
funaamental frequency of Csciilator 3. procucing “Hard
Sync" effects. Varying the frequency of Oscillator 1 with
respect (0 Osciilator 3 produces a wide range of complex
harmonic structures from Voice 1 at the frequency of

Cscillator 3. In orcer for sync to accur. Oscitlator 3 must
te set to some frequency cother than zero but
preferably lower than the frequency of Qscillator 1. No
other parameters of Voice 3 have any etfect on sync.

Ring Mod (Bit .

The RING MQD bit, wnen set ‘¢ a one, replaces :he
Tnang'e waveform output of Cscilater 1 with @ “Ring
Mcculatea” comoination of Oscillaters 1 and 3. Varying
the frequency of Osciliater 1 with rescect to Cscillator 3
procuces 3 wice range ot non-narmecnic ovenone
structures fcr creaung tell cr gong socuncs and fer
scecial effects. In orcer for nng meculation o te aucitie.
the Triang!e waveform of Oscilator 1 must be selected
and Cscillator 3 must be set !0 scrre frequency cther
than zero. No ather carameters of Veice 3 have any effec:
on nng medulation.

Test (Bit 3) v

The TEST bit, when set 0 & ore. resets and 'Ccxs
Cscillator 1 at zero untl the TEST bit s cleareg. The
Noise waveform output of Oscillator 1 1s also reset and
the Putse waveform outout 1s nelc at a OC level. Ncrmally
this bitis used !or lesting purccses, hcwever. it can ce
used !0 synchrenize Oscillator 1 to external events.
ailcwing ine generation of highiy ccmpiex waveiorms
uncer real-ume software centrol.

M\ (Bit 4)

When set 10 a one, the Triangle waveform output of
Csciliator 1 is selected. The Triangle waveform is Icw in
harmonics ang has a mellow, flute-ike gquanty.

-~ (Bit 5)

When set 10 a one, the Sawtocth waveform of Cscillator 1
s selected. The Sawtooth wavetorm is rncn in even and
ocd harmonics angd-has a onght, brassy gualty.

AL (Bit 6)

‘When sel t0 a one, the Pulse wavetorm outgut of
Oscillator 1 is selected. The narmonic content of this
wvaveform can te acjusted oy 'he Pulse ‘AMicih registers,
precucing cre guanties -anging ‘rcm a trgnt, neilew
square wave 10 a nasal. reedy cuise. Sweeping the cuise
width 10 real-ime crecuces a ¢ynamic ‘shasing’ effect
which adds a sense of moucn 0 re sound. Raoicly
jumping cetween aifferent cuise wiCtns can precuce
interesting harmonic secuences.

Noise (Bit 7)

‘When set '0 a cre. 're Ncise autcut waveform of
Cscillator 1 s selected. This culput :§ a rancom signal
which changes at :fe ‘requency of Cscitator 1. The
sound quahty can te vared from a 'ow rumeing o
hissing white noise via (ne Cscilater 1 Frequency
registers. Noise 1s useful in crealing explosions,
gunshots. jet engines, wing, surf and other ungitchea
sounds. as well as snare drums and cympais. Sweeping
tne Qscillator frequency with Noise selected produces a
dramalic rushing effect.

One of the output waveforms must be selecied for
Oscillator 1 to be audible. nowever. it 1s NOT necessary
10 deselect wavetorms 10 silence the output of Voice 1.
The amplitude of Voice 1 at the final output is a funcuon
of the Envelope Generator onty.




.

NOTE. The oscillater autput waveforms are NOT accitve.
If more than one cutput wavelorm is sglected
simuitaneously, the result will te a logical ANDing of the
wavelorms. Aithcugh this technique can be usea to
generate adaitional waveforms beyond the four listed
acove. it must te used with care. It any otner wavetorm is
sereced wnile Naise is on, the Noise outcut can "lock
uo". It this accurs, the Noise output will remain silent until

-

resel Dy the TE3T but or oy brnging RES (AN 3) low.

Attack/Decay (Register OS) y

Bits 4-7 of this register (ATKQ-ATK3) select 1 of 16
ATTACK rates for the Voice 1 Enveloce Generator. The
ATTACK rate cetermines how ragicly the output of Voice
1 rises from zero 0 meak amglituce wnen the Enveloce
Generaler is Gated. The 16 ATTACK rates are listed
pelow in Tatle 2.

Bits 0-3 (DCYO-CCY3) select 1 of 16 CECAY rates for the
E~vercce Generatcr. The DECAY cycle fclicws ihe
ATTACK cycie ang the DETAY rate Cetermines how
ryacicly ihe outout fails frem (he ceax amchiuce to the
seiecied SUSTAIN ‘evel. The 16 CECAY raies are lisied
in Table 2.

TASLE 2 — ENVELCFPE RATES (Approxlmate)
VALUE ATTACK RATE- DECAY/RELEASE RATE
DEC (HEX) (Time/Cycle) (Time:/Cyclel
0 Q) 2 mS 6 mS
1 ] 8 mS 24 mS
2 (2) 16 mS3 48 mS
3 (3 24 mS 72 mS
4 (4) 3@ ms 114 mS
s iSi sé mS 188 mS
8 \8) g3 mS 204 mS
7 (N 80 mS 240 mS
3 i8) 1COmS 3CCms
] (<) 250 m§ 750 mS
10 (A CO m3 158
i {8 800 mS 2498
12 Q) 1S 38
13 (o)} 23S gs
14 & 58 158
15 R 38S 24 'S

NCTE. Envelcce rates are Dasad on a 1 0 Mhz 32 cleck.
Far otner 32 frequencies. multioly the given rate by

i Mnhz/@2. The rates refer to ihe amount of time cer cvC.e.
For examcie. given an ATTACK value of 2. the ATTACK
cycie would take 16 MS to nse from zero 0 ceak
amphtuge. The DECAY/RELSASE rates refer tc the
amount of ime hese cycles wculd take o fall from ceak
amghtuce tg zero.

Sustain/Release (Register C6)

Bits 4-7 of this register (STMO-STN]) select L of 16
SUSTAIN levels for the Envelope Ganerator. The

SUSTAIN cycle follows the DECAY cycle and the outout

of Voice 1 will remain at the selected SUSTAIN amplituce
as long as the Gate bit renains set. The SUSTAIN levels

ranGa from zerd to peak amplituda in 16 linear steps, with

a SUSTAIN value of ¢ selecting zero amplituce and a
SUSTAIN valus of 15(SF), selecting the peak’amplitude.

* NOTE: Addendum on last page

A SUSTAIN value of 8 would cause Voice 1 1o SUSTAIN
at an amp'ituce one-half the peak amplitude reached dy
the ATTACK ¢ycle.

Bits 0-3 (RLSQ-RLS3) select 1 of 16 RELEASE rates for
the Envelope Generator. The RELEASE cycle follows the
SUSTAIN cycle when the Gate bit is resat 10 Zero. At this
ume, the output of Voice 1 wiil fall from the SUSTAIN
amplituce o zero amolituce at ihe selecied RELZASE
rate. The 16 RELZASE rates are icentical to the DECAY
rates.

NOTE: The c¢ycling of the Envelope Generatzr can e
altered at any goint »na the Gate bit. The Enveloge
Generator can ce Gated and Relezsed without res:nc:xcr-.#<
For example, if :ne Gate Ditis resat Defore the enveloce
has finished the ATTACK cycie. the RELZASE cycle wiil
immeciately tegin. siaring from whatever amolituce naa
teen reached. !t :he enveloce is ihen Gated again
(cetore tne RELEASE cyc'e has reached zero amelitLce,
anotner ATTACK cycle will tegin. starung from wnatever
amplituce hac teen rezched. Tnis lecnigue can te
usad ‘o generale CCMEiex amputuce envelcces via resi-
nme scltware cantrgl. -

Voice 2

Registers 07-300 centrol Vaice 2 and are funclionaily
icentical to registers 00-C6 with these exceptions:

When selected. SYNC synchronizes Oscillator 2 with
Cscilator 1.

When salectec. RING MQUD regtaces the Trangle cutcut
of Osciitatcr 2 with the nng meculaed ccmoinaucn of
Csciilators 2ana 1.

Voice 3

Regisiers SQE-Si4 centrot Yoice 3 and are functicrally
.centical to registers CC-06 with these exceptions:

When selectea. SYNC syncaronizes Cscillator 3 with
Osc:ttater 2.

‘Nhen selecied. ING MCD -ectaces the Trnangle cutcut
of Osciilater 3 aitn ne ning mocuiaiea ccmanancn et
Oscillaters 3 anc 2.

Tycical cceraucn af 3 voice CoNSIStS ot satecung the
cesired carametars: frecuency, wavetorm effects (SYNC.
RING MCO) anc enveicce rales. (hen galung the vaice
wnenever (ne scunc s cesired. The sound can e
susiained for any ‘ength of ume ana lerminaieg Dy
¢learnng the Gate oit. Eacn voice can ce used secarately,
with Indegencent sarameters and galing, or 1IN uNISCN 10
creale a singre. cowertul voice. ‘wren used N yniscn. a
sIGAL cewsmng 3t 23Cn Ssculaicr or wning 190 Musical

ntervais creaies a nen. animatéd sound.

FILTER
FC Lo/FC Hi (Registers $15, $18)

Together these registers form an 1 1-bit number (bits 3-7
of FC LO are not used) wnich linearly controls the Cutctt
(or Centen Frequency of tne programmable Fiiter. The
approximate Cutclf Frequency ranges between 30Hz andg
10KHz with the recommenced capacitor values of
1000PF lor CAPI and CAP2.




The lrecuency ranga cf s 7l
scec:fic acclicaucns. Sefer Q!
fer mere infcrmaten.

RES/Filt (Register $17)

Eits 4-7 of s regisier (RESJ-AESS) contrgl the
Fescnance cf ire Fiiter, rescnanca of a sezking effec!
which emcnasizes irequency camecrents at the Caed
Frecuency of he Fiiter. causing a snarcer scund. Trere
are 18 Sescrancs seiings fangirg 'ineany rcm na
resarance C) ‘0 maumum rescnanc2 (1S5 or SF).

Bits 0-3 celermine which signals will Ce reutec througn
ne Filen

Filt 1 (Bit Q)

When sat '0 a 1ero. Veice | accesrs cirecly at tfe 3ucio
culcut ang ine Fiiter has ac erfecien L'ARensetg a
cre, Vaice 1 wil 2@ srccassag nrcugn the Fiter anc ne
Rarmerie corent St Veice 1wl 22 aitereC aCIirCing 'C

-
he celeglec ruldr Daramensrs.

Filt 2 (8it 1)
Same as it QlerVoice 2.

Fiit 3 (Bit 2)

Same 33 21 3 ‘ervcica 3.

Fitex [Eit J)
Szme a5 oit O ‘or External aucio incut (gin 28).

ModesVal (Register $13)
Sits 4.7 of s regisier satec: vancus Fiter mece and
culcut ocliens:

LP (8it a)

When sat 0 a cne. 'Fe Lcw Fass culsut of (he Fiter 's
caieciac arc sent o iMe 3uCiO SUlTLL FCr a given Fiiter
ircul signal, all frecuency cemecrents Celdw the Fiter
Cuiart Sracuency sre cassac unaliarec, wnie al
frecency camecrents accve ne Cutcd are attenuaiae at
arzi@ of 12 c8,Cciave. The Low F3§3 mMCCe Qrecucas
fuil-cccied scuncs.

P(EItS)

~e as ait 4 ‘arihe Sanc 7353 cutcut. All frequency
moorents agceve arc saicw e Cutctt are attenuated
-aie 2i 5 ¢8/Cclave. Tne Sang Fiss mcce grecucas
UM, SCen SCuncs.

iR (Eit §)

me 35 3ul 3 for the Hign P3ss cutcul Ail recuency
mgcenents acove the Cutclf are cassec unaltereg, vnie
‘requency comeonents telaw he Culcit are

nualed at a rate of 12 ¢8/Cciave. Tne =ign Pass

2 ZrCCucas unny SulIv sSurcs.

3CHI(EItT)

'When se! g a ¢ne. e qulcut of Ycic2 3 s cdiscennecied
frem tne cirect aucio paln. Satling Yoice J 1o bypass the
Fiiter (FILT 3 = Q) anc setung 3 QFF to 3 cne pravents
Vaica 3 frem reacning the aucio cutcut. This allcws Vaice
3 10 te used lor mocuiation purcases without any
uncesiratle qutput.

O (n
R

0
M

»

X =

m O n
[S T

i

i

RS

O
N

NQTE. The Fiiter outgul meces ARE accitive and
mullipte Filter moces May te seleciea simuilaneously.

Far axamgie. coth LB anc =P mcdas ¢3n e selecles o
grecuce a Nelen (or £ane Reiecy Fiter resconse. In -
crcer cr ihe Siiter 10 have any aucitle sHec:, at least cre
Fiter culputl must te salesieq anc 2t ‘ezst cne Voice
must ce rculed (hrcucn tne Fiter, The Fiiter is, cerracs.
tre mest imeerant element in SIC as it gllcws the
gereraticn of ccmelex lcre clcrs vig suttracuve
syntresis. The Fiiter is used 10 aliminale sgecific
frecuency camecerants frem a harmerucally-rea incut
si¢nal). The test resulls are achieved Cy varying e
Cuwet Freqency in resl-ume.

‘Bits 0-3 VOLC-VOL3) seiect 1 of 16 cverail Volume leves
fcr :ne final comgcsite aucic culgul. The oulcut vClume
levels range frem no outgut (C) (0 maximum veiume (i or
SF ):n 16 linear siass. Tris ¢ealrct can Ce usec as &
s:zuc vclume conurct Icr Salancing levels in mUtli-Cnic
SysSiems Or 'Cr crezling cynamic velume atfecs. sucn as
Tremcio. Scme Veiume ‘eve!l cther ‘han 1272 musi e

MISC

FCTX (Register S19)

This regisier aligws he microprecesser o reaa e
cosiicn of ine poienicmeier ied WO FGTA (N 24), MmN
values ranging frem O at minimum resisiance, '0 283

( $ FF) at maximum resisiance. The vaive is always valid

Zra is uccaied avery 512 32 clocx cycles. See the Fin
Cescrclion saciuon for informaticn an 2est ang cacacier
values. C

FOTY (Register S1A)

Szme 33 FCTX 'ar ire gct ued o FCTY {min 22).

CSC 3/RANCCM (Register S18)

This eqisiar zilcws ne MICISCreCassor l0 resc the uccer
8 autzut Sits of Cscitlater 3. The cnaracier ot e
numecers gereralec s Cireclly relaiec 0 e navefcrm
saieciea. it re Savacctn waveicrm cf Cs&iilater 35
selecieq. s reqisier 'wil crasent a seres ct numcers
incrementing ‘rem J 0 233 ($FF 2t 3 rate cetarminec Ty
ire fracuency of Cscilaier 3. 1f 'ne Tnang:e wavelcrm s
satecies. (he culoul wil increment rem Q s 1o 282, nen
cesrament cown (¢ J. If ne Fuise wavelorm s setecieg,
're auteut wil umo zervean G anc 233. Seiecung Fe
Ncise waveicrm wiil crecuce a sanes ct rarcem
Acmcers. ‘fereicre, (Mg regisier can Ce useS as 3
rancam Aumcer generaicr ‘cr games. There are
AuMmercus IMING arc s@cuencing acclicaucns crre
OSC 3 regisier, however, the chiel lunclicn 1s SreCaciy
rat of 3 mcculaucn gereralcr. The numeers generated
Sy s cegisier can ce 3¢gec. va sSiwere. o e
Csculaicr ar Siter FreqLency regisiars or ing Pulsa '‘Wicth
regisiers in resl-ime. Many cynamic atfec:s can e
generated in s manner. Siren-ike sOUNCs can te

created Dy accing the OSC 3 Triangle output to the

frequency cantrol of ancther oscilatar. Synthesizer
“Samgle and Hold" effecis can te precuced By accing
the GSC 3 Noise outout to (he Fiiter Frequency centrot
requsiers. Vibrato can te produced by setting Oscilaiar 3
10 a ‘requency around 7 Hz and acaing the OSC 3c~
Thangle outcut (win proger scaling) (© ine Frequefneu/eczs
contrel of anotner oscillaiar. An uniimited range o

e =




are avalzcie oy allenng 'ne ireguency ¢l Cscillaicr 3 anc
scaling the CSC 3 outout. Narmally. wnen QOscillator 3 1S
usad for moculauon. the aucio cutout of Veice 3 sncuia
te aliminateg (3 OFF = 1).

ENV 3 (Register S1C)

Same as OSC 3. but this register allows the
micrecrecassor 1o read the output of the Voice 3
Eaveicce Generater. This output can te accec (o the
Eiiter Frequency (o sroduce harmanic enveloges. 'WAH
'WAH. ard similar sifects. "Fhaser’ souncs can te
created Dy accing ‘mis culcut o the frequency ¢ontral
registers of an oscillator. The Vaice 3 Enveloce Generator
must Se gateg in orcer (0 precuce any outgut from his
regisier. The CSC 3 regisier, hcwever. always reflects the
charging cutgut ¢f the oscitlater ang s not aftecieg in
any way Sy (ne Enveloge Generater.

SiD PIN DESCRIPTICN

CAP1A, CAP1B (Pins 1,2)/CAP2A. CAP28
Pins 3,4)

These pins are used to connect the twO integrating
capacitors tequired by e programmable Filter. Cl
connects Setween pins 1 and 2, CI tetween pins 3 and
4, 3otk capacitors should be the same value. Normal
ogeration of the Filter over the audio zamge

is accomplished with a value of 13@@ce for Cl and C2.
Polystyrane cacacitors are creferzed, In complex
mlypnonic systems, wnere many SID chics must track
eacn other, matcned capacitors are recommended. The
fraquency range of the Filter can be railored to

scecific applications by the choice of capacitor values.

For exampie, a low—CcOSt game may not require full high-
fraquency resconse. [n this case, larger values for Cl
and C2 could be chosen to provide more contIol over the

sass frequencies of the Filter. NCTE: Cut—off frequemncy

variation may ocsur frem chip to chip due to grocess
variacions, and wer sucply voltage. Cagacitar values
and voltace regulation can comeensate for these
variatgions.

RES (Pin 5) — This TTL-'evel incut s ine reset controt fer
30, Wher orougnt 'ow for at east ten P2 cycres. ail
risrral segisiers are resel (0 I8ro ana {ne aucio oulcut 's
siercec. Tris Zin s narmaily connecied (o he resat ine
Cl e MCICLrccessar or a gower-gn-clear circuit.

@2 (Pin 6) — This TTL-level Input 1s the masier c!cck ‘or
ST Al zsciater frequencies and envelcee raies are
‘arerencac ‘0 NS CIOck. P2 also contreis Cala ransiers
terween Si0 and the microprocesser. Cata can only Se
rransierrag when @2 is nign. Essenually, 22 acs as a
nign-acuve Znio select as far as ¢ata transters are
ccncerned. This oin s normally ccnnecied o the sysiem
clcck. with 3 nominal ogeraung frequency of 1.0 MHZ.

P
o

R/W (Pin 7) — This TTL-level inpul cantrols the direclion
of aala ransiers between SI0 ana the micreprocessor. i
'he crip selec! conaiions have been met. a high on this
line allows ‘ne micrcprocessor 1o Reaa dala from the

se:ecia SiD regisier ang 3 icw allcws the
mICroorccesser 10 \Wrile ¢ata intg tne selecied Sil
regisier. This pin 1s normally connecied to ihe sysiem
Read Nrmte line.

CS (Pin 8) — This TTL-level ingul is a low aclive chip
se'ect wnicn contrels cata transters cetween SI0 and tre
micrecracessor. CS must te low for any transier. A Reza
frem the setected SID regisier can only cCcur it €S is low.
@2 s hign and R/W is hign. A Write o the setectea Si0
reqister can only occur if CS is low. 32 s high ana AW
is 'ow. This pin s normally ccnnecied (o accress
ceccaing circuitry, allowing SiQ 1o resice in (he memcry
mag ¢f a system.

AC-Ad (Pins 9-13) — These T7L-evel inputs are usec 0
selec: cne of ine 22 Si0 regisiers. Aithcugn encugh
accresses are provicad 10 serect 1 of 32 regisiers. ne
remaining three regisiar lccauons are not usec. A ‘Nrie 10
any ol (nese trree lccalicns is ignores anc 3 Reaa
rerurns invaud data. These pins are ncrmally cernecied
1q ine carresponcing accress lines of the micregrec?
5o 'rat SI0 may be accressad in (ne same manner as
memcry.

GND (Pin 14) — For test results, the ground line
hanyeen SiD and 'he oower sUZCly Shouil Te secarnlie
Irem ground lines (0 other digital circyitry. This wail
minwmize cigital noise at the audio outpul.

00-D7 (Pins 15-22) — These bicirectional lines are ysed
1o lranster gata petween Si0 andg he MICICCroCessor.
They are TTL ccmeaticle in the oulout mece ang cacace
cf anving 2 TTL loags n the outout mcce. Trne data
bulfers are usually in the hignamgegance orf siaie.
Cunng a 'Write oceration. ihe cata outters remain in th

ot unoul) siate and the micrcorecessor sucches cala 'a
SiD over nese lines. Curnng a Reaa cceralicn, the caia
muifers urn on ang SiD sucpties cala ¢ he
microorecessor over these lines. Tre pins are ncrmaily
cannecied (0 he correseonaing cala iines of ine
MICroLrocessor.

POTX, POTY (Pins 24,23) — These oins are nCuls 1C
re A, O conveners used o cigiize ne cesiticn of
cctenucmeters. The conversicn precess is Sased cn 're

gscr

I'me constant ¢f a cagac:or ueq frem the 20T cin 10

Jround. cnarged Dy a cclentucmeter lied ‘rom the FCT

oin o =3 vets. The cemecnent vaiues are cetermmired

o'

AC = 17E-d

Where A is the maxmum resisiance of :he gct ana C s
‘me Zzzacier.

~~e arger ne cacaciler. e smaller ‘re SCT vaiLe (ihEn
The reccmmenced values for R ang C are 470 KChms

ana 1CCO pF.
Nate (hat a separate pot and cap are reguired for eacn
POT pin. \-

Vee (Pln 25) — As with the GND line. a separate +5
vDC line should Ce run tetween SiD Vec and the power
supply 1N order 10 mimmize noise. A bypass capacitior
should be located close !o the pin.

S




&xt I (Fin 29) This analog inpat allows extarnal
audio signals to be mixed with the audio cutmut of SID or
frocessed throwsh the Tilter. Typical souzces include
voice, guitar and orsan. The ingut impedence of this pin
is in order of 13@ KOtms. Any signal applied dizectly

ta the pin should ride at OC level of 6 volts and should
not exceed J wolts p-o. In ocder to grevent any
interference caused by OC level differences, external
signals should be AC-coupled to IXT IN by an

elec=zolytic capacitor in the 1-1¢ uF range. Though direct
audio gath (FILTEX = ) has less than unity gain, EXT IN
can be used to mix outzuts of many SID chips by daisy-
craining. The numcer of chips that can be chained in this
manrer is determined by the amount of noise K, distorsion,
and atcenuation allowable at the final output. Note that
r-e outzut Volume contzol will affect not oaly the three
$ID voices, but also any extarnal inpucs.

Aucio Cut (Fin 27) — This ocen-scurce oufler s re
fimal aucio output of SI0. camensag of the three Si0
voices, the Filter and any external input The output ‘evet
is set by the qutput Volume control anc reaches a
maximum of aperoximately 3 volts p-p at a & voit 0C
lever. A source resistor from AUDIO QUT o grounda s
required ‘or procer oceraticn. The recemmenced
resistance is 1 KOhm for a siancard outeut imgecance.
As the outout of SI0 rices at a § volt CC 'evel. it shoulc
re AC-coupled 1o any audic amglifier with an etectreiytic
capacier in the 1-10 uF range.

vdd (Pin 28) — As with VCC, 3 separale +12 V0C line
<Fouid ce run to SiD Vad and a bypass capacier shoula
be used.

See apgencix C for typical SIO apctication.

6231 SID CHARACTERISTICS
AESOLUTE MAXIMUM RATINGS
Suzcly Veltage, Vad

Succly Veitage, Ve :

Input Voltage (anaicg), Yina

Incut Voltage (ciguat, Ving
Ceerating Temcerature. Ta 0°Cto+70° C
Sterage T/emceratu;g. Tsig < -33"Cwo +i180°C
Al inguts contain protecicn circuitry to grevent damage
cue o hign static aischarges. Care snoulc e exerc:sed

lo orevent unnecessary acolicatcn of vaitages in excess
ct :he alicwable limits.

-03Y0C o+ 14VDC
-Q3vEC o +7VCC
-J3VCCio+ 10VDC
—Q3VvCC o +7 VOG

CCMMENT

Siresses aocve these lisied uncer "Absoluie Maxmum
Raurgs' may cause permanent camage ic the cevice.
Thesa are siress ratings only. Funcucnal ocerzuon 2t NS
cevice al these or any other concitions accve nase
incicated in the nrerational sachans of thig speactficannn
is not implied ang excosure G acsolute maximum raiung
cancitions for extenced penads may aifect cevice
renability.

ELECTRICAL CHARACTERISTICS (Vdd=12=3% VDC / Vee=5=5% VCC. Ta=Q 0 70°'C) ]

Characteristic | | Symbol Min Typ Max | Units
Incut mign Volage | (RES. P2.7:wW.C8, ViR — vee voC
'rout Low voilace | AC-A4. £C-O7 Vi =03 - 03 VCC
IncutLzaxage Current l Res. 02, AWV, L3, l lin ‘ - - 2.3 KA i

AC-Ad Vin=)-3 VDG ‘
Three-State (CH l (CC-Q7; Veg=max, ftsi ' - - 10 ‘ A ’
'nout L2axage Current Vin=id 4-2 4 VOC) !
Culcut Hign Voage l CQ-07. veg=min, ‘ Yon 2.4 - vez-a.7 vCC ‘

| cag=200 uAl ,
Culout Lew Vaitage i00-07; Vec=max. Vai GND - 04 vCC }

| 'oac=3.2 mA) |
Cutcut Hign Current {00-07; Sourging, lan 2C0 - - A |

ven=2.4 VCC) '
Cuizut Low Current (CQ-07; Sinking, lol 32 - - MA \

Voi=Q.4 vCC)
ingut Cacaciance (RES. 22. A/'W CS. Cin - - 10 oFf |

AQ-A4, 0Q-CN j
Fot Tngger Voitage FOTX. FCTA Yeot - ottt - vCC |
ot Sink Cutrent ’ IPTX =T IOO[ sCC —_— b ‘,UA ‘
incul \mgecance EXT N Ain 100 130 - KChms |
Aucio Input volage (EXT IN) Vin 50 gg 73: \\//E%
Aucaio Qutput Voltage (AUCIQ OUT; 1 KOhm . _

load. volumessmax) Vout £0 6.3 80 voC

One Vaice on: 25 8 ‘1 2 VA(C:o-o

All Voices on: 75 3 -0 VACE-0
Power Sucoly Current vea iag - 25 40 mA
Power Supoly Current vee) ice - 70 100 mA
Power Dissipation {Totan Pa - 600 10C0O mw

Suowct1a cnange winoui oics. PR :  Addendum on last page
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6581 (SID) TIMING

READ CYCLE
1 YCYC
I |- P Ib._—. T ﬂ' Te
%2 \ \.____
— Tqg te—— ==  [*—TaN
R/W / Ticm 'S
i‘_TACC"'"' — |e—T1n Mgggunso
FRCM THE
AQ-A4 PN X LATEST
— ,.__ TeH CCCURRING OF
Tz ANANNRN . s
—- po—TCH
07 27
ce-o AN X ' }—_
Symbol Name Min Typ Max Units ;
Tcye Cicck Cycte Tire 1 - 20 uS !
e Cleck High Pulse Wicth 450 500 10000 nS |
T2, T¢ Clock Rise/Fall Time - - 25 nS
TRS Read Set-up Time 0 - - nS
TaH Reag Holg Time 0 - - nS
TaCC Access Time - - 350 nS 5
TAH Adcress Hold Tire 10 - ©— nS
TCH Chio Select Heia Time 0 - - nS
ToH Cata Hclg Time 20 - - nS |
i
WRITE CYCLE
l
22 \ / |\t
r T’ — b el ;:"V N RECFACM THE
_ EASUREDF TH
TR [P =
— P Tuas e A CCCLARING OF
‘ 4225 AW
0-as XXX X :
""I— CH
3 AN ' / |
0 T g TcH !
00-07 N X
Symbol Name Min Typ Max Units
Tw Write Puise Width 350 - - nS
TWH Wrnite Hoig Time 0 - - nS
TAWS Address Set-up Time 0 - - nS
TAH Adaress Hold Time 10 — - nS
TcH Chip Select Hold Time 0 - - nS
VD Vaig Data 80 - - nS
ToH Data Hold Time 10 - - nS
Subject to change withoul nance.
9



ASEENCIKA— ESUAL-TEMFERED MUSICAL SCALE VALUES

The foilcwing tacie iists ine numencal values wnich must ce sicred in the SiD Oscillator freguency control regisiers o
grecuce the notes of the equal-iemgerec musical scale. The ecual-lempereq scaie Consisis of an octave containing 12
semitcnes (nctes: C, 0, E.F. G, A. 8 ana C= D= F# G#A# The frequency of eacn semitane is exacily the 12th rcot of 2
(12 / 2} imes the frequency of the previous semitane. The tatle is 2ased on a 72 = c'ock of 1.0 Mhz. Refer 0 the equaiicn
gven in ne Register Cescnpticn for use of other master c'ock lreguenc:es. The scale selecied is concern pitch, in wnicn Ad
= 420 Hz Transpaositions of this scale ang scales other nan the equal-lempered scale are also gessicie.

Musical Freq Qsc Fn OscFn Musicai Freq Osc Fn QOsc Fn
Note (Hz) (Decimal) (Hex) Note (H2) (Decimal) (Hex)
Q Cd 18.35 274 0112 48 C4a 25163 4389 1125
1 CCS 1732 291 0123 43 C4S 27718 4620 1224
2 Ca: 18.35 3c8 0134 5Q, 04 293686 4927 1337
3 CCS 19.42 325 0146 51 Q43 31113 3220 1464
4 E'J) 200 346 Q13A 82 €4 32963 8330 153A
5 F! 2183 368 016E 53 Fd 34923 €359 1823
8 F3S 23.12 38 0184 5S4 F4$ 37000 6227 182F
7 GO 2420 411 Q188 83 G4 39200 6377 181
8 CGCS 2528 435 0183 o G4S 41530 8223 183
3 AQ 2780 461 01C0 57 A4 440Q0 7382 1CC8
10 ACS 2314 488 Q1ES 28 Ad3 468616 7321 1230
11 80 3¢87 518 02C6 €3 84 42388 82%6 2088
12 C 32.70 S49 0225 60 C5 52325 8779 2218
13 C1S 34853 za1 0248 61 CS3 53437 3301 2453
14 O1 36.71 616 02¢3 62 05 537.33 9834 267¢%
15 018 3839 632 028C 63 0S3 62225 10440 238C3
18 E! 4129 631 0283 €4 €5 63325 11060 2834
17 F 4383 732 020C 83 F3 528.46 11718 20C3
18 Fi$ 46285 778 0308 g6 F33 740.00 12418 307F
13 GV 49.Ca 822 0336 67 G35 78399 13153 3361
20 G1§ S1 871 Q267 €3 G3S 83061 13235 366F
21 Al 53C0 823 0328 83 AS 880.00 14784 33AC
22 A1S £327 978 0302 70 ASS 93233 . 13842 301A
23 81 61.74 1036 040C 71 85 987.77 " 16372 4C0EC
24 C2 §3.41 1097 0449 72 Cé 1046.50 17537 38
25 C2% 6230 1163 0488 73 C&3 1108.73 18601 48A%2
25 02 7242 1232 0400 74 C6 117466 19709 4CFC
27 Q2% 777 13CS 0519 73 C63 124451 20887 S18F
28 £2 82.41 1383 . 0387 76 E3 131881 22121 $2a3
29 F2 87N 14653 0529 77 F3 1326.31 23436 §28C
20 F2% 2259 153 €610 78 F33 147988 24830 BCFZ
21 G2 28C0 1644 068C 72 C8 1567 28 253086 gcd2
32 G238 10333 1742 06CE 80 Gas 1651.22 27871 8COF
33 A2 110.C0 1845 Q73S 81 A6 176000 293528 7328
34 AZS 11634 1835 Q7A3 82 A63 188485 31234 7A32
38 82 12347 207 0817 83 B6 19753 33144 8178
36 C3 13081 2195 08e3 ga C7 2083.00 35115 8228
37 C3S 138.53 2325 0915 83 C78 221746 37243 Q133
38 C3 14683 2463 099F g8 07 234232 3g415 geF7
3¢ C3s 153.26 2610 0A32 87 078 2489.01 41733 A3TF
40 E3 164 81 2765 QACO g8 £7 2683702 44242 ACDZ
a1 F3 17461 2930 0872 89 F7 272333 46873 8719
42 F3S 185.00 3104 0c20 0 F7S 298385 42€80 CiFC
43 G3 126.00 3288 ocoa 91 G7 3135236 52613 ccas
14 G338 20785 3484 00eC Q2 G7S 332244 55741 Cce8Q
45 A3 22000 363! QE33 Q3 A7 3320¢CQ 32CSs g8
46 A3S 223C8 3¢+ 0F 48 gd ATS 3729.3! g2sar FiB7
47 83 . 2-6.34 4143 102F 95 87 395106 56298 “1F2F)
CHANGE ALL "$" ON THIS PAGE TO "#"
Althougn the tabie above provides a simpte and Quick the 16-bit vaiues lor the eighth octave (C7 through 87,
methogd for generating the equal-temcered scale, it is very then nates in lower octaves can be genved Dy Codsing
memory inetficient as it requires 192 bytes for tne table the appropriate note in the eighth octave and cividing ne
alone. Memary efficiency can be impreved Ry 16-oit value by two for each octave of difference. As
cetermining the note value algonthmicatly. Using the fact division by wo is nothing more than a ngn(-snnﬂ of the
that each note in an octave is exactly hait the lrequency value. (he calculation can easily be accomplished By a
of that note in the next octave, lne note Icok-up table can simple software routine. Aithough note 87 is beyond (ne
be reduced from 96 entries to 12 entnes, as there are 12 range of the Osgillators, this value shouid stit be
notes per octave. !f the 12 entries (24 bytes) consist of inciuded in ine (able for calculauon purposes (the MS3
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ol B7 would require @ sgecial software case. such as
generating this bitin ine CARRY before shifting). Each
note must te speciied in a torm which indicates which
“of the 12 semitones is desired. and which of the eight
octaves the semitgne 15 1N Since four bits are necessary
10 select 1 of 12 semitones and three bits are necessary
10 select 1 of 8 octaves, the information can fit in one
pyte, mth the lower nybble selecting the semitone by
addressing the lock-uo tacte) and the upper nybtte
teing used Dy the aivision routine 1o cetermine how
many umes he lapte vaiue must be ngnt-shifted.

APPENDIX B — SID ENVELOPE GENERATORS

The four-part ADSR (ATTACK. DECAY, SUSTAIN,
RELEASE) envelcce generator has oeen proven in
slectronic MUSIC 10 provice e optimum trade-cft
retween flexibiiity and ease of ampiituge cantrol.
Appregriate selection of enveloge parameters allows the
simuiation of 3 mce range of cercussion and sustained
\nstruments. The violin 1s @ gocd example of a sustained
instrument. The viclinist cantrals ne volume by bowing
e instrument. Typically, the volume bulics siowly.
reaches a peak. then dreps 0 an intermediate level. The
violinist can maintain this evel for as long as desired.
ihen tre volume 1§ allowea ic slowly cie away. A
"spapsnol’ of this enveloge s shown celow:

la A i O Sustain P
r ‘ \ Penca ‘

~ermeciate

-
-80 Levet

Amghiuce -

Peak
Ameniuce

This vclume envelcce can ce easily reproguced by the
ADSRA as snown cetow. with typical envelope rates:

ATTACK.  10(SA) 500mS /\D_s_\a
CECAY: 8 3C0mS

SUSTAIN: 10 1SA)

RELSASE. 9 730ms  GAE

Note that the tone can be heid at the intermeciate
SUSTAIN tevel for as long as gesired. The tone will not
cegin to die away untl GATE is cleared. 'With minor
alterations, this basic enveloce can cé used ‘or brass
ang woodwings as vetl as sinngs.

An entirely cifferent form of envelope 's produced by
gercussion instruments such as drums. cympals and
gongs. as well as cenain keyboaras such as p1ancs and
harpsichords. The percussion enveicpe is charactenzed
by a nearly instantaneous attack, immeaiately followed by
a decay to zero volume. Percussion instruments cannot
pe sustained at a constant amplituge. For example, the
instant a drum is struck, the sound reaches full volume
and decays rapidly regaraless of how it was struck. A

typical cymoal envelope i$ shown below:

ATTACK: O 2mS

DECAY: 9  730mS “l NG

SUSTAIN: 0 e
RELEASE: 9  750mS GATe |

Note that the tone immediately begins ‘0 decay o zero
amplituce after tne ceak is reached. regaraless of wnen
GATE is c'eared. The amplituce envelope of planos ang
nargsichords is somewhat more complicated. out can te
generated quite easily with the ADSR. These instruments
reach full volume when a key s first struck. The
amolitude immediately begins to die away siowty as icng
as the key remains denressed. It the key s reteased
nelare the sound has fully died away. the amplituce wiil
immediately drop !0 zero. This envelope 1S snown below:

ATTACK: 0 2mS o)
DECAY: 9 750mS "l LA
SUSTAIN: 0

GATE
RELEASE. O 6mS —r—\——

Ncte that the tone decays slowly untl GATE is cleared, at
wnich point the amplitude drops rapidly 10 zero.

The most simple envelope is that of the organ. When a
key 1s pressed, the 1one immediately reaches full volume
and remains there. When the key IS released. the tone
drces immegiately to Zero volume. This enveloce IS
shown Celow:

ATTACK: 0 O 2msS 5
DECAY: 0 6 mS A | l A
SUSTAIN: 15 .3F)

RELEASE. O 6ms —J L

The real power of SID lies in the atlity to create onginat
scunds rather than simuialons of acgustic insiruments.
The ADSRA is capabie of creating envelcces wnich go not
correspond 1o any ‘real” nstruments. A goog examele
would be the "backwards’ envelcce. This enveicee 1S
charactenzed by a siow attack and rapig cecay which
sounds very much like an instrument that has been
recorced on tace then piayed packwargs. This enveicpe
1S shown below:

ATTACK. 10154) 500mS , —
DECAY: 0 6mS __/_\j_
SUSTAIN: 138 GAT_":_[-_—-L__
RELEASE: 3 72mS -

Many unigue sounds can pe created by applying the
amplitude envelope of cne instrument to the narmonic
structure of another. This produces sounds similar to
familiar acoustic instruments. yet nctably different. In
general, sound I1s quite subjective and expenmentation
with varous envelope rates ang harmonic contents wiil
be necessary in order to achieve the desired sound.

1"
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ADDENDUM FOR 6581 SPEC SHEET

A

Note on using the Gate bit in conjunction with the Envelope
Generator: The frequency at which the Gate bit can be
toggled may be limited, especially when non-zero settings
of attack, decay or release are used.

Note on External Input noise reduction: A capacitor of

1600pF to 2200pF connected fram EXT IN to ground will reduce
noise picked up by the EXT IN pin (larger capacitor values

will act as a passive low pass filter and attenuate the

input. This may be desired if EXT IN is not used) . Noise

can be reduced through software by routing the EXT IN to

filter. The filter can then be disabled or set for attenuation.



