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1.1
Description

INTRODUGTION

It is epparent that any microprocessor is capebie ¢f progucing
acceptable sounds with onty a transcucer if the processor has no
other tasks to perform while the sound is sustained. In real world
microprocessor use, however, video games need refreshing, key-
boards need scanning, ete. For exampie, in order to progducezsingle
channet of ninth octave C (8372 Hz) the signal needs atiention every
sixty microseconds. Software required (¢ produce this simple etfect
and still perform other activities would in the least be very complex if

~ notimpossible. Inthe extreme, rancdom noise requires pericgdic atten-

tion even more frequently.

This need for sohtware-produced sounds without the constant
attention of the processor is now satistied with the availzbiiity of the
General Instrument AY-3-8810 ang AY-3-8872 Progremmaeable Seund
Generators. S

The AY-3-8910/8812 Programmable Sound Generator (PSG) is &
Large Scale Integrated Circuit which tan produce a wide variety of
complex sounds under software control. The AY-3-8310/8812 is
manufactured in GlI's N-Channel lon Implant Process. Operation
requires a single 5V power supply, & TTL compatible clock, and g
microprocessor controller such as the Gl 16-bit CP1600/1616 or one
of Gl's PIC 1650 series of 8-bit microcomputers.

The PSG is easily interfaced to any bus oriented system. !ts flexibility
makes it useful in applications such as music synthesis, sound
effects generation, audible alarms, tone signalling and FSK modems.
The anzlog sound outputs can ezch provide 4 bite of logarithmic
digitalto anafog conversion, greatly enhancing the dynamic range of
the sounds produced.

In order to perform sound effects while allowing the processor io
continue its other tasks, the PSG can continue 1o produce sound
after the initial commands have been given by the control processor.
The fact that realistic sound productionoften involves morethan one
eftect is satisfied by the three independently controllabie channels
available in the PSG.

Ail of the circuit control-signals are digital in nature and intended to
be provided directly by a microprocessor/microcompuler. This
means that one PSG can produce the ful] range of required sounds
with no change in external circuitry. Since the frequency response of
the PSG ranges from sub-zudible at its |owest frequency 10 post-
audible at its highest frequency, there are few souncs which are
beyond reproduction with only the simpiest electrical connections.

Since most zpplications of a2 microprocessor/PSG system would aiso
require interfacing between the outsicde world and the microproces-
sor. this facility has been designed into the PSG. The AY-3-8210 has
two general purpese 8-bit.1/0 poris and is supplied in 2 40 lead
package: the AY-3-8812 has one port ang 28 leads.




1.2

Feafures

1.3
Scope

Fig. 1

DO Full software controf of sound gereration.

T interfzces 1o most 8-bit ang 16-bit MICTOProCeEssors.
D Three independently programmed aznaiog cutpuls.
O Two 8-bit genera! purpose I/C pors (AY-3-8810).
0O One 8-bit general purpcse 1/C port (AY-3-8812).

0 Single +5 Voit Supply.

This Data Manual is intended 1c introguce the technigues needed 1o -
cause the AY-3-B210/8872 Programmable Souncg CGenerztor 1o per-
form in its intended fashion. All of the programs, progremming, and
hardware designs have been lested 10 ensure that the methods ere
practical rather than purely theoretical.

Although the techniques described will croduce poweriulresuits, the
range of sounds to be synthesized is so vastand the PSG capabilities
so varied that this guide should be viewed merely gs an introduction
to the applications pessibilities of the PSG.
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2.1
Basic

Functional
Blacks

The AY-3-8810/8812 is & register oriented Programmeble Sound
Generator (PSG). Communication between the processor and the
PSG is based on the concept of memory-mapped 17/0. Control
commands are issued {0 the PSGE by writing te 16 memory-mapped
registers. Each of the 16 registers within the PSG 1s 2lso reedable 5o
that the microprocessorcan determme £8 NEeCesSSary, Present stzles
or stored deta values.

Ailfunctions of the PSC ere controlled through its 16ragisters which
once programmecd, generzle and sustain the spunds, thusf esingihe

System processor for other lasks.

AN interna! block diggram cf the PSG showing the varicus functional
blocks and data flow is shown in Fig. 2.

2.1.1 REGISTER ARRAY'

The principal element of the PSG is the array of 16 read/write control
registers. These 16 registers look to the CPU as a block of memory
anc as such occupy a 16 word biock out of 1,024 pessible eddresses.
The 10 address bits (8 bits on the common data/address bus, ang 2
separate address bits AE and AQ) are decoded as follows: -

8|~ |DA7|DAB|DAS| DA DAS|DAZ[DATDAO| * AB s
g
vdolefefotofoloje] oY,
THRU

{o|1jo§oio]o}1{1|1{1j

-

o>

RIGH LOW

ORDER ORDER
(Chip Select) {Register #)

The four low order address bits select one of the 16 registers (RO-
R17e). The six high order address bits {unction as "chip selects” o
control the tr1~siate bidirectional buffers (when the high order
address bits are “incorrect”, the bidirectional butfers are forced 1o 2
high impedance state). Hi gh order address bits AS A8 are fixedin the
PSG design to recognize a 01 code; high order address bits DA7--
DA4 may be mask-programmed to any 4-bit code by a special order
tactory mask modification. Unless otherwise specified, address bits
DAT7--DAS are programmed 10 recognize oniy a 0000 coce. A valid
high order address latches the register address {the low orger 4 bits)
in the Register Address Latch/Decoder block. A latiched acdress will
remain valid until the receipt of 2 new address, enebling multiple
reads and writes of the same register contents w:thout the need for
redundant re-addressing.




Fig. 2 PSG BLOCK DIAGRAM
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2.1

Basic
Functional
Blocks
(cont.)

Conditioning of the Register Acdress Latch/Deccder and ine Bidi-
rectional Buffers 1o recognize the bus funclicn requirec (inzctive,

satch address, write dzata, or rezd data) is accomphished by the Bus

Control Decode block.

The function of each ofthe 18 PSG registers and the gzlz flow of each
register’'s contents are shown in coniext 1n Fig. 2 end explained in
detail in Section 3, "Operation”. For relerence purposes, the Register
Array details are reproduced in Fig. 3.

2.1.2 SOUND GENERATING BLOCKS

The basic blocks inthe PSG which produce the programmeo sounds
include:

Tone Generators produce the basic square wave \one frequen-
cies for each channel {A B,C)

Noise Generator produces a fregquency modulested pseudo
randem pulse width scuare wave output.

Mixers combine the outputs of the Tone Generators
znd the Noise Generator: Cne foreach chan-
nel (A BC).

Amplitude Control provides the D/A Converters with either 2

fixed or variable amplitude pattern. The fixed
amplitude is under direct CPU control: the
variable amplitude is zccomplished by using
the output of the Envelone Generator.

Envelope Generator produces an envelope paitern which can be
used to amplitude moduizte the output of
each Mixer.

D/A Converters the three D/A Converters each produce upto
a 18 level output signeal 25 Getermined by the
Amplitude Control.

2.1.3 1I/O PORTS

Two zdditional blocks are shown in the PSG Block Disgram which
have nothing directly to do with the procuction of scunc—these are
the two /O Poris (A and B). Since virtually all uses of microproces-
sor-based sound would require interfacing between the outside
world and the processor, this facility has been included in the PSG.
Data to/from the CPU bus may be read/writien to either of two 8-bit
VO Ports without affecting any other function of the PSG. The /O
Ports are TTL-compatible and are provided with irternzl pull-ups on
geach pin. Beth Pors are available cn the AY-3-8210: only /O Fort Alis
availabie on the AY-3-8812.

10




The AY-3-8910 is surzliecn &
pin zssignments as shownin Fi
lead dual in-line packzge with t

- 22
“m Assignmentis

Olead cuel in-hing
The AY-3-B8421scupphied ing 2B
inassignments asshownin Fig. 5.

peckage with ihe

Fig. 4 AY-3-8310 PIN ASSIGNMENTS
ToE View
Ves (BRD) T en 0T Veo (+5V) )
NC T2 2T TEST
ANALOG CHANNE_E T3 s T ANALOG CHANNEL C
ANALOG CHANNE. & T« 377 DAO
NS Tt 330 DA
1037 C6 320 DAZ
1Cze T 3¢ DAL
ic3s “e w3 Das
ICee ¢ 32;_: CAs
ICe: T Al T; DAE
tzz °oan 350 DAY
1cey =z 260 BCH
i 1C30 T 2600 BC2
ICAT Tae 2712 2DIR
ICAB s 2613 TEST
1CAS (D18 20 A
1ICAL Ty 2¢ 3 AS
ICAZ Tt - 30 RESET
ICAZ D ag 2212 CLOCK
__,. 1CAT T2 213 JOAO
L
Fig. 5 AY-3-8912 PIN ASSIGNMENTS
Top View
ANALOG CRANNE. C [0 *1 265 DAO
Toew 1 :2 27 DA
Vee (~2V) D2 260D DA2
ANALOG CHANNE_ B [ ¢4 25 pas
ANALOG CHANNE_ A 5 2«0 DAs
Vss (GWND) [ 6 2513 DAS
ICAT 27 22 DAB
1CAE B 23D DAY
ICAE ¢ 200 BCH
. 1ICA4 i 180 BC2
1CAZ r:“-n "8 EBODIR
1CAZ Dh2 T AB
ICAY D13 1€ ) RESET
140 :'Lw. 1503 CLOCK
@
[
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2.3
Pin Functions

DA7--DAD (inpul/output/high impecance): pins 30--37 (AY-3-8810;
Data/Address 7--0: ping 231--28 (AY-3-8812)

These 8 lines comprise tne B-bit bigirectional bus used by the
MICTOProcessor 10 send botn dala anc acdresses to the PSG ang 1o
receive c¢ata from the PSG. In the datza mode, DA7--DAD correspong
tc Register Array bits B7—E0. in the adcress mode, DAZ-:DAD select
the register # (0--17;) anc DAT—-DA4 in conjunction with aodress
inputs A8 ang AE form the high crder zcdress (chip select).

AB (input): pin 25 (AY-3-8810)

pin 17 {AY-3-89:2)
AS (input): pin 24 (AY-3-8230)

(not proviced on AY-3-8812)
Address 8, Address 8

These "extra” address bits ere made availzble to enzabie the posmor.
ing of the PSG (essigning a 16 word memory spece) in g total 1,024
WOrc memory arez ratner than in a 256 worg memory arez as de{meﬂ
by address bits DA7-"DAC alone. If the memory size does not require
the use of these exira address lines they meay be left unconnecied as
eachis provided with eitherzn on-chip pulldown {AS) or pull-up (AE)
resistor. in “noisy” environments, however, it is recommenced that
AS and ABbe tieg to an exlernal ground and <5V, respectively, if they
are nct to be used. ,

RESET (input): pin 23 (AY-3-8810)
pin 16 (AY-3-8312)

-Fer initialization/power-on nurposes, applyrng & locm: 0" {ground)

to the Reset pin willreset all registers to "0". The hESEIpH‘HS provicded
with an on-chip pull-up resistor.

CLOCK ({input): pin 22 (AY-3-83810)

pin 15 (AY-3-8812)

This TTL-compatible input supplies the timing reference for the
Tone, Noise and Envelope Generators.

BDIR, BCZ, BCT (inputs): pins 27,2829 (AY-3-8510)

pins 18,71¢,20 (AY-3-8812)
Bus DIRectlon, Bus Control 2,1
These bus control signals zre generated directly by Gli's CP1600
series of microprocessors to control ail external and internal bus
operatiens in the PSCG. When using & processor other than the
CP1600, these signals can be provided either by comparable bus
signals or by simulating the signals on 170 lines of the processor. The
PSC decodes these signals as illustrated in the following:

13



2.3

‘-. Pin Functions

(cont.}

= T CPI660 PSG

(=~ TE - B FUNCTION FUNCTION

0 0 0O NACT INACTIVE See 010 {LAE) Delow

0 0 ADAR LATCH ADDRESS S& 111 {INTAK; below

o 1 © 1AE INACTIVE. The PEG/CPU busisinactive. DAT--DAD

ere in a high impegance stale.
0o 1 1 oy g:] READ FROM PSG. Trus signel causes the canlents
o! the repgisier which s cufrently addressed to

gppeat on the PSG/CPU bes. DAT—DAD 2re in the
outpul mode.

10 0 EAF LATCH ADDRESSE. Se¢ 171 (INTAK) Delow.
1 0 1 Dw INACTIVE. See 010 (LAE) zbove.
117 0 CwWE WRITE TO PSGE. Thie signzl ingicates thel the bus

conieins regisier calz which should be lztcned into
the currentty addressed register. DAT—DAD zre in
the inputl mode.

T 1 INTA< _LATCH ADDREES Thissignalinoicales ihzlthe bus
conlamns & register accress which shoulc be laiched
inthe PEG. DA7—DAD are ip the input MoOgE.

While interfacing to & processor other than the CP1600 wouid simply
require simulating the above decoding, the redundancies in the PSG
functions vs. bus control signals can be used to advantage in that
onty four of the eight possible gecoded busfunctions are required by
the PSG. This coulc simplity the programming of the bus control
signals to the following, which wouid only reguire that the processor

generate two bus contro! signals (BDIR and BC1, with BC2 tied 1o
+5V):

= o~ - PSG
= 0 O PSG _

o 2 o FUNCTION >—gom
0 1 0 INACTIVE, ;o— FROM e BC3

O 1 71 READ FROM PSG. —— FROCEsson

101 0 WRITETO PSC. ——— e

T 1 1 LATCH &DDRESS. _ _

ANALOCG CHANNEL A, B, C (outputs): pins 4, 3, 38 (AY-3-8810)

pins 5,4, 1 (AY-3-8812)
gach of these sigrzls is the output of its corresponding D/A
Converter, and provices an up to 1V peak-peak signal representing
the complex sound waveshape generated by the PSG.

IOA7--10AD (input/output): pins 14--21 (AY-3-8210)
pins 7--14 (AY-3-8812)
10B7--10B0 (input/output)’ pins 6--13 (AY-3-8910)
(nol provided on AY‘3-8912)
Input/Qutput A7--AC, B7--B0O

Each of these two rcaraliel input/output ports provides 8 bits of
paralle! data to/frem the PSG/CPU bus from/io any externzl devices
connected 1o the I0A or ICB pins. Each pin is provided with an on-
chip pull-up resisicr. so that when in the “input” mode, all pins will
read nermally high. Therefore, the recommended method for scan-
ning exiernal switcnes, {or examgle, woulc be to ground the input bit,

14
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2.4
Bus Timing

TEST 1: pin 38 (&
pin 2 (~
TEST 2: pin 28 (A
{not connectec on AY-3-8812)
These pins are for Gl test purposes only and shoulc beieftopen—go.
not use as tie-points.
Vee: pin 40 (AY-3-8810)
pin 3 (AY-3-8812) i
Nominal +5Volt power supply 1o the PSG.
VS5: pln 1 (AY'3‘8910)
pin 6 (AY-3-8512)
Ground reference for the PSG.

Since the PSG functicns are controllec by commands from the
system processcr, the common Cziz/accress bus (DAT--DAD) re-
quires definition as tc-its function =t any perucluer time. This is
accomplished by the processor issuing bus controi signals, previ-
ously described, defining the stzte of the bus: the PSG then deccdes
these signals to perform the requesiad task.

The conditioning of these bus contrai signals by the processor is the
same gsifthe processorwere interacting with RAM: (1) the processer
cutlputs 8 memory acddress” ang (2) the processor either outputs or
Inputs data to/from the memory. The "memory” in this case is the
PSG's array of 1€ read/write control registers.

The timing relationships in issuing the bus control signals relztive 1o
the data or address signais on the bus are reviewed in general in the
following section, zand in detzil in Section 7. Elecirical Specifications,

15
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2-5 While the state flow for Many MICICPIOCESSOrs Can pe scmewhal

[

- .. . involved for certain cperations, the seguence of events necessary io ko
. State T]m[ng control the PSG is simple and strzightiorwarc. Ezch of the three

major stale sequences (Lalch Address, Wrie 10 PSG. and Read from
PSG) consists of severzai operations (indicated below by reciangular
blocks), defined by the pattern of bus control signals (EDIR, BC2,
BC1). .

I B 1 [ ooen
INACTIVE _,{ A%L'J"'Rpgsis I._,.l INACTIVE ,___,_l OE'L—f‘ INECTIVE
DRE ' v

i
L AOOIESS ENG wine Calp
! .

10 PEG sequence

ouTPLT | o ur | NPT ! - l
ADDRESS r_ht INACTIVE % DATE f———p= INACTIVE

1
L ACDress ang rea€ Oals
]' lrom PSS sequence

N S

b

INACTIVE

—d

The functional operation andg relative timing of the PSG control
sequences are cescribed in the following paragraphs (in zll exam-
ples, BC2 has been assumed-to be tied 1o logic “1", —5V)

_ 2.5.1 ADDRESS PSG REGISTER SEQUENCE

. The “Latch Address” sequence is normally an integrai part of the
write or read sequences, but for simplicity is illustrated here as an
individual sequence. Depending on the processor used the program
sequence will normally require four principal microstates: {1) send
NACT (inactive); (2) send INTAK (latch zddress); {3) put address on
bus; (4} send NACT (inactive). [Note: within the timing constraints
detailed in Section 7, steps (2) and (3) may be interchanged.)

/ N\
/. \

comggf - NACT 2] INTAK t///”/ﬁ ppa

QUTPLT
AT "
DAT.-DAD FLOAT X AEDREES X FLOAT

16



2.5.2 WRITE DATA TO PSG SEQUENCE

The "Write 10 PSG" sequence, which would normelly follow immeag:-
ately after an acdress sequence, requires four principal microstates:
(1} send NACT (inactive) (2) put caie on bus, (3) senc DWS {write tC
PSG), (4) send NACT (inactive).

cors / \

BCH

conTROL I 27, ows b NACT

CUTRUT DATA -
-— F " T
DAT--DA0 FLOAT >< 1O PSG X LCA

25.3 READ DATA FROM PSG SEQUENCE

As with the "Write to PSE"sequence. the "Rezd from P3G"sequence
would also normally follow immediateiy sfter an address sequence.
The four principa! microstates of the read sequence are: (1) send
NACT (inactive); (2)send DTE (read irom PSG); (3)read dataon bus:
(4) send NACT (inactive).

BLIA

-/

ConTROL _NACT E///% il

M - NACT

X INPUT DATA
DA7--DAD FLOAT (FROM PSG) X FLOAT

2.5.4 WRITE TO/READ FROM /O PORT SEQUENCE
Sincethetwo I/Q Ports (Aand B) ezch have an 8-bit registerassigned
as a data store, writing 10 or reading from either pert is identical o
writing or reading 1o any other register. Hence, the state seguences
are exactly the same z2s described in the prececing caragraphs.

ful
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{Registers R{, R1, RZ R3, R4, RIj

"o

-~

Tone Generator

3.1

Control

Since all functions ¢l the PSG ere controlled by the host processor
via a series of register loads, & Cetailed description of the PSG
operation can bestbe accomplished by relating each PSG function 1o
the control of its corresponding register. The function of creating or
programming a specific sounc or souncg etfect logically fcllows the
control seguence listed:

Section Operation Fegisters Function

3.1 - Tone Generator Conirol RO--R5 Progrzm tone periocs.

3.2 Noise Generzior Controt R6 Program noise pericec.

2.3 Mixer Control R7 Enable tone anc/or noise
on setectied channels.

3.4 Amplilude Controt R10--R12  Select “fixeg” or "enveiope-
verigble” amplituces.

3.5 Envelope Generslor R12--R15 * Progrem enveicpe periog

Contrel and select enveicpe patern.

The frequency of each square wave generated by the three Tone
Generators (one each for Channeis A, B, and C) is obtained in the
PSG by first counting down the input clock by 1€, then by further
counting down the result by the programmed 12-bit Tone Feriod
vatue., Each 12-bit velue is obtained in the PSG by combining the
contents cf the relative Coerse znd Fine Tuneregisters, asiilustrated
in the foliowing:

Coarse Tune Fine Tune
Regisfer Channel Regisier

R1 A RO

R3 B R2

A5 c R4

[Eriaejeslsalezlazis:]eo] [svfsslesistiea!52}51]50}

NOT
USED

-[TPH|TP101 Tpe | TPE | TP | TPE | TRS | TRe | TP3 | TR2 | TP1 | TR0 |

12-bit Tone Feriod (TF) 1 Tone Generalor

Note that the 12-bit value p%égrammed in the combined Ccearse and
rine Tune registers is & period value—the higher the value in ihe
registers, the lower the resuitant tone frequency.

Note ziso that due to the design technique used in the Tone Period
count-down, the {owest period value is 000000000001 (divide by 1)
and the highest pericd value is 111111111111 (divide by 4,085,¢).

18




The equations zescribing the relationship between ihe desirec
output tone frecuency anc the input clock frequency and Tone
Period vatue are:

fe.zrc
(@) fy = =5 (b) TPys = 258CTss & FTup
16!'10 .
Where: fr=Cgesired tone frequency

feeock = input clock frequency
TPwe=decimal equivaient of the Tone Period
bits TP11--TPO.
CTic=decimal equivzlent of the Cozrse Tune
register bits E3--BO (TP11--TF8)
FT.o=decimeal equivelent of the Fine Tune
register bits 87--B0 (TP7--TF0)

From the above szuztions it can be seen that the tone frecuency can
range from z dow of 2% (wherein: TP,c=4,085,0) to & high of &5
(wherein: TP.c="]. Using & 2 MHz input ciock, for example, womc
produce a range ! icne frequencies from 20.5 Hz 10 125 kHz

To calculate the vaiues for the contents of the Tone Period Coarse
and Fine Tune recisters, given the input clock and the desired output
tone frequencies we simply rearrange the above equations, vielding:

‘ FTse TR
. =] B oo T - i = —E
) TPe = 7 o PN CThe T o = e
Exampie 1: fr = TkiHz
fc__‘:x:x = Mz
2x10°
TPy = ————5 =
T (K00 125
Substituiing this resutt into equation (b):
I 125
CTyw =+ =
e 255 256
CoCTee =0 = D000 {B2—-BM
TTae = 12Ey = 011171100 (BT—BO)
Example 2: iy = 100Hz
{C;.'):K = 2MHZ
2x30t

Substituing this resull into equation (b);

. TTee _ 1250 L 228
CTho *+ <z = 258 A 256

0100 (B3—30)
11100010 (B7~80)

"

o CThe 4y

2284

i
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™, 3 2 The frequency of the neoise source is otiz.nec in the PSG by first
Lounting cown the input clock t:y 16, then oy further counting cown

(.NO[SE Generator the result by the programmed 5-bit Noise Period value. This 5-bit

value consists of the lower ‘4 bits (B4--30) of register RE, es

Control iliustrated in the following:

{Reglster RB) Noise Feriog
Register RE

le7|Be es |ec| ez B2 e | o]

NCT 5-0it NQISE Fernog (NP
USED 10 Nose Generaior

Note thc.t the 5-bitvaluein R11isaperiodvaiue—tne hnoher the vaiue
inthe register, the lower the resultant noise *r-qw'u:y Nete also that,
as with the Tone Period, the lowest pericd vaive is 00001 (divide by 1);
the highest perioC value is 11111 (Givice by 3140).

The noise frequency equation is:

¢ = teuock
" 16 NPy
Where: fn =desired noise frecuency
feoex = input clock frequency
Nsz emmal equivaleri of the Noise Period
gisler bits 24—EQ,
. From the above equation it can be seen thai 1he noise frequency can
g !”'. . range from z fow of 2% (wherein: NP = 31.0) 1o & high of “‘“

(wherein: NPy = 1). Using 2 2 MHz input clock, for example, would
proeduce a range of noise frequencies from 4 kHz to 125 kHz.

To calculate the value for the contents of the Noise Periog register,
given the input clock and the desired oculpul nolse frequencies, we
simply rearrange the above equation, vieiding:

feL ocx
NF,p = -2
° 16 fo,
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3 3 Register 7.is & multi-function Enabie regisier which conirols the
»

Viixer Control-

three Noise/Tone Mixers ang the two genersal purpose I/0C Pons.

The Mixers, as previously Cescrined, combine the noise and tone

I/O Enab[e frequencies for each of the three chznnels. The cetermination of
combining neither/either/both noise and tone frequencies on each
(Register R7] channe! is made by the state of bits B5--80 ot R7.

The direction (input or cutput ) of the two general purpose 1/0 Ports
(I0A and IOB) is determined by the sizte of bits B7 and 86 of R7.

These functions are illustrated in the following:

Funcuon

Noise Enable Truth Table:

170 Port

Mixer Control-1/O Enable

Re¢ister R7 o
[ 87 [ 8¢ [ es T se [ 2z [ 2z | 21 | 20 |
‘Inpuiénzom : ’
B | 4
Funcluon, NOISE Efiabie Tone Enabie _1
Chnennel C ! E | A Z I E i AAAW

Tone Enabie Truth Table:

R7 Bits Nolise Enabled R7 Bl Tone Enabledg
. BS B4 83 on Channel B2 B1 BD on Channel
0 o 0 C B A o o 0 C B A
c 0 1 C B - O o 4 C B —
c 1 0 cC — A 0O % D cC - A
0 1 1 c - — O cC - -
10 ¢ — B A 10 0 - B A
1 0 1 -~ B - 01 -~ B -
1T 10 - — A 10 - — A
11 - - - T - - -
I/0 Port Truth Teble:
R7 Blts 1/C Port Status
BY BB 10E JOA
O 0 Input Input
0 1 input Qutput
1 0] Cutput input
1 | Qutput Outpwt

NCTE: Disabling ncise and tone does not lurn off & channel. Turning &

channel off can only be zaccomplished by writing &l zeroes inlo the
corresponding Amplitude Contrel register, R10, R11, or R12 (see
Section 3.4). .
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3.4
Amplitude
Control

{Reglsters R10, R11, B12)

The amplitudes of the signels generzted by each ! theé three D/A
Converiers (one each for Channeis A, 2, ang C)icdelermined by the
contents of the lower Sbits (B4--20) ot registers 10, R11,and Ri2 as
Hlustrated in the following:

Ampliiude Control

Reglsier ¥ Channel
R0 A
R11 B
RrR12 C
lﬁ'iasjas £< 53L§z|51}50]

NOT//) /)\\\ k\\
USED
/

L.':!L?l‘..':lLDl

amplituce f-bit Thaed”
“Mooe” FMpIiuoe Leve!

The amplitude "mode” (bit M) selects either fixed level amplitude
{(M=0) or variable level amplitude (M=1). it fcllows then that bits L3—
LO, defining the value of & “lixed"” tevei amplitude, &re only active
when M=0. When fixed level amplitude is setecied, it is "fixed" only in
the sense that the amplitudeievel is under the direct control of the
sysiem processor (viz bits D2--D0). Varying the amplitude when in
this *"fixed" amplitude mode requires in each instance the direct
intervention of the system processor via an address latch/write data
sequence to modify the D3—-D0 data.

When M=1 (select “variable” level amplitudes), the amplitude of each
channel is determined by the envelope patiern as defined by the
Envelope Generator's 4-bit putpul E3 E2 E1 EO.

The amplitude "moce” (bit M) can zisc be thoughtof 2asan“cnvelope
enabie” bit; i.e., when M=0 the envelcpe is not used, and when M=1
the envelope is enabled. (A full description of the Envelope Gener-
ator function foliows in Section 3.5).
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Fig

The full chart cescricing all combinations of the 5-bit Amplitude
Control is 2s folicws:

Amplliude Control

Reglster ¢ Channel ‘
R10 A T
R17 B
R12 C
57|86 |2s]Bs B3 82|81 80]
\—~—\~
NOT :
USED Amplitude
Controt
M L3 L2 L1 Lo Ouiput
C ¢ o o 0 00 0 0 The emplitude is
_' : ' ' : o : fixeg 2t 1 o 16 levels
. : : : . : ' a5 Oelermimned by -
- . . . 2t . . . . L
0 1 1 v o3 t B SR B Lilzurio
The amplitude is
verizble z1 16 levels
1 X X X X EZ E2 =1 EO

&s Setermined by the
cuiput of the

Envelope Generalpor.
{(X=Don" Care)

¥ The ali zeroes cooe 1= useg I1c turn & cnannel
=1

Fig. 6 graphically iiiustrates a selection of
-controlied) amplitude where the 16 ievels directly reflect the output
of the Envelope Generator. A fixed level amplittde would correspond

10 only one of the leveis shown, with the level Cirectly determined by
the cecimal equivelent of bits L3 L2 L1 LO.

variable ievel (envelope-

. & VARIABLE AMPLITUDE CONTROL (M=1)

GRAPHIC REFRESENTATION DF = CrANNEL &Y
" THE DECIMAL VALUES OF THE . " M XIMUW
AMPLITUDE CONTROL QUTPUT - AMPLITUDE

— CHANNEL
FF™
EP _ ! EF _f ©
AR ' [T - !




To caleculate the vaives for the contents of the Enveiope Period
Coarse and Fine Tuneregisters, given theinpulclock and the gesireg
envelope frequencies, we rearrange the above equations, vielding:

1: ol 4 FT\C Ep\n
P, = ~==22r Lo lwe _ Erw
(@) BP0 = eehe D CTe T T T T
Example: e =05 H:z
fqoc; = 2 MHz?
2x10®
Pio & ——— =15625
EPro 256(0.5) E
Substituing this result inlo equanon (D)
FTio 15625 5
Tw +~ —F = = +
LTe = 222 256 o1+ 7% .
CTs E1.p = 001171101 (B7--B0)

FTwo S.c = 00001001 (B7--8B0)

3.5.2 ENVELOPE SHAPE/CYCLE CONTROL (Reglster R15)

The Envelope Generator further counts down the envelope fre-
guency by 18, producing & 16-state per cycle envelope peattlern &s
defined by its 4-bit counter output, E3 E2 E7 ED. The particuiarsnape
and cycle pattern of any desirec envelope is accomplished by
controliing the count pattern (count up/count down) of the 4-bit

counter and by defining 2 singie-cycle or repezt-cycie patiern.

This envelope shape/cycle control is contained in the iower 4 bits
(B3--BO) of register R15. Each of these 4 bits controis a function in
the envelope generator, as illustrated in the following:

Envelope Shape/Cycle
Contro! Register {R15)

le7[seiesealafez]en Bo| Function

N [
WDT [Tl
USED
Allernaile To

Envelope
ANECK Generztor

Conunoe

The definiticn of each function is as follows:

Hold when set to logic "1", limits the envelcpe to one cvcle,
holding the last count of the envelope counter (E3~
EO=0000 or 1111, depending on whether the envelope
counter was in a count-down or count-up mode, respec-
tively). :

Allernate  when set to logic "1, the envelope counter reverses
count direction (up-down) zfter each cycle.

NOTE: When both the Hold bit and the Allernate bit are ones. the
envelope counter is resel 10 its initial count belore holging.

e e o e e et 2 P S i G S % e = e A g T ey
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Fig. 8 DETAIL OF TWO CYCLES OF Fig. 7

{ref. wavetform "1010" in Fig. 7)

L]

A

Ghrabeil REFKELENTATION OF
THE DELIAL WAL UES OF TmE
EnvzUQPE GENERATOF
OUTFUT EZEZ EY EC

T

{1

M)
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3.6
[/0 Port Data
Store

[Reglsters RIE RI1T)

e =y ey — e ]

Fegisters R16 and R17 function as intermedizte datla storage regis-
ters between the FSG/CPU datz bus (ZTAD--DAY) and {he two /O
ports (IOA7—-I0AD anc IOE7--I0B0). Ezth ports are availeble in the
AY-3-8810; only 1I/0 Port A is availab:z in the AY-3-B212. Using
recisters R16 and R17 for the transier ¢f /0O datz has no effect at el
on sound generation. '

To output data frocm the CPU bus to a2 ceripherzl device connecied
to VO Port A would reguire only the {clowing steps:

1. Latch address R7 (select Ereble register)

2. Write data to PSG (setting 26 of R7 to "1")

3. Latch address R16 (select IOA rzgister) .

4. Write data to PSG (daiz to be cuiput on 1/O Port A)

o input data from YO Port A to the CPU bus would require the
‘cliowing:
1. Latch address R7 (select Enebis
2. Write data to PSG (setting B8 tc R
3. Latch address R16 (select IOA rzgister)
4. Read data from P3G (detz from YO Fort A)

Note that once loaded with deta in the sutput mode, the data will
remain on the /O port{s) until changec either by loading different
ceta, byapplying areset (grounding tne F2set pin), or by switching 1o
the input moede.

Note alsc that when in the input mode, ("2 contents of registers R16

and/or R17 will follow thesignals eppliec 1o the 170 pori(s). However,

transfer of this data to the CPU bus recuires a “read"” operation as
described above,

Rl A i g
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¢ 3.7
;_-.i. D/A Convetrter
""" Cperation

.....

Since the primary use of the PSG is to produce sound for the hichly
imperfect amplitude detection mechanism of the human ear, the D/A
conversion is performed in logarithmic sieps with & normaealized
voitage range of from O to 1 Volt. The specific amplitude control of
each of the three D/A Converiers isaccomplished by the three sets of
4-bit outputs of the Amplitude Control biock, while the Mixer outputs
provide tne base signal frequency {Noise anc/or Tone).

Fig. 8 iliustrates the D/A Converter output which would result if noise
and tones were disabled and an envelope-controlled varizbie ampli-
tude were selected.

Figs. 10 through 13 illustrate other typical cutput waveforms.

L ' Fig. 9 D/A CONVERTER OUTPUT (ref. Fig. 6) ee—————————

NORMALIZED

VOLTAGE o :
18 . ' 15 .

AV —1 - r-

NOYE: THIS 1S THE ENVELQOFE
CNLY —NOISE AND TONES
ARE DISABLED.

14 T4
707V R e . —
o 13
’ DECIMAL VALUE
OF E3 E2 E1 ED
[SEE AMPLITUDE
/ CONTROL,
1 SECTION 3.4)
303V b
25y -
A58V |-
125V
0 B
EP l EP J

(1/1e) i R kY2T'S o
EP=ENVELOPE PERICD




k. Fig. 10 SINGLE TONE WITH ENVELOFE SitATz I S G
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Fig. 12 SINGLE TONE WITH ENVELOPE SHAPE T, < oo nld 1010

Fry

(R15=1Z.. all other registers same as Fig 11
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4.9
[nterfacing
to the 8080

S100 Bus

The sample S100 bus design provices tor rezcing ang wriling the
PSG using only &an BOED "IN "CUT" imstruction 1o the brop
address, Another fezture of he cesign is the provision for mullipie
PSG devices to beconnectedtoasingie bus, The sysiemdescribedis
presently running two PS3's, one tc ezch of two slerep channels.

As can be seen from the rezd and write routines in the itusirative

program, the program overhead necessary {0 ComMmunicale with the
PSG is minimal.

2.1 LATCH ADDRESS ROUTINE
PORTADDR EQU 80r [ADDRESS TRANSFEIR PORT ACDRESS
PORTDATA EQU 81+ ;DATA TRANSFER PORT ADDRESS

THIS ROUTINE WILL TRANSFER THE CONTENTS OF
;BOBO REGISTER C TO THZ FSG ADDRESS REGISTER
PSGEAR MOV  AC;GET CIN A FCR DUT
ouT PORTEAR [SEND TC ADDRESS PORT
RET

4.9.2 WRITE DATA ROUTINE

'ROUTINE 7O WRITE THE CONTENT

S OF BDED REGISTER B
ITO THE PSG REGISTER SPECIFIED BY 8050 REGISTER C
PSGWRITE CALL PSGBAR GET ADDRESS LATEHED
MOV AE.;CET VALUE IN A FOR TRANSFER
OUT PORTDATA PUT TO PSE REGISTER
RET
4.9.3 READ DATA ROUTINE
‘ROUTINE TO READ THE PSG REGISTER S:'ECJ:-IED
'BY THE B080 REGISTER C AND RETURN THE DATA
JIN 8080 REGISTER &
PSGREAD CALL PSGRAFR
IN PORTDATA ‘GET REGISTER DATA
MOV  B.A GET IN TRANSFER REGISTER
RET :
| M vtittoirost fogee SR gt il o= e el (i P P e e ]
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(@ Hote Generati

a.1
on

The production of music invelves the creztion of series of frequen-
cies which are plezsing to the numan ear (setting critical evelyuetion
aside). This involves essentzlly mathematical reletionships,'making
the application iceal for digitzl cevices. Forexample, the sttting up
or gown in oclaves is & mullipliczuion or division Dy & power of 2.
which is a simple thift operaticn for most mMICIoprocessors.

Another factor in music generztion is "communication”. The com-
poser. must 'be able to convey his tune iCezs SO thet 2 musician or
group of musicians can reprocuce the composer's iceas—often on
widely differing instrumenis. This concept involves “tuning” the
instruments to a siancard set of frequencies aend following & set
rhythm pattern. The turing frequency most wicely used ic besed on
the third octave note “2" of 440Hz, the “Eguzl Temperec Chromaetic
Scele”.

Although it is easy toc construct recognizabie tunes using only one
note at a time, the simuiltanecus sounding of more than one note to
produce chords angd counterpoint vastty increases the quality of the
sound. This feature is easily achieved in the PSC since three
channels are provided, each incependently programmanle.

Since notes are formec by susizining a particular frequency for a
preset period of time &l & verying amplituoe, the PSG periorms thi.
function with a series of simple register icads. The method used in
many cases is to oblain regisier load values for first octave notes and
1o shift to the correct octave &t playtime.

The chart in Fig. 23 lists & full & octaves of notes from =z low of C1
(32.703Hz) 1o & high of B8 (7802.080Hz). Assuming an input clock
frequency of 1.78277MHz (one half the stancard “coler” crystial
frequency of 3.578545MHz), andg zpplying the formuies of Section 2.1
for calculating Tene Period regisier jcad values. results in the
register values shown, The nzature of the PSG divider scheme
preduces e high degree of accuracy forlowtrequencies, less for high
frequencies. This can be seen inthe chart inthe comparison of 'iceal
frequencies” ang “zctual frequencies”, with the ideai ‘frequencies
being those of the Equal Tempered Chromatic Sczale, and the actual
frequencies being the "best fit" values from the formulz calculation.

| €5 B i Ll et VL L e g SRR e dec g " TR e e e o o e e b g
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3.2
Tune Entry/
Playback

5.3
Tune ‘Jariatiens

One of the methegs of enering 2 compesition into 2 computer

.memory would be 9 uitlize & kevboard 10 pegss number and

giphabetic informaiicn concerning the compeoser's wishes. An zlier-
nate method woulc Le tc scen e positional series of switches (like &
piano keyboard) to cziermineg note, vclume anc cduration data.

Since flexibility in tune entry is desired, it is impeniant (o allow the
composer 1o specily cerizin constants of entry such 2s octave, pitch
or tempge, and have these entries normalized 1o & known vaiue.

One of the significer: feztures of & microcomputer based music
piaver is the ability 12 mocily the tune once it has been recordec.
Among the simpler verizticns are:

5.3.1 OCTAVE SHIFT

It an octave constant s ccec‘tothe cciave ol the recorcged noteprior
to storing the value ir the slsr, Synemic pitch changes can
be obtzined. The programming eff ct would be tc shitt one bit leftior
each lower octave &n¢ cne bit right for each higher octave. For
example, the effect will be thet 2 tune writlen 10 play on a piano will
sound like bells if 2 multipie octave up moditicztion is performec.

5.3.2 KEY

One measure of the vimucsity ofa musician is his ability to modify the
“key" or suboctave shiit of a composition. The logica! cescription of
key transposition is 1c shilt each ncte up orgdown by a predetermined
number of notes from the original. For example, a piece written in C
and ptayed in C# would have zli Cnotes shifted to C#, C# shifted 1o D,
etc. (Note that the casz must be consicered where B of one octave is
shifted to C of the nexi higher octave.) All of these cperations require
that the one of twelve note identificztion must be retained in the
recorcded representation ‘ '

5.3.3 TEMPO

The duration of each reccrced note is best expressed in terms of
“ticks" of an overall "tempo clock™ At playtime, the total uration can
be obtained by programatically muitiplying the individual note to
“slow down” or "speec up” the tune without changing the crucizl time
relationship between the notes. This can be accompllshed by
imbedding the noie timing Ioops within the tempo timing ioops for
simple operation. .
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Fig. 24

5.3.4 CHORDS

There are certain combinalions ol notes which when played simul-
taneously produce pleasant compinations. These "chorcs” can be
easily formed from a base roie by perlorming oclave and key
changes on two rioles, which ere pleyed with the main noie. These
relationships are illustrateg in Fig. 24, which lists the various note
constants which will produce musica!l chords. A chord with a
particular quality may be formec by playing its root, 2 2rc Minor or
Major, and cther notes frorm the chord chart. For example, e C Major
chord is formed from C(+2), £(+2), anc G{+2).

CHORD SELECTION CHART
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{. Sound Variat

5.4
ion’

5.4.1 RELATIVE CHANNEL VOLUME

The indepencently programmazacie empintude controt forezcn chan
nel allows up 1o 18 levels it using the processor controlied gmplituce
mode (bit 4 of registers 10, 11 or 12=0). In the case of &
decaying or steady note, when e note is played or “ired"” a frequency
may be set up in the coarse and fine tune registers end then an
amplitude value placed in the respective register 10, 11 or 2. The
value which is placed to play the tune cazn be an independent

‘variable, allowing chiznneis 1o pizy ineir respective melody lines with

varving torce,

5.4.2 DECAY

The main difference between & "przne’ sounc ancd an “orgean” sounc
is the speed with which the note ioses volume. H 2li of the notes czn be
decayed et a uniform rate, the zutematic envelope generator can be
sel to produce a cecaying waveiorm Ezch of the three channels can
have the same decey constan! byt citiering olaying times to simulate
the same instrument with citfering nete-strike times.

5.4.3 OTHER EFFECTS

The acgition of varizable noise to any cor all of the channels ¢can
procuce modification effects such "preathing” with 2 wind instru-
ment. Or noise can be used zlonsto orocucs a drum roythm. The fact
that the noise dominant freguencies are variabie zilows “synthesizer”
type etfects with simple processor interaction.

Other pleasing effects include vibraio anc tremclo, the cyciical
variation of the frequency zng volume. Because an intefligent
microprocessor is controlling the effect, they can be all keyed 1o the
tune itself or to other externafl stimuii.




6.1
Tone Only
Effects

Fig. 27

Cne of the main uses of the PEC is 10 produce non-musical sound
effects t¢ accompeny visual azction or as & fezture in itsell. The
following sections cutline techniques and provide actualexarr ples of
some popuiar etfecis. All exemples are based ona 1.78877MMz PSC
clock.

Manyetiecisare possible using only the tone generzticn cepability of
the PSG without edcing noise and without using the PSG’s envelope
generation capability. Exampies of this type of eflect would incluce
ielephone tone frequencies {two distinct freqguencies proguced
simuttaneously) or the Eurcpean Siren eflect lisied in Fig. 27 (Iwo
distinct frequencies seguent:zily proguced).

EUROPEAN SIREN SOL:!_ND EFFECT CHART - s
Octal
Register # Load Yaelue Explenstion
Any not specified 0G0 —_
RO 375} Set Chennel A Tone period to 2.27ms
R1 020 {420kz]).
R7 G768 . - E=nzble Tone only on Channel A only.
R10 017 Selest maximum amplitude on Channel A.
(War epproximaiely 250ms belore continuing)
RO 126 Set Chznnel & Tone period 10 5.346ms
R1 001 } (VBT HZ}Y.
{Waitepproximetely 350ms before coniinuing)
R10 000 : Turn off Channel A to end sound etiect,
o L e e e e e T - —
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6.2
Noise Only

Effects

Fig. 28

Fig. 29

Some of the more commonly required souncs reguire only the use of
noise and the envelope ceneraior (or processcr control of chann
envelope if cther channels are using ithe envelope generator).

Examples of this, which czn be seen in Figs. 28 ang 2¢, are gunshot
gnd explosion. In both cases pure noise is used with & decaying
envelope. In the examples shown the only changes gre in the length
of the enveiope as modified by the coarse tune register and in the
noise period. Note that a significantly lower explesion can be
obtained by using ali three channeis cperaung with the same
parameters.

GUNSHOT SOUND EFFECT CHART & -
Cctel e
Reglister # Load Vaive ‘S Explanation
Any npt specified 000 —_ .
R& 047 Set Noise period 10 mud-vaiue.
R7 oc7 Enzbie Noise only on Channels AB.C.
g:? gggl Select ful amplituce renge undet oirect
R4? 020J conirol of Envelope Generator.
R14 020 Set Envelppe period 1o 0.856 seconds.
R15 000 Select Envelope "cecey”, one cycle only.

EXPLOSION SOUND EFFECT CHART

Ccial
Register # Load Value Expianation
Any not specified 000 .- ;
R& 000 Setl Noise period 10 max. value,
= 007 Enable Noise only, on Channeis A,8,C.
g:?i If’é ggg Select full amplilude range under
R12 1° 16 020 direct controt of Enveiope Generalor.
R4 12 070 . Set Envelope pericd 10 2.05 seconds,
R1S 13 000 Seiect Envelope “Cecey”, one cycle aniy.
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6.3
Frequency
Sweep Effects

Fig. 30 LASER SOUND EFFECT CHART e

Fig. 31
{
|
/|
v
:;"’”/JT N
J'Lu

The Laser, Whislling Bomb, Vv.oif Whistie, 2ne Face Car sounds in
Figs. 30 thru 33 zll ulilize frecuency sweeping effects. In 2l cases
they inveclve the increasing or cecreasing of the values in the tone
perioc registers witn varizbie sizr1, end. ang time beivween frequency
thanges. For exzample, the sweep speed of the Laser is much more
rapid than the high gear accelsraie in the rece car, yel botn use the
same computer routine with cifiering parameters.

Other easily achievable resulis inciude “coppler” and neoise sweep
effects. The sweeping cf the neise clocking register (RE) procuces 2
"doppler” etfect which seems vell cuitec {or “space wartype cames.

+ -

Octsi
Register ¢ Load Veiue Explenation
Any noct specified ale]e —
R7 076 Eniebie Tone anty on Chennel A only.
R10 07 Select meximum amplituce on Channel A
! Sweep effect 1or Chznnel A Tone period
RO 080 (siary) Yi& & PIOCESSOr 100D with epproximately
RO B0 {end) - 1 Zms wail time BElwesn eaen step from 080
10 180 (0.426m s /23302 10 1.0ms/ 100Gz},
R10D oG Turn off Channe! A 1o enc souns eHec:

WHISTLING BOMB SOUND EFFECT CHART

Octai
Register # “Load Value Explanation
Any not specified 000 —
R7 076 Enable Tone criy on Channel A oniy.
R0 07 Select maximurn ampliiuge on Channe! A,
Sweep effect far Chennei A Tone pericd vig
RO 060 (star) & protessor oo with appreximately 25ms
RO 300 (eng) wail lime belwesn eacn step from 050 10 300

(0.428me/ 2320z 10 1 TF2mis/EE2HT),

Afier zbove loop is compieled, follow with sequence in Fig. 28,

R Hocsas
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8_4 .Because of the iﬁdependem architecture ¢! the PSCG, many rather:..
. complex etfeCis are possibie withou! burdening the processor. Fe
mu[ﬁ—Chan[‘lEI example, the Wolt Whistle eftectin Fig. 22 showstwo channelsin use
e 10 add constant breath hissing noise to Ing three concentratec

EﬁeCLS- frequency sweeps of the whistie. Once the noise is put on the

channel, the processcr only need be CONCEINeC with the freauansy

sweep operation.

-

Flg. 32 WOLF WHISTLE SOUND EFFECT CHART

' Cctsl
Register £ Load Vaive Explanation
Any not specitieg 000 —

- ORBL Slahi Set Noise perioc 1o minimum vElue.
R7 : 056 Enzbie Tone on Channel A. Noise onChanneiB.
R0 0.7 Seiect maximum emplituce on Channel A
Rt . 0 Select lower ampiituce on Channel E.

Sweep eflect {or Channel & Tone reriod vig 2

RO . 100 {star} Froceszsor Ioop with epproximately 12ms
RC 040 (eng) weil time between each siep from 100 1o 020

{0.572ms/1748Hz 10 0.286ms/3456Mz).
{Wait approximately 150ms belore continuing) -

. A Drocessor Ioop with epproximetely 25ms
gg :)%% {(s;t:g; wail ime between sach siep from 100 1o DB0
(0.572ms/1748KHz 10 0.428ms/2331Hz).
—A Processor 1oop with approximaiely bms
28 9!55% f(se!:g))- wail time belween each step frem 080 to
150 {0.428ms/22331Hz 1o 0.830ms/1075Hz),
R10 © Q00 e
A 000 } Turn off Channels A ang B 1o end etiect. |
Fig. 33 RACE CAR SOUND EFFECT CHART _ e
_ ‘ Cctal ' .
Reglster ¢ - Load Value Explanstion
Any not specitied 000 -
R3 017 Se1Channel 2 Tone periocic 34 23ms (2GHx).
R7 074 Enable Tones only on Channels A and B.
R1D0 P - 017 Seieci maximum emplituge on Channel A.
R11 9 012 Seiect lower amplitude on Channel B,
Sweep effect for Channel A Tone period vig
*RY/RO 013/000 (start) | & processor loop with approximately 3ms wait
*R1/RC 004/000 (eng) | time between ezch step from D13/000 to
7 ... ;004/000 (25.17ms/28.7Hz 10 £.15ms/108.3Hz).
. A processor logp with approximately 3ms
* 22“:;3 %1;;%%% ((se‘::':\) wail time between each s1ep trom 011/000 10
’ - "1 003/000 (20.6ms/48.5H7 10 B.E7ms/ 145 6Hz}.
A processor loop with approximetely 6ms
:?;28 ) %%?;%%% ({Z:,‘:‘g)) wiait time between each step trem 006/000 10
: ' L 001/0C0 (33.72ms/72.8Hz2 10 2.26ms/436.7Hz).
R10 000
Rt 000 } Turn oft Qhannels A anc B 1o end effect.

* Decrement B1/RD 2s 2 whole number, €.g. start at 0153/020, then 012/277.
then 012/376, etc
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