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1.1
Description

INTRODUCTION

It is apparent that any microprocessor is capable of producing
acceptable sounds with only a transducer if the processor has no
other tasks to perform while the sound is sustained. In real world
MICroprocessar use, however, video games need refreshing, kKey-
boards nead scanning, etc. For example, in order to produce a single
channel of ninth octave C (B372 Hz) the signal needs attention every
sixty microseconds. Software required to produce this simple effect
and still perform other activities would in the least be very complex if
not impossible. In the extrema, random noise requires periodic atten-
tion even more frequently.

This need for software-produced sounds without the constant
attention of the processor iz now satisfied with the availability of the
General Instrument AY-3-8910 and AY-3-8912 Programmable Sound
Generators.

The AY-3-8910/8812 Programmable Sound Generator (PSG) is a
Large Scale Integrated Circuit which can produce a wide variety of
complex sounds under software control. The AY-3-BS10/8912 is
manufactured in GI's N-Channel lon Implant Process. Operation
requires a single 5V power supply, a TTL compatible clock, and a
microprocessor contraller such as the Gl 16-bit CP1800/1610 or one
of GI's PIC 1650 series of B-bit microcomputers.

The PSG is easily interfaced to any bus oriented system. Its flexibility
makes it useful in applications such as music synthesis, sound
effects genaration, audible alarms, tone signalling and FSK modams,
The analog sound outputs can each provide 4 bits of logarithmic
digital to analog conversion, graatly enhancing the dynamic range of
the sounds produced,

In order to perform sound effects while allowing the processor 1o
continue its other tasks, the P5G can continue to produce sound
after the initial commands have been given by the control processor.
The fact that realistic sound production often invaelves more than one
effect is satisfied by the three independently controllable channels
available in the PSG.

All of the circuit control signals are digital in nature and intended to
be provided directly by a microprocessor/microcomputer. This
means that one PSG can produce the full range of required sounds
with no change in extarnal eircuitry. Sinca tha frequancy responsa of
the PSG ranges from sub-audible at its loweast frequancy to post-
audible at its highest freguency, there are few sounds which are
bayond reproduction with only the simplest electrical connections.

Since most applications of a microprocessor/PSG system would also
require interfacing between the outside world and tha miGroproces-
sor, this facility has been designed into the PSG. The AY-3-B910 has
two general purpose 8-bit 170 ports and is supplied in a 40 lead
package; the AY-3-8912 has one port and 28 leads.
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'I O Full software control of sound generation
3 O Interfaces to most 8-bit and 16-bit microprocessors.

Features o three independently progra

O Two 8-bit general purpose 1

mmed analog oulputs.

/O ports (AY-3-8910).
O One B-bit general purpose I/O port {AY-3-8812).
O Single +5 Volt Supply.

'| ‘3 This Data Manual is intended to introduce the techniques needed to
cause the AY-3-8910/8912 Programmable Sound Generator to per-
swpg form in its intended fashion. All of the programs, programming, and
hardware designs have been tested to ensure that the mathods are

practical rather than purely theoretical.

Although the technigues described will produce powerful results, tha
range of sounds to be synthesized is so vastand the P3G capa bilities
so varied that this guide should be viewed merely as an introduction
to the applications possibilities of the PSG.

Fig. 1 TYPICAL SYSTEM DIAGRAM
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2.1

Basic
Functional
Blocks

ARCHITECTURE

The AY-3-8910/8912 is a register oriented Programmable Sound
Generator (PSG). Communication belween the processor and the
P53 is based on tha concept of memory-mapped LI'0. Control
commands are issued to the PSG by writing to 16 memoary-mappead
ragistars. Each of the 18 registers within the PSG is also readable so
that the microprocessor can determine, as necessary, present states
or stored data values.

All functions of the PSG are controlled through its 16 registers which
once programmed, generate and sustain the sounds, thus freaing the
systemn processor for other tasks.

An internal block diagram of the PSG showing the various 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 memoary
and as such occupy a 16 word block out of 1,024 possible addresses.
The 10 address bits (8 bits on the common data/address bus, and 2
separate address bits AB and AD) are decoded as lollows

“Ao | AE |DAT|DAE|DAS|DA4|DAZ|DAZ|DAT|DAD| * AB s

. P " = mot provided
o|t]jojojolojo|jofo]oO on the AY-3-8812
THRU
Gl ielelofo [ ]
HIGH LOW
ORCER ORDER
{Chip Selaci] {Registor &}

The four low order address bits select one of the 16 registers (RO--
R17s). The six high order address bits function as “chip selects” 10
control the tri-state bidirectional buffers (when the high order
address bits are "incorrect”, the bidirectional buffers are forcad to a
high impedance state). High order addrass bits AD A8 are lixed in the
PSG design to recognize a 01 code; high order address bits DAT--
DAd may be mask-programmead 1o any 4-bit code by a special order
factory mask madification. Unless otherwise spacified, address bits
DAT--DA4 are programmed to recognize only a 0000 code. A valid
high order addrass latches the ragister address (tha low order 4 bits)
in the Register Addrass Lateh/Decoder block. A latched address will
remain valid until the receipt of a new address, enabling multiple
reads and writes of the gsame register contents without the need for
redundant re-addressing.

-
'
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2.1

Basic
Functional
Blocks
(cont.)

T R e e S S ———

Conditioning of the Register Address Latch/Decoder and the Bidi-
rectional Buffers to recognize the bus function required (inactive,
latch address. write data, or read data) is accomplished by the Bus
Control Decode block.

The function of each of the 16 PSG registers and the data flow of each
register's contents are shown in context in Fig. 2 and explained in
datail in Section 3, "Operation”. For reference purposes, the Register
Array details are reproduced in Fig. 3.

2.1.2 SOUND GENERATING BLOCKS

The basic blocks in the PSG which produce the programmed sounds
include:

Tone Genarators produce the basic square wave tone frequen-
cies for each channel (A,B,C)

MNoise Generator produces a frequency modulated pseudo
random pulse width square wave output.

Mixers combine the outputs of the Tone Generators
and the Noise Generator. One for each chan-
nel (A.B,C).

amplitude Control provides the D/A Converters with either a

fixed or variable amplitude pattern. The fixed
amplitude is under direct CPU control; the
variable amplitude is accomplished by using
the output of the Envelope Genarator.

Envelope Generator produces an envelope pattern which can ba
used to amplitude modulate the output of
each Mixer.

DA Convertars the three D/A Converters each produce up to
a 16 lavel output signal as determined by the
Amplitude Control,

2.1.3 /O PORTS

Two additional blocks are shown in the PSG Block Diagram which
have nothing directly to do with the production of sound —these are
the twa 1'0 Ports (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 P3(G.
Data to/from the CPU bus may be read/written to either of two B-bit
/0 Ports without affecting any other function of the PSG. The I/O
Ports are TTL-compatible and are provided with internal pull-ups on
gach pin. Both Ports are available on the AY-3-8810; only I'O Port Als
available on the AY-3-8912,

10



Fig. 3 PS5G REGISTER ARRAY
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2 2 The AY-3-8910 is supplied in a 40 lead dual in-line package with the
- e < pin assignments as shown in Fig. 4. The AY-3-8312is suppliedina 28
P||'| A55|gr|m E“ts lead dual in-line package with the pin assignments as shown in Fig. 5.

Fig. 4 AY-3-8910 PIN ASS G NMEN T S

Top View
Ves (GND] Cl#1  — 40|03 Ve (4+5V)

NG Oz 1 [ TEST 1

AMALDG CHAMMEL B O3 2 1 AMALOG CHANMEL C

AMALDG CHAMMEL A O 4 37 [ DAD
[ 361 DAl
IOBT & 35[0 DAZ
10Bs O 7 M0 Da3
10Bs O& 3370 Dad
1OB4 O 9 120 DAL
oBa 1o [0 DA
IoB2 Ojn WO DAY
0Bt Oz =[O BC
1080 113 20 Bo?
IOAT 14 27 BDIA
IOAE C]15 281 TEST 2
I0AS ] 16 250 a8
1084 O] 7 247 AS
I0a3 ] 18 230 RESET
Ioa2 O 1% 20 CLOCK
a1 O 20 210 10AD

e T —— S Ty T T e =

Fig. 5 AY-3-8912 PIN A S S G NN EN T S i —

Top View
ANALOG CHANNEL G =1~ 23] DAD
TEST 1 O2 270 DA
Vee (+5V) O3 260 DAZ2
AMNALOGE CHANNEL B 4 25 DAA3
AMALDGE CHAMNMEL & 5 247 DA4
Wag [(GMD) 6 23 1 DAS
I0AT O7 220 DAB
I0AG 48 O DAT
I0AS [ W BGH
I0A4 10 1a[] BC2
I0Aa3 O] n 1w\ BDIR
I0A2 12 170 AB
1041 ] 13 160 RESET
10Aa0 O 14 15]_'. CLOGCK
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2.3
Pin Functions

DAT--DAOD (input/output/high impedance): pins 30--37 {AY-3-8910)
Data/Address 7--0: pins 21--28 (AY-3-8912)

These 8 lines comprise the 8-bit bidirectional bus used by the
microprocessor o send both data and addresses to the PSG and to
receive data from the PSG. In the data mode, DAT--DAQ correspond
to Register Array bits B7--B0. In the address mode, DA3--DAQ select
the register # (0--17s) and DAT—-DA4 in conjunction with address
inputs A9 and A8 form the high order address (chip select).

AB [input): pin 25 (AY-3-8910)

pin 17 (AY-3-8912)
A9 (input): pin 24 (AY-3-8910)

(not provided on AY-3-8912)
Address 9, Address 8
These "extra” address bits are made available to enabla the poasition-
ing of the PSG (assigning a 16 word memaory space) in a total 1,024
word memaory area rather than in a 256 word memory area as defined
by address bits DAT—-DAQ alone. If the memory size does not require
the use of these extra address lines they may be left unconnected as
each is provided with either an on-chip pull down (AS) or pull-up { AB)
resistor. In "noisy” environments, however, it is recommendad that
AD and A8 be tied to an external ground and +5V, respectively, if they
are not to be used,

RESET (input): pin 23 (AY-3-8210)

pin 16 {(AY-3-8912)
For initialization/power-on purposes, applying a logic “0" (ground)
to the Reseal pin will reset all registers to “0". The Reset pin is providad
with an on-chip pull=up resistor,

CLOCK (input): pin 22 (AY-3-8810)
pin 15 {AY-3-8912)

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

BDIR, BC2, BC1 (inputs): pins 27.28.29 (AY-3-8910)

ping 18,18,20 (AY-3-8912)
Bus DIRection, Bus Contral 2,1
These bus control signals are generated directly by Gl's CP1600
series of microprocessors to control all external and internal bus
operations in the PSG. When using a processor other than the
CP1600, these signals can be provided either by comparable bus
signals or by simulating the signals on I/O lines of the processor. The
P5SG decodes these signals as illustrated in the fallowing:

13



2.3
Pin Functions
(cont.)

£y g oo s

m m m FUMCTION FUNCTION

a o 0 MACT INACTIVE, See 010 (IAB) below

a a0 1 ADAR LATCH ADDRESS. Sea 111 {INTAK) balow

g 1 4 188 INACTIVE. The PSG/CPU bus iz inactive. DAT--DAD
gra in a high impedance atate.

o 1 1 oTB BEAD FROM FSGE. This signal causes the contants
ol the reglster which is currently gddressed to
appear on the PSG/CPU bus. DAT--DAD are in the
auipul mode.

1 0 0 BAR LATCH ADDRESS. See 111 (INTAK] below

1 0 1 D INACTIVE. See 010 (IAR) aboye

1 1 0 DS WHITE TO PSG. This signal indicates that the Bus

gontains ragister data which should be latched inlo
the currently addressed register. DAT--DAD are in
the input mode
1 1 1 INTAK LATCHADDAESS. Thissignalindicatesthalthe bus
containg a4 register address which shauld be lalched
in the PSG. DAT--DAD are in the inpul mode
While interfacing to a processor other than the CP1800 would simply
require simulating the above decoding, the redundancies in the P5G
functions vs. bus control signals can be used to advantage in that
only four of the aight possible decoded bus functions are required by
the PSG. This could simplify the programming of the bus control
signals to the following, which would only require that the processor
generate two bus control signals (BDIR and BC1, with BC2 tied 1o
+8V):

PSG ,
FUNCTION oo

INACTIVE — __ FROM 5 =
READ FROM PSG ot i
WRITE TO PSG v Jae
LATCH ADDRESS. :

= = oo BDIR
- BICZ
-= 2= o BC1

1

AMALOG CHANNEL A, B, C (outputs): pins 4, 3, 38 (AY-3-8910)
pins 5, 4, 1 [AY-3-8912)

Each of these signals is the output of its corresponding D/A
Converter, and provides an up to 1V peak-peak signal representing
the complex sound waveshape generated by the PSG.

10A7--10A0 {input/output): pins 14--21 (AY-3-8910)

pins 7--14 (AY-3-8812)
10B7--10B0 {input/output): pins 6--13 (AY-3-B910)

(not provided om AY-3-8912)
Input/Output AT7--AD, BT--B0D
Each of these two parallel input/output ports provides & bits of
parallel data to/from the PSG/CPU bus from/tc any external devices
connected to the I0A or IOB pins. Each pin is provided with an on-
chip pull-up resistor, 50 that when in the “input” mode, all pins will
read normally high. Therefore, the recommended method for scan-
ning external switches, for example, would be to ground the inpul bit.

e e A S |

14



2.4
Bus Timing

TEST 1: pin 39 (AY-3-8910)
pin 2 [AY-3-8912)

| TEST 2: pin 26 (AY-3-8910)

(not connected on AY-3-8912)

These pins are for Gl test purposes only and should be left open—do
Nt usa as lie-paints,

Vee: pin 40 (AY-3-8910)
pin 3 (AY-3-B912)
Mominal +5Volt power supply to the P3G

Vee: pin 1 (AY-3-8910)
pin 6 (AY-3-8912)

Ground reference for the PSG.

Since the PS5G functions are controlled by commands from the
syslem procassor, tha common data‘addross bus (DAT--DA0) re-
quires definition as to its function at any particluar time. This is
accomplished by the processor issuing bus control signals, previ-
ously described, defining the state of the bus; the PSG then decodes
these signals to perform the requested task.

The conditioning of these bus control signals by the procassor is the
same as if the processor were interacting with BAM: (1) the processor
outputs a memory address, and (2] the processor either oulputs or
inputs data to/from the memory. The “memary” in this case s the
P5G's array of 16 read/write control registers.

The timing relationships in issuing the bus control signals relative 1o
the data or address signals on the bus are reviewed in general in the
following section, and in detailin Section 7, Electrical Specifications




While the state flow for many microprocessors can be somewhat

N involved for certain operations, the sequence of events necessary 1o

Statﬂ T|]'|'|||'|n control the PSG is simple and straightforward. Each of the three
major state sequences (Latch Address, Write to PSG, and Read from

PS@G) consists of several operations (indicated below by rectangular

blocks), defined by the pattern of bus control signals (BDIR, BCZ2,

BC1).

pap QLTPUT o QUTPUT =
INACTIVE ANDRESS f—i INACTIVE DATA e (FACTIVE

| |

i Address and wrie dain "'l

! i PS& seguence

| |
INACTIVE f—fi Ii!‘.'_,'fﬁ"&_ el IMACTIVE f——fs l“:'_lf

! ad d d dat

damss and read data
— from FS0G6 spguence

The functional operation and relative timing of the PSG control
soguences are described in the following paragraphs (in all axam-
ples, BC2 has been assumad to be tied to logic "17, +3V).

2.5.1 ADDRESS PSG REGISTER SEQUENCE

The "Latch Address” sequence i3 normally an integral part of the
write or read sequences, but for simplicity is illustrated here as an
individual sequence. Depending on the processor usad the program
sequence will normally require four principal microstates: (1) send
MNACT (inactive); (2) send INTAK (latch address); (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.]

- T\

CONT fi'af MACT E—% IMT K m MACT

DUTPLUT
AT i FLOAT
’ o - x A X i

16



2.5.2 WRITE DATA TO PSG SEQUENCE

The “Write to PSG"” sequence, which would normally follow immeadi-
ately aftar an address sequence, requires four principal microstates:
(1) gend MACT {inactive); (2} put data on bus; (3) zend DWS (write o
PSGE); (4) send NACT (inactive).

- T\

BiC1

BUS

" ' = ~
EANTROL NACT ]:’ : ﬁ OWs E’/A AL T

T, 7 = OUTFUT DATA
s F-- D E 5
[ LaAd LOAT X T PSGY X FLOAT

2.5.3 READ DATA FROM PSG SEQUENCE

Az with the "Write to PSG" sequence, the "Read from PSG" sequence
would also normally follow immeadiately after an address sequence.
The four principal microstates of the read sequence are: (1) send
MACT (inactive); (2) send DTB (read from PSG): (3) read data on bus;
(4) send MACT (inactive).

ED¥A

B 4/ \

conTROL __NACT m e 7z NAGT

i T AT INFLIT DATA i
AR FLoN X [FROM PSG) LOAT

2.54 WRITE TO/READ FROM 1O PORT SEQUENCE

aince the two 'O Ports (A and B) each have an B-bit register assigned
as a data store, writing to or reading from either port is identical to
writing or reading to any other ragister. Hence, the state sequences
are exactly the same as described in the preceding paragraphs.
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3.1
Tone Generator
Control

(Registers RO, R1, R2, R3, R4, AS)

OPERATION

Sinece all functions of the PSG are controlled by the host processor
via a series of register loads, a detalled description of the PSG
operation can best be accomplished by relating each PSG function to
the control of its corresponding register. The function of creating or
programming a specific sound or sound effect logically follows the
control saguence listed:

Saction Operation Registers Fumnction

N | Tane Genarator Control RO--AS% Frogram tone penods

az Maise Ganerater Sontrol R Frogram nodisa perod

33 Mixer Contral R7 Enable 1one and/or nose
on selected channels

a4 Amplitude Control Ri10--A12  Select "fixed" or "envelope-
wariable” amplitudes

3.5 Envelope Generalor R13—A15 Program envalope period

Control and selact envelope patiers,
The frequency of each sguare wave generated by the three Tone
Generators {one each for Channels A, B, and C) is obtained in the
PSG by first counting down the input clock by 16, then by further
counting down the result by the programmed 12-bit Tone Period
value. Each 12-bit value is obtained in the P5G by combining the
contents of the ralative Coarse and Fine Tune registers, as illustrated
in the following:

Coarsa Tune Fing Tuna
Register Chanmel Register
R A RO
k] B 2 s
RS [ Fid

[nr]|35.|nslﬂ4|aa|e.z|u1]uu| [67]es]as Lu|n:u]_n:~[|=.1|a:||

Pl
USED

[reei[rera] rea] 1ee | Ter [ Tre | RS | TRa | Tea | ez | TP l"m|

12-bit Tonae Penod (TF) o Tone Genaralor

Mote that the 12-bit value programmed in the combined Coarse and
Fine Tune registers s a period value—the higher the value in the
registers, the lower the resultant tone frequency.

Mote also that due to the design technique used in the Tone Period
count-down, the lowest period value is 000000000001 (divide by 1)
and the highest period value is 111111111111 (divide by 4,095.4).

18



The egquations describing the relationship betwean the desired
output tone frequency and the input clock frequency and Tone
Period value are:

e 1l.fl.:.:-|.l-= o 1
|-H:| fr = '|ﬁ-TP|,; (=] TFIlu = ESECT"_I FTw
Where: fr=desired tone frequency

foLocx = input clock frequency
TPy =decimal equivalent of the Tone Period
bits TP11—-TFQ.
CTw=decimal equivalent of the Coarse Tune
register bits B3—B0 (TP11--TP8)
FTia=decimal equivalant of the Fing Tune
register bits B7Y--B0 (TP7--TPD)

From the above equations it can be seen that the tone frequency can
range from a low of (22 (wherein: TP.;=4,095,0) 10 a high of =7
(whergin: TPw=1). Using a 2 MHz inpul clock, for example, would
produce a range of tone frequencies from 30.5 Hz 1o 125 kHz.

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

Fex cun FTaa TP
[a) TPy = —— b} CTwe + — =
LTTRT Sy Wk Ll T “oaw = “oEm
Example 1: fs = 1kHz
Teiocw = ZMHz
Fuin®
TP = — _ =125
16110
E-IJEB‘IIIZIJ!II'IQ This resull inka EI.'|uﬂli{:lr'l 1=1B
FTia 125
CTuw + == =
" psg 256
o CTee =0 D000 (B3—B0)

FTw = 125, = 01111101 (BT-—-BO)

Exampie 2: fr = 100Hz
f.-_:m.;:. = PMHzZ

TR — mmeaaaco =1
Substituting this result into equation {b):

FTw _ 1250 _ , | 226

Tio 4 = -
c 256 256 e
L+ GTe = 445 =0100 l:B::"--EUI
FTip = 226+ = 11100010 (BT--B0)
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3.2
Noise Generator
Control

[Register RG]

e s O S P R |

The frequency of the noise source is obtained in the PSG by first
counting down the input clock by 16, then by further counting down
the result by the programmed 5-bit Noise Period value. This 5-bit
value consists of the lower 5 bits (B4--B0) of register REB, as
illustrated in the following:

Moise Period

Aegister RE

|E|?|asluﬁlﬂqlmlhg_]m!lnn!

ST B-hit Moiss Parod [MP)
USED 13 Mooa Oenarains

Mote that the S-bitvalue in R11is a period value—the higher the value
in the register, the lower the resultant noise frequency. Note also that,
as with the Tone Period, the lowes! period value is 00001 (divide by 1);
the highest period value is 11111 (divide by 31:0).

The noise frequency aguation is:
f = jcLocK
: 16 NPy
Wheara: fu =desired noise frequency
feLocx =input clock frequency
MPp=decimal equivalent of the Moise Peariod
register bits B4--B0.

From the above equation it can be saen that the noise frequency can
range from a low of % (wherein: NP;p = 3140} to a high of 5=
{wherein: NPy = 1). Using a 2 MHz input clock, for example, would
produce a range of noise frequencies from 4 kHz to 125 kHz.

To calculate the value for the contents of the Noise Period register,
given the input clock and the desired output noise frequencies, we
simply rearrange the above equation, yielding:

feigck

M — R
P1|| -Iﬁ rH
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3.3
Mixer Gontrol-
I/0 Enable

[Register RT]

Register 7. is a multi-function Enable register which controls the
three Moise/Tone Mixers and the two genaral purpose 'O Ports

The Mixars, as previously described, combine the noise and tone
frequencies for each of the three channels. The determination of
combining neither/either/both noise and tone frequencias on each
channel is made by the state of bits B5--B0 of RT.

The direction {(input or output ) of the two general purpose I'O Ports
(I0A and IOB) is determined by the state of bits BY and B6 of R7.

These functions are illustrated in the following:

Mixer Contral=100 Enabla
Fli,:gisrnr A7
|

| I Bs | B4 B3 | A T B
Fiszhan input En 13:.II
L Por [_ | |
Furssise .I'Tq'_..r-' Enable Tane Enabls
Chanre [ | B | & e |
Moise Enabla Truth Table: Tone Enable Truth Table:
AT Bits Moise Enabled RT Hits T Enablad
B B4 B3 on Chanmel B2 B1 BO ::.[:h::nul
g o0 0 C B A 0 0 0 C B A
e o 1 cC B — Ja 4 1 cC B -—
g 1 0 c — A 0 1 0 c — A
g 1 1 c — — 1] z - -
1 0 0 — B A i 0 0 — B A
1 @ 1 — B — 1 0 1 el
i 1 0 — — A 1 1 0
i 1 1 —_ = = i 1 1

I/ Port Truth Table:

RT Bits 10 Port Status
BT BE o 104
o o Imput lrpuat
0 1 Imput Dutput
| i} DUt Irput
1 1

Duiput Output

MOTE: Disabling nodss and tone does nal fum ol & channel. Turming a
channel off can only be accomplished By wriling all zeroes inlo the
corresponding Amplitede Sontrol register, R10, A11, or R12 (5o
Saction 3.4)
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3.4
Amplitude
Control

(Registers R10, R11. R1Z]

The amplitudes of the signals generated by each of the three D/A
Converters (one each for Channels &, B, and C)is determinad by the
contants of the lower 5 bits (B4--B0) of registers R10, R11, and R12 as
illustrated in the following:

Amplitude Confrol

Regisier # Channel
=10 &
H11 B
H12 C-

||_-: I-.F\.lF'-u|HJ 'g'] l.|||;||
=OT
USED \
ampid -I Bt " Viwdee |

e amphbiude Leyel

The amplitude “mode” (bit M) selects either fixed level amplitude
(M=0) or variable level amplltude (M=1). It follows then that bits L3-—
LD, defining the value of a “fixed” level amplitude, are only active
when M=0. Whean fixed Ievetampllludausselecleﬂ itis “fized" only in
the sense that the amplitude level is under the direct control of the
5ys’rern processor (via bits D3--00). Varying the amplitude when in
this “fixed” amplitude mode I‘EIEILIIF'EE 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 i3 determined by the envelope pattarn as defined by the
Envelope Generator's 4-bit output E3 E2 E1 ED.

The amplitude “mode” (bit M) can also be thoughtof asan “envelope
enable” bit: ia., when M=0 the envelope is not used, and when M=1
the envelope is enabled. (A full description of the Envelope Gener-
ator function follows in Section 3.5).
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Fig. 6

The tull chart describing all combinations of the S-bit Amplitude
Control is as follows:

Amplitude Conlrol

Reglater # Channel
R0 A
R11 2]
H12 C

|B?]Eﬁ 85| B4 | B3 | B2 1] B0

Nm
USED Ampliiude
Caonlrol

L3 L2 L1 LoD Cutput
0 0
) 0D 0 O *0 0 0 0} The amplitude is
. . 3 4 3 Fixed at 1 of 16 lavels
as determined by
o 1 1 1 1 1 ] 1 1 LAl L1

The amplitude is
variaksle at 16 levels
1 K X ¥ X EX¥ E2 E1 EO0 85 determined by the
output of the
Envalope Generator

[(X=Don't Care) .
The all paroes code ® usad to burn 8 channs|

ot

Fig. 6 graphically illustrates a selection of variable level (envelope-
controlled) amplitude where the 16 levels directly reflect the output
of the Envelope Generator. A fixed level amplitude would correspond
to only ane of the levels shown, with the level directly determined by
the decimal equivalent of bits L3 L2 L1 LO.

VARIABLE AMPLITUDE CONTROL (M=1] s —
I GRAPHIC BEPRESERTA TH0MN OF i agial
THE DECIMAL VALUES OF THE WL
AMPLITUDE COMTROL QLTI i
= 3 ._I-_ -
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35
Envelope
Generator
Control

(Registers R13, R14, R15)

To accomplish the generation of fairly complex envelope patterns,
two independent methods of control are provided in the PSG: first, it
is possible to vary the frequency of the envelope using registers R13
and R14; and second, the relative shape and cycle pattern of the
envelops can ba varied ugsing register R15. The following paragraphs
axplain the details of the envelope control functions, describing first
the envelope period control and then the envelope shape/cycle
control.

3.5.1 ENVELOPE PERIOD CONTROL (Registers R13, R14)

The frequency of the envelope is obtained in the PSG by first
counting down the input clock by 256, than by further counting down
the result by the programmed 16-bit Envelope Period value. This
16-bit value iz obtained in the PSG by combining the contents of the
Envelope Coarse and Fine Tune registers, as illustrated in the
following:

Envelope Enwalopa
Coarse Tuna Fina Tung
Register R14 Fegestar R13
B | D | ES Il-_i H:IEH-‘ .'-.'-‘E-:I BT |B&|B5 |24 |B3|B2| B1 |BD
1

s o

[n----r.]rr--a EF13 E-"-:E':EF-|=|EP.1::-1EPEI|E=B|El=-.'||.|-'h|r.r.-.|||'1.':|--':.1- £F7 | EFt | ERD

16-k1 Enwalops Perod (EPY
to Envelope Generator

Mote that the 16-bit value programmed in the combined Coarse and
Fine Tune registers is a pariod value—the higher the value in the
registers, the lower the resultant envelope frequency.

Mote also, that as with the Tone Period, the lowest period value is
QO000000000000071  (divide by 1); the highest period valug s
1111111111111111 (divide by 65,535.).

The envelope frequency equations are:

fo o
e m——— i
(&) fc TSEEP . (D) EPy=2080Ta+FTio
Whera: fe=desired envelope frequency

ferock = input clock freguency
EP,x=dacimal equivalent of the Envelope
Period bits EF15—EFD
CTig=decimal equivalent of the Coarse Tune
register bits B7--B0 (EFP15--EF8)
FTio=decimal equivalent of the Fing Tune
register bits BY--B0 (EPT--EPD}

From the above equation it can bee sean that the envelope frequency
can range from a low of 15?'3,.‘5"_‘;5:.,, (wherein: EP1=65,53510) to ahigh
of '35:;' {wherein: EPyp=1). Using a 2 MHz clock, for example, would
produce a range of envelope frequencies from 0.12 Hz to 7812.5 Hz.
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To calculate the wvalues for the contents of the Envelope Period
Coarse and Fine Tune registers, given the input clock and the desired
envelope frequencies, we rearrange the above equations, yielding:

fos FT. _ EP,
Wil EFeg = zrﬁgi (b) CTu + Zgg" = Tag
Example: fe=05Hz
fcuock = 2 MHz
EH1Un
EPyy = == =15,
0 = 2oB0E) oY

Substituting this resull inld equalicn (b)
Plw 1088 _ oy 2

256 256 256

CTun G1y0 = 00111101 (BT—-B0})
FTia i QOO0 (BT B0}

|:T||:| T

3.5.2 ENVELOPE SHAPE/CYCLE CONTROL (Register R15)

The Envelope Generator further counts down the envelope fre-
quency by 16, producing a 16-state per cycle envelope pattern as
definad by its 4=bit counter output, E3 E2 E1 ED. The particular shape
and cycle pattern of any desired envelope s accomplishad by
controlling the count pattern (count up/count down) of the 4=bit
counter and by defining a single-cycle or repeat-cycle pattern.

This envelope shapescycle control is contained in the lower 4 bits
(B3--B0) of register R15. Each of these 4 bits controls a function in
the envelope generator, as illustrated in the following:

Envelope Shapa/Cycle
Contral Register (R15)

2 3 3 5 3 ) )

— —
MOT i
USED ¥
Alf=rmrigie D

Envelopr
Atk (Spmesatar

Canfinus

The definition of each function is as follows:

Hold when set to logic 17, limits the envelope o one cycle,
holding the last count of the envelope counter [(E3--
E0=0000 or 1111, depending on whether the envelope
counter was in a count-down or count-up mode, respec-
tivaly).

Alternate when set to logic “17, the envelope counter reverses
count direction (up-down) after each cycla.

MOTE: When bath the Hold bit and the Allgrnate bil are ones, tha
envelope counter is resed 10 S initial cownt before Ralding
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3.5 Attack when set to logic “17, the envelope counter will count up
{attack) from E3 E2 E1 EO= 0000 to E3E2 E1 ED=1111;

Eﬂ'ﬂﬂlﬂpﬂ when set to logic "07, the envelope counter will count
down (decay) from 11171 to 0000,

EE“ErﬂIﬂr Continue when set to logic “17, the ¢ycle pattern will be as defined

GControl by the Hold bit; when set to logic “0", the envelope
generator will reset to 0000 after one cycle and hold at
[l:l'llll.] that count

To further describe the above functions could be accomplished by
numerous charts of the binary count sequence of E3 E2 E1 EO for
each combination of Hold, Alternate, Attack and Continue. However,
since these outputs are used (when selected by the Amplitude
Contral registers) to amplitude modulate the output of the Mixers, a
better understanding of their effect can be accomplished via a
graphic representation of their value for each condition selected, as
illustrated in Figs. 7 and 8.

Fig. 7 ENVELOPE SHAPE/CYCLE COIN TR O L e —

A1E BITS |

B3 B B1 B0
=

C L
4] | T
H| A| E
T| T W |
1| | M| H
Wl a Al Dl GRAPHIC REFRESENTATION
ul el 7| L OF EDNVELOPE GEMERATOR
E| X ©| D ouTEET E3 E2 E1 BER
o Wl o

EF lmi— EF 5 THE FWNYELCPE FERICT
DLAALTION i OKWE CYCLEN
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Fig. 8 DETAIL OF TWO CYCLES OF Fig. 7

HEf- waveform “1010" in Fig_ T s M F e o = i e i s

(4] ._.
GRAP-HC AEPRESENTATION OF
THE DECIMAL WALLIES OF THE
EWVELDRE GENEAATINA
CUTRUT EJ EF E IBD
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3.6
1/0 Port Data

Store

[Registers R16. R17)

e = =S S

Registers R16 and A17 function as intermediate data storage regis-
ters between the PSG/CPU data bus (DAO—DAT) and the two L/'O
ports (IOA7T-—-IOAD and IOB7--10B0). Both ports are available in the
AY-3-8910; only I/O Port A is available in the AY-3-8912. Using
registers A16 and R17 for the transfer of 1/0 data has no effect at all
on sound generation.

To output data from the CPU bus to a peripheral device connected
to /'O Port A would require only the following steps:

1. Latch address RT (select Enable register)

2. Write data to PSG (setting BE of A7 to “17)

3. Latch address R16 (select IOA register)

4. Write data to PSG (data to be output on I/0 Port A)

To input data from I'O Port A to the CPU bus would require the
following:

1. Latch address R7 (select Enable register)

2. Write data to PSG (setting B6 to R7 to “0")

3. Latch address R16 (select IOA register)

4, Read data from PSG (data from 1O Port A)

Mote that once loaded with data in the output mode, the data will
remain on tha I/0 port{s) until changed either by loading different
data, by applying a reset (grounding the Reset pin). or by switching to
the input mode.

Note also that when in the input mode, the contents of registers R16
and/or R17 will follow the signals applied to the 1/0 port(s). However,
transfer of this data to the CPU bus requires a "read” operation as
described above,
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3.7
D/A Converter
Operation

Fig. 9

Since the primary use of the PSG is to produce sound for the highly
imperfect amplitude detection mechanism of the human ear, the DVA
conversion is performed in logarithmic steps with a normalized
voltage range of from 0 to 1 Volt. The specific amplitude control of
aach of the three D/A Converters is accomplished by the three sets of
d4=hit outputs of the Amplitude Control block, while the Mixar outpuls
provide the base signal fraquency (Noise and/or Tone).

Fig. 9 illustrates the D/A Converter output which would result if noise
and tones were disabled and an envelope-controlled variable ampli-
tude were selected

Figs. 10 through 13 illustrate other typical cutput waveforms.

D/A CONVERTER OQUTPUT (ref. Fig. 6) se——

HMORMALIZED
WVOLTAGE

1 15
W _-|5

MOTE: THIS 15 THE ENVELOPE
OHLY —MNOISE AMND TOMES
ARE DISABLED

TOTY b b=

5 -
DECIMAL VALLIE
OF E3 EZ E1 ED
{SEE AMPLITLIDE
CONTROL,
SECTION 3.4
A =
B LU
1518V =
128y =

EF | EF |
o /) (11

EP=EMVELOFE PERIOD




SINGLE TONE WITH ENVELOPE SHAPI

'CYCLE PATTERN 100
]

(R0=14z, R1=37,, R7T=T6s, R12=20:, R15=1(

, all ather registers=0)

*H“I

i

TR T Ia e e ia il il

SINGLE TOME WITH ENMVELOPE SHAPE/CYCLE PATTERN 174

(R15=14,, all other registers same as Fig. 10) o

Lad
=



Fig. 12 SIMGLE TOME WITH ENVELOPE SHAPE/CYCLE PATTERMN 101
(R15=125, all other registers same as Fig. 10) m—————
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4

4.1
Introduction

Fig. 14

INTERFACING

Since the AY-3-8810/8912 PSG must be used with support compo-
nents, interfacing to the circuit is an obvious requirement. The PSGis
designed to be controlled by a microprocessor or microcomputer,
and drive directly into analog audio circuitry. It provides the link
between the computer and a speaker to provide sounds or sound
effects derived from digital inputs.

The following paragraphs provide examples and illustrations show-
ing the ease with which an AY-3-8910/8912 Programmable Sound
Generator may be utilized in a microprocessor/microcomputer
system.

SYSTEM BLOCK DIAGRAN —————

AODFRESS
INFLIT

O T A
ADDHEES:
BLES

PAERACIRY
WICROFROCESSOA) 4

MICROCOMPUTEH

BLIS COMTROL

AHALOG
AUTALTS

SYETEM

AUDIO [[ \
l:-LI?qIEﬁE:Dn AMFLIFIER
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4-2 An economical solution to providing a system clock is shown in Fig.

15. It consists of a 3.578545MHz standard color burst crystal, a

Clock cososs CMOS inverter, and a CD4013 to divide the color burst

freguency in half, The clock produced for the PSG runs at a

EEIIEI'HHII]II 1 ,?EQTTEEMHE rate, Depending {::'I the microcomputer used, itsclock
should be selected within its specified valua.

Fig. 15 CLOCK GEMERATION

T

PS5
THATT
EITHER cLOCK | g -TB9TT25MH:
TO MIGRD
COMPUTER [ BG4BREIMHT
(SPEC DEPERDENT) + 0
d0EG .._;E A0a%S i‘ E |
3 5TO545RH
CRYSTAL
1 TRETTE5RAHE
Cam— CLOCK TO PSG
Z0pF |
1084 13 ] i
— 3000

- i [>l2

! a0E5

I>r. . E>: 4013 g
A{60 A0
Tt e +5W
46,7
-3 L Bl
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4_3 Fig. 16 illustrates the audio output connections to a commercially

i available LM3BE audio amplifier. It shows channels &, B, and C
A“dll] nutp“l summed together to enable complex wavefarms to be composed and
|I'I1IErfEI[:E _am[_:-l_ifin-;:f through a single external amplifier. These channels may be
individually amplified through separate channels for more exobic

sound systems.

Each output channel is individually controlled by separate amplitude
registers (R10, R11, R12) and an enable register (R7) in the PSG.

Fig. 16 AUDIO QUTPUT INTERFACE m————

AMALDG CHAMNEL OUTRUTS
P A

—
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4.4
External
Memory

Access

Fig. 17

The ROM or PROM shown connected to the PSGin Fig. 17 illustrates
an option for providing additional data information for processor
supporl. The two 1/0 registers within the PSG are used in this casa 1o
address the memory via I'O Port A (B Bits) and read data from the
meamaory via I'O Port B (8 Bits),

An example of the bus control sequence to address and read an
external memory connecied to I'O ports A and B would be as follows
iAssumea Port A addresses and Port B reads):

Bus Codas
Bus Control BDIR BC2 BC1 Explanalion of Bus Data (DAT--DAD)
Latch address 1 1 1 QDDODOA11: Lateh AT to program 1O Porls
Write to P5G 1 1 0 01000000 Set 87, BS 10 0, 1 respectively
Latch address i 1 1 00001110; Latch A1S 10 address miemoary
Wirite 1o PR 1 1 0 OOOO000T: Address data io mamaory
Latch address 1 1 1 00001111 Latch R17T 1o read memary
Read fram PSG i 1 1 EXXXXXEX Mamory data contained in BT

MOTE. BCZ in the ebove Bus Codes may be permanently tied 1o #5% thus
requiring only two bus control lines for all confral operations (relesto
Section 2.3 for a complata explanation)

Also, RAM or EAROM may be used in place of the ROM or PROM
shown by altering the program to use PORT B as an I/'O. Port B then
will be able to write data as an output and read data as an input.

EXTERMNAL MEMORY ACCESS =
PSG
11 Al =
A7, BE=1 .
108 CUTPUT 1A o .
TAz o
A - : 25axH
;\. MEMORY
[ ™ RO or FRDM
1A 2
DA B0 M
IOAE "
(LN A1
[RaT ¥ DATA CHIT
DAz B2 | = | = .
o
A [Zk] E. 5
F--;—
a4 Ba | 212
[has gz | £ | &
Ll 2 a] [H80 ¥
Car B7 B 4
REGISTER 1aes +
FARAY L8] +
[OE -
[mEes 4
AT, B7=q | [OBE *
(08 INPUT) [
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Microprocessor/
Microcomputer
Interface

Fig. 18

In Fig. 18, the lines identified DA7--DAD are the input/output bus bits
7--0. This 8 bit bus is used to pass all data and address information
between the AY-3-8910/8912 and the system processor,

BC1, BC2 and BDIR are bus control signals generated by the
processor to direct all bus operations. These operations are identi-
fied as Latch Address, Write to PSG, Read from PSG, and Inactive.

The following Sections detail specific interfaces to several popular
MiCroprocessors/microcomputers.

MICROPROCESSOR/MICROCOMPUTER INTERFACE m—
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4.6
Interfacing
to the PIC 1650

Fig. 19 shows the schematic of an AY-3-8910 demonstrator circuit.
This configuration uses a PIC 1650 as the main controller in the
circuit. The PIC 1650 is used to scan the keyboard, letch data from
the PROMS, write data to the AY-3-8910 and provide the timing for the
AY-3-8910.

The interfacing is direct since the PIC 1650 and the AY-3-83910
operate with compatible supplies and input/output voltages.

This particular schematic illustrates how a microcomputer with
additional memory can produce a stand-alona music and sound
effects circuit. The circuit as shown operates with manual keyboard
salactions.

As Fig. 19 shows, the design for the interface connects directly to the
output pins of the 1650 and the BC1, BC2, BDIR pins. The software
then has the responsibility of manipulating these signals to signal the
PSG to perform the proper address latch, read or write operations.

The program routine in this section illustrates code which isusedina
hand-held demonstrator unit. This demonstration unit illustrates the
range of PSG capabilities, including music, sound effects and 'O
control. Mote that the generalized routines perform the address
latching before every read for convenience

The "READ ROM" routine illustrates use of the generalized read and
write routines to access the outside world through the PSG to read
and write,

4.6.1 WRITE DATA ROUTINE

aa. MWRITE FROM 1650 TO a81d
41 ADDAESS OF B910 AEG IN "ADDRES
a2 DATA TO WRITE IN "DATA’

83. 024 0ODBSE WHITT MOWAF ADDRES
44 025 1028 WRITE MOVF  ADDRESW GET REGISTER WO

85 026 0045 MOVWE  [Oa SET ADDARESS

a5, D27 1006 RO [0B.W GET PRESENTBC1, BCZ BDIRETEC
847, 030 73T AMDLW 370

84 031 G404 IORLW 4 SET BAR

89 032 0046 MOVWF 108 SEMC BAR

G0 033 7370 AMDLW 370

1. 034 0046 MOVWF [0OB SEMD NACT

G 035 1027 MOVF  DATAMW

O3 036 0045 MOVWE  [0A FUT DATA DN DA PING OF BBE0
B4, 037 1006 MOVF  [OE W

G 040 FaT0 AMDLW 370

BE. 047 BG4lb IDRLW B

47 042 Q026 MOVWF 108 SEMND DWW5

QR 043 7370 ANDLWY 370 SET WP NACT

oo 044 (046 MOVWF 10B SEND MACT

100, 045 4000 RET RETURKW TO CALLING AOUITIME

ar



4 E 46.2 READ DATA ROUTINE
G 51 :ADDAESS OF READ IN REGISTER ‘ADDRES

|II1:EI‘fEII:iII 8 AETER AEAD. INPUT DATA IN REGISTER ‘DATA’'

l] 53 EMTRAMCE READT ASSLMES THAT AEGISTER MU IN W
54

tu thﬂ P"-: Iam 55. 000 DDEE AEADT MOWWF ADDRES BYPASS ADDDRESS STORE

{mnt ] 56. 001 1026 AEAD MOWF  ADDRESW (GET REGISTER MO

&7 002 DDd5 MOVWE  T0A MOVE TO B30 DUA PINS

SB. 003 100G MOVE 10BN JEHET PRESEMT BC1 BCZ2BOIR ETC
5O, 004 G404 IGRLW 4 SET BAR

G0, 005 D048 MOVEF 1I0B SEMD BAR

61. 006 TIrd AMDLYW 370

B2, G0 MG MOWVWF 108 SEND MACT

63 010 G3ITT MOVLW 37T

4. 311 D05 MOWVAF [0 SET FOR INFUT

63 02 100G MO g W

GG @13 T3AT0 ARMDLW 370

7. 4 B403 IORLW 3 SET DTE

BE. M5 DG MOWAE [OB SEND DTH

&2 e 1004 KO [ W

D M7 DoaT MW E DATA SANVE DATA

To020 006 MOVE  IOBW

T2 21 7370 AMDLUW 370

Td 022 4G MOVWE 108 SEMD MALT

T4, 023 4000 RET RETLIAM TO CALLING ROUTINE

4,6.3 READ ROM ROUTINE

106 ADDRESS OF ROM IN W AT ENTRAMCE MNEXRORM

107 ADDRESS OF ROM IN ADMAD AT ENTEANCE ROMRBLD
104

104 INCREMENTS ROMAD AFTEAR READ IF ROM ADDRESS
1 CROSSES 256 BORDER, MAKE UFPER BAMK SELECT 1
it1

112 JUSES Bowd AEG 16 FOR ADDRESS

113 B0 AEG 17 FOR INPUT DATA

114. D46 1030 NEXROM AOWF RORMAD W

115 047 Q06T ROMRED MOVWFE DATA FPLUT ADDARESS

116 D80 BO16 MOVLW 16 'O A ADDRESS

117. 051 00BE MOVWF ADDRES

118, 052 2306 BCF 1086 TURN CrN ACHM

119. 053 4425 CALL WRITE SEND TO I0A

120, 024 12bb INCF ADORES TO IOBE ADCDRESS

121, 08& 4401 CALL REAL GET DATA

122. 036 2706 B5F [0BE TURN QOFF RO

V2d. os 1700 INCFSE ROMAD T WEXT LOGC

124 DED 400D RET

125. DE1 2646 aF [08.5 SET HIGH SELECT

126, DbZ2 <000 RET RETURM TL CALLIMG ROLTINE
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4_? As shown in Fig. 20, the wiring is direct between the AY-3-B810and a

= CP1600/1610 microprocessor. The levels are compatible thus elimi-
In‘tﬂrfﬂ[:ll'lg I[I “IE nating any need for level converters. Even the terminology between
GFIm:’I B“J the |C's remains constant to provide simple-to-follow connections.

The CP1600/1610 acts as a controller in this configuration fetching
data from ROM's contained elsewhere in the system. The CP1600/
1610 also acts as the bus controller developing the necessary timing
for the AY-3-8910.

4.7.1 WRITE DATA ROUTINE
The program necessary to write to a selected register is as follows:

MYI value, RD; move in value to be written
MV RO, Reg; write to register

The routine to load all registers with the same value is as follows:
MVII Reg 0, R4
CLRR RO
Here MVO@ RO, R4
CMPI Reg D + 17, R4
BLT Here

4.7.2 READ DATA ROUTIME
The routine to read from a selected register is as follows:

MYVl Reg, RO; get data from reg in RO
MVO RO, value; store in mamory
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4.8
Interfacing
to the M6800

An MBB00 microprocessor can be interfaced with an AY-3-8910/8812
through the addition of an M6820 PIA chip. The I/O ports designated
as PAD to PAT are used as the 8 bit bus lines and I/0 ports PBO to PB2
are used as the bus control lines, The software routines shown are
used to control the latch address, write data, and read data functions
for the AY-3-B910/8912,

4.8.1 LATCH ADDRESS ROUTINE
AT ENTRY. B HAS ADDRESS VALUE

LATCH CLRA
STAA BOOS ;GET D DIR A
LOAaA #FF
STAA BOO4 .OUTPUTS
LDAA #4
STAA BOOS ;GET PERIFHERAL A
STAB 8004 :FORM ADDH
STAA BOODG
CLRA
STAA 8006 LATCH ADDRESS
RTS :RETURN

4.8.2 WRITE DATA ROUTINE
AT ENTRY, B HAD DATA VALUE

WRITE STAB 8004 ;FORM DATA
LDAA #6 .DWS
STAA 8006
CLRA
STAA BODE 'WRITE DATA
RTS ;RETURN

4.8.3 READ DATA ROUTINE
{AFTER READ, B HAS READ DATA

READ STA A& BOO® :GET D DIR
STA A BDDY INPUTS
LDAA #4
STA A BDOS !GET PERIFHERAL
DECA
S5TA A BOOG READ MODE
LDA B BDDd READ DATA

CLRA
STA A 8006 :REMOVE READ MODE
RTS RETURN

a2
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4.9
Interfacing
to the 8080

S$100 Bus

The sample 5100 bus design provides for reading and writing the
PS50G using only an 8080 “IN" or “OUT" instruction to the proper
address. Another feature of the design is the provision for multiple
P50 devices to be connected to a single bus, The system described is
presantly running two PSG's, one to each of two stereo channels,

As can be seen from the read and write routines in the illustrativea

program, the program overhead necessary to communicata with tha
PSG is minimal

4.9.1 LATCH ADDRESS ROUTINE

PORTADDRA EQU BOH ADDRESS TRAMSFER PORT ADDRESS
FORTDATA EQU B1H DATA TRAMSFER PORT ADDRESS

[THIS ROUTIME WILL TRAMSFER THE COMTENTS OF
8080 REGISTER C TD THE P3G ADDARESS REGISTER
PEGEAR MOV AL GET G IN A FOR OUT
QT PORTEAR SEMD TO ADDRESS PORT
HET

4.9.2 WRITE DATA ROUTINE

‘ADUTINE TO WRITE THE CONTENTS OF B0B0 REGISTER B
TG THE PSG REGISTER SPECIFIED BY 8080 REGISTER C

PSGWRITE CALL PSGBAR GET ADDRESS LATCHED
MOV AR, GET VALLUIE IN A FOR TRHANMSFER
LT PORTDATA PUT TO PSG REGISTER
HET

4.9.3 READ DATA ROUTINE

ROUTINE TO AEAD THE PSG REGISTER SPECIFIED
1BY THE 8080 AEGISTER C AND RETURM THE DATA
N BB REGISTER B

iz'EGREAEI CALL PSGBEAR

I PORTDATA (GET REGISTER DAT#A
MOV B A GET IN TRAMSFER REGISTER
RET

d4
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5.1
Note Generation

MUSIC GENERATION

The production of music involves the creation of series of frequen-
cies which are pleasing to the human ear (setting critical evaluation
aside). This involves essentially mathematical relationships, making
the application ideal for digital devices. For example, the shifting up
or down in octaves is a multiplication or division by a power of 2,
which is a simple shift operation for most microprocessors,

Another factor in music generation is "communication™. The com-
poser must be able to convey his tune ideas so that a musician or
group of musicians can reproduce the composear's ideas—often on
widely differing instruments, This concept involves “tuning” the
instruments to a standard set of frequencies and following a set
rhythm pattern. The tuning frequency most widely used is based on
the third octave note "A" of 440Hz, the "Equal Tempered Chromatic
Scale”

Although it is easy to construct recognizable tunes using only one
note at a time, the simultaneous sounding of more than one note to
produce chords and counterpoint vastly increases the quality of the
sound. This feature is easily achieved in the PSG since three
channels are provided. each independently programmable,

Since notes are formed by sustaining a particular frequency for a
preset period of time at a varying amplitude, the PSG performs this
function with a series of simple register loads. The method used in
many cases is to obtain register load values for first octave notes and
to shift to the correct octave at playtime,

The chart in Fig. 23 lists a full 8 octaves of notes from a low of C1
(32, 703Hz) to a high of B8 (7902.080Hz). Assuming an input clack
frequency of 1.7B977MHz (one half the standard “color” crystal
frequency of 3.579545MHz). and applying the formulas of Section 3.1
for calculating Tone Period register load values, results in the
register values shown., The nature of the PSG divider scheme
produces a high degree of accuracy for low frequencies, less for high
frequencies. This can be seen in the chart in the comparison of “ideal
frequencies” and “actual frequencies”, with the ideal frequencies
being those of the Equal Tempered Chromatic Scale, and the actual
frequencies being the “best fit" values from the formula calculation

A
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9.2
Tune Entry/
Playback

5.3
Tune Variations

One of the methods of entering a composition into a computer
memory would be to ulilize a keyboard to pass number and
alphabetic information concarning the composer's wishes. An alter-
nate method would be to scan a positional series of switches (like a
piang keyboard) to determing note, volume and duration data.

Since flexibility in tune entry is desired, it is important to allow the
composer to specify certain constants of entry such as octave, pitch
or tempo, and have these enfries normalized to a known value

One of the significant features of a microcomputer based music
player i1s the ability to modify the tune once it has been recorded,
Among the simpler variations are:

5.3.1 OCTAVE SHIFT

If an octave constant is added to the octave of the recorded note prior
to storing the value in the PSG register, dynamic pitch changes can
be cbtained. The programming effect would be to shift one bit left for
each lower octave and one bit right tor each higher octave. For
example, the effect will be that a tune written to play on a piano will
sound like bells if a multiple octave up modification is performed.

5.3.2 KEY

Onea measure of the virtuosity of a musician is his ability to modify the
"key" or suboctave shift of a composition. The logical description of
key transposition is to shift each note up or down by a predetarmined
number of notes from the original. For example, a piece written in C
and played in C# would have all C notes shifted to C#, C# shifted to D,
etc. (Mote that the case must be considered where B of one octave is
shifted to C of the next higher octave.) All of these operations require
that the one of twelve note identification must be retained in the
recorded representation.

5.3.3 TEMPOD

The duration of each recorded note is best expressed in terms of
“ticks"” of an overall “tempo clock”. At playtime, the tatal duration can
be obtained by programatically multiplying the individual note to
“slow down” or “speed up” the tune without changing the crucial time
relationship belween the notes. This can be accomplished by
imbedding the note timing loops within the tempo timing loops for
simple operation.
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Fig. 24

5.3.4 CHORDS

There are certain combinations of notes which when played simul-
taneously produce pleasant combinations. These “chords” can be
easily formed from a base note by performing octave and key
changes on two notes, which are played with the main note. These
relationships are illustrated in Fig. 24, which lists the various note
constants which will produce musical chords. A chord with a
particular quality may be tormed by playing its root, a 3rd Minor or
Major, and other notes from the chord chart. For example, a C Major
chord is formed from C(=2), E(=2), and G{+2).
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5.4
Sound Variation

5.4.1 RELATIVE CHANNEL VOLUME

The independently programmable amplitude control for each chan-
nel allows up to 16 levels if using the processor controlled amplitude
mode [(bit 4 of registers 10, 11 or 12=0). In the case of a
decaying or steady note, when anota is played or “fired"”, a frequency
may be set up in the coarse and fine tune registers and then an
amplitude value placed in the respective register 10, 11 or 12. The
value which is placed to play the tune can be an independent
variable, allowing channels to play their respective melody lines with
varying force.

5.4.2 DECAY

The main difference between a “piano” sound and an “organ” sound
is the spead with which the note loses volume. If all of the notes can be
decayed at a uniform rate, the automatic envelope generator can be
set to produce a decaying waveform. Each of the three channels can
have the same decay constant but differing playing times to simulate
the same instrument with differing note-strike times.

5.4.3 OTHER EFFECTS

The addition of variable noise to any or all of the channels can
produce modification effects such “breathing” with a wind instru-
mant. Or noise can be used alona to produce a drum rhythm, The fact
that the noise dominant frequencies ara vanable allows “synthasizar”
type effects with simple processor interaction.

Other pleasing effects include vibrato and tremolo, the cyclical
variation of the frequency and volume. Because an intelligent
microprocessor is controlling the effect, they can be all keved to the
tune itself or to other external stimuli,
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5.5
Applications

Fig. 25

e e R S N S

While many applications of the PSG in music generation are
apparent, for instance in the area of toys and gamaes, other applica-
tions are possible even in the area of high accuracy sophisticated
musical instruments such as high-end electronic organs. With tone
frequencies generated from another source to meet the exacting
requirements of organ operation, the PSG can be used as a complex
envelope generator. The PSG is also effective for generating bass
notes and rhythms with percussion instruments, taking advantage of
the PSG's high accuracy in producing low frequency notes. The
following paragraphs detail examples of these applications.

551 ORGAN ENVELOPE GENERATION

The envelope generation diagram shown in Fig. 25 illustrates how an
AY-3-8910 can be configured to produce envelopas for organ
vaicing. All functions are controlled by a microcomputer.

The basis of this system consgists of a master frequency genarator
with a string of dividers. This produces all frequencies for the
keyboard. The microcomputer and the AY-3-8310 are actually used
to replace the usual components of voicing filters that would
ordinarily be used in an electronic organ.

The microcomputer shown is a G PIC 16850 controlled by inputs from
the keyboard keyer circuit and a control switch matrix The keyer
inputs octave and key closure information to develop the envelope
amplitude and duration for the note to be played. The control switch
matrix can be used to control sustain and add other special effects
The AROM shown connected to the AY-3-8210 is optional depenging
an the amount of data necessary for the microcomputer.

The system shown here may also consist of multiple AY-3-8070's, all
controlled by a single microcomputer, It represents an economical
solution to developing voicing contrel with a minimum of compo-
nents.

ORGAN ENVELOPE GENERATIOUN

HEYER CIRCLIT

X .
sEY CLOSUAE A%D FRECILIE RS
OCTAYVE INFOIRMATION ride b
L.

TIKTROL
SWITLEH
WATHIE

51




5.5
Applications
(cont.)

5.5.2 ORGAN RHYTHM GEMNERATION

The rhythm generation diagram (Fig. 28) illustrates a simplified
varsion of how a microcomputer can be implemented with the AY-3-
BY10 to provide a percussion instrument section for an electronic
organ

The microcomputer used in this case could be a Gl PIC 1650 which
can be internally programmed to drive a series of AY-3-8910's, all
hardwired to an /'O port of the PIC. Each AY-3-8910 provides a
separate output envelope and frequency of the instrument it is to
synthesize,

The Rhythm Switch Matrix is used to select any preprogrammed
rhythm pattern and tempo from the PIC. The Instrument Select
switches allow manual infout selection of the B910's via the AB and AQ
address lines providing additional instrument sound variations
These switches are intended to be user-selected and mounted in a
convenient position on the instrument.

In addition, optional ROMs could be added to the PSG I/O ports,
saving microcomputer ports, to provide extra rhythm length or
number of patterns. These ROMs could also be replaced by EAROMs
to provide user rhythm programming from a modified Rhythm Switch
Matrix. The programmable rhythm feature could be used to add new
or original user rhythms to update the instrument,

I"-lg' 26 OAGAN AHYTHM GENERATION - ——
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6 SOUND EFFECTS GENERATION

One of the main uses of the PSG is to produce non-musical sound
effects to accompany visual action or as a feature in itself. The
following sections outline techniques and provide actual examples of
some popular effects. All examples are based on a 1.7887TMHz PSG

clock.

6_1 Many effects are possible using only the tone generation capability of
the PSG without adding noise and without using the PSG's envelope
Tone nnly generation capability. Examples of this type of effect would include

Eﬂ [:ts telephone tone frequencies (two distinct frequencies produced
€ simultaneously) or the European Siren effect listed in Fig. 27 (two

distinct frequencies sequentially produced)

Fig. 27 EUROPEAN SIREN SOUND EFFECT CHART ——

Cclal
Registar & Load Value Explanation
any not specified 00D —
Rl 3?5& Set Channel A Tone penod to 2.27Tms
=3 000 [ddDHz]
RT Oré Enable Tone only on Channal & anly
B o1F Select maximum amplitude on Channel A
{ Wadl approsimalely 350ms betore continuing |
Al 126 St Channel & Tone paricd to 5 346ms
A1 oo [1BTHZ].
{ Wait approximately 350ms before continwing f
R10 000 Turn off Channal A to end sound aflect.

T —eme—————— e e o S e SR S e
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6.2
Noise Only
Effects

Fig. 28

Fig. 29

Su_ma of the more commonly required sounds require only the use of
noise and the envelope generator (or processor control of channel
anvelope if other channels are using the envelope generator).

Examples of this, which can be seen in Figs. 28 and 29, are gunshot
and explosion. In both cases pure noise is used with a decaying
envelope. In the examples shown the only changes are in the length
of the envelope as modified by the coarse tune register and in the
noise period. Note that a significantly lower explosion can be
obtained by using all three channels operating with the same
parameters.

GUNSHOT SOUND EFFECT CHART meesssssssssssssssssssssss—"m

Octal
Register & Load Value Explanation
Any not specified 000 —

A& oy Set Moise period 1o mid-value.

R? onr Enable Moisa only on Channels A,B,C
:::E' E% Selact full amplitude range under direc
fqD 020 contrel of Envelope Generator

A4 D20 St Envedoge pericd to 0586 seconds
R15 non Select Envelope "decay”, omne Cyche only

EXPLOSION SOUND EFFECT CHART m———————

Ohetal
Regizber ¥ Load Value Explanation
&ny not spacified i) -
R& 000 Sat Nolze period to mas. valee.
RY 00T Enable Moise only, on Channels A B,C.
A1
F|1? g!;g Sebect full amplitude range undar
Ai3 030 direct control of Envelope Generator.
R4 a7 Se1 Envelope period to 2.05 seconds.
A1& ] Sakect Envelope “decay”, one cycla only.
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E'3 The Laser, Whistling Bomb, Wolf Whistle, and Race Car sounds in
. Figs. 30 thru 33 all utilize frequency sweeping effects, |n all cases
Frequﬂn[:'g they involve the increasing or decreasing of the values in the lone

period registers with variable start, end, and time between frequency
S’HEEH Eﬁﬂm changes. For example, the sweep speed of the Laser is much more

rapid than the high gear accelerate in the race car, yet both use the
same computer routine with differing parameters.

Other easily achievable results include “doppler” and noise sweep
effects. The sweeping of the noise clocking register (R6) produces a
“doppler” effect which seems well suited for "space war type games.

Fig. 30 LASER SOUND EFFECT CH A R T o —

Oeial
Register # Load Valuse Explanaiion
Any not apecified 000 —
RT orG Enable Tone anly an Channel & only
=R 1] o7 Select maximum amplitude on Channel A.
Sweep effect for Channel A Tone period
RO 080 (start) vif & processor [esop with approsimataly
RO 160 {end) Am% wait time between sach siepg from 060
to 160 (04 2Bmas/Z330HZ to 1.0ma 1000Hz )
10 oo Turn ot Channel A to end sound effect

Fig. 31 WHISTLING BOMB SOUND EFFECT CHART e ———

Octal
Raglster # Load Value Explanation
Any not specified 000 -_
RY 076 Enable Tone only on Channel & only
A10 ik Selec! maximum amplitude on Channael A.
Sweep allect fof Channel A Tone penod via
[=1H] DED (start) a processor loop with Bpproximately 25ms
RO 300 (end) wail time between egch step from 060 to 300

{0,420/ 2330Hz to 1.72ms/S82Hz)
After above loop is completed, follow with sequence in Fig. 28
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6_4 Because of the independent architecture of the PSG, many rather
complex effects are possible without burdening the processor. For
Mu Iﬂ—nlla‘“nﬂl example, the Wolf Whistle effect in Fig. 32 shows two channels in use
Eﬂ I o add constant breath hissing noise to the three concenirated
EGIS frequency sweeps of the whistle. Once the noise is put on the
channel, the processor only need be concernad with the frequency
sweep operation

Fig. 32 WOLF WHISTLE SOUND EFFECT CHART se———

Octal
Register # Load Yalus Explanation
Any not specifiad Q0 —

A& D01 Sel Moise penod 1o minimum value,

A7 056 Enable Tone on Channel A, Noise on Channe B,
R10 o7 Selest maximurn amplitede on Channel &,
R11 D1t el lower amplitude on Chanmel B

Sweep ellect lor Channel & Tone perlod viaa

RO 100 {starl) | processor loop wilh approximately 12ms

=11] D40 I:Er'ld:l wail time balween aach step fram 100 10 040

(0.572ms/1T4BHz to 0.2BEm=/3496Hz)
{ Wait approximalely 150ms bafore continuing |
A processor loop with approximately 25ms

RO 100 {=tart)

wall time between each step from 100 1o 060
RO 080 {end) | 4 573ma/1748Hz to 0.420ms/Z331Hz)

A processor loop with approximataly Gms
EE ﬁ1§:&| wail fime between each step from 060 to

150 {0 428ms/Z331Hz to 0.830msA0TEHzZ)
E:? % } Turn off Chanmels & and B {0 end effect

Fig. 33 RACE CAR SOUND EFFECT (CH A R T

Oetal
Regisier i Losd Value Explanation
Any nol specified 0aa -
R ;T Sat Channel B Tone pariod 1o 34,33ms (28Hz)
R7 074 Enabla Tones only on Channels A and B
A0 a7 Salect maximum amplifude on Ghannel A,
A1 a2 Salect lower amplitude an Channel B.
Sweep effect for Channel & Tone penod via
*A1/A0 012000 (start) | a processor loop with approximately 3ma wait
*H1/A0 04,000 (end) | lime bebwesn each step from 013000 to

004000 {25 17Tme 38 THE to 8.15ms 108.3Hz).
) A processor loop with approximately 3ms
A1/A0 011/000 {stan) [ wait time between each step from 091,000 to

A1/R0 003/000 (end) | nogi000 120 6me 48 5Hz to 6.87Tms/ 145 6Hz),
& processor loop with approximataly éms
E:":E ﬁ“%ﬁﬁ:;‘ wait tima batwean each step from D0E000 Lo
' ' 000000 (13, T2Ims/T2 BHE to 2. 20mE456 THE),
E:E‘ T|_|rn off Channels A and B 10 end affect

* Dacrement R17R0 as a whole number, e.q. start ai 09.3:000, then 0125377
then 0127378, &
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1.1
Maximum
Ratings

1.2
Standard
Conditions

7.3
DC
Characteristics

Fig. 34

Fig. 35

ELECTRICAL SPECIFICATIONS

38 to +150°
0°C to +40° C

Storage Temperature . .........cccoeuieiainans
Dperating Temperatur . .......ccocucevans
Voo and all other input and output

voltages with respect to Ves .. ....... oo — 03V 1o +B.0V

Exceading these ralings cowld cause parmanant damage 10 hese devices
Functional operation at these conditians is nod implied — apérating candilions
are specified below

U[‘;r‘; — _Ellhlr 1 Eu"iil
"n'lﬂ_ﬂ;—' GND
Operating temperature: 0°C to +40°C

Characteristic Sym | Min, [ Typ. ™| Max. | Units Conditions
All Inpuis
Logic “0" Vi i — 0.6 )
Logic "1" Vi | 2.4 s Ve W
All Oulputs {except
Analog Channel Oulpuls)
Lowgic 0" Ve | D 0.5 W Ll =186 moy, 20pF
Logic “1" Vo | 2.4 Voo | V| Low="100wA, 20pF
fAnalog Channel Dutputs Wo | D 60 | dB | Test circuit: Fig. 34
Power Supply Current Lce 45 75 | mA

*Typical valuas are at +25°C and nominal vollages.

ANALOG CHANKEL OUTPUT TEST CIRCUIT e —
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AC
Characteristics

Fig

36

Characteristic Sym | Min, | Typ.® |Max, | Units | Gonditions
Clock Input
Fraguancy fe 1.0 2.0 | MHz
Rise time t; - &0 ns
Fall timae b &0 ns g
Duty Cycle 25 | 50 |75 | 3 s
Bus Signals (BDIR, BC2, BC1)
Agsociative Delay Time lac _ — 20 nes
Aesel
El_a_.-na.; Puilgs Width tow |500| — | — | P8 jL Fig. 37
Resat to Bus Contral Deley Time taa | 100 — = rs
A3, AB, DAT--DAD (Address Mode)
Address Setup Time fag 400 | — — ns FF"; 36
Address Hold Tims fap | 100 — — ns :
DAT--DAD (Write Mode)
Write Data Pulss Width bpw | 500 | — I':ll:l:lur ns
Write Data Setup Tima tps By — i nis |F|g_ 34
Write Data Hold Time toie | 00| — — ng
DAT--DAD (Read Moda)
Read Data Access Time tos _— o0 | BOO ns
DAT--DAD {Inactive Mode) } Fig. 40
Tristate Delay Time frs | — | 100 |200 ] ns

* Typical values are at 25°C and nominal voliages

CLOCK AND BUS SIGHNAL TIMING
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Fig. 38

Fig. 39

Fig. 40

[ s e = e e e e e e

LATCH ADDRESS TIMING

© pus ’ -
COMTROL DOH'T CARE % AATEN, % DONT CARE
DECODE
f— gy i oy E—
B5_ AR PREVICUS e
L 7Dl ETATE ADDRES
P BUS COMTROL *aMY COMBINATION OF DR, BC2, B0
B SIGNALS CHANGING WHICH DECODE “LATCH ADDRESS
—-l I-.— 5 e MAR, INCLUDING SEEW BOWR B2 BO
a o

*SREFER TO PARAGRAFPH 2.1.1 ar 1 G @
FOR & DESCRIPTION OF af 4 A
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WRITE DATA TIMING
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READ DATA TIMING
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1.5
Package Outlines

Fig. 41 40 LEAD DUAL IN LINE PACKAGES (for AY-3-B910) mee—

SR Nl W W W B B e B W

- L i
'.I"Z."_i'..'i_ii.._.'.'T.":'Z.".:".IT._'_.'.\,.I"__I'..':_.';;'__II .
— BT BT
_ <l
e L} —
B | e ﬁ | r’ L
- || f - 1 |- 1I_|- __#_ d e o - _-L
I R . -:ij "
o L -g.|______‘ L = B o I
b - =
PLASTIC
nn I I [ [ |
| I
:ﬁt ‘ __._..,._HI ‘
-
T T T T L T T !
W
= i

r.

]
ST :".:::,.[': —:']
(YVTTT l.|||.t|,l"|| .

ir




Fig. 42 28 LEAD DUAL IN LINE PACKAGES (for AY-3-B912) —
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