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AY-3-8910 AY-3-8912

Programmable Sound Generator

FEATURES

O Full software control of sound generation.

O Interfaces to most 8-bit and 16-bit microprocessors.
O Three independently programmed analog outputs.
O Two 8-bit general purpose 1/0 ports (AY-3-8910).
O One 8-bit general purpose I/0O port (AY-3-8912).

O Single +5 Volt Supply.

DESCRIPTION

The AY-3-8910/8912 Programmable Sound Generator (PSG) is a
Large Scale Integrated Circuit which can produce a wide variety of
complex sounds under software control. The AY-3-8910/8912 is
manufactured in GI's N-Channel lon Implant Process. Operation
requires a single 5V power supply, a TTL compatible clock, and a
microprocessor controller such as the Gl 16-bit CP1600/1610 or one
of GlI's PIC 1650 series of 8-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 generation, audible alarms, tone signalling and FSK modems.
The analog sound outputs can each provide 4 bits of logarithmic
digital to analog conversion, greatly enhancing the dynamic range of
the sounds produced.

In order to perform sound effects while allowing the processor to
continue its other tasks, the PSG can continue to produce sound
after the initial commands have been given by the control processor.
The fact that realistic sound production often involves 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 external circuitry. Since the frequency response of
the PSG ranges from sub-audible at its lowest frequency to post-
audible at its highest frequency, there are few sounds which are
beyond reproduction with only the simplest electrical connections.

Since most applications of a microprocessor/PSG system would also
require interfacing between the outside world and the microproces-
sor. this facility has been designed into the PSG. The AY-3-8910 has
two general purpose 8-bit I/0 ports and is supplied in a 40 lead
package: the AY-3-8912 has one port and 28 leads.

PIN FUNCTIONS
DA7--DAO (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 to send both data and addresses to the PSG and to
receive data from the PSG. In the data mode, DA7--DAQ correspond
to Register Array bits B7--B0. In the address mode, DA3--DAO select
the register # (0--17s) and DA7--DA4 in conjunction with address
inputs A9 and A8 form the high order address (chip select).

A8 (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 enable the position-
ing of the PSG (assigning a 16 word memory space) in a total 1,024
word memory area rather than in a 256 word memory area as defined
by address bits DA7--DAO 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 (A9) or pull-up (A8)
resistor. In “noisy” environments, however, it is recommended that
A9 and A8 be tied to an external ground and +5V, respectively, if they
are not to be used.

PIN CONFIGURATIONS
40 LEAD DUAL IN LINE

AY-3-8910
Top View
Vss (GND) o1~ 40[3 Vee (45V)

NT. [12 39 TEST 1

ANALOG CHANNEL B (3 380 ANALOG CHANNEL C

ANALOG CHANNEL A []4 370 DAO
N.C. O5 36 [0 DA1
10B7 6 351 DA2
1086 7 340 DA3
10B5 8 33[] DA4
10B4 9 32[] DAS
1I0B3 [ 10 310 DA6
10B2 O 11 303 DA7
10B1 12 29[ BC1
10B0 (] 13 281 BC2
I0A7 14 270 BDIR
10A6 [ 15 261 TEST 2
I0A5 [ 16 2507 A8
10A4 Q17 240 A9
IOA3 ] 18 23] RESET
I0A2 19 221 CLOCK
I0A1 20 213 IOA0

28 LEAD DUAL IN LINE

AY-3-8912
Top View /L
ANALOG CHANNEL C C{e1 =~  28P DAO - /0 A
TEST1 2 27 N DAY
Vee (+5V) O3 26 [0 DA2 —
ANALOG CHANNEL B (] 4 250 DA3 —
ANALOG CHANNEL A 5 247 DA4 -
Vss (GND) ] 6 230 DA5 _
OA7% 07 22[] DA6 __
\% Os 210 DA7 —
1045 09 200 BC1 —
1044 10 19 BE
I0A3 [ 11 180 BDIR —
JOA2 ] 12 170 A8
10A1\ [ 13 160 RESET —
/IOAO i 14 150 CLOCK

ADDRESS
INPUT

MICROPROCESSOR/ MEMORY

MICROCOMPUTER

DATA
PSG ouTPUT

BUS CONTROL

ANALOG
OUTPUTS

SYSTEM SoSo
CLOCK AMPLIFIER
GENERATOR

Fig. 1 SYSTEM BLOCK DIAGRAM
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RESET (input): pin 23 (AY-3-8910)

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

CLOCK (input): pin 22 (AY-3-8910)

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)

pins 18,19,20 (AY-3-8912)
Bus DIRection, Bus Control 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 onI/0 lines of the processor. The
PSG decodes these signals as illustrated in the following:

£ 805 _creow PSG

@ @ 8 FUNCTION FUNCTION

s ) NACT  INACTIVE. See 010 (IAB) below.

2w 1 ADAR  LATCH ADDRESS. See 111 (INTAK) below.

e B 1AB INACTIVE. The PSG/CPU bus is inactive. DA7--DAO

are in a high impedance state.

0 ads DTB READ FROM PSG. This signal causes the contents
of the register which is currently addressed to
appear on the PSG/CPU bus. DA7--DAO are in the
output mode.

9 0 BAR LATCH ADDRESS. See 111 (INTAK) below.

. aady S DW INACTIVE. See 010 (IAB) above.

| g, AR ) DWS WRITE TO PSG. This signal indicates that the bus

contains register data which should be latched into
the currently addressed register. DA7--DAO are in
the input mode.

G INTAK LATCH ADDRESS. This signal indicates that the bus
contains a register address which should be latched
in the PSG. DA7--DAO are in the input mode.

While interfacing to a processor other than the CP1600 would simply
require simulating the above decoding, the redundancies in the PSG
functions vs. bus control signals can be used to advantage in that
only four of the eight 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 to

+5V):

e . PSG
3 g g FUNCTION BOIR

0 1 0 INACTIVE. — FROM .s—ac2

B T AEATREHIM PR~ - PADLEES00

1 1 0 WRITE TO PSG. —

1 1 1 LATCH ADDRESS.

ANALOG 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.

IOA7--I0AO0 (input/output): pins 14--21 (AY-3-8910)
pins 7--14 (AY-3-8912)
10B7--10B0 (input/output): pins 6--13 (AY-3-8910)
(not provided on AY-3-8912)
Input/Output A7--A0, B7--B0
Each of these two parallel input/output ports provides 8 bits of
parallel data to/from the PSG/CPU bus from/to any external devices
connected to the IOA or IOB pins. Each pin is provided with an on-
chip pull-up resistor, so 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 input bit.
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 leftopen—do
not use as tie-points.

Vee: pin 40 (AY-3-8910)
pin 3 (AY-3-8912)
Nominal +5Volt power supply to the PSG.
Vss: pin 1 (AY-3-8910)
pin 6 (AY-3-8912)
Ground reference for the PSG

ARCHITECTURE

The AY-3-8910/8912 is a register oriented Programmable Sound
Generator (PSG). Communication between the processor and the
PSG is based on the concept of memory-mapped 1/0. Control
commands are issued to the PSG by writing to 16 memory-mapped
registers. Each of the 16 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 freeing the
system processor for other tasks.

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
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 A8 and A9) are decoded as follows:

*2A9 | A8 | DA7|DA6|DA5|DA4|DA3|DA2|DA1|DAO| * A9 is

not provided
of1]o0]Jofofjo]0ofO0fO]O] ontheAv-38912

THRU

[0 JoJoJoJo+Jr]1["]
HIGH LOW
ORDER ORDER

(Chip Select) (Register #)

The four low order address bits select one of the 16 registers (RO--
R17s). The six high order address bits function as “chip selects” to
control the tri-state bidirectional buffers (when the high order
address bits are “incorrect”, the bidirectional buffers are forced to a
high impedance state). High order address bits A9 A8 are fixed in 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
factory mask modification. Unless otherwise specified, address bits
DA7--DA4 are programmed to recognize only a 0000 code. A valid
high order address latches the register address (the low order 4 bits)
in the Register Address Latch/Decoder block. A latched address will
remain valid until the receipt of a new address, enabling multiple
reads and writes of the same register contents without the need for
redundant re-addressing.

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.

SOUND GENERATING BLOCKS

The basic blocks in the PSG which produce the programmed sounds
include: g
Tone Generators produce the basic square wave tone frequen-
cies for each channel (A,B,C)

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).

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 Generator.

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

the three D/A Converters each produce up to
a 16 level output signal as determined by the
Amplitude Control.

Noise Generator

Amplitude Control

D/A Converters

1/0 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 two I/O 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 PSG.
Data to/from the CPU bus may be read/written to either of two 8-bit
/O Ports without affecting any other function of the PSG. The 1/0
Ports are TTL-compatible and are provided with internal pull-ups on
each pin. Both Ports are available on the AY-3-8910; only I/O Port Ais
available on the AY-3-8912.
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OPERATION

Since all functions of the PSG are controlled by the host processor
via a series of register loads, a detailed 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 sequence listed:

Operation Registers Function
Tone Generator Control RO--R5 Program tone periods.
Noise Generator Control R6 Program noise period.
Mixer Control R7 Enable tone and/or noise

on selected channels.
R10--R12  Select “fixed" or “envelope-

variable” amplitudes.
Envelope Generator R13--R15  Program envelope period
Control and select envelope pattern

Amplitude Control

Tone Generator Control
(Registers RO, R1, R2, R3, R4, R5)

The frequency of each square 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 PSG by combining the
contents of the relative Coarse and Fine Tune registers, as illustrated
in the following:

Coarse Tune Fine Tune
Register Channel Register

R1 < A RO

R3 B R2

RS (o] R4

[7]s6]85] 4] B3] B2]B1]EO0] [87] 868584 B3]B2]B1]BO]

NOT
USED

[tP11[te1o] Tra [ TPe [ 1P7 [ TPe [ Tes [ Tra[ Tpa | P2 | TPt | TPo]

12-bit Tone Period (TP) to Tone Generator

Noise Generator Control
(Register R6)

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 R6, as
illustrated in the following:

Noise Period

Register R6
(7 [ 6 [Bs [ maesee]e1[e0]
NOT 5-bit Noise Period (NP)
USED to Noise Generator

Mixer Control-I/0O Enable
(Register R7)

Register 7 is a multi-function Enable register which controls the
three Noise/Tone Mixers and the two general purpose 1/0 Ports.

The Mixers, 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 frequencies on each
channel is made by the state of bits B5--B0 of R7.

The direction (input or output ) of the two general purpose 1/0 Ports
(IOA and IOB) is determined by the state of bits B7 and B6 of R7.

These functions are illustrated in the following:

Mixer Control-I/O Enable
Register R7

La7las]aslealaslszlenlso]

e

Function Input Enable

voport: | B [ A

Tone Enable

e HES T

Function Noise Enable
Channel C I B [ A

Amplitude Control
(Registers R10, R11, R12)

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

Amplitude Control

Register # Channel
R10 A
R11 B
R12 (o}

[87]e6 [5]B4[B3]B2]B1] B0

B

(7]

amplitude 4-bit “fixed”
“Mode" amplitude Level.

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
envelope can be varied using register R15. The following paragraphs
explain the details of the envelope control functions, describing first
the envelope period control and then the envelope shape/cycle
control.

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, then by further counting down
the result by the programmed 16-bit Envelope Period value. This
16-bit value is obtained in the PSG by combining the contents of the
Envelope Coarse and Fine Tune registers, as illustrated in the
following:

Envelope Envelope
Coarse Tune Fine Tune
Register R14 Register R13
87|86 85 [84]83]B2] 81RO [B7IBGIBS]EMIBJ]B2IBIIBO

IEms[Epulema]emz[em|]EP10] epo [ eps [ er7 [ ers [eps [era [ era [er2 e Jero]

16-bit Envelope Period (EP)
to Envelope Generator

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
defined by its 4-bit counter output, E3 E2 E1 E0Q. The particular shape
and cycle pattern of any desired envelope is accomplished 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 shape/cycle 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 Shape/Cycle
Control Register (R15)

LB?IBGIBSIB“IBGIB?IB1180]

Functi
‘,—/
NOT Hold
USED
Alternate To
Envelope

Attack Generator
Continue
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R15 BITS
B3 B2 B1 BO
A
c L
o 3
N| A|E
TR EE
I| T| N[ H
N|lA|lA|O GRAPHIC REPRESENTATION
u|lc| T| L OF ENVELOPE GENERATOR
E|K| E|D OUTPUT E3 E2 E1 EO.

/%k/

See Fig. 4 for detail
5% 9

i EF"F‘v EP IS THE ENVELOPE PERIOD
(DURATION OF ONE CYCLE)

Fig. 3 ENVELOPE SHAPE/CYCLE OPERATION

NORMALIZED
VOLTAGE
15 15
1V ™~ —
NOTE: THIS IS THE ENVELOPE
ONLY—NOISE AND TONES
ARE DISABLED
14
707V -

5V -

DECIMAL VALUE
OF E3E2 E1 EO

303V -

25V -

1515V =

125V |-

EP EP ,
(1/1) (1/fe)

EP=ENVELOPE PERIOD

Fig. 5 D/A CONVERTER OUTPUT

GRAPHIC REPRESENTATION OF 1
THE DECIMAL VALUES OF THE
13 ENVELOPE GENERATOR 3
OUTPUT E3 E2 E1 EO 12

e e R R
(1) (1)

Fig. 4 DETAIL OF TWO CYCLES OF Fig. 3
(ref. waveform “1010” in Fig. 3)

I/0 Port Data Store
(Registers R16, R17)

Registers R16 and R17 function as intermediate data storage regis-
ters between the PSG/CPU data bus (DA0--DA7) and the two I/O
ports (IOA7--I0OA0 and I0OB7--I0B0). Both ports are available in the
AY-3-8910; only I/0O Port A is available in the AY-3-8912. Using
registers R16 and R17 for the transfer of I/O data has no effect at all
on sound generation.

D/A Converter Operation

Since the primary use of the PSG is to produce sound for the highly
imperfect amplitude detection mechanism of the human ear, the D/A
conversion is performed in logarithmic steps with a normalized
voltage range of from 0 to 1 Volt. The specific amplitude control of
each of the three D/A Converters isaccomplished by the three sets of
4-bit outputs of the Amplitude Control block, while the Mixer outputs
provide the base signal frequency (Noise and/or Tone).

Fig. 6 SINGLE TONE WITH ENVELOPE SHAPE/CYCLE
PATTERN 1010

f ~ ! - A
Ay [ ey [
~ | b\F :hbb\F

- - - -

Fig. 7 MIXTURE OF THREE TONES
WITH FIXED AMPLITUDES
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ELECTRICAL CHARACTERISTICS

Maximum Ratlngs*

Storage Temperature ...........coeveeieiaraconronsaesacsoces
Operating Temperature .........co.ceeeeeneeestonsarescocsncnenns 0°C to +40°C

Vee and all other input/output

—55°C to +150°C

*

Exceeding these ratings could cause
permanent damage. Functional operation of
this device at these conditions is not

voltages with respect to Vss ........covvviiiiiiiiiiiiiiaiiann, —0.3V to +8.0V implied—operating ranges are specified
below.
Standard Conditions (unless otherwise noted)
Vcc=+5V +5%
Vss=GND
Operating Temperature=0°C to +40°C
Characteristics Sym Min Typ** Max Units Conditions
DC CHARACTERISTICS
All Inputs
Logic “0” Vi 0 — 0.6 v
Logic “1” Vin 24 — Vee \'
All Outputs (except
Analog Channel Outputs)
Logic “0” VoL 0 — 0.5 \' Io.=1.6mA, 20pF
Logic::1’ Von 2.4 —_ Vee Vv Ion=100uA, 20pF
Analog Channel Outputs Vo 0 — 60 dB Test circuit: Fig. 8
Power Supply Current Icc — 45 75 mA
AC CHARACTERISTICS
Clock Input
Frequency fc 1.0 — 2.0 MHz
Rise Time tr - - 50 ns
Fall Time te — — 50 ns Fia. 9
Duty Cycle o 25 50 75 % g
Bus Signals (BDIR, BC2, BC1)
Associative Delay Time teo — — 50 ns
Reset
Reset Pulse Width taw 500 — - ns } Fia. 10
Reset to Bus Control Delay Time tre 100 — — ns 9
A9, A8, DA7--DAO (Address Mode)
Address Setup Time tas 400 — — ns Fia. 11
Address Hold Time tan 100 = - ns 9
DA7--DAO (Write Mode)
Write Data Pulse Width tow 500 — 10,000 ns
Write Data Setup Time tos 50 — — ns Fig. 12
Write Data Hold Time ton 100 — — ns
DA7--DAO (Read Mode)
Read Data Access Time toa — 250 500 ns
DA7--DAO (Inactive Mode) Fig. 13
Tristate Delay Time trs —_ 100 200 ns
**Typical values are at +25°C and nominal voltages.
R

ANALOG
CHANNEL
OUTPUT

o e O
= °

(OP AMP MUST NOT SATURATE)

Fig. 8 ANALOG CHANNEL OUTPUT TEST CIRCUIT
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1/fe

Fig. 9 CLOCK AND BUS SIGNAL TIMING

P Vin
BDIR/
BC2/BC1
Vi
— tso p—
Vi
BDIR/
BC2/BC1
Vi
b.

BUS

CONTROL NACT

VALID BUS SIGNAL

DECODE

r— tpg

f— tay —

RESET

BUS CONTROL
SIGNALS CHANGING

50 ns MAX.,
INCLUDING SKEW.

%

vl

Fig. 10 RESET TIMING

Viu

Vie

BUS

CONTROL
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Semiconductor Special Report

Software-controlled sound IC
gives ‘command performance’

usic and microprocessors usually don’t mix—too

much valuable time is wasted when a uP has to
produce the music or sound effects for electronic
games and musical instruments. But turn the job over
to an LSI programmable sound generator, and you’ll
get software-produced sounds without constant atten-
tion from the processor.

Steven Burstein, Senior MOS Design Engineer, Tom
Mariner, Software Consultant, and John Wunner, Group
Director, Communications, General Instrument Corp.,
Microelectronics, 600 West John St., Hicksville, NY 11802.

You do it by letting uP commands direct the
sound-creating circuits of a General Instrument
AY-3-8910/8912 programmable sound generator
(PSG), shown in Fig. 1. Not only can the IC play
complete songs and generate complex sounds totally
under software control, it can also sustain sound while
the processor goes off to refresh, scan and service other
system peripherals. What’s more, the N-channel, ion-
implant chip interfaces easily to any bus-oriented
system. All you'll need to operate the PSG are a single
5-V supply, a TTL-compatible clock and either an 8
or 16-bit uP controller.

Since the PSG is controlled entirely by digital

1. Sound effects, music, noise—virtually no sound is
beyond the capability of General Instrument’'s program-
mable sound generator ICs, the AY-3-8910 and 8912.

Under microprocessor control, the devices generate
sounds entirely from digital input commands. And micro-
processor servicing of the chips is minimal.



GIMINI Cricket

The chip
that chirps...

The pointis, if you need a sound, GI's new
“GIMINI Cricket” programmable sound gener-
ator, the AY-3-8910, can produce it. This gives a de-
signer practically unlimited possibilities because, under full
software control, the chip can generate complex sounds or
combinations of sounds — music to soothe, rings and
buzzes to alarm, and just about anything in between.

The AY-3-8910 is a natural for any products using
microprocessors, interfacing easily to most 8- and 16-bit
MPU'’s. In addition, it readily connects to most single-chip
microcomputers —our PIC series, for example. The low-
cost, AY-3-8910 has three independently programmed
sound channels, an analog envelope generator, and two
general purpose 8-bit I/O ports.

And all that's required for operation is a single 5V
supply, a 2 MHz clock and a microprocessor controller.

With virtually all the hardware necessary to meet
most audio needs,the AY-3-8910 has immediate application
forawide variety of systems and products providing audible
signals, synthesized music and unique sound effects, to
name but a few. The “GIMINI Cricket” chip is available in
quantity and ready to chirp, cheep, beep — or whatever
you decide to program into your product.
For more information on the AY-3-8910
and a free copy of our 1978 Product Guide,
write to General Instrument Microelec-
tronics, 600 West John Street, Hicksville,
New York 11802, or call (516) 733-3379.

[EMIcRO
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We help you compete.

GENERAL INSTRUMENT CORPORATION
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2. Sixteen memory-mapped registers, designated R,
through R;;, direct operations inside the PSG. Once
programmed, sounds are generated and sustained

commands, it generates a wide variety of sounds
without any changes to its external circuitry. And
chances are good that just a single device can create
all the music or sound that your system will ever need.

Architecturally sound

At the heart of the PSG’s architecture (Fig. 2) are
16 read/write-control registers, which communicate
with a processor through a memory-mapped 1/0. CPU
commands are written into the 16 registers to direct
the sound generator’s operation. Each register is also
readable, so the processor can determine its stored
data value at any time.

To a CPU, the 16 registers (R, through R,; in Fig.
2) appear as a 16-word block of memory out of a
possible 1024 address locations. Each register has ten
address bits—8 bits come in on the common
data/address bus, while two other bits (A; and Ay)
are sent separately. Addresses are decoded on-chip,
with the four low-order address bits used to select one
of the 16 registers (Fiig. 3). The six high-order bits are
chip-select lines that control the on-board, three-state
bidirectional buffers. If the high-order bits contain an
incorrect code, the buffers are forced into their high-
impedance states.

without further processor intervention. At the output,
three independently programmed analog channels can
create realistic sound effects or music.

e e e Y s e
e e 0 | 0 | 0| O ON THE AY-3-8912
THRU
3 0 0 B N
ORDER ORDER

(CHIP SELECT) (REGISTER #)

3. Ittakes ten bits to address one of the PSG's 16 registers.
The four low-order bits select one of the registers; the six
high-order bits are chip select lines.

Bits A and A, are fixed in the PSG architecture
—only code 01 is recognized. High-order address bits
DA, through DA, are also normally fixed (only code
0000 is acceptable), but you can order any code you
want by requesting a factory-mask modification.

When a valid high-order address enters the PSG,
the register address (four low-order bits) is latched
in the register-address/decoder block (Fig. 2). And a
latched address remains valid until a new address
enters the device. This means that a CPU can make
multiple reads and writes of the same register con-
tents without redundant addressing.

Before either the register-address/decoder or the



What your mind recognizes as music is essentially
a set of mathematical relationships to a digital system
like General Instrument’s PSG. For example, shifting
up or down in octaves can be represented by multi-
plying or dividing by a power of two, a simple shift
operation for most microprocessors. Because the PSG
operates digitally, musical notes are produced by
simple register loads. Register load values create the
first octave note which is shifted to the correct octave
at playtime.

As good a music player as the PSG is, equally
important is its sound effects capability. In fact, the
chip is powerful enough to produce many sounds with
just the tone generators. A tone generator sequence
for a European siren effect, which is two distinct
frequencies, sequentially produced, is illustrated.

Other commonly used sounds require only the noise
and envelope generators. And if another channel
needs the envelope generator, the system processor
can control the channel envelope. An example of a
sound produced with the noise and envelope gener-
ators is an explosion—it’s pure noise with a decaying
envelope. You can also produce a gunshot with this
sequence by modifying the length of the envelope.

Music and sound effects—a combo on a chip

Siren sequence

Register #  Octal Explanation
Load
Value
Any not
specified 000 —
RO 376 } Set channel A tone period to 2.27 ms
R1 000 (440 Hz).
R7 076 Enable tone only on channel A only.
R10 017  Select maximum amplitude on channel A.
(Wait approximately 350 ms before continuing).
RO 126 ) Set channel A tone period to 5.346 ms
R1 001 (187).
(Wait approximately 350 ms before continuing).
R10 000  Turn off channel A to end sound effect.

Explosion sequence

Register #  Octal Explanation
Load
Value
Any not
specified 000 -—
R6 000 Set noise period to max. value.
R7 007 Enable noise only, on channels A, B, C.
R10 020 :
R11 020 Sglect full amplitude range under.
R12 020 direct control of envelope generator.
R14 070 Set envelope period 2.05 seconds.
R15 000 Select envelope “decay”, one cycle only.

bidirectional buffer blocks recognize the function
commanded from the bus, they must be conditioned
by the bus-control decode block. Then the PSG enters
one of four states: Inactive, Latch Address, Write Data
or Read Data.

That’s just the input side of the PSG. The output,
which generates the programmed sounds, has its own
series of functional blocks.

Sounding it out

The basic blocks producing sound in the PSG are
shown in Fig. 2 as:

= Tone generators to develop the basic square-wave
tone frequencies for each of the three analog-output
channels.

= A noise generator to produce a frequency-mod-

ulated pseudorandom-pulse-width square-wave out-
put.

= Mixers that combine the tone-generator outputs
with the noise-generator output. There’s one mixer for
each of the three analog-output channels.

= An envelope generator to produce a pattern that
amplitude-modulates the output of each mixer.

= An amplitude control to provide internal d/a
converters with either a fixed or variable-amplitude
pattern. Fixed amplitude is under CPU control; vari-
able amplitude uses the output of the envelope gener-
ator.

s Three d/a converters, each producing up to a 16-
level output signal as determined by the amplitude
control.

Actual sound signals for driving a speaker appear
at three analog-channel outputs (channels A, B and

s~
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4. A typical uP-PSG interface requires a microprocessor,
a TTL-compatible clock and just one 5-V supply. In this
system, the analog-output channels are paralleled, but
each channel can be driven separately.

Coarse tune Fine tune
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5. Two registers, one for coarse tuning and one for fine
tuning, are responsible for generating the PSG's 12-bit
tone period. The tone period is sent to the tone-generator
circuits to produce square-wave frequencies.

C in Fig. 2). A typical system, showing the PSG
interfaced to a microprocessor, with its paralleled
output channels driving a speaker is shown in Fig.
4. Each output channel provides four bits of
logarithmic d/a conversion, enhancing the dynamic
range of the sound. And since the analog channels can
be independently programmed and driven through
separate speakers, you’ll be able to generate realistic
sound effects.

Although the PSG’s I/0 ports have nothing to do
with sound production, they are important to the
uP-PSG communications interface. Two 8-bit ports
are provided on the 40-pin AY-3-8910. The smaller
AY-3-8912 (28-pins) has only one 8-bit port. All I/0
port inputs are TTL-compatible, and contain internal
pull-ups on each pin. The significant feature is that
data going to or from a CPU can be written or read
to the ports without affecting any other functions or
operations of the PSG.

Now you have an over-all picture of what’s inside
a PSG. How it produces varied and complex sounds
is another matter.

Registers call the tune

Since all PSG sound production is dictated by a host
processor through commands to the 16 registers, the
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6. The key elements of a PSG interface are indicated by
the white blocks in this diagram. A system clock, an audio
amplifier and a microprocessor are mandatory. However, *
the memory block, which can be a ROM or RAM, is optional
—it's only needed when a system requires additional data
for processor support.

: ADDRESS.
MICRO- ABBRESs INPUT
PROCESSOR BUS MEMORY

EITHER C LOCK

TO MICRO [ 1.7897725MHz
COMPUTER]
: (SPEC. 0.8948863MH2
DEPENDENT) .
3.579545MHz 4069 4069 -
CRYSTAL

1.7897725MHz
o - Dz CLOCK TO PSG
14 >0
4069
4013 11
4069 4069 fe s
» 2 580
R

7. Generate the system clock easily with this simple
circuit, which uses a standard color-burst crystal.

registers themselves are assigned to control the five
actual sound producing blocks:

Sound producer Registers
Tone generators R, through R;
Noise generator R,
Mixer control R,
Amplitude control R,, through R,,
Envelope generator R,s through R,

Registers R,, and R,, are responsible for controlling
the two 1/0 ports (on the 8910 only).

By examining the tone generators’ operation, you’ll
get an idea of how to program the other sound blocks.
Each square wave produced by the three tone gener-
ators comes from dividing the input clock by 16, then
counting that result down by the programmed, 12-bit
tone-period value. The 12-bit value is determined by
combining the contents of two registers—a coarse tune
and a fine-tune register—as shown in Fig. 5.

The 12-bit result in the combined register represents
a period value—the higher the value in the register,
the lower the tone frequency (T = 1/f). Because of
the PSG’s internal count-down technique, the lowest
period value is 000000000001 (divide by 1), the highest



8. To connect an audio-interface to the sound generator,
put an LM-386 amplifier between speaker and PSG. Here
the PSG outputs are summed together.

9. External memory support for the processor controlling
the PSG is accomplished with the connections shown.
Although this interface is for a ROM or PROM only, a RAM
or EAROM may also be connected.

is 000000000000 (divide by 4096,,).

Two equations describe the relationship between the
desired output tone frequency and the input clock
frequency and tone period value:

for00x (1)
16 TPy
TPw = 256 CTxo + FTm (2)

where f, is the desired tone frequency,

foock 18 the input clock frequency,

TP,, is the decimal equivalent of the tone period
bits TP,, through TP,,

CT,, is the decimal equivalent of the coarse-tune-
register bits B, through B; (TP,, through TP;), and

FT,, is the decimal equivalent of the eearse-tune-
register bits B, through B, (TP, through TP;).

7

10. To address and read an external memory, a bus-
control sequence like this operates into the PSG's two 8-
bit I/0 ports. Note that bus code BC2 can be permanently
tied to 5 V. Therefore, just two bus control lines are needed
for all control operations.

11. An 8-bit bus passes all data and address information
between PSG and processor in the uP-PSG interface. And
BC1, BC2 and BDIR are the only control signals needed
to direct the operations.

Equations 1 and 2 tell you that f, has a range whose
low side is f.oc/65,536 (TP,,=4096,,) and whose high
side is fo0e/16 (TP, = 1). With a 2-MHz input clock,
the range of tone frequencies that you can get would
be 30.5 Hz to 125 kHz.

Say you want to calculate values for the contents
of the tone period’s coarse and fine-tune registers.
Assume you know the input clock frequency and the
tone period you want to generate. First, rearrange
Egs. 1 and 2.

TPlo o fclock (3)
16f,
CTm S FT 10/ 256 o TP[O/ 256 (4)

If f.ocx is 2 MHz and you want to generate an f, of
100 Hz,
it 2 X 100
16 1 X 10%
Substitute the value for TP,, into Eq. 4:
CT,, + FT,/256 = 1250/256
= 4 + 226/256

Therefore,CT,, = 4,, = 0100 (B; through B,)
and FT,, = 226,, = 11100010 (B, through B,).

This calculation for tone-period register program-
ming is similar to that required for the noise generator
and envelope generator. For complete details of these
blocks, plus an in-depth explanation of the amplitude
control and mixer registers, d/a converter and 1I/0

= 1250



port operation, consult General Instrument’s PSG
Data Manual.

Before designing the PSG into your system, make
sure you understand the interface between the digital
inputs and the analog sound outputs.

From input to output

As shown in the block diagram of Fig. 6, a uP-PSG
interface involves interconnecting the sound gener-
ator to four subsystems:

= A clock generator.

= An audio-output interface.

s An external memory (optional).

= A microprocessor/microcomputer.

An economical way to provide a system clock is
shown in Fig. 7. All you need are a 3.579545-MHz
standard color-burst crystal, a CD4069 CMOS inverter
and a CD4013 dual-D flip-flop. The clock signal that
drives the PSG—1.7897725 MHz—results from the
flip-flop’s dividing the ecrystal frequency in half.
Before you adopt this circuit however, make sure that
the crystal frequency is compatible with your
processor’s specifications.

The audio-output interface also takes few parts and
is simple to build. Fig. 8 illustrates the PSG analog
channel outputs added together to drive a commercial-
version LM386 IC audio amplifier, which in turn drives
a speaker. The summing operation allows you to
generate complex waveforms for amplification
through a single speaker. On the other hand, each
channel can be individually amplified for more exotic
sound effects. In the PSG, output channels are sepa-
rately controlled by amplitude registers R,,, R, and
R,, and enable register R, (see Fig. 2)

If you find you have to provide additional data
information for processor support, you can connect
an external memory to the PSG (see Fig. 9). Two on-
chip registers communicate with the memory—I/0
port A (8-bit) addresses it and I/0 port B (also 8-bit)
reads data from it.

Fig. 10 shows an example of the bus-control se-
quence needed to address and read an external memo-
ry. The memory is connected to the I/0 ports—port
A addresses and port B reads.

Depending on your design, a RAM or EAROM can
replace the ROM or PROM in Fig. 9. In that case, Port
B becomes the 1/0 and the sequence in Fig. 10 must
be altered. Port B is then able to write data as an
output and read data as an input. In another applica-
tion, these two I/0 ports could be used as switch inputs
or as display outputs.

One more interface remains—the microprocessor
interface. Signal lines DA, through DA, in Fig. 11 are
I/0 bus bits 7 through 0. All data and address
information passes between the PSG and processor
across this bus. Lines BC,, BC, and BDIR are gener-
ated by the processor to direct all bus operations,
which are identified as Latch Address, Write To PSG,
Read From PSG and Inactive.sus



