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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
MICroprocessor use, however, video games need refreshing, key-
boards nead scanning, etc. For example, in order to produce a single
channel of ninth octave C (8372 Hz) the signal needs attention every
sixty microseconds. Software required 1o produce this simple effect
and still perform other activities would in the least be very complex if
not impossible. In the extreme, 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-3-88910/8812 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 Gi 16-bit CP1600/1610 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 generation, audible alarms, tone signalling and FSK modeams,
The analog sound oulputs 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 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. Sincatha frequency responsa of
the PSG ranges from sub-audible at its lowest frequancy to post-
audible at its highest frequency, 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 betwean the outside world and the microproces-
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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1 O Full softwara control of sound generation.
= O Interfaces to most 8-bit and 16-bit microprocessors.
Fﬂaturﬂs O Three indepandently programmed analog oulputs.
O Two 8-bit general purpose 1/0 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 1o per-
SWFE form in its intended fashion. All of the programs, programming, and
hardware designs have been tested to ensure that the methods are

practical rather than purely theoretical.

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

Fig. 1 TYPICAL SYSTEM DIAGRAM el
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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
P5G is based on tha concept of memory-mapped LI'D. Control
commands are issued to the PSG by writing to 16 memoary-mappead
registers. Each of the 16 registers within the P5G 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
system 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 follows:

“Ao | AE |DAT|DAE|DAS|DA4|DA3|DAZ|DAT|DAD| * AB s

o|l1]olololo]lo|lo]o]o ;:1r_ﬁ?ﬁvﬁf§?ug1z
THRU
(o1 JoJoloJo[ v v [4]1]
HIGH g LOW
ORDER ORDER
{Chip Selact] (Regisior &)

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 forced to a
high impedance state). High order address bits AD A8 are fixed 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 arder addrass latchas the ragister address (the low order 4 bits)
in the Register Address Lateh/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.

e = = == = e S o
[
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2.1

Basic
Functional
Blocks
(cont.)

T R T e R 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
includea:

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

Moise 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 be
used to amplitude modulate the output of
each Mixer.

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

2.1.3 1/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 two 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 8-bit
1/0 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 PSG REGISTER ARRAY mes———
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2 2 The AY-3-8910 is supplied in a 40 lead dual in-line package wi_th the
- pin assignments as shown in Fig. 4. The AY-3-8812issuppliedin a2

Pin Assignments Iead dual in-line package with the pin assignments as snown in Fig. 5.

Fig. 4 AY-3-8910 PIN ASS G NNMEN T S e —
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2.3
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, DAT--DAQ correspond
to Register Array bits B7--BQ, In the address mode, DA3--DAD salact
the register # (0--17s) and DA7—DA4 in conjunction with address
inputs A9 and A8 form the high order address (chip select).

AB [(input): pin 25 (AY-3-B010)

pin 17 {AY-3-8912)
A8 (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 memory space) in a total 1,024
word memory area rather than in a 256 word memaory area as defined
by address bits DAT—-DAOQ 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 recommended that
AD and AB be tied to an external ground and +5V, respectively, if they
are not to be used,

RESET (input): pin 23 {AY-3-8910)

pin 16 {(AY-3-8912)
For initialization/power-on purposes, applying a logic “0" (ground)
to the Resat pin will reset all registers to “0". The Reset pin is 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 Generalors,

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

pins 18,19,20 (AY-3-B912)
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 on I/O lines of the processor. The
PSG decodes these signals as illustrated in the fallowing:

13



2.3
Pin Functions
(cont.)

£5g oo rsc

@m @ m FUNCTION FUMCTION

a 0 0 MACT  IMNACTIVE. See 010 (IAB) below

a o 1 ADAR  LATCH ADDRESS. Ss2 111 {INTAK) balow

g 1 4 1aB IMACTIVE. The PSGE/CPLU busg = inactve. DAT--[aD
gra in a high impedance slate.

g 1 1 oTe READ FROM PSGE. This signal causes the coniants
of the register which is currently addressed to
appear on the PSG/CPU bus. DAT--DAD are in the
aulpul mode.

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

1 0 1 o INACTIVE. See 010 (IAR) above.

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

contains ragister data which should be latched inlo
the currently addressed register. DAT--DAD are in
the input mode,

1 1 1 INTAK  LATCH ADDRAESS. Thissignal indicates thalthe bus
containg a register address which showld be latched
in the PSG, DAT--DAD are in 1he inpul mode

While interfacing to a processor other than the CP1800 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 alght 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

+5V)
£ o PEE
a o PSE
E H H FUNCTION } s
0 1 0 INACTIVE —_  rAow o)
0 1 1 READ FROM PSG, —  PROCEESOR
1 1 0 WRITETO PSG s
1 1 1 LATCH ADDRESS. b

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-3-8910)

(not provided om AY-3-8912)
Input/Qutput A7--AD, BT--BO
Each of these two parallel input/output ports provides 8 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, so0 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.

I Y S R e

14



24
Bus Timing

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

| TEST 2: pin 26 (AY-3-83910)

{not connected on AY-3-8912)

Thesa pins are for Gl test purposes only and should be left open—do
not usa as tie-points,

vnc-: pln du [A?—E'EQ‘IGJ
pin 3 (AY-3-8912)
Mominal +5Volt power supply to the P3G.

Vis: pin 1 (AY-3-8910)
pin & (AY-3-8912)

Ground reference for the PSG.

Since the PS5G functions are controlled by commands from the
systemn processor, tha common data/address bus (DAT--DAD) 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.




25 While the state flow for many microprocessors can be somewhat

... involved for certain operations, the sequence of events necessary to

State 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,

e IRACTIVE

1
-
I

BC1).
F ) QUTPUT QuTeUT
INACTIVE ADDRESS b INAZTIVE OATA
|
i Addreas and wride daia
i I PRG sequence
. OUTPUT . LT
I 1 IMACT I
INACTIVE =l ADDAESS ] 1M E f— DATA
J Ad d read dat
dress and re
1 ad daba

from FEG seguesnce

# INACTIVE

I
-
|

The functional operation and relative timing of the PSG control
sequences are described in the following paragraphs (in all exam-
ples, BC2 has been assumead 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 used 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.]

EB0ER

BC1

BLS
COMTROL

b

\

F

\

MACT

Vi3

INTAK WA

MNACT

FLOAT

A

DUTPLUT
ADDORESS

X FLOAT
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2.5.2 WRITE DATA TO PSG SEQUENCE

The “Write to PSG" sequence, which would normally follow immedi-
ately after an address sequence, requires four principal microstates:
(1) send MACT (inactive); (2} put data on bug; (3) send DWS (write o
PSG); (4) send NACT (inactive).

o /’ \

BiC1

BUS

EONTROL NACT E /?3 DWS E'{_//;/A MALCT

VAT E CUTFUT DATA
[ha 7Dl LOAT X s L FLOAT

2.5.3 READ DATA FROM PSG SEQUENCE

As with the "Write to PSG" sequenca, the "Read from PSG" sequence
would also normally follow immeadiately after an address sequence.
Thea four principal microstates of the read sequence are: (1) send
NACT (inactive); (2) send DTE (read from PSG); (3) read data on bus;
(4) zend MACT [inactive).

BMA
8o / \
BUS . T
CONTROL | AGT oTE %":.-;ﬂ MACT

e = IHFLIT CAT4 -
Do T—DIAD FL O X ot i) o LOIAT

2.54 WRITE TO/READ FROM IO PORT SEQUENCE

aince the two L'0O 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, R3]

OPERATION

Since 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 sequence listed:

Section Cperation Registers Function

| Tane Genarator Control RO=-A% Frogram toneg penocs

iz Maise Generator Sontrol R Frogram nodsa perod,

3a Mizer Contral RT Enable tone and/or noise
on selected channels

a4 Armplitude Control Ri0--A12 Select "figed” or “envelope-
wariable” amplitudes

3.6 Envelope Ganerator R13—-A15  Program envelope period

Control and seloct enwalops patiern,

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 iz 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
Aegister Chanmel Aegister
A1 A RO
R3 B Ao
A5 G Frd
|_L1i']Eu5.| B5 |84 e | ee| u1]uu EHED u:.]L-u | EI:.'I]F!ill B1|aa]
MOT
USED

[TF:'l"'F1-‘.‘I| rpg|1r-e TPT [TF-E.|-F5 | TF‘I-lTF'El Iwz-] TP |'r|=r||

12-bit Tone Penod (TF) o Tone Genarator

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.

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




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

i fl_',l_-l}i:rc = 1
{a) fr = 16TPys (b} TPy = 286CTw + FTw
Where: fr=desired tone frequency

foLocx = input clock frequency
TPy =decimal equivalent of the Tone Periocd
bits TP11-—-TP0.
CTw=decimal equivalent of the Coarse Tune
register bits B3—B0 (TP11--TP8)
FTiwa=decimal equivalent of the Fine Tune
register bits B7--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) to a high of =7
(whergin: TFw=1). Using a 2 MHz input 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:

fl',h_ll:}l FT1u TF'1|,|
TPy = —n AR el | |
1P i (b} CTee + “25e = 25
Exampla 1: fr=1kHz
1|:|:}|'.|l: = 2MHz
20t
1o 16{1x10%) b
Substituting this result into equation [b):
+ Flw _ 135
STw + 555 ~ 258
. CTw =0 D000 (B3--B0)

FTw = 125 = 01111104 [BT-—-B0)
Exampie 2: fr = 100Hz

f.-_:._m:-_ = PMHz
| |
TF1II = 1_EI'._II1 1 = 1?5'::'
Substituting this result into equation {b):
FTao _ 1250 i
Tia + =— = —
ke 256 256 | | 256
2 CTw = 45 = 0100 {B3-BOj
FTio = 2260 = 11100010 (BE7--B0)
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3.2
Noise Generator
Control

(Register RG)

e e e e e ]

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 RB, as
illustrated in the following:

Moiza Periad
Hggisl:ur RE

[o[=]s=]s]=]o]n]

NOT §-bit Maiss Parsd [MP)
USED 1 Mooia Denarador

Mote that the S-bitvalue in R11 is 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 equation is:
_ tcioew
" 16 NP
Wheare: fu =desired noise frequency
foLock = input clock frequency
MFP s =decimal equivalent of the Noise Period
register bits B4--B0.

From the above equation it can be saen that the noise frequancy can
range from a low of % (wherein: NPyy = 31 to a high of 3=
{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:

leLock
DK

WP = 16 T




3.3
Mixer Gontrol-
I/0 Enable

[Register RT]

Register 7. is a multi-function Enable register which controls the
three Noise/Tone Mixers and the two general purpose I'O Ports,

The Mixers, as previously described, combine the noise and tone
frequencies for each of the three channels. The determination of
combining neither/gither/both noise and tone frequencies on each
channel is made by the state of bits B5--B0 of R7T.

The direction (input or output ) of the two general purpose 1'O Ports
(IOA and IOB) is determined by the state of bits B7 and B6& of RT.

These functions are illustrated in the following:

Mixer Control=-1/0 Enable
Register AT

|_'-'|HIZ-|E5|FH|F|_|_F|.- |

Fursign B #Hoime Enable Tane Enakle
Chanrel [ | B | A ' | =] ] .l'-
Moise Enable Truth Table: Tone Enable Truth Table:
RT Bits Maoise Enabled RT Bits T
BS B4 B3 on Channel B2 B1 BO ::.C.E:ﬁ:d
o 0 0 C B a 0 0 0 C B A
o o 1 C — 0 0 1 C B -
g 1 0 c — A 0 1 0 o — A
o o1 1 cC - — 0 1 1 c — —
1 0 04 — B A i 0 o — B A
1 0 1 — B - 1 0 1 =
1 9 0 = el i 1 @ — A
1 1 1 e s Sl T 3 -1 i

L/O Port Truth Tabla:

AT Bits I'0 Port Status
BT BE& o8 oA
o o Imput Irpruat
i) 1 Impuit Outpul
1 1] Output Impist
1 | Ouiput Output

MOTE: Disabling nolse and tone does not fum off & channel. Turning a
channel off can only be accomplished by wriling all zeroes info the
corresponding Amplitede Sontrol register, R10, A11, or R12 [soe
Saction 3.4).
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3.4
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) isdeterminad by the
contents of the lower 5 bits (B4-—-B0) of registers R10, R11, and R12 as
illustrated in the following:

Amplitude Conlrol

Regisier A Channel
R0 b
H11 B
H12 o

|[1:'[F.F||E.%-lﬂdl.a-3. H-E-lu.llm

/N

ampid uces dabt “Niwed”
rAoe amphkiude Leyel

The amplitude “mode” (bit M) selects either fixed level amplitude
{M=0) or variable level amplitude (M=1). It follows then that bits L3—
LO, defining the value of a “fixed” level amplitude, are only active
when M=0. When fixed level amplitude is selected, it is “fixed" only in
the sense that the amplitude level is under the direct control of the
systemn processor (via bits D3--D0). Varying the amplitude when in
this “fixed" amplitude mode requires in each instance the direct
intervention of the system processor via an address latch/write data
seguence to modify the D3--D0 data.

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

The amplitude “mode” (bit M) can also be thoughtof asan “envelope
enable” bit: iLe., 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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The tull chart describing all combinations of the S-bit Amplitude
Control is as follows;

Amplitude Conirol
Reglater # Channial
R0 A
R11 ]
M12 G

a7|86|ps|Ba|Ba|B2| 81|80

— —
MNOT
USED Amplitude
Canlral
M L3 L2 L1 LD Outpul
o 0 0 0 0 *0 0 0 O The amplitude is
: ; 3 . fixed at 1 of 16 lavels
as determined oy
N h iR S TR L3 L2 L1 L.

The amplitude i
variaole at 16 levels
i K X ¥ X E¥ E2 E1 EO0 85 determined by the
output of the
Envalope Generator

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

“aif

Fig. B 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 one of the levels shown, with the level directly determined by
the decimal equivalent of bits L3 L2 L1 LO.

Fig. 8 VARIABLE AMPLITUDE CONTROL (M=1] s —

— CH&MMEL AT
B, 21 B
ARAPLIT

GRAPHIC BEPAESErTA TalIN O "
THE DECIMAL VALLES OF THE
AP ITUDE COriTRL QLTMT
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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 sacond, the relative shape and cycle pattern of the
gnvelops can be varied uging 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, then 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 Enwalopea
Coarse Tuna Fina Tung
Register R14 Regestar R13

EI!]BE‘I_BI |B-JJ

|Pr|un|nn|ﬂq|ﬁzniﬁr E1IEJJ] EI."|_3-I5-|EIE!3-1

57 S

[F"I.‘.iEF'l1|EF'12-|E-"'1E‘EEF'1‘ EF1l.'.l EFElllEFB |EF"T | EFG |EP:| I”T‘ 1""31 | EFd [EF" .|E':"il |

16-bit Envalopa Period (EP)
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
0000000000000001 (divide by 1). the highest period value is
1111111111111111 (divide by 65,535q4a).

The envelope frequency equations are:

Mo pow
) fe = e B} EPyu=258CTo+FTio
Where: fe=desired envelope frequency

feuock = input clock freguency
EP,x=dacimal equivalent of the Envelope
Period bits EF15—EF0
CTig=decimal equivalent of the Coarse Tune
register bits B7--B0 (EP15--EP8)
FTia=decimal equivalent of the Fine Tune
register bits BY--B0 (EP7--EPD)

From the above equation it can bee sean that the envelope fraquency
can range from a low of '1'.5',-',!’-,‘-‘5"?;5';;.,. (wherein: EP1=65,53510) to ahigh
of 22" (wherein: EPyp=1). Using a 2 MHz clock, for example, would
produce a range of envelope frequencies from 0.12 Hz to 7TB12.5 Hz.

24



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:

— oo FTw _ EPw
() EFe = Deg () CTwo + Seg = 286
Example: fe=0.5 Hz
feeoex = 2 MHz
2x10°
EPywp = =15,
0 = 2oB0E)  ew

Substituting this resull inte equation (b)
Flg . 1682 _ .. . 9
258 256 256

CTe = 8140 =00111101 (BT—-BD)
FTio Sy = DODIO (BT—-BO)

|:Tl||:| 1

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)

H?jaslﬂsiaq |E?|IEI:']F:1 ]EIE]
l_ Functian
e —"
MOT Hala
LISED
Altemigie T
Envelopr
Artack Genesatar
Canfinus

The definition of each function is as follows:

Hold when set to logic 17, limits the envelope to 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.

HWOTE: When both the Hold bit and the Allernale bit are ones, the
envelope countir is resed 10 1S initial cownt balore holding.
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35 Attack when set to legic "1", the envelope counter will count up
(attack) from E3 E2 E1 EO=0000t0 E3 E2 E1 ED=1111;

Eﬂﬂ'ﬂlﬂpﬂ when seat to logic "0", the envelope counter will count
down (dacay) from 1111 to 000C.

EE“E rator Continue when set to logic “17, the cycle pattern will be as defined

cnn‘lrni by the Hold bit; when set to logic "0, the envalope
generator will reset to 0000 after one cycle and hold at
(cont.) that count

To further deacribe the above functions could be accomplished by
numerous charts of the binary count sequence of E3 E2 E1 EOD 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 —

MEBITS
B3 B B1 B0
al
G L
o T
H| A| E
T| T A
1| | M| H
wlal &l ol GRAPHIC REPRESENTATION
ulel T|L OF ENVELOPE GEMERATOR
E| K| B| D ouTPET E3 E2 E1 BER
AEIERE \
n|1| x| % /1
4[] o 1 \I\N\I\N\l\NI\
ool

ep Fig Ao delial
i

f\xl
ANV

| 1 i 1| &

[ f._ —
EP fms— EF (5 THE PHVELCFE FERIGD
|DLUAATION o OHE CYCLED
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Fig. 8 DETAIL OF TWO CYCLES OF Fig. 7
[rel_ waveform “1010" in Fig_ '||"} e S R i e o

GRaP=C REPRESEMTATEDN OF s
THE DECIMAL VALLIES DF THE
ENVELGPE GENEARATOA
DUTPUT EJ EF ET BD
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3.6
1/0 Port Data
Store

[Registers R1E. R1T)

e S S s et e s S i)

Registers R16 and A17 function as intermediate data storage regis-
ters between the PSG/CPU data bus (DAD—-DAT) and the two L'O
ports (IOA7—IOAD and IOB7--10B0). Both ports are available in the
AY-3-8810; only I'O Port A is available in the AY-3-8912. Using
registers R16 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 connacted
to /O Port A would require only the following steps:

1. Latch address RT (select Enable register)

2. Write data to PSG (setting B6 of RT to “1")

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 R7T (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 1I/'O Port A)

Mote that once |oaded with data in the output mode, the data will
remain on the IO port(s) until changed either by loading differant
data, by applying a reset (grounding the Reset pin). or by switching to
the input mode.

Mote also that when in the input mode, the contents of registers H16
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 abowve,
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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
4=bit outputs of the Amplitude Control block, while the Mixer outputs
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 selectad.

Figs. 10 through 13 illustrate other typical cutput waveforms.

D/A CONVERTER OUTPUT (ref. Fig. ) me——

MORMALIZED
VOLTAGE
1 15
1w il —
MOTE: THIS IS THE ENVELOPE
OHLY —MNOISE AMND TOMES
ARE DISASLED
TOTY
5
DECIMAL VALLIE
OF E3 EZ E1 ED
{SEE AMPLITLIDE
CONTROL,
SECTION 3.4)
Apaw
bRy
1818y
128y
L

EP=EMNVELOFE PERIOD




Fig. 10 SINGLE TONE WITH ENVELOPE SHAPE/CYCLE PATTERN 1000
(RO0=14;, R1=374, RT=T6s, R12=20:, R15=10g, all other registers=0)

will
hﬁl.
phER R m

Fig. 11 SINGLE TOME WITH ENVELOPE SHAPE/CYCLE PATTERN 1100
[(R15=14,, all other reglsters same as Fig. 10) e " —————————




Fig. 12 SINGLE TOMNE WITH ENVELOPE SHAPE/CYCLE PATTERN 1010
(R15=125, all other registers same as Fig. 10) m——_ ——————

Fig. 13 MIXTURE OF THREE TOMNES WITH FIXED AMPLITUDES we——
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4

4.1
Introduction

Fig. 14

INTERFACING

Since the AY-3-8910/8912 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 DA G R /A NV —

MICROFPROCESSOR, MDA

MICRDCOMPUTER

BLIS COMTROL

ANALDG
QOUTPEUTS

EI:_:‘:HLSE.I[E::J ALDID
GEMERATOR AMFLIFIER

a2



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
CGlock cososs cMOS inverter, and a CD4013 to divide the color burst

frequency in hall. The clock produced for the PSG runs at a
EE“EI‘&“““ 1.7897725MHz rate. Depending on the microcomputer usad, its clock

should be selected within its specified value.

Fig. 15 CLOCK GENERATION

e PSG
EITHER CLOCK | gl R97725MH:
TO MICRD
COMPUTER (1 BG4BEETNH
(SPEC. DEPENDENT) * o
40ES f} 4068 il E —|
3. 579545MHy
CRYSTAL
I 1. 7BATT25RAHE |
|:| I—" CLOCK TQ P53
0oF
1084 14 i ']
A
i [>2
2060
4013 "

a068 e ]
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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
Auﬂlﬂ ﬂl.ltpl“ summed together to enable complex wavefarms to be composed and
|I'ItEﬂEI[:E amplified 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 (A7) in the PSG.

Fig. 16 AUDIO QUTPUT INTERFACE =————

AMALDG CHAMNEL OUTPUTS
PSG A




4.4
External
Memory

Access

Fig. 17

The ROM or PROM shown connected to the P5GinFig. 17 illustrates
an option for providing additional data information for processor
support. The two 1/0 registers within the PSG are used in this case to
address the memory via I'O Port A (B Bits) and read data from the
meamaory via I'0O Port B (8 Bits),

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

Bus Codes
Bus Control BDIR BC2 BC1 Explanalion of Bus Data (DAT--DAD)
Latch address 1 1 1 QDOODOA11: Latch AT to program 1O Ports
Write to PSG 1 1 0 01000000 Set 87, BS 10 0, 1 respectively
Latch address 1 1 1 00301110: Latch A1E to address miemorny
Write 1o P3G 1 1 0 00000007 Address data to memary
Latch address 1 1 1 900011171; Latch A17 1o read memaory
Read fram PSG i 1 1 EXXXXXXX Mamory data contained in BT

MOTE: BG2 in the ebove Bus Codes may be permangntly tied o =5V thus
requiring only two bus control lines for all confral operations (relesto
Secticn 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 ocutput and read data as an inpul.

EXTERMAL MEMORY ACCESS messssss—
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Fig. 18

In Fig. 18, the lines identified DAT--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-B810/8912 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 we—
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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 1850 is used to scan the keyboard, fetch 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
selections.

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 is usedina
hand-held demonstrator unit. This demonstration unit illustrates the
range of PSG capabilities, including music, sound effects and I'Q
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

an. SWRITE FROM 1650 TO 8810
a1. -ADDAESS OF BO10 AREG IM "ADDRES
a2 ‘DATA TO WRITE IN DATA’

83. 024 0066 WRITT MOVWF ADDRES |
84, 028 1028 WRITE MOVF  ADDRESW ,GET REGISTER WO

85, 026 0045 MOVWE [Oa JBET ADDAESS

B5. 027 1006 MOVF I0H W GET PRESENTRBCI, BCZ, BDIRETC
a7, X TET0 AMDLW 370

Ba 03 G404 IORLW 4 BET BAR

B9 032 0046 MOVWF 108 (SEMLC BAR

S 033 FETOD AMDLW 370

91 034 0046 MOVWF [OE SEMD WNACT

B 035 1027 MOVF ChAT AN

O3 036 0045 MOVWF 104 FUT DATA M DA PINS OF 210
B4, 037 1006 MOVF 108 W

QE (040 7370 AMDLW 370

BE. 047 G406 [QRLW B

ar. 042 (04E MOVWF 108 SEMND DWE

OE 043 7370 ANDLW 370 SET WP MNACT

oo, J44 0046 BMOYVWF 108 SEND MACT

100, 045 4000 HET AETURN TO CALLING ACLITIME

ar



4 E 4.6.2 READ DATA ROUTINE
% 51 :ADDAESS OF READ IN REGISTER ‘ADDRES

|I1tEI‘fEII‘.:iII 8 -AFTEA READ, INPUT DATA IN REGISTER ‘DATA'

ﬂ 53 ENMTRAMCE READT ASSLMES THAT AEGISTER MU IN W
54

m “l'E Pln lﬁm 55. 000 DDEE AEADT MOWWF ADDRES BYPASS ADDDRESS STORE

[I}ﬂllt.] 56. 001 1026 AEAD MOWF  ADDRESW (GET REGISTER MO

Y. 002 DDd5 MOVWE  T0A MOVE TO B30 DVA PINS

SB. 003 100G MOVE 10BN JEET PRESEMT BC1 BC2BOIR ETC
50, 004 G404 IGRLW 4 JSET BAR

G0, 005 D048 MOVWF 1I0B SEMD BAR

E1. 0086 Tard AMDLYW 370

G2 007 D046 MOVWF 108 [SEMD NACT

63 00 G3ITYT MOVLW 37T

4. 011 D045 MOWVAF [0 SET FOR INPUT

63 02 100G MO [DE.W

GG @13 T3T0 ARMDLW 370

E7. 04 B403 IORLW 3 SET DTE

BB 015 D045 MOVWE [O8 SEND DTH

B3 N6 1005 MOVE  TOsW

D M7 DOaT MOWNE DATA SAVE DATA

T 020 1005 MOVE  I0BW

T2 21 7370 AMDLUW 370

Td 022 4G MOVWE 108 SEMD MALCT

T4, 023 4000 RET RETUAN TO CALLING ROUTINE

4,6.3 READ ROM ROUTINE

NG ADDRESS OF ROM IN W AT ENTRAMCE MNEXROM

107 ADDRESS OF ROM IN ADMAD AT ENTRANCE ROMRLD
104

104 IMCREMENTS ROMAD AFTER READ IF ROM ADDRESS
T CROSSES 256 BORDER, MAKE UFPER BAMK SELECT ~ 1
i1

112 JUSES ol REG 16 FOR ADDRESS

113 ES10 AEG 17 FOR INPLT DATA

114. 046 1030 WEXRAOM MOVF  ROMADW
115, 047 0067 ROMRD MOVWFE DATA PUT ADDRESS

116. 0BQ BO16 MOVLW 16 'O A ADDRESS
117. 051 006E MOVWF ADDRES

118. 052 2306 BCF 1086 TURN CrN ACHM
119. 053 4425 CALL WRITE SEND TO I0A

120, 024 12bb IMCF ADORES TO IOB ADDRESS
121, 0BE 4401 CALL REAL GET DATA

122. 036 2706 B5F [0BE TURN QOFF RO
Vdd. s 1700 INCFSE ROMAD  TO WEXT LOC

184 DEQ 4000 RET

125. DE1 2646 B5F [08.5 SET HIGH SELECT
126. DEZ 4000 RET RETUAM TO CALLING ROUTIMNE

a8



Fig.19 PIC 1650/AY-3-8910 SYSTEM EXAMPLE
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4.7
Interfacing to the

CP1600/1610

As shown in Fig. 20, the wiring is direct between the AY-3-B810and a
CP1600/1610 microprocessor. The levels are compatible thus elimi-
nating any need for level converters. Even the terminology between
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 0 + 17, R4
BLT Here

4.7.2 READ DATA ROUTINE

The routine to read from a selected register is as follows:
MVl Reg, RO; get data from reg in RO
MVO RO, value; store in mamory

40



Fig. 20 CP1600/1 810/AY-3-8010 INTERFACE e ——
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4.8
Interfacing
to the MG6800

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 B00S ;GET D DIR A
LDAA #FF
STAA BOO4 .OUTPUTS
LDAA #4
STAA BOOS ;GET PERIPHERAL A
STAB 8004 ;FORM ADDR
5TaA BODE
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 8006 WRITE DATA
RTS ;RETURN

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

READ STA A BDO5 ,GET D DIR
STA A BOD4 INPUTS
LOAA #4
STA A BODS ,GET PERIPHERAL
DECA
STA A BODE ;READ MODE
LDA B 8004 [READ DATA

CLRA
STA A 8006 :REMOVE READ MODE
RTS RETLURN

a2



Fig. 21
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4.9
Interfacing
to the 8080

5100 Bus

The sample 5100 bus design provides for reading and writing the
P5G using only an BO8O “IN" or “OUT" instruction to the proper
address. Another feature of the design is the provision for multiple
PSG 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 illustrative
program, the program overhead necessary to communicata with tha
PSG is minimal.

4.9.1 LATCH ADDRESS ROUTINE

PORTADDR EQU BOH ADDRESS TRAMSFER PORT ADDRESS
FORTODATA EQU B1H DATA TRAMSFER PORT ADDRESS

THIS ROUTIME WILL TRAMSFER THE COMTENTS OF
8080 REGISTERA C TO THE PSG ADDAESS REGISTER
PEGEAR MOV AL GET G IN A FOR OUT
ouT PORTEAR SEMD TO ADDRESS PORT
HET

4.9.2 WRITE DATA ROUTINE

‘AOUTINE TO WRITE THE CONTENTS OF B0B0 REGISTER B
-TC THE PSG REGISTER SPECIFIED BY 8080 REGISTER ©

PSGWRITE CALL PSGBAR GET ADDRESS LATCHED
MOV AR, (GET VALLUE IM A FOR TRANSFER
LT PORTDATA PUT TO PSG REGISTER
HET

4.9.3 READ DATA ROUTINE

-ROUTINE TO READ THE PSG REGISTER SPECIFIED
1BY THE 8080 AEGISTER C AND RETURM THE DATA
iIN 8080 REGISTER B

PSGREAD CALL PSGBAR

I PORTDATA (GET REGISTER DATA
MOV B A GET IN TRAMSFER REGISTER
RET

a4
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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 composer'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 serles 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 1.78977MHz (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

di
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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 utilize 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
piano keyboard) to determine note, volume and duration data.

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

Ona of the significant features of a microcomputer based music
plaver 15 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 obtained. The programming effect would ba 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
"kay"” or suboctave shift of a composition. The logical description of
key transposition is to shift each note up or down by a predetermined
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 TEMPO

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 “spead up” the tune without changing the crucial time
relationship between 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 notas 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 formed 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 anote is played or “fired"”, a fraquency
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 speed 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 variable allows “synthesizar”
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 e S

While many applications of the PSG in music generation are
apparent, for instance in the area of toys and games, other applica-
tions are possible even in the area of high aceuracy 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.

55.1 ORGAN ENVELOPE GENERATION

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

The basis of this system consgists of a master frequency generator
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 co ntrol switch
matrix can be used to control sustain and add other special effects.
The ROM shown connected to the AY-3-8910 is optional depending
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.
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5.5
Applications
(cont.)

5.5.2 ORGAN RHYTHM GEMNERATION

The rhythm generation diagram (Fig. 268) illustrates a simplified
varsion of how a microcomputer can be implemented with the AY-3-
BO10 to provide a percussion instrument section for an electronic
argan

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 I/O port of the PIC, Each AY-3-8910 provides a
separate output envelope and frequency of the instrument it is to
synthesize,

Thea Rhythm Switch Matrix is used to select any praprogrammed
rhythm pattern and tempo from the PIC. The Instrument Select
switches allow manual infout selection of the 8910's via the ABand AQ
address lines providing additional instrument sound variations.
These switches are intended to be user-selected and mountad in a
convenient position on the instrument,

In addition, optional ROMs could be added to the PSG 1/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.

Fig- 286 OAGAMN RHYTHM GENERATION s —
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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.

B_I Many effects are possible using only the tone generation capability of
the PSG without adding noise and without using the PSG's envelope
Tone uﬂly generation capability. Examples of this type of effect would include
Eﬂl.‘-l.‘.ts telephone tone frequencies (two distinct frequencies produced
simultaneously) or the European Siren effect listed in Fig. 27 (two

distinct freguencies sequentially produced).

Fig. 27 EUROPEAN SIREN SOUND EFFECT CHART e ——

Dcial
Register & Load Value Explanation
any not specified ooD —
Rl 3TE St Channel A Tone period to 2.27ms
R1 oon [440Hz).
RT 0ré Enable Tone only on Chamnal & anly
R0 o017 Select maximum amplitude on Channel A,
{Wail approximalely 350ms before continuing |
A 126 Set Channel A Tona paricd to 5 346ms
A1 oo [(1BTHz).
{ Wait approximatedy 350ms before continuwing f
Ai0 0a0 Turn aff Channel A to end sound atfect.
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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
envelope 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 envelopa 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 mss—

Dctal
Register & Load Value Explanation
Any not specified 0oo —

A& o1y Set Moise period to mid-value.

A7 ooy Enaipla Moisa onfy on Channels A B,C
::II? EE Selact full amplitude range under direct
R1? 020 control of Ervelops Genesator

Fid nz2o el Envelope period (o 0.586 seconds
A5 00D Select Envelope "decay”, ome cycle anly,

EXPLOSION SOUND EFFECT CHART m—————————

Cetal
Regizber ¥ Load Value Explanation
Ay niot spacified L] .
RE Q0 Sat Nolse period to max. valuee,
RT 007 Enable Moise only, on Chanmels A B,C.
R0 020 ;
A1 020 Saetect full amplitude ranga undear
Ai2 020 direct control of Envelope Generator.
H14 070 Set Envelope period 1o 2.05 saconds.
A1& ] Sakect Envelope “decay”, one cycla only.




E.3 The Laser, Whistling Bomb, Wolf Whistle, and Race Car sounds in
. Figs. 30 thru 33 all utilize frequency sweeping effects, In all cases
Frequﬂﬂﬂ'! they involve the increasing or decreasing of the values in the lone

period registers with variable start, end, and time between frequency

SWHEII Eﬁm 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 —

Qetal
Reglster # Load Value Explanation
Any not apecified 000 -
RT K] Enable Tone anly on Channel A cnly
=R 1] o7 Select maximum amplitude on Channel A.
Sweep effect for Channel A Tone period
RO 080 [start) vid & processof [eop with approximately
RO 160 {end) dms wait time between sach step from 060
to 160 (0.4 28mas/F330Hz to 1.0ma 1000Hz).
A10 oo Turn off Channel A to end sound effect.

Fig. 31 WHISTLING BOMB SOUND EFFECT CHART e —

Orctal
Reglster # Load Value Explanation
Any not specified 000 -_
A7 076 Enable Tone only on Channel & anly
A10 o7 Select maximum amplitude on Channel A,
Sweep ellect for Channal A Tone penod via
[=TH] DED (start) a processor loop with Bpproximately 25ms
[=1H] 300 (end) wait time between eech step from 060 to 300

{0.420me/ 2330Hz to 1.72ms/S82Hz)
Afler above loop is completed, follow with sequence in Fig. 28,

55



B_4 Because of the independent architecture of the PSG, many rather
complex effects are possible without burdening the processor. For
H“I‘“-BI]H““EI axample, the Wolf Whistle effect in Fig. 32 shows two channels in use
Eﬂ o add constant breath hissing noise to the three concenirated
Ec's frequency sweeps of the whistle. Once the noise is put on the
channeal, the processor only need be concarnad with the frequency
sweep operation.

Fig. 32 WOLF WHISTLE SOUND EFFECT CHART se——

Oetal
Reglster # Load Yalue Explanation
Any not apecifiad OO —

R& 001 Set Moise period 1o minimum value.

A7 056 Enabde Torne on Channel A, Noiseon Channel B,
R10 o7 SeleEst maximurn amplitede on Channel A&,
R11 o1 Sebest lower amplitude on Chanmel B

Sweep ellect lor Channel & Tone perlod viaa

RO 100 (star) | processors [Gop with approsimately 12ms

RO 040 [end) wail time belween each step from 100 10 040

(0.572ms/1T4BHz to 0.2BEm=/3496Hz)
{ Wait approximately 150ms befors continuing)
RO 100 {stary) | ® Processor loop with approximatety 25ms

walt time batween esch step from 100 to 060
b 060 (end) | 4 s7oms/1748Hz to 0.420ms/2331Hz)

A processor loop with approximataly Gms
EE ﬁ‘ﬁ:&l wait fime between each step from 060 to

150 {0 428ms/Z331Hz to 0.830msA0TEHZ)
E:? % } Turn off Channels A and B to end effect

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

Cetal
Register i Losd Value Explanation
Any mot specified Qa0 —
R3 my Sat Channel B Tone pariod 1o 34, 33ms (28Hz)
RT 074 Enable Tones anly on Channels 4 and B
R0 |7 Select maximum ampliiude on Channel A,
FAii 2 Salect lower amplitude on Chanme B.
Sweep effect for Channel & Tone penod via
*A1{/A0 MIA000 (start) | & processor loop wilh approximately 3ms wait
*A1/Al 004000 (end) | tlime between each step from 013000 to
00000 {25 17ms/ 38 7HzZ to 9.495ms108.3Hz).
A processor loop with approximately 3ms
H1{:u m‘l?‘::gj wait time batween each step from 0011,/000 to
A1/R0 (@A) | 503,000 (20.6ma/48.5Hz 1o 6.87Tms/145 6Hz).
A processor loop with approximataly éms
H]-'_ﬂ:l:l ﬁﬁﬂta‘gl wait tima batwean each step from OOED00 10
R1/R0 (BN3) | 501,/000 (13.73ms/T2 BHz to 2.20ms/436 THE),
E}E‘ ﬁ }Turn olf Channels A and B 10 end affect

* Dacrement B1/R0 as a whole number, 8.9 start a1 013000, then 0127377,
then 0127376, @t
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1.1
Maximum
Ratings

1.2
Standard
Conditions

1.3
DC
Characteristics

Fig. 34

Fig. 35

ELECTRICAL SPECIFICATIONS

e |
~55°C to +150°C

Storage Temperature

Operating Temperature . .........c.ocoiaiaivananas 00 to 400 G
Voo and all other input and output
vollages with respect to Ves . .......coianann —0.3V to +8.0V

Excesading these ratings could cause permanant damage 1o these dedvices,
Functional operation at these conditions is nod implied —operating conditions
are specified below

"n.".::L'-= 'i'ﬁ'ur 'L'E':'"i:
U:qF::GN‘D
Operating temperature: 0°C to +40°C

Characteristic Sym | Min, [ Typ. ™| Max. | Units Conditions
All Inpuls
Logic “0" L o == 06 L)
LI]giC a5 i l'¢|'|h 2"‘ — I'.'Il,:l,: Ih'l
All Oulputs (except
Analog Channel Oulpuls)
Logic "0" Ve | O - 0.5 W L =16 mA, 20pF
Logle 1" Wou | 24 | — | VWee | V| Low=100wA, 20pF
fAnalog Channel Dutputs Wo | D 60 | dB | Test circuit: Fig. 34
Power Supply Current Iee | — 45 | 75 | mA

*Typical valuas are at +25°C and nominal vollages.
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7.4
A
Characteristics

Fig. 36

Fig. 37

Characterisiic Sym | Min, | Typ.® |Max, | Units | Conditions
Clock Input
Freguancy fe | 1.0 - 2.0 | MHz
Rize tima tr — - &0 ns
Fall time b - &0 ns
Duty Cycle o5 | 50 |75 | = 9.5
Bus Signals (BDIR, BC2, BC1)
Associative Delay Time foo | — == 20 ns
RAesel
E‘fiﬂ Pulga Width s | SO0 — —_ ne JL Fig. 37
Resat to Bus Contral Deley Time taa | 100 | — — ng
AS, A8, DAT--DAD (Address Mode)
Address Setup Time iag | 400 | — _ ns }Flg 36
Address Hold Time law | 100 — — ns ;
DAT--DAD (Write Mode)
Write Data Pulsa Width tow | 500 | — oo ns
Write Data Setup Tima bpa | 50 | — — | na lFlg. 30
Write Data Hold Time tow [1WDOf — | — | na
DAT--DAD (Read Moda)
Read Data Access Time toa | — | 280 |50 ) ns
DAT--DAD [ Inactive Hn:b&} ] Fig. 40
Thistate Delay Time s | — | 100 |200 ] ns

* Typical values are at 25°C and nominal voliages
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Fig. 38 LATCH ADDRESS TIMING
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Fig. 40 READ DATA TIMING
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15
Package Outlines

Fig. 41

40 LEAD DUAL IN LINE PACKAGES (for AY-3-8910) ee—
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Fig. 42 28 LEAD DUAL IN LINE PACKAGES (for AY-3-80912) —
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