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1.1
Description

#

INTRODUCTION

f

it is apparent that any miCcroprocessor 1s capable of producing
acceptable sounds with only a transducer it the processor has no
other tasks to perform while the sound s sustained. In real world
microprocessor use. however, video games need refreshing. key-
boards need scanning, etc. For example. in order to produceasingle
channel of ninth octave C (8372 Hz) the signal needs attention every
sixty microseconds. Software required to proguce this simpie etfect
and still perform other activities would in the teast be very compiex if
not impossible. inthe extreme. random noise requires periodic atten-
tion even more frequently.

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

The AY-3-8910'8912 Programmable Sound Generator (PSG) 15 a
Large Scale integrated Circunt which can produce a wide varnety of
complex sounds under software control. The AY-3-8910/8912 is
manutactured in GlI's N-Channe! lon impiant Process. Operation
requires a single 5V power supply. a TTL compatible clock, and a
microprocessor controller such as the G! 16-bit CP1600/1610 0r one
of GI'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 medems.
The anaiog 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 n 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 apphcations ofa microprocessor/PSG system would also
require interfacing between the outside world and the microproces-
sor. this facility has been designec into the PSG. The AY-3-8910 has
two general purpose 8-bit 1’0 ports and is supplied in a 40 lead
package: the AY-3-8912 has one port and 28 leads.

#
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1_2 0 Fua sottware control of sound generation. T
O interfaces to most 8-bit and 16-bit microprocessors
Features O Three independently programmed analog outputs.
O Two 8-bit general purpose 1/0O ports {AY-3-8910)
O One 8-bit generat purpose IO port (AY-3-8912).
00 Single ~5 Volt Supply.

.

1 3 This Data Manual is intended to introduce the techniques needed to
cause the AY-3-8910/8912 Programmable Sound Generator to per-
scope form in its intended fasnion. All of the programs. programming. and
hardware designs have been tested to ensure that the methods are

practical rather than purely theoretical. '

Although the techniques described will produce powertul resulits, 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 possibihities of the PSG.

FigA 1 TYPICAL SYSTEM DIAGRAM O
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2.1

Basic
Functional
Blocks

A5

ARGHITECTURE

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 wnting 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 controtied through its 16 registers which
once programmed, generate and sustain the sounds. thus freeing the
system processor for other tasks

An internal block diagram of the PSG showing the various functionai
blocks and data flow is shown in Fig. 2.

2.1.1 REGISTER ARRAY

The principal element of the PSG is the array ot 16 read/wrnite controt
registers. These 16 registers look to the CPU as a block ot memory
and as such occupy a 16 word block out of 1,024 possible acdresses
The 10 address bits {8 bits on the common data‘/address bus. and 2
separate address bits A8 and A9) are decoded as follows

*20| as |0A?]DA6|DAS|DAs|DA3|DAZ{DATIDAG| * AQ s

not pro..Jed
0jrjojojojojof[0]0]0] onmeav3aez

THRU
[oT ToJoJoJof ol ]"]
HIGH LOW
ORDGER 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 t¢ a
high impedance state). High order address bits A9 A8 are fixed inthe
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 specitied. address bits
DA7--DA4 are programmed to recognize only a 0000 code. A valia™

high order address lalches The register agaress (he 10w order 4 bits)
inthe Register Address Latch/Decoder biock. A latched address will
remain valid until the receipt of a new address. enabling muitiple
reads and writes of the same register contents without the need for
redundant re-addressing.
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2.1

Basic
Functional
Blocks
(cont)

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 accompiished by the Bus
Controi Decode block.

The function of each of the 16 PSG registers and the data ftow of each
register's contents are shown in context in Fig. 2 and explained in
detail in Section 3. "Operation’. For reterence purposes. the Register
Array details are reproduced in Fig. 3.

2.1.2 SOUND GENERATING BLOCKS

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

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

Noise Generator produces a frequency modulated pseudo
random puise width square wave output.

Mixers combine the outputs of the Tone Generators
and the Noise Generator. One foreach chan-
net (A.B.C).

Amplitlude Control provides the D/A Converters with either a

tixed or variable ampiitude pattern. The fixed
amplitude 1s under direct CPU control; the
variable amplitude 1s accomplished by using
the output of the Envelope Generator.

Envetope Generator produces an enveiope pattern which can be
used to amplitude modulate the output of
each Mixer. .
D/A Converters the three D/A Converters each produce up 1o
. a 1§ level output signal as determined by the
Amplitude Control.

2.1.3 I/0 PORTS

Two adthitional blocks are shown in the PSG Block Diagram which
have nothing directly to do with the production ot 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 ot the PSG. The 'O
Ports are TTL-compatible and are provided with internai pull-ups on
each pin. Both Ports are available on the AY-3-8910; only /O Port Ais
available on the AY-3-8912.

10
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Fig. 3 PSG REGISTER ARRAY
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Pin Assignments

Fig. 4

- Fig. 5

The AY-3-8910 is supphed in a 40 lead dual in-line package with the
pin assignments as shown in Fig. 4. The AY-3-8312issupphedin a 28
lead dual in-iine package with the pin assignments as showninFig 5

AY-3-8910 PIN 'ASSIGNMENTS - """}

Vss {(GND)

NC

ANALOG CHANNEL B
" ANALOG CHANNEL A
N.C.

1087

1086

I0BS

1084

1083

1082

1081

1080

I0A7

10A6

IOAS

10A4

10A3

10A2

[I0A1

ny
LA ]

Top View

Qe ~ 40
gz g
[ 38
ar 7
s 36
de 35
ar k7 |
e 33
g 32
1c 3
o 30

12 29
gts 28
mpT 27
[mRE 26
(R 25
an- 24
15 23
iRk 22

21

OonNTmToOoO00o o 0000000 uU

Vee (+3V)
TEST 1
ANALOG CHANNEL C
DAOD

DA1

DA2

DA3

DA4

DAS

DAG

DA7

BC1

BC2
8DIR
TEST 2
A8

A9
RESET
CLOCK
10A0 .

AY-3-8912 PIN ASSIGNMENTS 0 e —_
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TEST 1

Vcc ("'SV)
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Ves (GNDY
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ce 20
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Pin Functions

S

DA7--DAO (input/output/high impedance}: pins 30--37 (AY-3-8910)
Data/Address 7--0: pins 21--28 (AY-3-8812)

These B lines comprise the B8-bil bidirectional bus used by the
microprocessor to send both data and addresses to the PSG and to
receive data from the PSG. Inthe data mode. DA7--DAO correspond
to Register Array bits B7--B0. In the address mode, DA3--DAOQ select
the register # (0--17,) and DA7--DA4 in conjunction with address
inputs A9 and A8 form the high order address (chip select).

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

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

(not provided on AY-3-8912)
Address 9, Address 8
These “extra” address bits are made availabie to enable the position-
iy 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--DAQ alone. If the memory size does not require
the use of these extra address ines 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 1o be used.

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

pin 16 (AY-3-8912)
For initialization/power-on purposes. applying a ltogic 0" (ground)
to the Reset pin will reset ail registers to "0”. The Reset pinis provided
with an on-chip puil-up resistor.

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

pin 15 (AY-3-8912)
This TTL-compatible input supphes 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 GI's CP1600
series of microprocessors to controt 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
signais or by simulating the signals on /0 lines of the processor. The
PSG decodes these signals as Hiustrated in the tollowing:

13




2.3
Pin Functions
{cont.)

+d

a 8 O CP1i600 PSG

©C o @ FUNCTION FUNCTION

c ¢ 0 NACT INACTIVE See 010 (IAB) below

0 ¢ ADAR  LATCH ADDRESS See 111 (INTAK) beiow

o 1 @ 1AB INACTIVE The PSG/CPUbus s inactive DA7--DAD
are in a hugh smpedance state

o 1 DTB READ FROM PSG. This signal causes tne contents
of the register which 1s currertly agdressed to
appear on the PSG/CPU bus DAT7--DAD are in the
output mode

10 0 BAR LATCH ADDRESS See 111 {INTAK) below

1 0 1 ow INACTIVE. See 010 (IAB) above

1 1 0 DWS WRITE TO PSG. This signal indicates that the bus

contains register data which should be iatched into
the currently agdressed register DA7--DAO are in
the input mode
A B | INTAK LATCHADDRESS. Thissignalindicates that the bus
: contains a register address which shoulg be 1atchecd
in the PSG DA7—~DAO are in the input moge
While interfacing to a processor other than the CP1600 would simpty
require simulating the above decoding, the redundancies in the PSG
functions vs. bus control signals can be used to advantage i that
only four of the eight possible decoded bus functions are reguired by
the PSG. This couid simplify the programming of the bus controt
signals to the foftowing, which would only require that the processor
generate two bus control signais (BDIR and BC1. with BC2 tied to
-+5V):

PSG
FUNCTION ‘
[1-t

tNACTIVE.

p—
READ FROM PSG =~ — ~=07esss: l ™
>_

BC2

WRITE TO PSG
LATCH ADDRESS

ANALOG CHANNEL A, B, C {outputs}. pins 4. 3. 38 (AY-3-8910)

pins 5. 4, 1 {AY-3-8912)
Each ot these signals is the output of its corresponding D/A
Convenrter, 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-3-8912)
1087--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 paratle! input/output ports provides 8 bits of
parallel data to‘from the PSG/CPU bus from/to any external devices
connected to the I0A or I0B pins. Each pin is provided with an on-
chip puli-up resistor. so that when in the "input” mode, all pins wiil
read normally high. Therefore. the recommended method tor scan-
ning external switches, for example, would be to ground the input bst

f =7

- oo BDIR
~o-0o BC1

1
1
1
1

14




2.4
Bus Timing

PRRRRRmmmmn =

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 G! test purposes only and should be ieftopen—do
not use as hie-pornts.

Vcc: pln 40 (AY'3‘8910)
pin 3 (AY-3-8912)

Nominal —5Volt power supply to the PSG.

VSS: pln 1 (AY'3"8910)
pin 6 (AY-3-8912)

Ground reference for the PSG.

Since the PSG tunctions are controlled by commands from the
system processor. the commaon datasaddress bus {(DA7--DAOQ) re-
quires definition as to its function at any particluar time. This 15
accomplished by the processor issuing bus control signals. previ-
ously described. defining the state of the bus: the PSG then decodes
these signals to pertorm the requested task

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

The timing reiationships in issuing the bus control signals relative to
the data or address signals on the bus are reviewed in generalin the
following section. and in detail in Section 7. Electrical Specifications

15
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25
State Timing

Whiie the state tlow for many microprocessors can be somewhat
involved for certain operations. the sequence of events necessary to
control the PSG is simple ang straightforward. Each of the three
major state sequences (Latch Address. Write to PSG. and Read from
PSG) consists of several operations (indicated below by rectangular
blocks). defined bv the pattern of bus control signals (BDIR, BC2,
BC1).

INACTIVE |——pm %g::sl INACTIVE pip OSZT”:' INACT .E
I T
e Agdress aNa write Sata t
i 13 PSG seguence ;

.~ ouTPUT INPLT - .
INATTIVE ADDRESE iINACTIVE DATA INACT . g
1 T
L Address anc real data J
L 1
1 |

tror PSG seguence

The functionat operation and relative timing of the PSG control
sequences are described in the following paragraphs {in all exam-
ples, BC2 has been assumed to be tied to logic "17, ~5V).

2.5.1 ADDRESS PSG REGISTER SEQUENCE

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

/T N\

CO-NTE(LTJ)E NACTT W:’a INTAK W NACT

ouTPUT x FLOAT
DAT--DAD FLOAT X ADDRESS Lo

16




2.5.2 WRITE DATA TO PSG SEQUENCE

The “Write to PSG " sequence. which would normally tollow immedi- .
ately after an address sequence. requires tour principal microstates.

(1) send NACT {inactive). (2) put data on bus, (3) send DWS (write to
PSG). (4) send NACT (inactive) o

BC1

comggf NACT %/a OWS W/ﬂ NACT

OUTPUT DATA
DAT--DA F T £ AT
DAC LOA X phiifive . X Lo

2.5.3 READ DATA FROM PSG SEQUENCE

As with the "Write to PSG” sequence. the "Read tfrom PSG" sequence
wouid also normally follow immediately after an address sequence
The four principal microstates of the read sequence are' (1) sena
NACT (inactive); {2) send DTB (read from PSG): (3} read data on bus.
{4} send NACT (inactive). i

BDIA
ac) / \
comggf NACT L:7///’H oTe VZ?A NACT

INPUT DATA x -
7-- -
DAT--DAQ FLOA X (FROM PSG1 FLOAT

2.5.4 WRITE TO/READ FROM /O PORT SEQUENCE

Since the two I/0 Ports (A and B) each have an B-bit register assigned
as a data store. writing to or reading fronr either port is identical to
writing or reading to any other register. Hence. the state sequences
are exactly the same as described in the preceding paragraphs.

17
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O 3 OPERATION

(O

Since all functions of the PSG are controiled by the host processor
via a series of register loads, a detailed description of the PSG
operation can bestbe accomplished by reiating each PSG functionto
the control of its corresponaing register. The tunction of creating or
programming a specific sound or sound etfect logically follows the
control sequence listed:

Section Operation Registers Function

K| Tone Generator Controi RO--RS Program tone perods

32 Noise Generator Control R6 Program noise perod

33 Mixer Control R7 Enable tone and-or nose
on selected channeis

34 Amphtude Control R10--R12  Select "hixed or "envelope-
vanabte amplitudes

as Envelope Generator R313--R15 Program enveiope pernod

Control and select envelope patterr

3.1 The frequency of each square wave generated by the three Tone
Generators (one each tor Channets A, B. and C) 15 obtained in the
TOI‘le Generator PSG by first counting down the input clock by 16. then by further
00ntr0| counting down the result by the programmed 12-bit Tone Period

value. Each 12-bil value is obtained in the PSG by combining the

contents of the relative Coarse and Fine Tune registers. as iliustrated

{Registers RO. R1. R2 R3. B4. RS} .\ (oliowing: |

(‘ Coarse Tune Fine Tune
Register Channei Register

R A RO

R3 8 R2

RS c R4

[B?Iae]es[m[aa]ez[m 80 [;[Balaslaclaalazlaalscj

NOT
USED

F’Pnll’mol 9 [ 18 | TR7 [ee | 7ps | TPa | TP3 [ ez | ve- | TP0 |

12-bit Tone Penod (TP) to Tone Generator

Note that the 12-bit value programmed in the combined Coarse and
Fine Tune registers is a period value—the higher the vaiue in the
registers. the lower the resultant tone trequency.

Note alsc that due to the design technique used in the Tone Period
count-down. the lowest period value is 000000000001 (divide by 1)
and the highest period value is 111111111111 (divide by 4.095:0).
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The equations describing the reiationship between the desired
outpui tone freguency and the input clock frequency and Tone
Period value are:

e _ -
(ay t+ = __16Tpv_ tb) TP = 256CT ¢ FTw
Where. f; = desired tone frequency

feLocx = input clock frequency
TPyo =decimal equivalent of the Tone Period
bits TP11--TPO.
CT.o = decimal equivalent of the Coarse Tune
register bits B3--B0 (TP11--TP8)
FT.o = decimal equivalent of the Fine Tune
register bits B7—-80 (TP7--TPO)

Fron. .he above equations it can be seen that the tone frequency can
range from a low of 5%, (wherein: TP,x=4,085+0) t0 2 high of %3’
(wherein: TP,,=1). Using a 2 MHz input clock. for example. would
produce a range of tone frequencies from 30.5 Hz to 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, yelding.

lc‘-_mg . FT\C Tp1c
T 1 = — o - —— =
@ TPw = g ) CTee = S5g = 256
Example 1: fr = 1kH2
foiock = 2MHz
2x10°
TPig = =———7= =
T 16(110% 125
Substituting this resull into equation {e2]
FTw 125
T . — D —
CTe ~ 256 = 26
o CTwe =0 = 0000 (B3--BOY
f‘_rm = 125|o =01111101 (87"80)
Exampie 2. fr = 100H7
le.ocx = 2MHZ
2x10°
TP = ——— =
Plo 16(1“02) 1250

Substituting this resuit into equation (bt
FTio _ 1250 _ 4+ 226

T + = = 226
CTe + Z56 = 286 256
C.CTw = 4w = 0100 (B3--BO)
FTve = 22610 = 11100010 (B7--B0)




3.2
Noise Generator
Control

(Register RE)

[

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--B0O) of register RE as
tllustrated in the following:

Noise Pernod
Aeqister RE
[Brlaelsslmlealazlmlac]
NOT 5-bit Nowse Penod (NP}
USED 1o Noise Generatcr

Note that the 5-bit value in R11is a period vaiue—the higher the value
in the register. the jower the resultant noise frequency. Note also that,
as with the Tone Period. the lowest period value is 00001 (divide by 1).
the highest period value 1s 11111 (divide by 31+0).

The noise frequency equation is:
f., = fCLOCt
16 NP
Where: tx = desired noise frequency
feLocx = input clock frequency

NP, = decimal equivalent of the Noise Period
register bits B4--B0.

From the above equation it can be seen that the noise frequency can
range from a low of & {(wherein: NPso = 3110) to a high of =’
(wherein: NP, = 1). Using a 2 MHz input ciock. for example, would
produce a range of noise frequencies from 4 kHz to 125 kHz.

To calculate the vaiue for the contents of the Noise Penod register.
given the input clock and the desired outpu! noise freguencies, we
simply rearrange the above equation, ywelding:

NP, = oo
16 1
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3 3 Register 7.1s a muiti-function Enable register which controls the

M. ° three Noise/Tone Mixers and the two general purpose IO Ports.
Ixer contrpl- The Mixers. as previously described. combine the noise and tone
I/0 Enaile freauencies fo- each of the three channels. The determination of

combining neither/either/both noise and tone frequencies on each
(Register R7) channel is made by the state of bits B5--80 of R7.

The direction (input or output ) of the two general purpose 1/0 Ports
(IOA and IOB) i1s determined by the state of bits B7 and B6 of R7.

These tunctions are iliustrated in the following:
le

Mixer Control-1'O Enable
fAegister R7

['Be | 85 | 82 | B3 | s

l B ! B!
Famgr nr inpe Eraz s
10 Boer e ‘l 3

Funchior NZose Enalt - I Tone E~anw

Channe! c i B I_ A Jl c ] e I A 1
Noise Enable Truth Table: Tone Enable Truth Table.
R7 Bits Noise Enabled R7 Bits Tone Enabled
85 B4 B3 on Channel B2 B1 BO on Channei .
0 0 0 C B A 0 0 0 C B A
0 0 1 C B -— 0 0 cC B8 -—
o 1 0 C — A 0 1 © c - A
0 1 1 cC — — o 1 1 cC - -
1 0 0 - B A 1 0 0 — B A
1 0 1 - B - 10 1 - B -
110 - — A 1 1 0 - — A
1 1 - - - A R _ - =

170 Port Truth Table:

R7 Bits 1/0 Port Status

BT B6 10B 10A

0 0 Input Input

0 1 Input Qutput

1 0 Cutput input

1 1 Output Qutput

KOTE: Disabling notse and tone does not turn oft a channel. Turning a
channe! off can only be accomplished by wnting all zeroes nto the
corresponding Amplitude Control register. R10. R11. or R12 (see
Section 3 4}
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3.4
Amplitude
Control

(Registers R10. R11, R12)

L

The amplitudes of the signals generated by each of the three D/A
Converters (one each for Channels A. B.andC}i 1§ determined by th.
contents of the lower 5 bits (B4--B0) of registers R10. R1Y. and R12 as
flustrated n the following:

Amplitude Control

Register # Channet
R10 A
A1 B
R12 C

MBGJB&L&: awlaﬂla-js:}

NCT
JSED

ampi:tuai T
Mogs afrca LIt L

The amplitude “mode” (bit M) selects either fixed level ampiitude
{M=D0) or variable level amplitude (M=1)_ It follows then that bits L3--
LO. defining the vatue of a “fixed” level amplitude. are only aclive
when M=0. When fixed ievel amplitude I1s selected, 1t1s "fixed” onlyn
the sense that the ampiitude level is under the direct control of the
system processor (via bits D3--D0). Varying the amplitude when in
this "hxed” amplitude mode reguires in each instance the direct
intervention of the system processor via an address latch ‘write data
sequence to modify the D3—-D0 data.

When M=1 (select “variable” ievel amphtudes),. the ampihtude of each
channel 1s determined by the envelope pattern as detined by the
Envelope Generator's 4-bit output E3 E2 E1 EO.

The amplitude "mode” (bit M) can also be thought of as an "enveiope
enable” bit; 1 e . when M=0 the envelope 1S not used. and when M=1
the envelope 1s enabled. (A full description of the Envelope Gener-
ator function follows in Section 3.5).
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The fuli chart describing all combinations of the 5-bit Amplitude
Control is as fotlows:

Amplitude Control

Register # Channel ‘
R10 A
R11 B _
R12 C :
T " ¥
BT|BG B5 B4I83 82{B1| B0 :
S— t— :
NOT ‘
USED Amplitude
Control
M L3 L2 L1 LD Output -
0 00 0 0 *0 0 0 0 The ampltude 15
fixed at 1 o' 16 leve's
: as determined by
0 1 1 1 1 LR T T O L3LzLric

The amplitugde 15
o vanatie at 16 levels
E3 E2 EV EO as determined by the
E output of the
Envelope Generator

1T X X X X

{(X=Don't Care} . A
The &Il zeroes code 15 used 0 turn 2 channe

‘o

Fig. 6 graphically illustrates a selection of variable level (envelope-
controlied) amplitude where the 16 levets directly refiect the output
of the Envelope Generator. A fixed level amplitude would correspond
to only one of the levels shown. with the level‘directly deterrmned by
the decimal equwivaient of bits L3 L2 L1 LO.

Fig. 6 VARIABLE AMPLITUDE CONTROL (M=1) =ee——

e
— T =&NSE, ST
LU PLE SR
RTINS )

: GRAPHIC REPRESE*TA™ 7y . ¢
THE DECIMAL vA S 05 T2
AMPITUTE CONTEZ_ 270 7

— T —annT
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3.5
Envelope
Generator
Control

(Registers R13. R14. R15)

“

To accomplish the generation of fairiy complex envelope patterns,
two independent methods of control are provided in the PS@G. first it
IS possibie 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 detaiis of the envelope control functions. describing first
the enveiope penod control and then the enveiope 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 is obtained in the PSG by combining the contents of the
Envelope Coarse and Fine Tune registers. as ilustrated in the
following:

Envelope Enveop:
Coarse Tune . Fine Tune
Register R14 Register R13
E?[es[as]aniealaz[a‘];] {e‘[a&}asla.n]?eie.»]a-]a'i

/ N N

M H ral T T T i .
E'slgvn!smalscwsieo-'lfmo[e-“«:-’E=e£s:‘ o€ [EPs [E2e [eo ppz [er [er

16-b: Envetope Penod (EP)
10 Enveiope Generaicr

Note that the 16-bit value programmed n the combined Coarse and
Fine Tune registers 1s a period value—the higher the vaiue in the
registers. the lower the resuftant envelope frequency.

Note also. that as with the Tone Period. the iowest period value s
0000000000000001 (divide by 1): the highest perod vaiue 1s
1111711111111 (divide by 65.535,0).

The envelope frequency equations are-

f
(al fe = 2%-;";‘”) {b) EP\«=256CT(0=FT.q
Where: fe = desired envelope frequency

fciock = input clock trequency
EP,o =decimal equivalent of the Envelope
Period bits EP15--EPQ
CTio=decimal equivalent of the Coarse Tune
register bits B7--B0 (EP15--EP8)

FTio=decimal eguivalent of the Fine Tune
register bits B7--B0 (EP7--EPD)

From the above equation it can bee seen that the envelope frequency
can range from a low of 75— (wherein: EP,0=65,53510) to a high
of % (wherein: EPyo=1). Using a 2 MHz clock, for exampie, would
produce a range of envelope frequencies from 0.12 Hz to 7812.5Hz.

“
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To calculate the values for the contents of the Envelope Perioa
Coarse and Fine Tune registers. given the input clock and the destred
envelope frequencies. we rearrange the above equations. yielding

foomew FTiwo EP.-
Pig = —— o+t — T =
@) EPwe = egr, ) CTwe * 555~ 26
Exampie: fe = 05 Hz
faocx = 2 MHZ
200°
P = = )
EPwo 256(0 5) 15.625
Substituting this result into equation (b
FlTuw 15.625
Tio ~ =—= = ——— = - =
CThe = J56 256 61 - 35
CTw 1.0 = 00111101 (B7--B0)

N
o

9, = 00001001 (B7--BO

3.5.2 ENVELOPE SHAPE/CYCLE CONTROL (Register RY5)

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

This envelope shape/cycle control is contained (n the lower 4 bits
(B3--B0) of register R15. Each of these 4 bits controls a funchion in
the envelope generator, as illustrated in the following

Envelope Shape’Cycle
Control Register (R15)

[arlaeles]s:[aa]ae]&-]ﬁ] Funchon

S — .
NOT l—.- Ho!d
USEC
Allernate To

Enveiopr
Aftaca Generalsr

Continue

The definition of each function is as follows:

Holid when set to logic “1", limits the envelope to one cycle,
holding the Ilast 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-
tively).

Alternate when set to logic "1". the envelope counier reverses

- count direction (up-down) after each cycle.

NOTE When both the Hold bit and the Alternate bit are ones. the
envelope counter 1s reset to 1ts imitial count pefore holding
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3.5 Attack when set to logic "1, the envelope counter will count up
(attack) from E3 E2 E1 EQ0=0000to E3 E2 E1 EO=1111Y:
EﬂVﬂIﬂpe when set to logic “0", the envelope counter wiil count
Generator down (decay) from 1111 to G000.
Continue when set to logic 71", the cycle pattern wili be as detinec
control by the Hoid bit; when set to logic "0". the envelope
generator wilt reset to 0000 after one cycle and hoid at
(cont.) that count.

To further describe the above functions could be accomplished by
numerous charts of the binary count sequence of E3 €2 E1 EJ for
each combination of Hold. Alternate, Attack and Continue. However,
since these outputs are used (when selected by the Ampiitude
Control 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 CONTROL memee—

R15 BITS
| 8y B2 Bt BO.
! A
. C L
c T
n A E
ST T A
1 T . N H
W A A O GRAPHIC REPRESENTATION
u ¢ T L OF ENVELOPE GENERATQR
£E K E D OUTPUT E3 E2 EY EQ

-
"

%3/

Ses Koo B0t

"\

h

0

——es EF bm— £C - THE ENVE.CPE PERST
(CoSATICN OF ONE CX1LE
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Fig 8 DETAIL OF TWO CYCLES OF Fig. 7
(ret. waveform “1010" in Fig. 7)

GRAPHIC REPRESENTATION OF 1.
TrE DECIMAL vALJES T3F THE
Ab] ENVELOPE GENERATOR
OUTPUT EJE2E" EL

v RN BRN
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3.6
/0 Port Data
Store

(Registers R16. R17)

Registers R16 and R17 function as intermediate data storage regts-
ters between the PSG/CPU data bus (DAO--DA7) and the two /O
ports (I0A7-10AQ0 and I0B7--10B0). Both ports are available in the
AY-3-8910. only 10 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 CPLU bus to a peripheral device connected
to O Port A would require oniy the following steps:

1. Latch address R7 (select Enabile register)

2. Write data to PSG (setting B6 of R7 to 1)

3. Latch address R16 (select IOA register)

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

To input data from IO Port A 1o the CPU bus wouid require the
following:

1. Latch address R7 (select Enable register)

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

3. Latch address R16 (select IOA register)

4. Read data from PSG (data from /O Port A)

Note that once ioaded with data in the output mode, the data wili
remain on the I/0 port(s) until changed either by loading ditferent
data. by applying a reset {grounding the Reset pin), or by switching to
the input mode.

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

Since the primary use of the PSG is to produce sound for the highty *

imperfect amplitude detection mechanism of the human ear. the D/A
conversion s performed in logarithmic steps with a normalized
voltage range of from 0 to 1 Volt. The specific amplitude control ot
each of the three D/A Converters is accomplished by the three sets ¢*
4-bit outputs of the Ambplitude Controi btock, while the Mixer outputs
provige the base signal frequency (Noise and/or Tone).

Fig. 9 illustrates the D/A Converter output which would resultif noise
and tones were disabled and an enveiope-conirolled variable amph-
tude were selected.

Figs. 10 through 13 illustrate other typical outputl wavetorms.

Fig. 9 D/A CONVERTER OUTPUT (ref. Fig. 6) w———————————

NORMALIZED
VOLTAGE
15 15
W FT -
NOQTE THIS 1S THE ENVELOPE
QONLY —NOISE AND TONES
ARE DISABLED
14
TOTV -
L
13
sV -

DECIMAL VALUE
OF E3E2EVEOQ
{SEE AMPLITUDE

/ CONTROL.
15 SECTION 3.4

25V

1515V

125V

EP = ENVELOPE PERIOD

P Q.




Fig. 10 SINGLE TONE WITH ENVELOPE SHAPE CYCLE PATTERN 1000
(R0=14.. R1=37,, R7=765, R12=20, R15=10:, all other registers=0)

gy _
ve mmmun»muu YT

Fig. 11 SINGLE TONE WITH ENVELOPE SHAPE/CYCLE PATTERN 1100
(R15=14., all other registers same as Fig. 10) ——
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Fig. 12 SINGLE TONE WITH ENVELOPE SHAPE -CYCLE PATTERN 1010 .
{R15=12,. all other registers same as Fig. 10) sm—————————— .

Fig. 13 MIXTURE OF THREE TONES WITH FIXED AMPLITUDES wswememm

KY|
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4.1
introduction

Fig. 14

B ———

INTERFACING

UUIBRREERREEEE---_-

Since the AY-3-8810/8912 PSG must be used with support cOmpo-
nents. interfacing to the circuitis an obvious requirement. The PSGis
designed to be controlled by a miCroprocessor or microcomputer,
and drive directly into anaiog 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 AN 00—

ADDRESS
INPUT

MICROPROCESSOR MEMORY

MICROCOMPUTEF

B8uUS CONTROL

AN G
ouTP TS

SYSTEM AUDIO
CLOCK AMPLIFIER
GENERATOR .
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4 2 An economical solution to providing a system ctock 1s shownn Fig

* 15. It consists of a 3.579545MHz standard color burst crystal. a

c'OCK CD4063 CMOS inverter, and a CD4013 to divide the coior burst

- frequency 1n hal The clock produced for the PSG runs at a

Generatlon 1.7897725MHz rate. Depending on the m:crocomputer used, itsclock
should be selected withun its specitied value.

{ - PSG
E'*ER CLOCK - 1 TRGTTISM
TO M ZA0
COMP."ER 0 B94BBE3IMH:

ISPEC DEPENDENT:

:
D“—
?

J 5T9L4A5MH,

4069 i E
CRYSTAL

B3 A 1 TR TGN
| [] |

CLOC» TO PSG

20pF

0
F— AA— 3005

L5

—>-

4067

vY -

a3
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Audio Output
liiterface

Fig 1t

“

Fig. 16 wlustrates the audio outpu! connections to a commercially
available LM386 audio ampiifier. It shows channels A. B. and C
summed together to enable complex waveforms to be compesed and
amphfied through a single external amplifier. These channels may be
individuaily amphited through separate channels for more exotic
sound systems.

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

AUDIO QUTPUT INTEARFACE s s——

ANA_OG CHANNEL OUTPUTS

ipsc; :
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4.4
External
Memory

Access

Fig. 17

T L

The ROM or PROM shown connecied tothe PSS Fig T illustrates
an option for providing additional data intormation for processor
support The two I/O registers within the PSG are usedinthis case to
address the memory via IO Port A (8 Bits) and read data from the
memory via ['O Port B (8 Bits).

An example of the bus control sequence to address and read an
externai memary connected to IO ports A and B would be as follows
{Assume Port A addresses and Port B reads)

Bus Codes

Bus Control BDIR BC2 BC1 Explanation of Bus Data (DA7--DAC}

Lalch agdres: 1 1 1 00000111 Latch R7 1o program ! O Forts
Wrnite to PSG 1 1 0 01000000 Se! BT B6 10 0. 1 respectely
Latch address 1 1 1 00001110 Latch R16 tc address memory
Write to PSG 1 1 0 00000001 Adgress daia to memory

Latch address 1 1 1 00001111 Latch R17 to reac memaor,
Reaad from PSG G 1 T XAXXXXX Memory gala conta:ned i~ R17

NOT_ BC2 'n the above Bus Codes may be permanenty lieg 1c -5V tr.s
requirtng onty twa bus control hines tor all control operatons iretes 1o
Section 2 3 lor a complete explanation:

Also. RAM or EAROM may be used in piace of the ROM or PROM

shown by altering the program to use PORT Bas an 1-O. Port B then
will be able to write data as an output and read data as an nput

EXTERNAL MEMORY ACCESS s s S

PSG
B B6 |
1oe 2uTPuT | oar o .
. 10AZ o :
1043 : 25&.2
: MES 5 -
l 1044 o SOk 20 PRI
10A%
Car B *
10AE
i g
1ca~ DATR T .7
T2 E € § oz
—— —
CA: B: | = | =
g —
Dis gz = =
L—I-_—l
Lae -
-4t B: c =
Tag B 108: - |
TaT B~ {alzlg !
arGisTes ioe: . |
ARF - ne . ;
1 1
108« H
I
1085 - \
)
zr @ p | 1088
SUTONRAT, 108 -




4 5 in Fig. 18, the hines identified DA7--DAQ are the input/output bus bits
. 7--0. This 8 bit bus is used to pass all data and address information

Microprocessor/ vetween the AY-3-8910/8912 and the system processor.
Microcomputer BC1. BC2 and BDIR are bus control signals generated by the

processor to direct all bus operations. These operations are identi-
lnteﬂace fied as Latch Address. Write to PSG. Read from PSG, and Inactive.

The fotiowing Sections detait specific interfaces to severai popuiar
microprocessors/microcomputers

Fig. 18 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 controlier in the
circuit. The PIC 1650 i1s used to scan the keyboard. fetch data from
the PROMSs, write datato the AY-3-8910 and provide the timing for the
AY-3-8910.

The interfacing is direct since the PIC 1650 and the AY-3-8910
operate with compatible supplies and input/output voltages.

This particular schematic illustrates how a microcomputer with
additional memory can produce a stand-alone 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 tothe
output pins of the 1650 and the BC1. BC2. BDIR pins. The sottware
then has the responsibility of manipulating these signats to signa! the
PSG to perform the proper address latch. read or write operations.

The program routine 1n this section illustrates code which isusedina
hand-heid demonstrator unit. This demonstration unit illustrates the
range of PSG capabilities, including music, sound effects and /O
control. Note 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 worid through the PSG to read
and write.

4.6.1 WRITE DATA ROUTINE

80 WRITE FROM 1650 TO 8910
81 ADDRESS OF 8910 REG IN ADDRES
82 DATA T2 WRITE IN ‘DATA

83 024 0066 WRITY MOVWF ADDRES
B4 025 1026 WRITE MOVF ADDRES W GET REGISTER NO

B85 026 0045 MOVWF 10A .SET ADDRESS

86 027 1006 MOVF  10BWwW GET PRESENTBC1 BC2 BDIRETC
87 030 7370 ANDLW 370 .

88 031 6404 I0RLW 4 SET BAR

89 032 0046 MOVWF 10B SEND BAR

90 033 7370 ANOLW 2370

91 034 0046 MOVWF 108 SEND NACT

92. 035 11027 MOVF  DATAW

93 036 0045 MOVWF [0A PUT DATA ON D A PINS OF 8910
94 037 1006 MOVF  10B.W

95 040 7370 ANDLW 370

96 041 6406 IORLW € :

97 042 0046 MOVWF 10B SEND DWS

98 043 7370 ANDLW 270 SET UP NACT

99 Q44 0046 MOVWF 10B SEND NACT

100 045 4000 RET RETURN TO CALLING ROUTINE

a7
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4 4.6.2 READ DATA ROUTINE

) 5 ADDRESS OF READ IN REGISTER ADDRES
|nterfac|n 52 AFTER READ INPUT DATA IN REGISTER DATA
53 ENTRANCE READT ASSUMES THAT REGISTER NUM IN W

to the P'c lsm 2; 002 0066 READ1 MOVWF ADDRES  BYPASS ADDDRESS STORE

(cont_] 56 00' 1026 READ MOVF ADDRESW GET REGISTER NO

87 002 0045 MOVWF 10A MOVE TO 8910 D A FINS

S8 0C3 1006 MOVF 108 W GET PRESENT BC1 EC2BDIRETC
59 D04 6404 10RLW 4 SET BAR

60 005 0046 MOVWF 10B SEND BAR

61 006 7370 ANDLW 270

62 007 0046 MOVWF I0B SEND NACT

63 010 6377 MOVLW 377

64 011 0045 MOVWF 104 SET FOR INPUT

65 012 1006 MOVF 108w

66 013 7370 ANDLW 370

7 014 6403 IORLW 3 SETCTB

68 0'S 004c MOVWF 108 SENTC DTB

69 0'6 1005 MOVF  10AW

70 07 0067 MOVWF DATA SAVE DATA

71 020 100€ MOVF 10B.W

72 021 737C ANDLW 370

73 022 0046 MOVWF 108 SENC NACT

74 023 400C RET RETURN TO CALLING RDOUTINE

4.6.3 READ ROM ROUTINE

106 ADDRESS OF ROM IN W AT ENTRANCE NEXRC"!

107 ADDRESS OF ROM IN ROMAD AT ENTRANCE ROMRED
108

109 INCREMENTS ROMAD AFTER READ F ROM ACDRESS
100 CROSSES 256 BORDER MAKE UPPER BANK SE_ECT
1M1

112 USES B910 REG 16 FOR ADDRESS

113 8910 REG 17 FOR INPUT DATA

114 046 103> NEXROM MOVF ROMAD W

115 047 006~ ROMRD MOVWF DATA PUT ADDRESS

t16 050 6016 MOVLW 16 1 O A ADDRESS

117 051 006c MOVWF ADDRES

118 052 2306 BCF 108 6 TURAN ON ROM

119 053 4425 CALL WRITE SEND TO 104

120 054 1266 INCF ADDRES TC 108 ADDRES?S

121 055 443: CALL READ GET DATA

122 056 2705 BSF 10B 6 TURN OFF ROM

123 057 1773 INCFSZ ROMAD  TO NEXT LOC

124 060 4007 RET

125 061 2646 BSF 1085 SET HIGH SELEC™

126 062 400C RET RETURN TO CAL. NG ROUTINE




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

CP1600/1610

_m— e

As shown in Fig. 20, the wirning is direct between the AY-3-8910anca
CP1600/1610 microprocessor The levels are compatible thus elimi-
nating any need for level converters. Even the terminology between
the iC's remains constant to provide simple-to-foilow connections

Mo

The CP1600/1610 acts as a controlier in this configuration fetching
data from ROM's contained elsewhere in the system. The CP 1600/
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 reqister is as follows:

MV value, RO; move in vaiue to be written
MVO RO. Reg: write 1o register

The routine to load all registers with the same value is as follows:
MVil Reg 0. R4
CLRR RO
Here MVO@ RO. R4
CMPi Reg O + 17, R4
BLT Here

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

MVI Reg. RO; get data from reg in RO
MVO RO, value: store in memory

40
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4.8
Interfacing
to the M6800

An M6800 microprocessor can be interfaced withan AY-3-8910/8512
through the addition of an M8820 PIA chip. The I/O ports designated
as PAQ to PA7 are used as the 8 bitbus lines and /O ports PB0 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-3-8910/8912.

4.8.1 LATCH ADDRESS ROUTINE
AT ENTRY. 8 HAS ADDRESS VALUE

LATCH CLRA
STAA 8005 .GET D DIR A
LDAA #FF
STAA 8004 ;,OUTPUTS
LDAA #4
STAA 8005 .GET PERIPHERAL A
STAB 8004 :FORM ADDR
STAA 8006
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 BOO6 WRITE DATA
ATS ;RETURN .

J

4.8.3 READ DATA ROUTINE
.AFTER READ. B HAS READ DATA

READ STA A 8005 ;GET D DIR
STA A 8004 |INPUTS
LDAA #4
STA A 8005 .GET PERIPHERAL
DECA
STA A 8006 :READ MODE
LDA B 8004 :READ DATA

CLRA
STA A 8006 :REMOVE READ MODE
RTS ‘RETURN

4?




Fig. 21
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49
Interfacing
to the 8080

S100 Bus

Thesample S100 bus design provides for reading and writing the
PSG using onty an 8080 "IN" or "OUT" instruction to the proper
address Another feature of the design is the provision for multipte
PSG devices to be connected to a single bus. The system described s
presentty running two PSG's. one to each of two stereo channels

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

program. the program overhead necessary t¢ communicate with the
PSG is minimat.

4.9.1 LATCH ADDRESS ROUTINE

PORTADDR EQU 80H :ADDRESS TRANSFER PORT ADDRESS
PORTDATA EQU 81H .DATA TRANSFER PORT ADDRESS

.THIS ROUTINE WILL TRANSFER THE CONTENTS OF
8080 REGISTER C TO THE PSG ADDRESS REGISTER
PSGBAR MOV AC .GETCIN A FORQUT
OUT  PORTBAR ;SEND TO ADDRESS PORT
RE™

4.9.2 WRITE DATA ROUTINE

'ROUTINE TO WRITE THE CONTENTS OF 8080 REGISTER 8
TO THE PSG REGISTER SPECIFIED BY 8080 REGISTER C

PSGWRITE CA.L PSGBAR :GET ADDRESS LATCHED
MOv AB. .GET VALUE IN A FOR TRANSFER
OUT PORTDATA PUT TO PSG REGISTER
RET

]

4.9.3 READ DATA ROUTINE

:ROUTINE TO READ THE PSG REGISTER SPECIFIED
.BY THE BOBD REGISTER C AND RETURN THE DATA
AN 8080 REGISTER 8

PSGREAD CALL PSGBAR
IN PORTDATA .GET REGISTER DATA
MOV  B.A GET IN TRANSFER REGISTER
RET

44
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5.1
Note Generation

RSt - S

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 shitting up
or down in oclaves 1s a muitiphcation or division by a power of 2.
which is a simple shift operation for most microprocessors.

Another factor \n music generation 1s “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 invoives “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 ime. 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 tor a
preset period of ume at a varying amplitude. the PSG performs this
function with a series of simple register loads. The method used in
many cases Is to obtain register load values for first octave notes and
to shift to the correct octave at playtime.

The chart in Fig. 23 lists a full 8 octaves of notes from a low of C1
{32.703Hz) to a high of B8 (7902.080Hz). Assuming an input clock
frequency of 1.78977MHz (one half the standard “color” crystal
frequency of 3.579545MHz). and applying the formulas of Section 3.1
for calcuiating 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 tor high
frequencies. This can be seen in the chartin 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 caiculation
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5.2
Tune Entry/
Playback

53
Tune Variations

One of the methods of entering a composition 1nN1o a computer
memory would be to utilize a keyboard tc pass number and
alphabetic information concerning the composer's wishes. An alter-
nate method would be to scan a positional senes of switches (like a
piano keyboard) to determine note. volume and duration data.

Since flexibility in tune entry i1s desired. 1t i1s important to aliow the
composer to specity certain constants of entry such as octave. piich
or tempo. and have these entries normalized to a known value.

One of the significant features of a microcomputer based music
player is 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 recorged note prior
to storing the value in the PSG register. dynamic pitch changes can
be obtained. The programming effect wouid be to stuft one bit left for
each lower octave and one bit night for each higher octave. For
example, the eftect will be that a tune written to play on a piano wiil
sound like bells if a multiple octave up modification is performed

5.3.2 KEY

One measure of the virtuosity of amusician is his ability to modity the
“key~ or suboctave shift of a composition. The logical description of
key transposition is to shift each note up ordown by a predetermined
number of notes from the oniginal. Fcr exampie, a piece written inC
and played in C# would have all C notes shifted to C#, C# shittedto D,
etc. {Note that the case must be considered where B of one octave 1s
shifted 1o C of the next higher octave.) All of these operations require
that the one of twelve note identitication 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 total duration can
be obtained by programatically muitiplying the individual note to
“slow down" or “speed 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 foops for
simple operation.
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5.3.4 CHORDS

There are certain combinations of notes which when ptayed simul-
taneously produce pieasant 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 iliustrated in Fig. 24. which lists the various note
constants which will produce musical chords. A chord with a
particular quality may be formeg by playing its root, & 3rd Minor or
Major. and other notes from the chord chart. For example. a C Major
chord 1s 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 ampiitude control for each chan-
nel allows up to 16 levels if using the processor controlled amphitude
mode (bit 4 of registers 10, 11 or 12=0). In the case of a
decaying or steady note, when a note is played or "fired”, a frequency
may be set up in the coarse and fine tune registers and then an
amplitude vaiue placed in the respective register 10, 11 or 12. The
value which is piaced to piay the tune can be an independent
variable. aliowing 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 ditfering 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 alt of the channets can
produce modification effects such “breathing” with a wind instru-
ment. Or noise can be used alone to produce a drum rhythm. The fact
that the noise dominant frequencies are variable allows “synthesizer”
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 controiling the effect. they can be all keyed to the
tune itself or to other external stimuli
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5.5
Applications

Fig. 25

While many appiications of the PSG in music generation are
apparent. for instance in the area of toys and games. other applica-
tions are possibie even in the area of high accuracy sophisticated
musical instruments such as high-end electromc 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 1s 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 detai! examples of these apphications.

5.5.1 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
voicing. All functions are controlied by a microcomputer.

The basis of this system consists of a master frequency generator
with a string of divwiders. This produces all frequencies for the
keyboard. The microcomputer and the AY-3-8910 are actually used
to replace the usual components of voicing filters that would
ordinariiy be used in an electron:c organ.

The microcomputer shown is a Gl PIC 1650 controlled by inputs from
the keyboard keyer circuit and a control switch matrix. The keyer
inputs octave and key closure information to develop the envelope
amplitude and duration for the note to be played. The control swilch
matrix can be used to control sustain and add other special effects.
The ROM shown connected to the AY-3-8910 15 optional depending
on the amount of data necessary {or the microcomputer.

The system shown here may also consist of multiple AY-3-8810's. ail
controlled by a single microcomputer. It represents an economical
solution to developing voicing control with a minimum of compo-
nents.
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5.5
Applications
{cont))

5.5.2 ORGAN RHYTHM GENERATION

The rhythm generation diagram (Fig. 26) iifustrates a simplified
version of how a microcomputer can be implemented with the AY-3-
8910 to provide a percussion instrument section for an electronic
organ

The microcomputer used tn this case could be a Gl PIC 1650 which
can be internally programmed to drive a sernies of AY-3-8910's. all
harawired to an I/'O port of the PIC. Each AY-3-8910 provides a
separate outpul envelope and frequency of the instrument it 1s to
synthesize.

The Rhythm Switch Matrnix is used to select any preprogrammed
rhythm pattern and tempo from the PIC. The Instrument Select
switches allow manual in‘out selection of the 8910's viathe A8and A9
address lines providing additional instrument sound varnations
These switches are intended to be user-selected and mounted in a
convenient position on the instrument.

In addition. optional ROMs couid be added to the PSG 1/0 ports.
saving microcomputer poris. to provide extra rhythm length or
number of patterns. These ROMs could aiso 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 onginai user rhythms to update the instrument.

Fig. 26 ORGAN RHYTHM GENERATION s ————
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6.1
Tone Only
Effects

Fig. 27

S

SOUND EFFECTS GENERATION

P

One of the main uses of the PSG is to prod-ice non-musical sound
effects 1o accompany visual action or as a tfeature in itseif. The
following sections odtline technigues and provide actuai examples of
some popular effects All examples are basedona 1.78977MHz PSG
clock.

Many effects are possible using only the tone generation capabtlity of
the PSG without adding noise and without using the PSG's envelope
generation capability. Examples of this type of etfect would include
telephone tone frequencies (two distinct frequencies produced
simultaneously} or the European Siren effect listed In Fig. 27 (two
distinct fr-uencies sequentially produced).

EUROPEAN S!REN SOUND EFFECT CHART wsmemaceamessmmm—m—"

) Octal
Register # -‘Load Value Explanation
Any not spectlied 000 - '
RO 376} Set Channel A Tone period to 2 27ms
R1 D00 (440HZ )
R7 ote Enable Tone only on Channeil A only
R1C 07 Select maximum amphtude on Channet A
{Wa:!l approximately 350ms before continuingj
RO 126 Set Channel A Tone penod to 5 346ms
M o0 (187H2)
{ Wart approximately 350ms before continumng)
R10 000 .Turn off Channel A to end sound effect
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6.2
Noise Only
Effects

Fig. 28

Fig. 2%

Some 1 the more commoniy required sounds reguire only the use of
noi1se and the envelope generator (or brocesscr control of channei
envelope if other channeis are using the envelope generator)

Examples of this. which can be seenin £:gs. 28 and 29, are gunshot
and explosion in Soth cases pure noise is used with a decaying
enveiope. in the exampies shown the only changes are in the length
of the envetope as modified by the coarse tune register and in the
noise penod. Note that a signuficantly lower explosion can be
obtained by using ali three channels operating with the same
parameters.

GUNSHQOT SOUND EFFECT CHART meeassssss—m

Octsl
Register » Load Value Explanation
Any not specthed 000 -

RE 017 Set Noise period to mid-value

R7 007 Enable Noise oniy on Channeis AB.C
:::? ggg ! Seiect tull amphtude range under direct
R12 020 control ot Envelope Generator

R14 020 Set Envelope period to 0.586 seconds
R15 000 Select Envelope “decay’. one cycle only

EXPLOSION SOUND EFFECT CHART mssssstessss——

Octal
Register » Load Value Expianation
Any not specified 000 -
R6 000 Set Noise penod to max. vatue
A7 007 Enabie Noise only. on Channels AB.C
FF::? ggg Select full amphtude range under
R12 020 direct control of Enveiope Generator
R14 070 Set Enveiope period to 2.05 seconds
R1S 000 Seiect Enveiope “decay . one cycle only
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6.3 The Laser. Whisthing Bomb. Woif Whistle, ana Race Car sounds in
Figs 30 thru 33 all utilize frequency sweeping effects. In all cases
Frequencv they involve the increasing or decreasing of the values in the tone
period registers with variable start. end, and time between frequency
SWGEP Eﬂects changes. For exampie. the sweep speed of the Laser 1s much more
rapid than the high gear accelerate in the race car. yet both use the

same computer routine with ditfering parameters.

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

Fig. 30 LASER SOUND EFFECT CHART =e——————

Qctal
Register & Load Value Explanstion
Any not speurfied 000 —
R7 076 Enable Tone only on Channel A onty
R10 017 Select maximum amplitude on Channel A
Sweep eftect for Channel A Tone pernog
RO 060 (start) via a processor loop with approximately
(=11} 160 (end) 3ms wail ime between each step from 060
to 160 (0.429ms 23302 to 1 0ms - 1000H7,
R10 000 Turn off Channel A to end sound etfect

Fig. 31 WHISTLING BOMB SOUND EFFECT CHART =t

-

Octal
Register » Load Value Explanation
Any not specfied 000 —
R7 076 Enabie Tone or - an Channel A only
R10 017 Select maximun: amp'itude on Channel A
Sweep effect tor Channel A Tone penod via
RO 060 (start) a processor 100p with approximately 25ms
RO 300 {end) wait ime betweer each step trom 060 1o 300

(0.429ms/2330Mz ~.. 1 72ms 582Hz)
Atter above loop 15 compieted. follow wrth sequence in Fig 28

e
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6.4 Because of the independent architecture of the PSG. many rather

. compiex effects are possible without burdening the processor. For
MUItl-Ghﬂl‘lﬂ&' example, the Wolf Whistle effect in Fig. 32 shows two channels in use
Eﬁects to add constant breath hissing notse to the three concentrated

frequency sweeps of the whistle. Once the noise is put on the

channel, the processor only need be concerned with the frequency
sweep operation.

Fig. 32 WOLF WHISTLE SOUND EFFECT CHART ssem—

Octal
Register » Load Value Explanation
Any not specified 000 -
R6 001 Set Noise penod to minimum value
A7 056 Enable Tone on Channel A, Noise on Channel B
R10 017 Select maximum amplitude on Channet A
A on Select lower amplitude on Channel 8
Sweep etfect tor Channel A Tone pericdviaa
RO 100 (start! | processor l0op with approximately 12ms
RO 040 (end) wait time between each step from 100 to 040

(0.572ms ' 1748Hz 10 0 286ms/3496H2)
{Waut approximately 150ms before continuing)
A processor loop with approximately 25ms

:g :')%% ((‘::3]) wait time between each step from 100 to 060
(0.572ms/1748Hz 10 0 429ms/2331Hz)
A processot lcop with approximately 6ms
gg (:65%((:':2: wait hme between each step from 060 to
150 (O 4295 2331Hz to 0.930ms/ 1075Hz)
R10 000

Ri1 000 } Turn ott Channels A and B to end eHec!

S e e e
Fig. 33 RACE CAR SOUND EFFECT CHART =sssesmmtsswmmms

Qctal
Register » Load Value Explanation
Any not specilied 000 — .
R3 017 Set Channel 8 Tone pertod to 34 33ms (29Hz)
R?7 074 Enable Tones only on Channels A and 8
R10 017 Select maximum ampiitude on Channel A
R11 012 Select lower ampiitude on Channel B
Sweep effect for Channel A Tone period via
™R1/R0O 013/000 (start) | a processor 100p with approximately 3ms wait
*R1/R0 004/000 (end) | time between each step from 0137000 to
004/000 (25 17ms/39.7Hz to 9.15ms ‘109 3Hz)
R1/R0 011/000 {start) A processor loop with approximately 3ms

. wail tme between each step from 011/000 to
R1°RO 003/000 (end) | 564,000 (20 6ms/48.5Hz to 6.87ms 145 6Hz)
A processor loop with approximately 6ms

:: ;23 %%612% {s‘a: '| wait ume between each step from 006:000 10
€nd) { 001/000 (13 73ms/72.8Hz to 2.29ms/436 THz)
A10 000 )
R11 000 }Turn oft Channeis A and B to end effect

*Decrement R1°'R0 as a whole number e.g start at 013°000. then 012°377
then 012/376 etc
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7.1
Maximum
Ratings

1.2
Standard
Conditions

7.3
DC
Characteristics

Fig. 24

Fig. 35

e

ELECTRICAL SPECIFICATIONS

e

Storage Temperature ... ....................—55°C to ~150°C
Operating Temperature .................. RV 0°C to +40°C
Vee and all other input and output Co

voltages with respectto Vss ............ S —-0.3V to +8.0V

Exceeding these ratings could cause permanent damage to these devices
Funcuonal operation at these condilions 15 not imphied —operating condilians
are specified below ’

Vec=+5V =5%
Vss= GND
Operating temperature; 0°C to +40°C

Characteristic Sym | Min. | Typ.* |Max.{ Units Conditions
All Inputs y
Logic 0" Vi 0 — 06} Vv
Logic 1" Vi {24 — | Vee] V

All Quiputs (except ¢
Analog Channel Outputs)

Logic "0~ Voo | O - o5 V Ioo=16 mA. 20pF
Logic 17 Voul 24 — Vee v Lowe = 100pA. 20pF
Analog Channel Cutputs Vo 1] —_ 60:] gB | Testcircuit Fig 34
Power Supply Current Iecc | — 45 75| mA

*Typical vaiues are at +25°C and nominal voitages

ANALOG CHANNEL QOUTPUT TEST CIRCUIT seemm—

ANALOG
CHANNE., O
CUTPUT

= (OF AMP MUST NOT SATURATE;

CURRENT TO VOLTAGE CONVERTER samemmm——

A%, DG
C=avNE, O

C.TPUT
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1.4
AC
Characteristics

n
@

w

=1

Characteristic Sym | Min.|Typ * {Max_| Units | Condilions
Clock input
Frequency f. |10 — 20 | MHz
Rise time . t - - 5C ns
Fall trme t - - 50 ns
Duty Cycle — {125 50 75 % Fig 36
Bus Signals (BDIR, BC2, BC1)
Associative Delay Time taz | — - 50 ns
FE_: Pulse Width taw | 500 — - ns } Fig 37
Resel to Bus Control Delay Time g [100] — | = { ms
A9, A8, DAT--DAQ (Address Mode)
Address Setup Time tae |400) — — ns .
Addre:: Hf)ldesme tam | 100 — — ns }F'g 38
DA7--DAOQ (Write Mode)
Write Data Pulse Width tow { 900 — oo ns
Write Data Setup Time tos | 50 — —_ ns ]Frg_ 39
Write Data Hold Time to- | 100 — — ns
DA7—-DAO (Read Made)
Read Data Access Time lga | — [ 250 |500| ns
DA7--DAO (inactive Mode) } Fig 40
Tristate Delay Time trs | — | 100 12001 ns

* Typical values are at 25°C and nominal voltages

CLOCK AND BUS SIGNAL TIKNING

RESET TINING

BUS
CONTR®, NAT™
DECODE

va_ 1D BUS 5'GNAL

B 2o LONTRE
SOTNALS CHANEGIND
— m— 3 nt Man

it D DG BeEW
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Vas  el——

Fig, 38 LATCH ADDRESS TIMING
aus

CONTRO DON T CARE R W DO T CasE
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P—lp ——
{

AG AR PREVIGUS
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|
v

% B8US CONTROL
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sany COWMBINATION UF BD= BLI BT
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Fig. 33 WRITE DATA TIMING
BUS '
CONTROL DON T CARE wAiTE TC PSG " £44 DO% - T4&E
DECODE -
—ﬂ 1an s, ——t [
Vo
. PREVIOUS / i : s

1
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Fig. 40 READ DATA TIMING
aus ) )
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DECODE X - Ezi—
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b
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Package Outlines

Fig. 41 40 LEAD DUAL IN LINE PACKAGES (for AY-3-891)) ssememm—m—
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Fig 42 28 LEAD DUAL IN LINE PACKAGES (tor AY-3-8912) =ewe—m—— .
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