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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.
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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:
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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
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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
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F ) QUTPUT QuTeUT
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|
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i I PRG sequence
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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

16



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)

19



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




