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Enhanced Programmable Sound Generator

FEATURES

* Two Modes Avalilable On-Chip
- AY8930 Expanded Mode
- AY38910A-Compatible Mode

« Improved Frequency Range

* Three Independently Programmable Analog Output
Channels with Separate Frequency, Duty Cycle and
Envelope Controls for Each Channel ‘

* 5 Bits of Logarithmic Digital-to-Analog Conversion
Per Channel

* Bus Interface Independsnt of Clock Frequency

« Input Clock Frequency: 2 or 4MHz

*» Two 8-Bit General Purpose /O Ports

DESCRIPTION

The AY8930 Enhanced Programmable Sound Genera-
tor (EPSG) is an LSI circuit that can produce a wide
variety of complex sounds under software control, The
AY8930 is manufactured in the Microchip Technology
Inc. n-channel silicon gate process. The AY8930 is an
enhanced verslon of the company's industry standard
AY38910A sound generator. Enhanced features in-
clude improved frequency range and noise synthesis
and independent control of each channel's envelope
and duty cycle.

The PSG is easily interfaced to any bus-oriented sys-
tem. Its flexibility makes it useful in applications such as
music synthesis, sound effects generation, audible
alarms, tone signalling, and personal computer usage.
In order to generate sound effects while allowing the
processor to perform other tasks, the PSG can continus
to praduce sound after the initial commands have been
glven by the control processor. The fact that realistic
sound production often involves more than one effect is
satisfied by the three Independently controllable analog
sound output channels available in the device. These
analog sound output channels can each provide five bits
of logarithmic digital-to-analog conversion, greatly en-
hancing the dynamic range of the sounds produced.

PIN CONFIGURATION
40 LEAD DUAL INLINE
\'¢
AY8930 Top View
ves@@ND) 01 40 [ Vea(s5V)
No Connect | 2 39 [ No Connect
Analog Channel B ] 3 38 [J Analog Channel C
Analog Channel A [] 4 37 J DAO
No Connect [} 5 36 0 DAY
087 g 6 85 0 pAa2
1oBs O 7 34 0 pA3
jos [ 8 33 {J DA4
1084 [} 9 32 [1 DAS
ioB3 j 10 31 ] DA6
1082 11 30 ] DA7
1081 12 29 [ BCt
1080 [] 13 28 ] BC2 (Not Connected)
10a7 g 14 27 (] BDIR
1088 O 15 26 [ Selact
1045 [ 16 250 A8
10A4 [ 17 24 ] A9
10A3 [] 18 23 ] RESET
10A2 [} 19 22 [] Clock
10A1 ] 20 21 [ I0A0

All circuit conirol signals are digital in nature and can be
provided directly by a microprocessor/microcomputer.
Therefore, one: PSG can produce the full range of
required sounds with no change in external circuitry.
Since the frequency response of the PSG ranges from
sub- audible at its lowest frequency to post-audible atits
highest frequency, there are few sounds which are
beyond repraduction with only the simplest electrical
connections,

DEVICE ARCHITECTURE

The AY8930is aregister oriented PSG. Communication
between the microprocessor and the PSG is based on
the concept of memory mapped I/O. Control commands
are issued to the PSG by writing to these memory
mapped registers . Each of the registers within the PSG
is readable so that the microprocessor can determins,
as necessary, present states or stored data values.
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PIN FUNCTIONS

Reglster (inHex) | B7 | B6| B5| B4} B3| B2| B1 | B0
DA7-DAO (Input /Output/High Impedance)
Data/Address Bits 7-0: Pins 30-37 ey SIS SIS IS IS Ia s
Thess 8 lines comprise the 8-bit bidirectional bus used gg:g: g g g g g g g g
by the microprocessorto sendbothdataand addresses R4/R4A ofolololololo o
to the PSG, and to receive data from the PSG. Inthe R5/R5A ololotlolololo |0
address mode, DA3-DAQ select the internal register R6/R6A 6 |0 [0 OO |0 O |O
address (0-Fn) and DA7-DA4 in conjunction with ad- R7/R7A 0 |00 |0 |0 [O0O]O|O
dress inputs A9 and A8, form the chip select function. R8/RBA # [#10|0 [0 {0 ]O (O
When the high order address bits are "incorrect,” the RO/ROA # (#1000 |0 0|0
bidirectional buffers are forced to a high impedance RA/RAA # 1# 10 10 {010 0 0
state. RB/RBA 0 {0 foo]ojojo|o

RC/RCA 0 |00 OO |O |O |O
‘Address 9, Address 8 ’ Fﬂigsgﬁmos g g g g g g g g
A8 (input):  Pin 25 RFIRFA o {o{ofo]o]o]olo
A9 (input): Pin 24 ROB 0 {0 [0 |o]o o |o]o

. R1B 0 (00 |0 j0o (0O |O

High order address bits A9 and A8 are fixed to recog- R2B 0 {0 |0 [0 |0 [0 O |0
nize a "01" code. They may be left unconnected, as R3B 0 (00 |0 (00 ([0 }0
each Is provided with either an on chip pull-down (AS) R4B #(# |# 1# | XIXIX X
or pull-up (A8) resistor. In noisy environments, how- RSB BofF @ IE XXX X
ever, it is recommended that A8 and A8 be tied to ReB #o# e XX XX
external ground and +5V respectively, if they are not to R78 AOLE R E XX XX
be used. R8B # |# |# | & [X X [X]X

R9B 0 {0 {0 jOo |O |0 [0 }|O
RESET (Input): Pin 23 :ég Z,( z)( g z)( :,( 3)( 2]( )O(
For initialization/power-on purposes, applying a low - Xindicates a don't care.
level input to the RESET pin will reset all registers to 0. - #indicates that there is no physical memory element
(See following table). The RESET pin is provided with for a bit; if read, a 0 will be returned.
an on-chip pull-up resistar. . - All counter work registers will be initialized to zeros.

- The noise generator 17-bit shift register will be initial-
ized to ones.
- The noise value register will be initialized to zeros.
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CLOCK (input): Pin 22

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

CLOCK DIVIDE - SELECT (Input): Pin 26

Select=0 Input Clock = 4 MHz max,
(Divided internally by 2)
Select = 1 Input Clock = 2 MHz max.

The selectpinis provided with aninternal pull-up resistor
such that the pin default condition Is Select = 1.

BDIR, BC2, BC1 (Inputs): Pins 27, 28, 29

Bus Direction, Bus Control 2*, Bus Control 1
* Not connected

Analog Channel A, B, C (Outputs): Pins 4, 3, 38
Each of these signals is the output of its corresponding
digital-to-analog converter, and provides 1V peak-peak
(max) signal representing the complex sound wave-
shape generated by the PSG.

No Connect: Pins 2, 5, 39

These pins are for Microchip Technology test purposes
only and should be left open. Do not use as tie-poinis.

Vcc:  Pin 40, Nominal +5 Volt power supply to the
PSG.
Vss: Pin 1, Ground reference for the PSG.

’

T-177-13

INPUT CONTROL SIGNALS

Interfacing to the AY8930 requires the generation of
only two of the three AY38910A input control signals,
BDIR and BG1. BC2is shown on the pinout diagram for
reference only; the pin is not internally connected.

INPUT CONTROL SIGNALS
BDIR | BC1

Function

0 | 0 | INACTIVE: The PSG/CPU bus is
inactive. DA7-DAO are in a high

impedance state,

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

WRITE TO PSG: This signal indicates
that the bus contains register data
which should be latched into the cur-
rently addressed register. DA7-DAQ are
in the input mode.

LATCH ADDRESS: This signal indi-
cates that the bus contains a register
address which should be latched by the
PSG. DA7- DAO are in the input mode.

© 1980 Microchip Technology Inc.
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REGISTER ARRAY

The principal element of the AY8930 is an array of 27
control registers arranged in one bank of 16 and one
bank of 11 registers. These registers occupy 16 ad-
dress locations of the 1,024-word memory space in
which the PSG resides.

The configuration of this register array is shown on the
following pages. Note the two modes of operation:
8910A-compatibility mode and 8930 expanded mode.

The registers are addressed via the combination of the
bidirectional data bus (DA0-DA7) and address input
pins A8 and A9.

A9 | A8 | DA7|DAG | DAS | DA4 | DA3 | DA2 | DA1| DAO

0f 1| 0] Oof 0] O} X{ X| X{ X

DAQ-DA3 These four low-order address bits are used

to selectone of the internal registers withina

bank.

DA4-DA7,
A8, AG These six high-orderaddress bits function as
chip selects and are used to position the
register bank(s) within the 1,024-word
memory space. In the deselected state, the

data bus is in the high impedance state.

The address enable code for bits DA4-DA7
is all zeros.

Inputs AB and A9 are enabled by ahighon A8
and alow on A; all other input level combi-
nations resultin adeselected condition. Pins
A8 and A9 have an on-chip pull-up and pull-
down resistor, respectively, and will assume
the correct logic level if left unconnected.

T-77-13
Address bits DA7-DAQ are latched internally. This inter-
nally latched address is updated and modified on every

“latch address" signal presented to the PSG via the BDIR
and BC1 control lines.

The AY8930 initializes in the AY38910A-compatibility
mode. To utilize the expanded features of the AY8930,
an access code must be input to register R15 upon
program initialization.

Entering a "101" code in bits B7-B5 of register R15
selects the 8930 expanded mode. Inthe 8930 expanded
mode, bitB4 =0 (R15) selects BANK A and B4 = 1 selects
BANK B. All other bit selections are defined as 8910A-
compatibility mode. Registers R15A and R15B are
mapped into the same physical register.

Switching modes causes loss of all register data from the
previous mode. All registers will be Initialized except for
the Mode Select code of R15.

Shown on the next page is the register configuration for
the AY8930. Note that Bank A of the expanded mode is
virtually identical to the single registerarray of the 8910A-
compatibility mode.
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AY8930 REGISTER ARRAY: AY38910A-COMPATIBILITY MODE

Register Bit
Hex |Octal Function B7 l B6 | B5 | B4 | B37| B2 I B1 | BO-
RO RO | Channel A 8-Bit Fine Tune

Ri R1 Tone Period 4-Bit Coarse Tune

R2 R2 Channel B 8-Bit Fine Tune

R3 R3 | Tone Peried 4-Bit Coarse Tune

R4 R4 Channel C

///////////////////////
...

RS R5 | Tone Period 4-Bit Coarse Tune

R6 R6 Nolse Period 5-Bit Period Control

INFOUT NOISE TONE

R7 R7 | Enable [e]=] 10A c B A C B A
R8 R10 | Channel A Amplitude M L3 L2 | u Lo
R9 R1i | Channel B Amplitude M L3 L2 L1 Lo
RA R12 | Channel C Amplitude M L3 L2 L1 10
RB R13 8-Bit Fine Tune
RC | R14 | Envelope Period 8-Bit Coarse Tune
RD R15 EnvelopeVShape/CycIe MODE SELECT CONT.| ATT. | ALT. HOLD
RE R16 | VO PortA 8-Bit Parallel /0-on Port A
RF R17 | VO PortB 7 8-Bit Parallel 1/O on Port 8

i

:
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AY8930 REGISTER ARRAY: EXPANDED CAPABILITY MODE - BANK A

Register 7 Bit

Hex | Octal Function B7 | B8 |r B5 I B4 | B3 | B2 I B1 | BO
ROA [ ROA | Channe! A 8-Bit Fine Tune

R1A [ R1A | Tone Pericd 8-Bit Coarse Tune

R2A [ R2A | Channel B 8-Bit Fine Tune

R3A { A3A | Tone Period 8-Bit Coarse Tune

R4A | R4A | Channel C 8-Bit Fina Tune

RSA | RSA | Tone Period ’ 8-Bit Coarse Tune

R6A | R6A N;)ise Period 8-Bit Noise Period

IN/OUT NOISE TONE

R7A | R7A | Enable 10B 10A c B A (o] B A
R8A | R10A | Channel A Amplitude M L4 L3 L2 L1 Lo
ROA YR1- 1A | Channel B Amplitude M L4 L3 L2 L1 Lo
RAA | R12A | Channel C Amplitude M L4 L3 L2 L1 Lo
RBA | R13A | Channel A 8-Bit Fine Tune

RCA | R14A | Envelope Perlod 8-Bit Coarse Tune

RDA | R15A | Bank A/B: Envelope A 1 0 1 0 CONT.| ATT. | ALT. HOLD
REA | R16A | I/O Port A 8-Bit Parallel VI/O on Port A

RFA | R17A | I/O Port B 8-Bit Parallel I/O on Port B
DS500100-6 566 1990 Microchip Techrology Inc.
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w——

H::gls::tal Function B7 | B6 [ BS! 9.4 %Ii B3 | B2 | B1 | B0
= :33
- ::: ////////////////////////////////////////////////%

* Not accassible in AY8930 mode.
NOTE: All unused bits will be read back as "0".

© 1990 Microchip Technology Inc. 567 DS50010C-7

Downloaded from Elcodis.com electronic components distribut


http://elcodis.com/parts/6295479/AY8930.html

> —_—

MICROCHIP TECHNOLOGY INC 22E D HE b103201 0004998 7 e
AY8930

T-77-/3

SOUND GENERATING BLOCKS Operation Registers* Function
The basicblocks in the PSG that produce the programmed Tene Generator ROA-RSA Program lone
sounds include: Control periods - -
Tone . Duty Cycle R6B-R8B Select duty cycle
Generators - Produce the basic pulse tone frequencies Control

for each channel (A, B, C).

. Noise Generator | F6A, Program noise
Noise Control R9B-RAB | period
Generator - Produces a frequency modulated pseu- N

dorandom noise output. Mixer Control R7A Enable tone/noise
onselected
Mixers - Combine the outputs of the tone genera- channels
tors and the noise generator. One for each
channel (A, B, C). Ampltude RGA-RAA | Select "fxed" or
Control “variable"
Amplitude amplitudes
Control - Provides the D/A converters with either a
fixed or variable amplitude pattern.- The Envelope RBA-ADA, Program envelope
fixed amplitude is under direct CPU con- Generator AOB-RSB periodand .
trol; the variable amplitudeis accomplished Canlrol envelope pattem
by using the output of the envelope genera- =
tors, one for each channel (A, B, C). D/A Converters Produces a 32-bit
output signal
Envelope )
Generators - Produce an envelope pattern that can be *All registers referenced are for the AY8930 Ex-
used to amplitude modulate the output of panded Mode.
the mixer, one for each channel (A, B, C).
DA TONE GENERATOR CONTROL
Converters - The three D/A converters each produce Each analog output channel has associated with it
um?nt;jz 31?119;;! :tuuf g;nc::]gt:j as deter- two registers which spacify the tone pericd for that
y P : channel, the coarse tune and the fine tune registers,
OPERATION The fone period for each channel Is obtained by

Since all functions of the PSG are controlled by a host
processor via a series of register loads, a detailed descrip-
tion of the PSG operation can best be accomplished by
relating each PSG function to its corresponding register.
The function of creating or programming a specific sound
or sound effect logically follows the control sequence

combining the coarse and fine tune registers as
shown.

Note that the value programmed in the combined
coarse-and fine tune registers is a period value- the
higher the value in the registers, the lower the resul-
tant frequency.

listed: Coarse Tune Fine Tune
Registers Channel Register
R1A A ROA
R3A B R2A
R5A c R4A
DS50010C-8 5-68 © 1990 Microchip Technology inc.
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12-BIT TONE PERIOD (TP) VALUE:
AY38910A-COMPATIBILITY MODE

COARSE TUNE FINE TUNE
[B7]Be|Be[B4[ B3 B2 B1[BO [B7]Be|BE B4 B3| BY 81|80
/
NOT USED TPITPITPITP TPiTPITP‘TP'TP'TPlTPEP
11]i0j9l8|7l6]|5|4]3]|2]1]0

B L103201 0004999 9 M

33E D AY8930
NOTE: _ T-117-1 3

The percent duty cycles refers to the high (logic high)
portion of the duty cycle. The low portion is then 100%
duty cycle. For example, a 10% duty cycleis then 10%
up and 90% down, as shown below.

[ [ 1

16-BIT TONE PERIOD (TP) VALUE:
AY8930 EXPANDED MODE

GOARSE TUNE FINE TUNE

[B7]Be|BS] B4[ B3 B2] B1[BO| [B7]BE] B[ B4 B3| B2 B1|BO
TPITP TP[TR[TP TPITF'TP TPITPlTPlTPlTPlTPITPITP
15]14]13]12]11]10{ 9l 8{7{6]5[4|3[2[1]0

PERIOD OF QUTPUT =16 x TP X P .
WHERE P = PERIOD OF INPUT CLOCK AND -

TP = DECIMAL EQUIVALENT OF TONE PERIOD BITS
TP15-TPO

If the coarse and fine tune registers are both set to 00h, the
resulting period will be minimum, i.e. the generated tone
period wilt be as if the coarse tune register were set to 00h
and the fine tune register were set to 01h. The counter will
count the period value down to zero. When zeroisreached,
the period value will be reloaded into the counter.

DUTY CYCLE CONTROL

The duty cycle of each pulse generated by the three tone
generators Is controlled by an associated 4-bit duty cycle
register (R6B, R7B, and R8B).

The following duty cycles are selectable:

% Register
Duty Cycle Duty Cycle Value
3.125% 0 0000
6.25 % 1 0001
12.50% 2 0010
25.00% 3 0011
50.00% 4 0100
75.00% 5 0101
87.50% 6 0110
93.75% 7 0111
96.875% 8 1000

* NOTE: Any value greater than 810 decodes as an 810.

10% 90% I

ONE CYCLE

In AY8910A-compatibllity mode, the duty cycle is fixed
at 50%. The capability for a variable duty cycle exists
only in the expanded AY8930 mode.

In order to change a duty cycle, the appropriate duty
cycleregister must be updated. The new duty cycle will
then remain constant at this value until the duty cycle
register is modified. The new duty cycle value will take
effectimmediately. This may result in one period with
a "random" duty cycle at the time the register is
updated.

NOISE GENERATOR CONTROL
AY38910A-COMPATIBILITY MODE:

Noise is generated by a 17-bit polynominal shift regis-
ter. The period of the clock to this shift register is
spacified by the 8-bit binary value NP.

The noise period value is derived from the lower five
bits (B4-B0) of the noise period register (R6) as shown.

NOISE PERIOD REGISTER (R6)
rB7|Bs|55[ B4|BG[B2|B1|BOI
A V4

Not Used

NP |NP|NP [NP|NP
4|alza]1]o

§ BIT NOISE PERIOD (NP) VALUE

NOTE:

As with the tone period, the lowest period value is 01h
(divide by 1), an entry of 00h will have the same value
as 01h;the highest period valueis 1Fh (divide by 3110).

© 1990 Microchip Technology Inc. 5-69
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AY38910A-COMPATIBILITY MODE NOISE BLOCK DIAGRAM

TOMIXER
R6/32 , [
NOMINAL 125 kHz NOISE PERIOD SHIFT ENABLE
VALUE REGISTER BiS — — — — — — — — _ B2 Bl BO
(B4 - Bo) r t !
RIGHT SHIFT G

AY8930 EXPANDED MODE: NOISE PERIOD REGISTER (R6A)

In the AY8930 expanded mods, noise is generated
using a 17-bit polynomial shift register, an "AND" mask,
an"OR"mask, and an 8-bit noise period value. The least
significant byte of the polynomial shift register is logically
AND'ed with the “AND" mask specified in Register 118,
then logically OR'ed with the "OR" mask specified in NP (NP | NP | NP | NP | NP | NP | NP
Register 12B. The resultis storedina temporary register 7 & 5 4 3 2 ! 0

which Is clocked each time the counter associated with
the 8-bit noise period register (R6A) reaches zero.
When the noise value reaches zero, a new value is

, B7|Bs|asla4|aslaz[s1|ao

8 BIT NOISE PERIOD (NP) VALUE

fetched from the polynomial shift register and the proc- Thelowest period valuels 01h (divida by 1), an entry 00h
ess is repeated. The noise output is toggled each time willhave the same value as 01h; the highest period value
the noise value reaches zero. is FFh (divide by 25510.)
AYB930 EXPANDED MODE NOISE BLOCK DIAGRAM
R6A/256
250 kHz CLOCK ) 1. | TOMIXER
NOISE PERIOD REGISTER [————| NOISE VALUE M
WHEN
- NOISE
(B7 - BO) _ LOAD WHEN
PERICD -0 ﬁNOISE VALUE = 0
OR MASK
AND MASK
SHIFT ENABLE
Bi6 --- B9 B8 B7 B6 B5 B4 B3 B2 B1 B0 ENABLE WHEN
NOISE VALUE = 0
RIGHT SHIFT
{i((—_——‘
—— e
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MIXER CONTROL - /O ENABLE

Register 7A Is a multi-function Enable register which
controls the three Noise/Tone Mixers and the two gen-
eral purpose /0 Ports. The mixers, as previously
described, combine the noise and tone frequencies for
each of the three channels. The determination of
combining neither/either/both noise and tone frequert-
cies on each channel is made by the state of bits B5-B0
of R7A.

Thedirection (inputoroutput) ofthe twogeneral purpose
I/O Ports (I0OA and IOB) is determined by the state of bits
B7 and B6 of R7A.

These functions are illustrated in the following: = -

MIXER CONTROL - /O ENABLE
REGISTER (R7A)

EEEEEEEE!

NOISE TONE
ENABLE ENABLE

cls|al[c]|B]A

INPUT ENABLE
B A

Nolise Enable Truth Table Tone Enable Truth Table

Noise Tone
R7A Bits Enabled R7A Bits Enabled
B5 B4 B3 | OnChannel B2 B1 B0 | On Channel

B A 0 C B A
B -
- A

e XeNeoNe]

c
c -
C

R
>

- e OO0 O
A 002~ 00
L OO A0 =0
—_~. O~ OO0 =0

0
1
1
0
0
1
1

e

The direction of the /O Port(s} is determined as follows:

/O Port Truth Table
R7A Bits /O Direction
B7 B6 108 10A
0 0 In In
0 1 In Out
1 0 Out In
1 1 Out Out

Note: The Mixer - /0 Control function is identical in
both mades of operation.

T-117-13
Disabling noise and tone does not turn off a channel.
Turning off a channel can only be accomplished by

writing all zeros into corresponding amplitude control
register.

I/0 PORT DATA STORE

Registers REA and RFA functlon as intermediate data
storage registers between the PSG/CPU databus {DAO-
DA7) and the two I/O ports (IOA0-I0A7, I0B0-I0B7).
Both I/O poris are available on the AY8930.

Using registers REA and RFA for the transfer of /O data
has no effect on sound generation.

To output data from the GPU Bus to a peripheral device
connected to I/O port A:

1. Address the enable register (R7A).

2, Setthe port A direction bit to output (write "1”to bit B6
of R7A).

3. Address the /O port A register (REA).

4, Write data to /O port A register. The data will pass
through the PSG I/0 port Aregister tothe /O portbus.

To input data from VO port A to the CPU bus:

1. Address the enable register (R7A).

2, Setthe port A direction bit to input {(write a"0" to bit B6
of R7A).

3. Address the /O port A register (REA). The contents
ofthe portregister will follow the signals applied to the
1/Q port.

4. Read data from /O port A register. The data will be
transferred from the PSG /O port A register to the
CPU bus as in a normal read operation.

If a logic 1 has been written to any bit position of register
REA or register RFA and the corresponding /O pins of
port A or port B are externally pulled below the logic 0,
(ViL) level, a subsequent CPU read instruction of regis-
ters REA or RFA will actually contain a logic 0 in the
pulled down bit positions. The output pins will return to
logic 1 if the pull down condition is removed.

If a logic 0 has been written to any bit position of the /O
registers and the external world wishes to pull these pins
to a 1, the user should be aware that an impedence
conflict will exist between the pull down transistor and
the external driver.

© 1980 Microachip Technology Inc.
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AMPLITUDE CONTROL The following Is a chart describing ail combinations of
the 6-bit Amplitude Control.

The amplitudes of the signals generated by each of the

three D/A converters (one each for channels A, B, and M L4 L3L2L1LO0
C) are determined by the contents of the amplitude Q 0 0 0 0 0 Theamplitude is fixed at 1 of 31
control registers as ilfustrated in the following: ) 00 0 0 0 1 levels as determined by L4, L3,
« o o o o o |21L1,L0
Amplitude Contro! ¢ e
‘:ieglster# Channel o1 1111 .
The amplitude is variable at 31

R8A A 1 X X X X X levels as determined by the out-

RoA B put of the Envelope Generator.

RAA c (X = Don't care)

AY38910A-COMPATIBILITY MODE: NOTE:

In the AY38910A-compatibility mode, the extemally
+  driven"fixad" amplitudeis limited to a total of 16 possible
levels determined by amplitude bits L4-L1.

rB7lBS|85|B4|BSIBZ|81IBO|

NOT USED
" el ule ENVELOPE GENERATOR CONTROL
AMPLITUDE 4-BIT "FIXED" ENVELOPE PERIOD CONTROL
"MODE" AMPLITUDE LEVEL
« FORGE TO ** The pericd of the sound envelops, in the AY38910A-
compatibility mode, is controlled by two 8-bit registers,
R RB and RC (the envelops fine and coarse tune, respec-
AY8930 EXPANDED MODE: tively). Inthe 8930 expanded mode, sach analog output
channe! has its own independent sound envelope.
F7 I s I B5 | B4 l &3 | B2 | B1 | B.;I Changes to the envelope period counter will occuraten-
velope period boundary or when envelope shape/cycle
NOT register is loaded.
i USED
| (S M M|llBj| Ll
8 Coarse Tune Channel Fine Tune
: AMPLITUDE 5-BIT "FIXED" Register Register
! *MODE" AMPLITUDE LEVEL = -
RCA A RABA
& The amplitude "mode” (bit M) selects either fixed level R1B B ROB
amplitude (M = 0) or variable level amplitude (M = 1). It R3B c R2B
follows that bits L4 - L0, defining the value of a "fixed”
level amplitude, are only active when M = 0. The
amplitude is only "fixed" in the sense that the amplitude
lavel is under the direct contro! of the system processor
via an address latch/write data sequence.
When "variable amplitude” is selected (M = 1), the
. amplitude of each channel is determined by the enve-
] lope pattern as defined by the envelope generators 5-bit
output (E4 - E0). The amplitude "mode"” bit (bit M) can
also be thought of as an envelope enable bit, i.e, when
M = 1, the envelope is enabled.
#
DS50010C-12 5-72 © 1990 Microchip Technology Inc.
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16-BIT ENVELOPE PERIOD TO
ENVELOPE GENERATOR

B7|Be[B5[B4]B3 B B1[BO| [B7|B6]BS B4 83 B2 B1[BO
/

£P|EP|eP|EP|EP EP|EPEP[EP|EP|EP|EP|EP|EP[EP[EP
16114|13{12|11{10{9]8 7|6 |5[4{3[2]1]Q

Note thatthe value programmed inthe combined coarse
and fine tune registers Is a period value - the higher the
value in the registers, the lower the resultant frequency.

Note also, that as with the tone period, the lowest period
valus is 0001h (divided by 1); the highest pericd value is
FFFFh (divided by 65,53510).

ENVELOPE SHAPE/CYCLE CONTROL

The AY8930 envelope generator further counts down
the envelope frequency by 32, producing a 32-state per
cycle envelope pattern defined by its 5-bit counter out-
put, E4, E3, E2, E1, and EO. The particular shape and
cycle pattern of any desired envelope is accomplished
by controlling the count pattern (count up/ count down)
of the 5-bit counter and by defining a single cycle repeat-
cycle pattern. The AY38910A mode envelope generator
further divides the envelope period by 16, producing a
16-state per cycle envelope pattern as defined by the 4-
bit counter output, E3, E2, E1 and EO.

Loading of the envelope shape/cycle control register will
reset the associated counter to the appropriate initial
state and reset the envelope period counter for that
channel.

The envelope shape/cycle control is contained in the
lower 4 bits (B3-B0) of the respective envelope control
registers, Each of these 4 bits controls a function in the
envelope generator, as illustrated in the following:

ENVELOPE SHAPEICYGLE
CONTROL REGISTER
|B7IBGIBS| B4|aa|32|a1|ao|
L Hold
NOT USED L » Atternate
{MODE SELECT BITS)

> Attack

e Continue

T-77-13

The definition of each function is as follows:

Hold - When setto logic "1" in AY38910A mode, limits
the envelape to one cycle, holding the last count of the
envelope counter (E3- E0=00000r 1111, dependingon
whether the envelope counter was in a count-down or
count-up mode, respectively).

Alternate - When set to logic *1", the envelope counter
reverses count direction (up-down) after each cycle.

NOTE: When boththe hold bit and the alternate bit are
ones, the envelope counter is reset to its initial
count before holding.

Attack - When set to logic "1" in AY38910A mods, the
envelope counter will count up (attack) from E3, E2, E1,
E0=0000toE3, E2,E1, E0=1111;whensettologic"0",
the envelope counter will count down (decay) from 1111
to 0000.

Continue - When set to logic "1", the cycle pattern will
be as defined by the hold bit; when set to logic "0, the
envelope generator will be reset to 0000 after one cycle
and hold at that count.

Further description of the above functions could be
accomplished by numerous charts of the binary count
sequence of E3, E2, E1, EO for each combination of
hold, alternate, attack and continue. However, since
these ouputs are used (when selected by the amplitude
control registers) to amplitude modulate the output of the
mixers, a better understanding of their effect can be
accomplished viaa graphic representation of their value
for each condition selected, as illustrated in the Enve-
lope Shape/Cycle Control figure to the right and the
Detail of Two Cycles figure below.

For AY8930 mode, hold, alternate, attack and continue
is the same, however the pattern is defined by 5 bits (E4,
E3, E2, E1, E0.)

© 1990 Microchip Technology Inc.
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ENVELOPE SHAPE/CYCLE CONTROL

RD BITS )

% 8 8l ® AY38910A MODE

A
c L
0 T
N Al e
T| T R
i T N[ H
Ni A] A] © GRAPHIC REPRESENTATION
Uy cl T|L OF ENVELOPE GENERATOR
E| k| Ef D OUTPUT E3E2E1 EO.
ol of x| x N
o 1] x| x4
1ofofo
1 o ol 1 \ ./— (SEE FIG. BELOW FOR DETAIL)
Hlepr]e @\/\/\/\/\/
1] o0 1)1 \l
1 1 011 /
T IANANANAN
1]

—~EP EP IS THE ENVELOPE
PERIOD (DURATION OF
ONE CYCLE)

DETAIL OF TWO CYCLES - AY38910A MODE

GRAPHIC REPRESENTATION

OF THE DECIMAL VALUES OF

ENVELOPE GENERATOR
OUTPUTE3 E2 E1 EO

(14€)

(14E) !

DS50010C-14
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DIGITAL TO ANALOG CONVERTER

The Digital to Analog conversion is performed in logar-
ithmetic steps with a normalized voltage range of 0V to
1.0V. The specified amplitude of each converter is
controlled by a 5-bit word from either the amplitude

7-77-13
control register* or the envelope generator. The signal

of the output is the Noise/Tone spacifled for that chan-
nel.

* Except in the 8910A-compatibility mode, which only
alfows for 4 bits of external amplitude control.

NORMALIZED
VOLTAGE

D/A CONVERTER OUTPUT - AY8930 EXPANDED MODE

AMPLITUDE WERE SELECTED.

THIS FIGURE ILLUSTRATES THE D/A CONVERTER OUTPUT WHICH WOULD RESULT IF
NOISE AND TONES WERE DISABLED AND AN ENVELOPE CONTROLLED VARIABLE

NOTE: THE RESET CONDITION IS ZERO CURRENT.

© 1990 Microchip Technology Inc.
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MICROCHIP TECHNOLOGY INC 22E
ELECTRICAL CHARACTERISTICS
Maximum Ratings* *Exceeding these ratings cauld cause permanent dam-
Storage temperature.........cccucerirennaas .-55°C to +150°C age to the device. This is a stress rating only and
Maximum temperature under bias ......cccvuun. +125°C functional operation of this device at these conditions is
Vob and ali other input/output notimplied. Operating ranges are specified in Standard
voltages with respect to Vss...............-0.3V to +7.0V Conditions. Exposure to absolute  maximum rating
conditions for extended periods may affect device relia-
Standard Conditions (Unless otherwise noted) bility. Data labeled "typical” is presented for design
Free air ambient operating guidance only and is not guaranteed.
feMPBrature ....cuiaciecnnieencneinne 0°C to +70°C
VoD ... +4.5V to +5.5V
Vss 0.0V (Ground)
DC CHARACTERISTICS
Parameters Sym Min Typ Max Units Conditions
Input Logic Levels
Logic 0 ViL -0.3 - +0.4 Volis
Logic 1 VIH +2.4 Vob Volts
Input Leakage
Clock - - - 10 pA
BC1, BDIR - - - 10 pA
Inputs with Pullups I 10 - 100 pA VIN = +0.4V
A8, RESET, Select
Inputs with Pulldowns I 10 - 50 LA VIN = +2.4V
A9
/O with Pullups
A7-A0, B7-B0 I 20 - 160 pA VN = +0.4V
VoH +2.4 - Vop Valts | loH = 100 pA w/100pF
VoL 0.0 - +0.4 Volts | loL = 1.6 mA w/100pF
Data/Address
DA7-DA0 VoH +2.4 - Voo Volts | loH = 100 pA w/100pF|
VoL 0.0 - +0.4 Voits | loL = 1.6 mA w/100pF
Power Supply lop - - 85 mA All inputs and outputs
tied to Vss or Vop.
P - - -
DS50010C-16 5-76 © 1980 Microchip Technology Inc.'
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AC CHARACTERISTICS *
Parameters Sym Min Typ Max Units Conditions
Clock Input X
Frequency - 1 - 4 MHz | 40/60 asymmetry
Rise/Fall Time tr, tf 0 - 50 ns allowed
Master Reset
RESET tms * - - ns *Two Clock Periods
Control Signals
BC1, BC2, BDIR
: Skew fcs - - 40 ns
i Valid tees 300 - - ns
Data Address Bus
DA7-DAQ, A8, A9
Address Setup Time tas 300 - - ns
Address Hold Time tah 65 - - ns
{
! Read Mode
Data Setup Time tab - - 200 ns
Data Hold Time td 20 - 100 ns
Write Mode
Data Sefup Time tds 300 - - ns
Data Hold Time tdh 65 - - ns
Input/Output Port

I0A7-I0A0, IOB7-I0B0 .

Output Mode

Data Setup Time tow 500 - - ns
Input Mode -

Data Setup Time tors 200 - - ns

Data Hold Time tprn 65 - - ns

* The address/data read cycle is latch address followed by an inactive state then the read command.
The address/data write cycle would be the same with the substitution of the write command in place
of the read. An inactive state is required between each cycle (or active command).

© 1990 Microchip Technelogy Ing. 5-77 DS50010C-17
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TIMING DIAGRAMS

T-77-13

READ MODE
BUS CONTROL | l I l
BC1, BDIR LATCH ADDRESS NO ACTION READ FROM PSG
| ,
tas Itah tab td
DATA/ADDRESS BUS
................................ A?I\?F?lffs ceveersurencecanasacesed DATA OQUTPUT  feweees
WRITE MODE
BUS CONTROL -
BC1, BDIR LATCH ADDRESS NO ACTION WRITE TO PSG
- L
tas | tah tds Ildh
DATA/ADDRESS BUS
bt A?ﬁggfs reeemstmccmaeneeenan DATAINPUT  freasee
BUS CONTROL SIGNALS
BC1, BDIR
‘<—>|tccs
|tcs l ltcs I
DS50010C-18 5-78
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TIMING DIAGRAMS (Cont.) T-77-13

MASTER RESET

RESET

tms

I/0 PORT OUTPUT MODE: WRITE DATA FROM CPU BUS TO I/0 PORT*
BUS CONTROL .
BCH, BDIR | LATCH ADDRESS | NO ACTION I WRITE TO PSG I
ol - |
tas  |tah tds  |tch
DATA/ADDRESS BUS DATA INPUT
................................ II\I%D;oESS T0 PORT
RT REGISTER
I lpw ) |
1O PORT VALID DATA
---------------------------------------------------------------------------------------------- OUTPUT TO e
PORT
1/0 PORT INPUT MODE: WRITE DATA FROM /0 PORT TO CPU BUS*
BUS CONTROL
BC1, BDIR I LATCH ADDRESS | NO ACTION | READ FROM PSG I
|
tas | tah fab td
_DATA/ADDRESSBUS . eeeeeene ADDRESS |_...ooceieeeeracrnnces DATAOUTPUT | .. ...
O PORT TO GPU BUS
I tprs I ! torh
D T e aeansannns S VALDDATAINPUT |,
FROM PORT
* Assume the direction of the I/O port has already been
determined via a write to the Enable register (R7A).
© 1990 Microchip Technology Inc. 5-79 DS50010C-19
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SALES AND SUPPORT

To order or to obtain information, e.g., on pricing or dslivery, please use the listed part numbers, and refer to the
factory or the listed sales offices.

PART NUMBERS
Avesso - /P
Package P 40-Pin Plastic DIP
Temperature Blank 0°Cto70°C
Range
‘———————] Doavice » ;\YBQSO Enhanced Programmable Sound Generator
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