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'11cROPROCESSOR CONTRO~LED STEREO SOUl':JD GENERATOR 
FOR SOUND EFFECTS AND MUSIC SYNTHESIS 

GENERAL DESCRIPTION 

The SAA 1099 is a monolithic integrated circuit designed for generation of stereo sound effects and 
music synthesis. 

Features 

• Six frequency generators 
eight octaves per generator 
256 tones per octave 

• Two noise generators 
• Six noise/frequency mixers 

.. 

• Twelve amplitude contl'"ollers 
Two envelope controllers 

• Two 6-<::hannel mixers/current sink analogue output stages 
• TTL input compatible 
• Readily interfaces to 8-bit microcontroller 
• Minimal peripheral components 
• Simple output filtering -

Applications 

• Consumer games systems 
• Home computers 
• Electronic organs 
• Arcade games 
•Toys 
• Chimes/alarm clocks 

QUICK REFERENCE DATA 

9;upply voltage (pin 18) 

Supply current {pin 18) 

Reference current (pin 6) 

Total power dissipation 

Operating ambient temperature range 

PACKAGE OUTLINE 

18-lead DI L; plastic (SOT-102CS). 

! 

Mullard 

Voo typ. 5 v 
loo typ. 55 mA 

I ref typ. 250 µA 

Ptot 450 mW 

Tamb Oto+70 oc 

~( ,, 
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MicroPfUcessor contr-ollod stereo sound generator 

for sound effects and music synthesi!'> 

; <+b. 

l~--S-A-A-10_9_9_ 
PINNING re , 
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PIN DESIGNATION 

1. WR 

2 cs 

3 AO 

4 OUTR 

5 OUTL 

6 .7 lref 
OT ACK 

8 

9 

10-17 

18 

CLK 

Vss 
D0-07 

Voo 

Von 

07 

06 

05 

SAA10<J9 D< 

03 

02 

01 

DO 

J290l86 

Fig. 2 Pinning diagram . 

Write Enable: active LOW input whjch operates in conjunction with CS and 
AO to allow writing to the internal registers.. 

Chip Select: active LOW input to identify valid WR i:nputs to the chip. This 
input also operates in conjunction with WR and AO to B;Jlow writing to the 
internal registers. 

Controii'Address seiect: input used in conjunction with WR and CS to· load 
data to the control register (AO-=- 0} or the address buffer (AO= 1). 

Right channeJ. output: a 7-level current sink analogue output for the 'right' 
component. This pin requires an external toad resistor. 

left channel output: a 7-Jevel current sink"analogue output for the 'left' 
component. This pin requires an external load resistor. 

Reference current supply: used to bias the current sink outputs. 

Data Transfer Ad<nowfedge: open drain output. active LOW to acknowledge 
successful data transfer. On completion of the cycle OT ACK is set to inactive. 

Clock: input for an extei-nally generated clock at a nominal frequency of 
8MHz. 

Ground: o V. 

Oata: Data bus input. 

PowCf" supply: + 5 V typical. 

-
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~~~S-A-A-10_9_9~~~ 
FUNCTIONAL DESCRIPTION 

The following sections provide a detailed functional description of the SAA 1099 as shown in the block 
diagram, Fig. 1. 

Frequency generators 

Six frequency generators can each select one of 8 octaves and one of 256 tones within an octave. 
A total frequency range of 30 Hz to 7 ,74 kHz is available. The outputs may also control noise or 
envelope generators. All frequency generators have an enable bit which switches them on and off, 
making it possible to preselect a tone tone and to make it inaudible when required. 

The frequency ranges per octave are: 

Octave Frequency range 

O 30 Hz to 60 Hz 
1 
2 
3 
4 
5 
6 
7 

60 Hz to 122 Hz 
122 Hz to 244 Hz 
244 Hz to 488 Hz 
489 Hz to 976 Hz 
978 Hz to 1,95 kHz 
1,95 kHz to 3,90 kHz 
3,91 kHz to 7,81 kHz 

Noise generators 

• 

The two noise generators both have a programmable output. This may be a softwaf"e controlled noise 
via one of the frequency controlled generators or one of thtee pre-defined ·noises. There is no tone 
produced by the frequency generator when it is controlling the noise generator. The noise produced is 
based on double the frequency generator output, i.e. a range of 61 Hz to 15.6 kHz. 
In the event of a pre-defined noise being chosen, the output of noise generator 0 can be mixed with 
frequency generator o. 1 and 2; and the output of noise generator 1 can be mixed with frequency 
generator 3,4 and 5. In order to produce an equal level of noise and tone outputs (when both are 
mixed) the amplitude of the tone is increased. The three pre-defined noises are based on a clock 
frequency of 7 ,8 kHz, 15,6 kHz or 31,25 kHz. 

Noise/frequency mixer-s 

Six noise/frequency mixers each with four selections 1 

• Channel off 
• Frequency only 
• Noise only 
• Noise and frequency 

Each mixer channel has one of the frequency generator outputs fed to it, three channels use noise 
· generator 0 and the other three use noise generator 1. 

Amplitude controllers 

Each of the six channel outputs from the mixer is split up into a right and left component giving 
effectively twelve amplitude controllers. An amplitude of 16 possible levels is assigned to each of the 
twelve signals_ With this configuration a stereo effect can be achieved by varying only the amplitude 
component. The moving of a sound from one channel to the other requires, per tone, only one update 
of the amplitude register contents. 
When an envelope generator is used, the amplitude levels are restricted. The number of Ieve!s avai!:ab!e 
is then reduced to eight. This is achieved by disabling the least significant bit (LSB) of the amplitude 
contr(lol. 

~ Augun 1984 1 f Mullard 



]Jl.croproccs'SOr controlled stereo souod generator 

for sound effects and music synthesis l~_S_A_A_1_0_9_9 __ 

Envelope oontrollet"s · e Two of the six tone generators are under envelope control. This applies to both the left and right 
outputs from the tone generator. ~ 
The envelope has the following eight possible modes: 

• Amplitude is zero 
• Single attack 
• Single decay 
• Single attack-decay (triangular) 
• Maximum amplitude 
• Continuous e1tt.ock 
• Continuous decay 
• Continuous attack-decay 

The timing of the envelope oontrollers is programmable using one of the frequency generators (see 
Fig. 1). When the envelope mode is selected for a channel its control resolution is halved for that 
channel from 16 levels to B levels by rounding dawn to the nearest even level. 
There is also the capability of controlling the "right' component of the channel with inverse of the 
'left' component, which remains as programmed. 

c9A direct enable permi:ts the start of an envelope to be defined, and also allows termination of an 
~ envelope at any time. The envelope rate may be controlled by a frequency channel {see Fig. 1 ), or by 
~ the microprocessor writing to the address buffet ~!ster. !f the frequency channel controlled is OFF 
J (NE =. FE = OJ the envelope will appear at the output, wh'ch provides an alternative 'non-square' tone 
J . 
( 

' 
• 
J . 

capability, Jn this event the frequency will be the envelope rate. which provided the rate is from the 
frequency channel, will bea maximum of 1 kHz. Higher frequencies of up to"2 kHz can be obtained 
by the envelope resolution being halved from 16 levels to B levels. Rates quoted are based on the input 
of a 8 MHz clock . 

~ Six-channel mixers/current sink analogue output stages 

Six channels are mixed together by the two mixers allowing each one to control one of six eqUally 
· Weighted current sinks, to provide a seven level analogue output. 

Command/control select 

In order to simplify the microprocessor interlace the command and control information is multiplexed. 
To select a register in order to control frequencies, amplitu-des, etc. the command-register has to be loaded. 
The contents of this register determines to which register the -data is written in the next .:;ontrol-cycle. 8t a continuous update of the oontrol-register is necessary, only the control-information has to be 
written (the command-information does not change). 
If the command/control select (AO) is logic 0, the byte transfer is control; if AO is logic 1, the byte 
transfer is command. 

Interface to microprocessor 

The SAA 1099 is a d~ta~s based 1/0 peripheral. Depending on the value of the command/contml 
signai (AO) the CS and WR signals control the data transfer from the microprocessor to the SAA 1099. 
The d~ta-transfer-acknowledge (OT ACK) indicates that the data transfer is completed. When, during 
the write cycle, the microprocessor recognizes the OT ACK, the bus cycle will be completed by the 
processor. 

Mull;:ar.-1 1 [ August 1984 5 



RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supplyvoltage(pin18) Voo 
Maximum input voltage 

at Voo ""'4,5 ro 5,5 v 

Maximum output current 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

Electrostatic handling* 

Vi 

V1 

lo 
Ptot 

Tstg 

Tamb 

v~ 

-0,3 to + 7,5 V 

--0,3 to + 7 ,5 V 

-0,5 to + 7,5 V 

max. 10 mA 

450 mW 

-55 tc + 125 °c 
Oto +70 oc 

-TOOOto +1000 V 

I Eq1Jivalent to discharging a 250 µF capacitor through a 1 kfl. series resistor. 
-·-~ l 6 August 1984 11 Mullard 
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Microprocessol" controlled stereo sound generator l SAA109~ 
for soul"Kt effects and music synthesis ,. O.C. CHARACTERISTICS 

v00 = 5 V; Tamb = 0 to 70 <>c;unless othel"Wise specified 

p.cil"ameter symbol min. typ. max. unit 

Supply 

Supply voltage Yoo 4,5 5,0 5,5 v 
Supply current loo 55 90 m.-"'!., 

Reference current (note 1) I ref 100 250 400 µA 

-... INPUTS 
( 

Input voltage HIGH YtH 2,0 6,0 v 
Input voltage LOW Ytl -0,5 a.a v 
Input leakage cul"rent ± ILi 10 µA 
Input capacitance c, 10 pf • OUTPUTS 

<( 
1-: DTACK (open d1ain; note 2j 
"' 0 Output voltage LOW w _, 

at loL = 3.2 mA Vol 0 0,4 v 0.. 
::;; Voltage on pin 7 (OFF state) V7.9 -0,3 6,0 v <( 

"' Output capacitance (OFF state) Co 10 pf f-z Load capacitance Cl 150 pf w 
::;; 

01..."tpt.."t leakage CUl"rent {OFF state) -ILO 10 µA 5 _, 
w Audio outputs (pins 4 and 5) > w 

With fixed lref(note 3) 0 

One channel on 101/lref 90 125 % 
Six channels on t06/6xl,ef 85 120 % 

c9i With fret= 250 µA; RL = 1,1 kfi (± 5%) 

One channel on 101/lref 95 115 % "\,;..;:· 

Six channels on tos/6xl,ef 90 110 % 
Output current one channel on 101 238 288 µA 
Output current six channels on 

'06 1,38 1,65 mA 

With resistor supplying I ref (note 4) 

Output current one channel on 101 155 270 µA 
Output current six channels on 105 0,94 1,65 mA 
Load resistance 

AL 600 n 
0.C. leakage current all channels off -ILO 10 µA -Maximum current difference between 

left and right current sinks (note 5) 
± lomax 15 % 

Signal-to-noise ratio {note 6) S/N tbf dB 

0 Mullard J( August 1984 
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A.C. CHARACTERISTICS 

Voo c 5 V; Tamb = 0 to 70 °C; timing measurements taken at 2.0 V for a logic 1 and 0.8 V for a 
logic 0 unless otherwise specified (see waveforms Figs 3 and 4) 

parameter symbol min. typ. max. 

Bus interface timing (see Fig. 3) 

AO set-up time to CS fall 'ASC 0 - -
Cs LOW to WR fall tcs\iV 30 - -
AO set-up time to WR fall 'ASW 50 - -
WR LOW time twL 100 - -
Data bus valid to WR rise tesw 100 - -
OT ACK fall delay from WA fall (note 7) 'DFW 0 - 85 

AO hold time from WR HIGH 'AHW 0 - -
CS hold time from WR HIGH tcHW 0 - -
Data bus hold time from WR HIGH 'DHW 0 - -
DTACK rise delay from WR HIGH 'DRW 0 - 100 

Bus cycle time {note 8) tcv 2CP - -
Bus cycle time (note 9) tcv SCP - -
Clock input timing (see Fig. 4) 

Clock period 'cLK 120 125 255 

Clock LOW time 'HIGH 55 - -
-· ···~·· --j L:loek HIUH tu~ne I 'LOW 

Notes to the characteristics 

1. Using an external constant current generator to provide a nominal I ref or external resistor 
connected to Voo-

2. This output ·is short-circuit protected to Voo and Vss. 

unit· 

ns 

ns 

ns 
ns 
ns 
ns 

ns 

ns 

ns 

ns 

ns 
ns 

j ns 

3. Measured with I ref a constant value between 100 and 400 µA; load resistance {RLl allowed to match 
E24 {5%) in all applications via: 

0,27775 ± 0,03611 
RL"~--~-

lref 
4. Measured with Rref = 10 k!l (± 5%) connected between lref and Voo; RL = 820 n (± 5%); OUTR 

and OUTL short-circuit protected to Vss· 
5. Left and right outputs must be driven with identical configuration. 
6. Sample tested va!u~ only. 
7. This timing parameter only applies when no wait states are required; otherwise parameter is invalid. 
8. The minimurTI bus cycle time of two clock periods is for loading all registers except the amplitude 

registers. 
9. The minimum bus cycle time of eight clock periods is for loading the amplitude registers. In a 

system using DTACK it is possible to achieve minimum times of 500 ns. Without OT ACK the 
parameter given must be used. 

August 1984 
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18-LEAD DUAL IN-LINE: PLASTIC (SOT-102CS) 
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SOLDERING 

See next page. 
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side view 

Muiiard 

11 top view 
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$- Positional accuracy_ 

@ Maximum Material Condition. 

(1 ) Centre-lines of all leads are 
within·±0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0.254 mm. 

(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 
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·. APPLICATION INFORMATION. 

Device Operation' 

.. 

=The SAA 1099 uses pulse width modulation to achieve amplitude and envelope levefs. The twclve 
si~nals ere nlixf!d in an analogue format (6 ·1en• a(Kj 6 'right') before leaving the chip. The amplitude 
and eovetQPe signals chop the output at a minimum rate of 62.5 kHz. compared wrth the highest tone 
Output of 7 ;14 kHz. Simpie external low-pass filtering is used to remove1he high frequency components. 

Rates quoted are based on the input of a 8 MHz clock. 

A data bus based write only structure is used to load the on-board registers. The data bus is used to 
load the address for a register, and subsequently thedat.a to dlat register~ Once the address is loaded 
multipte data loads to that register can be perlonned. 

~e selection of address or data is made by the single ~d(essbit AO, as shown in register maps Table 1 
and Table 2. 

The bus control signals WR and CS are designed to be compatible with a wide range of microprocessors, 
a OT ACK output is included to optimise the interlace w(th an 568000 series mia'opro~r. ln most 
bus cycles OT ACK will be returned immediately,this applies to all register address load cycles and all 
except amplitude data load cydes. With respect to amplitude data, a number of_ wait cycles may need 
to be performed, depending on the time since the previous amplitude load. DTACK will indicate the 
number of required waits. 

The ampt(t:udes are assighed with 'left' and 'right' components io the same byte, on a channel by 
channel basis. The spare locations that are left between blocks of registers'is·to allow for future 
expansion, and shoU1d be written as zero's.· Th~ tone within an ·octave is-defined by eight bits and the 
Octavi! by three bits. Note that octaves are paired_ {0/1, 2/3 etc.). The frequency and noise enables are 
grouped together for ease of programming. The controls·for ooise ~colour" (clock rate) are grouped 
in one byte.. 

Tt1e envelope registers are pasitioned in adjacent locations. There are two types of envelope oontro!s, 
d\ir:iiact. acting oontro1s and buffered controls. The direct acting controls always take immediate effect, 
and are: . 

• Envelope enable (reset) 
• Enveiope resolution (16/8 level) 

The buffered controls are acted upon only at the times shown in Fig. 5 and control selection of: 

• Envelope clock source 
I 

• Waveform type 
• Inverted/non-inverted ~right' component 

Table 1 External memory map 

select data bus ioputs operations 
AO D7 D6 D5 J D4 J D3 I D2 I D1 I DO 

' 0 D7 D6 05 D4 D3 D2 D1 DO data for inte<nal registers 

' 
1 x x x A4 A3 A2 Al AO internal register address 

Where X = don't care state. 

·-· ' -1 -
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Microproocs:sor controlled S!._~~ !Ound generator 

for sound effects aod music s:vnthesis 

•"'<l;.~. ~~-

(A . 
l SAA1099 

~ 

W'Table2 Internal reglstermap. 

~ 
c 
w ... .. 
~ 
!ii: 

' ... 
:;; 

~ ... 
w 
> w 
c 

I 
I 

. register data bus inputs 
openrtions address 07 06 05 04 03 02 OT DO 

00 AR03 AR02 AR01 AROO AL03 AL02 AL01 ALOO aniplitude 0 right channel; 
left chonnel 

01 1 1 1 1 1 1 1 1 amplitude 1 right/lefi 
02 2 2 2 2 2 2 2 2 amplitude 2 rigilt/ieft 
03 3 3 3 3 3 3 3 3 amplitude 3 right/left 
04 4 4 4 4 4 4 4 4 amplitude 4 right/left . 05 5 5 5 5 5 5 5 5 amplitude 5 right/left 
06 x x x x x x x x 
07 x x x x x x x x 
08 F07 .FOG FiJS F04 F03 F02 F01 FOO frequency of tone 0 
09 1 1 1 1 1 1 1 1 frequency of tone 1 
OA 2 2 2 2 2 2 2 2 frequeocy of tone 2 
OB 3 3 3 3 3 3 3 3 frequency of tone 3 oc 4 4 4 4 4 4 4 4 frequency of tone 4 
n~ ~ ...... --- F55 F54 F53 F52 F5i --- freque.--q of iOl-re 5 UV ,-~, roo rou 
OE x x x x x x x x 
OF x x x x x x x x 
10 x 012 011 010 x 002 001 000 octave 1; octave O 
11 x 032 031 030 x 1122 021 020 QCtave 3; O<:t3W 2 . 

. 12 x 052 051 050 x 042 041 040 ocmve 5; octave 4 
13 x x x x x x x x 
14 x x FE5 FE4 FE3 FE2 FE1 FEO frequency enable 
15 x x NES NE4 NE3 NE2 NE1 NEO no1se enable 16 x x N11 N10 x x NOl NGO noise generator 1; . 

noise generator 0 
I 17 x x x x x x x x 

18 E07 x E05 E04 E03 E02 EOT EOO. envelope generator 0 
19 ET7 x E!5 E14 E13 e12 E11 E10· envelope generator 1 
1A x x x x x x x x 
18 x x x x x x x x 
1C x x x x x x x SE sound ·enable {all chanM!s} !D x x x x x x x x 
"1E x x x x x x x x 
1F x x x x x x x x 

vvnere: 

·.All don't car~ {XJ s.'1ou~d be v.1itt.en a:; zau•s. 

OO to 1F block: of registers repeats eight times in the block between addresses 00 to Ff (full internal 
memory map). 

o-· 11 



APPLICATION lNFORMAl"ION (oontinuedl 

Table 3 Registet" desi:xiption 

bit 

ARn3;ARn2; 
ARnl;ARnO 
(n = 0,5) 

Aln3;Aln2; 
Al.nl; Al.nO 
(n =0,51 

Fn7to FnO 
(n = 0.5) 

On2; Onl; OnO 
(n = 0.51 

fEn 
(n =0,5) 

NEn 
(n = 0,5) 

Nnl;NnO 
(n = 0,1) 

August 1984 

description 

4 bits for amplitude control 
of right channel 
0 0 0 0 minimum amplitude (off) 
1 1 1 1 maximum amplitude 

4 bits for amplitude control 
of left channel 
0 0 0 0 minimum amplitude (off). 
1 1 1 1 maximum amplitude 

a bits for frequency control 
of the six frequency generators 
0 0 0 0 0 0 0 0 lowest frequency 
1 1 1 1 1 1 1 1 highest frequency 

3 bits f<>f" octave controt 
o o ·o 
0 0 1 
0 t 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

lowest octave (30 Hz to 60 Hz) 
(00 Hz to 1?? Hz) 
{122Hz10244 Hz) 

' (244 Hz to 488. Hz) 
(489 Hz to 976 Hz) 
(978 Hz to 1,95 kHz) 
(1,95 kHz w 3,90 kHz) 

highest octave (3,91 kHz to 7,81 kHz) 

freqUency enable bit (one tone per generator) 
FEn = 0 indicates that frequency 'n' is off · 

noise enable bit (one tone per generator) 
NEn = 0 indicates that noise •n• is off 

2 bits for noise generator oontrol. 
These bits select the noise generator rate (noise .. colour') 
Nn1 NnO clock frequency (kHz) 

0 0 31,3 
0 1 15,6 

0 7,6 
1 61to15,6{frequencygenerator0/2) 

( 
· .. ·.··"""II 

\ 

\ 

\ 
\ 

9 
~ 

\ 
' 
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Micropro~ssor controlled stereo_ sound generator 

for sound effects and music synthesis l~--S-A-A-10_9_9_ 
. 

bit descriptiOn 

En7; -
En5 to Eno 7 bits for envelope control 
(n~0,1) EnO 

0 left and right component have the same envelope 
1 right component has inverse of envelope that is applied to left 

component 
En3 En2 En1 

0 0 0 zero amplitude 
0 0 1 maximum amplitude 
0 1 0 single decay 
0 1 1 repetitive decay 
1 0 0 single triangular 
1 0 1 repetitive triangular 
1 1 0 single attack 
1 1 1 repetitive attack 

En4 
0 4 bits for envelope control {maximum frequency= 976 Hz} 
1 3 bits for envelope control (maximum frequency= 1,95 kHz) 

En5 
0 internal envelope clock (frequency generator 1 or 4) 
1 external envelope clock (address write pulse) 

En7 . 
0 reset (no envelope control) 
1 envelope control enabled 

SE SE sound enable for all channels 
(reset .>n power-up to O) 

0 all channels disabled 
1 all channels enabled 

-
Note e All rates given are based on the input of a 8 MHz clock. 

r~). 
' , 
~- -

' ' l 
Mui lard 
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AA1099 

APPLICATION INFORMATION (cont;nued) 

e<iYO!lope ge.--ator in;ictive 

1En7" 0) 
envelop.. generator ..aiw 

1En7 • TJ 

En3 En2 Enl EnO 

0 0 0 0 

0 0 0 

0 0 0 

0 0 

0 0 0 

0 0 

0 0 

0 

!·-----~~~-" 
13) -121 

l--111--I I I I 
(4) (4) 141 

I 
·~77'77?1===============e+ (21 

1-- Ill --I 
(3) 

~l=a=~=,=,c=,=,=';;'O'<='=<=<=c=c=,.,=======~+ 121 

1-- m --1 !~-----~ 
(31 

Y7?77:'1===o;;========="=il (2) 

~ I 

"' 
~ A A A :;;a• 121 

~~Al#'&~~ 
1- m--1 I I I 

(4) (41 (41 

(7777,,,.,,===.=====~======'K'====~· (1) 

~! 
14J 141 141 7:Z8781J 

Fig. 5 Envelope waveforms. 
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Microprotcs:sor controlled stereo sound generator 

for sound effects and music synthesis L ___ s_A_A-10_9_9_ 

r &otes to Fig. 5 

.... ,::: 
<( 
0 
w _, 
<L 
::;; 
<( ., 
.... z 
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(1) The level at this time is under amplitude control only (En7 ""O; no envel'!.pe). 

(2) When the generator is active (En7 = 1) the maximum level possible is 15/16ths of the amplltu<le 
level. rounded down to the nearest eight. When the generator is inactive {En7 = 0} the level will be 
16/16ths of the amplitude level. 

(3) After position (3) the buffered controls will be acted upon when loaded. 

(4} At positions (4) the buffered controls will be acted upon if already leaded. 

(5) Waveforms •a· tO 'h' show the left channel (EnO = O; left and right components have the same 
envelope). 

• 

• 

Waveform 'i' shows the right channel (EnO"" 1; right component inverse of envelope applied, to 
left). 
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Fig. 6 Typical application circuit diagram . 
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