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Votraxm CMOS Phoneme Speech Synthesizer 

SC-01 SPEECH SYNTHESIZER 
1 3 9 4  Rankin 
T roy ,  MI. 4 8 0 8 3  

n 

GENERAL DESCRIPTION 

DATA SHEET 
L 

The SC-01 Speech Synthesizer i s  a completely self-contained 
soltd state dev~ce. This single chip phonetically synthesizes 
continuous speech, of unlim~ted vocabulary, from low data 
rate onputs. Figure 1. 

Soeech is synthesized by combining phonemes (the building 
L~locks of speech) in the appropriate sequence. The SC-01 
ipeech Synthesize1 contains 64 different phonemes which are 
accessed by a 6 -b~ t  code. I t  is the proper sequential 
comblnat~on of these phoneme codes that creates continuous 
speech. 

The SC.01 Speech Synthesizer is cost-effective, cansumes 
.nlnlmal power and enables 1n.house product development 
w~thout vendor dependency. Signals from the SC-01 are 
applled to an audio output device to amplify and distribute 
thr synthesized speech. See Figure 2. 

FEATURES 

Single CMOS chip 
70 bits per second 
22 pin package 
9 ma. current drain 
Wide voltage supply range 
Latched 5V. compatible inputs . Digital pitch level inputs 
Automatic inflection 
On-chip master clock circuit 
Optional external master clock 
Variety of voice effects 
Sound effects 
Customer product security 

The design of the equipment specified herein is proprietary. 
Rights for the reproduction and distribution of the data contained 
herein are granted except for the manufacture and reproduction 
of the subject equipment. 

Figure 1. ~ o t r a x a  SC-01 Speech Synthesizer 

Figure 2. SC-01 Flow Diagram 

Votraxa reserves the right to alter its product line at any time, or change specifications or design without notice and without . ,. .. 
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CMOS technology, which offers hlgh Input tmpedance and low 

power dram 

ELECTRICAL DESCRIPTION 

The SC-01 Speech Synthesizer 1s a program compatlble wtth 

existong votrax@phoneme synthesizers I t  requtres 70 b~ ts  of 

data per second for continuous speech production The 6 b ~ t  

phoneme codes are 5 volr Log~c compatlble dnd are latched for 

data bus appltcatlons. A phoneme constluctwn dlgorithrn and -- - 
filters. w l th~n  the chlp, create the svnthes~zed a~rdto oornut 

CB 

NC 

T f l  

MCRC 

MCX 

N C =  Me- 
TPX z m Canr t l on  

example word demonstrate the phoneme use, 1.e.. sound to be 

pronounced. 

Table 2 subdivtdes the 64 phoneme symbols into seven 

categories. Each category represents a different production 

feature. The first six categories are characterized by voiced, 
fricative (explred voice), and nasal sounds. The seventh 

category 1s characterized by phonemes with no sound outpu! 

PHONEME PROGRAMMING 

Manual Operat~ons: VotraxB maintains a library 01 

phonet~cally programmed words. Reference to this library and 

programming manuals will aid in word synthesis. 

Automatic Operations: ~ o t r a x a  can supply a micro-computer 

system for automatic conversion of English text into phoneme 

sequences This system IS parttcularly aseful for in-house 

vocabulary development and product security. Contact 
VotraxB for further information. 
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Table 1 

Phoneme Phoneme 
Code Symbol Word 

EH3 
EH2 V 
EH1 L/ 
PA0 
DT F5 
A2 v 
A1 
ZH V f 
AH2 
13 V 
I2 v 
I1 v 
M rJ 
N tJ 
B \ JS  
V VF 
CH' F 
SH F 
z V F  
A w l  \J 
NG rJ 
AH1 
0 0 1  d 
00 V 
L \/ 
K F S  
J *  \IF 
H F 
G V S  
F F 
0 v 5  
S F  

jacket 
enlist - 
heavy 
no sound 
butter 
made 
made 
azure 
honest 
inhibit 
inhibit - 
inhibit - 
mat - 
SUlJ 

bas 
Van 
chip - 
shop - 
zoo - 
lawful - 
thing 
father 
lo_oking 
book - 
land - 
trick 
judge - - 
hello - 
!let 
fast - 
paid - 
pa? 

T '  must precede !CH/ to prod~lce CH sound. 

'D/ must precede /J/ to produce J sound. 

Table 2. Phoneme Categories 

Phoneme Phoneme Duration Example 
Code Symbol (ms) Word 

A V 
AY 
Y1 v 

UH3 
AH V 
P i=-5 
O ' J  
I u 
u v 
Y V  
T F S  
R 
E V  
w v  
AE 
AEl 
AW2 V 
UH2 
UH1 L/ 
UH V 

0 2  v 
0 1  
I U v 
U l  
THV V F  
TH 
ER v 
EH V 
E l  v 
AW b' 

PA1 w 5  
STOP u s  

day 

day 
yard 
m iss@ 

mop 
Past 
cold 

pin 
move 

any 
p p  
red - 
meet 
win 
& 

dad 
aiie r - 
salty 
about - 
uncle - 
CUP 
for 
aboard - 
vou 

the - 
thin - 
b y  

ee_t 
be 
call 
no sound 
no sound 

According to Production Features 

P 

v V F V S F N P S 
' V o i d '  ' V o i d  

F 5  
Fricative Fricative NO 

Voiced Friut. Stop Stop Nasal Sound 

0 0 1  Z B T S M PAO 
R Z H D DT SH N PA 1 
ER J G K C H NG STOP 
L V P TH 
IU THV F 
U H 
U 1 
W 



S I G N A L  DESCRIPT ION (See F~gu res  4 and 5) NOTE 

Phoneme 6-Bit Selection Code (Pa-P5). Data  Input  IS t o  six V a r y ~ n g  clock frequency varces volce and so. ? i d  
plns L a t c h ~ n g  IS cont ro l led  b y  the strobe ISTB)  signal effects As c lock  frequency decreases, a w h o  

frequency decreases arid phoneme t ~ r n ~ ~ i g  
Strobe (STB)  _Latching occurs o n  r lsmq edge o f  strobe slgnal - - - - - - - - - - - 

lengthens Fqu res  6 and 7 illustrate manual ,11?d 

D A C  ( D ~ g ~ t a l  t o  Ana log Converter) volce va r l d t~on  
ln f lec t lon  Level Setting ( 1  1 .  12) I n s t d r i t d n t u ~ r l y  5ets ~ I I (  t i  level schemat~cs, respect~vel  y 
o f  v o ~ c e d  phoneme< 

AcknowledgeIRequest I :  Acknowledges rececpt o f  

phoneme data (s~gna l  goes f r o m  h ~ g h  t o  l o w  one master c lock 

cycle f o l l o w ~ n g  actlve edge o f  STB signal) Also lnd~cates  
t lm lng o u t  o f  o l d  p h o n ~ e  concurrent w l t h  request for new 

phoneme data (s~gna l  goes f r o m  l o w  t o  n ~ g h )  

N O T E  

I f  external phoneme t lm lng  IS des~red, phoneme 

requests can be Ignored However, best speech IS 

reallzed w l t h  Internal  t im ing  

Master Clock Externa l  ( M C X ) :  A l lows con t ro l  b y  an l 'x ternal  
c lock sqna l .  

N O T E  

5 ,G . Ground  M C R C  dur inq  M C X  operation 

A u d i o  O u t p u t  (AO) :  Supp l~es analog s~gna l  !n dudlo ou tpu t  

dev~ce .  

A u d i o  Feedbatk ( A F ) :  Used w ~ t h  Class A or Class B transistor 

a u d ~ o  amph f~e rs  for  added s t a h ~ l ~ t y  

Master Clock Reststor-Capacitor (MCRC)  Thls i npu t  Class B (CB) Current \ourcp f ~ ) r  Cia:r H t r ~ n r ~ , t o r  ~ u d c o  

determcnes the lnternal master c lock f r eque~ icy  Sr lect  R C ampl l f  ier 

values for  720 kHz  t o  ach~eve standard phoneme t lm lng  

Connect t h ~ s  Inpu t  t o  M C X  when  uslng ~ r i t e rna l  c lock,  g round 
when uslng external  c lock  

Table 3. T i m i n g  S p e c ~ f ~ c a t ~ o n s  

-- 

C H A R A C T E R I S T I C  

-- - 

S Y M B O L  MIN T Y P  M A X  U N I T  

Input Setup T ime  (PI t o  STB)  

lrput H o l d  T i m e  (PI to STB)  

Rlse T i m e  o f  S T B  Edge (.8V t o  4 V )  

A I R  W ~ d t h  (AIR Connected t o  S T B l  ' 

S T 6  W i d t h  

S T 6  L o w *  

Propagat ion Delay (STB t o A  R af ter  T A R W ,  

A I R  Rise T i m e  (Capacit ive l oad  = 38p f )  

A I R  Fa l l  T ime  (Capacit ive load = 30pf 1 

T i m e  f r o m  Z/R Request t o  STB Servcce) 

T ime  o f  Phoneme Dura t i on  + 

. 
+ Dependenr on Masrer Clock freqr~enc y 720h Hr 

Strohe rriu>t remaln l o w  ( 7 2 x  M d ~ t ~ r  Clock P P ~ I O ~ )  Iw10rt  rl'dlly t'dge 

~ o t r a x m  reserves the r ~ g h t  t o  alter tts p roduc t  l lne at any t lme. or  change s ~ e c l f l c a t ~ o n s  or  des~gn  w ~ t h o u t  not lce  and w ~ t h o u t  

o b l ~ g a t ~ o n  



Pi 

STROBE 

A I R  

m 
P1 

P3 

n 

P4 

?s 

/ INVALID 

A1 R CONNECTED TO STROBE 

Figure 4. Timing Diagram 

I1 I2 

Figure 5. SC-01 Block Dmgram 

110trax8 reserves the right to alter its product line at any tlme. or change specifications or design without notice and without 

obhgation. 

Copyright ~ o t r a x @  1980 



NOTE 

Figure 6. Variable Voice by Potentiometer Control 

DAC ? %XI 

Figure 7. Variable Voice by DAC Current lnjectior 

TYPICAL APPLICATIONS 

General: The SC-01 Speech Synthesizer i s  easily designed in10 
systems ranging in complexity from ROM/counters to 
microprocessor controllers. 

Sinde Message System: See Figure 8. When the counter i s  re 
leased (START isTRUE), themessage isclocked out of the ROM 
by the AIR signal. The system must be stopped when DONE is  
TRUE. Note: When using A/R tied to STB, connect a .O1 u' 
capacitor to TP3 to insure power up reset of SC.01. 

Data at address 8 must be a pause phoneme code. 

Multiple Message, Fixed Block Size: See Figure 9. Message 
address block is  loaded into the counter. The message is  then 
clocked out of the ROM by the AIR signal. 

NOTE 

Message Block = 2" maximum. 

Multiple Message, Variable Block Size: See Figure 10. The 
microprocessor loads phonemes into a data bus. The A/R 
signal generates an interrupt request for each new phoneme. 

CONNECTrNG THE AUDIO OUTPUT DEVICE 

Audio Output: The A 0  stgnal hasa maximum peak to peak volt- 
age swing of .26 times Vp, depending upon the phorleme se- 

lected, and the A 0  signal is D.C. biased. 

Class A Amplifier: See Figure 11. For a single transistor 
amplifier, the selection of R, C. or R, values depends upon the 
value of Vp and the desired audio level. 

Figure 8. Single Messaga System . 
Vot ra f i  reserves the right to alter its product line a t  any time. or change specifications or design without notice and without 
obligation. 



LOAD 

STARTINO p, 
BLOCK AJnkl 1 1 1  
ADDRESS 

Class B Amplifier: See Figure 12. A current source (CB) IS 

required for this push-pull ampltfier. 

Ftgure 9. Multcple Message, Fixed Block S~re 

NOTE 

Minimum power i s  consumed when speech i s  
inactive. When Vp = +12.0 volts and R, = 4Q 

ohms, the bias current drain i s  approximately 3.5 
milliamps. 

Controlling Audio Output Power: See Figure 13. A resistor or 

MCRC 
POPS 

MCX 

I1 

I2 

TP3 AF 
S T I  A0 
AIR 

AUDIO 
ANAL00 
OUT M 

(SELECT WRITE) +-- AUMO OUTPUT 

IWlERRUPT 
REQUEST f-- 

potentlometer from the speaker to ground can be used to 

control the audio output power. Figure 10 Multiple Message, Vanable Block Size 

.. COMMON 
- 

AUDIO 
AMNIFICATION 
SYmW 

Figure 11. Class A Amplifier F tgure 12. Class R ~rnpl i f ier  Figure 13. Controlling Audio Output Power 

'For Class B Amplifier: (f3) x fRS min.) = 81.6 x (Vp) where f3 IS beta or currerlt gar1 of transistor. The A 0  line is protected by an 
internal series current l ~ m i t ~ n g  resistor sf 90 ohms maximum. I f  more current tz required of the SC-01. then the above formula 



CHARACTERISTIC MIN  MAX UNIT 

Output Voltage (AH Phoneme) .18 x Vp 26 x Vp VP-P 

Output Bias Current * *  (.6Vc CBc Vp) 3.5 7.3 m A 

ELECTRICAL CHARACTERISTICS: To = 0 to 7Q0c, Vp = 7 to  14 VDC 

CHARACTERISTIC M I N  TYP M A X  UNIT 

Digital lnput Impedance 

lnput Capacitance (PI, STB) 

lnput Capacitance (1 1, 12, MCX) 

Dig~tal lnput Logic "0" (except 11. 12, MCX) 

D~gl ta l  lnput Logic "a" (MCX) 

D ~ g ~ t a l  lnput Logic "0" (11. 121 

Digital lnput Logic "1" (except 11. 12, MCX) 

Digital lnput Logic "1" (11, 12) 

Digital lnput Logic "I"  (MCX) 

Digital Output Logic " 0  (I sink = 6 . 8 r n ~ )  

Digital Output Logic "1" ( I  source = 9 . 5 r n ~ l  

Power Supply Current Vp = 9V 

v p  = 9V" 

Vp = 14V" 

'Master Clock Frequency 

MCX lnput Duty Cycle 

Master Clock Reststor Value (MCRC)' 

Master Clock Capacitor Value (MCRC)"' 

1 meg. Ohm 

3 pf 

8 P f 

VG + 0.8 "DC 

VG + l a  'DC 

.2 x vp VDC 

Vp + 0.5 "DC 

'0, 

"DC 

'DC 

"DC 

m A 

rnA 

mA 

Hz 

% 

Ohm 

300 uf 

Variable 

"With CB, AF,  A 0  connected for Clas B audio arnpllfler (see APPLICATION NOTES) 

' 'Frequency of Master Clock 1.25 1 RC 

Note: TP1. TP2 must be left open for riormal operation 

Votrax@ reserves the right to alter ~ t s  product line at any time, or change spectf~cat~ons or des~gn without notice and withour 
obligation. 

Copyright v o t r a a  1980 -8- 



Power Supply Voltage VP 20 "D c 

I Power D ~ s s ~ p a t ~ o n  at 2 5 ' ~  P~~ 650 mW 

Deratmg Above 25°C 5 mW "C 

Operatmg Ambient Temperature 

Storage Temperature 

Input Voltage 

DC Currcwt Max Alwve Vp+Q 5 V  

I Lead Temperature (soldermg 1 0  sec.) L 3 0 0  'C 

Operar~or~ above rhese limits could damage the device 

NORMAL OPERATING CONDIT IONS.  7v 5 Vp ,< 14v. OGC ,( To $ 70°C 



Flgun 6. VoriUe Voiu by Po t rn t iwur  Control f igure 7. V w i W  Voice by DAC Current Injection 


