
GENERAL 
I NSTRlJ4EHT SPl>OO 

YOICE REC06NITl<»VSYKTl£SIS DEVICE 

FEATlRES 

- N-channel slllcon gate construction 

- Single 5V supply 

- On chip oscl I lator 
- o•c to +10•c operation 
- User programable sample rate 

- TTL compatible 
- Standard microprocessor Interface Including 6809 

RECOGNITION FEAl\JRES 
- Software controlled sampling frequency from 

5.0 kHz-15. 9 kHz 
- Automatic gain control outputs for control of 

external Input ampllfler 

- 8 stage Linear Predictive Coding CLPC> lattice 

analyzer 

SYKrnESIZER ~ 
- 10 stage I attlce synthes I zer 

- Software controlled sampling frequency from 

4.0 l<Hz-12. 71<Hz 
- Excitation look up ROM for voiced/unvoiced 

source 
- 8 bit on chip digital to analog conversion 

with P'lf4 digital output 

DESQUPTICll 

In voice recognition appl I cations, the SPlOOO 
forms the system front end by perform Ing LPC 
feature 9Ctractlon on an Incoming audio · signal. 

It must be supported by an 8 bit microcomputer 

which would compare the audio signal features with 
those of temp I ates stored In memory, In order to 
make a recognition dee I slon. 

This results In a system design which leaves 

definition of key system features In The control 
of the sysTem designer. Thus, this dev Ice can be 
used In speaker-dependent or speaker- Independent 

systems, recognizing Isolated words or connected 
speech. 

PRELIMINARY IHFOOMATION 

PIN COHFIGURATl<Jf 

28 LEi'D DUAL IN LINE 

Top View 

Vss IRQ 
WATT 2 D7 

AO 3 26 06 

"1 4 25 D5 

R/W 5 24 04 

CSl 6 23 03 

STROBE 7 22 02 
XTAL IN 8 21 01 

XTAL OUT 9 2'.) DO 

CLOCK IN/OUT 10 19 ADCOATA 

DIGITAL OUT 11 18 N>CCE 
RESET 12 17 AOCCLK 

GAIN 6 13 16 GAIN 24 
GAIN 12 14 15 Voo 

The advantage of This approach Is that the designer 

Is not locked-In to a recognlTlon algorithm which 
may or may not su IT the des I gn requ I rements. In 
addition, since The recognition algorlThm ls 
contained In software or firmware It can be easl ly 
upgraded to Take advantage of advances In recognlTlon 

Techniques, wlThouT requiring hardware redesign. 

NDUTECTIIW.. ~IPTION 

Processor Interface: 
The SPlOOO Voice Recognltl~/Synthesls Device Is 

designed to Interface with a standard micro­

processor bus, with data lines, address llnes, chip 
select line, and read/write llne. ElghT bits of 

data may be read from, or written to the chip by 
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Table I: CPERATl<»C ln>ES 

STROBE CSl R/W Al AO Code 

L x x x x 
x H x x x 
H L L L L 0 
H L L L H 1 
H L L H L 2 
H L L H H .3 
H L H L l 4 

H L H L H 5 
H L H H L 6 
H L H H H 7 

the processor, following standard perlpheral 

protocol. A nine-bit word may be written to the 

chip during a coefficient write. Data Is trans­
ferred via the data lines whenever the chip select 

I I ne Is act Ive. The read/wr I te II ne detenn I nes 

the direction of the transfer, and the address 

llnes specify a particular register within the 

ch Ip as source or dest I nat I on. Another way of 

I ook Ing at the address 11 nes Is that they def I ne, 
together w I th the read/wr I te 11 ne ( R/W>, a 

particular operation to be performed. Table 1 
presents the aval I able defined operations. The 

code column wl 11 be used for reference, e.g. the 

operation of writing to the Parameter Address 

Reg I ster w 111 be referred to as a Code 1 
operation. 

Before describing the operations In detail, the 

data organization Inside the device wlll be 

reviewed. There Is a sharp distinction between 

control/status Information and parameter data. 
Parameter data Inside the chip resides In two 

large reclrculatlng shift registers. The 

reclrculatlon period Is the same as the sample 

period. Access to a partlcular parameter can 

occur only once each reclrculatlon period, when 

that parameter Is passing by a fixed point of 

access. The access Is bit serial, and the 

processor cannot access parameter data d I rect I y. 

One of the functional blocks Inside the chip Is a 

special Interface to overcome this problem. 

Write 

Write 

SPl>OO 

Operation 

(Chip not selected) 

to Control Register 

to Parameter Address Register 

GENERAL 
INSTIU4ENT 

Write to Parameter Data Input Register, LSB = 0 
Write to Parameter Data Input Register, LSB = 1 

Read Status Register 
(Not Implemented) 

Read Parameter Data Output Register 

Same as Code 6, plus Initiate Internal Fetch 

The Interface bears some analogy to a serial 

communication channel for simplex mode operation. 

Parameter data written by the processor Is first 
stored In the Parameter Data Input Reg I ster. A 

BUSY flag Is set to Indicate that the register Is 

tu 11. The contents of the Parameter Data Input 

Register wl I I be written to the destination 

spec If I ed by the Parameter Address Reg I ster as 

soon as that destination becomes accessible. Upon 
completion, the BUSY flag Is reset to slgnal the 

processor that the Parameter Data Input Register Is 

empty and ready for another data transfer. 

For the processor to read a parameter va I ue, the 

Interface must first perform a fetch operation. 

The fetch operation Is Initiated by the processor. 

The BUSY flag Is set to Indicate fetch In progress. 

As soon as the parameter (specified by the 

Parameter Address Register) becomes accessible, the 

value <truncated to eight bits If necessary) Is 

transferred to the Parameter Data Output Reg I ster, 
and the BUSY flag Is reset. The processor can now 

read the parameter va I ue from the Parameter Data 

Output Register. 

The reading and writing of parameter data requires 

a finite anount of time. During that time the 

Interface cannot be disturbed. 

therefore, rAUSt monitor the state 

In al I deal lngs with the device. 

reflected In the STATUS Register. 

The processor, 

of the BUSY f I ag 

The BUSY flag Is 
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GENERAL 
INSTIUEHT 

PIN FUNCTICltS 

Pin Number 

2 

4 

5 

6; 7 

8 

9 

10 

11 

12 

13, 14, 16 

15 

SPl>OO 

Name 

R/W 

CS1, STROBE 

XTAL IN 

XTAL OUT 

CLOCK IN/OUT 

DIGITAL OOT 

GAIN 6, GAIN 12, 

GAIN 24 

Funct ion 

Ground 

This output pin ls normally high, but Is taken 

I ow I t the ch I p Is se I acted for code I , 2 , 3 , or 

7 operation while the BUSY flag Is set. It remains 
low untl I the BUSY flag Is reset, or the chip Is 

de-selected. This Is an open drain output. 

Least significant address line/ninth data I lne. 

(Least Significant Bi t , Input only. ) 

Most s I gn If I cant address 11 ne. 

Read/Wr I te. The state of Input PI ns .3, 4, and 5 

determines the operation to be performed, according 

to Table 1. 

Chip select Inputs: CSI active low, STROBE active 

h I gh. Both must be act Ive to se I ect the ch Ip. 

Crystal In. Input connection for a 7. 16 Miz 

crystal. 

Crysta I Out. Output connect I on for a 7. 16 Miz 

crystal. 

.3.58 Miz test Clock Input/buffered Clock Output. 

As an Input, It a.I lows the chip to be driven by an 

external clock (one-half the crystal frequency>, In 

which case the crystal oscl I lator Is di sabled. As 

an output, It prov I des the buffered system c I ock 

which Is one half of the crystal frequency. 

Synthesized speech Digital Output. This Is the 
output of the Pulse Width Modulator (PWM). · The 

Plf.1, In conjunction with an external low pass 

fl lter, forms a digital to analog converter with 

eight bits of resolution. 

A I og I c O resets the ch Ip. It ,.._.st be returned to 

a loglc 1 for normal operation. 

These .3 outputs can control .3 analog switches;; The 

sw Itches determ I ne the ga In of the externa I 

amplifier which precedes the analog to digital 

converter. 

Power supply p i n. 
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PIN FUNCTIC»CS (continued) 

Pin Number Name 

17 ADCCLK -

18 ADCCE 

19 ADCDATA 

4'J-27 OO-D7 

28 

PNWETER DESOUPTIC»C 

Following Is a short description of the parameters 

as listed In Table 2. 

Syntbesls 

K10-K1: 
These are the ten lattice filter coefficients for 

synthesis llK>de. Using the least sign If leant 

address 11 ne as the .n I nth data 11 ne a 11 ows these 

to be specified with nine bits of resolution. 
K 10 Is the coeff I c I ent assoc I ated w I th the 

first filter section (closest to the excitation). 

EXCTYP: 

This eight-bit wide fleld Is spilt In half to 

contain two parameters; Post Fiiter Gain and 

Excitation Type. 

a) Post Filter Gain 

The three least significant bits determine the 

post f 11 ter ga In by determ In Ing wh I ch consecut Ive 
eight bits from the nominal sixteen-bit output of 

the ti I ter wl 11 be sent to the digital to analog 

converter. A code of zero wt 11 choose the el ght 

most significant bits (with proper sign extend) of 

the t 11 ter output. An Increase of one wl 11 push 

the cho Ice one bl t to the rl ght, such that a code 

of seven will choose the eight bits following the 
three most s I gn I f I cant b I ts of the f 11 ter output. 

SPl>OO 

function 

GENERAL 
INSTIU4ENT 

ADC Clock. This output ls the 150kHz gat ed clock. 

It Is act Ive on I y wh 11 e 1'0CCE Is act Ive, otherw I se 
It Is held low. 

ADC Chip Enable. This out put prov i des chip select 

for the analog to digital converter . It also 
controls the sample and hold circuit. 

ADC Data In. This input pin receives the serial 
data from the analog 1o d i gital converter. 

Data I Ines. These 8 pl ns are the bl-d I rec t i ona I 
data bus for connection to the processor. D7 

carries the most significant bit. 

Interrupt Request. This active-low output provides 

Interrupt of the processor. This pin Is an- open 

drain output. 

Table 2 : PARAMETER ADDRESS REGISTER 

MSB 

7 I NOT 

6 
USED 

5 

COEF I 
BUF 

4 

NOT 
USED 

Bits 0-3 Specify Parameter Index 

2 
INDEX 

LSB 

0 

Bit 5 Specifies Buffer (•1 for SR In recognition 

mode; otherw I se = 0 > -

Index Parameter 

Synthesis Recognition 

0 K10 ~1 
1 ~ ~2 
2 Ks KR3 
3 K7 KR4 
4 ~ KRS 
5 Ks _ ~6 
6 K4 KR7 

Bl T 5 • 0 7 K3 KR8 
8 K2 ENRGY 

9 K1 T1 
A EXCTYP T2 

B EXCAMP SR 

c T1 -
D T2 -
E SR -
F - -

BIT 5 c 1 B - SR 
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EXCmP: 

This field controls the amplitude of the selected 

excitation wave form. It Is a gain factor 
specified as a base 2 logarithm," which Is appl led 

to each samp I e of the I nterna 11 y generated 

excitation. A special case exists when the 

excitation type is 1. The internally generated 

excitation is now a constant value. By writing a 

new value to the EXCAt-f> field every sample period, 
the constant value is modulated and externally 

generated excitation of the synthesizer is 

achieved. The gain factor Is expressed In two 

parts: the most slgn.'flcant bit gives the sign of 

the ga In factor ( It Is actua 11 y needed on I y for 

externa 11 y spec If I ed exc I tat I on); the seven I east 

significant bits are the base 2 logarithm of Its 

magn I tude. These seven bl ts are Interpreted as 

four exponent bits and three mantissa bits. 

The reading of a particular, randomly selected 

parameter requires the fol lowing steps: 

1. Load the Parameter Address Register by execut-

1 ng a wr I te Instruct I on, Operat I on Code 
1. (See Table 1.) 

2. Initiate a fetch operation (Internal to the 

chip), by executing a read Instruction with 

Operation Code 7. This wl 11 cause the BUSY 

flag (bit 7 of the STATUS Register) to become 

set. The fact that a read Instruction Is used 

wl 11 cause the current contents of the Para­

meter Data Output Register to be overwritten. 

3. Walt for the BUSY flag to become reset, signal­

ing the oompletlon of the fetch sequence. The 

STATUS .Register Is read by a read Instruction, 

Operation Code 4. 

4. Read the desired parameter value by executing a 

read Instruction, Operation Code 6. 

Upon oompletlon of a fetch (or store) operation, 

the Parameter Address Register ls automatically 

updated to specify the next parameter In sequence. 

The sequence for synthesis Is: KIO, ~ •••• K1, 

EXCTYP, EXCAW, T1, T2, SR. For recogn It I on the 

sequence Is KR l , KR2~ ••• KRa , ENRGY , T1 , T2 , SR. 
This automatic update simplifies sequential read­

ing of parameters. Sequential reading of para­
meters requires the fol lowing steps: 

1. 

2. 

3. 

GENERAL 
INSTRUMENT SPl>OO 

Load the address ot the first parameter 

read, as in step 1 , above. 

Initiate the first fetch opera t I on, as In 

2, above. 

Wait for the BUSY flag to become reset, 

step 3, above. 

to be 

step 

as In 

4. Execute a read Instruction with Operation Code 

7. Th Is wi I I read the parameter va I ue and a I so 

initiate the fetch ot the next parameter in the 

sequence. 

5. Go to step 3. 

Syntbesls and Reoognl'tlon 
T1 and T2: 

These two Identical fields control 

programable timers. The timers are 

the two 

actual I y 

sample time counters, and the fields contain the 

va I ue to be counted down for each. 

SR <Sample Rate): 

The low order six bits of this field Indirectly 

determl ne the Samp I e Rate by specl fyl ng how many 

clock cycles of dead time should be Inserted 

between the process Ing of each f 11 ter stage. The 

formula for Sample Rate Is: 

fs = fc;llC28+n) * ml where 

fs Is Sample Rate. 

fc ls system clock rate (3.579545 ~z>. 

n Is the Integer represented by the six low order 

bits of the SR fleld. 

m Is the number of f 11 ter stages, 10 for 

synthesis and 8 for recognition. 

055000 18-



GENERAL 

INS11U4ENT 

The two most significant bits of the field are 

used for a different parameter pertaining to 

recognl tlon on I y. 

Reoogn It I on 

KR1-~6: 
These are eight bit coefficients produced by the 

adaptive lattice filter In recognition mode. Two 

different representations of these are available 

to the processor. Averaged values are read from 

the first clrcu lar buffer (BUF=O In the Parameter 

Address Reg I ster) and Instantaneous va I ues may be 

read from the other buffer ( BUF= 1 ). 

ENRGY: 
This eight bit field contains Information generated 

by the ch Ip. It is a measure of the magn I tude of 

Incoming speech samples averaged CNer tl_me, and Is 

expressed on a logarithmic scale. 

SR (two high order bits only) 

This 2-btt field specifies the set point for gain 

control. 

PROCESSOR BUS Tl MI t«; 

Al, AO, R/W, CS1 

STROBE CCS2) 

WRITE DATA TO QilP 

READ DATA FROM OilP 

-I 1 r-
I 
I 

I 
I 

A-
I 

I 
I 

-------N I'!-,---------
., I 

~· ------- ....... _______ 4 ______ ....,,: 11)>--------
-tt-- s 

I I 

------------+---------------t:< _________ ,_o--------~ I 
I 

1. 
2. 
3.. 
4. 
5. 
6. 
7. 
a. 

I 
I . 
I ,.....,.... ___ , ·I 
t"' 

Address Set Up Time 
Address Hold Time 
Strobe Pu I se WI d1"h 
Write Data Set Up 
Write Data Hold 
Read Data Access 
Read Data Ho Id 
WAIT Access 

MIN MAX 

70ns 

20ns 

210ns 
280ns 

30ns 

10ns 
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ElfCTRICAl awttCTERI STI CS 
Maxi- R.rtlngs• 

vex:>·························· --0. 3V to +6V 
Storage Temperature. ••••••••• -25•c to +125•c 
Clock 

Crystal Frequency................ 7. 15909 M-tz 
Standard Conditions (unless otherwise stated) 
Clock In (Optlonal) ••••••••••••• 3.579545 MHz 
DC OiMACTERISTICS 
Operating Temperature TA= o•c to +70•c 
Standard Conditions (unless otherwise stated) 
v00 = 5V ..:!:. 5% 
Vss = GND 

Charncterlstlcs Svia 

OC Charncterls'tlcs 
Supply Voltage Voo 
Supply Current loo 

Inputs CADCOATA, STROBE, Cs1. 
R/W, Al, 10, RESET> 
Input Logic 0 VIL 
Input Logic 1 VIH 
Input Leakage IL 

I npu't/Outputs C 00-07 CLOCK l/O) 

Input Logic 0 VIL 
Input Logic 1 VIH 
Output Log I c 0 Vol 

Output Logic 1 VOH 
Output Leakage IL 

Open Drain Outpvts CIRO, ~ROY> 
Output Logic 0 Vol 

Output Leakage IL 

Ou"tputs (DIGITAL OUT, 
GAIN 6, 12, 24, ADCCLK, ADCcE> 
Output Logic 0 VOL 
Output Logic 1 VOH 

SPl>OO 

*EKceedlng these ratings could cause permanent 
damage to the device. This Is a stress rating only 
and functional operation of this device et these 
conditions Is not Implied - operating ranges are 
specified In Standard Conditions. EKposure to 
absolute maximum rating conditions for extended 
periods may affect device rel labl I lty. 

Min Max Units Conditions 

4.5 5.5 v 
- 100 mA 25•c, No output loads. 

o.o 0.6 v 
2.0 Voo v 

- 10 µA VplN = 5.5V and O.OV 
v00 .; s. 5V 
Vss = O.OV 

o.o 0.6 v 
2.0 Voo v 
- 0.6 v 10L = 1.60 mA 50pf 

(4 LS TTL Loads) 
2.4 - v IOH = DO uA 

- D JIA VPIN = 5.5V and O.OV 
Yoo• CS1 = 5.5V 
Vss = o.ov 

- 0.6 v 10L = 1.60rnA 50 pf 
(4 LS TTL Loads) 

- 10 )IA VPIN = 5.5V and O.OV 
v00 = s.sv 

Vs5 = o.ov 

- '>.6 v loL = 1.60mA 5'.>pf 
2.4 - v C4LS TTL Loads) 

loH = -100 µA 
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SP1000 

REGISTERS 

CONTROL REGISTER: 

MSB 
7 6 5 

NU SYN/ ENB 
REC T1 

Bit 7 - t-aJ 

6 - SYN/REC 

5 - ENB Tl 

4 - ENB T2 

3 - .&DD/REPL 

2 - TIMER 1 

- TEST 
INTERNAL 
DATA 

0 - TEST 
EXTERNAL 
CLOO< 

GEHERAI.. 

INSTIU4ENT 

LSB 
4 3 2 0 

ENB ADO/ TIMER t TEST 2 TEST t 
T2 REPL TIMER 2 

Not Used 

1 = Synthesis, 0 = Recognition 

Set to One to Enable Timer 
Interrupt to IRQ pin 28 

Set to One to Enable Timer 2 
Interrupt to IRQ pin 28 

t = Add to, 0 = Rep I ace 
Parameter Value In First 
Buffer CCBUF) = O> 

= Timer 1, 0 = Timer 2, 
Causing Implementation of 
New Parameter Set 

.. Test Mode. Internal data 
on Pin 11 

0 = Norma I Mode. O/A P\f4 on 
Pin 11 

1 "' Test Mode. Osc 11 I ator not 
used. Pin 10 Is Input. Use 
3.58MHz 

O = Normal Mode. Pin 10 Is 
output of 3. 58MHz. 
I ator Is used. 

STATUS REGISTER: 

MSB 
7 6 

SIR 

Bit 7 - BUSY 

6 - SIR 

5 4 3 2 

I T1 I T2 I COINC I NU NU 

Processor Interface Busy 

High for Synthesis, Low for 
Recognition 

LSB 
0 

NU 

5 - Tl OUT Timer 1: Time-Out Flag (Latched)* 
(See note 1) 

4 - T2 OUT Timer 2: Time-Out Flag (Latched)* 
(See note 1) 

3 - COINC Current Slot Number Equals Parameter 
Address Register Slot Number 

2 - t-lJ Not Used 

1 - NU Not Used 

0 - NU Not Used 

Note t: 
*The timer flags are cleared by tralllng edge of 

REID STATUS command. 

PARAMETER IDORESS REGISTER: 

MSB 
7 6 5 4 

NOT USED ) I OOEF I NOT 
_ BUF USED 

3 2 

Bits 0-3 Specify Parameter 

Bit 5 Specifies Buffer 

Bl ts 4, 6, 7 Not Used 

INDEX 

LSB 
0 
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