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1.

1.9

1.2

1.3

INTRODUCTION

SCOPE 2

This manual desoribes in detall the functional characteristics of a linesr predicrive coding [ LPC) speech synthesis devies,
the TME 5220, In addition to this document, the user may wish to refer 1o the TMS 5100 128K bit ROM electrical
ypocs lication

KEY FEATURES

High-guality voice commumcation from a micreoompuler 1y item
Low-data-rate LPC encoding

Low-cast P.channel MOS technology

#5 VY and =5 V' supplies anly

Interrupt ased service requests

TTL compatible

L N O O

CEVICE OPERATION

The TWS 52300 Veice Syntheths Processedr [WSP) enables verbal communscation with a micrpcomputer baged syitem
The WEF i fabricared wsing Pachannsl MOS technology and i TTL compaible.

Spasch data that has heen compressed using pitch-excitmd lireas predictive coding (LPC], is supdded to the WEF oither
by the CPU or by direct sarial access of a Yoier Synthesis Memory (V5M ], The WS5P decodes this data o cormtruct a
time-varying diqital filter madel of the vacal tract. This model i3 excited with 3 digital reprassntation of sither gloital
air impulies [voseed sounds] af the rh o wr junveiced soundsl, The output of thiy model it pasesd thraugh am sighi
bt digital-to-analog canerter §a groduce a synthetic speech waweform,

The W5 hag been designed to minimize the dats rate requared 1o produce synthetic speech and to simplily the interface
with the host CPLL The CPU may seroice the device either in 8 golled Fashion, by manitoring devios statws, or by respond-
iNg 10 inGErrupl service requests genarated by the V'SP, A umplified block dizggram of the WSP i shown i Figure 1,

SYSTEM CLOCK

This manwal descripes all 5P timing based on an &-kHE sample rate [1irmiting TR GulSat freguency to 4 kHZ| and a
A0-Hr frame rate (the rate at which rew speech data i fetched and processed] . This requires the internal AC ascillavor
in the WSF o run at G40 kHz. The user has the mask-programmabéde option of balancing the internal ascillalor wath a
resistor {comphening the RC netwadk].

The GalukME clock is diveded by fow (o produce two major phases, PHI:1 and PHIZ, with corresponding precharge
clocks, ¥ 1.3 and PHIA (wee Appendin A). Al controd and timing operations within the WVEP occur on ane of the Dwo
6 25-micropecond major phases, Twenry of these & 25-microsecond bit times comprise each sample period (8-kHz
sampla ramal. Twanty-five of theawe 125 micracecond sample periods make up ane 3 25.millizeeond interpalation inter:
vad, eight of which [ICO-ICT) make up the 25-millisecond freme period. During 1C0, new speech data i trarsterred o
the Synthesizer, 3t 3 40-HE frame rate,

CPU INTERFACE

Tha CPL interface consists of an asghi-bet bedirectional data bus ID'D-D T), separate selects for read operations and write
operations (RS & WS), a ready line for synchronization |F|:E.ntl‘l"]- and an interrupt line 1INT! to indicate a status

change an the W5SP thar requires CPL attentian,
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FIGURE 1 = WOIGE $YNTHESIS PROCESS0OR BLOCK DIAGRARM

RS AND W5

WEP senvity on the memory data bus i3 controlied By the select lings as shown below

TAELE 1 = RE AND WE FUNCTION

RS WS BUFFER CONDITION
H H High impedance s1ate
H L Ingut to VEP. Saeme other dewice must he
dirivimg the bas [ty pleally the CPUD
L H Cutput from WS, Mo other device should
be drivirdg the bus at this time.
L L Illegal eandian. Resulis not prechictable.

It it impartant 1o note that no device can successfully complete 8 Fead cycle {from the W3h while WS i5 active [low)
far can 4 sucsesiiol Wiite oyele {to the VSP] be carrsed Qut while TS it sctive (tow], Device behavior cannot be pre-
dicte if bath W5 and RS go active simultanegusly. Syitem logic thould be cesigned 1o prevent this condition from

SOCUFFIRG.



3.2

READY

The WEP iz 8 "Slaw Memory™ 1 device requarang wait srates feom ths CPL o weesssiolly complete 3 memaony cyele.
The affacy of intering wait states into Memady Beceds Syebes it o extend the minimurm allowably scoegs time by one
clock perisd for each wait state, The VSP controls the number al wall states executed by the CPLU wath the READY
signal, The loge timeng for typical read and wite eycles te the V5P i3 shown in Figuee 2.

= \ /

m T\ /
READY
: e RRRI SOOI LERRTEES N DY
DATA BUS W Frov ey XOROOOOCOOOCKX X Fromvse  MKOORCRCKEKOON)

3.3

WRITE CYCLE READ CYCLE

FIGURE ¥ — READ AND WRITE CYCLES TO THE wEP

The READY line on the VEP goes high 100 ng after BS or W5 goes active {low) to ler the CPU know that the dits trans-
fer cycle cannot yet be completed. When the V5P has eszablished stable data on the data bus lim the case of RE) o
has completed latching data im from the dats bus [in the case of 'I.EJ. thie m lire weill o lover sndscating thiat the
CPU may complete the data ransfer cycle.

INTERRUFTS

The interrupt ling [INTH indicates changes in the statws of the VSP that may require CPU attention. INT goes active
{lgw] when any of the fatlowing occur:

- Talk Srarus (TS) maked a one-1o-2ero trandition indicatng the end of speech processing,

* Buffer Low (BL] makes a zera-to-one wandition indicating thay more phrase data needs 0 be supplied to the
FIFD bor Speak External Command,

- Bulfer Empry (BE) makes a Merg-ig-one transition indicating that the CPU failed to sepply dota fast enowgh for a
Spask External Command.2

INT goes inective (high) when the Status Register is read, or if the Reser instruction is executed,

VOICE SYNTHESIS MEMORY {VSM] — {TMS 6100])

Im addition 1o receiving speech data from the CPU, the VEP may directly sceess up to 16 TMS G100 {1 25K Lit seral
ROM] with no external hardware reguired. This is accomplished with a four-bit parallel bus (ADDEA.2,11, (ADDE
is multiplexed as the Data Out line owt of the TMS G100 as well as the mostsignificant bit of the 4-bit address bus in-
1o the TMS 61000, two conwrol Himes (MO, M1}, and 8 synchronizing clock [ROMCLE).

Thlgw Femory devices srd tRoe dievied IRl candat orogerly reiBona T8 Ivilem TSty SWElel wItRin INE MINETUM J00EG THTW 59 018
mined oy the EFLU clack rate.
dan inberruEt ol B8 GEREratea 31 the Inigiatien oF @ Spase Caternal IaiBructian i1 BE s previsuily baw,



The TMS 6100 is 2 mask programemable 128K bit-Fead-Only Memory nterrally arganized os 188 words of eight
bits; axternally it appears a5 128K X 1. Once the J0-bIt address 114 Dats 18 SBI82E 8 byle withn the devics, four chip
select bits, two bils ignored] is loaded throwgh ADDT, ADDZ2, ADD4E. and ADDE in five Loesd Address sequencos,
dats it roac out bitwise by toggling a control pin (MO The ROM containg an an-chip address counter that is in-
crammented every 2ight bali l:tl-qh! taggles ol B0}, The lour internal chip gelect it a8 & mask drogrammabhie option,
anid allow paralicl connection of v 10 16 ROMs [sboun 30 minutes ol speechlh without the need of external selec
Caf G Ly

W M FUNCTION
L L lefle = Thae passive MOF state of TMS 6100
L = Losd Address = The four bits of data on ADDE 4.2,1 ara loaded 1o the intarnal adgrass reqister

at the location indicated by the TWS B100 Load Poenper. Afver esch bosd Address function,
the Load Pointer i advanced to the left by four bit positions 1a allaw the nest most-significant
ribble of the address to be properly loaded

The first read funciion?, following a Load Addréss function, resets the Logd Feinter 12 the LS
bt and inituates a ROM aceess 1o ferch the ackdreds dara byte. This i the only function of this
“"Dummy Read”. Mo data o ranslerred aur of WSM until the stoond read functign lallewing a
Load Address,

H L Fead = When the addvesied data Byte has beon fetched and stored in the WSM Data Register,
it s ready o Be serlly transferred out starting woth the M5B Each wicesisve read funciion
causis the next lesit-dsgrificant bit o be drvan on the Data Oul line of the WSM that o cor-
rantly selacted,

The next data byle & beng Tetched at the wams fome Lhe 2nal rrassfer u raking place so that
when the last bit of the current byie o transferred, the WEM Dota Regiter 2an Be reloaded
veithawt delay.

When the Fead funciion -mmediately follows a Load Address funciion, if 5 treated 35 3
“Dummy Resd”. Mo date 5 transforred, but the Load Pointer i reset and HOM acoess i
inatiated.

H H Aead and Branch = Starting at the surrent adoress, two by tes ae Fetched from the ROM to form
a 1b-bit word. The 14 low-order Dits of this word replace the 14 low-order bits af the Addreds
qu“mr_ The Lodad Pointer is (hien raset amngd o BOBM acoess anbialosd 19 18rel thé ByvEe 5E thRed
ey acleress "

F.g-uru- 3 ihaws a typecal sequence of lnading the Address Fi-:g-in'r and reading Pand data Lats Dack. Eor magre critical,
timing constraints, consult the TS G100 Elscirical Specification.

L& L&D LrAD LoD Loan CELIPAMY H L] - " K] L]
AQDA A ADQR ADDA ADDR L
- o 0oA o GO oo o 1 1
PPN | | I 1 | N S N | | -
avpe/Data “NRT WO A7 XN o ; s Bl

TR o @EF v v TR SRR AN,
EOEHES XN vv TR v T ¢ AEEER 40 AETED S R,
LN @D v TV DY ER 6 EITD Y N

ok LA I AN LA WLTLEL UL

OO N X XK R

O X R L X R ]

- LT

RO X

MAOTE AQ xrha LER in 61080 addregy

FIGURE I — TRES G100 FUNCTION TiMdING

da emanimum of Do Losd AO0ress nERECTREAE S0 Feu ifed T8 Chasin (e VEM asaies.
*Fiend and Brane® will nog widrs with multipll W EM iy Fat CORBRATHoA will GEEuF
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5.1

5.2

53

5.4

If0 STRUCTURE

The WEP has two input holding registers, a Command Reguiter and a 128-bet FIFD Buffer, and twen autput holding
registers, the Data Register and the Status Rogister, On a Write cycle from the CPU, when WS beeomes active (low),
the contral fogic of the VP routes data from che Memory Data Bug 1o esther the FIFD Bulter {2 Speak Extermal
comamand 5 E:-:H:u[mg:l @ the Command Fagicter (all ather cates) Onee ehit cdava has beon datehed in, the WER srgrals
completion ¢f (he data transfer 1o the CPU by lgwening the READY Ling to its active [low! condition, Samilady, on a
Read eyele, when RS goes active (law], the V5P puts either the cantents of the Data Requster on the bus 0F the preced
ing comimagng was a Read Byte command) af the contents af the Status Regester [all ather ases)

COMMAND REGISTER

The Cammand Hegister receives command data from tha Mamory Data Bus and holds it for the Contradler to inierpeet
and gnecute. The VEP behavet & an attached processor to the kot CPU and perfosms i1s synihesis tasks when aporo-
priate cammands xre sent by the host CPLL Far detailg an availahle commands and formar, tee Seption .

FIFO BUFFER

Thie 128-bit FIFD Buffer is organired a5 3 16:-bvte parallel.in, serial-out bulter. Thas bofder s oot hald spesch data
paised from the CFL to he gracessed by a Speak External command m the V5P &s required By the syniRein =elen,
data & shifred out serially S1artirneg wath the LSE Fram the “Firgt-In™ Bye. When this hyie hat Deon eahbauiied, e
stack ripples dawn ane byte and befeas shalteny out Bits lram the Aaew First-1n®’ byte. A Stack Pobier bowps track of
tha location of the “Lait-la™ lyte and data from che CPL o5 ahways loaded just abave thes loeatan, Whaen the stack
becormes less than Ralf Full (e, #ight byte locanons are voodd of dataf, the bBuller-low statn comdeion (BL! becomes
trus. This signals the CPU that more data shiould be pravided 1o the WP Under worst-case corditons, the Buffer wll
be complenHy empry in one more frame peniod (25 milliseconds!, and invalid data wall be processed a5 extennal
spedch data, Ay 8 FalSafe meagece, il the bulfer doés redeh such 8 tandition, the buffer empry starus (BE] becomas
triee and the Talk Status Latch is reset cavnng socech to terminate immediately, To résume spech with data prowiisd
By the CPUL another Speak External dorfumand gt be issued,

DATA REGISTER

The eight-bit Data Register is organized as a serial-in padallel-aut Holding Register. This regismr is used v the VEP 1o
formulate a byte of data from serial data ferched from the VSM during the execution of 2 Read Byte command. Data
is loaded to the Data Register w0 that the lat bit loaded & i the lexst-signifizant.bit location (D7), When the Data
..H_."E."F_ has beers lgaded and RS goees active {low), this boyte is trarsfersed to the Memary Data Bus 100 = M5B]. Tre
READY Line goay bow when the data is ttable,

STATUS REGISTER

The three bits of the Sratus Register provide up-to-date snformation 1o the CPU on the state of the V5P, The Status
Regater may be resd af any time excepl svanedistely alter pastng 4 Read Byte command 1o the V5P, When RS gons
active {low] the V5P rewres the stacus dara to the Memary Data Bus (DO = TS: Ot « BL; D2 = BE) and lowers the

Heady Line when the data is siable,

TS = Talk Statuz s active {high] whan the V5P i processing speech data, Talk Status goes active at the imndtiaticn
of a Speak command of after nine bytes of data are loaded into the FIFD following 4 Spesk Extesnal
command, It goes inactive [lowl when the stop code (Energy = 11111 is processed, or immedistely by
huffer empty condition or 8 rese! command. Suedio output 15 interpolating to 2era during this frame and 12
terminated on the next frame boundarny

BL - Buffer Low ki active [high] when the FIFQ Bufler is mose than half empopry. Buffer Low is set whan the
“Last-In"" byte it shifted down past the halfdfull boundary (becomes the eighth data bytel of the stack,
Buffer Low is cleared when data is [oaded to the stack <0 thar the “Last-ln™ byte lies abawe the Ralf-full
boundary and becomies the ninth data byte of the stack,

BE =  Bulfer Empty is active (high| when the FIFO Buffer hae run out of data while executing 8 Speak External
cammand, Bulfer Empty is set when the et it of the "Last-in™ byte s shifved out fo e Synthesis
Sectior. This couses Talk Sratus 1o be clearsd. Speach i terminated at somie abnormal point and thi Speak
External command exécution 4 termanated. Data from che Memory Data Bus i3 ance again rowted oo the
Coammand Hegister.
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6.4

DESCRIFPTION OF COMMANDS

The V5F operates under the control of the CPU ro & minimal degree. Tve CPU passes commands 1o the VSP which
initiates an activity but the CPU g not Invalved m earrying oul that activity. Commands sealable for use by the CPU
and the formats of thise commands are thown below:

TABLE 2 — VEF COMMANDS AND COMMAND FORMAT

DATA BUS COMMAND CODE {DO.D7)* OPFERATION
MO0, ]
XOOPT AKX Fead Byie
X0DXXXKXY Nog
X110M XX K Speak External
X0 XKXX Read and Branch
1008884 Losd Address
2RO 200 Sprak
EAR DA Aeset

"d o dddreys
Mo DaenTy Caem

When W5 becomes active [lowl, dgswming 3 Speak Externyd command 3 not presently executing, the data on the
memory data bug i latched into the command regster. Once the transher Ras been completed, the VSP activates [low
ipwel] the READY line 1o release the CPU and beging interpreting and executing the command. Command execution for
each imstrection s described below.

If the user mries 1o pass a command 1o the Y5SP while snother command is executing, the new command will not be
sccepted uniil the previgws command is comphated. The V5P keeps the CPLY executing wait states until it i ready o
accept @ new command. Appendix G lists execution times for each command, The VEP uses the READY flag 1o mil
the CPL to execute wait states until the present command has been fully executed,

READ BYTE

The Read Byie command allows the CPU ro access data stored o0 the TS 6100 VSM. Read Byie cauzes the next
it bits 1o be read from the VEM ligneding byte bowndaries), These biss & e packed nno thee data register 5o that the
last bat read from WSM i3 in the leastsignificant-bit position 107}, When RS gocs active low). and before initiation
of 3 néw instruction. this data byte is placed on DQ-D7,

This sight-bit transter fram the WSM requires BD microseconds. |f RS should become active bufore the data rEgrster is
completely losded and ready 1o be transleired, the VWP heeps the CFLU executing wat states by not lowering the
AEADY line) until the data transfer from WEM 4 complete anad the Data Byie is stable on the Memaory Data Bus, At
this time the READY line i actiwated and the CPU may accepi the Data Byte to compleie the memory ovcli,

READ AND BRANCH

The Resd and Branch command causes the V5P 1o initiate a Read and Branch function on the WSM (e VEM descrip.
tion). The WEP is nat able 13 access the VSM for 240 microseconds aber executing this command,

LOAD ADDRESS

The Load Address command allows the CPU to adter the Address Regster of the TS 8100 o point 10 new spaech
dats, Load Address causes the VEP 1o losd the fow address bits from the V5P Address Regiseer 1o one nibble of the
WEM Address Regester by initiating a V58 Loosd Adcress function [see VSM description b, If the next command fol o
wrig 88 Aead Byte, Speak, of Reset command, 3 dommy Read tunction is passed to the VSM before that next command
iz pxecutad. Bit OF o losdes inte ADDT whch o the LSE of the VEM address. Bit D4 i5 loaded into ADDE,

©



64 SPEAK

8.5

B.6

The Sowak command allows speech to be genevated from phrase data stored o the VSM. The Soeak command gones

dres an internal signal thar (rmmediately cowses Talk Seatud to be ot and inatfates speech syniness calculaviond wsmy the
naxi available dara from the WSM, Audia outpur begins an the follawing frame baundary . The VEP continues ta fetch
data fram the VEM snd genergtes spesch owipui until 3 stop code (Energy = 111 1) {4 received and recognized. Ar such
firme the gudio output beging o intorpolate down to the zero energy level. Cn the next frame boundasy, soeech hag
eided ad the Talk Sratut 4 cleared. This comletes ewecution of the Speak command, Ewecution of the Sgeak
command may also be halted by the executron of Reset command, This causes audio output 10 halt immediately
fwithaut wailing for a frame boundary | and Talk Status to be cleared,

SPEAK EXTERNAL

The Speak External cammand alows the CPU o supply speoch data o the WSP from someé memary other than the
VEM, Upon recipt of 2 Speak Exteraal command, the WSP purges the FIFD buffer (BL and BE bocomes active [high] )
and direcrs dala weilion inpe the VSR £a thes bulfer. The WSP wdles waitrng fae the CPU 1o Gl the buffer before speech
s, Wnan the bufler low status beoomes falgs {y the CPL bpading & minsmum af nine Byies to ihe FIFOE, Talk
Sratus o5 52t and speech gyncheus calculations begin waing data fram the FIFO. Data cantinues (o be faken from {he
FIFQ yntil a stap code 15 encountersd or e puller omgty slnoomal termnation cecwrs, While the Sgeak Euternal
cormmand 5 executing, all data written to rthe WEP i souted to the FIFD buffer, A Reser command is ot recognized

a3 a command

RESET

The Aetet command allows the CPFL o halr the Speak command wsd to pui the WSP into 2 koown state, Feset ¢lears
Talk Starus, halnng speech sctivity immediately. The 128.bit FIFD Bulffer is purged [BL and BE become active [highl |
and the 10 garhg are set go their detawlt canditan [Memeary Data Bus = Command Register; Status Register = Memary
Data Bus). A Load Adcress function w gven (o the SR {using durmmy address datal followed by 8 "Dummy Read™

tenctign

The Aeger command cannat halt the Soeak External command. Flow disgeams for sach ingtruction are given in
Appendix B. System tirmung diagrams may oe lownd in Appendi=z S

POWER-UP CLEAR

The V5P containg internal eircuitey o ensure 3 clear condition 95 percent ol the tme upen gower-up, provided the
[Wgg — Voo rise tirme 1w #10 volts s less than 2 millisegonds, If more than ane pewer supply 15 used, the voltages
need 1o be supplied to the VEP simultaneowsiy. The Power Up Clear sequence i Finished 15 milisecends afier (Vg —
Vo) resches 10 voles, The events caused by the Power-Up Clear are similar to the Recet command and are nobed
Bz lowe:

L] Talk Status s cleared and any ipeech activi by i1 halted.
- The T State Counter is reset.
- The FIFD it purged (BL & BE go actove [Migh] ) possiy causing
the IMT line to become sctive {lowl.
- 10 ruftiplexers are se1 1o allow data to be written 1o the Command
Register, and Daty Read from the Suews Regiaer,
- The TMS 6100 is pur inte 3 known state By issuing & Load Addrgss
[wzing arbitrary address data] folfowed by a "Dummy Resd™,
If the user requines higher reliability i securing inmialization, he should execute his own mittalization sequence. & 100
pErcEnt asSurance can be given that the WP is in a clear s1ate by writing ning bytes of all “ones™ 19 the VAP followed
by a Reset command, provided that (Vsg = Vo) rise time to +10 volts i3 less than 2 milliseconds,

SPEECH SYNTHESIS

As previously wentioned, ipeech data fed 1o the V3P s oncoded using pitched-xcited LPC, The process of recover-
ing this dats is descrcbed boiefly bere and in mare detadl in the following ectans, {This information is intended salely
for the reader™s information. Proper application of the V5P does not depand on a thorough understanding of this
process). A& simplilied block disgram of the speech synthesis slement of the V5P is shown in Figure 4,



CODED
CODED PARA. PARAMETER
VIETER DATA ’ INPUT
REGISTER
-
DECODE
LOGIC & INTERPOLATION FARAMETER
CONDITION CONTROLLER iIMNTEAPOLATER
LATCHES
|
FELTER
EXCITATIOMN
SIGMNAL
LAC
CEMERATOR LATTICE
WOICED & NETWORK
UBVOICED)

B.1

CODED PARAMETER
Y PaRaMETER j LOGK U b
Fo by Ao

198

e

Coded speech parameter data is fed serially lrom asther the WSM ar the FIFD buffer to the Parameter [nput Begister,
Here the Cantroller unpacks the data and performs various tests (e, is the repeat bit set, is pitch zoro, is energy zerol.
Once wrpacked the coded parametsr data is stored in RAM o be vied a1 the irdex value 1o select the aporonriate
valug from the Parameter Look-Up ROM, The outpurs of the Parsmeter Look-Up ROM ara the target values for the
interpalation logic 1o reach in this frame period. Derng sach of the sight interpalation periads the interpadation logic
#nds new pitch and energy paramaters 1o the sgnal penerator which produces the filier excitation seguence, and rew
K-parameter walues to the LPC latnice netwark. 50, at the #nd of aach amels period thave s 3 mew value of digitized
synthefic speech available 1o the D/A converter

FIGURE 4 — SYNTHESIZER BLOCK DIAGRAM

CODED SPEECH PARAMETERS

The 12 synthedis parametérs [pitch, energy and rallection coefficionts B1-K 100, are stored in the WEM in coded foom,
Each parsmeter ofcupies bebwesn 1.8 bits. Thess coded walusd teleet 5 10kt actual paraméter from the paramener
Look-Us RCM. Depending an the influence of sach parameter on 4peech guality, between 3 and B9 possible values e
stored inthe Look-Uip ROM for decodsng and uie in synthesis caboulations, Table 3 summarizes parametsr coding far the

TS 5220
TABLE I = PARAMETER COMANG

PARAMETER LEVELS CODE BITS
EMERGY 15°* 4
PITCH Lo ]
K1 32 ]
KZ 32 5
K3 15 4
Kd 15 4
K& 16 4
KE 16 4
L) 16 4
K8 a 3
K | 3
L1l 8 2
12 AT 49 + REPEAT = 50 BITS

"Energy = 1100 Iy thie piop oo,

o
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A Full g2t of coded Barameters for each frame would reguire 3 data rate of 40 Hi X 50 bos = 000 biis per second
Three fpecial cased, in which a full frame = sol necessary, allaw the data rate to be comderably reduced:

L]

(1} Sence the vocal tract changes thaoo relatively slowly, it o often posiblé to réBeat previous reflection coefficient
data, To fscilitate the ropeat leature, 3 cadtral By hed Bean added to esch frame (an additional bin following
energyl, IF the repaar bat i3 1, only energy angd pitch data are accossed from the WSM and the pravicus K1-KT10
VAILIEE are retaingd.,

{2]  Unvoiced spesch requices Tewer Filter reflection coefficiants. Wnen Pitch = QOD000, andy & 1-K4 are fereted lram
the VEM ard stared a the Paramarer RAM. KEB-K 10 sre zaroed.

13 Whea Entrg\r = G000 e ather data i reguired. Enu\q'r = (0G0 duril'l.-g itErword o indersyllable Bavses. The com-
taration of these thres caséd fas reduced average data rate for male speech o approximately 1200 bats par seooed.

Figure 5 shows the four pogsibilities of frame dats string kengths,

2

EMERGY PITCH K1 %2 K1 K4 K K& K7 KE K9 K10
VOICED FRAME [ )

L7343

UNVOICED FRAME | 0 [000000
(PFITCH = ()
AEPEAT FRAME [ ]

ZERD ENERGY
e {0000

STOP CODE
Frave (111 ]

ABITS IBITEAITS SBITS S8ITS 48ITS 4BITS 4BITS 4 BITS 48T I@TS 38175 381TS
{PC = ] [PE = 110PC = 21 IPC = 3} (PC = 4] (PC = &) (PC = B) (PC = 71 (PG = B {PC = 91 (PC = 101 [PC = 11|

FIGURE & — FRAME DATA STHING LENGTHS

Ora complate sat of parameters (121, used as target values during interpolation, is stored in coded form in the synthe
sizar. The storsge medicm i 8 S0-bit RAM of variable word length, e.g., sin bits for ploch, thrae bits for K10, Data is
supgdied 19 the FAM via the parallel outduts of a serial shift reqeater which accapts data fram damea WVEM. The Paramater
FAR gutputs 5fé Used a5 inputs for the Paramseter ROM.

8.2 O/ACOMVERSION

The YWSP containg an eight-bit digital-to-analog conwertes with X% lingarity LSB resolution. Every 125 microseconds the
mast=significant 10 kits of the 14-bit Lattice Gilter cutput are sampled. From this sample, the seven low-order bats and
the sign bit {MSB) are sent 1o the DJA converter. The remaining teo bits sre combined logically with the sign bit and
usiech b clip the driver to sither a full ON or full OFF condition, Tabke 4 jhows the malog cutput from the BFA eon-
werter for vanious inputs fram the lactice fileer.



TABLE 4 — IGITAL-TO-AMALOSG CONVERTER OUTPUT

¥ LATCH OUTPUT D/A INPUT ANALOG OUTPUT
NO. YL13 YL12 YL YL10-YLa luA)
L] 1 1 x 11811111 1]
>4127 | O 1 o X 11111111 0
! o o 1 X RRRERER 0
127 0 o 0 SREERE MM 0
126 o o o 1111110 11111110 5.86
1 0 0 0 0000001 100000071 738
0 0 0 0000000 10000000 744
*-1 1 1 1 iim a1r1111t 150
-2 | | 1 1 111110 o1111110 755 8
-12B | | i 0000 00000000 1500
<_128 1 1 0 x 00000000 1500
1 0o 1 ® 0ooO000a | 1500
1 0 | © ¥ oocooooo | 1500

" Mo ourput, resting level,

831 AUDID OUTPUT

The output of the D/A converter {see Table 4) 3 a current source designed to deliver 0 ta 1.5 milliamperss with rgsolus
Hen oo 58 mcrcamperes. This outpul has been oplimized 1o drive the EXT AUD input of the SNTESERAMN found
generator chep. With a 1.8-kilohm resistor in series, the WSP delivers 2.7 volts {1 = 1.5 milliamperes] when the ¥ latch
ouiput is lese than —128, Whan the ¥ 1atch autput i greater chan #127, the audio cutpat is clipped 1o O valts, When
ng spaech gli\-l'li‘r'il.'n-l:lﬂ 4 taking place, the Y latch puiput 15 =1 making the Judio ocutput drive T5D microamperes.
1Speaker output must be ac-coupled to sudsa armplifier],

8. ELECTRICAL CHARACTERISTICS

9.1 ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE (UNLESS OTHER-
WISE NOTED)®
Any pin with respecti o Vg L L. 200 s 3V
P IO = L e B T o O S i i e I T e T B00 W
Operating temperature range . . .. 0°Cw 70°C
SIOPEQE EMDEFATUTE FAOBE . . .. .. a i e e -30°C 12 125°C

“EErELE ey ond IRDie mled urder ©AGeoluoe Maimurn Manings’ may fEebd SErmenant dienads 18 e desice, Thit i s chise rebing aely g
taretiand ooetatian of he déwice ot thase oF smy 0her gondineas Beyvand fhow Indicated In 15 " Becommended Comrating Comdicions
wecElan af thin doecification iy not implleg. §opotiers 10 SDE0RUTE Mk imum fated candations M seiardsn perods ey s1080 1 Gevans sty

3.2 RECOMMENDED OPERATING CONDITIONS

PARAMETER MM bl MAX |UMIT
Jupdly viitage Vog 4.5 5 55 W
Fupgiv voltage, YREF o W
Supaly veltige, ¥ np - & -5 -5 5 W
High -t irgust waltagr. Vi ?ﬂ-ﬂ.! ‘Jﬂ_ W
Loraleved ingt woltage. Vi [vee Bote 1] D Vge-d ¥
| Dhpermning Deee-gin fempsee Muag, 'I'_n v] 4 =]
|_ Ooeratinast frestncy (Eatrrmat RC) 476 Bag T4 | kHz

MOTE | The slpatras convention, whire the morenasitis (L Ragatival et i SRugnatsd sy masimum, s wesd an thes dets sneen Fos |oge

woltages leweh anly,

L-

4|




93 ELECTRICAL CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS

[ PARAMETER Min YR MAX | umiT |
Ca-07, WS, B3, lGH = 04 ma 24 3 W v
.-""\: Vi AOMCLE, a00 18, Mg, M gy = 100 uA Veg -0.5 Wgg W
Vo DO-D7. WE, HS, 1NT I = 15 ik Vasp-0.5 o "i'ng::ﬂ'.!- W
AQMCLE, A00 1.4, 840, k1 gL = 100 wA Weg -d B W
Igge  Supdly gurrent from VngE 3 & mi
I Supply surreni from Vg L[] ¥5 A,
C Iapul Eafaciiancy, teacept San8 Busl 15 oF
Ca Cutpist copacimnoe, lencept date Bl 15 of
5 Ind nF

Car Crang Bus load SE0BEI TERCe

04 STATIC DISCHARGE PROTECTION

Al inputs and outpuls are guarded against electrostatic damage by state-ol-the-art prolection devices incordorated
an the chip

(T 11



11. MECHANICAL DATA

L]

1.1 28-PIN G00-MIL PLASTIC PACKAGE [100-MIL PIN SPACING)
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11.2 PIN ASSIGNMENTS AND FUNCTIONS

PIN HAME
1 DEUS ¥

2 A

3 ROMCLK
4 Voo

5 Vee

& Q5C

7 TN

a SPEAKER
| o

0 PROM OUT
11 VREF

12 DEus 2

13 DEUS 1

14 DEUsS 0

15 Ll

18 M1

17 INT

g READY

ig DEUS 3

il TEST

21 ADDE/DATA
) DBUS 4

K| ADD 4

24 oBUS 5

25 aADD 2

26 DBUS 6

27 W5

28 AS

INADLT

10

CO0O0O3Z3Z-0 000 ---00

- &

]
]

(Fl#]

Fis]

FUMNCTION
Memory data bus |LSB)
HAddress bus to VEM (L5E)
Clock to VM
Diranr supesly valtage (-5 W NOM]
Substrate wipply voltage (+5 W NOM)
Crcallatar inpun
Syme
Ao ouTpul
Serial data out
Tasting use only
Ground reference voltage 10V NOM]
BMemory data bus
Eeamory data bus
Memory data bus (MSB)
Command bit (1o VEM
Command bit 1 10 Y5M
Interrugt [#ciive low)
Trangler chcle WICPL complane
Memary daty bus
Tegting wse anly
Address to WSM and serial data in [M3B)
Mamory data bus
Address bus to VEM
Memasy data bus
Address bus vo VM
Memaory data baus
Write select [active low)
Faad salect [active low)

11.3 TERMIMAL ASSIGHMEMTS

1
12
13

14

2] as

-

2 8 kB B 2 &
| .
B
@
by

J TEST

15jm1
15:|r.m

13



APPENDIX A

3
SYSTEM CLOCK
THE 5200
Ve _@
| DEC
13 pF " waR
VREF ‘l
RC OPFTIOMN
TYPICAL VALUES:
SAMPLE FREQUMENCY A
W WM Fos B3 100 &Lt
g kMy Ao 10200 L

FIGURE A-1 = TM5 5200 O5CILLATOR DPFTIONS

A1 OSCILLATOR TRIMMING PROCEDURE

14

Ta avold copacitive ‘oading of the high impedance O5C input, the following procedure is recommended for setting the
TS 5220 clock frequency, Reterence to Table A-1, Comparison of System Times (page 164, shaws that an BT oscilla-
tor frequency of 840 kHz corresponds 1o a ROW clock rate of 150 kH2. This signal & buffered and not affected by
FHedsw Ement ingirument capacities.

To set the AC oicillatar frequency, connect a frequency counter to the AOM clock output of the TMS 5220 and trim
the reading to 160 kHz. Use of 10 pF shunt capacitor is recammended 1o prevent circuit layout and envirenmantal
stray noise fram atfecting device operation,
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TAHLE A1 — & COMPARISON OF SYSTEM TIMES

==

SAMPLE RATE: 10 kHz B kHz
FRAME RATE 50 Hz dQ Hr
FRAME PERIOD 2 ms T5 ms
INTERPCLATION RATE 400 Hz 0 Hr
INTERFOLATION INTERVAL 2.5 mi 3135 ms
SAMPLE RATE 10 kHz 8 kHz
SAMPLE PERIDD 106 s 125 us
ROM CLOCK RATE 2060 kM 180 kH:
ROM CLOCK PERICD 5t 8,25 us
RC OSC RATE BOH kH: G40 kHz
RC OS50 PERICD 1250 m 1562.5 ns

MOTE: Al tiernag relorensst wn thad daes manual are Based om an 3-kHe sample ate.
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