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SECTION 1

INTRODUCTION

1.1 SCOPE

This data manual will detail the functional characteristics of the
TMS3220C voice synthesis Processor (VSP). Incliced wil® be 3 brief
discussion of the Linifear Predictive Codiag (LPC) =ezho@ of encoding
speech. [t 1{s recommended that <the wuser 31355 =2onsuls the daza
manual('s) for the type of ROM voice synthesis memcry (VSM) 2eing wused
" for a particular application.

1.2 DEVICE FUNCTICN

The TMS3220C VSP usas 3 1D zoie Fi{izar and Linear Predictive Coding to
produce verbal respgonsas rrem information providecd dy a CPU. The hasc
accesses speech data rom memory. 1nese speech data are then sant o
yhe VSP for cdecsding anc synthesis at a predetermined frame rate. An
fnterpolation is performed before the synthesis for bettar smcothing
in output speech. OQuring the synthesis, a l0-pote lattice filter is
used to model the human vocal tract. After speech data are generatad
by the filter, a- 'digital to analog converter is used to produce an
amplitude modulated waveform ready for amplification.

The synthesizer may also obtain speech data by direct serial accass of
a2 VSM. TI offers two types on memory devices: the TMS68100 and ™™MS812%S.
For more information concerning these devices and vocabulary
generation contact your Tl representative or Texas Instrumentzs
Regional Technology Centar. For further information see the iisting on
the back of this manual. | |

Fo11owfng is a block diagram of the TM$5220C.
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DG-07

VS MEMORY
CONTROL

SPEECH B/A

SYNTHESIZER

FIGURE 1.1. SYNTHESIZER SLOCK OIAGRAM
1.3 KEBY FEATURES

The TMS5220C incorporatas the following keay features ¢o insure

~cost high quality speech from a microcomputer system.

Low-Qata-Rate LPC encoding
'Variable~frame-rate

Low=Cost P=channel MOS technology
Interrupt-based service requests
TTL compatible®

Optional package size

* Refer to the electrical specification for TTL compatibility

e

(TT ) acor24a

MQ
M1

SPK QUT

1/Q-
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2.1 PIN ASSIGNMENTS

The following table
connections for the

TABLZ
I PIN  NAME
I
|
11
12 ADD 1
3 ROMCLXK
b4 vOD
I8 7 Vss
- QSC
L7 T1l1
{8 SPEAKER
¢t 9 I/0
110 PROM QUT
1 11 Vraf |
1 12 DBUS 5
| 13 DBUS 6
14 pBusS 7
b 1S MO
Y M1
b 17 INT
| 18 REAQDY
1 19 pDBUS 4
1 20 TEST
1 21 ADD8/DATA
| 22 DBUS 3
b 23 ADD 4
1 24 DBUS 2
| 25 ADD 2
| 26 DBUS 1
| 27 WS
| 28 RS
}

-4
OO0 0O -vi—4 -1 0 )

SeCTION 2

DEVICE DESCRIPTICON

AND FUNCTIONS

and figqure present

T™MS5220C.

a

2=1. PIN ASSIGNMENTS aNC

IN/QUT

[

FUNCTICN

Mamory dasa dus
Acurnss bus to VSM (LSE)
«1oCk to VSM

quide

L58)

ot -

= JNCZINS

Lne

3ra1n supoly vo1tage (=% V NCM)

Substrate suoply voltage(+5 V NCM)
Osgiliator input .

Sync

Audio Qutput |
Serial data out

Testing use only

Ground reference voltage.
Memory Data Bus
Memory Data Bus

Memory Data bus (MSB)
Command bit 0 to VSM
Command hit 1 to VSM
Interrupt (acesive low)

Transfer cycle W/CPU complete(active Tow)
Memory data bus

Testing use only(do not connect)

Address to VSM and serfal data in MSB8
bus

to VSM

Dus

to VSM

Memory data
Address Dus
Memory data
Address bus
Memory data

Write select (active low)
Read select (active low)

exsarnal

i B e el e Bl L L R L I T I R S e —— e . M

B AR .
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FIGURE 2-1. PIN ASSIGNMENTS AND LOCATIONS

2.2 1/0 STRUCTURE

The VSP has two input holding registars, a Command Registar, and a
128-bit FIFQ Buffer. [t also contains two output holaing registars,
the Data Register, and the Status Registar. Transfer of data occurs

along an eight-bit data bus that {ncorporates internal pull-yp
resistors and latched inputs. . |

During a Write cycle {rom the CPU, <he control logic of the VSP routas
data from <¢he Memory Data Bus %o either the FIFQ Buffer, if a Speak
txternal Command is executing, or, fn all other cases, the Command
Register. Once this data has been latched, the VSP signals complation
of the data transfer to the CPU by lowaring the READY Lina %o its
active (low) condition. Similarly, on a Read cycle, when RS goes
active (low), the VSP puts either the contents of the Data Register on
the bus (if the preceding command was a Read Byte ccmmand) or the
contents of the Status Register (all other cases). Following s a

block diagram of the VSP and a more detailed discussion of the I/0

2-2




PARAMETER
LOOK-UP
ROM

COCED

PARAMETER |
RAM

CODED PARA-
METER DATA

DECODE
LOGIC &
CONDITION .
LATCHES

INTERPOQLATION PARAMETER

CONTROLLER

INTERPQLATER

SIGNAL _pe
GENERATOR
— Y  LATTICE
(VOICED & NETWORK

UNVOICED)
B

FIGURE 2-2. TMS5220C Processor 8lock Diagram

2.2.1 Command Regiscer

The Command Ragister raceives command data from the Memory (Qata 3us
and holds it for the Contrciler to interpret and execute. The VSP
Dehaves as anm attached processor to the host CPU and performs its
synthesis tasks when appropriate commands are sent by the host CPU.
Detafls of the individual commands are found in section 2.3.

2.2.2 FIFQ Buffer

The 128-8Bit FIFQ B8urffer 1is organized as a 16-byte parallel-in,
serial-cut buffer. This bDuffer is usad to hold speach data passed From
the CPU to be processed by a Speak Extarnal command 1in the VSP. As
required by the synthesis section, data is shifted out serially
starting with the "First-in" byte. A Stack Pointer keeps track. of che
location of the "Last-In" byte and data from the CPU is always loaded
just above this location. Wiren the stack becomes less than half fyl)
(i.e., eight byte locations are void of data), the buffer low status
condition (BL) becomes true. This signals the CPU %that more casa
should -be provided to the VSP. [f <he Buffar ampties compliataly, <nme

2=3




buffer empty status (ZE) becomes true and the Talk Status Latch s
reset causing speech to term.nate immediately. To resume speech with
data provided by the CPU, another Speak External command must be
issued. Please note that the FIFQ {s cleared at the beginning and
termination of the Speak External command. [n additfon, <the Reset
command and the Power-ip Clear sequence will clear the FIFQ buffer.

2.2.3 Data Register

The eight-bit Data register is organized as a serial-in, parallel-out
holding register. This register is usad by the VSP to formulate a byts
of data from serial cata fatched from the VSM 2uring <he a2xecution of
a Read Syte command. when the Data Registar nas 2Jeen “gaced and the RS
goes active (low). <the oyte s sransvarec 5 tre Memory Data Sus.
Nota, the MSg is Q7. ~inmaliy, the ﬁ’E“? iing 39235 Tow wnen the data s
stable. (See rigure 2-2.) :

2.2.4 Status Regfster

The three bits of sha Stastus Rag suer orovice up-to-date information
to the CPU on the staze :f tne VSP. The Status Register may be read at
any time excapt immeC' aly foiilowing a Read Byte command. Whan RS

l'

goes active (low) zhe V3P *ﬂuues the status data to the Memory Data
Bus and lowers the Qaacv Ling wnen the data s stable. Pollowing is a
description of the <nree status register bits along with <their
corresponding memory Qata bus dit. |

MEMORY STATUS

DATA BUS RESISTER ' -
BIT BIT CESCRIPTION
07 TS |
Talk Status 1{s active (high) when the V3P is
processing speech data. Talk Status goes acsive
at the 1inftdiation of a Speak command or after
nine bytes of-data are loaded into the FIFQ
following a Speak External command. It goes
fnactive (low) when the stop code (Energy =
1111) 1s processed, or immediately by a buffer
empty condition, or by a Reset command. The
audio output fs interpolating ¢to zero Quring
. this frame and is tarminatad on the next frame
- boundry.
06 BL

Buffer Low {s active when the FIFQ Buffaer is
more than half empty. Buffer Low s set when the
"Last-In" byte 1{s shifted down ©past the
half-full boundary (becomes the eighth data
byte) of tne stack. Buffar Low is clearesd when
data is Jloadad to the stack so that <he
"Last-In" byte lies above the half-fyull bouncary

2-4




05 BE

and beccmes_the ninth data byte of the stack.

Buffer Empty is active (high) when the FIFQ
buffer has run out of data while executing a
Speak External command. Buffer Empty 1s set when
the last bit of the "Last-in"  byte 1{is shifted
out to the synthesis saction. This causes Talk
Status to be cleared. Speech .is terminated at
some abnormal point and the Speak Externa)
command execution is terminatad. Cata from the
Memory Data Bus 1s once again rousad to the
Command Register.

2.2.3Analog Audio Quz

- The outpﬁt-of the 0/A convertar i35 a :zurrent source designed to
deliver 0§ ¢to 1.5 milliamperes with resslution to 5.9 microamperes.
Gfven a 1.8-kilonm ioad, the VYSP wili deiiver between 0 and 2.7 volts.

See Section 3. system intarface far furctner details on interface.

2.3 COMMANDS

The CPU has minima' zonzrol over the VSP. Primarily the CPU 23sses

commands to the V3P wnich initiates the activity. When WS becomes
active (low), assuming a Speak External command 1is net presently
executing, the data on the memory data bus s latched into the command

register. Qnca the transfer s complate the VSP activataes READY (Tow)
to release the CPU. Next, the VSP interprets and executes the command.
[f the user tries to pass a command to the VSP while another command
ts executing the new command will not be accepted until the previous
command {s finfshed. The VSP will fnstruct the CPU ¢to i{nftiate waic
states until it presants a READY flag to tell the CPU the presant
command has been fuily executed. The commands avaliable for ysa Dy the
CPU and the commanc execution for each instruction are shown in Taple
2-2 and described in the following ‘sub sections. -




TABLE 2-2. VSP COMMANDS AND COMMAND FORMAT

I OATA BUS COMMAND COOE (07-00) : GPERATION ;
: (07=MSB D0=LS8) } - :
| | |
R 75T E— 5
.1 ' 1 |
T YIOARAA i [0AD ADDRESS |
! X101XXXX : SPEAK ;
; X110XXXX : SPEAK EXTERNAL |
: X001 XXXX : REAC 8YTE ;
’ (01 LXXXX 1 READ ANC 3RANCH |
: XCXOXBCC | LOAD FRAME RATE
! X111XXXX ! 2327 :
) I |
L i i
A = Addraess -
B = Variable rrame ratsz sotior
X = Don't care
CC = Command Coda nits

2.3.1 Load Acaress

~ The Load Address commznd 3ilows the CPU to aitar the address regis:tar
of the VSM tc pofnt to new soeech data. Each Locad Address command
modifies 4 bits (one n‘boia) -of the VSM address registar starzing with
. the least significant nibble. An internal address pointer
automatically controls the loading of all addréss nibbles and fs reset
when a Read Byte, Read and Branch, or a Speak command is exeguted.

Figure 2-3 demonstratas the use of the Locad Address command requirad
to address TMSG100 family speech memories. Five consecutive Load
Address commands are required to load a 4 bit chip select address
(selects one of 16 TMSS100 memory devices) and a 14 bfe byte adcress
(selects one byte within the selectad 6100). The chip select adcress
is mask-programmed during the manufacture of the memory devica.
Preprogrammed=-off tne shel!f memory devices generally have a c¢hip
sg@lect address = 0000.

2-6
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2.3.2 Speak

The Speak command allows speech data to be generated from phrase data
stored in the VSM. This command generates an internal signal that
immediately causes Talk Status o0 be set and initfates speech
~synthesis calculations using the next available data from the VM.
Audio cutput begins on the following frame boundary. The VSP continues
to fetch data from the VSM and generates speech output until a stop
code (enmergy = 1l111) is received and recognized. At such time the
audio - output begins to fnterpolate down 0 the zero energy ievel. On
the next frame boundary. speech has ended. the Talk Statuys i1s cleared,
and execution of the Speak command 1is <comoleted. This acstivity s
snown in Figure 2-5.

The Resat command will cause immegiaza <zarmima<sizn oF che Spesk
command and si2ar <318 status. Aucis sutsuts WYY nmzic immecdiataly
without waiting for a fraime Douncry.

SET TALK STATUS
INITIATE SPEECH

SYNTMESIS, FETCHING
QATA SROM THE VIM
AS REQUIRED

FIGURE 2-4. SPEAK COMMAND
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2.3.3 Speak External

The Speak External command allows the CPU to supply speech data to the
VSP from some memory other than the VSM. Upon recaipt of a Speak
External command, the VSP purges the FIFQ buffer. At this time BL and
BE become active (high) an interrupt s generated, and directs data
written into the VSP to the FIFQ. The VSP idies waiting for the CPU to
f{11 the buffer before speech begins. Wnen the buffer low status
becomes false, by the CPU loading a minimum of nine bytes to the FIFQ,
Talk Status is sat and speech synthesis calculations begin using data
from the FIFD. Data continues to be taken from <+the FIFQ until a
Stop{energy = 1111) or the buffer ampty abnormai sarmination occzurs.
While the Speak Zxternal command is executing. a’l caza writsen 25 ¢he
VSP s routad to the FIFQ butfer. All Zaza trans arsc 32 Sne YSP atser
executing a doeak cxternal command goes n%s ne ~.~0 Jntil a stop
code read Sy the VSP, buffar ampty. 2s70rma’ zarmiaztion 9r Aardwars
clear occurs (WS RS leow). Rater ¢ =ng Toitswing “low chare for
- further expiaination.

2.3.4 Read Syte

The Read =2y<e :smmang 27 ews =he C2U to access the next eafght Hiss
from the VSM (ignoring Tyvse scungriss). In order to accass data or
text at a parsicuiar acgrass in any VSM, the full addraess is firse
loadec¢ into the VSM 3ccress register using load address ccocmmandgs.
Refer- to the TMSci{0 Jata Manual. '

2.3.% Read and. Zranch

The Read and 8ranch command allows the VSP to access speech data via
an indirect addressing scheme. This feature 1{s <typically wusad in
conjunction with a look-up table stored in the initfal address space
of the VSM. The lcok=-up table contains the actual adcdressas for che

nhrasas stored in the ROM. ¢£ach Tlook=-up table entry occupies zwo
bytes.

The advantage of this approach lies in the use of standardized
software and hardware for different applications. One example might be
the use of severai languages fn a common control systam. Each language
would sbe tored {in the same placa in the look-up table cantained in
each -ViM. |

To perform the Read anc Sranch operation the look-up table address s

first loaded into <the VSM address register with "“Load Address"

commands. Execution of tne Read and Branch command ends with <the VSM

ready to speak starting at the address pointed to by the address

contafned in the lTook-up table. (See Figure 2-2) This command can noz
be used in mulitiple VSM applicaticns.

2-9




EXT

SET UP 1/Q PATHS
INPUT:
DATA BUS — EIEQ
BiRQ - SPEECH DATA
QUTPUT:

- STATUS REG — OATA 8US
SPEECH DATA REQ - FIFQ

PURGE FIRO
FORCING (8L &
(88) ACTIVE

. IS CPU MUST
8L WRITE 8
QATA
ACTIVE 3YTES TO
’ EIFQ
N

SET TALK STATUS
INITIATE SPEECH
SYNTHESIS, FETCHING
DATA BFROM FiFQ AS
REQUIAED,

IS
3€ ACTIVE HALT SPEECH
Y

SYNTHESIS

RESET 1/ PATHS TQ OEBAULT
PURGE RIFQ FORCING (BL) & (BE)
ACTIVE (HIGH)

INPUT:

DATA AUS —-COMMAND REBGISTER
VSM = SPEECH DATA

QUTPYT:

STATUS REGISTER —=DATA 3US

HAS
SPEECH SYNTH,
BEEN COMPLETED
(STOP COOE
ENCOLUNTERED) ?

N

FIGURE 2-5. SPEAK EXTERNAL COMMAND
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READ
AND
SRANCH

INITIATE A VSM
READ AND BRANCH
EUNCTION

WAIT

<40
MICROSECONDS

FIGURE 2-6. READ AND BRANCH
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2.3.6 Load Frame Rate

This unfgque feature of the TMS3220C provides a range of
data~rate/speech- quality trade offs. A frame rate of 200
samples/frame 1{s most generally used and is the default rata selected
by the Hardware (lear sequence at power up. If a rate of 200
samples/frame 1is to be used then the Load Frame Rate command is nct
required. - |

Two methods are provided for specifying other frame rates. The
salectable method (02=0) direcziy spec1*1es the desired frame rate
using two control Dits within the Loac Frame Rate Command (sae Table
2-3). The variable meznod (0S=1) allows tne rate {v72rmation ingluded
with zhe 2ata w0 ceternine tne corvect “rame  -~3t2. RS ﬂ ce ‘g
entered. 2y ex2cuting the Load Frame ate ZommiEng «°n 2it 22 = L ({
control \Dits requirec). Refar to Tagis 2-4 For Coricr’ 21t CoC f g anc
see ~igure 2-¢.

3
« L) 7Y «

 TABLE 2-3. = FRAME RATS CONTROL 3I7TS -- NON - CATA STREAM DEPENDENT

07 o6 -% 5. 531 =z 01 00 |FRAME RA = |
; 3 C C ISAMPLES/FRAME!
i { | I
R i
D G A N SRS SRR s N T QRN TN o SO S« B S ¢ B 200 |
SR S UURNU NS U SR (R RN :
T =
X o b x b o x b b0t 1 150 |
| — | — — | —— :
i ! | { ‘ | | ' | - | .
X L0 X pe b x po 1oy 10
—— — ] :
| : i i i | ] b 1
A SO S I S R O :
JENSERE SRS SR U SN N S :

p—a
n
o

TABLE 2-4. - SELECTABLE FRAME OPTIONS -- DATA STREAM DEPENDENT
: ! FRAME RATE

e siguiny

i
: ¥S3 LS8 | SAMPLES/FRAME |
| l
i ) ; 700 E
: 0 1 150 3
- : 1 0 160 :
: 1 1 h ;
’ ' |
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2.3.7 Reset

The Reset command allows the CPU to halt the Speak command and to put

tha VSP into a known state. Reset

clears the Talk status, halzing

speech activity immediatiy. The 128-bit FIFQ Buffer is purged (3L and
BE become active[high]) and the [/0 paths are set to their default
condition. In addition, the interupt line (INT) becomes inactive
(high). Also note, the Reset command cannot halt <the Speak External
command because the Reset czommand is recognizad as speech data. WS and
RS low at the same time fs the ultimate form of resat. To achieve a
known state, sat WS and RS low followad by a Resat Commard.

LCAD
EFRAME
RATE
ENTER
N VARIABLE FRAME
4 =0 RATE MCDE

{OATA STREAM DEP)
D8 & D7 = DON'T CARE

ENTER FiXED
FRAME RATE MOOE
{NON-DATA
STEAM QEPENDENT)

LOAD 08, D7
INTO FRAME
RATE REGISTER

DONE

FIGURE 2-7. LOAD FRAME RATES
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HALT SPEECH
SYNTHESIS &

CLEAR TALK STATUS

PURGE FIFQ .

"MESET 1/0 PATHS TO DEFAULT

INPUT:
QATA BUS - COMMAND REQG.
VSM SPEECH DATA

QUTPUT;
STATUS REG - QATA 8US
SPEELH DATA RAEQ — VSM

FISURE 2-3. RESET COMMANG




2.4 TIMING

This section contains the s F
_ ) ystem timing informatfon. This includ
§?$E:r1:u;mcf the ;ystem times at 10kHz and 8kHz (TABLE 2-5), a s;:*e:
ummary, a i ' e
transgers. y, and individual timing diagrams for commands and status

SAMPLS RATE

FRAME RATEL

| E ’ i
: : : ,
’ : 5 :
% 200 SAM’ =q i 50 , '-J: : 1. Tha <o E
I 130 SAM=R 36,7 H: : 27 3 =F:me;=e_ }
i 10 SAM'£R 130, as E 27 imame. e |
i. FRAME PERIgg SAM/ FR E 200, M2 E 18U Frame/sec i
] 200 SAM.FR 20 | |
| 150 SAM ‘7R %% E S g e 1
= 100 SaM TR it ae ' 18.75 ms :
I .50 SAM = : -z "3 | 12.3 ms i
i oo ! SR i 6.25 ms |
" INTERPOLATICN RATZ 1200 Hz : |
| — R IR ! ~ o | 320 Hz »
E INTERPOLATION INTZRVAL : 2.5 ms E 3.125 ms i
| NUMBER OF INTERPOLATIONS | ; |
: I , |
f 200 E q : :
1 150 ! 6 ! 2 'E
E e Pood i ¢ -
i N 2 s 2 i
| SAMPLE RATE | 10 kHz ! ' |
! AMPLE PERT ! - ( 8 kHz i
: SAMPLE PERIQD 100 us f 175 us :
| ROM CLOCK RATE | 200 KkH : |
bR : z ; 160 kHz
E OM CLOCK PERIQO E 5 us i 6.25 us ;
{ RC OSC RATE { "800 kHz | j
l - b l 040 kMz !
i RC OCS PERICD 11250 ns | 1562.5 ns E
i ! :

NOTE: All timing refersnces in thi
ars! in this gata ma r
! Sy g TeTere manual are basad on an




2.4.1 Write Cycle for Read and Branch, Load Address, Speak, Speak
extarnal, and Reset Commands

timing ruquinmems

PARAMETER MIN NOM MAX
_Oelay time from WS iow t0 dama valid 3| as

—_—

Read-ana-branch commsnd wait tims from HEAL Y Nigh until next aillowsois ® command 595 I

us

tvait Lowsd address command wait time from REAQY hight until next aliowsbie® command 42 <8
Soesk command wait time from AEALY | Precsced by ioad-address commanag 287 -

'*_l“ high until next ailowable® command Not orecsaed by ioad-sagress command S8 =

it Spesk skiarnal commana wait time from READY high untii next ailowagie® commana 42 45

- Reset command wait time froem READY high untll next sllowasie® cammana 200 8

" . switehing characteristics

—Eﬂlﬂ
g A Oeiay tme from WS low to AEADY high m

high puise width

MMMMMIMW#!RHL .
° It 3 new command Iy issued prigr t0 the comptetion of the present command (bafars m-maftw.,} then the AEADY sgnal wil qumqnandmvmqn

wral the present command is finisned sxecuting in the VSP.
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2.4.2 Write Cycle for Speak External Speech Data

timing requirements

PARMETEH MIN NOM MAX | UNIT

awaLon Owe e romWEowmomwie | 3] .
GiDLeSH] Deiey time from cata in veid WERRR | & |
“nwsH.ou Ovanedame [ | m
oy Moo [ T

Wait time from WS high untii next aliowabie scces 10 s

switching chmsﬁsﬂc,a

. TYP MAX UNIT
WSL-AH) Qﬂwmﬁnm%lwmm!uw ns

twqm REALY Mg puiss width 18 2! P

All tming is desed on & clock fraguency of § kidz,
® it 2 new command is issued 9 the VSP prior To The compietion of the prasent command then the AEALY signal will go Nigh snd remam high urtal the compie=

tion of t™he present command as dafined By t, e 300Ve.

:WEWSi

WS UN) |

|
l - * l

L WSL- Rt

REABY (oUT /'l \ '
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2.4.3 Read Cycle for Status Transfers

timing requirements

Mtu NOM _ MAX ium'rr
tdmﬁ.asm nmmmﬂmeﬂshm
_m

switching chmctoriaﬂu

PARAMETER MIN TYpP MAX | UNIT
t4(RSL-3M) _ Oeiav time from RS iow to AEADY high 160 | ns
tatRH-0VE  Oetey dme from AEALDY high to data vaid (staoie) 3 11 | a8

HASL-OX) ~ Deiay time from HS low to daca bus driven (outout unstacie: A RH-OV) = 2 8 |
t(RSH-0Z) » Oeisy time from AS high ta dats output disadied - > 08 a

* it 3 new command is ussed 10 the VSP prior 10 the compIsTon of the oresent cCOMMand. -ﬂmaﬂﬂmwmuquumgn in K8 Norms resoonse
time, it wnil remain high untl the present command has been fully executed by the VSP. |

I"_— ‘diﬂH-ﬂSHl——-}

DATA BUS QUT
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2.4.4 Read Byte Sequence

timing requirements

PAHAMETEH MIN NOM MAX ; UNIT

atwsLOu Jeev e o TR e B o _1

{|.ws!-n Qelay time frumdatl in vslid o

REEREE

switching chamctansﬂﬁ

MIN  TYP MAX | UNIT
WSL-FIHI ﬂcllv Sme from WS low t AEADY high 100
. Deiay dmae from RS low to REAUY high B | 100 | ns
i@ FEXDY hign puise width Cwrice I
No previaus (0oad address
’:dmg.au Deiay time trom SEADY low (write) to READY low {resc) e r— o
tHASH-02Z) Delav time from RS high to data outdut disadbied _ 58
1——'-‘dtHH-»HSHi——}
| |
As | } |
I . y l
W te(WSH-RSL) | |
I
w3 | I |
| L | |

‘ ﬂ E-WSH I I
tdtws:.-un-I—H__"‘ T WIRSL-RH) o] HRSH-0Q o—nes
. l '

',m;' VALID

DATA INNQUT
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SECTION 3

SYSTEM INTERFACE

3.1 SYSTEM CLQOCK

As previously mentioned, this manual describaes atl VSP <¢iming at an
3-xHz sample rate. This requires %that the system cicck run at 547 KHz.

Variations from tnis rate will cause tne pizsh ¢F the scsecrn 5 vary.
The 840kHz ccr-ﬂsponds 0 & RCM c'ock rmate 3¢ 130kkz. This szmal is

buffered ancd not affacted Dy measuremen:t fastrument _a;a:T:fes.

The RC oscillator may De agjusted =0 <scrrasponc o the sampiing
" frequency usad when orginally encsding the speecnh. Use of a shunt
capacitor f{s recommenced w0 prevent sircuit layout and envirsnmental
stray noise from arffscting devica operation. A trimmer potentiometar
1s required because r*ecuenc; va*:es 3art 0 2art and depending on the
operating voltige. $3¢ rFigura -3

:

) L3

L |
s £ D)

Adgitionaj 1y the 'n can 2Je cgriven diregtly with a 32CkH:z
squarewave clcck 7 =XCMOLUT pin is held at Vss potential. The
cicck 1input must e 2 3 20 5 vols signal. [f PROMQUT is lef: open or
held at Vref or Vdaq level, whe inzarnal RC oscillator is. active. 7o
set the RC osciiiater frequency, connect a frequency counter %20 the
ROM c¢lock output of the TMS3220C and trim the reading to 160kMz for
8kHz sampled data or to 200kHz for 10kHz sampled cdata. See =igure
3-18. - ]

or L2
»

u (D

A mask-programmad option exists on the TMS8220C to allow wusa of 3
ceramic resonator instead of the RC oscillator. This cption s
specified durwng the manufacture of the TMS3220C anc is tﬁernr*rn of o34
usar switchable. With tnis option, a 320 kHz squarewave cicck fnpus
can still De usad Dy connecting the promout pin to Vss (+#3 wvoits). A
320 kHz ceramic resonator is required to provide an 8 kHz sample rate.
A 400 kHz ceramic resonnator is required for a 10 kHz sample raca. See
Figure 3-1C. '
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3.2 CPU INTERFACE

The CPU interface consists of an eight-pit bidirectional data bus
(D7-00), seperate seiects for read operations and write operations, a
ready line for synchronization and an interrupt line to {indicate a
status change on the VSP that requires CPU attention.

3.2.1 Read Select (RS) and Write Select (W3)
VSP activity on the memory data bus is controliled by the Read Selact

(RS) and the Wrize Select (WS) 1lines as shown in Table 3-1. Th's
activity s further cemonstrated in Figure 3-2.

TABLE 3-1. RS AND W3S FUNCTION

I )
l |
| RS WS 3UFFER CONDITION |
! l
1 -

| r High impedenca state i
! i
¢ | |

! H L Input to VSP. Some other device must he ;
} driving the Bus (typically the CPU). |
I i
'

1| H Qutput from the V3P, No other device i
; should be driving the bus at this time :
: ~ ’
tL L Hardware Power-up Clear |
I . | :

3=2




o "RANEFEN
SATA AESISTIA
@ - "'HW‘“II - 0 0ATA SUS

FIGURE 3-2. WS ANC RS CONTROL OF MEMORY DATA 8US

[t s fmportant 0 ncote that no device can suczassfully complete 3
read cycle (from =zne VSP) while WS is aczive (Jow) nor can a
successTul write cycle (to the VSP) be carried out wnile RS is acsive
(low). If WS and RS are low simultaneously, the device will initiata
the power-up sequence.

3.2.2 Ready

The TMS3220C VSP is a siow memory device. This means <that 1i:t canno:
properly respond t0 system memory cycles within the minimum accsss
time as detarmined 2y the CPU 2lock. Therefore the VSP requires wa‘:
states from the CPU %o succaessfully complete a memory cycle. The
effect of inserting wait states fnto memory access cycles is to exzand
the minimum allowable access time by one clock period for aach wais
state. The VSP controls the number of wait states executed by the CPU
with the READY signal.

The READY line on the VSP will go nigh 100ns afser S or WS
active (low) to let the CPU know that the data transfar cycla =
yet be completed. When the VSP has astadiisned s=zola 23tz 3n =rme
bus (in the case of RS) or has comoleted laszning daza in ¢




data bus (in the case of WS). the READY line will go Tow indicating
tnat the CPU may complate the data transtar cycle.

3.2.3 Interrupt

The interrupt line (INT) indicates changes in the status of the VSP
that may require CPU attention. - INT goes inactive (high) when the
Status Register is read or {f the Reset Instruction is executed. INT

- goes active (low) under the following circumstances:

0 Talk Status (TS) makes a one-to-zaro transftiion indicating the
and of speech procassing if TS makas 3 one=t3-Iarc =Iransiticn
during a2 read cycle: the intarrust wi'l sciur z2%t2r tne read
cycla has Seen completed.

0 FusFar Low (2L) makas a zarc=ts-=gna -2
more onrase datda needs To0 De supn - ‘a
Extarnal command.

*an Tngizating <hat
tae =i~ for Speak

3.3 MEMORY INTZRrFACE

The VSP may racaive

VSM's. These VYSM's czn 3
ROM or EPRCM davelopec ¢
with.adgec hartwars cr 3

<2 “r2m zne CPU or Zdirecsly accass up %0 16
wne MS8100, the TMS8125, or a custom speech
3 specific application. Zoroms may be usad
Nare, '

Accass to the VSM is accompiished with a four bit paralliel bus (ADD 8,

4. 2, 1) two =zontrol 1fnes (MO, Ml), and a synchronizing ¢lock
(ROMCLK). For fyrtner infcrmation on the VSM consult the data manual
for the RCM you are using.

Note that AQDE is muiziplexed as the Daca Qut line of the'VSH as wel]
as the most significsant nit of the four bit address bus fnto the VSM.

3.4 HARDWARE CLZAR

After power has 0Deaen applied, a hardware clear i{s performed by
simultaneously setting WS and RS low for one milliesecond. The events

caused by the Powaer-up Clear are similar to the Reset command as shown
below. '

Talk Status 1is ¢leared and any speech activity is halted.
The 7 State Counter is rasat, |

The FIFQ 1is purged (8L &BE go active) -

[/0 multiplexers are sat to 3ilow data to be writtan to the
Command Register and Status Regfster.

Frame period is set to 200 samples. Depending on the stata of the
device an intarrupt may be genaratad.

- 0 OO
"




SECTION ¢

THEORY QF QPERATION

4.1 OVERVIEW QF LPC

Linear Predictive Coding (LPC) synthesizes numan sdee<n 3y recovering

from twhe orginal speech enough <ata ) loasIruct @ time=-vary‘ng
digital filter model of the vocal uraC' This Filzer s excitad witn a
dig;ta1 r=presenuat1cn of efther gictsd’ air impuises (veigad scund)
or the rush of air, which producas unvc1 ag soungs. TN JuTput oF nfs

igital=z0- analog (<. A)

§3
 filtar model 1is opassed cthrough an 3S=24g
converter to sroduce a synthetic speech wavargrm,

The LPC analysis orogram Degins with a sat of digitized speech
samples. These <cigizizec samoies are wusually derived with an
aralog=zo-digita. zznve=i2r Iy sampiing an analog waveform at a -~a%e
of 8 or 10 &ksz. l3nsacutive samples are grouped together <o ferm a

Hfpamalt 5f d4 g‘*i- 2z sampiaes. 'ne frames may contain from S0 to 300
samples, out usua iy ccazzin 200. Tne LPC analysis routine operatas on
these digitizec samples, a Frame at a time, by preemphasizing the
samples, calculating the energy, pitch, and the spectral coefficisnts
(K=parameters). NE%; eagcnh value is coded according to a pre= seleated r

coding table.

This coded speech parameter data is fed serfally from either <the VoM
or the FIFQO buffer to the parameter input register. Here the
Controller unpacks the data and performs various tests (i.e., is <he
repeat bit set. is pitch zero, is energy zers). Qnce unpackeg, the
coded parameter cata is stored in RAM to be usad as tne index vaiue 0
salect the aporooriate value from <the Parameter Look~Up ACM. The
outputs of the Parameter Look=Up ROM are the target values for the
fnterpolation logic to reach in this frame perfod. During each of the
interpolation periods ¢the 1interpolation logic sends new parameter
values to the LPC lattice network which makes avaliable 3 new vaiue of
digitized synthetic speech to the 0/A convertar,

4.2 COOED SREzCH FPARAMETERS

The LPC method of speech encoding reduces the speech data rate From
approximately 100,000 bits/sec (raw digitized speech) to about 2800
bits/sec. The analyzer reduces this rate further (to 2000 bits ger
second or less) by encoding each of the 10 bit speech parameters 3s 3
to 6§ bit codes. These coded values select a 10-pit parameter from ihe
parameter look-up ROM in the VSP. Qepending on the influence of 2ach
parameter on speech guality, between & and 64 possible values ire
stored in the Look=Up ROM - for cecoding and wuse synthasis
calculations. Note that the parametsr RCM in <he TMS: is mask

™~
"D
O 3
)
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~ programmable and not touchable or alterable by the user.

"Table 4-1 summarizes the parametér coding for the TMS3220C.

TABLE 4-1. PARAMETER CCOING

PARAMETER LEVELS CODE BITS

ENERGY 1S 4

PITCH 64 6

K1 32 g

K2 32 3

- K3 16 4

. K4 15 4

KS 16 2

K6 16 4

K7 16 4

K8 8 3

K9 3 3

K10 3 3
VA R - 49 + REPEAT = 30 3ITS

Assuming an 2kHz samoia ‘raza. a full sat of coded parameters For each
frame would requirs a data rate of 40HzZ X 50 bits or 2000 bits per
second. There are, however, three special cases in which a full frame
fs not necassary which allows the average data for male speech %o De
reduced to approximatly 1200 bits per second. The first assumes that
vocal tract shape changes occur slowly therefor making 1t possible o
repeat previous reflection coefficient data. This repetitfon fs
facilitacad with a conzol bit added to 2ach frame which follows <the
energy frame. This control bit s shown in Figure 4~1 as tne repeac
bit. For example, in a3 voiced frame {f the repeat bBit fs 1 only anergy
and pitch data are accassad from the VSM and the previous Ki-=<10
values are retafned. Secondly, unvoiced frames require fewer filcer
reflection coefficients. Consequently, when pitch = Q00000C(binary),
only Kl-K4 are fatched from the VSM and stored in the Parameter RAM.
As shown in Figure 4-1, KS = 10 are not required for for unveiced
frames. Finally, when energy = 0000 as in interword or intarsyilable
pausas, no other data is required. |

Ihe following figure snows the 10 possible data strings (1mbéded frame
frate control (52 bit) and data without frame control (50 bit)).
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, Not required for unvoiced frames

Caniral Bitge  ENERGY LU R X2 X3 K¢ K§ K& K7 K8 X9 K10

1] Bits/ Frame

Unvoiced Frame | : 31 8its/ Frame
o = 0, Mixed |
Frame PHen :
w

Repeat Frame { . | 1 - 13 8itss Frame
(Venadie Frame Rete :
Aeoent Frame : ; © 11 Bits/ Frame
(Fizea Erame Ratet ; ' )
Zere Energy (Silence | 0000 . & Bits/ Frame - )
(Vartadie Frama Asiel | ' :
. I-—I-I-_I-I-I—I—I— i
Zero Energy (Stience ' 0000 : 4 Bits/ Frame - )
(Fixed Frame Aatel | g “Thess bils sve oniy roquired when dets
dipemiant frowme e dewtred has Dewn
siouiod.
Sico Code | T 1111 s sitsr Frame
(Vanadie frame Ratel ! : ’
hm'_
Ston Code |

111t . & Bits! Frame
- {Faeg Frema Ratet

FIGURE 4-1. FRAME DATA STRING LENGTHS




4.3 0/A CONVERSICN

The TMS3220C contains an eight (8) bit digital to analog converter
(0?A) with a typical i1fnearity of one half of the least significant
bit. Every smaple period (e.g. 125 microsaconds) the lattice filter
generates a new data point which is converted into a current output if
zeri (0) to 1500 microamps. The output signal has as its most negative
value, zero and as its most positive value, 1500 microamps. A resistor
between the D0/A output and ground is typically used as a current to
voltage converter and a serifes capacftor is necessary to AC couple the
speach output (the 0/A has an offset Dinary output) t0 subsagquent
filter and amplifier stages. Figure 4-2 shows tyoical audio output
circuits which may be used with the TMS3220C.

4.4 POWER UP ScQUENCE

. In order %0 assure aroper inizializatizn 9F =ne TMS3I220C during power
up, the voltage rails (Vdd ang Vss) must Decome stadie within two (<)
milliseconds. Figure 4=3 snows a timing dfagram of the power up
sequence. [f <cthe oower up transition takes longer, then a hardware
. regat Mmust be genar~azac 27tar tne ~3ils have stabflizad, A harcware

resat is pervtormes 2y simulzinsously €Eriving RS and WS to their a2ctive
(low) states. See Figur2 2-3 for exact timing requirements.

/4.5 DIGITAL AUDIC CuT

Digital speech orior to the .internal digital to analog conver<ar can-

be serially accessad rom the TMS5220C. The speech is accessed as a
signed 10-bit value on zhe [/0 pin ¢locked by the RCMCLK output and
synchronized by mre Tl outout. Figure 4-4 demonstrates how Dinary

gata can be accessad. CMOS buffers provide a TTL [nterface to the PMQS
220C.
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FIGURE 4-2. TYPICAL AUDI® OUTPUT CITCUITS FOR THE TM$5220C

PARAMETER MIN | TYP | MAX | UNIT
201 & |
1 5.0 | 43 !
2 Q| ns |
t3 200 i ng
4 | 501 n~s
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10 aIT
BINARY DAT.

LS8

4.2%5.8 AT 8K

-

o [T T T T T T T T Twmsa]

<

FIGURE 4~4. CIRCUIT ~OR ACQUISITION OF 10 BIT BINARY SPEECH DATA
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SeCTION 5

APPLICATIONS

5.1 MICRPROCESSOR INTERFACE

Although the TMS5220C is operatad under the hcs*‘s contrel., +the VSP
dees not require full-time supervision. The ncst consrciler merely
issues macro commands and possitbly inouss Qaza. "~en <the synshesizar
takes -~over and carries out its synthesizer zigoriinm intarnaliy with
the data provided rom external ARQMs, as giractad 2y lines AQDD!
through ADO8, MO and M1, and RCMCLK, much as zny other dedicatad
-attached processor would, Tne faiiowing ciagram Zemonstrates a typical
interface with 2 host microprocassor systam anc an EPROM to control
the voice=synthesis nrocessor.

R WS Aoy Nt

(MS8 OF INPUT DATA .
FROM VM81001)

TMSBZ20A

MICROPROCESSCR
SYSTEM

DATA 3US LS8 {(LSB OF INPUT

DATA FROM VM81001

S =
g 3
< <

als
(MSB QF DATA) aa
Q7

TMS2532
4K X 8 8ITS

FIGURE 3=-1. 3220C INTZRFACZ WITH HCST £2MOUTER




The microprocessor interface is further demonstratad with the
ra?1cw1ng diagram showing TIl's TMS 9995 microprocassor system The
9995's 8-bit data bus is seperate from the microcontroller's 16-bit
address bus: hence., no demultiplexing fs required to. interface the
3220C (and its EPROM), which can simply plug into the 9995's 8-hit
data bus. Moresover, the barest amount of logic completes the hardware
interface~just two TTL gates and two inverters. The gates develop the
required RS and WS fnputs to the 5220C from the 9995" WRITE ENABLE
outputs. One inverter f{nverts the 5220C's ROY to the 999%'s Memory
Ready: the other inverter feeds the WS gate's faput from D0 on the
data bDus.

The sofeware required to add speecnh to a $9%S-Dased crogrammanle
nicrosystam is as simele as the hardware. 3y treating tne 322C0C merely
as a memory-macped device, only one instruction-Mcve Syta~-'s necaessary
=9 nangle 371 the ~2quired signal nrgz2ssing: "n2 Mamowy <eady ingut
<0 the ©89% impiements =ne memory =w229°7g 3FfF ne 3220C and i4s

associated =PROM.

5.2 MICROCOMPUTER INTZRFALZ

interfacing 20 3 32232C :2nip 1s siigntly more compiex when the
controiler fs 2 migrscomecuter rather than a microprocassor. Using a
microcomputer fs samoting cecause of fts on=chip features, such as
RAM, ROM, <imers. and -0 capapility make many low-cost applicattons
aconomically feasibie. Many 8-bit devices offar significant amounts of
on=-chip ROM and RAM. 3But microcomputer chips such as the TMS7000,
7020, --and 7040 MLP Ffamily. the 8048, the 6801, and many others do not
offer a Memory Ready input function like the 999%5. Still, the lack of
a Memory Ready incut can be worked around with software. When
interfacing micrcomputers, the 5220C should be mapped {nto- the I/0
space, wnich will simplify the hardware. Then, the micrecomouter's
sarallel I/0 intarface communicates with <the VSP's i{nput buffar
(FIFQs). In ¢this way the system emylates the memory mapping in
software, but the simpiified hargware then needs more fastructions for
operating in the [,/0 space than in the memory space.

Substituting software for hardware 1s an excellent tradeoff for
low=cost systems whose primary task is speech synthesis. An all-in-gne
microcomputer- controller/memory can cut an entire speech=synthesizaer
down to just two chips: the micro and the synthesizer., An S8-pis
microcomputer such as the TMS7040 (which carrfes a 4~kbyte ROM faor the
vocabuylary), working with a TMS3220C, c¢an provide a speech-synthesis
Capability while still offering a powerful instruction sé&t, on=-chip
HAM, the remainder (a{ter vocabulary storage) of its on-chip 32-kDit
ROM, an on-chip interval! timer, and extansive I[/Q capabilisy. This two
chip configuration is depicted in Figure S=3. Note that if there s
insufficient on-board memory for vocapulary storage tha2n an optiona!
VSM can be used. For example a general application may call for a
standard vocabulary to be stored on board while a specific apolication
vocabulary may be stored in a VSM. This allows for custom application
of a portion of the‘*vocabulary. |
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Use of the internal microcomputer memory limits operation to the spezk
axternal mode. Addition of an coptfonal VSM alluws for the use of the
speak mode or a combination of both modes.

q
1T JC 1 |

Ve AC.-a18{ 16 , ADORESS SUS

STGURE 5-3. TWO CHIP SPEI7H SYNTHES:S
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Sinca Jjust the first 1l ports of the 7040 peripheral file are
hardware-defined for the 5220C, the 7040 can still employ the other 21
ports normally-for example when used for an external keyboard. Thus,
the 7040 can communicate with an 8=bit speech-synthesizer chip such as
the 5220C, yet maintain substantial processing power.

More memory (or more periheral devices) can be added to such a basic
two~chip system by changing to a memory (or Peripheral) exansion mode
of operation. But in a memory-expansion (or peripheral-device) mode,

microcomputers fall short. Microcomputers lack the Jlogic needed for
block or OMA-type data transfers. They also lack a Memory Reacy input
for synchronization; accordingly,. a microcomputer cannot cenerate
appropriate wait states for the 5220C, wnish gperates much sicwar than
+the microcomputars memory cycle.

A TTL ovctalbus=<ransceiver snis, TIl's 743242,
this synchronization prociem.  Wizn fant  regiscered-cuffered
transceiver circuics and mulcsipiexe¢ <wnrae=stita Srivers, the chip
" allows the 7040 microcomputar or tha 3220C synthesizer to sand or
receive data asynchrcnusly at each device's own rate. The following
diagram depicts a wycical intarfica wish the TMS7040 and the 743646,
See Figure $-4.

:*:v':as 2 scigcion <o

i

4 iu O
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FIGURE 3-4.
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ELECTRICAL CHARACTERISTICS

SECTION 6

8.1 ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE (UNLESS

OTHERWISE NOTED)®

Any pin with respect to VsS

Power Dissipation .. ............. . s
OPErsting TBMPEratUrE FANGR . . . . - o v - oo o v o v vt v s e nnnsoassssensssosnstosaneesaas

Storage temperature range

llllllllllllllllllllllllllllllllllllllllllllll

llllllllllllllllllllllllllllllllllllll

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

*Sereuass DevOndg those listed under “Absaiute Maximum Astings’” May ciuse permanent damage to tNe device. This is & sTrem rating anty and
tuneTiansl ooerstion of tThe devics it Thess OF any ather condgitions bevonag mMose ndicated n the “Recommendaed OJoersting Cangitions’”
wetTion of this specification is not imalied, # xooWre TO DD IUTE-MaxiMmuMm-reted canditians for axtenaed gerigags mMav affect qevice retigaility.

8.2 RECOMMENDED OPERATING CONDITIONS

PARAMETER
Suonly voitage, Vg

Mﬂ“lv
ale inout voitage, V)4 {388 note J)

L ow-evel inout voitage, Vi {see Note 1)

o

Qoerationsi frequency (External AC)

Supoiy voitage, Vﬂ!p | :

NOTE 1: The 3igenrsic conventian, whare tNe MOreoositive (less-regativel limit is Jeignatsd Je Maximunm, ig usea in thiz aete sneet for lome

voitages leveis anly.

NOTE 2: Pull up resistors are orovideg an aH Sata and sHecCt 1NAUTS. T his permits direct dnve from T 1 L compazibie cevices.

8.3 ELECTRICAL CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS

PARAMETER

TYP

MAX

UNIT

i
Vo 00-07, WS, RS, IN oM = 0.4 mA ! 2.4 Vey vV o
ROMCLK, ACO 1-8, MO, M1 oK = 100 uA | Vegwd.S Vee | Vv
VoL 00-07, WS, RS, INT oL = 1.8 mA | Vagseg~0.5 Q Vase-08| Vv
AOMCLK, ACO 1-8, MO, M1 oL 100 A | Veg—t5 | v
Imgp  Sunoly current from Vg gg ireference 1o Vgg) | | 3 2 i ma
[ lpo __ Suooly current from Vg (referencs 0 Vgs) t 10 35 ma
G Input capacitance, (exceot data bus) - B : 18 af |
Co Qutput capacitance, (exceot data bus} 18 af
Capn  Data but load caoscitance 28 00 aF

8.4 STATIC DISCHARGE PROTECTION

All inputs and outputs are guarded 3gainst electrostatic darmage by state-of-the-art protection devices iNCoreorates

an the chip.
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SECTION 7
MECHANICAL DATA

7.1 TMSE220A-28 PIN PLASTIC PAGE...100” PIN CENTER SPACING, .600"” PIN ROW SPACING

| .

'3 1$.2¢ - 0.29
*—0.800 - 2.010)

-
. f‘wf
% . E‘rl - J ‘ﬁ 417 (G123 N
- TEY: BT 3. 08 -~ - ° T - T %" * :" : wmest| s 388 {QLOTTI MIN
TUT 01 100D i 300m T | ! 122 - 0.5
MM SPACING 2.94 10,1000 T. P : ' 1m 2.02H
‘M OV M it vt 92 (0800 NOM

ALL DIMENSIONS ARE IN MILLIMETERS ANDO PARENTHETICALLY IN INCHES.
NOTE & ﬁuﬂ pin centeriing 1 lgcated aitmin 0.010 inen (0.28 mutlimetersi of its true iongitudinal position,

7.2 TMS5220A-28 PIN PLASTIC PACKAGE, .070" PIN CENTER SPACING, .40G* PIN ROW SPACING

_-__—-___";'.l
- g N e B

e
S 3

1580  py gracivg e (0043 ML
MAX sgmiLIRITS
" (o o o
v AlLL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.

NOTE & Each pin canteriing is lacated within 0.010 inen (0.28 muilimeters) of its true iongitudinal position.
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7.3 ENVIRONMENTAL
TEMPERATURE RANGE

Ooernting O°C to 70°C
Storsge ~43°C w0 70°C

. HUMIDITY

Qperating: 85 cercant Reiative Humidity 8 35°C
Storsge: 95 percant Asiative Humidity st S8°C.
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