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SECTION 1

INTRODOUCTION

1.1 SCOPE

This data manual will detail the functional characteristics of the
TMS3220C voice synthesis Processor (YSP). Incluzed wil®l be 3 brief
discussion of the Lintear Predictive Coding (LPC) ~ethea cof encoding
speech. [t 1s recommended that the wuser 3ls: =zonsuls the data
manual('s) for the type of ROM voica synthesis memery (VSM) Deing wused
" for a particular appliicacion.

1.2 DEVICE FUNCTION

The TMS3220C VSP usas a i0 foie Fiizer and Linear Predictive Coding o
produce verbal responsas from information providec 2y a CPU. The host
accesses speech data rom memory. These speech data are then sent o
yhe VSP for decoding anc synthesis at a predetermined frame rate. An
fnterpolation is performec before the synthesis for Detter smcothing
in output soeech. ODuring the synthesis, a 10-poTa lattice filter is
used to model the human vocal tract. After speech data are generated
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 access of
a VSM. TI offers two types on memory devices: the TMS8100 and TMS612S.
For more information concerning these devices and vocabulary
generation contact your TI 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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FIGURE 1.1. SYNTHESIZER BLOCK OIAGRAM
1.3 KEY FEATURES

The TMS5220C incoroorates the following key features to fnsure Tow
_cost high guality speech from a microcomputer system.

- Low-Data-Rate LPC encoding
Variable~frame-rate

Low=Cast P=-channel MOS technology
[nterrupt-based service requests
TTL compatible*

Optional package size

* Refar to the electrical specification for TTL compatibility

~




2.1 PIN ASSIGNMENTS

SECTION 2

OEVICE DESCRIPTION

AND FUNCTIONS

Read select (active low)

2-1

The following table and figure present a guide of  the external
connections for the TMS5220C.
TABLS 2-1. PIN ASSIGNMENTS ANC =UNCTICNS

TPIN NAME IN/OUT  FUNGCTICN !
1 {
I . i
11 080S 0 1.0, Memory daza ous (L38) !
12 ADD 1 » Aggress bus to VSM (LSB) !
b3 ROMCLK < Slock tn VSM !
P4 Voo i Jrain supply voltage CER VCM) !
1. B Vss I Substrate supply vc1tage(+5 V NCM) !
18 Qsc 1 Oscillator input _ ) !
V7 Ti1 J Syne . 1
! 8 SPEAKER 0 Audio Qutput !
i 9 I/0 0 Serfal data out !
! 10 PROM QUT 0 Testing use only !
' 11 Vref [ Ground reference voitage. !
112 08uUS 3 1/0 Memory Qata Bus 4
I 13 0BUS 6 1/0 Memory Data Bus !
1 14 paus 7 /0 Memory Data bus (MSB) !
118 MO 0 Command bit 0 to VSM {
I 16 M1 0 Command bit 1 to VSM !
V17 INT 0 Interrupt (acsive low) {
| 18 READY o Transfer cycle W/CPU complete(active Tow)!
| 19 oBUS 4 [/0 Memory data bus !
1 20 TEST I Testing use only(de not connect) !
v 21 ADD8/D0ATA I/0 Address to VSM and serial data in MS8 |
1 22 OBUS 3 [/0 Memory data bus !
| 23 ADD 4 Q Address bus to VSM !
| 24 oBuS 2 I/0 Memory data bus !
1 28 ADD 2 Q Address bus to VSM !
! 26 DBUS 1 1/Q Memory data bus !
| 27 WS I Write select (active Tow) !
! 28 RS I !
: !




FIGURE 2-1. PIN ASSIGNMENTS AND LOCATIONS

2.2 [/0 STRUCTURE

The VSP has two input nolding registers, a Command Register, and a
128-bit FIFQ Buffer. [t also contafns two output nhoiding registars,
the QData Register, and the Status Register. Transfer of data occurs
along an eight-bit data bus that {ncorporates internal pull-up
resistors and latched inputs. :

Ouring a Write cycle from the CPU, she control logic of the VSP routes
data from the Memory Data Bus %o efther the FIFQ Buffer, if a Speak
External Command is executing, or, fn all other cases, the Command
Registar. Once this data has been latched, the VSP signals completion
of the data transfar to the CPU by lowering the READY Line to fts
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 command) or <the
contents of the Status Register (all other cases). Following is a

biock diagram of the VSP and a more detailed discussion of the [/0
structure.
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UNVOICED)
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FIGURE 2-2. TMS3220C Processor 3lock Dfagram

2.2.1 Command Register

The Command Ragister raceives command data from the Memory Data Sus
and holds it for the Controiler to f{nterpret: and execute. The VYSP
behaves as an attached processor to the host CPU and perfarms fts
synthesis tasks when appropriate commands are sent by the host CPU.
Details of the individual commands are found in section 2.3.

2.2.2 FIFQ Buffer

The 128-Bit FIFQ Buffer s organized as a 16-byte parallei-in,
serial-out buffer. This cuffer is usad to hold speech data passed ‘reom
the CPU to be processed by a Speak Extarnal command fn the VSP. As
required by the synthesis section, data 1is shifted out serially
starting with the "First-in" byte. A Stack Pointer keeps track of the
location of the "Last-In" byte and data from the CPU is always loaded
Jjust above this location. Witen the stack becomes less than half full
(i.e., eight byte locations are void of data), the buffer low status
condition (BL) becomes true. This signals the CPU that more cats
should -be provided to the VSP. [f the buffar empties comgletaly. the

2-3
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buffer empty status (2E) becomes true and the Talk Status Latch s
reset causing speech to term.nate immedfately. To resume speech with
data provided by the CPU, another Speak External command must be
tssued. Please nots that the FIFQ 1s cleared at the beginning and
termination of the Speak External c¢ommand. [n additfon, the Reset
command and the Power-Up Clear sequence will clear the FIFO buffer.

2.2.3 Data Register

The eight-bit Data register is organizad as a serial-in, parallel-out
holding registar. This register is usad by the VSP to formulate a byte
of data from serial cata fatched from the VSM guring <re axecution of
a Read Byte command. when the Data Registar nas 2esn “gaced and tne RS
goes active (Jow), the oyte is sransfarec 3 i~e Memory Data Sus.
Note, the MS3 is O7. Fimaliy, the REALY iine g3es 'cw wnen the data fs
stable. {See rigure 2-2.) : .

2.2.4 Statuys Regfister

The three bits of 3n tus Ragistar grovide up-to-date informazion
to the CPU on the st f ne VSP. The Status Register may be read at
any time excapt i=mmeciataly foliowing a Read Byte command. When RS
goes active (low) zne vaP routes the status data to the Memory Daza
Bus and lowers the Reagy Line wnen the data is stable. Following is a
description of <he =nree status register Dbits aléng with their
corresponding memory caza pus bit. .

MEMORY STATbS :
DATA BUS RESISTER ' .
BIT BIT ODESCRIPTION
07 TS _
Talk Status 1is active (high) when the VSP is
orocessing speech data. Talk Status goes active
4t the finitiation of a Speak command or after
nine bytes of-data are loaded into the FIFQ
following a Speak External command. It goes
Tnactive (low) when the stop code (Energy =
1111) is processed, or immedfately by a buffar
empty condition, or By a Reset c¢ommand. The
dudio output f{s interpolating to zero during
. this frame and is tarminatad on the ngxt frame
- boundry.
06 8L

Suffer Low 1s active when the FIFQ Buffar is
more than half empty. Buffer Low {s sat when the
"Last-In" Dyte 1is shiftad down past the
half-full boundary (becomes the eighth data
pyte) of thne stack. Buffar Low is cleared when
data is loadad to the stack sc that <he
"Last-In" byte lias apove the half-full bouncary
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and becomesrthe ninth data byte of the stack.

0s 8E :
Buffer Empty 1s active (high) when the FIFQ
buffer has run out of data while executing a
Speak External command. Buffer Empty is set when
the last bit of the "Last-in"  byte i{s shifted
out to the synthesis saction. This causes Talk
Status to be cleared. Speech .is terminated at
some abnormal point and the Speak External
command executfon is terminated. Cata from the
Memory 0Qata Bus 1s once again rousad to the
Command Register.

2.2.3+Analog Audio Qusz

- The output -of the 0/A converter {5 a current source designed to

deliver 0 to 1.5 milliamperes with ressliution to 5.9 microamperes,
Given a 1.8-kilonm ioad, the VSP will deliver Setween 0 and 2.7 volts.
See Section 3, system intarface far Further details on interface.

2.3 COMMANDS

The CPU has minima' zanzrol over the VSP. Primarily the CPU Jasses
commands to the VYSP wnich initiates the activity. When WS becomes
active (low), assuming a Speak External command 1s .ot presaently

executing, the data on the memory data bus fs latched into the command

register. Onca the transfer s complete the VSP activates READY (Tow)
to release the CPU. Next, the VSP fnterprets and exacutas the commanc.
If the user tries to pass a command to the VSP while another command
fs executing the new command will not be acceptad until the pravious
command 1s finished. The VSP will instruct the CPU to {nitiate wais
states untfl it presents a READY flag to tell the CPU the presant
command has been fuily executed. The commands avaliable for use by the
CPU and the cammand execution for each instruction are shown in Table
2-2 and described fn the following sub sections.




TABLE 2-2. VSP COMMANDS AND COMMAND FORMAT

OATA BUS COMMAND CODE (97-00) OPERATION
(C7=MSB D0O=LSB) S

: :
! :
| :

76543210 ! |
1 1
XT00ARAA - i [GAD ADDRESS !
X101XXXX ] SPEAK !
X110XXXX ! SPEAK EXTERNAL !
X001XXXX i REAC SYTE !
X011XXXX ! READ ANC ZRANCH !
XCX0X8CC i LJAD SRAME RATE !
X111XXXX ! Rz3=T !
| |
. s |
A = Address
B = Variable frame rats sotiaor
X = Don's care
CC = Command Coda hits

2.3.1 Load Acaress

- The Load Address command ailows the CPU to aitar the address register
of the VSM tc pofat to new sceech data. Each Load Address cammand
modifies 4 bits (one n‘boie)-of the VSM address register starting with

.the least significant nfbble. An _ internal address pointer
automatically controls the loading of all addréss nibbles and is reset
when a Read Byte, Read and Branch, or a Speak command {s executed.

Figure 2-3 demonstrates the use of the Load Address command reguirad
to address TMS3100 family speech memories. Five consecutive Load
Address commands are required to load a 4 bit chip select address
(selects one of 16 TMSG100 memory davices) and a 14 bit byte adcress
(selects one byte within the selectad 6100). The chip selecs adcress
is mask-programmed during the manufacture of the memory devica.
Preprogrammed=-off tne shelf memory devices generally have a chip
select address = 0000.
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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 %o be set and inftiates speeszh
synthesis calculations using the next available data from the VSM.
Audio ocutput begins on the following frame boundary. The VSP continues
to fetch data from the VSM and generates speech output until a stop
code (energy = 1111) is recefved and recognized. At such time the
audio- output Degins to fnterpolate down to the zero energy level. Qn
the next frame boundary, speech has ended. the Talk Statys is cleared,
and execution of the Speak command fis <comoleted., This activity s
snown in Figure 2-8.

The Reset command wiil cause immegiaza zarmimazi:
command angd siear 231X status. Auc’s us3uts W#1T ngd
without waising for a frame Douncry.

n 97 the Speak
it ‘mmeciataly

SPEAK

SET TALK STATUS
INITIATE SPEECH
SYNTHESIS, FETCHING
QATA SROM THE VSM
A3 REQUIRED

|
(oo )

FIGURE 2-4. SPEAK COMMAND
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2.3.3 Speak Extaernal

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, %he VSP purges the FIFO buffer. At this time BL and
BE become active (high) an interrupt is generated, and directs data
written fnto the VSP to the FIFQ. The VSP idles waiting for the CPU to
{11 the buffer before speech begins. When the buffer low status
becomes false, by the CPU loading a minimum of nine bytes to the FIFQ,
Talk Status is set and speech synthesis calculations begin using data
from the FIFD. Data continues to be taken from %:he FIFQ wuntil a
Stop{energy = 1111) or the buffer emoty aonormai zarmination oczurs.
While the Speak External command is executing. &'l cata written 23 the
YSP is routad to the FIFQ buffer. AlY 2aza transfarsc 32 3ne VSP afzer
executing a Speak cxternal command goes irta tne FIFC ntil a s:zp
code read by the VSP, buffar amoty. azgcnormal zarmiaztian 9r Rardware
clear oczurs (WS RS low). Refar =2 znz foilswing chars for
- further expliaination. .

ke
QW

2.3.4 Read Syte

The Read =yte zcommane 2 cws the CPU to access the next aight biss
from the VSM (:..~v~-c Syte scuncries). In order to accass data or
text at a pgarzizuiar accress in any VSM, the full addrass is firss
loade¢ into the VM asccrass register us1ng load  address ccmmangs.

Refer to the TMSc! uG Saza Manual.

2.3.8% Read and Branch

The Read and 8ranch command allows the VSP to access speech data via
an indirect addressing scheme. This feature 1s typically usad in
coenjunction with a Took-up table stored in the initfal address spaces
of the VSM. The Tocok=-yp table contains the actual addressas for <zhe
piirases stored in the ROM. GEach lock-up table entry geccupies two
bytas.

The advantage of this approach lies in the use of standardized ~
software and hardware for different applications. One example might be
the use of saverai 1anguages fn a common control systam. Each language
would sbe stored fn tne same place in the look=-up table cantained in
each VSM.

To perform the Read and Sranch operation the look-up table address 1s
first loaded inte 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 adérass pointed to by the address
contained in the lcok-up table. (See Figure 2-2) This command can not
be used in multipie VSM applicaticns.
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EXT

SET UP 1/Q PATHS

INPUT:

DATA BUS — FIEQ

BIFQ = SPEECH DATA
QUTPUT:

STATUS REG — QATA 8US
SPEECH DATA REQ = FIFQ

|

PURGE FIFQ
FORCING (BL) &
(88) ACTIVE

SET TALK STATUS
INITIATE SPEECH
SYNTHESIS, FETCHING
DATA FROM FIFQ AS
REQUIAED,

I

HALT SPEECH

BE ACTIVE
: ?

SYNTHESIS

HAS
SPEECH SYNTH,
BEEN COMPLETED

RESET 1/C PATHS TQ OERAULT
PURGE FIFQ FOACING (L) & (BE)
ACTIVE (HIGH)

INPUT:

DATA BUS < COMMAND REGISTER

{STOP CODR
ENCOUNTERED) ?

N

VSM =~ SPEECH DATA
QUTPUT:
'sn'rus REGISTER —0ATA 3US

CEACTIVATE
TALK STATUS
TS=9

FIGURE 2-5. SPEAK EXTERNAL COMMAND
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READ
[ AND
SRANCH

INITIATE A VM
READ AND BRANCH
EUNCTION

I

WAIT
40
MICRQSECONDS

=D

FIGURE 2-6. READ AND BRANCH




2.3.6 Load Frame Rate

This wunique feature of the TM53220C provides a range of
data~-rate/speech~ quality trade offs. A frame rate of 200
samples/frame 1is most generally used and is the default ratas 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 net
required. '

Two methods are provided for specifying other frame rates. The
salectable method (02=0) directly specifies the desired frame rate
using two control Dits within the Loac Frame Rate Command (s2e Table
2-3). The variable mezinod (DS=1) allows tne rata ‘a¥ormation inciuded
with =ne zata w0 saetermine tpe corwect “rame  -~3ita., ThS
entered. Dy axgcuting the Lcad Frame Rate immanc W h
control ,Dits requireg). Refer to Tagis 2-d F2r contzr’® o
see Figure 2-4.

ot U Y«

" TABLE 2-3. ~ FRAME RATEZ CONTROL 3ITS -- NON - CATA STREAM DEPENDENT

T 07 o6 S ST -3 1 -z ol 00 [TRAME RATT |
] L 3 < C  [SAMPLES/FRAME!
i ! 1 |
| . ] ] . ; 1 : | :
i I 4 1 i ] H ! 1 ]
D S S R S o D O T 200 !
1 i : : ! | ! |
- ! | | | i i | ‘ l
T X g X gy X rgogor.gor1 o 150 |
| : R | i i : i ) |
1 1 1 1 | ] | 1 ] |
| | I P l | ' i - L
S S A D D T T S T R T S B 100 '
I 1 | t 1 ' 1 ] | 1
t i | I 1 ] I | 1
| I i i | i i | ! i
P X ¢ x 0y x 0l 50 I
| | ! I { | | i i I

TABLE 2-4, - SELECTABLE FRAME OPTIONS -- DATA STREAM OEPENDENT

! - FRAME RATE :

| MSB LS8 SAMPLES/FRAME !

! _ t

! 0 ] 200 |

i 0 1 150 b
v : 1 0 160 ;

: 1 1 50 !

‘ ‘ !
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2.3.7 Reset

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

the VSP into a known state. Reset

clears the Talk status, halging

speech activity immediatiy. The 128-bit FIFO Buffer s purged (3L and
BE become active[high]) and the [/0 paths are set to their default

condition.

known state,

ENTER FiXED
FRAME RATE MODE
{(NON-DATA
STEAM CEPENDENT)

)

LOAD 08, D7
INTQ FRAME
RATE REGISTER

i
=D

FIGURE 2-7. LOAD SRAME RATE

In addition, the
(high). Also note, the Reset command cannot halt

command because the Reset command is recogniZad as
RS Tow at the same time s the ultimate form of
sat WS and RS low followed by a Resat

ENTER
VARIABLE FRAME
RATE MODE
{OATA STREAM QEP
08 & O7 a DON'T CARE

il —————
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RESET

HALT SPEECH
SYNTHESIS &
_CLEAR TALK STATUS

1

PURGE FIFQ

A

interupt line (INT) becomes inactive

the Speak External
speech data. WS and
resat, To achieve &
Commanrd.

"RESET 1/0 PATHS TO DEFAULT

INPUT:

QATA BUS — COMMAND REG.

VSM SPEECH DATA
QUTPUT: :
STATUS REG — QATA BUS
SPEECH DATA REQ — VSM

l

INITIATE
VSM

FIGURE 2-3. RESET COMMANC




2.4 TIMING

This section contains the system timing information. This includes a
comparison of the systam times at 10kHz and 8kHz (TABLE 2-5), a system
timing summary, and individual timing diagrams for commands and stazus
transtars. .

'
——— o b iy YA S G ik VB I P SRR S A S L S S S G W e e v
.

SAMPLE RATE I 10kHz ! Skiiz !

I i ]

| z s

FRAME RATE ! ! !

- 200 SAM/FR P30, Az : i Tramessec |

. 150 SAM/ER I 26.7 4= : 33.3 Sramersac |

130 SAMFR {130, =~z : 30 Sramessec |

- 5Q SAM/FR {230, ks \ 80  Frame/sec |

FRAME PERIQD ! ! !

200 SAM.'FR i 20 ms l 25 ms |

150 SAM 7R P13 ms | 18.7% ms f

100 saM =3 VIR l 12.3 ams !

- 30 3AM. =S : Zams . : 5.25 ms !

. 1 I 1

INTERPOLATICN RATZ 1200 Mz 320 Hz |

INTERPQULATION INTIRVAL ] 2.8 ms I 3.125 ms !

) ) 1 | |

NUMBER OF INTZRPOLATIONS ! | :

- 1 1 1

200 L8 i 8 ¥

150 - ! 6 :

100 P4 | 4 T

50 b2 ! 2 !

! : :

SAMPLE RATE { 10 kHz : 3 kHz :

SAMPLE PERIQD ! 100 us | 125 us !

. l, ! ]

ROM CLOCK RATE | 200 kHz i 160 kHz |

ROM CLOCK PERIQD {5 uys ! 6.25 us |

l_ . 1 |

RC OSC RATE { ‘800 kHz i 640 KHz i
RC OCS PERICD 11250 ns | 1562.5 ns

1 ] |

; t i

NOTE: A1l timing refarences in this data manual are basad con an
- 8-kHz sample rate.




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

timing requirements

_ PARAMETER MIN NOM MAX | UNIT
1) Owiay time from W3S lew to data valid . 3] s
|01 wsH) Omvtimfremdminvuidwﬁhigh 200 ne -
th 1} Daea hoid time 100 ns
_hi‘ﬂiﬂﬁw ws! low time 200 ns
twuit Read-ana-tranch command wait time from NEADY Nigh until next silowsoie ” command 35 us
it Losd address command wait time from HEADY hight until next allowstie* command 42 a8
o Soesk command wait time from w Precaqecd by ioad-address commang 287
wait nigh until next sllowabis® command Not precsded by ioasd-dagress command 56 | 48
Ei' Soesk skternal commana wait time frumw high ynui next atlowanie” commana 42 T
_twait Aleset command wait time from READ Y high until next 3lowssis® commana | 00 3
- switching characteristics
- PARAMETER ) MIN NOM MAX | UNIT
_AH) Celay time from WS low ta AEADY high ) 100 | ns
T g puas wiee - E T

Alm-aaunenamhmmof!m:.
® It 3 new command s issusd prior 10 the comoistion of the Sresent command (efora Me end 3f Ty, TN the AEADT sgnal wil go high and stav hign
wrtl the present command is finisned executing In the VSP.

B

]-—tmwsw—-i

tams:.-ou-[-H'_" I--—f-- th(WSH-ON

DATA 8US um—{ DATA VALD

V4
' 1 1
CWSL-AH) e twait
MREOY QU . l 2‘ \-L
ﬁ )

twiR)

l *
Wit

-
| - |
WSnm—ﬁ[kL __ j ] ﬁ{&
|
|
|

~n
]

—

w




2.4.2 Write Cycle for Speak External Speech Qata

timing requirements
' PARAMETER MIN NOM  MAX | uniT |
d(WSL-Ol _ Deiay time from WS low ta dats vaiid 1| us
ta(DI-WSH) Delsy time from data in velid to W3 high 200 ns
th(WsH-D1) Oama hoid time 100 n
TwiWS) WS low time 200 ns
.....'*.."'li‘ Wait time fromm high until next aiowabis scoess 10 s
switching characteristics
. PARAMETER MIN TYP MAX | UNIT
tIWSL-AH} Delay time from W5 low to READY low 100 | ns
twiR) High puise width 18 8 P

Almhbﬂﬂonldaufrmmwuflkﬂz.

* If & rew command (s issued T the mmwmmmam-mmmdmmmwwﬂnwmmmmwmcmuo-
tion of the present command 28 dafined v tyuy J00Ve.

f _ ! :
SR W VYT p— :

X l |l . X . —

WwEun I j _
I
tHWSL-Ol el O i (D1-WSHI—= L-—-Ttmwsa-ou , -
DATA BUS (IN)mmsmeneeel DATA VAUD
/

L WSL-RH e

RERTY roum f \
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2.4.3 Read Cycle for Status Transfers

timing requirements

PARAMETER MIN NOM MAX | UNIT |

|_td(RH-RSH) _ Delav time from READY high to RS high 8 s |

[ Wait time from NS high to next allowabie® command 12 us |
switching characteristics ’

PARAMETER MIN 1YP MAX | UNIT |
tIRSL-AM) Osiav mmfromigiow wﬁﬁm 100 | ns |
| lgRH-OV) Cetav ama from REAGY high to data vaid (sraoie 8 11 | a8 |

m; - Oetay tme from RS |ow 8 dats bus Griven (OUTDUT unsTaGHe i T ROV = 2 foas |
tQ(RSH-DZ) » O#iay tme from RS high ta data outout disadied [ "z 10.5 | us |

* it 2 new commend is ussed to the VSP prioe t the compienon of the oresent command. then atrar tne AEXDY signal goss nign, in ta normes resconse

time, it will remain high unti the pressat commend has been fuly exscutsd by the VSP.

I
CatAH-ASH) ey
: ;

-\ i

H
WS N I

L e ol S W——

—T L{RSL-AH)

FEADY ouT
/T* tatRH-ow—-I N

[L* twait
|
|
|
f
!

I :
. "'_—"J"dIRSL-OX) I---I-tcmsu.oz:

DATA BUS OuT W VAUD >‘
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2.4.4 _Read Byte Sequence

timing requiraments

- PARAMETER MIN NOM MAX { UNIT
tGwsL-Ol) Oviay time from WS low to data velid T =
41D I WSH} Calay time from data in valid to WS high 200 ns
th(WSH-01) Hoid time of data in aﬂmﬂmyﬂ 100 ns
t4(AN-ASH) Dsiay time frumm high to NS high 8 o
GIWSH-RSL O8lay time from W high 10 NS law 12 pe
twiws} low time ' 200 at

switching charactsristics
5 _ PARAMETER MIN TYP MAX | UNIT!
twslL-ar) Ddiay tme from WS léw to AEADY high 100 | ns
tmﬁ .AM) . Deiay tmae from nS low © mrﬁgﬂ 10Q na
tae(R) REAGY high Oulse width (write} 28 | «8 |
. ] No previous losd address 320
HRL-AL Deiny time from TV low (write) to AEADY low (resd) T e
t4(RSH-0Z) Delav time from AS high to data outdut disabied 4 3| us
‘dtﬂH-ﬁSHi-—-}
= N Y
it . |} ! . : '
o 81— | LG — ! | II
!
| { 1 H 1
w3 i | l
¥ (D-WSH] ==t I I | | | l
'-.-.lfwm.-cm-I--H"_'ld fo——el- thowsH-0D tHIRSL-RH) fro=mse] B
‘ |
_ VALD
DATA IN/OUT s ; : ﬁt%’
\ /_ i AW AV AV VA QUTPUT
i [ |
Hﬂ“ﬂamﬂ1—4 i
e N Vi \
)

TwiR} -
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SECTION 3

SYSTEM INTERFACE

3.1 SYSTEM CLOCK

As previously mentioned, this manual describes ail VSP timd
8-xHz sample rate, This requires that the system ¢leck run 2
Variations from tnis rate will cause the p*::ﬁ ¢T tne scsaec
The 840kHz corrasponds %0 & RCM ciock rmate af 130kHz. Thi

buffered anc not affacted Dy measurement ‘nstirument Cagacizias.

The RC oscillator may De acjusted ¢ corresponc to the sampling
© frequency usad when arginally encesding the speech. Use of a shunt
capacitor s recommended <o prevent sircuit Tayout and envirsnmental
stray noise from affecting device ooeration. A trimmer potentiometar
1s required becausa fraguency varias sart %o sart and depending on the
operating voltige. S$3¢ Figure 3-l2

Adgitionally <the C3I .zin zan e griven directly with a 320kHz
squarewave clegk 7 tre FRCMQUT sin 1s held at Vss potential. The
clock fnout must o 0 S vols signal. If PROMOUT is lef: Jpen o=
held at Vref or Vda level, the inzarnal RC oscillator is. aczive. 7o
set the RC osciiilator frequency, connect a frequency counter %0 the
RCM clock output of the TMS3220C and trim the reading to 163kMz for

ngg sampled data or to 200kHz for 10kHz sampied data. See Figure

- .

[ RLRE

D

A mask-programmed option exists on the TMS5220C to allow use of a
caramic resonator instead of the RC oscillator. This cption fs
specified during tne manufacture of the TMS3220C and is thersizre ncs
usar switchable. with tnis option, a 320 kHz squarewave cicck fnpus
can still be 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 rase. Sae
Figure 3-1C.
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VReS| —q_ Vne;‘—,;_
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RESONATOR -"T

. ’ -85V
s VREF et

(c) CERAMIC RESONATOR QPTION

- -y -
-

LR Y- ] ¥ -~y
mLSWNE ST.. DT ITM OLLULN

3.2 CPU INTERFACS

The CPU interface consists of an eight=pit bidirectional data bus
(07-00), separate -seiects for read cperations and write operations, a
ready line for synchronization and an interrupt line tao fndicate a
status change on the Y5P cthat requires CPU atsention.

3,2.1 Read Select (RY) and Write Select (W3)
VSP activity on the mamory cdata bus is controlled by the Read Selzct

(RS) and the Write Selecs (W3) lines as shown in Table 3-1. Trh<s
activity is further cemonstrated in Figure 3-2.

TABLE 3-1. RS AND WS FUNCTION

3 ws SUFFER CONDITION
H , r Hign impedenca state
H L Input to VSP. Sbme other device mus: be

driving the Bus (typically the CPU).
L H OQutput from the V¥SP. No other cdevice
should be driving the bus at this time

L L Hardware Powerfup Clear

3-2




“RANEPEN
JATA ARQISTIR
“0 0ATA U

ELLILET |

MAKE REAQY NG
ACTIVE iLOWY

Tufn tus
are

WNE

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

It is fmportant o note that no device can sucsaessfully complete 3
read cycle (from tne VS?) while WS is acsive (low) nor can a
succasstul write cycle (to the VSP) be carried out wnile RS is active
(Tow). If WS and RS are Tow simultaneously, the device will iniziata
the power-up sequence.

3.2.2 Ready

The TMS3220C VSP is a siow memory device. This means <that f{t cannos
properly raspond %o system memory cycles within the minimum access
time as determined 2y the (P clock. Therefore the VSP requires wa‘:
states from the CPU <o successfully complete a memory cycle. The
effect of inserting wait states into memory accass cycles is to exzand
the minimum allowable access time by one clack period for aach wait
state. The VSP controls the number of waft statas executed by the CPU
with the READY signal.

The READY Tine on the VSP will go high 100as afzer 75 or WS goes
active (low) to let the CPU know tnat the data transfar zycle zinnes
yet be complieted. When the VSP has astadiisned szatle 2ata 3n 2rme zz-3
bus (in the case of RS) or has ccmoietad tatzning  Zata fn frem tne




data bus (in the case of W3). the READY line will go low indfcating
thnat the CPU may complate the data transfer cycle.

3.2.3 Interrupt

The fnterrupt line (INT) indicates changes in the status of the VSP
that may require CPU attentfon. INT goes inactive (high) when the
Status Register is read or 1f the Reset [nstruction is executed. IN
~ goes active (low) under the following circumstances:

1} Talk Status (TS) makes a one-to-zero transfiion ingicating the
and of speech procassing if TS makes 3 one=s3-:ters zransitien
during a read cycle: tne interrust wi’l z¢zur a¥i2r ne read
sycla has Deen completed.

Q Buifar Low (8L) makes a zerc=-ts-gna t-in
more pnrise data needs 0 De supd Y2
Extarnal command.

s¥7%0n “agizating <hat
e

” 1:
o ons S1F0 for Speak

3.3 MEMORY INTZRFACE

The VSP may racaive
VSM's. These VYSM's czn
ROM or EPRCM develsges
with .addec¢ harcwars cr

it
[T

sezm wne CPU ar direcsly accass yo %0 18

TMSE100, tne TMS48125, oar a custom speech

saec:.1c app11cat1on Soroms may be usad
ware,

wi o~ L)
QG w .
[T}

1]

L '.l

T 1
(.

Accass to the VSM is accompiished with a four bit paraliel bus (ADD 8,
4, 2, 1) two =zontrel 1lines (MO, ML1), and a synchronizing clock
(ROMCLK). For further infcrmation on the VSM consult the data manual
for the RCM you are using.

Note that AQDE is muiziplexed as the Data Qut line of the VSM as wel!
as the most significant pit of the four bit address bus fnto the VSM.

3.4 HARDWARE CLZIAR

After power has ©O2en applied, a hardware clear f{s performed by
simultanecusly setting WS and RS low for one milligesecond. The events
caused by the Power-up Clear are similar to the Reset command as shown
below.

Talk Status s cleared and any speech activity is halted.

The 7 State Counzter {s reset.

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

I1/0 myltiplexers are set to allow data to be written to the
Commang Register and Status Regfster.

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

4

Q o0 Oo
.
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SECTION 4

THEORY OF OPERATION

4.1 QVERVIEW OF LPC

Linear Predictive Coding (LPC) synthesizes numan sgeesn Jy recovering
from the orginal speech encugh gata 2 coastruct 3 time-vary’ng
digital filter mocel of che vocal tract. This fifter fs excited witn 2
digita) represanczation of eifther giczt ir impuises (veicad ssund)

or the rush of air, winich producsas unvc*:ec s3ungs. Tne austput of nis
_ filtar mode! s passed ¢through an 3=pfz gigital=zo= analog (2.A)
converter t¢ produce a synthetic sopeech wavarform,

The LPC analysis osragram begins with a sat of digitized speech
samples. These ~1~1:4:ed samoias are wusually derived with an
analog-to-digita' zcnve-=t2» 3y sameiing an analeg waveform at 3 ~ate
of 8 or 10 &kHZ. J3nsacuiive samples are grouped together =0 fcrm a
Mfprame" af digieizsc Tre frames may contain from 50 to iCC.
samples, dut usua'iy ”O Tne LPC analysis routine operatas on
these digdti:ec sam e , & fTrame at a time, by preemphasizing :n

samplies, calculasf g he energy pitch, and the spectral coefficiants
(K-paramexers). Nexu each value is coded according to a pre= seTec:ed N
coeding table.

This coded speech parameter data is fed serfally from efther <the VSM
or the FIFQ buffer to the parameter {nput register. Here <the
Controller unpacks %he data and performs various tesss (f.e., f{s <he
repeat bit set, is pitch zero, is energy zerc). Once unpackeg, the
coded parametar cata is stored in RAM to be usad as tte index vaiue 0
salect the aporooriate value from the Parameter Look~-Up RCM. The
gutputs of the Parameter Look=-Up ROM are the target values for tne
interpolation logic to reach in this frame period. Quring each of the
interpclation periods the interpolation logic sends new parameter
values to the LPL lattice netwark which makes avaliable a new value of
digitized synthetic speech to the 0/A convertar.

4.2 CODED SREEZCH PARAMETERS

The LPC method of speech encoding reduces the speech data rate From
approximately 100,000 bits/sec (raw digitized speech) to about 4800
bits/sec. The analyzer reduces this rate further (to 2000 bits per
seacand or less) by encoding eacn of the 10 bit speech parameters as 3
to 6 bit codes. These coded values select a 10-bit parameter from the
parameter look-up ROM in the VSP. Depending on the influence of 2ach
parameter on speech guality, between & and &4 possible values are
stored in the Loeok-Up RCOM  for cdecoding and wusa in synthasis
calculations. Note that the parametsr RCM in the TMS3220C fs =ask
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programmable and not touchable or alterable by the user.

"Table 4~1 summarizes the parameteér coding for the TMS3220C.

TABLE 4-1. PARAMETER CODING

PARAMETER LEVELS CODE 8ITS
ENERGY 15 4
PITCH 64 6
K1 32 5
K2 32 3
- K3 16 L
. K4 15 4
KS 16 )
K6 16 4
K7 16 4
K8 8 3
K9 g 3
K10 3 3
VAR = § + REPEAT = 350 3ITS

Assuming an 3kHz samoia raza_ a full sat of coded parameters for each
frame would requirs a data rate cf 40Hz X 50 bits or 2000 bits per
second. There are, howaver, three special cases in which a full frame
ts not necassary which_ allows the average data for male speach %0 De
reduced to approximatly 1200 bits per second. The first assumes that
vocal tract shape changes occur slowly therefor making it possible <o
repeat previous reflection coefficient data. This repetition fIs
facilitated with a contal bit added to each frame which follows <he
-anergy frame. This control Dit is shown fn Figure 4~] as tne repeat
Bit. For example, in a voiced frame {f the repeat bit fs 1 only energy
and pitch data are accassad from the VSM and the pravious Ki=<10
values are retained. Secondly, unvoiced frames require fewer filsar
reflection coefficients. Consequently, when pftch = 000000(binary),
only Kl-K4 are fetched from the VSM and stored fan 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 intersyilable
pauses, no other data is reguired. '

Ihe following figure snows the 10 possible data strings (1mbéded frame
frate control (52 bit) and data without frame control (30 bit)).




' Not required for unvoiced frames

Frame Rsie :
Conirol BRgs TNERGY MTCH X K2 L+ ] K4 L1 ] L7 ] X7 ] 1 ]
Zxusx

. .. . . '
= TERR . 2 RN EERER . ENNX | INEX . AIXR : FERX IXRR | =X I = i
. H H

K¢

Vorced Frame 0! 52 Bitsl|Frame l
vanasie Frame Ratn i ! !

Voiced Frame i Q! SUBItslimeo I ) ! i !
tFlzow Frame Rated |- ) ; i , . ; :

JUnvoced Frame
Mch » O Venable
Frasve Alte

i01 oooooo | ' | 33 Bits/ Frame

Unvoicad Srame 0 ! :
Pron = 0, Mred : : i
Frame Phen
Repont Frame
[Vanabie Frame Rate

31 Bits/ Frame

- 13 8its/ Frame

..*q
-

ooent Frame : 1 © 11 8its/ Frame
(Flueg Frame Rated ; | .

2er9 Eneray (81 . 0000 . 8 Bits/ Frame ; -
{(Vanadis Frame Adiey :

¥

Zere Energy (Sliancw ' i 0000

4 Bits/ Frame N
(Flxed Frame Reted .

- “Thoat bl &0 oniy rouwined wheown
has

Stop Cove

1111 8 Bits/ Frame
[Vanabie Frame Aatet :

Ston Coge
(Fiued Froma Rawst

—
1111t . 4 BRly/ Frame

FIGURE 4-1. FRAME DATA STRING LENGTHS
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4.3 0O/A CONVERSICN

The TMS3220C ceontains an eight (8) bit digital to analog converter
(0?A) with a typical linearity of one half of the least significant
bit. Every smaple period (e.g. 125 migroseconds) 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 pasitive value, 1500 microamps. A resissar
between the 0/A output and ground is typically used as a current %o
voltage converter and & serfes capacitor s necessary to AC couple the
speech ocutput (the Q/A has an offset Dinary output) to subsaquent
filter and amplifier stages. Figure 4-2 shows tyoical audio cutput
circuits which may be used with the TMS2220C.

4.4 POWER UP SEQUENCE

. In order to assure oroper initializatiza af zne TMS3220C during power
up, the voltage rails (Vdd and Vss) muss Deccme stable within two (2)
millisaconds. Figure 4-3 snows a timing dafagram of the power wup
sequence. [f <hg oower uo transition takes longer, then a hardware
. resat must bBe genaratec 27tar ine ~ails have stapilized., A harcware

resat is pertormes oy s‘mulzanzously @ariving RS and WS to their 2cszive
(low) states. See ~igurs 2-3 “or exact timing requirements.

.4.5 DIGITAL AUDIS CUT

Qigital speech orior to the .internal digital to analog converter can
be serially accessad from the TMS$5220C. The speech is accessed as a
signed 10-bit value on the [/0 pin clocked by the ROMCLK output anc
synchronized by ne T1l ousput. Figure 4-4 demonstrates how DHinary
data can be accassad. CMOS buffers provide a TTL Intarface %o the PMQOS
§220C.




FIGURE 4-2.

TYP,IC;lL AUDI® OQUTPUT CITCUITS FOR THE TMS5220C

PARAMETER MIN | TYPR | MAX | UNIT
| towr 20]
t 5.0 | us
_t‘z 50 | =g
13 200 i nsg
4 SQ 1 ng
Vop :\
[ tosr = [
{ bt —
o
2 =t i
I iy M
w3
FIGURE 2-3. POWER UP SEQUENCEZ FCR THE S220C SPEECH SYNTHESIZER
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FIGURE 4-4. CIRCUIT FOR ACQUISITION OF 10 BIT BINARY SPEECH DATA




SeCTION 3

APPLICATIONS

5.1 MICRPROCESSOR.INTERFACE

Although the TMS5220C fs operated under the hest's contrcl, the VSP
does not require full-time supervision. The nost consrcller merely
issues macro commands and possibly inouts @ata. Them tne synthesizer
takes -aver and carries out its synthesizer aigoriinm internally with
the data provided ‘rom external RQMs, as airscsad oy lines ADDI
through ADD8, MO and M1, anc RCMCLK, much a5 any other dedicatad
-attached processor would, Tne foliowing cfagram demonstratas a typical
interface with 3 host microprocassor system and an EPROM to control
the voice-synthesis arocessor.

I l 28 27 18k 17

— = AEAGY
; g DATA el RS ws Nt
¥ 3US MSB ° ~3{00 (MSB OF INPUT DATA.
E oes - - T [+}] FACM VMS81001)
oes 9> ; ‘19 D2 '
HOST [»]:7 P 22 o3
MICROPROCESSOR oes ' 221 0% TMS8220A
3 SYSTEM 082 - 108
2 081 06
§ DATA 8US LS8 ——i 07 (LSB OF INPUT
a : DATA FAOM VM81001)
e =
- N M e 0 M3 N = = =
§ [--1 [--] a a3 ad
$3§855888328z288 |
J J J a
8| 71 aist el afz| 1|23i2201¢l14i2 - :
3:2'!'@::--:@2:- SPedxes
< « € £ « < < < E
) 17 "
: (MSBOFDATAIS:1° AMPUFIER
7
Qs
TMS2532 qshs
4K X 8 8ITS “13
it £
Gl
1
az2i's
ILSB OF DATAI Q1
1]

FIGURE 3-1. 3220C INTZRFACZ WITH HCST 2IMPUTER
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The microprocessor interface is further demonstratad with the
ro11ow1ng diagram showing TI's TMS 9995 microprocesser systam, 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
5220C (and 1{its EPROM), which can simpiy plug intc the 9995's 8-bit
data bus. Moreover, the barest amount of logic completes the hardware
interface~just two TTL gates and two inverters. The gates develcop the
required RS and WS fnputs to the 5220C from the 9995" WRITE ENABLE
outputs. One fnverter {nverts the 5220C's RDY to the $995's Memory
Ready: the other fnverter feeds the WS gate's fnput from 00 on the
data bus.

The sofs<ware required to add speech to a 59%S-zasac zrogrammacle
microsyszam is as simole as the hardware. 3y t-2ating ine 3220C merely
as 3 memory-macped device, only one instruction=Mcve 3ysa~is necassary
=9 nandle 311 the ~squired signal orgzessing: “na Memo-y Ready ingut
s0 the ©899% impiements <:Ine memory Tw220°7g oF ne 3220C and its

assoctated =PROM.

§.2 MICROCOMPUTER INTZRFALZ

Interfacing 20 a 3222C z2nip s siigntly more complex when <the
controiler is a migrccomeouter rather than a microprocessor. Using a
microcomputer {s tamoting cecause of fts on=-chip features, such as
RAM, ROM, ¢imers. and [0 capability make many low-cost asplicattions
economically feasibie. Many 8-bit devices offer significant amounts of
on=chip ROM and RAM. But microcomputer chips such as the TMS7000,
7020, -and 7040 MLP family. the 8048, the 6801, and many others do not
offer a Memory Ready input function like the 9995. Still, the lack of
a Memory Ready incut can be worked around with software. When
interfacing micrcomputers, the 5220C should be mapped {nte- the I/0
space, wnich will simplify the hardware. Then, the microcomputer's
parailel [/0 intarface communicates with the VSP's f{nput puffsr
(FIF0s). In this way the system emulates the memory mapping in
software, but the simplified hargware then neads more fnstructicns for
operating in the I/0 space than in the memory space.

Substituting software for hardware 1{s an excellent tradeoff for
low=cost systems whose primary task is speech synthesis. An all-in=gne
microcomputar- cantroller/memory can cut &n enmtire speech-synthesizer
down to just two chips: the micro and the synthesizer. An 8-pft
microcomputer such as the TMS7040 (which carrfes a d-kbyte ROM for the
vacabulary), working with a TMS3220C, can provide a speech-synthesis
dapability while still offering a powerful i{nstruction se&t, on-chip
RAM, the remainder (after vocabulary storage) of its on-chip 32-kbit
ROM, an on-chip interva! timer, and extansive [/0 capabilisy. This two
chip configuration is depicted in Figure S-3. Note that 1if there s
insufficient on-board memory for vocabulary storage then 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 applicatian
of a portion of the‘'vocabulary.
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Use of the internal microcomputer memory limits operation to the speak
external mode. Addition of an aptfonal VSM alluws for the use of the
speak mode or a combination of both modes.

STSTEM 10
™SO PR ™384
YO sTewACt tPmom
1 3 §
T E. B E_B9 %
xTal  mYYT ] I (9 nﬁ. (3>
SR = i
[ XTALZ  CRUINE
s-—;— N
svstem ) " [ oo
cmmnnl"‘
vee sarg{te ACORESS SUS
Alﬂ A
i FEEYyY (0007 (:'_ DATA SUS
Lo WL ERER —D"
METAEN
[ 1)
. vee
$
2
NTZ )
mEAOY 04
1)
-1 \ -
E 2 =
ortonAL ] E g
TMES100 U0
SPERCH C::} [~ aursur
Rones T™MSB320A vep

FIGURE 3-2 TMSS220C INTERFACE WITH TMS9995
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Since Jjust the first 11 ports of the 7040 peripheral file are
hardware-defined for the 5220C, the 7C40 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 mafntain subssantial processing power.

More memory (or more perfheral 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 Tlogic needed for
block or DMA-type data transfers. They also lack a Msmory Reacy input
for syncnronization: accordingly, a microcomputer <cannot gGenerata
appropriate wait states for the 5220C, wrhizh goeratas much sicwer than
the microcomputars memory cycle.

248, 2+cvizas 2 sclusion <o
this  syncnronizatisn oprociem, Witn  2ignt ~egistared=cuffered
transceiver cirgquits and multipiexag :inrae=-state grivers, the chip
" allows the 7040 microcomputar or tha 3220C synthesizer to send or
receive data asynchrcausly at 2ach davige's own rate. The feilowing
diagram depicts a tycical iatarfaca with the TMS7040 and the 74LS646.
See Figure S-4.
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SECTION 6
ELECTRICAL CHARACTERISTICS

6.1 ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE (UNLESS
OTHERWISE NOTED)*

ANy piInwith respect IO VSES .. ..o vttt r it e e e e -0Viw+«3V
Power Dissipation ............... Gt b e b et b e e e e 600 mW
OPErating LEMOErATUI® FANGR . . .. v v s oo o e e m e e e e et e 0°C o 70°C
Storage tempersturerange . ........ e e e e —40°C o 70°C *

*Srreusss Devond thowe listed under *Abssiute Maximum Astings” Mev cCausE DErManent dMMage 1 tNE device, This is 3 strem rating anty and
fundtionst goerstian af the device 4t thess o any gther conditions bevanag thome ndicated n tne “Recommencea Coersting Canaitions’”
wetion of this specification is not imoilled. §XDONre TO SDSOIUtE-MAaXIMurn-rited canditions for extenaea oericgs mav affect device reisaility,

8.2 RECOMMENDED OPERATING CONDITIONS

PARAMETER _ [ mIN NOM  MAX JUNIT |
Suoaly voitage, Veg 4.8 s §28 | V|
Supoiv voitsge, v;gp 0 v
Sugely voitage, Vo -4, 78 . =95 525 v
Mign-evel inout voitage, V)4 {588 note 2} Vs:i.l Veu v o
Low-evel inout voitage, Vi (see Note 1) Voo V] Vee—i v !
Ooerating frewsir tamoerature, T4 0 70 -
Qowrationsl frequency {Externat AC) 620 | xmz !

NOTE 1: The algepreic conventian, wnare the mare-aositive [leki-negativel limit i3 dMigNatid 8 MaxiMum, is usea in iz dats sheet for logie
voitages laveis anly. .

m 2: Putl up resistors are providea an aH Gatd ang smect 1nauts, This permits direct dhve fram T T, compatibie devices.

8.3 ELECTRICAL CHARACTERISTICS OVER FULL RANGE OF FIECOMM'ENDED QPERATING CONDITIONS

PARAMETER | MIN TYP max | unit:
v 00-07, WS, AS, INT Ign = 0.4 mA P 24 Ves | v i
OM  FOMCLK. ACD 1-8, MO. M1 oM = 100 uA | Ves—~0.5 Ves | V.
e 00-07, WS, AS, IN oL = 1.8 mA VRSF-0.5 ) Vase=0.8 | V
AROMGLK, ACD 14, M0, M1 1oL = 100 uA Veg—45 | v
 1mgE _ Susoty current from Vegg ireterence to Vgg) 3 § 1 ma
Do Susoly current from Vg (refarence 1o Ves) 10 38 | ma
[~ Input capacitanca, (excent dats bus) - ‘ . 15 I af |
Co Queput caoecitancs, (exceot data bus) _ 18 aF
Cap  Dara but load caoacitance . 2 300 oF

8.4 STATIC DISCHARGE PRQTECTION

All inputs and outputs are guarded against electrostatic damage by stata-of-the-art protection devices incorgorateg
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

HTHER
IO
r==g==— gy
olololaloloiaolol Rk
% :
- %34 - 0.9
a0 a0
3151 0.0
WIN
e = = = = - (ﬂ( Wk J!ﬂimﬂu
i SRATING PLAME el o ae e e Y
% \ ! m 317 (.12 N
- . ¥ BT | 9.8 OB T T v v v = <+ = d‘
=201 106D gue goon @ ——— . —-11-—5;:;‘?'?"«
2N SPACING 2.94 101008 7.9 . - 080 - 0.0201

Hondinieded —— et 52 (Q.0000 NOWM

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.
NOTE &: Enﬂ gin centeriine 11 iGcated wiemin 0.010 inen (G.26 muilimersrsi of its trye longitudingl pasition,

7.2 TMS5220A-28 PIN PLASTtC_.PACKAGE. .070" PIN CENTER SPACING, .400"* PIN ROW SPACING

HITHER
INOEX

3 % .
'—-(“ﬂ. ore ™ _

r——-——‘._ﬂm———--l
U T

2011 : o063 | (0.30M agwsaom |
N ez 00me SN - ]—u- ‘°"’qu L Latos 2sa wim
158y gracivg ALTI (.04 MIN
MAX agreirTEI TS,

- ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY [N INGHES.
NOTE a: Each pin canteriing is Iacated within 0.010 inen (0.28 muilimeterti of its trus longitudinal position.

7-1




7.3 ENVIRONMENTAL
TEMPERATURE RANGE

OCoerating °C to 70°C
Starsge —40°C w0 70°C

L HUMIDITY

Operuting: 8% cercant Reistive Humidity st 35°C

Storage: 95 percamt Aslative Humidity st 55°C,
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