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1.1

Introduction

Texas Instrumeants Incorporated produres speech synthesis devices that are
based on a pitch excited linear-predictive-coding ILPC) technigue. Through
the linear predictive coding, data that is derived from the original speech signal
is converted to contral parameters for a mathematical model of the vocal tract,
This model is then implemanted in a customized digital signal processor, The
processor produces a saries of digital sampled data that is a representation
of an acoustic waveform. This waveform is converted to an analog electrical
signal that is applied to a speaker 1o produce synthetic spgech. The synthetic
speech retains the inflections and voice characteristics of the original speech
and does not have the robotic quality that is often associated with synthesis-
by-rule systems.

Genaration of the LPC control parameters, from a spoken word or phrase,
requires the use of a Speech Devalopment System {SDS), which is not
discussed in this manual. For information concerning the use of an SDS,
contact a Texas Instruments Regional Technology Center.

Description

The TMS5220C is an LPC-10 iLinear Predictive Coding with a tenth-arder filter)
voice synthesis function on a chip. A flexible interface structure allows a
choice of data storage media for the model of the vocal tract. The interface
also provides a means by which a microcontraller, external to the TMS5220C,
can select the digital data. In addition to the TMS5220C , a TM35220C based
vioice synthesizer system requires the following:

1. Storage device (e.g. ROM, RAM or TMS6100) for TM35220C
input data.

2. Host controller to direct the TMS5220C modes of operation. The host
controller can be a microprocessar or an assembly of switches and
simple digital logic. The overall system requirements dictate the
complexity of the host controller.

3. Low-pass filter to remove switching noisa from the TMS5220C
nutput signal, A second order filter is adequate for many applications,
but a higher order may be required for specific system reguirements.

4, A speaker and buffer amplifier.
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Key Features

+ Pitch excited LPC-10 synthesis algorithm

* Choice of 4-kHz or 6-kHz voice input bandwidth

+ Low data rate: 1000 to 1700 bps

= On chip 8-bit digital-to-analog convarter

* YWoico data input through either an 8-bit control/data bus [and internal
FIFD) that is primarily used with an external 8-bit host controller ar
a serial interface that is designed for use with a TM36100

Pin Assignment and Descripticn

Figure 1-1 shows the TM3B220C pir assignment. Table 1-1 s a pin functional
description for the TMS52200

DUALIN-LINE PACKAGE
{TOP VIEW)
LEE D0 |:' R aL
app1 [z 2w
romcik |z 26[] o0
vppl[ ¢ 25[]abp2
vgs[]s  zal]pe2
osc[]6 23] ] aoDa
sync[]7 7z[ loa
seeaker[ |8 21[] appaiserial v

seraLouT[Ja 2o0[]mu

rrOM aut[ 10 18] JDa
FtEFE'” 1B]nEA|:w
os{ 1z 17[]iNT

|:|E|:13 16{ ] mn

mse D714 15[ mo

NU Make no external connection

Figure 1-1. Pin Assignments



Tabla 1-1. Pin Functional Description

PIN
NAME NO. | KD DESCRIPTION

ADD1 2 0 | Adoress 1 output (LEB) 1o & Voice Synthesis
Memory

ADDZ2 25 0| Address 2 cutput to a Voice Synthesis Mc.u;u.o.r;-

anDg T 23 O | Address 4 putput to 8 Voice Synthesis Memary

ADDESERIAL NG 27 | MO | Address 8 culput (MSE) to a Voice Synthesis
Memary or Serial Data Input

AOMCLE 3 | O | Clock cutput to a Voice Synthesis Mamory

[al4] 1 112} Memary data bit O LSB) -

o 28 | YO0 | Memary data hit 1

Dz 24 1 1'O | Memory data bit 2 |

[BK: 22 1 1O | Memary data kit 3 B

04 18 | K0 | Memory data bit 4

D5 12 | 110 | Memary cata bit &

L& 11 10 | Memory data hit 6

o7 14 | O | Mamory data bit 7 (MSB)

iNT 17 0 Interrupl -

e 15 [ O | Comrmand bit O to the Vaice Synathesis Momoary

M1 16 a Command bit 1 to the Yaice Synthesis Memony

OSC 6 | | | Oscillatar input

PROM OUT 10 0 | Oscillatar selector -

R 28 | Faad select

READY 18 | O | Data transfor -;.m.;.re:.humplem

VREF 11 | Ground reference voltage

SERIAL OUT L] O | Sernal data output

SPEAKER g O | Audio output h

SYNC 7 | © | Synchronization output ]

ML 20 Pake no extarnal connaection

Voo i | — 8% supply vallage .

e 4 I 8 W supply waltages

W 27 | 1 | Write seluct
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2 Theory of Operation

The TMS5220C accepts commands and filter parameters from the extarnal
host controller to produce synthetic speech, Figure 2-1 is a block diagram
of the TMS52200

A————— NPLT: P [HT
GUTPUT
W———F— conTAL e READY
e ACIMLE

oo-0? TIMING

"} COMEMAND . — SYNC

¥ REGISTER b

-
“ [ — MO
Pl L STATLS SPEECH DATA s M1
= REGISTER MEMOHY -
L CONTROL 3 ADD1. ADDZ. ADDA
4
3 o — ADDASERIAL IN
[ D?:Z::E j o4 |

0a-o7

{" DATA Cale[n.c

‘ REGISTER

W SELECT
DIGITAL
= T
oo b 16-BYTE ] anaLoe | SPEAKER
] FIFQ L g DATA » SPEECH LONVERTER
L BUFFER SELECTOR SYNTHESIZER
4 S[AIAL OUT

Figure 2-1. TMS5220C Voice Synthesizer Processor Block Diagram

2.1 Input/Qutput Structure
The TMSS220C input/output structure consists of the following sections:
1. Memory data bus interface — An B-hit bus and read {RI. writa

(W, interrupt (TNT1, and ready (READY control signals that interface
tha TMS5220C to the host controller.
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2. Speach ROM interface — A 4-bit address bus that intaerfaces the
TWMS5220C to a Vocabulary Read Only Memary [ TMSG100 series).
Address cutput ADDE is also used to input serial speech data from
the TMSEI00 or other memories. Clock and control signals are
provided for memary contral.

3. Speech Output — Synthesized speech data is provided in an analog
and a digital format. The analog signal comes from a current source
and is discussed later. The digital speech is provided as a serial-bit
stream. Clock and synchronizing signals are provided with the digital
speach output.

Memory Data Bus

The memory data bus is an B-hit wide path between an extermnal controllar
and the registers in the TMS35220C | Data is written into the command or FIFO
registers from the external controller by setting the write command (W Iy,
Data is read from the data or status registars, to the external controller, by
setting the read cormmand (Rl low,

The four TMS5220C registers that interface to the memory data bus are as
follows:

1. Command register — The command register is an 8-bit latch that
receives commands from an external host controller.

2. FIFO register — The first-in first-out 16-byta register raceives, via
the memory data bus, byte wide speech data from the host
controller. In addition, it outputs serial speach data to the speech
synthasizer.

3. Dataregister — The data register is an B-hit serial-in parallel out latch
that receives serial speech data from a TMS6100 ROM. The data
is bufferad into parallel byte-wide words and put into the mamaory
data bus for output to the external controllar.

4. Status register (flags] — The status register is a 3-bit registar that
contains data on the status of the TMS5220C . The 3 bit status word
is put onto the memory data bus so that it can be accessed by an
axternal host controller.

The 8-bit memary data bus has internal pullup resistors.



2.1.1.1 Command Register

The command register receives command data from the memory data bus
and holds it Tar the imernal controllar to intorpret and execute. The TMS5220C
acts as an attached processor to the host controiler and performs its synthesis
tasks when appropriate commands are sent by the host controller,

2.1.1.2 FIFO Register

The 128 hit FIFO register is organized as a 16-byte parallel-in serial-out buffer,
Thiz buffer iz used to hold speech data which is input by the host controller
after it has issued a Speak Extornal command to the TMSS220C

The synthesis seclion requires the data to be shifted out serially starting with
the LSB from the lirsl-in byte, & stack pointer keeps track of the location of
the last-in byte, Within 50 us after the FIFOD becomes less than half full, the
Buffer Low (BL) status flag is set and the interrupt signal {INT) goes low, This
indicates 1o the host contraller that more data should be provided to the
TMSE2200C | If the buffer empties completely, the Buffer Empty (BE] status
flag is set and the Talk Status (TS flag is reset causing speech 1o terminate
immeadiately. To resume speech, with data prowvided by the host controiler,
another Speak External command must be issued. The FIFO butfer is cleared
at the beginning and end of the Speak External command. Also, the Reset
command and the Power-Up Clear sequence will clear the bhuffer, resat IMT
to high and reset the status flags.

2.1.1.3 Data Register

The 8 bit data register is organized as a serial-in parallel-out helding register.
The TMSS220C uses the register, during the execution of a Read Byte
command, to conveart the serial data from the TMSE100 10 an 8-bit data ward.
This data is available to be read by the external controller (but not by the
TMSE220C FIFD]. The timing requirements to input the Read Byte command
and to read the data from the memaory data bus are defined in Section 4.

The first bit of serial data into the data register goes to the byte's most
significant kit (D7}, Howewer, the sarial data out of the FIFOD buffer starts with
the least significant bit, Therefore, if speech data is read from a TMSE100
using the Read-Byte command and then written back to the FIFD using the

Speak External command, the byte must be hit reversed by the external
contrallaer.
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2.1.1.4 Status Register

The three bits of the status register provide information on the state of the
TMS5220C to the external controller. The status register can be read at any
time by taking the Read Rl input low. Howewver, it should not be read
immedistely following a Read Byie command. When R goes low, the
TMS5220C sends status data to the memory data bus. When the data is stable,
the READY signal goes low. However, the TM3S2200C is not ready to accept
anolher read or write command for at least 12 us. Table 2 1 describes the
three status register bits and shows ther corresponding meamory data bus bils.

Table 2-1. Status Register Bits

MEMORY STATUS

DATA BUS REGISTER DESCRIPTION
L BIv
o7 TS Talk Status ITS) s actve [hight when the

TMES220C 1 processing spoech data. 1L goos
bighy al the initatien of a Speak command or
aftzr nine bytes of data are loaded inte the FIFG
ouffer fallowirg a Speak Fxternal command. It
qoes inactive ilow! when the stop code (Energy
= 1111 is processed, a Bufter Empty (BE)
candition accurs, ar by & Beset command 13
invoked, Whan 15 goss low, the audio output
will s ramped cown o o2ero and wil be
terminated on the next frame Roundary,

[Iii BL Bis*far Low is active {highl when the FIFC outter
iz less than half full. Butfer Low is nleared when
i data is loaded 50 that the FIFD is more than
half full. After the FIFC receives tne pinth data
byte (FIFC more than half falll in the Speak
External mode, there is a delay of 50 us before
Bl is st low.

0a BE Buttar Empty |BE) s active (light whien the FIFC
baffer has run aut of data winks the TRSS2200
15 axacutling a Spaak Exterval command. BE iz
sel when the last it of the last byt in the FIFQ
is shifted cut ta the syrthesis section. This
causes Talk Status to be cleared. Speach is
terminated at some abnormal poont and the

| Snzak External command execution iz

o terminated. Data writter o the meomay data

| bus by the excemal controfler will be rovted o
|t comimand registor
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2.1.1.5 Read and Write Signal Inputs

Activity on the memory data bus is controlled by the Read (R) and Write (W)
inputs as shown in Table 2-2.

Table 2-2. Read and Writa Functions

R W FUNCTION B

H H TMSE220C cutput buffers are i a high-impedance state

H L The extarnal cantroller is inputting dala to the command
ragistar ar the FIFD,

L H The extarnal cantroller 15 reading data trom the data
reqgister ar the status rogister.

Lo L Hardware Clear.

Maote: & read cyole carnot be campleted while Wis low and a write cyele cannot be
complatad whils B s low.

A hardware clear is performed by simultaneously holding R and W low for
1 ms. The affects are similar to a Reset command. Talk Status is cleared and
any speech activity is halted. The FIFOD buffer is purged (BL and BE go high}.
The input/output multiplexers are 2ot 1o allow data to be written to the
command register and read from the status register. An interrupt may be
generated and should be igrared at this time.

2.1.1.6 Ready Signal Qutput

The TMS5220C is a slow memory device {i.e., it cannot properly respond to
readiwrite oycle times of most contrellers), Therefore, extarnal contrallar wait
states are required to successiully complete a read write cycle. The TMS5220C
uses the ready line 1o signal the controller to execute wait stales until incoming
data has been read or output data iz stable.

The ready outpul goes hinh 100 ns after R or W goes low. A high READY
signal lets the external controller know that the data transfer cycle is not
complete. When the TMS5220C has established stable data on the memaory
data bus {for Rl or has completed latching data in from the bus {for Wi, the
READY signal goes low indicating that the contraller may terminate the data
transfar oycle. However, the TMS5220C is not ready to accept another R or
W command for at least 12 pus.

2.1.1.7 Interrupt Signal Qutput

The intarrupt signal (INTI indicates changes in the status of the TMS862200
thal may require attention from the axtarnal controller, TNT goes high when
the status register is read or if the Reset cormmand is executed. TNT goes low
when Talk Status (TS) makes a high-to-low transition. However, if the TS
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2.1.2

2.1.2.1

transition is during a Read cycle, the TNT signal will not go low until the cycle
is completed. In addition, INT goes low when butfar low 1BL) makes a low-
to-high transition indicating that more phrase data is needad by the FIFD buffer
far the Speak External command.

Speech ROM interface

The Spezch ROM interflace is designed to minimize the interface hardware
hotween the TMSE220C and TMSE100 . This interface conzists of the memory
addrass lines, the ROM clock (ROMCLE), and two meamary control lines (MO
and M11. Detailed timing information 15 contained in the TM36100 Data
Marwal,

Memory Address

Memaory address is & 4-hit parallel bus (ADDE, ADDG, ADDZ, ADD) that
provides addressing information Lo the TM36100 and data transfer back to
the TMSE220C . The speech data from the TMEE100 is a serial bit stream that
is multiplexed onte 1he ADDE line.

2.1.2.2 ROM Clock

Tha TMSE220C oscillator (05C) is divided by 4 to produce the ROM clock
IROMCLK). This a continuous clock that is used by the TMSE100 .

2.1.2.3 Memory Control Qutputs

The MO and M1 outputs control the addressing of data in the TMSE100 .
Table 2-3 lists the functions performed.



Table 2-2. Mamory Control Function

Mo | m1_ FUNCTION |
L L Idie. TMEBE100 in nonoperating state.
L H Load address. The four bits fone nibble) of data an

ADDE, ADD4, ADDZ, and ADDT are loaded into the
TMSEE100. Five nibbles are loaded to complete
address loading {14 bits select a byte in the ROM,
4 hits are vsed for chip selact, and 2 bits are not
usedl.

H L Read, The brst Bead command alter the Load
Address is a dummy command that is used 1o reset
a painter internal to the TMBE100 . Each Read
cormmand after the first one will cavse a specch

H H Head and Branch., The TMSE100 uses the currant
address input by the Load Address command as an
indirect address for access o the start of the
speech data.

2.1.3 Speech Qutput

The TMBS5220C outputs speech data in both an analeg and a digital Tormat.
Sincae the device is a digital processor, the analog signal is derived through
a digital-to-analog converter.

2.1.3.1 Digital-to-Analog Conversion

The TMSS5220C has an 8-kit digital-to analog convernter. Every sample period
1125 us for B kHz samplingl a new data point is converted into a current output
of O te 1.5 mA. As shown in Figure 2-2, O represents the most negative speech
amplitude shown,

A 3. 8-k resistor from the Speaksr output to Vpp will convert the speech
current to an output voltage. The voltage across the resistor will have a DC
affset which can be eliminated by capacitively coupling the speech signal to
filter and amplifier stages.

2.1.3.2 Digital Audio

The digital speech which is being fed to the analog-to-digital converter is also
avdilable at tha Sarial Out terminal on the TMS5220C , The speech iz a 2's
compliment value and each bit is stable when ROMCLE makes a high-to-low
transition. The Sync signal provides a means of locating the spaech data within
a frame that is defined by 20 cycles of ROMCLE. Figure 2-3 illustrates digital
speech data timing.

2-7
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Figura 2-2. Speech Signal from Analog-to-Digital Converter
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Figure 2.3. Digital Spasch Data Timing
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External Controller Commands

The external controller sends commands to the TMS5220C to specify the
functions that are to ba perfarmed. The controller must know the TMS5220C
operating rmode. If the controller has the TM35220C in the Speak External
mode, the data placed on the memaory data bus is interpreted as speech data
and not as a command. The external controller puts the command on the
memory data bus and pulls W low. The TMBSS220C sets READY high to
indicate that it is busy reading the command. When READY goes low, the
TME5220C has accepted the command. A new command can be sent to the
TMSE220C  after the wait time specified in Table 4 3. The commands that
are available for use by the external controller are shown in Table 3-1.

Table 3-1. TMS5220C Commands and Command Farmat

COMMAND FORMAT
COMMAND MSE {DATA ON MEMORY BUS) LSB
D7 DE& D5 D4 03 D2 D1 o0
Load Address x 1 o 4] A A A A
Speak x 1 0 1 X X X X
Speak External * 1 1 4] X X X X
Read Byte x a 4] 1 X X X x
Read and Branch x 1 1 1 X X X X
Reset _x 1 1 1 Ed X X x

Load Address Command

The Load Address command allows the external controller to alter the address
register in the TMSE100 to point to new speech data. Each Load Addrass
command modifies four bits (one nibble) of the TMBBEI0D address register
starting with the least-sianificant nibble.

Table 3-2 lists the Load Address command required to address the TMS8100
memories. Five consecutive Load Address commands are required to load a
4.hit chip select-address (selects 1 of 16 TMSE100 memory devices) and a
14-hit address (selects 1 byte in the selected TMS6100 ], The chip-select
address is mask-programmed during the manufacture of the memaory device,
Preprogrammed off-the-shelf memary devices generally have a chip-select
addrass of 0000,

3-1
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Tahle 3-2. Load-Address Saguence

BYTE TO LOAD ADDRESS COMMAND BYTE ADDRESS

| TMSE100 | o7 [5]3 D5 D4 D3 D2 D1 oo
FIRST x 1 u] o A% Mz Al All
SECOMD X 1 v o av Al AL Ad
THIRD X i 0 o A A0 Al A
FOURTH x 1 4] ] 21 CE0 A3 A12
FIFTH X 1 o o A s 53 C52

Where: X Don't cara
Ad through 213 = apeech data address
CE0 through C53 ahip address

Speak Command

The Speak command allows speech data to be generated from phrase data
stored in the TMS36100. This command generates an internal signal that
immediately causes Talk Status to be set and initistes speech synthesis
calculations using the next available data from the TMS8100 . Audio output
begins on the following frame boundary. The TMSS220C continues to retrieve
data from the TMSG100 and generates speech output until a stop code
{Energy — 11111 is received and recognized. On the next frame boundary,
the Talk Status is cleared and execution of the Speak command is completed.,

The Reset command causes immediate termination of the Speak command
and clears Talk Status. Audio output halts immediately without waiting far
a frame boundary.

Speak External Command

This command allows the external controller to supply speech data to the
TM35220C from some memaory other than the TMSE100, Upon receipt of a
Speak External command, tha following accur;

1. The TMS5220C purges the FIFQ buffar
2. BL and BE go high causing an interrupt to be generated

3. Data put on the memory data bus by the external controller is routad
to the FIFD buffer

4. When the BL status becomes false {a minimum of 9 bytes have baen
loaded into the FIFO} Talk Status is set and speech synthasis
calculations beqin using data fram the FIFO buffer.
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5. Data continues 1o be taken from the FIFO buffer until a stop code
iErnergy = 11111 or the BE abnormal termination ocours.

After execuling a Speak External command, all data that is transferred to 1he
TMS52200 goes inta the FIFQ buffer until & stop code (Energy = 11111 1s
reard by the TMSS5220C . a BE status occurs, or @ hardware clear ocours.

Read Byte Command

The RBead Byte command allows the external controller 1o access the next
cight oits from the TMSE100 (byte boundaries are ignored). To access data
or text st & particular address, the Tyl address is first loaded into the TMSE104
using the Load Addrass command.

Read and Branch Command

The Read and Branch command allows the TMS5220C to access speech data
via an indirect addressing scheme. This feature is typically used in conjunction
with a look-up tahle that is stored in the TMSE100 . Each look up table entry
nooupies two bytes,

The advantage of this approach is in the use of standardized software and
hardware for different applications. One example is the use of sewveral
languages in a commen control system. Each word Tor the differant languages
i stored in the same place in the look-up table contained in each TMSG10¢.

Ta perform the Read and Branch operation, the look-up lable address is first
loaded into the TMSE100 address register with Load Address commands,
Expculion of the Read and Branch command ends with the TMSE100 ready
to read speech data starting at the address pointed 1o by the address contained
in the look-up table, This command cannot be usad in multiple TMSE100
applications.

Reset Command

The Reset command allows 1he axternal controller to halt the Speak command
and to put the TMS5220C into a known state, Reset performs the following
functions:

1. Clears the Talk Status and halts speech activity immediately
2. The FIFQ bufter is purged (BE and BL go high)

3, The Input/Output paths are set to their default condition so that a
Write signal W) will put data on the memory dala bus into the
Cormmand register and a Read signal (R} will put the contents of the
Status register anto the memory data bus.

23
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4. Tha Interrupt line {INT} goes high.

The Reset command cannot halt a Speak External command because it will
be interpreted as speach data. A hardware reset will stop a Speak External
command.

The Reset command can require up to 800 ms to complete the register clearing
operations. The Hardware Reset only takes 1 ms for the same function.



4.1

System Timing

This manual describes all TMS5220C timing at an B-kHz sample rate of the
original spoken speech, This rate requires the systam clock to run at 640 kHz
if the internal HC oscillator is used or at 320 kHz if an external clock is provided.
Variations fram this rate will cause the pitch of the speach to vary. A system
timing comparison for 8 kHz and 10 kHz sampling rates is provided in
Table 4-1.

Table 4-1. System Timing Comparison

PARAMETER 10-kHz SAMPLE RATE | B-kHz SAMPLE RATE | UNIT
Frame penod 20 2B ms
(200 samplas/trame)

Sampla rate 10 g kHz
Sample period 100 125 e
ROM clock rate 200 160 kHz
ROM clock parnod 5 6.25 nE
RC asaillator rate 800 540 kHz
AC oscillator pariod | 1260 18625 ns

Systemn Clock

The two possible sources for the System Clock are the internal RC oscillator
or an extarnal 0-V to 5-V clock. The internal RC oscillator is active when the
PROMOUT output is open, connected to VREF or Vpp. PROMOUT is
connected to Vgg for operation with an external clock.

&n external resistor [Figure 4-11(a)] sets the internal oscillator fraquency. The
nscillater can be adjusted to correspond to the sampling frequency that was
used when the speech was encoded. Use of a shunt capacitor is recommandad
to prevent circuit layout and environmental noise from affecting device
operation, To adjust the oscillatar, moniter the frequency at ROMCLEK. This
buffered output, which is one-fourth the oscillator freguency, is not affected
by the input capacitance of the measurement equipment.

An external clock can be appliad to the O5C input [Figure 4-11{bl]. The clock
input signal must be O % to 5 V with a frequency of 320 kHz for an 8-kHz
sampling rate.
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