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INTRODUCTION

SCOPE

This manual describes in detail the functional characteristics of a linear predictive coding (LPC) speech synthesis device,
the TMS 5220. In addition to this document, the user may wish to refer to the TMS 6100 128K bit ROM electrical
specification.

KEY FEATURES

High-quality voice communication from a microcomputer system
Low-data-rate LPC encoding

Low-cost P-channel MOS technology

+5V and —5 V supplies only

Interrupt-based service requests

TTL compatible

L I I I )

DEVICE OPERATION

The TMS 5220 Voice Synthesis Processor (VSP) enables verbal communication with a microcomputer based system.
The VSP is fabricated using P-channel MOS technology and is TTL compatible.

Speech data that has been compressed using pitch-excited linear predictive coding (LPC), is supplied to the VSP either
by the CPU or by direct serial access of a Voice Synthesis Memory (VSM). The VSP decodes this data to construct a
time-varying digital filter model of the vocal tract. This model is excited with a digital representation of either glottal
air impulses (voiced sounds) or the rush of air (unvoiced sounds). The output of this model is passed through an eight-
bit digital-to-analog converter to produce a synthetic speech waveform.

The VSP has been designed to minimize the data rate required to produce synthetic speech and to simplify the interface
with the host CPU. The CPU may service the device either in a polled fashion, by monitoring device status, or by respond-
ing to interrupt service requests generated by the VSP. A simplified block diagram of the VSP is shown in Figure 1.

SYSTEM CLOCK

This manual describes all VSP timing based on an 8-kHz sample rate (limiting the output frequency to 4 kHz) and a
40-Hz frame rate (the rate at which new speech data is fetched and processed). This requires the internal RC oscillator
in the VSP to run at 640 kHz. The user has the mask-programmable option of balancing the internal oscillator with a
resistor (completing the RC network).

The 640-kHz clock is divided by four to produce two major phases, PHI-1 and PHI-2, with corresponding precharge
clocks, PHI-3 and PHI-4 (see Appendix A). All control and timing operations within the VSP occur on one of the two
6.25-microsecond major phases. Twenty of these 6.25-microsecond bit times comprise each sample period {8-kHz
sample rate). Twenty-five of these 125-microsecond sample periods make up one 3.25-millisecond interpolation inter-
val, eight of which (IC0-1C7} make up the 25-millisecond frame period. During ICO, new speech data is transferred to
the Synthesizer, at a 40-Hz frame rate. '

CPU INTERFACE

The CPU interface consists of an eight-bit bidirectional data bus (D0-D7), separate selects for read operations and write
operations (RS & WS), a ready line for synchronization (READY) and an interrupt line (INT) to indicate a status
change on the VSP that requires CPU attention.
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FIGURE 1 — VOICE SYNTHESIS PROCESSOR BLOCK DIAGRAM

RS AND WS
V'SP activity on the memory data bus is controlled by the select lines as shown below.

TABLE 1 — RS AND WS FUNCTION

RS ws BUFFER CONDITION

H H High impedance state

H L Input to VSP. Some other device must be
driving the bus (typically the CPU)

L H Output from VSP. No other device should
be driving the bus at this time.

L L Illegal condition. Results not predictable.

It is important to note that no device can successfully complete a Read cycle (from the VSP) while WS is active (low)
nor can a successful Write cycle (to the VSP) be carried out while RS is active (low). Device behavior cannot be pre-
dicted if both WS and RS go active simultaneously. System logic should be designed to prevent this condition from
occurring.



3.2 READY
The VSP is a “Slow Memory”1 device requiring wait states from the CPU to successfully complete a memory cycle.
The effect of inserting wait states into memory access cycles is to extend the minimum allowable access time by one
clock period for each wait state, The VSP controls the number of wait states executed by the CPU with the READY
signal. The logic timing for typical read and write cycles to the VSP is shown in Figure 2,
E \ /
WS

READY
DATA BUS
WRITE CYCLE READ CYCLE
FIGURE 2 — READ AND WRITE CYCLES TO THE VSP

The READY line on the VSP goes high 100 ns after RS or WS goes active (low) to let the CPU know that the data trans-
fer cycle cannot yet be completed. When the VSP has established stable data on the data bus (in the case of RS) or
has completed latching data in from the data bus (in the case of WS), the READY line will go low indicating that the
CPU may complete the data transfer cycle.

3.3 INTERRUPTS
The interrupt line (INT) indicates changes in the status of the VSP that may require CPU attention. INT goes active
(low) when any of the following occur:
L] Talk Status (TS) makes a one-to-zero transition indicating the end of speech processing.
L] Buffer Low (BL) makes a zero-to-one transition indicating that more phrase data needs to be supplied to the

FIFQ for Speak External Command.
L4 Buffer Empty (BE) makes a zero-to-one transition indicating that the CPU failed to supply data fast enough for a
Speak External Command.2

INT goes inactive (high) when the Status Register is read, or if the Reset instruction is executed.

4. VOICE SYNTHESIS MEMORY (VSM) — (TMS 6100)

In addition to receiving speech data from the CPU, the VSP may directly access up to 16 TMS 6100's (128K-bit serial
ROM) with no external hardware required. This is accomplished with a four-bit parallel bus (ADD8,4,2,1), (ADD8
is multiplexed as the Data Out line out of the TMS 6100 as well as the most-significant bit of the 4-bit address bus in-
to the TMS 6100), two control lines (MO, M1), and a synchronizing clock (ROMCLK),

1slow Memory devices are those devices that cannot properly respond to system memory cycles within the minimum access time as deter-
mined by the CPU clock rate,
2An interrupt will be generated at the initiation of a Speak External Instruction if BE was previously low,



The TMS 6100 is a mask programmable 128K-bit-Read-Only Memory internally organized as 16K words of eight
bits; externally it appears as 128K X 1. Once the 20-bit address (14 bits to select a byte within the device, four chip
select bits, two bits ignored) is loaded through ADD1, ADD2, ADD4, and ADDS8 in five Load Address sequences,
data is read out bit-wise by toggling a control pin (MO). The ROM contains an on-chip address counter that is in-
cremented every eight bits (eight toggles of MQ). The four internal chip select bits are a mask programmable option,
and allow parallel connection of up to 16 ROMs (about 30 minutes of speech) without the need of external select

circuitry.
MO M1 FUNCTION
L L Idle — The passive NOP state of TMS 6100
L H Load Address — The four bits of data on ADD8,4,2,1 are loaded to the internal address register

at the location indicated by the TMS 6100 Load Pointer. After each Load Address function,
the Load Pointer is advanced to the left by four bit positions to allow the next most-significant
nibble of the address to be properly loaded.

The first read function3, following a Load Address function, resets the Load Pointer to the LS
bit and initiates a ROM access to fetch the address data byte. This is the only function of this
“Dummy Read’”. No data is transferred out of VSM until the second read function following a
Load Address.

H L Read — When the addressed data byte has been fetched and stored in the VSM Data Register,
it is ready to be serially transferred out starting with the MSB. Each successive read function
causes the next least-significant bit to be driven on the Data Qut line of the VSM that is cur-
rently selected.

The next data byte is being fetched at the same time the serial transfer is taking place so that
when the last bit of the current byte is transferred, the VSM Data Register can be reloaded
without delay.

When the Read function immediately follows a Load Address function, it is treated as a
"Dummy Read’’. No data is transferred, but the Load Pointer is reset and ROM access is
initiated.

H H Read and Branch — Starting at the current address, two bytes are fetched from the ROM to form
a 16-bit word. The 14 low-order bits of this word replace the 14 low-order bits of the Address
Register. The Load Pointer is then reset and a ROM access initiated to fetch the byte at this
new address.”

Figure 3 shows a typical sequence of loading the Address Register and reading two data bits back. For more critical
timing constraints, consult the TMS 6100 Electrical Specification.

LOAD LOAD LOAD LOAD LOAD DUMMY RD RD RD

LT coom roen ooR oOR | WA pan I s I
Mo

Fove_LyyyyyyuuruuryuuruuUruy

NOTE: AOQ is the LSB in 6100 address.

FIGURE 3 — TMS 6100 FUNCTION TIMING

3A minimum of two Load Address instructions are required to change the VSM address,
*Read and Branch will not work with multiple VSM systems. Bus contention will occur.

4 681
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5.4

1/0 STRUCTURE

The VSP has two input holding registers, a Command Register and a 128-bit FIFO Buffer, and two output holding
registers, the Data Register and the Status Register. On a Write cycle from the CPU, when WS becomes active (low),
the control logic of the VSP routes data from the Memory Data Bus to either the FIFQ Buffer (if a Speak External
command is executing) or the Command Register (all other cases). Once this data has been latched in, the VSP signals
completion of the data transfer to the CPU by lowering the READY Line to 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 preced-
ing command was a Read Byte command) or the contents of the Status Register (all other cases).

COMMAND REGISTER

The Command Register receives command data from the Memory Data Bus and holds it for the Controller to interpret
and execute. The VSP behaves as an attached processor to the host CPU and performs its synthesis tasks when appro-
priate commands are sent by the host CPU, For details on available commands and format, see Section 6.

FIFO BUFFER

The 128-bit FIFO Buffer is organized as a 16-byte parallel-in, serial-out buffer. This buffer is used to hold speech data
passed from the CPU to be processed by a Speak External command in the VSP, As required by the synthesis section,
data is shifted out serially starting with the LSB from the "First-In”” byte. When this byte has been exhausted, the
stack ripples down one byte and begins shifting out bits from the new ""First-In’" byte. A Stack Pointer keeps track of
the location of the “Last-In” byte and data from the CPU is always loaded just above this location. When 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 data should be provided to the VSP. Under worst-case conditions, the buffer will
be completely empty in one more frame period (25 milliseconds), and invalid data will be processed as external
speech data. As a Fail-Safe measure, if the buffer does reach such a condition, the buffer empty status (BE) becomes
true and the Talk Status Latch is reset causing speech to terminate immediately. To resume speech with data provided
by the CPU, another Speak External command must be issued.

DATA REGISTER

The eight-bit Data Register is organized as a serial-in parallel-out Holding Register. This register is used by the VSP to
formulate a byte of data from serial data fetched from the VSM during the execution of a Read Byte command. Data
is loaded to the Data Register so that the last bit loaded is in the least-significant-bit location (D7). When the Data
Register has been loaded and RS goes active (low), this byte is transferred to the Memory Data Bus (DO = MSB). The
READY Line goes low when the data is stable.

STATUS REGISTER

The three bits of the Status Register provide up-to-date information to the CPU on the state of the VSP. The Status
Register may be read at any time except immediately after passing a Read Byte command to the VSP. When RS goes
active {low) the VSP routes the status data to the Memory Data Bus (DO = TS; D1 = BL; D2 = BE) and lowers the
m Line when the data is stable.

TS - Talk Status is active (high) when the VSP is processing speech data. Talk Status goes active at the initiation
of a Speak command or after nine bytes of data are loaded into the FIFQO following a Speak External
command. It goes inactive (low) when the stop code (Energy = 1111) is processed, or immediately by a
buffer empty condition or a reset command. Audio output is interpolating to zero during this frame and is
terminated on the next frame boundary.

BL - Buffer Low is active (high) when the FIFO Buffer is more than half empty. Buffer Low is set when the
“Last-In”* byte is shifted down past the half-full boundary (becomes the eighth data byte) of the stack.
Buffer Low is cleared when data is loaded to the stack so that the “Last-In"" byte lies above the half-full
boundary and becomes the ninth data byte of the stack.

BE - Buffer Empty is active (high) when the FIFO 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 is shifted out to the Synthesis
Section. This causes Talk Status to be cleared. Speech is terminated at some abnormal point and the Speak
External command execution is terminated. Data from the Memory Data Bus is once again routed to the
Command Register.



6.1

6.2

6.3

DESCRIPTION OF COMMANDS

The VSP operates under the control of the CPU to a minimal degree. The CPU passes commands to the VSP which
initiates an activity but the CPU is not involved in carrying out that activity. Commands available for use by the CPU
and the formats of these commands are shown below:

TABLE 2 — VSP COMMANDS AND COMMAND FORMAT

DATA BUS COMMAND CODE (D0-D7)* OPERATION
X000XXXX Nop
X001 XXXX Read Byte
X010XXXX Nop
XT10X XXX Speak External
XOTIXXXX Read and Branch
X100AAAA* Load Address
X101XXXX Speak
X1T1XXXX Reset

*A = Address

X = Don't care

When WS becomes active {low), assuming a Speak External command is not presently executing, the data on the
memory data bus is latched into the command register. Once the transfer has been completed, the V'SP activates (low
level) the READY line to release the CPU and begins interpreting and executing the command. Command execution for
each instruction is described below.

If the user tries to pass a command to the VSP while another command is executing, the new command will not be
accepted until the previous command is completed. The VSP keeps the CPU executing wait states until it is ready to
accept a new command. Appendix C lists execution times for each command. The VSP uses the READY flag to tell
the CPU to execute wait states until the present command has been fully executed.

READ BYTE

The Read Byte command allows the CPU to access data stored in the TMS 6100 VSM. Read Byte causes the next
eight bits to be read from the VSM (ignoring byte boundaries). These bits are packed into the data register so that the
last bit read from VSM is in the least-significant-bit position (D7). When RS goes active (low), and before initiation
of a new instruction, this data byte is placed on D0O-D7.

This eight-bit transfer from the VSM requires 80 microseconds. If RS should become active before the data register is
completely loaded and ready to be transferred, the VSP keeps the CPU executing wait states (by not lowering the
READY line) until the data transfer from VSM is complete and the Data Byte is stable on the Memory Data Bus. At
this time the READY line is activated and the CPU may accept the Data Byte to complete the memory cycle.

READ AND BRANCH

The Read and Branch command causes the VSP to initiate a Read and Branch function on the VSM (see VSM descrip-
tion). The VSP is not able to access the VSM for 240 microseconds after executing this command.

LOAD ADDRESS

The Load Address command allows the CPU to alter the Address Register of the TMS 6100 to point to new speech
data. Load Address causes the VSP to load the four address bits from the VSP Address Register to one nibble of the
VSM Address Register by initiating a VSM Load Address function (see VSM description). If the next command follow-
ing is a Read Byte, Speak, or Reset command, a dummy Read function is passed to the VSM before that next command
is executed. Bit D7 is loaded into ADD1 which is the LSB of the VSM address. Bit D4 is loaded into ADDS.



6.4

6.5

6.6

SPEAK

The Speak command allows speech to be generated from phrase data stored in the VSM. The Speak command gener-
ates an internal signal that immediately causes Talk Status to be set and initiates speech synthesis calculations using the
next available data from the VSM. 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 (Energy = 1111) is received and recognized. At such
time the audio output begins to interpolate down to the zero energy level. On the next frame boundary, speech has
ended and the Talk Status is cleared. This completes execution of the Speak command. Execution of the Speak
command may also be halted by the execution of Reset command. This causes audio output to halt immediately
(without waiting for a frame boundary) and Talk Status to be cleared.

SPEAK EXTERNAL

The Speak External command allows the CPU to supply speech data to the VSP from some memory other than the
VSM. Upon receipt of a Speak External command, the VSP purges the FIFO buffer (BL and BE becomes active [high])
and directs data written into the VSP to this buffer. The VSP idles waiting for the CPU to fill 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 FIFO. Data continues to be taken from the
FIFO until a stop code is encountered or the buffer empty abnormai termination occurs. While the Speak External
command is executing, all data written to the VSP is routed to the FIFQ buffer. A Reset command is not recognized

as a command.

RESET

The Reset command allows the CPU to halt the Speak command and to put the VSP into a known state. Reset clears
Talk Status, halting speech activity immediately. The 128-bit FIFO Buffer is purged (BL and BE become active [high] )
and the 1/0 paths are set to their default condition (Memory Data Bus — Command Register; Status Register ~ Memory
Data Bus). A Load Address function is given to the VSM (using dummy address data} followed by a “Dummy Read"’
function.

The Reset command cannot halt the Speak External command. Flow diagrams for each instruction are given in
Appendix B. System timing diagrams may be found in Appendix C.

POWER-UP CLEAR

The VSP contains internal circuitry to ensure a clear condition 95 percent of the time upon power-up, provided the
(Vss — Vpp) rise time to +10 volts is less than 2 milliseconds. |f more than one power supply is used, the voltages
need to be supplied to the VSP simultaneously. The Power-Up Clear sequence is finished 15 milliseconds after (Vsg —
Vpp) reaches +10 volts. The events caused by the Power-Up Clear are similar to the Reset command and are noted
below:

L] Talk Status is cleared and any speech activity is halted.

. The T State Counter is reset.

. The FIFO is purged (BL & BE go active [high]) possibly causing
the INT line to become active (low).

. 1/0 multiplexers are set to allow data to be written to the Command
Register, and Data Read from the Status Register.

L] The TMS 6100 is put into a known state by issuing a Load Address
(using arbitrary address data) followed by a “Dummy Read”’.

If the user requires higher reliahility in securing initialization, he should execute his own initialization sequence. A 100-
percent assurance can be given that the VSP is in a clear state by writing nine bytes of all “ones” to the VSP followed
by a Reset command, provided that (V§g — Vpp) rise time to +10 volts is less than 2 milliseconds.

SPEECH SYNTHESIS

As previously mentioned, speech data fed to the VSP is encoded using pitched-excited LPC. The process of recover-
ing this data is described briefly here and in more detail in the following sections. (This information is intended solely
for the reader’s information. Proper application of the VSP does not depend on a thorough understanding of this
process). A simplified block diagram of the speech synthesis element of the VSP is shown in Figure 4,
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Coded speech parameter data is fed serially from either the VSM or the FIFQ buffer to the Parameter Input Register.
Here the Controller unpacks the data and performs various tests (i.e., is the repeat bit set, is pitch zero, is energy zero).
Once unpacked the coded parameter data is stored in RAM to be used as the index value to select the appropriate
value from the Parameter Look-Up ROM. The outputs of the Parameter Look-Up ROM are the target values for the
interpolation logic to reach in this frame period. During each of the eight interpolation periods the interpolation logic
sends new pitch and energy parameters to the signal generator which produces the filter excitation sequence, and new
K-parameter values to the LPC lattice network. So, at the end of each sample period there is a new value of digitized
synthetic speech available to the D/A converter.

FIGURE 4 — SYNTHESIZER BLOCK DIAGRAM

CODED SPEECH PARAMETERS

The 12 synthesis parameters (pitch, energy and reflection coefficients K1-K10), are stored in the VSM in coded form.
Each parameter occupies between 3-6 bits. These coded values select a 10-bit actual parameter from the parameter
Look-Up ROM. Depending on the influence of each parameter on speech quality, between 8 and 64 possible values are
stored in the Look-Up ROM for decoding and use in synthesis calculations. Table 3 summarizes parameter coding for the

TMS 5220.
TABLE 3 — PARAMETER CODING

PARAMETER LEVELS CODE BITS
ENERGY 15* 4
PITCH 64 6
K1 32 5
K2 32 5
K3 16 4
K4 16 4
K5 16 4
K6 16 4
K7 16 4
K8 8 3
K9 ] 8 3
K10 8 3
12 247 49 + REPEAT = 50 BITS

*Energy = 1111 is the stop code.
681



A full set of coded parameters for each frame would require a data rate of 40 Hz X 50 bits = 2000 bits per second.
Three special cases, in which a full frame is not necessary, allow the data rate to be considerably reduced:

(1) Since the vocal tract changes shape relatively slowly, it is often possible to repeat previous reflection coefficient
data. To facilitate the repeat feature, a control bit has been added to each frame (an additional bit following
energy), If the repeat bit is 1, only energy and pitch data are accessed from the VSM and the previous K1-K10
values are retained.

(2)  Unvoiced speech requires fewer filter reflection coefficients. When Pitch = 000000, only K1-K4 are fetched from
the VSM and stored in the Parameter RAM. K5-K10 are zeroed,

(3} When Energy = 0000 no other data is required. Energy = 0000 during interword or intersyllable pauses. The com-
bination of these three cases has reduced average data rate for male speech to approximately 1200 bits per second.

Figure 5 shows the four possibilities of frame data string lengths.

e ]
m
= m
[72) >
@ -
ENERGY PITCH K1 K2 K3 K4 KS K6 K7 K8 K9 K10
VOICED FRAME | 0
UNVOICED FRAME | 0 {oooooo
(PITCH = 0)
REPEAT FRAME | 1

8.2

ZERO ENERGY |
0000
Frawe (0200

STOP CODE |
FRave 1111 ]

4 BITS 1BIT6BITS 5BITS 58ITS 4BITS 4BITS 4BITS 4BITS 48ITS 38ITS 3BITS 38ITS
(PC=0) (PC=1)(PC=2) (PC=3) (PC=4) (PC=5) (PC=6) (PC=7) (PC=8) (PC=9) (PC=10)(PC=11)

FIGURE 5 — FRAME DATA STRING LENGTHS

One complete set of parameters (12), used as target values during interpolation, is stored in coded form in the synthe-
sizer. The storage medium is a 50-bit RAM of variable word length, e.g., six bits for pitch, three bits for K10. Data is
supplied to the RAM via the parallel outputs of a serial shift register which accepts data from some VSM. The Parameter
RAM outputs are used as inputs for the Parameter ROM.

D/A CONVERSION

The VSP contains an eight-bit digital-to-analog converter with 2% linearity LSB resolution. Every 125 microseconds the
most-significant 10 bits of the 14-bit lattice filter output are sampled. From this sample, the seven low-order bits and
the sign bit (MSB) are sent to the D/A converter. The remaining two bits are combined logically with the sign bit and
used to clip the driver to either a full ON or full OFF condition. Table 4 shows the analog output from the D/A con-
verter for various inputs from the lattice filter.



TABLE 4 — DIGITAL-TO-ANALOG CONVERTER OUTPUT

Y LATCH OUTPUT D/A INPUT ANALOG OUTPUT
NO. YL13 YL12 Y11 YL10-YLa (uA)
0 1 1 X 1minn 4]
>+127 0 1 0 X 11111111 0
0 0 1 X IRRRRRERI 0
127 0 0 0 1mnmn mimnm 0
126 0 0 0 1111110 11111110 5.86
+1 0 0 0 0000001 10000001 738
0 0 0 0 0000000 10000000 744
-1 1 1 1 1111111 0111111 750
-2 1 1 1 1111110 01111110 755.8
—-128 1 1 1 0000000 00000000 1500
<-128 1 1 0 X 00000000 1500
1 0 1 X 00000000 1500
1 0 0 X 00000000 1500
*No output, resting level.
8.3 AUDIO QUTPUT N

9.1

The output of the D/A converter (see Table 4) is a current source designed to deliver O to 1.5 milliamperes with resolu-
tion to 5.9 microamperes. This output has been optimized to drive the EXT AUD input of the SN76489AN sound
generator chip. With a 1.8-kilohm resistor in series, the VSP delivers 2.7 volts (1 = 1.5 milliamperes) when the Y latch
output is less than —128. When the Y latch output is greater than +127, the audio output is clipped to 0 volts. When
no speech generation is taking place, the Y latch output is —1 making the audio output drive 750 microamperes.
(Speaker output must be ac-coupled to audio amplifier),

ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE (UNLESS OTHER-
WISE NOTED)*

ANy pin with respect 10 VSS . . ..ottt -20Vtwo+03V
Power Dissipation . ... .. e e 600 mW
Operating temperature range 0°C to 70°C

Storage temperature range —30°C to0 125°C

"Stresses beyond those listed under "“Absolute Maximum Ratings”” may cause permanent damage 1o the device. This is a stress rating enly and
functional operation of the device at these or any other conditions beyond those indicated in the '“Recommended Qperating Conditions’”
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability,

9.2 RECOMMENDED OPERATING CONDITIONS

PARAMETER MIN NOM MAX UNIT
Supply voltage, Vgg 4.5 5 5.5 \
Supply voltage, VREF 0 v o
Supply voltage, Vpp —4.5 -5 —-5.5 v
High-level input voltage, V|4 Vgs—0.6 Vgg \"
Low-level input.voltage, V|| (see Note 1) 0 Vgs—4 \
Operating free-air temperature, Ta 0 70 °c
QOperational frequency (External RC) 576 640 704 kHz J

NOTE 1: The algebraic convention, where the more-positive (less-negative) limit is designated as maximum, is used in this data sheet for logic

10

voltages levels only.
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9.3 ELECTRICAL CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS

PARAMETER MIN TYP MAX UNIT
y D0-D7, WS, RS, INT lgH = 0.4 mA 24 Vss Y
OH  ROMCLK, ADD 1-8, M0, M1 Ton = 100 4A Vss-05 Vss v
VoL D0-D7, WS, RS, INT loL = 1.6mA VRSF—0.5 0 VRSE+0.5| V
ROMCLK, ADD 1-8, M0, M1 oL = 100 uA Vgs—4.5 | V

IREF _ Supply current from VREF 3 5 mA
oD Supply current from Vpp 10 35 mA
C; Input capacitance, (except data bus) 15 pF
Co OQutput capacitance, (except data bus) 15 pF
Cdb Data bus load capacitance 25 300 pF

9.4 STATIC DISCHARGE PROTECTION

All inputs and outputs are guarded against electrostatic damage by state-of-the-art protection devices incorporated
on the chip.
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MECHANICAL DATA

1.

11.1 28-PIN 600-MIL PLASTIC PACKAGE (100-MIL PIN SPACING)
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11.2 PIN ASSIGNMENTS AND FUNCTIONS

11.3 TERMINAL ASSIGNMENTS

681

)
m"-JO'IU'IhUN—‘E

MR RNNRNRN = = = o oo oo
WNOOPRWN = 0O~ HEWN = O

NAME
DBUS 7
ADD1
ROMCLK
VDD

Vss

osc

T
SPEAKER
1/0

PROM QUT
VREF
DBUS 2
DBUS 1
DBUS 0
MO

M1

INT
READY
DBUS 3
TEST
ADDS8/DATA
DBUS 4
ADD 4
DBUS 5
ADD 2
DBUS 6
Ws

RS

IN/OUT
1/0

0000535 -0 00O —-—-—-00

1/0

1/0
1/0

1/0

1/0

FUNCTION
Memory data bus (LSB)
Address bus to VSM (LSB)
Clock to VSM
Drain supply voltage (=5 V NOM)
Substrate supply voltage (+5 V NOM)
Oscillator input
Sync
Audio output
Serial data out
Testing use only
Ground reference voltage (0 V NOM)
Memory data bus
Memory data bus
Memory data bus (MSB)
Command bit 0 to VSM
Command bit 1 to VSM
Interrupt (active low)
Transfer cycle W/CPU complete
Memory data bus
Testing use only

Address to VSM and serial data in (MSB)

Memory data bus
Address bus to VSM
Memory data bus
Address bus to VSM
Memory data bus

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

D7 [
aoD1 [

RomcLK [

VpD E

SPEAKER
1o ]

PROM OUT ]
vaer []

02 ]

o1 ]

Do

10

1

12

13

14

27[]Ws

26:]06

25 :] ADD2

24 [] 05

23] Aopa

2

-

] ADp8/DATA
20[] TesT

19[] 03

18 [] READY

17 [J T

16 [] m1

15 [] mo
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APPENDIX A

SYSTEM CLOCK

TMS 5200
Vss
osc
VSP
VREF
-5V ]
RC OPTION
TYPICAL VALUES:
SAMPLE FREQUENCY R
10 kHz R = 80-100 k2
8 kHz R = 120-200 k§

FIGURE A-1 — TMS 5200 OSCILLATOR OPTIONS

A.1 OSCILLATOR TRIMMING PROCEDURE

To avoid capacitive loading of the high impedance OSC input, the following procedure is recommended for setting the
TMS 5220 clock frequency. Reference to Table A-1, Comparison of System Times (page 16), shows that an RC oscilla-
tor frequency of 640 kHz corresponds to a ROM clock rate of 160 kHz. This signal is buffered and not affected by

measurement instrument capacities.

To set the RC oscillator frequency, connect a frequency counter to the ROM clock output of the TMS 5220 and trim
the reading to 160 kHz. Use of 10 pF shunt capacitor is recommended to prevent circuit layout and environmental

stray noise from affecting device operation.

14
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TABLE A-1 — A COMPARISON OF SYSTEM TIMES

SAMPLE RATE: 10 kHz 8 kHz
FRAME RATE 50 Hz 40 Hz
FRAME PERIOD 20 ms 25 ms
INTERPOLATION RATE 400 Hz 320 Hz
INTERPOLATION INTERVAL 25ms 3.126 ms
SAMPLE RATE 10 kHz 8 kHz
SAMPLE PERIOD 100 ps 125 us
ROM CLOCK RATE 200 kHz 160 kHz
ROM CLOCK PERIOD 5us 6.25 us
RC OSC RATE 800 kHz 640 kHz
RC OSC PERIOD 1250 ns 1562.5 ns

NOTE: All timing references in this data manual are based on an 8-kHz sample rate.
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681

TMS 5220 INTERNAL COMMAND EXECUTION

APPENDIX B

‘ START '

EXECUTE
POWER-UP CLEAR
(RESET)
ROUTINE

‘ DONE L,.:-

RS OR WS
ACTIVE (LOW)
?

BOTH RS
& WS ACTIVE
?

MAKE READY
ACTIVE
(Low)

BRANCH

INVALID
CONDITION

FIGURE B-1 — POWER ON
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[
RDB FLAG
SET?

TRANSFER
STATUS REG.
TO DATA BUS

4

MAKE READY LINE
INACTIVE (HIGH)

5
RS ACTIVE
?

TURN BUS
OFF

DONE

VSM
DATA
TRANSFER
COMPLETE?

TRANSFER
DATA REGISTER
TO DATA BUS

CLR RDB FLAG

MAKE READY LINE
INACTIVE [HIGH)

1S
RS ACTIVE

TURN BUS
OFF

DONE

FIGURE B-2 — READ SELECT ACTIVE



1S
SPEAK EXT
COMMAND
EXECUTING
?

IS
ANY COMMAND
STILL EXE-
CUTING ?

TRANSFER
DATA BUS
TO FIFO

y

MAKE READY
INACTIVE (HIGH)

TRANSFER DATA
BUS TO COMMAND
REGISTER

MAKE READY
INACTIVE (HIGH)

BEGIN EXECUTION
OF NEW COMMAND

CMD.
EXEC.

DONE

FIGURE B-3 —~ WRITE SELECT ACTIVE
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SET UP I/O PATHS

INPUT:

DATA BUS - FIFO
FIFO — SPEECH DATA
QUTPUT:

STATUS REG — DATA BUS
SPEECH DATA REQ— FIFO

A

PURGE FIFO
FORCING BL &
BE ACTIVE

ACTIVE
?

SET TALK STATUS
INITIATE SPEECH
SYNTHESIS, FETCHING
DATA FROM FIFO AS
REQUIRED.

IS
BE ACTIVE

HALT SPEECH

?

HAS
SPEECH SYNTH.
BEEN COMPLETED
(STOP CODE
ENCOUNTERED) ?

SYNTHESIS

RESET I/O PATHS TO DEFAULT
INPUT:

DATA BUS — COMMAND REG.
VSM — SPEECH DATA

OUTPUT:

STATUS REG — DATA BUS
SPEECH DATA REQ—+ VSM

DEACTIVATE
TALK STATUS
TS=0

FIGURE B4 — SPEAK EXTERNAL COMMAND

DONE




HALT SPEECH
SYNTHESIS &
CLEAR TALK STATUS

v

PURGE FIFQ

L

RESET I/OPATHS TO DEFAULT
INPUT .
DATA BUS - COMMAND REG.
VSM SPEECH DATA

QUTPUT:

STATUS REG — DATA BUS
SPEECH DATA REQ - VSM

L
EXECUTE A LOAD
ADDRESS FUNCTION
ON THE VSM
W/ARBITRARY DATA

EXECUTE A DUMMY
READ FUNCTION ON
VSM

DONE

FIGURE B-5 — RESET COMMAND
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SET TALK STATUS
INITIATE SPEECH
SYNTHESIS, FETCHING
DATA FROM THE VSM
AS REQUIRED

DONE

FIGURE B-6 — SPEAK

INITIATE A VSM
READ AND BRANCH
FUNCTION

h 4

WAIT
240
MICROSECONDS

DONE

FIGURE B-7 — READ AND BRANCH




APPENDIX C

SYSTEM TIMING DIAGRAMS

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

timing requirements

PARAMETER MIN NOM MAX |UNIT
twsL-Dv Delay time from WS low to data valid 7| ms
'RL-DX  Delay time from READY low to data invalid 0 us
tRH-WSH Delay time from READY high to WS high 6 Hs
twait Read-and-branch command wait time from READY high until next allowable * command 595 us
twait Load-address command wait time from READY high until next allowable * command 42 73

. Speak command wait time from READY Preceded by |oad-address command 287
fwait high until next allowable* command Not preceded by load-address command 56 ks
wait Reset command wait time from READY high until next allowable* command 300 us
|_twait Speak external command wait time from READY high until next allowable * command 42 | ps
switching characteristics

PARAMETER MIN NOM MAX |UNIT
tWSL-ARH Delay time from WS low to READY high 100 ns
TwiR) READY high pulse width 18 26 HS

All timing is based on a clock frequency of 8 kHz,

* 1f a new command is issued prior to the completion of the present command (before the end of twait), then the READY signal will go high

and stay high until the present command is finished executing in the VSP,

RS IN

| Twait

s

|
ke tRH-WSH ———mi

-

~
|
1

ws IN
W= m

;.-dl- WSL-RH

ya

AN
'WSL-RH —.l .—

N

READY OUT : ;F \
— e twiR) -
: o= tWSL-DV —aed - @— IRLDX
X ATA REQUIRED = >
DATA BUS IN HIZ—<: VALID D >
Ly L
FIGURE C-1
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WRITE CYCLE FOR EXTERNAL SPEECH DATA

timing requirements

PARAMETER MIN NOM MAX |UNIT
tWSL-DV Delay time from WS low to data valid 7 us
tRL-DX Delay time from READY low to data invalid 0 uS
IRH-WSH Delay time from READY high mmhigh B8 us
Twait Wait time from WS high until next allowable* access 10 HS

switching characteristics

PARAMETER MIN TYP - MAX |UNIT
YWSL-RH Delay time from WS low to READY high 100 | ns
twi(R) READY high pulse width 23 us

All timing is based on a clock frequency of 8 kHz.
*1f a new command is issued to the VSP prior to the completion of the present command then the READY command will go high (as usual)
and remain high until the completion of the present command as defined by Tair above. :

!-= twait .Jl
_ lh—fRHVWSH———q [
WS IN ﬂ\ / ’t
1 |
1T
[o~wi— WWSL-RH rWSL.RH—-l -
- |
READY OUT : / \ ¥
T b "w(R) -
o WWSL-DY —em —el p—RL.DX

DATA BUS IN

HI-Z—<: . :> HI-Z
L

FIGURE C-2
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READ CYCLE FOR STATUS TRANSFERS

timing requirements

PARAMETER MIN NOM MAX | UNIT
IRH-RSH Delay time from READY high to RS high 6 s
twait Wait time from RS high to next allowable* command 12 HS
switching characteristics
PARAMETER MIN TYP MAX | UNIT |
tRSL-RH Delay time from RS low to READY high 100 ns
tRH-DV Delay time from READY high to data valid (stable) 6 1" Hs
TRSL-DX Delay time from RS low to data bus driven (output unstable) tRH-DV—2 Hs
tRSH-DZ Delay time from RS high to data output disabled 10.5 us

* If a new command is issued to the VSP prior to the completion of the present command, then after the READY signal goes high, in its normal
response time, it will remain high until the present command has been fully executed by the VSP.

- RHASH———————————-
RS IN *,

twait

WS IN

ro-mi— IRSL-RH
|

]
READY OUT H ;f \

] - RH.DV ———al

| BN
vd
Gr
i
1
i
)
:

—— i tRSL-DX ! I-—-t— tRSH-DZ
VALID
DATA BUS OUT _ N
t
FIGURE C-3
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READ BYTE SEQUENCE

timing requirements

PARAMETER MIN NOM MAX | UNIT
IWSL-DV Delay time from WS low to data valid 7 us
Ll e
TRH-WSH Delay time from READY high to WS high 6 us
tWSH-D X Delay time from WS high to data invalid 0 us
tRH-RSH Delay time from READY high to RS high 8 us
tWSH-RSL Delay time from WS hign to RS low 12 us
switching characteristics
PARAMETER MIN TYP MAX | UNIT
YWSL-RH Delay time from WS low to READY high 100 ns
tRSL-RH Delay time from RS low to READY high 100 ns
twiR) READY high pulse width (write) 26 Hs
. — — No previous load address 320
RL-RL Delay time from READY low (write) to READY low (read) us
Previous load address 440
TRSH-DZ Delay time from RS high to data output disabled 4 9 us

'RH-RSH

Lé

— "
ASIN k
|e—twsH-RSL—=]
I._‘—‘RH-WSH"'_'-‘ FyEn 1

_ \.' 7
WS IN H | % 'F-* RSL-RH

\

i ] |
t - g 4 f—— tRL-
r-[— WSL-RH (g T RLAL -|
READY OUT W\ ){
K ki,
'._....___tw(m -{ 27 1
bewsiovel bt tyy51.0x {RSH-DZ —4a—aey

DATA 8US VALID DATA REQUIRED >_' le—éﬂ‘msﬁue
A aus C . — UNSTA VALID OUTPUT}—

FIGURE C-4
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RMS

0

52
87
123
174
246
348
491
694
981
1385
1957
2764
3904
5514
7789

PITCH

159

K(1)

—0.97850
-0.97270
-0.97070
-0.96680
-0.96290
—0.95900
—0.95310
—0.94140
—0.93360
—0.92580
—0.91600
—0.90620
—0.89650
—0.88280
-0.86910
—0.85350
—0.80420
—0.74058
—0.66019
—0.56116
—0.44296
—0.30706
—0.15735
—0.00005

0.15725

0.30696

0.44288

0.56109

0.66013

0.74054

0.80416

0.85350

K(2)

—0.64000
-0.58999
—0.53500
—0.47507
-0.41039
—0.34129
—0.26830
—0.19209
-0.11350
—0.03345
0.04702
0.12690
0.20515
0.28087
0.35325
0.42163
0.48553
0.54464
0.59878
0.64796
0.69227
0.73190
0.76714
0.79828
0.82567
0.84965
0.87057
0.88875
0.90451
0.91813
0.92988
0.98830

K(3)

—0.86000
-0.75467
—0.64933
—0.54400
—0.43867
—0.33333
-0.22800
—0.12267
-0.01733
0.08800
0.19333
0.29867
0.40400
0.50933
0.61467
0.72000

TMS 5220 CODING TABLE

K(4)

—0.64000
-0.53145
—0.42289
-0.31434
—0.20579
—0.09723
0.01132
0.11987
0.22843
0.33698
0.44553
0.55409
0.66264
0.77119
0.87975
0,98830

K{5]

—0.64000
—0.54933
—0.45867
—0.36800
-0.27733
—0.18667
—0.09600
—0.00533
0.08533
0.17600
0.26667
0.35733
0.44800
0.53867
0.62933
0.72000

Ki(6)

—0.50000
—0.41333
-0.32667
—0.24000
—0.15333
—0.06667
0.02000
0.10667
0.19333
0.28000
0.36667
0.45333
0.54000
0.62667
0.71333
0.80000

K(7)

—0.60000
—0.50667
-0.41333
—0.32000
—0.22667
-0,13333
—0.04000
0.05333
0.14667
0.24000
0.33333
0.42667
0.52000
0.61333
0.70667
0.80000

K(8)

—0.50000
—0.31429
—0.12857
0.05714
0.24286
0.42857
0.61429
0.80000

K(9)

—0.50000
-0.34286
—0.18571
—0.02857
0.12857
0.28571
0.44286
0.60000

K{10)

—0.40000
—0.25714
-0.11429
0.02857
0.17143
0.31429
0.45714
0.60000
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TI Sales Offices

ALABAMA: Huntsville, 500 Wynn Drive Suite 514 Huntsville
AL 35805 (205) B37-7530

ARIZONA: Phoenix. PO Box 35160, B102 N 23rd Ave Suile
A Pnoenix AZ B5069 (602) 249-1313

CALIFORNIA- El Sequndo, 8315 Douglas St €l Sequndo CA
90245 (213) 973-2371 Invim 0 Fitch Irvine. CA 92714

714) 5455210 Sacramento, Puml W!sl wav Suite 171
Sammenm CA 95815, (916) 9281521 e 4323 View
Rigge Ave Sute B San Diego Ca 92123 |r 4] 278-9500
Sunnyvale. PO Box 9064 776 Pzomar Ave  Sunnyvaie CA
94086 (408) 7321840 Woodiand Hills, 21220 Erwin 51
Woodlang Hills. CA 91364, (213) 704-7759

COLORADO Denver, 3725 € Hamzoen St
C0 80231 (303) 695-2800

CONNECTICUT: Wallingtord. 9 Sarnes Industria' Park Rd
Earn;ﬂsrlnuusma. Park Walingtord CT 06492 (203)
4 .

269-

FLORIDA: Ciearwater, 2280 U S hwy 19N Suite 232 Clear-
water FL 33515 (813) 325-186' F1 Lauderdale, 2765 N W
62na St . Ft Laucercale. FL 33909 (305) 973-8502. Winter
2:?3;320 Lee Ao Suite 115 Wonter Park. FL 32789 (305)

Suite 301 Denver

GEORGIA: Atianta. 3300 Northeast Expy . Building 9 Atianta
GA 30341 (4041 452-4600

ILLINOIS: Arlingtan Heights. 5'5 W Aigonguin  Arlingtan
Heignts 1L 50005 (312) 640-2934

INDIANA: Ft. Wayne. 2020 Inwood Dc Fr Wayne IN 46805
219) 424-5174 Indianapolis, 2325 5 Lynnurst Suite J-400
Ingianapons IN 46241 (317) 248-8555

MARYLAND: Baltimore 1 Rutherforc PI 7133 Rutnerfarg Rd

Baiimore MD 21207 (301) 944-8600

MASSACHUSETTS: Waltham. 504 Tonten Pone Fg
MA 02154 (617) B90-7400

MICHIGAN: Farminglon Hills, 3373 W 12 Mile Ra
ington Hills M 4B018. (313) 553-1500

MINNESOTA: Edina. 7625 Parxiawn Edina MN 55435 (612)
830-1600

Waltham

Farm-

MISSOURI: Kansas City. 80B0 Ward Prwy Kansas City MO

54114 (816) 523-2500 S1. Lows. 17867 Westine industrial
Line Orive. St Louis MO 63141 (314) 569-7600
NEW JERSEY: Clark, 292 Terminai Ave West Ciark NJ

EW J
07066 (201) 574-9800

NEW MEXICO: Albugquerque, 5907 Alice NSE Suite £ Albu-
querque. NM 87110 (505) 265-8491

MNEW YORK: East Syracuse, 6700 Oic Collamer Ao East Syr-
acuse. NV 13057 (315) 463-929° Endicall, 112 Nanticoxe
Ave PO Box 618 Endicott. NY 13760 (6071 754-3900
Melville, 1 Huntington Quadrangle Suite 3C10 PO Box 2936
Melvilie NY 11747 (516) 454-6c00 Poughkeepsie. 20 Suuth
Ave  Pougnkeepsie. NY 12607 (9141 473-2900 Rochester,
1210 Jetterson Rd  Rochester NY 14623, (716) 424-5400

NORTH CARDLINA: Charlatte. 8 Woodlawn Green Woodlawn
Ra  Charlotte. NC 28210 (704) 527-0930

OHIO: Beachwood. 23408 Commerce Park Rd  Beachwood
OH 44122 (216) 464-6100 D:ylnn "”3‘“’;’ Blog 4124
Lingen Ave Dayton. OH 45432 (513) 258-387

OKLAHOMA: Tulsa, 3'05E Skelly Dr Suite 512. Tulsa. 0K

74105, (918) 749-9547

OREGON Beaverton. 6700 SW 105th 5t
ton. OR 97005. (503) 643-6758

Suite 110 Beaver-

PENNSYLVANIA: F1. Washin 105!6 575 Virgimia Dr . Ft Wash-

ingion. PA 19034 (215) p43-b4

TENNESSEE: Johnson City, PO Orawer 1255 Erwin Hwy
Johnson City. TN 37601 (615) 461-2129

TEXAS: Austin, 12501 Research Bidg P 0 Box 2909 Austn
TX 78723 (512) 250-7655 Dallas, PO Box 225012 Daltas.
TX 75265 (214) 995-6531 Houston, 9000 Southwest Frwy
Suite 400 Houston. TX 77036. (713) 778-6592

UTAH: Salt Lake City, 15?2 West 2100 Soutn Salt Lake City UT
84120 (BO1) 973-6310

VIRGINIA: Fairfax, 300! Prosperity Fairfax VA 22031 (703)
B49-1400 Midlothian. 13711 Sutters Mil Circle  Midiothian
VA 23113 (B04) 7441007

WASHINGTON: Redmond. 2723 152nd Ave NF Bldg 6
(206) B81-3080. Reomong. WA 98052
CANADA: Ottawa. 436 McClaren St Duawa Canaoa

K2POMB (613) 233-1177 Richmong Hill, 280 Centre St E
Aichmong Hill L4CTBT Ontario. Canaoa 14761 884-9181 St
Laurent, Ville St Laurent Quebec 3450 Trans Canada Hwy
St Laurent. Quebec. Canada H4SIRT. (514) 334-3635 L

TI Distributors

ALABAMA: Huntsville. Hall-Mark 1205) B37-8700

ARIZONA: Phoenix. Kierult (6021 243-4101. AV Weather-
ford (602) 272-7144 Tempe. Marsnall (602) 968-6181 Tue-
son, Kierultf (602) 624-9986

CALIFORNIA: Anaheim, RV Weatherford (714) 634-9600
Canoga Park, Marshall (213) 992-5001. Chatsworth, JACO
(213) 998-2200. EI Monte. Marsnall (213) 686-0141 Glen-
dale, R V Weatherford (213) 843-3451. Golela, APS (B05)
964-6823. Irvine. JACD (714) 540-5600. Marshall (714)
556-6400. Los Angeles, Kierultt (213) 725-0325 RPS (213)
74B-1271 Palo Alto. Xierultf (415 68-6292 Pomona. R V
weatnertord (714) 623-1261 San Diegu. Arrow (714)
565-4800. KierulM (714) 278-2112 Marshali (714) 578-9600;
RV Weatnerforg (714) 278-7400 Sarnta Barbara. R V
Weatherlord (805) 465-8551 Santa Clara. United Compo-
nents (408) 496-6300 Sunnyvaie. Arrow (408) 745-6600
Marshall (408) 732-1100, Time 1408) 734-9888. United Com-
onents (408) 496-6300. Torrance. Time (213) 320-0880
ustin, Kierultt (714) 7315711

COLORADO: Denver, Ariow (303! 758-2100 Diplomat (303)
740-8300. Kieruitt 1303) 377-6500. Emnglewood. R V
Weathertard (303) 770-9762

CONNECTICUT: Qrange. M\'f’av (203) 795-0714 Wal-
lingtord, Arrow (203) 265-7 Marsnali (203) 265-3822

FLORIDA: Clearwater, Diplomat (813) 443-4514 F1. Lauder-
dale. Arrow (305) 973-8502. Dip/omat (305) 9717160 Hall-
Mark (305) 9773280, Orlando. rai-Mark (305) B55-4020
Palm Bay. Arrow (305) 725-1480 Diplomat (305) 725-4520
St. Petersburg, Kierultf (813) 576.1966 Winter Park, Milgray
(305) 647-5747

GEORGIA: Norcross, Arrow (404) 449-8252. Marshall (404)
923-5750

ILLINDIS: Bensonville, Hall-Mark 1312) 860-3800 Elk Grove
Village, Kierultt (312) 640-0200 Chicago, Newark (312)
638-4411 Schaumburg, Arrow (372) B93-9420

INDIANA: F1. Wayne, F Wayne £ sctronics (219) 423-3422;
l"ﬂlllllgl‘llll‘ Graham (317) £34-8202. Arrow (317)
243-935.

IOWA.: Cedar Rapids. Deeco (313) 365-7551

KANSAS: Lenexa. Component Specialties (813) 452-3555;
Shawnee Mission, Hall-Mark (313) 8B8-4747 Wichila,
LCOMP (316) 265-9507

MARYLAND: Balimore. Arrow (202) 737-1700 (301)
247-5200. Hali-Mark 301) 796-9300. Columbia. Diplomat
(301) 995-1226. Rockville, Milgray (301) 466-6400

MASSACHUSETTS: Billerica, Kierultf (617) 667-8331. Bur-
lington, Marshall (617) 272-8200. Wobum, Arrow (617)
933-8130. Time (617) 935-8080

MICHIGAN: Ann Arbor, Arrgw (313) 971-B200 Oak Park.
Newarx (313) 967-0600 Farmington. Dipiomat (313)
477-3200. Grand Rapids, Newark (616) 241-6681

MINNESOTA: Edina. Arrow (612) B30-1800 Kierulft (612)
B33-4388. Minneapolis. Diplomat 1612) 788-8601

MISSOURI: Earth City. Hall-Mark (314) 291-5350 Kansas
City. LCOMP (816) 221-2400 St. Louis. Arrow (314)
567-6888, LCOMP (314) 291-6200

NEW HAMPSHIRE: Manchester, Arrow (603) 6658-6368

NEW JERSEY: Camden. General Radio Supply (609)
964-8560. Cherry Hill, Hall-Mark (609) 424-0880 Clitton,
Marshall gtﬁl 340-1900. Fairlield. Kierultf (201) 575-6750.
Mariton. Milgray (609) 424-1300 Moorestown. Arrow (609)
235-1300 Saddiebrook. Arrow i201) 797-5800. Totowa, Dip-
lomat (201) 785-1830

NEW MEXICO: Albuguerque, Arrow (505) 243-4566 Interna-
‘;'52'553'1“"’"'“ (505) 345-8127 United Components (505)

NEW YORK: Endwell. Marsnall (607) 754-1570 Freepor,
Miigray (516) 546-5600 N J (800) 545-3986 Hauppauge.
Arrow (516) 231-1000. JACO (516) 273-5500 Liverpool, Ar-
row (315) 652-1000; Diplomat (315) 652-5000. Melvilie. Dip-
lemat (516) 454-6400. Rochester. Arrow (716) 275-0300

Rocnester Radio Supply (716) 454-7800. Marshall (716)
235-7620

NORTH CAROLINA: Raleigh, Arrow (319) 876-3132. Hall-
yzasrks?ﬁ‘gl B32-4465. Winslon-Salem, Arrow (918)

OHIO: Centerville. Arrow (513} 435-5563 Cincinnati,
Graham (513) 732-1661: Columbus. Hall-Mark (614)
846-1882. Dayton, ESCO (513) 226-1133. Marshall (513)
236-8088. Highland Heights, Hall-Mark (216) 473-2907:
Solon. Arrow (216) 24B-3590.

OKLAHOMA: Tulsa, Component Speciaities (918) 564-2820,
Hall-Mark (918) B35-B458

OREGON: Beaverton. Aimac/Stroum (503) 641-8070. Pod-
land, Kierultt (503) 641-8150

PENNSYLVANIA: Pittsburgh, Arrow (412) B56-7000

TEXAS: Austin, Component Speciaities (5121 B37-8922. Hall-
Mark (512) 837-2814. Harnson Equipment 1512) 4583585
Dallas, Component Speciaities (214} 357-8511, Hall-Mark
(214) 341-1147 internanional Electronics (214) 233-9323 EI
Paso. International Electronics (915) 778-9761 Houston,
Component Specialties (713) 771-7237 Hall-Mark (713)
781-6100. Harnisen Equipment I'HJ\ 652-4700

UTAH: Salt Lake City, Diplomat (801) 4B6-4134 Kierultt (801)
9736913

WASHINGTON: Redmond, United Comegonents (208)
885-1985. Seaftle. AimaciStroum (206) 763-2300. Kieruift
(2061 575-4420. Tukwila, Arrow (206) 575-0907

WISCONSIN: Oak Creek, Arrow (4141 764-6600. Hall-Mark
(414) 761-3000. Waukesha, Kieruift (414) 784-8160

CANADA: Calgary, Cam Gard Supply 1403) 287-0520. Future
(403) 259-6408. Varan (403) 230-1235. Downsview. CESCO
{416) 661-0220. Edmonton. Cam Gard Supply (403)
426-1805. Malitax, Cam Gard Supply 1902) 454-8581
Hamilton. Varan (416) 561-3311 Kamioaps, Cam Gard Sup-
ply (604) 372-3338 Moncton, Cam Gara Supply (508)
B55-2200. Montreal, CESCO (514) 735-5511 Future IS'Hl
731-7441 Omawa, CESCO (613) 728-5118 Future (613
820-8313. Quebec City, CESCO (4181 687-4231 R:oma Cam
uam Supply (306) 5. 51317 Saskaloon, Cam Gard Supply

306) 652-6424. Toronto, Fyture (416) 663-5563 Vancouver,
L.am Gard Supply (604) 291-1441 Future (504) 438-5545:
Varah (604) 873-3211 Winnipeg, Cam Gard Supply rzna&
786-8481. Varan (204) 633-6 gO Al

TEXAs INSTRUMENTS

Printed nUS A

INCORPORATED
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