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1.3

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

+5 V and —5 V supplies only

Interrupt-based service requests

TTL compatible

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 osciilator
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
ciocks, 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 (1C0-IC7) make up the 25-millisecond frame period. During 1C0O, 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

VSP activity on the memory data bus is controlled by the select lines as shown below.

L

L

TABLE 1 — RS AND WS FUNCTION

BUFFER CONDITION

High impedance state

Input to VSP. Some other device must be
driving the bus (typically the CPU)
Output from VSP. No other device should
be driving the bus at this time.

1llegal condition. Results not predictable.

—P 1/0

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.
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READY

DATA BUS

33

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.
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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 W§), the READY line will go low indicating that the
CPU may complete the data transfer cycle.

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.

® Buffer Low {BL) makes a zero-to-one transition indicating that more phrase data needs to be supplied to the
FIFO for Speak External Command.

L] 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.

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, 3



