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Synthetically Speaking—

Part |

by David L. Engelhardt

his board gives your Model 1/1II speech ca-
pability. Use it in applications for education
and the handicapped. It’s a real chatterbox.

Talk isn’t cheap, but it’s getting
cheaper. Once an expensive undertak-
ing, adding speech capability to your
16K Model I or III is now affordable
and fairly easy to accomplish.

In this two-part series, I’'ll show you
how to build and use a speech board for
your Model I/11l. In this part, I cover
the theory, construction, and testing of

the board’s hardware circuits. Next
month I’ll. go into applications for the
handicapped and in education, with
programs that convert keystrokes and
ASCII string text into synthesized
speech.

Although I built this system on a
Model I1I, it also work$ on a Model 1
since both computers use the same in-

Photo. Speech board.
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put/output communications signals (see
Table 1). The only difference between
the set-up of the two units is that the
Model III uses a 50-pin connector and
the Model I uses a 40-pin connector.

Parts to Buy

I based the entire speech circuit on the
Votrax SC-01 speech synthesizer chip,
which costs about $50. I bought the chip
from Micromint Inc. (the addresses of
all the manufacturers cited appear at the
end of this article).

Since I have an S-100 expansion bus,
I built the speech circuit on an S-100
plug-in card. The Photo shows the com-
plete circuit, consisting of the decoding
circuit, 8255 controller, SC-01 speech
chip, and the amplifier that operates an
external 8 ohm speaker. Notice that
there’s still room left on the S-100 card
for future additions to the speech cir-
cuit. .

The Vector Electronic Co. manufac-
tures the S-100 plug-in card (part number
8802-1). I like to use these cards because
the two-connections-per-trace design
allows easy point-to-point wiring. The
cards plug into an S-100 motherboard
manufactured by Wameco Inc. (part
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16K Cassette Basic
Assembly Language

(If 16K—object code only)
Hardware project




number QMB-12).

The motherboard allows expansion
to 12 extra cards, not including the
speech board. As it stands, I have the
computer interface/clock board in one
slot, the port control board in another,
and the speech board in a third slot. I
still have plenty of room for future ex-
pansion. You must provide a 5- and
12-volt power supply to operate the
speech board.

If you use a different plug-in card de-
sign, chances are it will be smaller. You
can still build the speech board using
smaller cards, but you may have to split
up the total circuit. Using smaller cards
shouldn’t present any problems as you
can easily link them together with rib-
bon cables. Adapt the required comput-
er signals to your bus configuration ac-
cording to the circuit schematics.

Port Decoding Circuit

The port decoding section shown in
Fig. 1 consists of U1, U2, and two gates
of U3. Ul and U2 are two-input, exclu-
sive OR gates that make up the main
port decoding section. Switches S1-S6
consist of an 8-DIP-switch (dual in-line
processor) package that plugs into a
16-pin integrated circuit (IC) socket
with two switches left for future use.
Use these switches to set or change the
speech ports to the configuration you
need, but keep them within the zero to
7F hexadecimal (hex) port limits set by
Radio Shack.

I use four ports to operate the speech
board via an 8255 programmable pe-
ripheral interface chip that controls the
Votrax chip. For simplicity, Fig. 1
shows the port decoding signals that
consist of everything to the left of the
8255 chip (U4). Figure 2 details the sig-
nals that control the SC-01 chip.

I use the 8255 chip as the interface be-
tween the Model I/III and the SC-01,
due to the SC-01’s internal set-up re-
quirements. I’ll cover this when I de-
scribe the SC-01 synthesizer chip below.

Address lines A2-A7 in Fig. 1 tie to
Ul and U2 to decode the base port val-
ue. Address lines A0 and Al tie directly
to the 8255 to decode its four internal
ports. Ul and U2 turn on and stay
selected for a decoding range of four,
while address lines AO and Al actually
perform the internal selection of the
four ports within the 8255 chip.

Since I selected ports 16-19 decimal
to control the Votrax chip, Ul and U2
set up the base, or bottom, port number
(16 decimal) and stay selected while the
combination of A0 and Al make up the
actual four ports (16-19) that control
the 8255 chip.
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Ul makes up the most significant
half of the SC-01’s base port number.
Only one-half of U2 makes up the least
significant half of the SC-01’s port. The
unused gates are available for future
use. Select the port number by setting
switches S1-S6 to either high (open) or
ground. The switches you set to ground
actually make up the port’s decoded
number. .

When you don’t select the port, the
logic state on pin 1 of U3A is normally
low. This is because the exclusive OR
gate always outputs a logic low whenev-
er either two lows or two highs are on
the gate’s inputs. Thus, when a decod-
ing switch is open, one of the inputs
goes to a high state. If an address line on
the other input is high at the same time,
it yields a logical low on the output gate

that turns off the decoder.

The decoder section requires only one
gate with a low output from U1 or U2 to
turn off. Since a logical high is one-half
the requirement on pin 1 of U3A to turn
on the decoder, all decoding exclusive
OR gates must have a logical high out-
put. The exclusive OR gate supplies a
logical high output only when both of
the inputs on each gate are of opposite
states.

For example, I decoded the speech
board for ports 10-13 hex (16-19 deci-
mal). Since the most significant port
digit is 1 hex, I set switch S4 to ground
and leave switches S1-S3 open. Since
the least significant hex digit is a zero,
switches S5 and S6 are also open. The
switches tied to ground apply a logic
low to one-half of a gate’s inputs while
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SERIAL PORT
EXPANDER
AND

MORE

BTA's MODEL 524 MULTIPORT

CONTROLLER is a code activated one
to four serial port expander — but that's
not all since it has separate and indepen-
dent UARTS, buffers and handshaking
each port can operate with a different
configuration, i.e. different baud rates,
stop bits, etc. These features also permit
two or more devices to communicate
with the 524 simultaneously.

Full duplex with EIA RS-232 protocol
Baud rates up to 19,200 .

Expansion to 16 ports by cascading

Peripheral ports may be configured
by user software

One year warranty

*MODELS524...............

*MODELS524A .............
same as model 524 except has 256 byte
rx/tx buffers per port

*MODELS524D.............$269.00
same as model 524, plus continuous poll-
ing of each peripheral device for data
transfer requests. The device is auto-
matically connected when its ‘turn comes
up . ON, BUSY and OFF messages are
sent to the peripheral device.

eOther models available — Contact us or
your dealer for additional information.

BAY TECHNICAL ASSOCIATES, inc.

HIGHWAY 603,P 0. BOX 387 -
BAY ST. LOUIS, MISSISSIPPI 39520
1601)467-8231

243
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the open switches apply logical highs.
At the selection of port 10 hex, ad-
dress lines A5-A7 are logical low giving
opposite states on the inputs to the
gates. This results in logical highs on
their outputs. Address line A4 is high,
and since its corresponding switch is
low, the inputs are of opposite states
and result in a logical high as an output.
The least significant digit using ad-
dress lines A2 and A3 works the same
way as the most significant digit. Since
address lines A2-A7 decode the base
port (10 hex), the decoder enables no
matter what state address lines AO and

Al are in. While address lines A2-A7
stay selected to enable the 8255, the
combination of address lines A0 and Al
changes to select the four internal ports
required to operate the 8255.

Any time the Input or Output com-
mand selects a port, the computer gen-
erates a corresponding in or out signal.
The computer applies these two signals
to the gates of U3B and its output goes
high in the presence of either one of the
in or out signals. The computer applies
the logical high output of U3B com-
bined with the decoded port signal to
the inputs of U3A to give a logical low

Model I pin designations
Signals Computer Pin Designations
DO Pin 30
D1 Pin 22
D2 Pin 32
D3 Pin 26
D4 Pin 18
D5 Pin 28
D6 Pin 24
D7 Pin 20
A0 Pin 25
Al Pin 27
A2 Pin 40
A3 Pin 34
A4 Pin 31
AS Pin 35
A6 Pin 38
A7 Pin 36
In* Pin 19
Out* Pin 12
IOBUSINT* Pin 21
( * = negative true)
Model III pin designations
Signals Computer Pin Designations (J2)

DO Pin 1

D1 Pin 3

D2 Pin 5

D3 Pin 7

D4 Pin 9
D5 Pin 11
D6 Pin 13
D7 Pin 15
A0 Pin 17
Al Pin 19
A2 Pin 21
A3 Pin 23
A4 Pin 25
AS Pin 27
A6 Pin 29
A7 Pin 31
In* Pin 33
Out* Pin 35
IOBUSINT* Pin 39

All Even
Ground >---------------~ <2TO 50

Table 1. Model I and Model III pin designations.




output.

The output of U3A enables the 8255
chip. for the Read and Write commands
needed to control the SC-01 speech
chip. The computer also ties the in and
out signals directly to the 8255 to con-
trol the direction of data flow in con-
junction with the actual Input or Out-
put command. The computer ties the in
signal to the RD input and the out signal
to the WR input of the 8255. The com-
puter connects all data lines to the 8255
for reading from and writing to the
SC-01 synthesizer chip.

You may wonder why U3 is a stan-
dard TTL (transistor to transistor logic)

“Through part-swapping
and troubleshooting
I discovered
that the system runs
without trouble
with a 7400 chip.”’

chip instead of an LS (low power Schott-
ky) chip like the others. I discovered
through part-swapping and trouble-
shooting that a 74LS00 doesn’t have
enough drive capability to enable the
8255. The system either locks up or gets
lost when I used a 74LS00, but runs
without trouble with a 7400 chip. Please
keep this in mind when you buy the
parts for the speech circuit.

The 8255 Controller
The programmable peripheral inter-
face, or 8255 (U4) for short, allows

configuration to any system or device
with little difficulty. You can set it up to

run in three different modes. I opted to
run the 8255 in mode zero for the speech
board application.

There are 16 possible configurations
within mode zero and Table 2 shows
these different configurations. Config-
uration 8 applies to the speech board
application. (Get Intel’s Component
Data Catalog for more information on
the 8255 interface chip. This book
describes in detail the many combina-
tions and configurations available with
this chip in all three modes of opera-
tion.)

Writing a control word to the 8255
sets mode zero, making two 8-bit ports
and two 4-bit ports available. Ports A
and B are the 8-bit ports and port C is
split in half to create the two 4-bit ports.
All outputs are latching outputs and all
inputs are non-latching inputs.

For the speech application, decoded
port 19 decimal writes the control and
configuration word (144 decimal) to the
8255 chip. Decoded port 18 sets up
communications with the 8255’s inter-
nal port C. Decoded port 17 sets up port
B and port 16 communicates with the
8255’s port A.

Figure 2 shows the ports that control
the SC-01 speech chip. Port B, with its
latching outputs, sends a code to the
SC-01 and stores it there while port C
tells the SC-01 to latch port B’s con-
tents. Port C also controls the SC-01’s
inflection inputs. Port A samples an
output from the SC-01 to indicate that
it’s ready for a new phoneme code. I’ll
discuss phonemes in more detail below.

The SC-01 Speech Synthesizer

The SC-01 is a self-contained chip ca-
pable of phonetically synthesizing con-
tinuous speech by combining pho-
nemes. This chip can reproduce the 64

MICROSETTE

Buy Direct and Save

e 514 SS and DS Diskettes
¢ Soft Sector Format Only

MICROSETTE CASSETTES

e Error-Free Computer Grade
o Industry Leader Since 1977

For Tandy, Apple, Osborne,
IBM, Atari, Texas Instruments,
Commodore, Timex, Kaypro,
Sinclair and Many Others.

CASSETTES

10 Pack | Qty | 50 Pack | Qty

$ 7.50 $32.50

9.00 39.00

11.00 50.00

15.00 70.00

DISKETTES 5'4-inch

$25.00 $100.00

35.00 150.00

Subtotal

Shipping & Handling

Num Value Port A Port B
0 128 output output
1 129 output output
2 130 output input
3 131 output input
4 136 output output
5 137 output output
6 138 output input
7 139 output input
8 144 input output
9 145 input output

10 146 input input
11 147 input input
12 152 input output
13 153 input output
14 154 input input
15 155 input input

Port C/Upper Port C/Lower
output output
output input
output output
output input
input output
input input
input output
input input
output output
output input
output output
output input
input output
input input
input output
input input

Table 2. Mode zero configurations for the 8255.

Calif. Cust. add Sales Tax

Total

O Shipping Address Enclosed
(J Check Enclosed

O Visa [0 MasterCard
Card #
Exp. Date

Signature

MICROSETTE CO.

475 Ellis St. Dept. 2
Mountain View, CA 94043
(415) 968-1604 .,
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different phonemes that emulate the
English language using 6-bit access
codes.

Sending out these different pho-
nemes at a continuous rate produces
synthesized speech. Table 3 lists the 64
different phonemes, their symbols,
average duration time in milliseconds,
and examples important in creating
speech. You can create any word by
combining the proper phonemes. I use a
Basic program to test the hardware cir-
cuits by putting together phonemes to
create actual speech (see the Program
Listing).

Refer again to Fig. 2. Port B of the
8255 (U4) transfers the 6-bit phoneme
code to the Votrax chip. Since the pro-
gram sets the outputs of port B to latch,

“the phoneme code stays on the inputs
(pins 9-14) of the SC-01 chip (U5) until
the program sends a new one. Now that
the phoneme code is on the SC-01’s in-
put pins, it must latch in through the
STB input (pin 7). Latching occurs on a
rising edge signal so that the PCO of the
8255 is set high to latch in the pending
phoneme code.

A time delay in the latching set-up
time is necessary. The Votrax chip re-
quires at least 100 microseconds to sta-
bilize its internal circuits. After stabili-
zation, the program sets the STB input
high to latch in and hold the phoneme
code. Due to this latching capability,
the Votrax chip is capable of continual-
ly sending out the same code until it re-
ceives a new one.

Since each phoneme code has its own
time duration, it’s necessary to know
when the SC-01 finishes creating it. This
is where the acknowledge/request
(A/R) output (pin 8) from the SC-01
comes into play. The A/R output indi-
cates when the program should send the
next phoneme. Upon completion of the
phoneme, the A/R output goes from a
low state to a high state. Since the A/R
output is CMOS and the input to the
8255 is TTL, the A/R output doesn’t
have enough drive capability to operate

the TTL gate. U7 takes care of the inter-
face requirement.

U7 (4049) is a hex inverter/buffer ca-
pable of driving two TTL loads. Since it
has CMOS input and TTL-compatible
output, the SC-01 and 8255 chips are
completely compatible. The 4049 in-
verts the signals, while two gates keep
U7B’s input the same as U7A’s output.

A 4050 CMOS chip also works in
place of the 4049. The only difference
between the two is that the 4050 doesn’t
invert the logic signals. Should you use
a 4050 chip, you need only one gate. |
used a 4049 because I had one available
when I-built the circuit.

““You can synthesize
JSour different voices
or mix sounds together
to change the pitch
of a spoken sentence.’’

Input PAO (pin 4) of the 8255 con-
stantly scans the state of the A/R out-
put. When the A/R line goes from a low
to a high state, it tells the controlling
program to send another phoneme to
the SC-01 chip. The sequence of events
using the phoneme inputs, STB line,
and A/R line continues until the con-
trolling program stops sending new
phoneme codes.

I1 (pin 3) and 12 (pin 2) represent the
inflection inputs to the Votrax chip.
These inputs let you change inflection
or pitch for a higher- or lower-sounding
output. This gives you the ability to syn-
thesize four different voices or to mix
sounds together to change the pitch of a
spoken sentence.

Because inflection inputs must be at a
constant logical state, they require ex-
ternal latches. The latched outputs of
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PC1 and PC2 (pins 15 and 16) of U4

provide this function. The gates of U6
act as a buffer between U4 and U5 for
the inflection inputs. Notice that the
outputs of U6 are tied to 12 volts
through 4.7K resistors. The inflection

.inputs require the same voltage as the

SC-01’s power supply and U6 provides
this interfacing requirement. Remem-
ber this because the circuit doesn’t func-
tion if U6’s outputs are tied to 5 volts
instead of 12 volts.

Gate U3C is one of two methods that
uses interrupts to let the computer know
it’s time to send out another phoneme
code via the 8255. The program sets the
state of PC7 (pin 10) to high to enable
the interrupt gate. When the A/R line
signals the readiness for a new pho-
neme, its high output combines with
PC7’s output to give the required low
signal for an interrupt.

The other method used is scanning
PAO for the low to high transition. I use
this method and scan the PAO input for
a logic change. I set the interrupt usage
aside for advanced applications in the
future.

The master clock frequency inputs,
MCRC and MCX, are connected to a
resistor and a capacitor. These two in-
puts and components reach an oscillat-
ing frequency of approximately 720
kHz. This frequency sets up the stan-
dard phoneme timing so that, by vary-
ing the variable resistor, the voice and
sound output change from a low pitch
to a high pitch.

If you use the external clock source
option instead of the internal one, the
MCRC output (pin 16) is tied to ground
while the external frequency source is
applied to the MCX input (pin 15).
Since 1 use the internal clock, both
MCRC and MCX are tied together as
shown in Fig. 2. The easiest way to ad-
just the internal clock is to send out a
phoneme code or message and set the
frequency for the most pleasing sound.
I’ll cover this in the testing section of
this article.

I tied audio outputs CB, AF, and AO
together so I could use them in conjunc-
tion with a class A amplifier. If you use
these outputs in an amplifier other than
a class A amplifier, separate them. I
chose class A because it’s popular and
easy to build. The combined output of
the three signals are tied to the amplifi-
er’s input shown in Fig. 3.

Figure 3 also shows the speech ampli-
fier circuit, consisting of a pre-amp and
a main amplifier. I decided to design an
amplifier that could handle speakers
larger than those in transistor radios to
get better sound quality.



The pre-amp section consists of ev-
erything to the left of the dotted line in
Fig. 3. It conditions the signal from the
SC-01 and sends it to the main amplifier
section, to the right of the dotted line.
Note that the volume control for the
speaker is located in the pre-amp sec-
tion.

U8 (LM380) is an amplifier chip ca-
pable of handling speaker loads of up to
2.5 watts with proper heat sinking. A
typical 6-inch car speaker shouldn’t pre-
sent any heat problems when used with
this amplifier chip. The pre-amp/am-
plifier circuit is powered from the same
12-volt supply that powers the Votrax
chip.

Generating a Phoneme

_ Here is the sequence of events that
creates a phoneme sound. First, enable
the external bus with the command
OUT 236,16 to allow any input or out-
put from or to the computer (Model 111
only). The next step is to set the 8255 in-
terface chip to mode zero, option 8,
with the OUT 19,144 command. The
OUT 17,CODE’ sends a phoneme

code to the Votrax chip through the
8255 (PBO to PB5). Now consider the
required set-up time delay.

If Basic controls the Votrax chip, a
time delay loop isn’t necessary due to
the internal slow speed of the Basic lan-
guage as compared to machine-lan-
guage code. If you use machine-lan-
guage code, the program loads register
‘pair BC with a value and calls 60 hex for
the time delay. I use this last method
and will describe it under the Text-to-
Speech program section next month.

After the controlling program sends
the phoneme code to the SC-01 chip,
the chip must latch in the code to start
the sound output via the STB line input.
Port 18 controls the 8255’s PCO, PCl,
PC2, and PC7 outputs. It always starts
the SC-01 chip by making the STB line
into a high state.

The value sent to port 18 controls the
STB line, inflection levels, and enables
gate U3C for interrupt control. The val-
ue must always be an odd number to
ensure control of the STB line. The
phoneme sounds when an OUT 18,X
command latches in.

After phoneme generation, the pro-
gram monitors the Votrax chip to know
when to send out another code. Port 16
samples the 8255’s PAO input, which is
the same as the A/R line. The program
scans the A/R line in a loop until a posi-
tive value indicates the Votrax chip is
ready for a new code. The Basic com-
mand that samples port 16 is A =INP
(16). A positive value causes the entire
sequence of events to start all over again
with a new phoneme until stopped un-
der program control.

Speech Construction

Regardless of the board system on
which you build the circuit, be sure to
use sockets for all the integrated cir-
cuits. Figure 4 shows the component
layout of the speech board. Table 4 is
the parts list for all the circuits.

Since there are a couple of CMOS
chips in the circuit, especially the Vo-
trax chip, take extra precautions to dis-
charge static electricity when handling
them. A good rule to practice is never to
assemble a project in an area that has a
rug beneath your feet. The rug can gen-

Phoneme Phoneme Duration
Code Symbol  (ms)
00 EH3 59
01 EH2 71
02 EH1 121
03 PAO 47
04 DT 47
05 A2 71
06 Al 103
ZH 90
AH2 71
09 13 55
0A 2 80
0B 11 121
(Le M 103
oD N 80
OE B 71
OF \' 71
10 CH* 71
11 SH 121
12 Z 71
13 AW1 146
14 NG 121
15 AH1 146
16 001 103
17 00 185
18 L 103
19 K 80
1A J* 47
1B H 71
1C G 71
1D F 103
1E D 55
1IF S 90

Example 20 A 185 day
Word 21 AY 65 day
jacket 22 Y1 80 yard
enlist 23 UH3 47 mission
heavy 24 AH 250 mop
no sound 25 P 103 past
butter 26 o 185 cold
made 27 I 185 pin
made 28 U 185 move
azure 29 Y 103 any
honest 2A T 7 tap
inhibit 2B R 90 red
inhibit 2C E 185 meet
inhibit 2D w 80 win
mat 2E AE 185 dad

sun 2F AEI1 103 after
bag 30 AW2 90 salty
van 31 UH2 71 about
chip 32 UH1 103 uncle
shop 33 UH 185 cup
200 34 02 80 for
lawful 35 01 121 aboard
thing 36 18} 59 you
father 37 Ul 90 you
looking 38 THV 80 the
book 39 TH 71 thin
land 3A ER 146 bird
trick 3B EH 185 get
judge 3C El 121 be
hello 3D AW 250 call

get 3E PAIl 185 no sound
fast 3F STOP 47 no sound
paid /T/ must precede /CH/ to produce CH sound.
pass /D/ must precede /J/ to produce J sound.

Table 3. Phoneme chart.
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erate static charges with a potential of
thousands of volts that, in dry climates,
could easily destroy CMOS chips.

I use Radio Shack wire-wrap for all
of my connections. If you use wire-
wrap, use a wire stripper to facilitate
working with the small-sized wire. I rec-
ommend using wire-wrap because it’s
small, easy to work with, and comes in
various colors. I standardized my color
coding system so that blue wire is for
address lines, yellow for data lines,
green for control signals, and red for

power. The color codes make trouble-
shooting easy.

All of the control signals coming
from the computer are labeled in the
schematics. How you get them to the
speech circuits is up to you. You have
two options. You can run them directly
from the computer or go through an in-
terface like the one described in the
March 1983 issue of 80 Micro (‘‘Real
World, It’s About Time!”’, p. 342).

If you don’t build an interface, tie the
appropriate signals from the Model 111

7-Resistors

12V regulator
5V regulator
IC sockets
PC board

Decoder Section Parts List (Figure 1)

U1, U2 7415136

U3 7400

U4 8255A

S1-S6 RS #275-1301
4-Filter Caps .01 uF @ 25V disk

1k ohm @ 1/4 watt

Main Speech Circuit Parts List (Figure 2)

U4 8255A

us Votrax SC-01 chip

1803 7417

u7 4049

3-Filter Caps .01 uF @ 25V disk

1 Cap 120 pF cap @ 25V

1 Cap 100 uF @ 25V electrolytic
Resistors are 1/4 watt:

4.7k ohm Quantity = 10

6.8k ohm Quantity = 1

10k ohm pot Quantity = 1 (any power rating)

Sound Amplifier Circuit Parts List (Figure 3)

U8 LM380

Ql 2N3391
Capacitors: (rated minimum of 25V)
100 uF elect. Quantity = 1
50 uF elect. Quantity = 1
5 uF elect. Quantity = 1
10 uF Quantity = 1
.05 uF Quantity = 1
.003 uF Quantity = 1
.002 uF Quantity = 1
Resistors are 1/4 watt:

10k ohm pot Quantity = 1 (any power rating)
IM ohm Quantity = 2
10k ohm Quantity = 1
1k ohm Quantity = 2
Phone Jack RS #274-249
8 ohm speaker

Miscellaneous

Wameco QMB-12 Motherboard (if used)
Vector 8802-1 S-100 card (if used)

50 pin connector and cable (40 pin for Model I)
Wire-wrap, power-supply heat sinks,
solder, hardware, suitable enclosure

Table 4. Parts list.
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to the speech circuits directly through a
50-pin edge connector and conductor
cable. Use a 40-pin edge connector and
conductor cable for a Model 1. Table 1
shows the signals and pin-outs of the
Model I and Model III expansion buses.

You can buy the 40- and 50-pin con-
nectors from Radio Shack, but you’ll
have to get the cable from an electronics
dealer. Run the appropriate signals to
the designated inputs shown in Figs. 1
and 2. For the Model 111, be sure to con-
nect all the even cable conductors to
ground as shown in Table 1. The Model
I doesn’t use this configuration. (The
article referred to above explains the
cable/conductor assembly in greater
detail.)

I mount both the 5- and 12-volt regu-
lators on opposite sides of the S-100
card. Be sure to mount these regula-
tors on heat sinks to keep them cool. In-
stall a 5 uF electrolytic capacitor on each
regulator’s input lead to suppress any
oscillations should they occur. These
oscillations drop the output voltage to
an undesirable value. Install the 100 uF
electrolytic capacitor across the SC-01’s
12-volt power supply to ground as shown
in Fig. 2 to prevent noise from entering
the circuit.

Although it isn’t required, I highly
recommend that you add .01 uF disk ca-
pacitors across each integrated circuit’s
power and ground pins. These ICs
sometimes produce noise when they’re
involved in high-speed switching. The
capacitors filter out most of it. I always
mount mine on the back side of the
S-100 card, soldering one lead directly
to the chip’s power input pin and the
other to the chip’s ground pin.

On completion of the speech board,
check your circuits carefully for wiring
errors, opens, and shorts before you ap-
ply power to the circuits. If everything
checks out, apply power and measure
the 5- and 12-volt supplies for correct
operation. It’s also a good idea to check
each IC socket’s power pins for voltage.
Take time to read all of the SC-01’s
socket pins for voltages.

Use a miniature plug and socket to
connect the speaker to the speech board
as shown in the Photo. Install all of the
pull-up resistors as shown in Fig. 2.
These resistors ensure correct logic
levels between the 8255 (U4) and SC-01
(U5) chips. 1 install my resistors on
14-pin component carriers to obtain a
neater appearance.

With the power off, carefully install
all of the ICs. Make sure you set the
port address decode switches (S1 to S6)
to decode the base port of 10 hex.



Testing the Speech Board

The Program Listing is a Basic pro-
gram that tests the speech board and
sets up the master clock frequency. It is
well-commented and follows my earlier
discussion on the creation of phonemes.
Type in and save the Listing. Turn on
the speech board’s power. You may
hear a phoneme sounding at a constant
rate due to the possible erratic power-up
condition of the circuits. Type RUN to
execute the test program.

The computer should now say ‘‘Hel-
lo, I am now a talking computer.” Af-
ter this message, the speech board is
quiet since the last data value sent con-
sists of the Votrax stop code of 63
decimal.

If the speech board doesn’t talk,
check the DIP switch to see if you
selected the correct base port number. If
the problem persists, recheck all your
circuits for possible errors. If the board
does talk, you can set the master clock
frequency.

“When you type RUN
to execute
the test program,
the computer should say
‘Hello,
I am now
a talking computer.’ >’

Change line 270 in the Listing to
RUN. This puts the program into a con-
tinuous talk mode. Now run the pro-
gram and adjust the variable resistor
that changes the master clock frequency
as shown in Fig. 2. Adjust this resistor
to obtain the most pleasing sound pitch.
When the sound pitch is set, check the
inflection circuits.

To do so, modify the Listing once
"more. Change line 170 to INPUT “‘EN-
TER INFLECTION VALUE”;VO.
This lets you enter different inflection
values to see how they change the voice
output. Line 180 ensures that the value
is odd between 1 and 7. If you use the
interrupt option, add a value of 128 to
the 1 to 7 value.

Run the program and enter odd val-
ues from 1-7 to hear how the voice
changes pitch. You should be able to
detect a total of four different voices. I
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incorporate the ability to change the
pitch or inflection inputs in the Text-
To-Speech program, which I’ll discuss
next month. This lets you change pitch
within sentences.

When you order and receive the Vo-
trax chip, you also get the data sheets
and a phonetic speech dictionary that
gives you the codes to make up numer-
ous words. The values in the data state-

ments located in the Listing were taken
from this book. You must, however, go
through a conversion process to obtain
the correct decimal value for the data
statements.

Refer again to Table 3. Note that
each phoneme code has a hex value.
You must convert this value to its deci-
mal equivalent in order to put it into da-
ta statements. To make it easier, I put

RES
PACK

ua

10 "hhkkkkkkkk Rk kA kR k kR Ak ARk kA kA kA hhhd
20 ! LISTING 1
30 l*********************************j*************
40 '
23 : TEST PROGRAM FOR THE SPEECH BOARD
BY
Zg : DAVID ENGELHARDT
99 05/04/83
100
110 ' THIS BASIC PROGRAM IS USED TO TEST THE
120 ' HARDWARE CIRCUITS.
130
140 Phkkkhkhkhkhkhhhhhhhhhhkkhkhkhhhkkhkhhkhhdhkkhkhhhhhhhkhkk
150 !
160 CLS
170 vo=1
igg IF4\3IO=1 OR VO=3 OR VO=5 OR VO= 7 THEN GOTO 19¢ ELSE 178
E=
200 DATA 27,2,35,24,35,53,55,62,62 : ' HELLO
210 DATA 21,06,9,41,62,47,08,12,62 : ' I AM
220 DATA 13,21,35,55,62,6,33,41,62: ' NOW A
230 DATA 42,61,25,10,20,62 : ' TALKING
ggg lI)ATA 25,50,12,37,34,54,55,42,58,63: ' COMPUTER
260 GOSUB 5000 ' DO IT.
270 STOP
280 !
290 l*****:k***********************t******************
360 ' THIS SUBROUTINE WILL MAKE THE VOTRAX CHIP TALK
310 l*i************'k***************t******t******i***
320
5000 OUT236,16:
' ENABLE EXTERNAL BUS
5610 FORX=1 TO E: ' SET UP LOOP
5020 READ C: ' GET PHONEME CODE
5030 OUT19,144: ' SET 8255 FOR MODE @
5040 OUT17,C: ' SEND PHONEME CODE
5056 OUT18,VO: ' LATCH CODE AND TALK
5060 A=INP(16) :IFA=@ GOTO 5060 : ' SCAN A/R HIGH = DONE
5070 NEXT X: ' DO AGAIN
5080 RETURN
5090 END
Program Listing. Test speech program.
TO
/',—-————‘ ,_____{-CL;:K_—; E SPEAKER
RECULATOR l's vour : RES o ! | FREQ OsC |
ON OTHER SIDE Ao LATOR E PACK v ampikier [PRTS )
UTS_INK_J I COMFONENYS'
| |
| |
] | I |

B

8802-1

Figure 4. Parts placement for speech board.




the decimal equivalent just to the right
of the hex value. Start with the pho-
neme code 00 and number them from
zero to 63.

You can adapt the Listing to run in
any Basic program. Just put the subrou-
tine from lines S000-5080 in your pro-
gram with the appropriate data state-
ments. Change the data statements and
you can apply the talk feature to games,
and so on. If the application requires
only certain spoken phrases, you can
save memory by putting them into data
statements, when you use the Text-To-
Speech program in next month’s issue.

Using Table 3 might seem a little
complicated at first, but it gets easier
with experimentation. For practice, break
the word “‘hello”> down into its phoneme
equivalent by using the example word
pronunciations given in Table 3.

First find the H sound in the table,
phoneme code 1B hex or 27 decimal.
The next letter, E, comes closest in pro-
nunciation to that in the word *‘enlist,”’
so the phoneme code is 01 decimal.
Since the next two letters are L’s, add
two decimal L codes, which are 24,24.
The final code for the letter O is 38. The
last value should always be the stop
code of 63 for any spoken phrase.

Now put the decimal codes 27, 01,
24, 24, 38, and 63 into the first data
statement in the Listing. Also, change
the E value (line 190) to 6 for the loop
count. Run the program and listen to
the pronunciation of hello. You may
find that some words need a little more
work by adding a few extra phoneme
codes. ,

For example, compare the phoneme
codes for hello to those in the first data
statement in the original Program List-
ing and you’ll see what I mean.

When you get the speech board built
and running, you’re ready for the soft-
ware that converts ASCII text to speech,
as well as some practical applications. I'll
present those next month, along with
some instructions on how you can as-
semble the listings on your particular
system. Il

Write to David Engelhardt at 10221
West 101st Place, Broomfield, CO
80020.

The addresses of the manufacturers

cited in this article are:
Micromint Inc., 561 Willow Ave., Ce-
darhurst, NY 11516 (800-645-3479; NY
residents, 516-374-6793); Wameco Inc.,
P.O. Box 877, El Granada, CA 94018
(415-728-9121); Vector Electronic Co.,
12460 Gladstone Ave., Sylmar, CA
91342 (213-365-9661).

2,000 new programs for your
TRS-80® 12.

CP/M is the runaway
leader in disk operating
systems, but until now owners
of Radio Shack computers
have been locked out of the
thousands of useful programs
that operate on CP/M.

Now you can put the power
of CP/M into your Radio
Shack TRS-80 II, 12, or 16,
and be able to use all the
popular and useful software —
and hardware—that has been
previously out of your reach.

Use any printer.
Instead of being chained to
Radio Shack hardware, you'll

be able to add a video terminal,

any printer (serial or parallel)
and several Winchester

hard disk drives with storage
up to 80 megabytes.

Yes! Send me free information

about CP/M for Radio Shack.

Name

computers.

Uses only 8.5K of memory.

Since our first version
went on the market in 1980,
we've condensed and refined it
into a compact, easy-to-use
system enjoyed by thousands
of users.

Besides the standard Digital
Research CP/M manual,
you’ll get the 250-page manual
we've developed through our
long experience in adapting
CP/M to Radio Shack com-
puters. Our manual has lots
of examples and an index
and glossary.

You'll have your first working
disk in ten minutes.

Only $200.

The floppy disk version of
Pickles & Trout CP/M is $200.
The hard disk versions (for
Tandy, Corvus, and Cameo) are
$250, except for the multi-user
Cameo, which is $400.

Address

City State

cKLES

Phone

or send us your business card.

Pickles & Trout®, P.O. Box 1206, Goleta,

CA 93116 (805) 685-4641

TROUT

TRS-80% Radio Shack/Tandy Corporation. CP/M® Digital Research.

Pickles & Trout® Pickles & Trout.

©1983 Pickles & Trout 290
80 Micro, January 1984 ¢ 155




	80micro198401_0142
	80micro198401_0144
	80micro198401_0146
	80micro198401_0147
	80micro198401_0148
	80micro198401_0150
	80micro198401_0152
	80micro198401_0154
	80micro198401_0155

