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Speech synthesiser
for BBC micro

And now a speech synthesiser for the BBC micro. Mark Stewart
builds a low cost board with the same SPO256-AL2 allophone
chip used in last month’s project for the Spectrum, but with the

added extra of EPROM storage.

Following on from the discussion of
speech synthesis in the November and
December 83 issues of E&CM, this article
presents a practical speech synthesiser for
use with the BBC Model B. Using . the
General Instruments allophone IC, the
SP0O256-AL2, this circuit allows two
different modes of operation. In “direct”
mode the computer controls the speech
synthesiser IC directly, allowing total
software control of individual allophones,
which may be strung together to produce
the required speech. In the second mode
the computer selects a word or phrase
from an on-board EPROM; 64 phrases,
each up to 32 allophones long can be
stored in a single 2716 2K EPROM. Alter-
native connections aliow the format to be
changed so that 32 phrases of 64
allophones, or 16 phrases of 128
allophones can be used.

it is also possible to use a 2732 4K
EPROM and select between 2 banks of 2K
using an on board switch. Switching be-
tween the two modes is done in software,
so that a program can mix “standard
phrases” from the EPROM with direct,
software controlled words.

A particular advantage of the EPROM
mode is that the computer is freed once:it
has initiated the phrase required. Thus fast
action games can be combined with
speech, using simple programming, with-
out loss of speed. Itis of course, necessary

to construct a speech EPROM vocabulary
for a particular set of programs. The “direct
mode” allows the words or phrases to be
set up experimentally in RAM before com-
mitting them to EPROM, using an EPROM
programmer (but of course, the system can
be used without an EPROM).

The Circuit

A full circuit diagram is shown in Figure 1.
The speech synthesiser IC7 has 6 data
input lines which address the 64
allophones listed in Figure 4. The direct
mode 'is selected by a logic low on the
computer user port line, PB7. Tri state buf-
fer, IC4, is enabled and the 6 data lines of
IC7 are connected to PB0-5 of the com-
puter user port. User port line PB6is IC7. A
signal from the active low output (SPO) of
IC7 is coupled to the CB2 control line of the
computer port. This line is pulled low by
IC7 when it is busy. A rising edge indicates
to the computer that the next allophone
data can be loaded.

Selection of direct mode automatically
disables the EPROM. Its outputs assume a
high impedance state and are effectively
disconnected from the system.

When PB7 is high EPROM speech is
enabled. IC4 output lines are all set to their
high impedance state. IC1a inverts the
signal from PB7 and sets one input of IC1b
low. The other input of NOR gate IC1b is
fed from the SPEAK line PB6 via D1 and the
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pulse forming network R1, R2 and C1. A
high to low transition of PB6 produces a
short positive pulse at the output of IC1b.
This pulse sets the bistable formed by
cross coupled gates IC1c and d. The out-
put of IC1c changes from high to low. This
removes the reset condition from the 7 bit
binary counter 1C2, and pulls down the
BUSY line via D2. Setting the bistable also
changes the output of IC1d from low to
high. The output from IC1d puts a high
state on one input of IC3a, the other input
of which is held high by the inactive SPO
output of IC7. The output of IC3a therefore
changes from high to low, and IC2 is
clocked 1 count from zero. The output from
IC3ais inverted by IC3b and coupled to the
two delayed pulse forming circuits IC6a, b
and IC6c, d. The low to high transition from
IC3b is coupled, via C3, to the inputs of
IC6a. The inputs of IC6a are pulled high via
C3. C3 then begins to charge via R14, and
the inputs are pulled back down again to
zero, even though the output of IC3b may
still be high. The result of this is that a short
negative pulse is produced on the output
of 1C6a, starting when IC3b output
changes from low to high. The length of the
pulse is set by the values of C3 and R14.
IC6b is an identical stage which produces
a negative pulse which starts on the rising
edge at the end of the negative pulse from
IC6a. A similar pattern occurs with 1C6c
and IC6d, but the relative pulse lengths dif-
fer because different value timing resistors
are used. Figure 2 shows these pulses
graphically. The output pulse from IC6b
enables the EPROM. The falling edge of
the pulse on the output of IC6d is timed to
occur during the time that the EPROM is
enabled. This pulse is used by IC7 which
loads the data present on the EPROM data
lines, and starts to execute the first
allophoneroutine. As soon as IC7 loads the
data the ‘busy’ condition is signalled by the
SPO output changing from high to low.
This signal is coupled via D5 to IC3a. The
inputs to NAND gate, I1C3a, change from
both being high to one being high and one
being low. lts output changes from low to
high. This change has no effect on the
counter, which is clocked on falling edges.
The change is inverted by IC3b, but has no
effect on IC6 which is triggered only by
rising edges.
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Figure 1. Circuit diagram of the synthesiser.

The circuit waits in a stable state until IC7
has completed its routine. At the end of the
routine the SPO output changes from low
to high, IC3a output also falls and clocks
IC2 and IC6 repeats its pulse sequence.
IC7 again loads the EPROM address,
which is derived from IC2, and has
increased by 1. IC7 therefore executes the
allophones from the EPROM one by one.
With IC2 and IC5 connected as shown, the
lower 5 address lines would cycle in-
definitely without some means of ending
the sequence. To accomplish this, one of
the two higher order data lines of the
EPROM is used. The 64 available
allophones require only 6 data lines from
the 8 bit EPROM. The higher two lines are
normally set to 0. By setting one of the high
order lines to logic 1, it is simple to indicate
the end of a sequence. EPROM data line

but a cheaper 3.57MHz USA colour TV
crystal operates well. The speech output
from IC7 passes through a simple low pass
filter network and volume control, to a
standard IC audio amplifier. A miniature
speaker provides the final link.

Construction

Construction is very straightforward. A
double sided printed circuit board is used,
see Figures 3a and 3b; the only off board
components are the volume control RV1
and the loudspeaker.

Follow the overlay drawing to be pub-
lished next month when assembling the
board. Note that through connections are
made using PCB pins, and that some com-
ponent leads are soldered on both sides of
the board. IC sockets are recommended

“,, . allows the computer to select words or phrases
stored in EPROM”.

D7 is connected ot iIC1d. The control
bistable is reset whenever a logic 1
appears on D7, IC2 is reset, and the BUSY
signal returns from low to high. The circuit
is then returned to its initial state.

A ‘power on reset’ pulsé is produced by
IC3c to ensure that the control bistable is
initially in the correct state.

IC7 has its own clock oscillator which
uses C8, C9 and crystal X1. A 3.12MHz
crystal is specified by the manufacturers,

FEBRUARY 1984

but are not essential except for the
EPROM.

Connections to the speaker, RV1, and
the ribbon cable from the computer are
best made using PCB pins.

Although only 11 connections are made
to the computer it is better to use a length

of 20-way ribbon cable, and to cut back the
unused leads at the synthesiser end.

Programming

Direct mode allows the computer to oper-

parts for this
project is available
from Magenta
Electronics. See
their advert in this
issue.
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Figure 2. The relationship between the various
timing pulses.

ate the speech synthesiser IC directly.
The mode is selected by setting the user
port line PB7 to a logic 0. The user port
must first be set up as an output port by
using the instruction:
?&FE62=FF

PB7 is set low by any number less than
127. The production of an allophone is
initiated by a high to low transition of PB6.
The other 6 port lines select the required
allophone. The allophone table, Figure 4,
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Lower
foil
pattern.

Figure 3b.

Figure 3a.
Top side foil of the
double sided board.

lists the 64 sounds and pauses that can be
produced.

The following short program allows each
allophone to be selected and sounded:

10 ?&FE60=64
15 INPUT A

20 ?7&FE60=A
30 GOTO 10

Line 10 sets all the port lines except PB6 to
0. The decimal number of the required
allophone is entered in line 15. Inline 20 the
allophone number is put on port lines BO-
PBS5, and PB6 is changed from high to low.
The falling edge on PB6 tells IC7 to latch
the allophone data into its register, and
commence execution. There is a problem
with this simple program because IC7 con-
tinues to produce the allophone until a new
one is entered. A pause (data 0-4) must
always be entered to finish a phrase or
word.

It is necessary for the computer to
know when one allophone has ended, so
that the next one can be loaded inot IC7
without leaving an audible pause. This tim-
ing function is made possible by the SPO
output of IC7 which goes low whilst each
allophone is sounded. A low to high transi-

“tion on the SPO line occurs at the end of

each allophone. This BUSY signal is
coupled to the computer port control line
cB2.

Those familiar with the 6522 computer
VIA chip will be aware of its many com-
plexities. Without. going into detail the
relevant operation can be summarised as
follows. Control line CB2 influences data
Bit 3 of a register in the 6522 known as the
interrupt flag register (IFR). The register
can be read by the computer at FE6D Hex.
Normally the register contains all ‘0s’, so a
simple test can be used to check on Bit 3.
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The effect of CB2 on IFR Bit 3 is con-
trolled by another 6522 register at FEGC
called the peripheral control register (PCR).
By setting Bit 6 of the PCR to a logic 1, a
low to high transition on CB2 will set Bit 3 in
the IFR to 1. Three of the bitsinthe PCR are
already set (Bits 1, 2 and 3) and this must
be allowed for when setting Bit 6.

When the computer sends an output to
the user port PB lines Bit 3 in the IFR is
automatically set to 0. After IC7 has exe-
cuted the appropriate allophone, the
BUSY line switches from logic 0 to logic 1
so instructing the computer to issue the
next instruction. )

The simple BASIC program that follows
should clarify the method of operation:

The program loops around lines 50 and 60
whilst the BUSY line is low. When the
BUSY line is switched to high, B is no
longer 0 so the program proceeds to line
70, and returns for the next.

EPROM Programming

The EPROM mode of operation is set by a
logic 1 on PB7 of the computer port.
Speech is initiated by a high to low transi-
tion of PB6. The other 6 data lines deter-
mine which bank of 32 EPROM addresses
is used. If PB 0-5 are set to zero the
EPROM is addressed from 01 to 32. If PBO
is setto 1 the 32 EPROM addresses start at
33 and end at 64, etc.

Note that the sequence can be made
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addresses to be used, and can take avalue

Figure 4. The 64 allophones generated by the synthesiser.

shorter than 32 bytes by putting an end
character in the EPROM (any number be-
tween decimal 128 and 255, or 80-FF Hex).

All of this translates into BBC code as
follows:

First enter: ?&FE62=FF
This sets the user port lines PB 0-7 to out-
put mode.

Then enter the following short program:

5 INPUTA
10 ?&FE62=192+A
20 ?7&FE60=128+A
30 GOTO5

The value of ‘A’ determines the bank of

7 ¥ s 3

from 0 to 63.

Adding 192 to A in line 10 sets PB6 and
7 high, and so sets up EPROM mode. Line
20 leaves the value of PB7 b'+h whilst
changing PB6 from high to low. i ne falling
edge of PB6 initiates the speech cycle.
Note that if an end character is not found in
the EPROM the circuit will latch, and con-
tinuously cycle through the 32 addresses.
Switching the power off and on will restore
normal operation.

Alternative phrase lengths can be set by
changing the hardware connections. If the
Q6 output of IC2 is connected to A5 of IC5,
and the computer PBO line disconnected,
there will be 32 banks of 64 addresses
available. Linking Q7 of IC2 to A6 of IC6 as
well, will give 16 banks of 128 addresses.

To use the speech in a program it is only

necessary to run lines 10 and 20 with the

required value of ‘A’ added to the 192 and
128. Remember though to initiate the port
by entering ?&FE62=FF somewhere in the
program, before the speech part.

Mixing EPROM speech with direct
speech can be achieved simply by switch-
ing backwards and forwards using
software. The busy condition may be read
from the IFR in exactly the same way for
both the direct and EPROM modes.

PARTS LIST
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Speech synthesiser
for BBC micro

And now a speech synthesiser for the BBC micro. Mark Stewart
builds a low cost board with the sume SP0256-AL2 allophone
chip used in last month’s project for the Spectrum, but with the

added extra of EPROM storage.

Following on from the discussion of
speech synthesis in the November and
December '83 issues of E&CM, this article
presents a practical speech synthesiser for
use with the BBC Model B. Using.the
General Instruments allophone IC, the

SP0O256-AL2, this circuit allows two
different modes of operation. In “direct”
mode the computer controls the speech
synthesiser IC directly, allowing total
software control of individual allophones,
which may be strung together to produce
the required speech. in the second mode
the computer selects a word or phrase
from an on-board EPROM; 64 phrases,
each up to 32 allophones long can be
stored in a single 2716 2K EPROM. Alter-
native connections allow the format to be
changed so that 32 phrases of 64
allophones, or 16 phrases of 128
allophones can be used.

It is also possible to use a 2732 4K
EPROM and select between 2 banks of 2K
using an on board switch. Switching be-
tween the two modes is done in software,
so that a program can mix “standard
phrases” from the EPROM with direct,
software controlled words.

A particular advantage of the EPROM
mode is that the computer is freed once-it
has initiated the phrase required. Thus fast
action games can be combined with
speech, using simple programming, with-
out loss of speed. ltis of course, necessary

1o construct a speech EPROM vocabulary
for a particular set of programs. The “direct
mode” allows the words or phrases to be
set up experimentally in RAM before com-
mitting them to EPROM, using an EPROM
programmer (but of course, the system can
be used without an EPROM).

The Circuit

A full circuit diagram is shown in Figure 1.
The speech synthesiser IC7 has 6 data
input lines which address the 64
allophones listed in Figure 4. The direct
mode is selected by a logic low on the
computer user port line, PB7. Tri state buf-
fer, IC4, is enabled and the 6 data lines of
IC7 are connected to PBO-5 of the com-
puter user port. User port line PB6isIC7. A
signal from the active low output (SPO) of
IC7 is coupled to the CB2 control line of the
computer port. This line is pulled low by
IC7 when it is busy. A rising edge indicates
to the computer that the next allophone
data can be loaded.

Selection of direct mode automatically
disables the EPROM. Its outputs assume a
high impedance state and are effectively
disconnected from the system.

When PB7 is high EPROM speech is
enabled. IC4 output lines are all set to their
high impedance state. IC1a inverts the
signal from PB7 and sets one input of IC1b
low. The other input of NOR gate IC1b is
fed from the SPEAK line PB6 via D1 and the
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pulse forming network R1, R2 and C1. A
high to low transition of PB6 produces a
short positive pulse at the output of IC1b.
This pulse sets the bistable formed by
cross coupled gates IC1c and d. The out-
put of IC1c changes from high to low. This
removes the reset condition from the 7 bit
binary counter 1C2, and pulls down the
BUSY line via D2. Setting the bistable also
changes the output of IC1d from low to
high. The output from IC1d puts a high
state on one input of IC3a, the other input
of which is held high by the inactive SPO
output of IC7. The output of IC3a therefore
changes from high to low, and IC2 is
clocked 1 count from zero. The output from
IC3ais inverted by IC3b and coupled to the
two delayed pulse forming circuits IC6a, b
and IC6c¢, d. The low to high transition from
IC3b is coupled, via C3, to the inputs of
IC6a. The inputs of IC6a are pulled high via
C3. C3 then begins to charge via R14, and
the inputs are pulled back down again to
zero, even though the output of IC3b may
still be high. The result of this is that a short
negative pulse is produced on the output
of 1C6a, starting when IC3b output
changes from low to high. The length of the
pulse is set by the values of C3 and R14.

IC6b is an identical stage which produces
a negative pulse which starts on the rising
edge at the end of the negative pulse from
IC6a. A similar pattern occurs with IC6¢c
and IC6d, but the relative pulse lengths dif-
fer because different value timing resistors
are used. Figure 2 shows these pulses
graphically. The output pulse from IC6b
enables the EPROM. The falling edge of
the pulse on the output of IC6d is timed to
occur during the time that the EPROM is
enabled. This pulse is used by IG7 which
loads the data present on the EPROM data
lines, and starts to execute the first
allophone routine. As soon as IC7 loads the
data the ‘busy’ condition is signalled by the
SPO output changing from high to low.
This signal is coupled via D5 to IC3a. The
inputs to NAND gate, IC3a, change from
both being high to one being high and one
being low. lts output changes from low to
high. This change has no effect on the
counter, which is clocked on falling edges.
The change is inverted by IC3b, but has no
effect on IC6 which is triggered only by
rising edges.
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Figure 1. Circuit diagram of the synthesiser.

The circuit waits in a stable state until IC7
has completed its routine. At the end of the
routine the SPO output changes from low
to high, 1C3a output also falls and clocks
IC2 and IC6 repeats its pulse sequence.
IC7 again loads the EPROM address,
which is derived from IC2, and has
increased by 1. IC7 therefore executes the
allophones from the EPROM one by one.
With IC2 and IC5 connected as shown, the
lower 5 address lines would cycle in-
definitely without some means of ending
the sequence. To accomplish this, one of
the two higher order data lines of the
EPROM is used. The 64 available
allophones require only 6 data lines from
the 8 bit EPROM. The higher two lines are
normally set to 0. By setting one of the high
order lines to logic 1, it is simple to indicate
the 'end of a sequence. EPROM data line

but a cheaper 3.57MHz USA colour TV
crystal operates well. The speech output
from IC7 passes through a simple low pass
filter network and volume control, to a
standard IC audio amplifier. A miniature
speaker provides the final link.

Construction

Construction is very straightforward. A
double sided printed circuit board is used,
see Figures 3a and 3b; the only off board
components are the volume control RV1
and the loudspeaker.

Follow the overlay drawing to be pub-
lished next month when assembling the
board. Note that through connections are
made using PCB pins, and that some com-
ponent leads are soldered on both sides of
the board. IC sockets are recommended

“...allows the computer to select words or phrases
stored in EPROM”,

D7 is connected ot IC1d. The control
bistable is reset whenever a logic 1
appears on D7, IC2 is reset, and the BUSY
signal returns from low to high. The circuit
is then returned to its initial state.

A ‘power on reset’ pulsé is produced by
IC3c to ensure that the control bistable is

initially in the correct state.

IC7 has its own clock oscillator which
uses C8, C9 and crystal X1. A 3.12MHz
crystal is specified by the manufacturers,
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but are not essential except for the
EPROM.

Connections to the speaker, RV1, and
the ribbon cable from the computer are
best made using PCB pins.

Although only 11 connections are made
to the computer it is better to use a length
of 20-way ribbon cable, and to cut back the

unused leads at the synthesiser end.

Programming

Direct mode allows the computer to oper-

parts for this
project is available
from Magenta
Electronics. See
their advert in this
issue.
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Figure 2. The relationship between the various
timing pulses.

ate the speech synthesiser IC directly.
The mode is selected by setting the user
port line PB7 to a logic 0. The user port
must first be set up as an output port by
using the instruction:
2&FE62=FF

PB7 is set low by any number less than
127. The production of an allophone is
initiated by a high to low transition of PB6.
The other 6 port lines select the required
allophone. The allophone table, Figure 4,
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Figure 3a.
Top side foil of the
double sided board.

lists the 64 sounds and pauses that can be
produced.

The following short program allows each
allophone to be selected and sounded:

10 7&FE60=64
15 INPUT A

20 7&FE60=A
30 GOTO 10

Line 10 sets all the port lines except PB6 to
0. The decimal number of the required
allophone is entered inline 15. Inline 20 the
allophone number is put on port lines PBO-
PB5, and PB6 is changed from high to low.
The falling edge on PB6 tells IC7 to latch
the allophone data into its register, and
commence execution. There is a problem
with this simple program because IC7 con-
tinues to produce the allophone-until a new
one is entered. A pause (data 0-4) must
always be entered to finish a phrase or
word.

It is necessary for the computer to
know when one allophone has ended, so
that the next one can be loaded inot IC7
without leaving an audible pause. This tim-
ing function is made possible by the SPO
output of IC7 which goes low whilst each
allophone is sounded. A low to high transi-

“tion on the SPO line occurs at the end of

each allophone. This BUSY signal is
coupled to the computer port control line
CB2.

Those familiar with the 6522 computer
VIA chip will be aware of its many com-
plexities. Without. going into detail the
relevant operation can be summarised as
follows. Control line CB2 influences data
Bit 3 of a register in the 6522 known as the
interrupt flag register (IFR). The register
can be read by the computer at FE6D Hex.
Normally the register contains all ‘0s’, so a
simple test can be used to check on Bit 3.
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The effect of CB2 on IFR Bit 3 is con-
trolled by another 6522 register at FE6C
called the peripheral control register (PCR).
By setting Bit 6 of the PCR to a logic 1, a
low to high transition on CB2 will set Bit 3 in
the IFRto 1. Three of the bits inthe PCR are
already set (Bits 1, 2 and 3) and this must
be allowed for when setting Bit 6.

When the computer sends an output to
the user port PB lines Bit 3 in the IFR is
automatically set to 0. After IC7 has exe-
cuted the appropriate allophone, the
BUSY line switches from logic 0 to logic 1
so instructing the computer to issue the
next instruction.

The simple BASIC program that follows
should clarify the method of operation:

The program loops around lines 50 and 60
whilst the BUSY line is low. When the
BUSY line is switched to high, B is no
longer O so the program proceeds to line
70, and returns for the next.

EPROM Programming

The EPROM mode of operation is set by a
logic 1 on PB7 of the computer port.
Speech is initiated by a high to low transi-
tion of PB6. The other 6 data lines deter-
mine which bank of 32 EPROM addresses
is used. If PB 0-5 are set to zero the
EPROM is addressed from 01 to 32. If PBO
is setto 1 the 32 EPROM addresses start at
33 and end at 64, etc.

Note that the sequence can be made

Figure 4. The 64 allophones generated by the synthesiser.
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shorter than 32 bytes by putting an end
character in the EPROM (any number be-
tween decimal 128 and 255, or 80-FF Hex).

All of this translates into BBC code as
follows:

First enter: 2&FE62=FF _
This sets the user port lines PB 0-7 to out-
put mode.

Then enter the following short program:

5 INPUTA
10 ?&FE62=192+A
20 ?&FE60=128+A
30 GOTO 5

The value of ‘A’ determines the bank of
addresses to be used, and can take a value

from 0 to 63.

Adding 192 to A in line 10 sets PB6 and
7 high, and so sets up EPROM mode. Line
20 leaves the value of PB7 high whilst
changing PB6 from high to low. The falling
edge of PB6 initiates the speech cycle.
Note that if an end character is not found in
the EPROM the circuit will latch, and con-
tinuously cycle through the 32 addresses.
Switching the power off and on will restore
normal operation.

Alternative phrase lengths can be set by
changing the hardware connections. If the
Q6 output of IC2 is connected to A5 of IC5,
and the computer PBO line disconnected,
there will be 32 banks of 64 addresses
available. Linking Q7 of IC2 to A6 of IC6 as
well, will give 16 banks of 128 addresses.

PROJECT

To use the speech in a program it is only

necessary to run lines 10 and 20 with the

required value of ‘A’ added to the 192 and
128. Remember though to initiate the port
by entering ?&FEB2=FF somewhere in the
program, before the speech part.

Mixing EPROM speech with direct
speech can be achieved simply by switch-
ing backwards and forwards using
software. The busy condition may be read
from the IFR in exactly the same way for
both the direct and EPROM modes. 1B

PARTS LIST
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And now a speech synthesiser for the BBC micro. Mark Stewart

builds a low cost board with the same SPO256-AL2 allophone

chip used in last month’s project for the Spectrum, but with the
added extra of EPROM storage.

Following on from the discussion of
speech synthesis in the November and
December '83 issues of E&CM, this article
presents a practical speech synthesiser for
use with the BBC Model B. Using.the
General Instruments allophone IC, the
SP0O256-AL2, this circuit allows two
different modes of operation. In “direct”
mode the computer controls the speech
synthesiser IC directly, allowing total
software control of individual allophones,
which may be strung together to produce
the required speech. In the second mode
the computer selects a word or phrase
from an on-board EPROM; 64 phrases,
each up to 32 allophones long can be
stored in a single 2716 2K EPROM. Alter-
native connections allow the format to be
changed so that 32 phrases of 64
allophones, or 16 phrases of 128
allophones can be used.

It is also possible to use a 2732 4K
EPROM and select between 2 banks of 2K
using an on board switch. Switching be-
tween the two modes is done in software,
so that a program can mix “standard
phrases” from the EPROM with direct,
software controlled words.

A particular advantage of the EPROM
mode is that the computer is freed once-it
has initiated the phrase required. Thus fast
action games can be combined with
speech, using simple programming, with-
out loss of speed. It is of course, necessary

to construct a speech EPROM vocabulary
for a particular set of programs. The “direct
mode” allows the words or phrases to be
set up experimentally in RAM before com-
mitting them to EPROM, using an EPROM
programmer (but of course, the system can
be used without an EPROM).

The Circuit

A full circuit diagram is shown in Figure 1.
The speech synthesiser IC7 has 6 data
input lines which address the 64
allophones listed in Figure 4. The direct
mode 'is selected by a logic low on the
computer user port line, PB7. Tri state buf-
fer, IC4, is enabled and the 6 data lines of
IC7 are connected to PB0-5 of the com-
puter user port. User port line PB6isIC7. A
signal from the active low output (SPO) of
IC7 is coupled to the CB2 control line of the
computer port. This line is pulled low by
IC7 when it is busy. A rising edge indicates
to the computer that the next allophone
data can be loaded.

Selection of direct mode automatically
disables the EPROM. lis outputs assume a
high impedance state and are effectively
disconnected from the system.

When PB7 is high EPROM speech is
enabled. IC4 output lines are all set to their
high impedance state. IC1a inverts the
signal from PB7 and sets one input of IC1b
low. The other input of NOR gate IC1b is
fed from the SPEAK line PB6 via D1 and the
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pulse forming network R1, R2 and C1. A
high to low transition of PB6 produces a
short positive pulse at the output of IC1b.
This pulse sets the bistable formed by
cross coupled gates IC1c and d. The out-
put of IC1c changes from high to low. This
removes the reset condition from the 7 bit
binary counter IC2, and pulls down the
BUSY line via D2. Setting the bistable also
changes the output of IC1d from low to
high. The output from IC1d puts a high
state on one input of IC3a, the other input
of which is held high by the inactive SPO
output of IC7. The output of IC3a therefore
changes from high to low, and IC2 is
clocked 1 count from zero. The output from
IC3ais inverted by IC3b and coupled to the
two delayed pulse forming circuits IC6a, b
and IC6c, d. The low to high transition from
IC3b is coupled, via C3, to the inputs of
IC6a. The inputs of IC6a are pulled high via
C3. C3 then begins to charge via R14, and
the inputs are pulled back down again to
zero, even though the output of IC3b may
still be high. The result of this is that a short
negative pulse is produced on the output
of IC6a, starting when IC3b output
changes from low to high. The length of the
pulse is set by the values of C3 and R14.
IC6b is an identical stage which produces
a negative pulse which starts on the rising
edge at the end of the negative pulse from
IC6a. A similar pattern occurs with IC6¢c
and IC6d, but the relative pulse lengths dif-
fer because different value timing resistors
are used. Figure 2 shows these pulses
graphically. The output pulse from IC6b
enables the EPROM. The falling edge of
the pulse on the output of IC6d is timed to
occur during the time that the EPROM is
enabled. This pulse is used by IC7 which
loads the data present on the EPROM data
lines, and starts to execute the first
allophone routine. As soon as IC7 loads the
data the ‘busy’ condition is signalled by the
SPO output changing from high to low.
This signal is coupled via D5 to IC3a. The
inputs to NAND gate, IC3a, change from
both being high to one being high and one
being low. Its output changes from low to
high. This change has no effect on the
counter, which is clocked on falling edges.
The change is inverted by IC3b, but has no
effect on IC6 which is triggered only by
rising edges. :
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Figure 1. Circuit diagram of the synthesiser.

" Thecircult waits in astable state until IC7

has completed its routine. At the end of the
routine the SPO output changes from low
to high, IC3a output also falls and clocks
IC2 and IC6 repeats its pulse sequence.
IC7 again loads the EPROM address,
" which is derived from 1C2, and has
increased by 1. 1C7 therefore executes the
allophones from the EPROM one by one.
With IC2 and IC5 connected as shown, the
lower 5 address lines would cycle in-
definitely without some means of ending
the sequence. To accomplish this, one of
the two hlgher order data lines of the
EPRCM
allophones require only 6 data lines from
the 8 bit EPROM. The hlgher two lines are
normally set to 0. By settingone of the high
order lines to logic 1, itis simple to indicate
the end of a sequence. EPROM data line

is used. The 64  available

but a cheaper 3. 57MHz USA colour TV

crystal operates well: The speech output -

from IC7 passes through a simple low pass
filter network and volume control, to a
standard IC audio amplifier. A miniature
speaker provides the final link. -

e
Construction e
Construction is very straightforward. A
double sided printed circuit board is used,
see Figures 3a and 3b; the only off board

components are the volume controt RV1 :

and the loudspeaker.

Follow the overiay drawing to be pub-
“lished next month when assembling the'|
board. Note that through connectionsare | |
‘made using PCB pins, and thatsomecom- | |

ponent leads are soldered on both sides of
the board. IC sockets are recommended

.. allows the computer to select words or phruses H

stored in EPROM".

D7 is connected ot IC1d. The control
bistable is reset whenever a logic 1
appears on D7, IC2 is reset, and the BUSY
sugnal returns from low to high. The circuit
is then returned to its initial state.

A ‘power on reset’ pulsé is produced by
IC3c to ensure that the control bistable is
initially in the correct state.

IC7 has its own clock osciuatpr which
uses C8, C9 and crystal X1. A 3.12MHz
crystal is specified by the manufacturers,

FEBRUARY 1984

but are not essentnal except for the
EPROM. '

Connections to the _speaker, RV1, and
the ribbon cable from' the computer are
best made using PCB pins.

Although only 11 connections are made

to the computer it is better to use a length
of 20-way ribbon cable, and to cut back the.
-1 unused leads at the synthesiser end.

Programming

Direct mode allows the computer to oper-

ouTRUT
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Figure 2. The relatlonsh/p between the various

t:mrng pulses. - *

ate the speech synthesxser Ide_ectiy.
The mode is selected by setting the user
port line PB7 to a logic 0. The user port
must first be set up as an output port by
using the instruction: :
?7&FE62=FF v

PB7 is set low by any number Iess than
127. The production of an allophone is
initiated by a high to low transition of PB6.

“The other 6 port lines select the required

allophone. The allophone table, Flgure 4,
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Figure 3b."
Lower
foil

- pattern.

Figure 3a.
* Top side foil of the
double sided board. -

Iiéts the 64 sounds and pauses that can be
produced. :

- The following short program allows each
allophone to be selected and sounded:

~ 10 78FE60=64

15 INPUTA
20 ?8FE60=A ~
30 GOTO10 =

Line 10 sets all the port lines except PB6 to
0. The decimal number of the required
allophone is entered in line 15. Inline 20 the
allophone number is put on port lines PBO-
PBS5, and PB6 is changed from high to low.

\

- The falling edge on PBS tells IC7 to latch

the allophone data into its register, and

| commence execution. There is a problem

with this simple program because IC7 con-
tinues to produce the allophone until a new
one is entered. A pause (data 0-4) must
always be entered to finish a phrase or
word. i e i

It is necessary. for the computer to
know. when one allophone has ended, so
that the next one can be loaded inot IC7
without leaving-an audible pause. This tim-
ing function is made possible by the SPO.

“output of IC7 which goes low whilst each

allophone is sounded. A low'to high transi-

| - tion on the SPO line occurs at the end of

each ‘allophone: This BUSY signal is
coupled to the computer port control line
cB2. - ; L

_ Those familiar with the 6522. computer
VIA chip will be aware of its many com-
plexities. - Without. going into: detail the

_relevant operation can be summarised as

follows. Control line CB2 influences data
Bit 3 of a register in the 6522 known as the
interrupt flag register (IFR). The register
can be read by the computer at FE6D Hex.
Normally the register contains all ‘0s’, so a
simple test can be used to check on Bit 3.
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The effect of CB2 on IFR Bit 3 is con-
trolled by another 6522 register at FEGC
called the peripheral contfol register (PCR).
By setting Bit 6 of the PCR to a logic 1, a
low to high transition on CB2 will set Bit 3 in
the IFR to 1. Three of the bits in the PCR are
already set (Bits 1, 2 and 3) and this must
be allowed for when setting Bit 6.

When the computer sends an output to
the user port PB lines Bit 3 in the IFR is
automatically set to 0. After IC7 has exe-
cuted the appropriate allophone, the
BUSY line switches from logic 0 to logic 1
so instructing the computer to lssue the
next instruction.

The simple BASIC program that follows
should clarify the method of operation:

The program loops around lines 50 and 60
whilst the BUSY line is low. When the
BUSY line is switched to high, B is no
longer O so the program proceeds to line
70, and returns for the-next

EPROM Programming

The EPROM mode of operation is set by a
logic 1 on PB7 of the computer port.

Speech is initiated by a high to low transi--

tion of PB6. The other 6 data lines deter-
mine which bank of 32 EPROM addresses
is used. If PB 0-5 are set to zero the
EPROM is addressed from 01 to 32. If PBO
is setto 1 the 32 EPROM addresses start at
33 and end at64, etc.

Note that the sequence can be made
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Figure 4. The 64 allophones generated by the synthes}ser.

shorter than 32 bytes by putting an end
character in the EPROM (any number be-
tween decimal 128 and 255, or 80-FF Hex).

All of this translates into BBC code as
follows:

First enter: 2&FEB2=FF
This sets the user port lines PB 0-7 to out-
put mode.

Then enter the following short program:

5 INPUT A

10 ?2&FE62=192+A

20 ?&FE60=128+A

30 GOTO 5

The value of ‘A’ determines the bank of

| addresses to be used, and can take a value

from 0 to 63.

Adding 192 to A in line 10 sets PB6 and |

7 high, and so sets up EPROM mode. Line
20 leaves the value of PB7 high whilst

*changing PB6 from high to low. The falling

edge of PB6 initiates the speech cycle.
Note that if an end character is not found in
the EPROM the circuit will latch, and con-
tinuously cycle through the 32 addresses.
Switching the power off and on will restore
normal operation.

 Alternative phrase lengths can be set by |
_changing the hardware connections. If the

Q6 output of IC2 is connected to A5 of IC5,

and the computer PBO line disconnected, |
there will be 32 banks of 64 addresses '’
- available. Linking Q7 of IC2 to A6 of IC6 as

well, will give 16 banks of 128 addresses.

i

To use the speech in a program it is only

‘necessary to run lines 10 and 20 with the

required value of ‘A’ added to the 192 and -
128. Remember though to initiate the port
by entering ?&FE62=FF somewhere in the
program, before the speech part.

Mixing EPROM speech with direct
speech can be achieved simply by switch-
ing backwards and forwards using
software. The busy condition may be read
from the IFR in exactly the same way for
both the direct and EPROM modes. [l
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