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SYNTHESISER 
INTRECE 

THE Amstrad CPC464 computer is a highly versatile machine which is well suited to many applications, in-
cluding those associated with user add-ons. The interface 
which is described in this article, together with the correct 
software, enables the CPC464 to be utilized as a sequencer 
for a synthesiser which has the standard five volt gate/ 
trigger pulse input and one volt per octave control voltage 
input. The note is programmable over more than five octaves 
(including all semitones), and the gate time, plus note 
duration are also programmable. 
With its genuine 64K of RAM a large number of notes can 

be accommodated. In fact the program enables up to one 
thousand notes to be entered, and with a slight modification 
it could probably be made to take sequences several times 
longer than this. The program includes editing facilities, plus 
the ability to save sequences on tape and reload them when 
required. 

SYSTEM OPERATION 
Driving the gate or trigger input of most synthesisers is 

perfectly straightforward since all that is needed is a signal 
at standard TTL levels. A single bit digital output is therefore 
all that is required to drive this input. Driving the control 
voltage input is also fairly straightforward for a synthesiser 
which has standard one volt per octave (logarithmic) input. 
With this type of synthesiser the control voltage from the 

keyboard is provided by a potential divider which has a 
series of equal value resistors. It thus provides a series of 
output voltages with an equal step size from one note to the 
next. It is quite easy to simulate this with a computer, and all 
that is required is a normal (linear) digital to analogue con-
verter. With this type of converter, if writing '1' to the circuit 
gave an output voltage of (say) 10 millivolts, then '2' would 
give 20 millivolts, '3' would give 30 millivolts, and so on. 
The keyboard of a synthesiser gives increments of about 83 
millivolts, and it is just a matter of scaling the output of the 
digital to analogue converter to precisely match this. 
Note that some older synthesisers have a linear control 

voltage characteristic which, paradoxically, has a non-equal 
increment from one note to the next, but a linear relationship 
between the control voltage and the output frequency. In-
struments of this type cannot be used with the interface 
featured in this article, and can not easily be interfaced to a 
computer. 
The block diagram of Fig. 1 shows the general arrange-

ment used in this interface. An address decoder is used to 
activate a single bit data latch when data is written to a 
suitable address, and this latch provides the gate or trigger 

pulse signal. This output can be placed high or low, as 
desired, under program control. The address decoder also 
activates a six bit data latch which is used to drive the digital 
to analogue converter. The converter is in fact an ordinary 
eight bit type, but in this application only six bits are nor-
mally used as this is sufficient to give a range of 63 notes, 
which is about the limit for most synthesisers. The two least 
significant inputs of the converter are simply tied to the 
negative supply rail. 
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Fig. Fig. 1. Block diagra m of the A mstrad Sequencer 

The converter has an output that increments in units of 
nominally 10 millivolts, but as the two least significant bits 
are not used here this is boosted to 40 millivolts. This is not 
sufficient to drive the control voltage input of a synthesiser, 
and an amplifier is used to boost the output voltage by a fac-
tor of about two times. 
A gain control enables the output voltage increment to be 

trimmed to exactly the correct figure. An offset null control 
enables any d.c. offsets in the system to be trimmed out so 
that good pitch accuracy is obtained at the low frequency 
end of the range. 
The circuit is powered from the five volts output of the 

CPC464, and this is the only supply output which the 
machine provides. This is inadequate to drive the amplifier 
stage which must provide a maximum output voltage of just 
over five volts. This problem is overcome by rectifying and 
smoothing the output of an oscillator to produce a supply 
potential of about ten volts for the amplifier stage. 

10 Practical Electronics  May 1985 



550 

RI 43 04 1 

FROM CP4464 
OISC PORT 

16 
00C1 

15 
010  

020  

030  

040  

050 - -

14 

13 

12 

10800  

WR 

A10   

06 0  

(CV) 

I. 

IC 1 

29428E 

390 I C 2 
PIN 14 

6 

T iF  

 r IIOV 
1C2a  1C2b   

741.527 e 

9   

1009 ca7) 

1C4 
CA3140E 

01  10 4 
194148 

1•4 

VRI 
10k 

5V 

62 

C2 

T42 

Ski 

TRIGGER/GATE 
OUTPUT 

Id2 
PIN 7 

63 
10k 

VR2 
22k 

562 

C.V. 
OUTPUT 

14 T   
02  03 

164148  194148 

C5  C6 
1009  1006 

(315165661 

V' 04 

154148 
C8  . C9 
100r7 L -4. 100p 

124 
1k 

Fig. 2. Complete circuit diagram of the Amstrad Sequencer 

CIRCUIT OPERATION 
The full circuit diagram of the interface appears in Fig. 2. 

The unit connects to the floppy disc port of the computer 
which is really a general purpose port which makes available 
the full address, data, and control buses of the computer, as 
well as a number of other useful lines. 
Address decoding is provided by IC2 which is a triple 

3-input NOR gate, but in this circuit one of the gates is left 
unused, and the three inputs of one of the other gates are 
connected together so that this gate acts as a simple  
inverter. I C2a decodes the IORQ (i;r-out/output request), WR 
(write), and Al 0 lines, giving a high output when all three 
of these lines are low. IC2b inverts this signal to give a 
negative latching pulse to IC1 and IC3. 
This method of address decoding may seem a little 

strange by conventional Z80 standards, with just one of the 
address lines being decoded with the relevant control bus 
lines, and one of the eight most significant address lines at 
that. However, the CPC464 does not have the conventional 
form of Z80 input/output mapping where the eight least 
significant lines of the address bus are decoded to give up to 
256 addresses, and the eight most significant lines are left 
unused. Instead, input/output circuits are activated by taking 
the appropriate one of the eight most significant address 
lines low, while the eight least significant address lines are 
available for use if an input output device requires several 
addresses. This is similar although not identical to the 
system used in the Sinclair Spectrum computer. 
Address line Al 0 is available for use with external add-

ons, and it is therefore this line going low that is used to ac-
tivate the sequencer interface. Of course, with only one ad-
dress line being decoded there are numerous addresses that 
can be used to operate the interface, but in practice it is ad-
visable to only use &F800 as with the only exception of Al 0 
this leaves all the address lines high and will not produce 
spurious operations of internal circuits of the computer. 
IC3 is a dual D-type flip-flop, but only one section is 

utilized here; it is used as a data latch with the latching 
pulse from the decoder circuit applied to the "clock pulse" 
input. The gate/trigger pulse is obtained from the Q output of 

the flip/flop. 
The digital to analogue converter, ICI , is a Ferranti 

ZN428E. This is a conventional type having an integral 
2.55V precision voltage source, eight electronic switches, 
and an R-2R resistor network. The voltage reference re-

IC 5 
NE 555 

6 

quires discrete load resistor R1 and decoupling capacitor Cl. 
The output from this stage is coupled to the input of an 
operational amplifier (IC4) which is used as a non-inverting 
amplifier. R3 and VR2 form the negative feedback network 
which set the closed loop voltage gain of the circuit, and 
VR2 is adjusted to give the correct level of voltage gain. VR1 
is the offset null control for IC4. 

COMPONENTS ... 
Resistors 
R1  390 
R2,R4  1k (2 off) 
R3,R5  10k (2 off) 
All fixed resistors are 0-25W 5% carbon 

Potentiometers 
VR1  10k 0.1 W horizontal preset 
VR2  22k 0.1 W horizontal preset 

Capacitors 
Cl 
C2 
C3-C6, C9 
C7 
C8 

11.163V radial elect 
2µ2 63V radial elect 
100µ 10V radial elect (5 off) 
4n7 carbonate 
100n ceramic 

Semiconductors 
D1-D4 
Id1 
IC2 
IC3 
IC4 
IC5 

1N4148 (4 off) 
ZN428E 
74LS27 
74LS74 
CA3140E 
NE555 

Constructor's Note 
A complete listing of the 
sequencer program is 
available for Lilac. P&P 
from our editorial offices. 

Miscellaneous 
SK1, SK2 standard jack sockets (2 off) 
Printed circuit board PE 505-01 
Case 133 x 102 x 38mm 
2 x 25 way 0.1 inch pitch edge connector 
16 pin d.i.l. i.c. holder 
14 pin d.i.l. i.c. holders (2 off) 
8 pin d.i.l. i.c. holders (2 off) 
Ribbon cable, wire, connecting leads, etc. 
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IC4 is a CA3140E, a device which has a Class A output 
stage that enables output voltages right down to the OV rail 
to be produced. This obviates the need for a negative supply 
rail. IC5 is a 555 timer device which operates in the standard 
astable mode. This is the oscillator which is used to provide 
the boosted positive supply for IC4. Its output is rectified and 
smoothed by D3, D4, and C6, and also by D1, D2, and C3. 
The resultant positive outputs are effectively connected in 
series together with the 5V supply so as to give a voltage 
tripling action. However, in practice losses through the 
diodes and the output stage of IC5 result in a loaded supply 
potential of only about 10V or so, but this is still more than 
adequate to permit IC4 to provide a peak output voltage of 
about five to six volts. 

CONSTRUCTION 
A suitable printed circuit design for this project is provided 

in Fig. 3. IC4 has a MOS input stage and an integrated cir-
cuit holder should be used for this component. As ICI is not 
one of the cheapest of devices it is also advisable to use a 
socket for this component. Be careful to fit this device the 
right way round —it has the opposite orientation to the other 
integrated circuits. Fit Veropins at the points where the 
board will be connected to SKI and SK2. Do not overlook 
the two link wires. 
The board is connected to the floppy disc port of the com-

puter by way of a piece of 13 way ribbon cable about 0.5 to 
1 metre long and terminated in a 2 by 25 way 0.1 inch pitch 
female edge connector. A connector having a suitable 
polarising key is unlikely to be available, and care to fit the 
connector the right way round must be taken. It is advisable 
to clearly mark the top and bottom edges of the connector 
as such, or with a little ingenuity it might be possible to add 
a polarising key to the connector. Fig. 4 gives connection 
details for the edge connector. 
An aluminium box having approximate outside dimen-

sions of 133 by 102 by 38mm is used as the housing for the 
prototype, but any case of about this size should be satisfac-
tory. SK1 and SK2 are standard jack sockets which match 
the connectors used on the vast majority of synthesisers, 
and they are mounted on the front panel. 
The printed circuit board is mounted on any convenient 

area of the base panel of the case using 6BA or M3 fixings. If 
the case is a metal type it is obviously essential to use 
spacers to prevent the connections on the underside of the 
board from being short circuited through the case, and even 
if a non-metal case is used it is still advantageous to use 
spacers. This avoids any distortion of the board and possible 
damage when the mounting nuts are tightened. 
Some means of taking the ribbon cable through the case 

must be found, and it may be possible to simply take it 
through the small gap between the top and base sections of 
the case. If this is not possible a suitable slit must be cut or 
filed in the rear panel of the case. To complete the unit the 
connections from the printed circuit board to SK1 and SK2 
are added. 

GATE CV 

0.0 
I3-WAY RIBBON CABLE 
TO DISC PORT 

(PE1659 0 

Fig. 3. P.c.b. design and component layout of the 
Amstrad Sequencer 
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Fig. 4. Connection details of the 
Amstrad Edge Connector ( PE 16 Sac .' 
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ADJUSTMENT AND USE 

Start with VR1 and VR2 at a roughly central setting. Con-
nect the unit to the computer prior to switching on. The 
computer should display the usual ready message etc. — 
switch off at once and recheck the wiring if it does not. As a 
quick check of the unit the command: — 

OUT &F800,0 
should set the gate/trigger output high and the control 
voltage output at virtually zero. The command: — 

OUT &F800,127 
should set the gate/trigger output low, and the control 
voltage output at something in the region of 5V. 
In order to set VR1 and VR2 at the correct settings, first 

set the control voltage output to give the lowest note using 
the command: — 

OUT & F800,1 
When using the interface remember that a value of '1 gives 
the lowest note, and the a value of '0' is not used as a note 
value. Connect SK1 and SK2 to the appropriate inputs of the 
synthesiser using standard jack leads. With most syn-
thesisers it is necessary to have one or more of the controls 
in the right position before the external inputs will function 
properly, and the manual should give details of the correct 
control settings if you are in any doubt about this point. 

12  Practical Electronics  May 1985 



U.K. 

By adjusting VR1 it should be possible to vary the note 
from the synthesiser slightly. Adjust VR1 to obtain the same 
note that is produced by the lowest key of the keyboard. 
Using the command: 

OUT &F800,25 
should give a note two octaves higher than the lowest note 
of the keyboard, and VR2 is adjusted to give precisely the 
correct note. It is advisable to repeat this procedure a few 
times until exactly the right note is obtained with both note 
values. The unit should then track perfectly at intermediate 
notes, and even if the keyboard only provides the usual two 
or two and a half octave range, most synthesisers are 
capable of producing the full five octave range using an ex-
ternal control voltage. 
The suggested sequencer program enables note pitches, 

gate durations, and total note durations to be programmed, 
and it has other features such as automatic looping or play-
ing a sequence just once. Gate and total note duration 
values are in 300ths of a second incidentally. As the 
program is menu driven and is largely self explanatory in use 
no further description is really needed here. For those who 
wish to design their own software the basic sequence is for 
the note value to be written to address &F800 using an OUT 
instruction, and this automatically sets the gate/trigger out-
put high. 
To terminate the gate/trigger pulse a value of 64 plus the 

note value is written to address &F800 using an OUT in-

struction. The next note value is then written to &F800 after 
the appropriate time has elapsed. BASIC is normally fast 
enough for an application of this type, especially one of the 
faster versions such as the Locomotive BASIC used in the 
CPC464. However, if machine code is used to control the in-
terface remember that output instructions which tise the B 
register to provide the upper eight bits of the address bus 
must be used, since the CPC464 uses sixteen bit and not 
eight bit input/output addresses. 
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PRACTICAL ELECTRONICS 
PRINTED CIRCUIT BOARD SERVICE 

Printed circuit boards for certain PE constructional projects are now 
available from the PE PCB Service, see list. They are fully drilled 
and roller tinned. All prices include VAT and postage and packing. 
Add £1 per board for overseas airmail. Remittances should be sent 
to: PE PCB Service, Practical Electronics Editorial Offices, 
Westover House, West Quay Road, Poole, Dorset BH15 
1JG. Cheques should be crossed and made payable to IPC 
Magazines Ltd. 

Please note that when ordering it is important to give project 
title, order code and the quantity. Please print name and address in 
Block Caps. Do not send any other correspondence with your order. 

Readers are advised to check with prices appearing in the 
current issue before ordering. 

NOTE: Please allow 28 days for delivery. We can only 

supply boards listed here. 

PROJECT TITLE Order 
Code 

Cost 

FEB '81 

Slave Light Dimmer 102-01 £1.88 

MAR '81 
27/28MHz Converter 103-01 £1.79 

Microphone Mixer 103-02 £1.83 

Period Power Tester 103-03 £2.25 

APRIL 81 
Speech Processor 104-01 £1.55 

Mini Drill 104-02 £1.50 

MAY '81 

Digisounder 105-01 £6.65 

Thermometer 105-02 £1.49 

JUNE '81 

pH Meter 106-01 £2.06 

SEPT '81 

Horologicum 109-01 £3.16 
109-02 £3.11 
109-03 £2.97 

Analogue Frequency Meter 109-04 £2.87 

Ignition System 109-05 £2.47 
109-06 £2.28 

APRIL '82 
Med. Resolution Equaliser (UK 101) 204-01 £1.73 

Enlarger Timer 204-02 £4.02 

AUG '82 

Automatic Photographer 208-01 £1.94 

Home Alarm 208-02 £3.21 

JAN '83 

Audio Booster 301-01 £3.32 

FEB '83 

Radio Booster 302-02 £1.80 

MAR '83 
Into the Real World 303-01 £3.99 

Accessory PSU 303-02 £1.35 

4+ Digit Frequency Meter 303-03 £3.69 

JUNE '83 

Program Conditioner 306-01 £2.30 

SEPT '83 
Guitar Active Tone Control 309-01 £2.27 

Ground Communication System 309-02 £2.13 
309-03 £2.31 

DEC '83 

Expanding the Vic 20 312-01 £5.18 

FEB '84 

Temp. Controller 402-04 £1.85 
402-05 £2.61 

MAR '84 

Spectrum Autosave  • 403-01 £1.83 

6S 5g041,01:1:Ir di 
:11" 1 4 NO T V U JJ 4 ee 

PROJECT TITLE Order 
Code 

Cost 

MAY '84 
Sustain Unit 405-02 £2.82 

Audio Signal Generator 405-03 £4.28 
405-04 £2.51 

JULY '84 
EPROM Duplicator 407-02 £3.7 4 

Alarm System 407-03 £3.19 

Oscilloscope Calibrator 407-04 £4.23 

AUG '84 

Comm. 64 RS232C Interface 408-01 £3.02 

Field Measurement 408-02 £3.19 

„ 408-03 £2.76 

Simple Logic Analyser 408-05 £2.93 

SEPT '84 
Parallel to Serial Converter 409-01 £2.92 

Through the Mains Controller 409-02 £2.88 
409-03 £2.71 

OCT '84 
Logic Probe 410-01 £1.90 

NOV '84 
Computer DFM Adaptor 411-01 £2.76 

DEC '84 
Ni-Cad Charger 412-01 £2.40 

JAN '85 
Outrider Car Computer (Set of 2 boards) 501-01/2 £9.10 

FEB '85 
Modular Audio Power System 

Pt-1: Power Amp Board 502-01 £4.19 

Spectrum DAC/ADC Board 502-02 £3.69 

MARCH '85 

Modular Audio Power System 
Pt-2: Pre-Amp/Line Driver 503-01 £5.00 

Main Board 503-02 £5.12 

Heart Beat Monitor 
Detector 503-03 £8.90 

Main Circuit Board 503-04 £6.62 

Low Cost Speech Synthesiser 503-05 £3.42 

APRIL'85 
Power Control Interface 504-01 £3.36 

Disc Drive PSU 504-02 £6.54 

Modular Audio Power System 
Pt-3; Test Signal Source 504-09 £4.20 

Power Supply 504-10 £4.17 

MAY '85 
Amstrad Synthesiser Interface 505-01 £4.23 
Rugby Clock Pt-2 504-03 £24.22 

504-04 £9.06 
504-05 £5.12 
504-06 £9.54 
504-07 £5.40 
504-08 £10.24 
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