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The SPECTRUM
SYNTHESISER

* Low Cost

* FM and Sync.
* Stereo Outputs
* Sequencer Effects
* Easy to Construct

* |nterface Facilities
* Four Octave Keyboard

* Performance Controller

he Spectrum is a manophonic Byo gold wires is needed to assemble the large number of sources as here, and
cscillator switch-linked synthesi- keyboard confacts; a mew confact allows fast selection of source and
ser featuring advancaed specifica system only requires soldering of the selecton of modulstion effects with
tion, construchomal simphcity and low contacts and drilling of the chassis to prasat depths, in fawour of aamultang.
cosl, Modulatenn, Wmbde conlrgl, and miounl the contaclt PCR, ous modulation of o parameler by
interface faciities not found on any Figure 1 shows a block diagram of more than two signals, Six modulation
camparable synthesiser make il ex- the synthesaser and the front panel signals are available; keyboard, control-
fremely powerfu' amd wersatile lor legending is reproduced below. Modu- ler, bow  frequency oscillator (LFCH,

kayboard playing sound effects and lation routing 15 accomplished by envelope generator, nodse generabor
many other home, stage, oF studio source and function switches amnd and external, The keyboand is of the

applications. Constructionis simplified depth controls, rather than the usual highest mote priority type amnd has a
by ihe use of inlegrated circuils Lhal mislhiod ol L:lll:r.ru'JiilHL aach source wilth glide which akways complales even
each perform major synthesiser func its own depth for each controlled after the key is released = this makes
tins wath few external components. No function found on some small synihe the keyboand much more uselul a5 a
glueing o conlact blocks or bending of s15ars. Swntching i5s most suitable fora coniraller for effecis sounds. The joy-
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shick cantraller routes a veltage depen:
dent on the side-to-side positon of
the stick 1o vanows wiltage controdled
circuits, alowing it 1o be used tocantral
the pitch (pitch bend) or timbre, The
external voltage led into the controller
[k can cverrde or add to the joystick
veltage for controd by additional syn-
thesiser eguipment, or a pedal can be
plugged m and used for control by
attenuating a hiwed jostick voltage.
The low frequency oscillator gen.
evales random and regular sample and
hold effecis in addition 1o the four
commaon wavelorms. The regular 5/H
opticn allows rsang and falling scales,
rising and faling repeating groups of
two, three or more notes, and other
sequencer-like affects, with the pattern
controfled by the LFQ rate, A LED
displays the LFO cycle and the poystick's
vartieal posibion deterrmines the amps-
tude at the LFD manual output. The
envelope penerator is of the exponen-
fial ADSR type and, ke the LEQ, has +
d - gutpuls thal can be separately
salecied lor gach condrolled paramseter.
The envelope generator shares ils gate
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Figure 1. ook disgram of the Spectrum Synthetise:

signal wath the envélopoe shaper, which
determines the loudness contour of
each note. 'Single” on the gate selector
swilch causes gating each time a first
hey 15 depressed, “Multiple’ retnggers
whem any niew nobe 15 played, aliowing
fast runs withoul ‘missed’ notes. “Hold'
kaeps the gate high for continuous
affects, and 'LFO" causes galingon each
LEQ cycle, In the ‘Repeat’ pasition the
envelope generalor retniggess at the
end of the decay penod, acting as an
additional LFO with variable symnmetry,
This allows comples rhythmic effects
wihen wsed with the LFO, and gives greal
scope for "backdrop® sounds based
argund compleéx S/H palterns with
penodic  ‘hmbre sweeping eMects
derived from the EG. Key Repeat'
brings im the repeat only whien a ey is
held, allowing key-synchronised re-
pealing rotes and delayed modulation
(the delay determuned by the attack
time}, An LED indicates the EG's attack
sapmient.

The woltage cortrolled oscillators
(VCOs) #ach have six swalched octasve
ranges and five waveforms, The sub.
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Figure 2.
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Sync. wavelorms. (8) Sync. pulges.
b3 Sync, 1, (o) Sync. (L (d) Sme, 1|
with decreased YOOI reguency.

atave outpul is a pulse wave with a
square wave added on aciave balow,
making e sound fuller and richer, The
twning LED detects the beats between
the ascillators, and indicates when the
pilches are in simple musical intervals,
wselful for tuning without sounding &
note {e.g on slage). The pulse width of
VOO 1 bs variable, and VOO 2 has a tune
contrgl wath a £ ona fifth range.

The YCOs can be used fopather to
provide a vast range of sounds not
possible with basic symthesisers having
anly wavelorm, shape, VCF cutall and
VCF resonance as the controls affecting
bazie timbre. This isdone by frequency
modulation and synchronisalion —
special features of this design. FM uses
the treangle ouipul i WVCO | to modulate
the frequency of VCO 2 up 10 £ 100%
giving a whaole range of non-Narmomc
tornes for bell, gong and chime sownds
etc. Synchronisalion pves  varioud
wavetorms from V0D 2 (see Figure 2)
which hawe parficular bamds of har-
mamcs emphasised for strong. voice.
boxdike sounds. This is achieved by
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resetting the output of VCO 2 upon each
cycle of YOOI 1, 50 the tones genarated
are always harmonic, Twa modes of
syne. are provided: Syec. | is thal
normally found on rampwave oscilla-
tors, the YO0 2 waveform beginning in
the same way after each reset; Sync. I
12 sadmething tolally new — the triangle
output = sel to mid way each time but
then carries on in the same dirgsction imn
the new cycle, VOO 2 lbcks on ta VOO 1
harmanics with the change from one
harmionic 1o the next emphasised by &
sharp change in tone, This enables
auomatic arpeggiation and incradie
tone sweepsto be oblained since VOO 2
now i5 effectively a wiltage controllEd
waveform genesator/frequency mu'h-
plier. The sync. controd attenuates the
pulses fed to VOO 2 sothat it anly resets
if the wawve form Is above a cerain
threshodd, resulting in the oscillators
being locked together in musical infer-
vals {3rds, Sths etc). Simultanecus
Swnc. | and FM 'produces harmonic
tones with the shape of FM-ed wave-
farms within each eycle.

The ring modulator uses trianghe
and squarg VCO waveforms o provide
further complex tones, Its output is
mixed with the noise agnal and fed inbo
a special vaoltage confrolled amplifier
(WCA). This can be controlled by the
LFO or EG, and gives the signals thair
own loudness contours. Hance noise
‘thiffs’ can be added to nales, o ring
modulation set to swell in as a naote
decays

The VCA oufput is fad to the valtags
contraliad fiter (VOF) maxed with the
WCO outputs. The WCF offers the two
mast wsaful responses, ow pass and
bend pass, plus an intermediate
response for bright sounds thal remain
streng in lower harmanics, Cutoff fre-
guency amd resonance controls per-
form their mormal funchons and a
keyhonrd follow control determines
how the cutoff frequency varies aver the
keyboard range.

After envelops shaping, the signal is
fied to the valtage controllad pan circuil
which can modulaie the lozation of the
erurie] in the alered field by the LFO or
EG signals, The stereo outpuis can also
be used for voltage control of the depth
of external effects such as rewverb,
phase, and echo, by routing ong signal

Closs upi:ﬂ' withi PGB removed from keyboard.

via the effects unit and one direct to the
amplifier. A mono cutput is also pro-
wided, and the VCA can also be used for
additional amplisisde modulation with
the LFD as source (lor Wwermado and
other efiects).

Thenterface jacks allow connection
1o axtemal devices such as sequencers,
additional V&0 banks, waveform pro-
cessors ete, The Specirum Synthesiser
usas the 1VA/octave CV standard, and
can be interfaced o any other expanen-
tial OV syrthesisar

Keyboard

The Spectrum uses a unigue key
contact syslerm which i cheaper, more
reliable, and easier to constrisct tham
alternatives using gold-plated wire and
contact blocks. Assngle moeang contact
is used for each key with all conlacls
and their associated divider chain
resistors held an a PCE (s two pars)
fixed to the keyboard chassis,

The moving contdcts are slver-
plated springs, each hxed at one end
and moved at the other by the plunger
of the respective key such that the
spring makes conmtact with twd pal-
ladium bars when the key s depressed
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(Figure 3). The first bar is connected to
the sample and hold circt whech
slores the vellage representing the lest
key depressed, and the second to a
circuit which generates o gole signal for
the 5/H and the anvelops generatons,
The moving contacts connect to the
divider chain {see Figure 4). These
functions are usually camied out by
separate contact pairs, where unless
thi cortacts are precisaly sat up, note-
jumping will occurwhen the envelope is
gated before the 5/H recewes the new
key voltage. The system used hera s
immiune from this since the construc-
tion ensures the correct sequence of
operation, and no initial setting up is
required. The keyboard recommendead
in the parts st has removable key
plungers 5o that cleaning the C-J'I_'IIHEIE-
i5 much easier o, Unclipping a
plunger Mlows ao0ess 10 the sides of the
bars and springs that meet,

Power Supply Unit

The proper gperation of synthesisar
circurts requires a stable, noise-free
supply, 5008 1S important that the Power
Supply Unik (PSU) is well-regulated and
has current in resanse, The Speclrum
PSL uses menolithic regulators and low
lemperature copefficient componenism
a dual design to provide = 15V at 270
mif, meakimum.

The Power Supply Unil consists of
two rdontical circuits providing  tha
positive and negative supdbes, dnven
by a dual secondary transiormar, Each
secondary produces about 21V when
tha AC signal is rectified and srmoothed,
and is fused for protection in the évent
of a power supply fault. Regulation 15
carried out by the wall-known UAYZ23
regulator IC which is used with an
external power lransistor in series pass
made to provide the required current.
This current limits at 270 mA when the
voltage across series resistor RL (R2in
the -ve side) reaches 0.6Y. RVL (RVZ)
allows the rail voltage to be adjusted to
exactly 15v, and D1 (D2} prolecls
against reverse polaniy, agan i the
event of a fault. The + L5V regulated
output of the side based around IC2 is
cennected (o OV of the 1G] side, graing
the -15, 0, + 15Y supply rails.

Keyboard Controller

Figure & shows tha circuit diagram
of the keybcard controller. Connecticns
1 and 2 are the bollom and fop



réspeclively of the keyboard divider
chain. This is arranged in the feedback
loap al IC3a, which drives a current of
about 1. 8maA through the divider chain,
This generates 83mV across each
dmider chain resisiorn, corresponding 1o
a samitone, and 1% across each group
of twelve, corresponding to an oclave,
R58 and R5Y drop 1,7V 5o the range of
key woltage is 1.7 (top €) to 5.7V
(bettom C). RS 7 and RV determine the
current, RY3 allowing it 1o be trimmed
for exactly 1V octave.

IC35 gererates a signal that is used,
after processing, to gate the emvelope
Eeneratars and key voltage sample and
hold. With no keys depressed, the non-
inverting input is held at OV by R0 and
since the inverting input 15 at *0.83V
{determined by R58) IC30's oulpul is at
its negative exreme, almoasi -15V.
When a keyis depressed, the veltage at
the imverting imput rises to between 1,7
ard 5.7Y since the gate bus-bar 15 con-
nected fo the divider chain by the
cocntact of the depressed hey, and the
outpul of IC3b goes high.

TR3is a FET which acts as a voliage
controlled sentch in the samplé-and-
held circuit around €1 1. 1t i3 narmally
held off by the negative output voltage
of IC3b, via Re2 and C14, bul upan this
EOing positive it is turned on aad ClL1
charges to the voltage on the S/H bus.
bar (connection point 3) Since the
contact spring makes with this belore
the gate bus-bar, the new key voltage is
always ready for sampling by the bime
the FET is turned on. IC5is & FET input
op-amp wilh a very low mpul beas
current. This ensures that when the key
is released and TR3 turns off the charge
an C11is refained with the mindimum of
‘decop’. Even when Cl11 is a high guality
typ (a5 it must be), leakage in this

;F'.""Tr:-

rllljl:

F5U FCE

compinent predomnailes over  the
input current of IC5a. On the prototype,
it ook about 15 minutes for middie A o
drifl up bo AH

With the output of IC3b lew, C10 15
kept charged by D11, but when a key i
depressed it is allowed 1o discharge
theaugh RBS and RE6. It Lakes appraxi
mately 2msS for the voltage to reach the
theeshald of the Schmitt MAND-gate
ICEa, the outpul of which then goes low,
Sance D11 charges C10 very fast upon
the comparalor oulput going low, it
st ramain high for at least 2mS for
the gate signal to be passed on o 1GED.
This ensures that the effect of contact
bounce wpon key depression of release
15 ehmanated and cannol cause false
triggermng of the envelope generators.

The external gate signal is invertad
by TR4 and NAND-ed with the cutputof

IC5a to give the key gate signal whichis
sent o the EGs.

If a new mote is played on the
keyboard before the previous one is
redeased, a new CV 15 generated, but
since the key gale signal remams high,
the EGs will mot restart thelr envelopes,
Thas can be a problemwhen percussive
arvelopes ang used, a5t keyboard runs
mang missed notes. Thi problam s
eliminated by delecting a change in CV
at the sample and hold output, and
gencrating a key retrigger @gnal tor the
EGs. IC4a is a high-gain dafferentiator
that produces a pulse for gach change
in the value of the CV, These pulses are
rectiied and squared up by the com-
parator 1C4b, and lengihened by D16
RT5, and C12 to a minimum ol 5mS

Contact bounce produces a very
ragged CV change when a note is
desressed while one 15 already down,
and thes i furm produces a muliiple
pulse af the output of 1IC4E, The circust
around ICEc generates a clean S00uS
pulse Tegm this SIgNal — MOoS irmpsdr-
tant for external dewices such as
sequencers which ool in response (o
triggers from the k&ybth‘-:ll'ﬁ. When the
charge on Gl 2 reaches the threshwold ol
IC6c, the outpul goes high ard Cl14
charges via D18 and RE5. After B00US,
14 also reaches the required level, the
output is forced low, and Cl4 begins (o
discharge slowly through RB1. For
30mS after each pulse Cl4 inhibits
ICBe =0 that no more pulses can occur
at the cutput durng this period

Sice the sample-and-hobd ywoltage
5 updated balore the key gate siarts, a
first key degression would cause an
unwantad pulse on the key retrigger
limg, This is eliminated byegl?, which
holds the input of ICEd high until the
gale 15 recerned,

Icy,2 b R e |1 THi L 5 I
i = = ﬂ" i L
T - -
WIEW B L ‘g'
7 -8 ¥ L] E ]
LA gy ; H3
5 1""'-_ €3 ]
+—E—0 o 2 1 1 CT Tuz
L T L] = h !
I I i -
I it f2 0
| %
[}
| zaew I| - Ll — oV
I A I @ ' —°
- 1 F5a ™Mz iy
I I i3 —{__1—
i 3 TR
' ] 15 1a
o | ] L 2
"r.. i3
+—{,|
i ] 2
| A4
Sk}
[ 7 @ a ] 4| CF a2
h = =1
EJ_ H ol 4 z!l - '
e [ufe]
ch B
TH1.Z Fuly
a5 E i ot | | - L
=15
BoARD
# a b GUTLIKE — - - -

Fgera 5, Powsr supply circust,



The de-bounced gate signal from
ICGa is imverled by TRS, which drives
the 'key pate cul' interface jack, D19
causes the gate out sigaal to go low in
response to the key retrigger signal.
TRS is arranged to pull the oulput to
+ 15V o generate the gate signa’ — this
syslem allows gates from different
sources to be connected together,
provading an OR-lunction that gates the
ﬁ_:u-ul:ml led device if any source agnal is

Iz

The output of the sample-and-hald
circuit (TR3, C11, IC5a) is passed tothe
ghde circuit (R74, RV4, C13 IC50)
which produces sweeps between suc-
cessive notes. The time taken Tor 8 new
redte voltage to be reached is contral-
lable frem almest instantaneous to five
sacondd foroneoclave by Bvd, ICShisa
o input Beas current op-amp, avoid-
ing any voltage drop across RV that
would cause a perceplable pitch arror
with maximum glide,

Low Frequency
Oscillator

The Low Frequency Dscillater (LFO9
of a synthesiser provides perioadic wave-

forms for the cantral of ather modules
to produce modulation of pitch, imbre,
amplitude etc, When the synthesiser is

baing wsed other than for simple
meladic playing, the LFO is often the
main contral source, and must hawe 3
wide frequency range and a choice of
precise waveforms, The Spectrum LFO
has a range of over 1000: 1, fram 0044z
(25 seconds per cycle) to about 42Hz.
Sing, briangle, ramp, and square wave
forms are available, plus two additional
slen-type waveforms, one Ziving a new
random woltage on each cyele, the ather

producing a wide range of repeating
sequances. A LED flashes to indicate
the LFD cycle and s very wseful for
quickly cheching or setting the rate.
Particular attenlion has been paid to
wavelorm précision, and good sym-
metry is ratained owver the frequency
range. Unlike many other designs, no
salting up is reguired

Circuit
Figure B shows the circut of tha LFO.
It is based around ICE, IC3a, TRE, 9. 16
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Figure 6, Keyboard conSroler circust.
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LFO PCE,

and 17, which form a precision tnangle
and sguare wawe generator. 1CB is an
integrator driven by the valtage at the
wiper of V6, the Rate contrad,

A | inpul as currenl Op-amip
must be used for ICE to presere wae.
form symmetry since a bipolar device
would drain the input current signifi-
cantly al low frequencies, Causing
differing charge and discharge rates for
cle,

1C%a is a comparator whech reverses
the woltape at the mtegrator input when
15 outpul reaches thresholds set by
R100 and 101, so the integrator outpul
ramps up and down between fined
lavels generaling a triangle wave, 1092
drives TRB, 9, 16 and 17 which are

conligured as an additional comple-
méntary pair output stage driving the
integrator, and from which feedback to
IC%a is cbtained. Since this stage is
non-inverting and R101 takes the signal
back to the non-imverting input of IC9a
the feedback is posilive, causing the
outpul fo be either high or low and
grving the comparator hysteresis. An
additional output stage is used because
the maximum and minimum outpat
voltages of the op-amp are unpred ct-
able and rarely symmetrical, This
would give unegual times for the two
halvgs ol the cycle and wavelorms
which were not precisely symmelrical
about OV, since the lLhresholds are
derived from the output of the com-

wre [ LI
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Figura 7, Kaybsand contrallor signats.

parator corcuil.

The method of producing the ramp:
wave is ral herunusual. The triangle and
square waves are mixed and halt-wive
rectified by 10960, Since only posiltive
output values are allowed, the signal is
=t off' a1 zere wolts when the squane
wave i3 high |2 when the Inangle wave
i5 falling. The result i5 a positive going
half-wawve rectified ramp wave, which
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Figurs 8. Low frequency escillater ceceit diagram,



gives a complete ramp wawe when the
riangle wave {and an offsel) s added,
producing a slope durning the 'flat” hall
cycle and hall-canceling the slope
during the cthar half.

The sine wave s generated by
Dz4-27 and associated resistors. Mini-
mum harmonic content of a sing wave
usad for control purposes is not as
impartant as smoathness of the wave-
foem = il shouwld have no sharp
changes of gradient and should slow
thiery gradually towards Lhe peaks, This
15 achieved by iwo parallel drode
shaping networks winch act on the
tnangle wave. As the wallage increases
on poesitive hall cycles, D25 conducts
first, and then D26 conducts just before
the peak, with D24, 27 acting on nega-
live halves. The sine wave is produced
by mixing the two components by R1 26,
128 a1 IC10b. 52b sedects the output
weiwilorrm, with 1C106 and its input
resistons msng the companentsfor the
ramp and sine waves and ensuring that
all waveforms have the same level, The
output of IC10D 15 the +LFO signal, and
this is inverted by 1C12a 1o give - LFO",

The "LFQ MAN output gives the
siecied wavelorm al a level controlled
by the joystick y-axis, AT isthe joystick
pek, acting as potenbal divider fed by
+LFQ and butlered by IC12b, Since the
joystick needs to move in both direc-
ticns, there will be an indetenminate
amount of LFO signal on the wiper of
RVY when the shick is cenfral. RVE
cancels this signal out by intreducing
the same polarity signal to the inverting
imput of IC12b, This means that moving
the joystick one way will giwe an
imncreasing +LFO signal on the LFO MaN
outpul, while the othar directien will
give -LFC,

The regular and random LFO wave-
farms are step-type funclions which
change level abruptly at the beginning
of each cycle and remain fised until the
next cycle stars. They are produced by
the samplée-and-hold circol  arouind
C19 and differ in the by ol inpuitoihe
sample-and-hold (5/H). The random
wavelorm has the oulput of the noize
generalar as i1s sowrce, producing a
e random vollage in the range 42,5V
very cycla. The regular wavelorm s
mare complcated since the source is
perindic — & 20Hz rampwave sihich is
aynghromsed o the main LPO. This s
generated by the oscillator around TRS,
Fand C15. TRE % & conslant current
source, linearly charging C15, When the
voltage on C15 reaches +5W, TRT, auni-
junction transistorn tums on and dis-
charges it to - 10V via RO7. {rom where i
begins to charge again. With the ragular
wavelarm oulpul selected, S2a con
nects C1S to ICLOa, which buffers the
raftip wave agnal, TRI1O s the 57H
switch, normally keptoff by TR L which
holds its gote negative, Upon the LFO
squarg wave pong negatwe at fhe
beginning of a cycle, the pulse fram
Cl8 turns TR11 off and TR1O is allowed
1o conduct C19 charges to the value of
the impul signal, and at the end of the
sample period, which kasts aboul 1 ms,
F

TR10 turns off agaim and the charge on
C19 is held until ihe next sample. IC11
is a FET-input op-amp connecled as a
vollage follower, buffering the viltage
an the capacitor. A low inpui bias
current device |5 neceassary o minimise
the drain on Cl9. achieving & low
voltage ‘droop’ between successive
samplings.

The output af IC11 is fed 1o IC10G
where the 3/H wawveformm canm be
selacted by 52b, with the values o
R114, RL1G chosen to produce a £2.5Y
outpul sagnal fromthe - 10, *5V range of
the samoled vaoltage. With 526 in the
‘Ramchorm’  position, the signal is low
pass Niltered by R116 and G20 which
remove the burst of roise that appears
while the sample-and-hald FET is an,
Though this is only 1ms long. it could
break through into the audio chain
when using large modulation depths of
VCF cutalf frequency or VCR amplitudie,

The eflect of sampling & conslant
frequency rampwave al aregulsr rale s
to produce complex repeating sequen-

=t 1| -
-
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Figurs 10. The CEM 3340,

ces ol vollages, lhe ssguence lenglh
and iyps being determined by 1he
samphng and sampled fl’EQUEI'II:IEE-
This is often wsed 1o produce nobe
seuences by ropdulating a YOO with
the sample-and-hald outpul, butl Sul-
fers from the disadvaniage thal {he
slightest change insampling frequency
of the frequency of Lhe sampled wavea
form changes the effect. Inpractice it is
very difficult o get a preciselyrepeating
sequence, rather than one which has a
respesbiliee ‘Theme” ihat steadily changes
a5 a parl of a truly repeating sequence
wilh a much longer pencd. |n other
wards, the resulls are ollen toocomplex
and uncondtrollable 1o be useful, and
some method is needed 10 resinct the
S5/H waveform to shorier repeating
gequences. The Specirum is umgque in
provding  ths, and does =0 Dy
prematurgly reseiling Lhe rampwave
osCillator if it is near the and of 1S Cysli
when sampling occurs, Relernng back
te the LFO cicuit diagram, this is
achieved by C17 and RS9 which couplé
pulses from the LFO square wave o

base 1 of TRT, the unijunciion transistor
in the rampwave generator. When Lthe
S{uare wawe goes low, the reset
threshold of TRY is elfectively reduced
by aboul 1 volt, soil the voltage on C15
5 above +4Y at this instant, the ramp
wave i5 reset early and the sample-and-
hold receives the voltage al the stad of
the next ramp cycle, i.e. -10% The
rampawave generator then runs mormal-
Iy until the mext time it falls above +4Y
of & sample, whereupon it s reset and
the saquence is répeated exactly. The
time taken for this to occur depends
upon the frequency ralio, but since the
synchronisation is guite weak, seguen-
ces from very shorl 1o quite long are
easily oblained andl very long sequen-
ces are lerminated when tha premalure
réset condition anses,

The LFO square wawe i$ sent 1o the
envelope  generator  and  shaper
separately from the wavelorm selector
switch and modulation rouling, whane it
can be wsed 1o gate the envelopes
repedledly.

VCOs and Associated
Circuitry

The Voltage Controlled Oscillators
(VCOs) are the heart of the analogue
synihesiser, and [0 a greal exient
determineg the overall quality of the
instrument. |n exponental syrithes -
sars they must be carefully designed 1o
give an accurate and temperature
compensated conirol scale; this nor-
mally makes them the most expensive
sechons and requires complex setling
up,

In most small synthesisers the
Voltage Controlled Filter = the primany
timibre-determining seclion, willh vana-
fions betwean designs responsible for
the charactenstic sounds af different
insiruments, The YCOs play a lesser
part in tone forming, with a limited
choice of basic wavwefonms available {o
the player. The Specirum Synthesizer
incaroorales design techmiques never
before wsed in an instrument of fhis
tvpe 1o provide a wery wide range of
different timbres from she oscillator
sechion by using the two VWCOs in
combination

Circuit

FIEHI’I: 5 shows the Sireuat :Iiagm.m
af the Voltage Controlled Cscillators,
The escillator control circuilry and the
seclions that combine the YOO signals
by trequency modulation and synchra
nisation are also mcluded,

Each WCO wses the CEM 3340 IC,
which is specifically desgned for this
ki of application, allowing a versalsle
and precise VCO to be built with great
IMproweEments in cost, component
count and specilication over discrele
dasigns, The CEM 3340 was fully
descrbed by Charles Blazey in'IC's for
Electromusic’, E&MM March ‘Bl. so
except where ils usage inthis desgnis
unusual, we shall not discwss it in great
depth here, The internal diagram 15
shiown in Figure L0, The device is an



exponental YOO with linear FM, sync,
and pulse widlth conirgl inputs. ICLS
and IC16 are the basis aof VOO 1 and
VOO 2 respectively, and pin 15 of each
i%the exponential contralinput. This 53
wirtual earth summing node 50 each of
the required signals for YOO pitch
comtral are routed fo this point wia a
resistor whose value which determines
thex cantral eelationship (Ehe amwount of
pich change for a given woltage
change). With the scale tim presets
correctly set, 100k ghves the required
keyboard contrgl relationship of 14/
D=tave,

IC7a iwerts the oulput of the ghde
cwcuit, and applies an offsel so that the
middie 'C’ of the heyboard generales a
key OV of OV, This simplifies interfacing
wih additional equipment. The Tune
pod. (RVS) shifts the piteh up to = 2
sarmitorses. BOOD limits  the current
supplied by IC7a but does not affect the
voltage under mormal conditions. This
is required since the CVis mamentarily
shorted to earth when the olher end of
the pateh lpad from JK2, the key CV out’
interdace jack, 15 plugged inlo anoffsr
peice of equipmend.

The key CV sagnal s fed to VCO 1 and
WOO2 wia R162 and RLG3 respactively,
which are 100k 1% metal film resisiors
vath & temperatureco-afficient of betlar
than 100ppm/°C. The precision is not
imporiant since the scale 15 tnimmead,
but the low temperatura co-efficiant 15
required to ensure thatl the conirol
relationship remains constant with
varging temperatune, IC15and IC16 are
mitarnally compensated for tempera:
ture changes, but stabality of external
contral signals 5 jusl as important
where it affects control scale,

The NOO CV interdace socket
accepts an external woltage from a
device such as a sequencer Mor add-
tanal precise control of the VCOs. The
valtage i5 buffered by 1C760 and fed to
pn 15 o IG15 by RLAT, R164 and RVZ21,
and to pin 15 of IC16 by R148, R165
and RW2Z Though 100K 1% resistors
wold grve a control scale as precise as
that for the keyboard, the external CV
must match key CV for scale éxactly, so0
Y21 and RV22 arencluded. 55, RV15,
57, and RI57-161 perform the Modula-
tian routing for the VO0Ds. 55 selectsthe
spurce from among the envelope gen-
erator, low frequency osollator, and
noise generator, ard BV15 controls the
depth of modulation from 0105 oclaves
whon conlrodling pifch. & logarnthme
pot. is used (o provide ine contrdl at low
modulation depths. 57 selects the
modulation function from pulse widih,
where at mazimum depth the range s
50% pitch modulation of aither WCO, or
both VO0s simultanegusly The “OHI
position enables a modulation eflect to
be presel and then switched in whan
required.

The conirdller enabbes the poysisch
or an exlernal dewoe 10 conirgl eilher or
both oscillatar pitches, pulse widih, or
filter culofl frequency with warable
dapth. ICL4a amplifies thevoltage from
the waper ol RY13, the =-ams joyvstck

__#-

FaeFy

| Bty |

3F
'y
I Thdadd
Hagmanic]

Fgure 11 Symc IL

pet. With the controller infoul socket
umised, AY14 controls the amount of
peystick woltage modulating the fung-
bon selecled by 56, The joystick vollage
it available atl the controller socket for
contrel of additional equipment, o a
foot pedal wired as a variable resistance
to earth can be connected to contral the
selecied lunction. The jovstick vollage
can be overnden by patching inm a
vidtage from an external low-impe-
dance outpul A signal from a high:
impedance agutpul will be mixed with
thie jowshick valtage,

Each VYCO has a range selector
gwilch whach transposes the pitch up or
down over a total range of six octaves.
The woltages for the ditferent ranges ari
provided by the polential dwider com.
posedof R133-R138, RV9-12 and RV (9.
The &4° pesiticn isconnected o OV, and
g0 adds nothing to the basic pilch for
each VOO set by RY LT and 18, Succes:
sively mgher positrons of the rarge
swilches 53 and %4 add 2.4 volis per
position. R145 ensuras the coriesct
current frequency relationship fer VGO
1. while VOO 28 contral inaut may e
trimmed by RV20 Lo that the oscillators
ramain ezactly in une dunng oclawve
switching, The selected voltages are nol
sanl direclly to the VCDs bul are
bBulferad by 1013 This prevents he
currents taken by R145, R146 and

Rv20 from alfecting the voltages on the
divider, which would otherwise cause
the position of the range swilch of one
YCO to effect the pitch of the other. C22
and 23 store the [ast selecled voltage
whale 53 and 54 which must be break:
before-make 1o avoid shorting out
sections of the dwder, are between
swilch posilions, On many synihes-
sers, changing Ihe oscillator range
causes a spunous piRch o e gen
eraled, which ollen appears as an
annoying ‘bhp' o8 a nobé 15 soundsng
C22 and 23 maintain the pich dunng
the changeover and allow perfect oc-
tave swilching while playing. R1&41,
Bl42 are included so thal upon either
range being changed. the charge cur
rants of C22 and 23 are hepd low enowgh
to eliminate any perceptible momen-
tary pitch drop due to drain on 1he
divider

One special feature of the CEM 3240
5 the hnear frequency modulation (FM )
npul, which allows the frequency of the
YCO to be modulated By an awdio
{requency signal for the creation of new
timbres. The current at thes input [par
13} is multiplied by the axponeniaated
pitch contral waltagpe, S0 thala consiant
percentage FM depth 1z maintaimed
owed e range of the oscllator (e
‘Achvancesd Musie Synthesis’, ESMM
March ‘8l), This is ideal for a keyiboard-

9
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based synthesiser such as the Zpec-
Erurry, sarvie it allows a FM tone to be set
up and played from the keyboard in the
same way as a simple wavelform. 38 is
the FM & Sync function switch. In the
‘' and "FM + Sync I' positions, the
triangle cutput ol VCO 1, from 1C19a, 15
fed to the linear FM input of WCO 2, C36
removes the OC offset from the trizngle
wave and 15 arranged with R190 before
ZE and RVZH, the FM Depth contral, so
that the depih can be altered without
the charge on G306 changing and caus
ing a brisf unwanted frequency shifl.
The value of R183 has been chosen to
give just under +10Kc freguency
modulation  depth with RY2E  at
MAXIFFUm

The CEM 3340 is equipped with
synchronsation inpuls which can be
fed with pulses from anather V0O to
lack the VCOs to the same Irequancy.
The "hard sync’ inpul accepts positive
and negalrse Eoing pulses which cause
thie trangle wave to reverse direction
during ils nsing and falling sections
wspectively The 'solt syne’ input gives
#ocess to the potential divider that
produces the upper threshold voltage
far the tnangle wawve, and by apphng
negative pulses o this pont the rangle
wave is reversad al its upper peak wiken
il reaches the point at which the nput
pulses cause the threshold to drop
el o the lewvel of the waveform. Melthar
of these melhods prowde true syn-
chronisation since this relies on the
waveform being reset to a fived point
each tirme, rather than merely reversing
its direction. The sync inputs provided
do enchble the waveform o be Syn-
chre  zed to the freguency af the inpist
aulses, so strictly it is correct to call the
aeffect synchromisation, though "hard’
and “sofl’ mormally refer to differant
degrees of the same effect,-with hard
sync causing unconditional reset of the
waveform, and 5ol sync causing resetaf
the waveform value at that time isina
particular range, usually above 2 cer-
tain level, The synchronisation facdities
provided on the CEM 3340 are unsuil-
able for the creation of nee wavelonms,

the most wseful property of true sync, so
the Spectrum wses additional circuitry
to achewe this

The synchranisabion ciréuil appears
in the bottom right hand cormerof Figure
9, 380 is the pole of the FM & Syme
Function switch thail controls this cir-
cuit. When syne 15 offl [in the "4 and
'FM’ positions] pin 13 of 1IC17d is held
low blecking the pulse wave from VCO 1,
ithe ‘master’ oscillalor When sync is
selected, the pulse wave i5 inveérted by
the MAND gateand the falling edges are
differentiated 1o give 10us wide nega-
five pulses that turn TR1S5on. TR16 and
TRI7 are FETs that prowide a low
registance path from C34, the inlegra
tor capacitor of IC16, to the patential
divider R215, RV23, RYA0 when either
gale is allowed to go high, Without sync
selected, the FETs are held off by R212
via D29 and D30, With 58 in the Syng I
or 'FM + Sync " position, 1he gate ol
TR17 is connected to =15V halding it
off, but onm each sync pulse R214 is
allowed 1o lwum on TR1G, and C34
discharges (o the vallage sat by RY30
With Sync | selected TRL6G is held oft
and TR17 discharges C34 {othevallage
on the wiper of RV20, Hence, atthe and
of each cycle of VCO 1, ¥CO 2's wave-
form is resat to one of two posibons
depending on which type of synchram-
salion 15 s&lgchad.

As can be seen from the internal
diagram of the CEM 2340 the vollage on
the integrator capacitor al pin 11 is
buffered to drve the comparaior, tri-
angle wave oulpul, and ramp wave
shapirg circait.  The comparator
switches the threshedd and direction of
the triangle waveform when the
selected threshold is reached. The
buffer produces an offset of about
=16V and sinca the comparator refers
1o thee outpul of the buffer, the voltage
on the capacitor ramps between approx
+1.6%Y and +&.6Y. RVI] is sct to redurn
the buffered waveform 1o just baltow OV,
corresponding 10 about 16Y on s
wiper, This makes sure thal theinternal
comparator is set 10 ils nsing state by
the waveform crossing the lower

threshobd. Hence Sync | causas the
triangle wave to begin an upward slops
Tram s minimum value at the emd of
each VCO 1 cycle, Sync Il differs in that
the friangle wave is sei to its midpodnt
and proceeds in the same dirschion as
before the sync pulse, i.e. the com-
parator state is unaffected. This means
that slight changes of frequency that
bring the VCO 2 triangle wave 03 peak
before the sync pulss, where the synco
pulse pravigusly caughl the wavelorm
just before it reached the top, cause
discontinuities in the tars and pitch of
the sound, This is a feature of the patch
quantising effect of Sync 11, where the
patch of WCO 2 jumps from ons har-
romie 10 the nexl as the control voliage
bo VCO 2 15 increased, As a result of the
fact that alternate sectinsn: af tha
wavelorm  betwedn sync resets ar2
inwertad il the synd oocurs analternata
risimg and falling slopes, there 15 an
inherant divide-by-twa o 1he harmon-
ics gemerated are really those of the
sub-octave of VCOL. Figure 11 shows
soma examples af Sne Il waveformes,
those betwesn (he second and third
harmanics of the sub-octave of W0OL,
Mole fhal at the rate of VCO2 5
imcreased harmonics of e YOOI
fundamental increase in amphiluds
unfil ihe pemnod is suddenly doubled
with the intraduction of the sub-octave
component and from there an th=
harmonics diminsh unfil the nangia
wave is restored at a higher Iregueency,

Sync | produces a smoothchangein
timbre as VOO2Z is swepl, since each
timi sync resel occurs, the cycle starts
in the same way, Thas rmakes (b mone
useful for imbre modulation, whersas
syne |1 is best for pitch effects, Gne of
the simplest uses is to generate tha
effect of a full -wawve reclified ramp wave
which can be modulated from a com-
plete ramp 10 a tnangle wave from the
triangle cutput. On eiher syrthesisers
this is accompanied by 2 woluma
change, the inangle wave being half the
amplilude of the rampwave, bul with
synchronisation the level remains fixed
over the range, and ol course the
waveform shage can be swepl much
further in both directions, As the rate of
YWCO2 s decreased, a diminishing
rampwave is produced grang a8 new
rethod of amplitude modulation, As it
is increased, the band of accentuated
harmgnics sweeps up the Spectrum.
Figure 12 shows some "Symc | wave-
forrms abtained Trom the trianghe culput
with different relationships between the
rates of the wo VCOs.

So far we have only consadared hard
synchronisation, where the VOOZ cycle
is restarted on every cycle of VEO. This
gives the ouiput of WOD2 the zame
pencd as that of YOOI, orin some cases
of Sync I, double thai. Il the natural
frequéncy of YCO2 is adjusted o a
multiplé of the VCOL frequency, it will
produce its natural waveform though
beating effects are ehiminated and a
slight changa of either frequency will
introduce components of the VCOL
wavefonm into VCO02's outpul revealing

i1



the true perigd. Soft synchromsation
causes resel only of WCO2 s past a
parlicular poank in its cycle and enables
ihe miches to be focked im musical
intervals coresponding to frachonal
frequency ratios such 2s 3:2 (a perfect
filth), 4:3 (a perfect fourth) and 5:4 (a
major third) Conventional discrete
rampwave oscillatars achieve soft sync
by putting pulses on the ramp's upper
threshold in the same way as the
Spectrum LFO produces its regular S4H
waveform, The Spectrum YOOS use a
g advanced method which allows
précise sync in ratios asiowas 500:4949
for example, whese the YOO 2 wavelorm
is reset once every 500 cycles. Such
weak synchronisalion 5 heard as a
senes of chicks rathar than am actual
change of YCO2's pilch. but inter
madiate Sedlings can give complas
waveforms suifable lor imitating many
glusive sounds with cemplex harmon-
ies such as those of engines, creaking
doors elc. The synchromsation contaal
in the Fid & Sync section vares the
depth of Sync 1 or I from zero
(equivalent 18 no syns selected by the
function swiich) through increasing
depths of sofl sync to hard symc at the
MExi mum seiing,

The synchronisation conirol uses
the pulse wave facility of ihe CEM 3340
to inhibet rezel unbl the rampwave of
VED2 has passed a cerlain paiml inils
cy:le. Reference 1o Figure 10 shows
that the pulse wave 15 normally denved
from the rampwave by companng i
with the voliage at pin 5, the pulse widih
rrecel vl st input, The aulput 2t pind is
an open MPN emiticr wheeh s ligh
while the ramp waelorr 15 below 1he
FW control woltage This owtpot is
connected o the juncuon of RZ10,
R211 v ihe base circut of TRES S0 far
the first portion of VCO2's cycle tha
TR15 sz held afl arsdl thi sync pulses ane
prevented from resetting the oycle,
The proportion of the cycle lar aduch
syni resel s inhibsted s determunad by
the setting of RY2ZE, the synchionisation
contral, whech supplies a vamable
voltage to tee P contral input. With the
synchronisation contrgl at O {=5Y at
pin By nosyne resel canoccur. At 100V
it mim &) the PW autpul at pin 4 has no
effact and ewery sync pulie Ciuses
resel (hard synch,

Figure 13 iltustrates an example of
hiow sofl synchronisalion {using Sync
1y locks the petch of the slave YCO
(WCO2) in a musical interval wath that of
the masier WCO (VCO1), in this case a
fourth (a frequency ratio of 4:3). The
sync pulses and wavelorm al [he Dase
of TRIS include positive going pulses
iproduced by the rising edges of the
puse wiaye) but those have no effacton
circuil operation s0 are omitted for
simplicity. Without the synchronisation
aperating, the ratic of the ¥CO fre-
quencies would be 39:30, a flat fourth
The dotted Bne shown against theVC02
ramp wave rapresants the lavel at the
P control npul of IC15, pin 5 and
corresponds to a seiting of 3 on the
syn:hromsation contral. Whale  the
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ramp 15 below thes level the base of
TR15 is held high, blocking the sync
pulses, The phase of the higher fre
quancy W02 wavelorms  advances
until a symc pulse cancides with the
portion of the ramp abowe 'he dotted
lire, and the VWCO2 wavelormiis reset (o
zero {poant 'A’). This bnings the ramps
intg phiase, and unlil the gyng polse 15
apain spcessciul (point ‘C'), NOOZ2 runs
Fresely. Though the fourth abowss Y001 's
palch 15 heard clearly in the cwlout o
VCO2, the actual pitch of VCO2 1= two
oclaves below this, al ihe lowest com
meon denominator of the by freguent

185 |n practice this can be eliminatied
by tuming YCO2 up unhil @ mear periect

treangle or ramg is produced, with the
sync pulses jusl calching the end of
each fourih cycle, bui sice the exira
componenis form a thed mote at the
roil af the chord o coul! be left m 1o
produw e ncher sourds

When wsing ol ayiChronisalion,
the PW output of IC1S turns TR15 off as
s00n as the resel lakes the ramp
wiave'ormn below the wvoltage on the
wiper o ihe sync control (the dotbed
iine), This would cause the newcycle o
begn at some pornt above OV (or with
Sync || above 2.5V) depending on the
poig it was @l belore the sync pulse
C2B iz included 1o keep the FET onfora
shorttime after the reset turns TR15 04,



ensuring [hat C34 discharges 1o the
voltage on the potental divider,

The pulse wave outpet of YOOI is
variable from O to 50% by the Pulsa
Width control and from Q1o 100% with
modulation. 1IC14b sums the vollages
{ram the PW conlrol, modulation roul-
ing and controfler. The oulput 5 low
pass filtered by R180, C2B befare being
fed 1o the PW confrol inputof 1C15, Thes
is to prevent stray feedback from the
pulse ocutput causing a Tast burst ol
pulses on {he faling edge which would
confuse the sub-octave generator. C29
performs the same function on IC16,
preventing spunous synchronisalion
pulses. The pulse oulpul al pin 4 of
IC15 is pulled down by RIBT. The wawe
form is sharpened up by IC17a, a
Schmitt NAND gate conneciled as an
inwerier, and used 10 clock the fip-lop
IC18a, This produces a square wave of
fall the Irequency, which 15 mpoed with
the pulse wave b give the sub-octave
wavelorm,

The ip-llop nput would oscillate
wilh the slow edpes of the raw pulse
autput of IC15, 50 the Schmitt gale is
necessary for proper division

The pulse ouslput ol ICLS s the
source for the synchromsation circul,
50 thie sync ellec] can be turned on and
off by madilating the PW theawgh 0%,
Hence, tor exarmple, the joysiick can be
wsed 0 bang in parallal harrmomes or
the free phaze sound of unison oscil-
latods could be introduced by the
envelope generalon as a nole decays.

- ——— B = — S

Figurs 14, Basic ousillabss mavelonms.

The YOO2 pulse s derneed from the
rampaave by IC1TE, RV2Y allows s
width to be set. VCO2's sub-octave
waveform is generaled by IC13E

The rampwave cafputs of 1015 and
IC16 are used directly and the tnangle
wave outpuls are buffered by IC1%a and
b respectively. The hall.wave rectified
ramp wavetorms are produced by
rnuang lhe trangle and rampwaves in
equal proportions. 59 and 510 ae the
wavalorm selacior sealchas for tha 1w
oscillatgrs, and connect lo a wirtual
earth summing mode in the VCF circuil,
R185-20B are chosen (o give edual
peak amplitudes for the dilfergnt wave-
forms.

The two sub-octave square wives
ari MAMD-ed 1o provide the drive (o the
tuning LED. Whan the waveforms are
out-ol-phase, the putlput is high and the
LED off, Advancing phase difference
due to slighlly ditferent frequencies
produces a pulse wawve that vanes lrom
100 to 50% wdth, displaying the beats
a5 fluciuating LED brightnass.

Ring Modulator

and Moise

The ring modulator (Figure 15} iz
based around G20 and processes the
pulse wave ol VYOOI and the triangle
wave of VOO 2 10 produce complex noan
harmonic sownds, It funclions n 2
similar way to the rampwave shaper o
the Spectrum LFO by inverling 1he
tniangle wave about its midpoint whn
thi pulse wave 15 high, and lzaving it
unchanged when low, This constitutes
four guadrant multiplication of the
valugol the trangle wave by the value of
the pulse wave (=1 or +1). When the
pulse output is low TR12 15 off and the
triangle wave is inverted with againof 2
by IC20a. The output (s mixed with the
arigingl triangle wawe of half the ample-
fude and opposite phase by G300, With
the pulse ouiput high the colecior of
TR12is al - 15V and the outpul of IC20a
is pasitive, This reverse hiases D32, amd
no signal reaches IC20bwvia R221, The
original tnangle wawve 15 imverted Dy

IC20b and shiffed by the current
thraugh R220. The ouiput of 1IC20b 15
thwz reguired product

The noise generator s quite caon
ventional, using the thermal noise of a
semicomnductor junclion &5 a SOure,
TR14 amplilies the noise onihe emitter
of TR13 1o about 4mY p-p. which is
boosted 1o £2 .5V by IC2]1. RV3] mimxes
the nanse and KM signals, which arg
then fed fg IC22. a transconductance
amplifier which acls as a YWCA. 511b
selapis  the appropnate modulation
source, which is conditioned by IC23.
The LFO signals are symmeirical aboul
OV, whilsl =EG svangs (rom OV fo =5V
ard -EG goes from OV 1o -5V, In order
ihai all these signals have the same
effect, therefore, anolfsel s selecied by
S51la and added to the modulation so
that pim & of IC23 always swings
bedwean OV (maximum gainland aboul
-14 wolts, The CAZ0B0 is really a
cutrent controlled amphier, and s0
R237 converts thas voltape swang inlo &
control currenl. Since IC23 cannol
completely cul this current off, R238
and died= D33.035 are included to
ensure hat the amolfier 15 ruly off at
the maximum negative contrid vollage.

The Filter

The heart of the hiter is the CEM
3320 1C from Curtis Electromusic
Specialities. Designed espacially for

|

-
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Ring mecdulator, nose and $Eer PCEL
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Usa in voltage contralled likers, this IC
contains four identical filter elements
contralled by a temperature compen:
sated exponéniial converter. Each ele-
ment Cconfainsg a ransconductance
type ampliher plus a bufleramplifier to
avoid Ioading of the TCA's output
Depending on how the circult i3 con-
nacted, eiher low pass or high pass
filter sections may be created as in
Figure 16; the three modes of Ihe
Spectrum’s filter are formed by il
ferent combimations of thesa,

The low pass response is cbiained
wath lour low pass filter sactians; sinca
each secton has a roll-afl of -6dB/
ociave, the overall filter slopeis-24dB8/
octave. The band pass response has
wo low pass sections, preceded by iwo
high pass sechions so that anly signals
in a narrow range of frequencies are
allowed through, The low band pass
position, as wou might espect, is a
rmixture af the preceding two configura-
tions and consisls of only one high pass
seclicn followed Oy three low pass
tlages. Switch S12 rearranges the
signal paths and biasing arcund the IC
lo allow the theee different canfigura.
tions o be achievad,

The final parl of the CEM 232012 a
fifth transconductance type amplifer
with ils own control inpul, This is used
3 legdback |oop around the filter to
contred the ") or resonance; this causes
trequencies around the filter’s cut-oftor
centre fraqueancy (depending on moda)
fo be accentuated. RV345 15 the reson-
ance contral, and its range has been set
such thal the band pass filter will
oscillate at the maximum setting of this
cantral to give a sine wave whose fre-
fuency can Be condralled hy the iller's
cut-off control wollage. g

IC24b 15 a lowr input miser, accept-
g signals from the VCOs, the noisa/
R VCA and the extermal input soc ket
JET. R242 is included to combat stray
capacitance effecis caused by the long
leads 1o the YOO wavelorm salpetors

The CEM 3320 does mot have a sum-
ming contrl input as the oscillators do,
and 50 1IC36 perlorms this funchon. As
well as modulation inpuls selecied by
L1323, the key CV 1% fed in wia the
"heyboard follow’ contral RYE0. When
this control is at maximum, the filter's
cut-off frequency has the same LV/
ociave law as the cccillators, and hence
will track the keyboard sothal the motes
have a constant bmbre. On most
acoustic nstruments, however, the

upper noles have less harmonics than
the lower ones, and if the Key CV is
attenuated by RV40 this effect may be
ctained on the Spectrum. RV3T is
ingluded 10 allow setting wp of the 1Y/
octave law, and if reguired, may be set
to give the reverse of the above effect. In
this caze, setting the “keyboard fallow
control o L0 will cause higher notes to
have myore harmoncs, and trug key
board following will cocuratsome lower
setling.

Since the filter control characteris-
te is not as crilical as that of the
oari|lators, low terperature coafficiant
components are not really recessany in
this part of the circuit, One exceplionto
this could be whare the filter is made to
oscillate o 2ct 85 & third VOO: in This
case, R249, 251, 256, 257, 260, 264,
267, 268 and 270 shoold be 1% matal
film types. and RV37 should be a mulli-
twrn cermet component for precise
s2thing up.

Voltage Controlled
Amplifier and Pan

The last board in the symthesiser,
bt By no means the ledst, containg two
WCAs and two envelope generators
(EGS) the overall circuit is given in

Figure 17. Both WCAs are contained in
IC28, a CEM 3330

Some samples of this 12 oscillate as
they get warm, ang so the dissipation is
rinimised by runnmg IC28 fram =10
wolls dgrved from D41, This nod only
cures the instability problem, bul helps
o reduce naise penegrated m the VCAs.

IC28a parorms the envelope shap-
ing function, and s fed with Lhe
envelope signal via R274 since this IC
works with current inputs and outpuls
rather than voltages==R273 performs
the same function for the awdio input,
whilst 1CE9b converls the oulput cur-
rent back into & voltage.

Panning and moadulation are per
formed by IC28b, which works in an
identical manner bo IC28a; awdio and
cantral inputs are via R28T and R22R
respechvely, and output conwersian is
dana by IC29c. When the FUINCTION
switch 314 is inm one of the MOD
positions, both sterec oQutpuls are
connected o the sacond YWCA, which
then simply modulates the amplituda
af the envelope shaper output accond-
ing tothe LFD wavelorm, 1IC30 amplifes
and level shifts the selected waveforms
55 thal the top end of RVA2 always
Swings Defween O and + 1.2V, Instead of
Eaimg to 0¥, which would cause IC28b1a
cul off the signal when the DEPTH
cantrod was af rrimimum, the ather eod
of RV4Z goes to a reference violtage
genaraled by R292, 203, RV44 and
buffered by IC27a.

In fhe pan mode, only oneé sl
cutput comes from the second 'lu"cﬁ; e
giher 15 fed from the input of this WCA,
{he envelope shaper's output, via 1C2%9d
which subtracis the firsi channel's
signal. This means that as one chan-
nel’s putpul becomes lowder, the oiher
becomies softer and vice versa, insuch
a way that the total owlpat is consiant:
50 the wlome 12 unaflected, but
panning 15 achiewed. The gain of the
wanous crocuits s arrangn:l 05 That

________

e ———

e '-.']

YCA&, pan and enwelops generator PCH,
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when IC28b is at around umity gain
{100uf into pin 12} the aulput of the
by channels 15 equal; 1.2, 3V peak to
pak with one YO an, na filkering and
EY45 at maximum. With full modula:
tion, therefore, cach output swings
between zero and twice this figure.

IC2% combines halt of each of the
sterao outputs o give a mono signal of
ihe same amplitede, which is affecled
by madidation bul nat by panning

While the Spectrum’s output is
normally in the region of 3V pk-pk, 1V
rrmes, factars such as modulation, reson-
ance on the filter 2lc. can increase this
o a macimumm af 25Y pk-ph, It required,
the output may be atlenuated by
ingarting resistors 0 senes with the
clockwise fags of RV45a and b The
output may Be fed into any Impecance
greater than 25k; below about 10k, loss
of bass may become apparent.

%

——ﬁ—

————————

IC33a detects when the envelope gul
pui has reached the sustain level (1.8
the zilach =2nd decay phases are
finished) and TRLS briefly pulls the
trigger inputs high lo restart both
cnvelopes,

IC27b dietects the signal at pin 16 of
IC32, and lights D38 o indicate when
this IC 15 im its atlack phaese,

Construction

The Spectrum Synthesiser is nod &
beginner's projecl, 1 reeeds carefu
assembly and ahgnment if it is o work
reliably and accurately. Before starting.
then, read through the ted. make
sure pou have some understanding of
how the circwits function in case a fault
develops: make Surg wou have the
necessary ools and assembly shills
and finally, make sure you have {or can
borrow)  the  requisite  s2Eing-up
instruments.

care, however; leakage s the most
imporian parameler hiere,

Mearly all the mon-electrolylsc
capacitors are specified as polycar-
bonate {or, on the WCDs, monolithic
corarmic) for reasons of space rathor
than specification. The mast cretical
areas here are 13 C11 and G112 on the
keyboard contraller, which must be how
lzakage; if the open-ended Bype of poly-
carbonale capacrtor is used, it 15a gooad
idea to coat them with proper insulating
varnish prsor o assembly. 2} The
stability of C31 and C34 will alfect the
tun ng stability of the whode instrument;
thie 1% polystyrene bypes specified
should B used. 3) C43, C44, C45 and
CA6 in the Niter shawld be reasanably
well matched, but the ardinary 5% paly:
shyrene componenis are salistactory
here: dio Aot use CEramics,

Sockels are specified for all 105
whereas ihese are il compulaary, they

FCBs and power sunply components mounied on the Back panel

Envelope Generators

Once agaim, Curhis Electromusic
come (o the rescue and sach envelope
generator 15 built with a CEM 3310
Both circuits ane weéntical in most
respects, excepl that IC32 has an
imvertar an its oulput o provide EGe
and EG= signals, plus the circuwitry for
achigving key repeal

R309 and 311, C59 and &1 sai the
speed range of each generator, and
hawve besn chosen 10 lacilhilate setling
vary lasl attack times whilst allowing
slow decay and release, These com-
ponents atlect all three mes equally,
andd f desrad. FR09 and 311 may bhe
increased to “slow down' the envelope
Limes, .
Sustan level is controlled by RV42
and REV53, It is imporiant (hat the
sustan control valtage al pan 3 af each
IC showld not exceed the peak lewel
atfained during the attack phase; since
this level is awgilable on pin 3, the
sustain pots are simply run from this
vollage, | exiernal modulation of sus-
lain level was feguired, a more
elaborate bevel sensing cincut wiould be
necessary (a5 descnbed in the Curtis
data sheat).

Pin 4 is the gate input, and the
trigger signal for pin % on each IC is
denved by C57, Im addition, 1033a and
TR1S are broughl inlo play on Lhe
‘repeatl’ and C‘key repeal’ funclions:

All the Spectrum's circuits can be
biuilt on their own for use inother 1 volt#
octave synthesizer systems; and in
many cases, the Spectrum may be
expanded by adding more controls, or
by building more circusts. Modhicatian
and expansion details Sould double the
size of the project, however, and 26 will
rl b deall with hare.

Components

i goes without saying that for
maximum reliability, enly good quality
camponents should be used i the
Spectrum; ihe maore parts there ane ina
praoject, the higher the probability that
one will be faully In some cases, a
particular component is necessary ta
ansure correct operation of a cwewl, or
o combal dnft which would make
Constant re-aligriment necessany

In general, none of the 1Gs should be
substituted, especially whare FET ar
MOSFET input cp-amps are specified
Where 741 or 1458 wpes are used,
hiowever, things are less crtical and any
intermally compensated op-amp with
similar {or betlery specs may be used
Transistors and diodes are again mostly
rareCrtical; as lang as the transistors
have reasonable gain and low leakage,
any type capable of withstanding at
least 30 volis should be suitable. The
FETs used in the sample and halkd and
syne circuits should be selected with

are strongly adwsed o simphily fault
lincing (and 10 reduce the likelihood ol
faull finding becoming necessary!)

Metal film resisiars are specilied in
seyeral places becaise of thewr betlar
stability and lemparsture coelhoment,
thes reeed mob Be 190 tolerance bt
usually are, Cormel pressls ans sped
fied in some positons for the same
reasons, ard the most erbical acdjos!
ments useé mulbdurn  Componenis
Some of the carbon him remstors are
listed as %W types. bul only because
e fange of values is greater, il avail
able i the "pdd’ (E24) values, VW types
may be wsed throughout.

1211 an the LFO board (CAZ1 30015
anly availabde in the melal can packags
(sullix T} fram many suppliers, includ-
ing Maplin, The DIL plasic wversion
(sullix E) is preferable of you can pel it,
since it allows the wse of a socket

General Assembly
Notes

All the Spectrum's circuilry 15 built
an printed circuit Boards, assembly of
which showd follow the nprmal peo
cadiuras, [tis best tostartwith the small
campanents, such as wire inks and
resistors, and work up tothe larger ones
1o avoid the board becoming foo lumpy”
and difficult to woark an in the eady
stages ol construchon. Semicondws:
tors should be lefi till last, wath ICs being

17
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Fagure 18, Eeyboard POBs segroduced hall 4ibe,

plugged in last of all; always check the
orientation of all the polarsed com-
porents at least twice before applyng
power, Diodes, transistors, 1G5 and
electrolytic capacitors must all be the
righl wary rownd.

Yihen fitting components with ther
values printed on them, il helps sub-
saqueEnt chackng of the compomnent s
inseried S0 thal the printing iS.on Wog, or
al least easily wewalbla,

Taki care when there ars 1% resis
tors on & boand with the same value gs
orcinary resistors; sort oul the close
tolerance componenls and fit them
first, to avoid errors. Othersise, you
may find you've used up all your 1%
rsistors in non-crbical locations!

Keyboard
Construction

Use the printed circut boand as a
template to mark the lixing holes on ke
undersade of the heyboard chassis
Mark them such thal the edge of the
board bolding the bars will be about
SEmm feorm [he plungers and {hen drll
tor EBA clearance. Fit the 48 divider
resistors on the component side of the
btoard along with the 12 verppins and
solder in place. Cul the palladium bars
to length and fit them 1o the track sice
using small lopps of wire passed ower
the bar, throwgh the mounbing Boles
antd beisted on the component sids
Make sure each bar is well seated
before soldering al each loop position
om bath sides.

The pate bar should Lie flat on the
PCH, whilst the 5/H bar should be
spaced away from the suface slightly
by wrapping the mouniing wire round
thi bar belare saldenng. This grees ong
wirg diameler under the bar, and
ensures mone rehable contacl.

Cut each plunger to lengih, leaving
the nearest slod o the key end for the
contact. Tin Smim of bath ends o the
contacl springs and fit each one by
passing the thin end through the
detached plungar and soldanngit Lo lhe
1B

pad an the PCB. I you've marhed the
PLE mounting holes correctly then for
proger operation the end of the spong
should be about 2mm from the far edge
of the pad. The positioning of the PCB
arw] Ihe springs on the PCB is not
critical as long as when the PCH is
mounted and the plungers clipped on,
the springs are under shght 1ension to
ensure positive contact. Mount the PCB
to the chassis using GBA bolts, »°
apacers and nuts, and washers to
separate them further. The heys oppo-
site the mount ng positions will have to
bz tamporanly removed to fit the bolts,
amnd this should be done before drilling
if a hand-held drll is used, toavod the
possibilty of damage fo the keys. Agan,
the spacing is not crfical so long as all
the contacts normally clear bolh bars
and make cordact with both when {heir
kiys are depressed. A V7 spacer and
ame nut ware found to ba about right,
though washears could beused il a high
or low action to the keys is preferred
Connect the two halves of the board
iogeiher using shorl wirgé inks across
the Weropin pairs. This completes the
keyboard construction

Thi assembly can be tested an ils
awn by connacting a mullimeter set on
the low resistance range across pins 1
and 3. Depressing the bottom hey
should give zeno resistance, and the top
key about 2.4k Check that all the ather
keys give intermediate readings and
repeal tor the ofher bar with the meer
ACross pins 1 and 4

Panel Wiring

Figure 25 ideniiies the pansl
mounted controls and their connec-
tioms, viewed froim behind Table | gives
thie point-to-point wiring details: iermi-
nals an the controls are a5 shown in
Figure 25, while connections tothe PCB
ping are numbered on the appropriate
board drawings. The prefolype used
Krecon conneciors on the PCEB pins fos
ease of removal of the cercuil boards.
bul ordinary Yeropins are cheaper and
miare rugged

There is guite o lod of winng bobwoen
thee front pamnel components which does
ret @0 b any baard, and il is 2 good wea
to do this first so thal wires are nok
melted by tnang to get a soldering ron
in o the middle of a masz of ‘spagheit’.
‘When winng to the boards, groups of
wires often go together io one swilch or
pot, and it keeps things neat if these
Rroups are wired wsing ribbon cable,

To keep inieraction low, it is best nod
i Bry b0 make all the wires nta gne
gigantic cableform, but o keep the
wirmg for each front pamel “hox”
separale from its neighbours, Remem-
ber to use screened cable where this s
called for

The power supply leads showuld nod
be chained’ irom cne board to the next;
instead, each board must have its own
separale leads for +15W, -15V and
ground all going back bo the g strip
mounted near the PSU. Do not conneact
the tag strip to the power supply board
itsedl just wel, as this wall facilitate
checking the circuitny and setling up,

Setting Up

The povwer supply should be sefup
first; none of the other circuts willl work
without i, of course, and vanous
villagpes are derived from thee = and =1 5
volt rails. Adjust the output voltages
without the rest of the circuitry con-
rected o beginwith: BV selsthe + 15V
auloul. BYZ the =165V Use the mosd
accurale wolimeter you can get hold of,
a digatal mulbimater would be best, amd
an oscilloscope 15 likedy [0 bé more
accurafe than a cheap mechanical
metar. On the prototype, the eantre
symthesiser consumed around 115mA
on the +15Y ine, and 130mA on the
=15 lime. IF you have a dual bench
ponir supply, you may hikd bochachk tha
consumpteon of the rest of the synihe.
siger belore connecting it to the PSU, I
nat. thie Spectrum’s supgly Nas curren
lirmiting to prosect it from Eawlts, Bulitis
shill worthwhbole bonser] 2current meter
in éach supply hine in lum to chack tar
gxcessive current drain, Once you are
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suré there is nothing drastically wrang,
tha powar supply con be connected up
to the rast of the circuitrye. Connect the
output sccketish to an amplfier, and
you should be able to persuade the syn
thasiser 1o make ome 2orl of 3 noise,
although it will probably be horribly out
of lune, Aller allowing -|_=-.'Elr§,'|h|rr_g to
warm up far as long as possible — 1
haur say — the rest of the circuits can
b &t wp in the following ordear

Keyboard Controller

Set the TUNE comtrol 10 midpoint,
and the GLIDE control 1o zero. Monitor
the key CW output from the VOO (pin 99)
with the most accurale volimeter at
your disposal. I ihe Speciram is 10 be
wigd walh othér equipment alresdy
calibrated at 1 volt per octave, a digital
meter will be essential here; otharwise,
this rmeaswrermenl 15 less cribical

Press moddie C on the keyboard. The
hey CV should be roughly O volis; make
a mate of what ot actually 15, Mow press
the nexl & up from middle G, wiich
shiould produce a key CF 1 volt above
that for muddle G 1 iz s more than this,
furm RV 3 clockwize and vice versa. The
imicdd (e C ke © wi Il mow b changed,
=0 repeal this procedure as many imes
as necessary to obtain the correct 1 woli
per gctave change
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CONTROLLER

E'BOARD

Fgeere 0. Keyboasd covivoller PCE

VCO Octaves

The YCOs are the hean of the syn
thesiser, and time and rouble aken n
sitting them up carefullyw ll be directly
reflected in the final performance of the
mstrument. Some way of moniloring
the oscillators’ frequency and compar-
mg if willh a reference walll be necessany.
The ideal sclution is & digital freguancy
meler, which combarnes momilor and
referemce  in gone, Alternatively, the
reference can be a sipnal generator,
wihich must be stahbe; or a known in
june muesical inslrument, prefera bly a
dinagler type ofgan since it can sustain
indefingely and the octaves will be
|_:|_|.:|ra|1|:|_h:d perriEct. Momonng can b
performed simply By hifteming 1o the
syrithesiser and relerence logetner, or
by feading boih inlo a dual Deam
oscilloscope; if the "Scope 13 inggered
ol e inpul, he other trace will not be
slable undl the fwo frequencies are a
simple multiple of each other. Using
‘wpaky’ wavelorms makes it easier o ses
when the fwo are in tune and reot at
som@ interval apart, If you hawe asingle
beam ‘scope, but with an extemnal X
wnpat, Inen Lissajous ligures could be
used inslead

20

Constructors with exceplional hadr-
g may like boset up the o taves By ear;
but be warned, the Spectrum has a
range of ninag octaves, and a small
{uning error canadd up to a big one over
1he whole span of the instrument.

Whicheyer method you ars usang,
sat contraller, modulation, sync mmd
VCOZ 1o 'oil”; set BVSS and RVEE fully
clockan se, and the other presels tothadr
mid position. 11 you are listemng o the
synthesiser's outpul, then set the filter
o P mode and 115 Tregueency at
maximumm; switch the gale mode 1o
‘hold! and the envelope shaper susiain
to maximum. If mdnitonng with a
‘scope of freguency counler, a good
square wave can be oblained from the
junction of R196 and R197 an the VCO
oard: el YOOI pulse width to S0

No matter how you moritor e
Spectrum’s frequency, do nol roly on
the keyboard controdler Lo Keep a nole
you have pressad slable over several
minuies; keep ‘topping up' the sampla
and hold by occasonally rg-préssing
the key you are tuning, or leakage will
eventually mahe the note go sharp

Mow po Lo the paragraph reélevant (o
the equipment you hawe available,

1)y With & frequency counter,

Set WCOL's range o B, and Sownd
the first & wp the keyboard; nole 1%
frequency, which will eventually ba
220Hz: don't worry if it isn't

Press the second A up, and ils
freguency should be an octave above
the first; i.e exactly baace thot of the
lirsd

i atisiiat, i.e. lower thanal should be,
turn B2 3 anticlockwise and ynce versa

Mow go back to the bottom A, which
will also have changed, and reépeal the
process A5 many times as is necassarny
to obtain &n exact doubhing of fre
quency when going from the first A 10
the se&cond

The upper frequency range needs to
be set separately; s2i V00 1%s range fo
2, and once agan play twa nolas an
octave apart. This time, leave RV23
strictly alone and adjust RVYSS Lo give a
doubling in frequency. The VOO will
Always be flat, so turn RYSS anticiock
wise Lo correct this: this adjusiment 15
nol as critical as ihe basc |ow e
QUBENCY O
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2) With an organ or othér referénce
instrurment.

SetWCO 1's range (o & and sound the
first A up from the bottom of the key
baard, Find the same A an the reference
instrurreent, and tune the synthesiser o
it with BV1T

Play the A an occlave up on bBoth
instruments, and determine whathéer
the VCO is sharp or flal Turn RVZ23
cloclkwiza if it is sharp and vice wersa

The bottomn A will now be out of fune
again, so repeal this proceduna wniil tha
two instruments ave the same oclave
interval

Mow set VCOI's range 1o 2' and
repeal. This time leave AV sinclly
alone and adjust RVSS. The VOO will
always be flat, and RV5ES should be
turned anticlockwise; this is pureély a
timming adjustment, and is no! as
criical 25 RY23

3) With a signal generator,
Set the signal generator Lo anound

220Hz; press the first A up the Ley-
biosa el wath WO <@t tathe B° range, and
tune the signal generator (o the syn-
thag G

Without altenng the signal genara-
1or, play (e second A, an oclave above
the first. Mow wse the keyboard TUNE
conirol to oblain either a stable oscil-
Inscope display, or no 'beating' betvween
the two sound sources. Mow return the
TUME controd to mid point, and adjust
RVZ3 to give the same effect; you will
meed (0 funn BY23 the opposile way, For
example, if the second A was flal, you
would hawe had to turn TUME clock-
wise, and RW2?3 should be turmed
anticlochwise.

Mow po back to the first A, retune the
signal gemeralor, and repeat the pro-
cess unlil no adjustment ol the TUNE
contral 15 necessary when playing the
second A

Finally, repeal the whole procedure
Butwith VOO seton the 2" range; leave
RV23 alone, and trimm RVS5S fo give

BTy _ -2 &9 o ey
L‘r.:— = 1 E\\" E:EI: U3-|__|-E:m5
Y o - b R —
- = On 2 . 98 — 2
v e R ,_O i
oz = o = x
| | edsacla—atrn :
or [ 17144 O 2 TAM E o
o [ g L =52 ﬂ i i
vE N et {:lutl = ﬂ 1 0z E 515 E
s = o ST
o B L i Al g
ac A e S . 2
or | | B = 2 EI 5
-If:.--;ﬂ A T B ' §
Hea=® 8.5 Tl Sag R e LB o) el 9
l e 0T Ol =g EI

correct octaves atthe higher frequency,
Since the VOO will always be flal, the
TUMNE control can be left and RV&5S
tumed anticlockwse

vCO2

No references are required for the
rest of the tuming wup: VYOO2 15 best
adjusted with reference 1o VEOT o
ensurg the two oscillplons irack exactly

Listen lo YOOI and VCO2 tlogethar,
bath on the B range and with WCO2's
TUME control central, Press any nota
I o ke keybaard, and tune the WCOs
together with RV18. Now press a high
naote and, by swalching VOO 1 and VOO2
off altermately. determime  whether
VCO2 is sharp or flatin relation to VCO 1
It st 1= flat, furn RV24 anticlockwise and
FIEE WS,

Repeat the above paragraph untl
the oscillators stay i tune over the
wnaole span of the keyboard, but wathout
shanging ranges at this point

Mow switch both YCOs 1o 2° range,

]
|

OATHINAS WNELDE48 @ I

Figure 21, LFO PCH.
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and repeat the procedure, tuning RVSEG
VCO2 will always be flak to begin with,
and $o RVSE will need to be tumed
anticloskwrse

VCO Range Switches

St both WCOs Lo the B47 range, play
a high note, and tune the oscillators
togetherusing RV1 Y or 18, Switch VCO 1
to 32° and adjust RVID for minimum
beating; hen switch WCO2 to 32 and
lune tha VCOs topgether again wilh
RV20. Swatch VOO to 16° and adjust
RY12, jhen switch WC02tp 16" and bodh
escillators should be am tune; if nol, trirm
RY20 very slightly. Switch ¥CO1 to 8
and adjust RVl adjusi RVID wilh
V001 on &' and YCOZ on 8, and finally
switch VCO1 to 2 and VCO2 to 4" and
adjust RO,

The oscillators should now remadn
in tune with each other cver the whala
range o the keyboard and range
swilches; in practice, shghl anomahes
i the control characteristics wall pre-
vent perlection being achiewed, bt
only the slightest touch of VCO2 TUME
should be necessary to correcl any
mistracking

VCOs — Final
Adjustments

Once the oscillaters are traching
satisfactorly, set WCO2 TUNE and the
heyboard TUNE to mid position, and
tune the second A up the keyboard to
middle A, or 440Hz. BV17 unes VCOT,
and BVI8 unes WCO2. If the Spectrum
i5 to be used with another instrumemnt
which cannod botuned, you may prelor
to tune up to that instead

RV27T may beused to set the width of
VC02: pulse oulput, or simply laft
i chwing

V28 should be sef togive 2.85valis
on ils wiper, and RV30 o give 1.6 volis
on ils wiper.

The final V(O adjustment is to

cenlre the horizontal joystck move-
ment. Loosen RV13s clamp screw
shown in Figare 25 St conbroller
FUNCTION to YCO1, and DEPTH 1o 10,
wheraupon VOO 1 will probably go wildly
out of tune. Hold the joystick lever and
EV13's trm tab cantral, and rotate the
body of RY13 to bring VCO1 back into
ture; then do up the clamp screw,. Onoe
the joystick i mounted, and after
transporting the synthesiser, adjust the
tnm tab so ihal when the contraller
DEPTH control is rotaled back and
farth, no perceptible pitch change
takes place.

LFO

FVE is the only adjusiment on the
LFO, Set oscillator modulation as {od-
Igwes: SOURCE to LFO MAN, DEFTH to
10 ard FUNCTION fa VEO 1L + 2
bModulation of the YCOs wall now be
apparenl: with the joystick lever and
RW7s trirmn tab central, adjust RYE until
therg is ne modulation breakthrough,

Noise and RM VCA

Swntch off both WCOs, and tum up
the MOISE AND RM LEVEL. Select
square wave output from the LFQ, and
turn naise & RK modulztion SOURCE ta
+LFO. Turn R3S fully anficlockw se, so
that nosse comes throwgh lowdly whilst
the LFD LED is off, and quietly when itis
am; a fairly slow LFO rate is advisable,
Mow turn RV3IS clockwise until the
noise 5 just cut off during the LED on
periocks, I any clcking or thumping 15
apparent as the LFO switches, adjust
RV33 o get nid of it

Mow turm the SOURCE swilch to
+EG, tum the enwelope generalor
SUSTAIN to rero, and turn R34 fully
anticlockwise, Some noise will now be
heard on the Spectrum's output; turm
RY34 clockwise until il st disappears.
Turn dgwn Lhe noise LEVEL, and return
SUSTAIN 1o 10

This joysterk maainbed on ils plate.
2
|

Filter

RV3T adjusis the filter’s valts per
octave characieristic, which is nol
nearly as critical {or difficult) as the
adjustment of the YCOs, and may be
dong most simply by earn. Sat the filter
controls as follows: RESPONSE to BP,
FREQUEMCY about midway, KEY-
BOARD FOLLOYW to 10, RESONANCE to
10 and DEPTH to 0. The filter should
oscillale with 3 pure tone which can be
payed from the keyboard, 1o avod
confusion, make suré both VOOs and
the noise & RM are off. Set RvaT
midway, and play a scale on tha
keyboard, e.g C major, all the white
nates batween one C and the naxt. If the
scale sounds ‘compressed’ — as if it
should go on longer 1o reach the proper
note — furm KV37F clockwise, and vice
WersaE

Altering RV3T will also alter ihe
tuning of the whole scale, but carry on
playing and adjusting wntil the scale
'sounds right’;like the doh, re, mi. . . etc
you learnt in school,

Finally turn the rescnance down
ready for the final seting up,

VCA and Pan

With the synbhesisar still sat to give
e scund, turm the GATE MODE swilch
to LFO, sel the envelope shaper
SUSTAIN to 10 and ATTACK and
RELEASE to 0. Turn wp the LEVEL
control, and there will ke a 'thump’ each
time the LFO switches (along with some
background noise). &dust RVA1 to
mimimise this thump.

Mow switch the GATE MODE back to
HOLD, and select either LFD MOD an
the QUTPUT FUMCTION selector; the
LFO should still be giving a square
wave. Turn up the DEPTH contral, and
the thumping will return, but sharper
this tire — more of a clicking sound.
Adjust RV43 1o get rid of this as far as
possible. |f necessary, keep lurning up
the amplifier’s wolume as these adjust-
ments progress 1o keep the clicking
dusdibibe,

Turn DEPTH back to minimum,
select any ‘pan’ position an the FUMNG-
TIOM switch, and monitor the sterao
outputs with adual beam "scops or well-
balarced amplifier and headphones.
Turny on one of the MZ0s, and adjust
RY44 10 give equal oulputs froam each
channal,

Finally, adjust RVSD to give -0.24
wolts an pin 156 — ar the clockw e tag
of any ATTACK, DECAY or RELEASE pol
— with respect to OV

This compleles thwe consbrucisen of 1he
Specrum Synihesiser Read ‘Electron-
ics & Muousic Maker maganing hor
articles on plaving techmgue and
details of a demonstration casselle
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WIRING DETAILS vk
LFQ. 2% S3eS110
LFgsa? ] T
Fram Ta Remarks LFOs 38 L] T
LFQs/ 23 22k 10
PLASL FS LsL LFC/30 2078
PLASN Llasl LF0/31 E2b D
PLASE Earih tag | LFQs 32 Tag sirip 271
LFOr33 ol wigad
F5l/ IR | LFC/ 34 T v 243
LR0r35 Tag strip 242
Slar2 T1/5 LFCA 36 RVFs2 b Link 1o D0/
Slbs2 Tl LFosar 20/ ¥
LFCr38 RVE/cow
Ti/l PSS | LFQs 3% RVE ™
T2 PSLIs 3 LFQ 40 RVE/ cw
Ti % PSUST LAl G15%a/6
T1:4 PS4
Woo 42 L
PEUSS Tag sirp 2/3 WLOraz Nl used
PELAG Tagp sirp 241 Woosad Fillesrs 107
PELS? Tag sirp 242 WO A5 Fitters 108
PSLSE Eaeth lag | VOO 46 SE0S
WoOaT L1046
Conbrolier | Mol uged W48 S10/3
Conliodled /2 Mol used WO A% SL02
Contrcdler 3 JE1A WEED S1071]
Conbipdles 9 2153 OO | 590
Coniiolier /5 S15as2 Link 1 51 5874 WO T 5976
Cantrodier SG Mool wied Wok/03 55,1
Controdler/ 7 JK3S WC0 54 502
Conlrodler /8 Tk strps 2 VOS5 50/3
Conteodler /D Tag sErpd | VOOSE 287K
Contrcdbers 10 Tag strp/ 3 Voo ST Mot used
Conbioier /11 Ml L vCO/ 58 A5
Conbrodler /12 RV e VCO/ST AW ] B
Conpller 13 VCOU93 WO S 5341
Conticdher 14 REVd /cm Lirk 1 B w woos Bl Si73
Contrcllay 15 Héryhoa d condadl 3 Yoos/e2 S754
Controlier /16 Heyiboad conkacl i VCO/63 &1:5
Contrciler 17 Wesiboaed contactsd & VCO/ 54 RVIG cow
Controdler/ L& Heyboad contact ] | VCOAES Mot used
! YOO/ GG 536 Lk 80 5446
LFOS 1% 5541 VCOsET 55 Link B 5455
LD 20 5573 VOOV ER 53/4 Link to 84/4
LFOs21 RVT/w & VOO 69 £3/3 Limk b 5473
LFDs22 RYTS1 & Lk b 5552 YOOI 832 Link b 5472
LFDS23 o (] e WOO 5371 Lirik b 5441
LFO/24 SZalA Woos7z Mot umed
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VoOs73 535A Ervreiopes 140  BYS3sw
Yoo 74 SASA Errasloipae 141 BVE2
Voo, s Miod ukaed Ervdlape/142  FVEASw
YOO 1% =2 Evenlopes/ 143 BVS]ls/w
YCOs77 564 Erveelopn/ 144 PVE3sow
vLos e 564 Ereciape 145  FVE8ESw
VOO 552 Errstlapes/ 146  BVA T w
VOO 80 R ldsicow Errvelopes 147 BVdO w
WCO/RTE 1l irs Lirik B3 JHS ] Emvvinpes 148 BVdés/w
VOO B2 Rl M Enveslapes 149  BVAR cw
WOD/ET Y26 cm Lirik E3 RV2S/cow Envclopes 150  Si5ask
W0 84 A2 Ensalopes 151 SlEbLSC
WCO/BS 26/ cew Envalape 152  SISBSLOCLL
VoD Bl Jdr] Envelope/ 153  D38/K
VoOsRT EHECH Lirk b3 S8E/ 10 E v lospan # 1 54 £13s4
YCO/ER S8k Envlope/ 155  S13/5
Vo0 D el W Envelopes 156 Bvds 47,49 51 652 54 /cw
VO SH T Lirik 13 SHE D Envelopes 167 FVASAT 4B 4951, 52 53 5 /oow, D3ES
WO S8a/5 Link 1o 58a.4 Emvlope/ 158 FW42/ cow
VCOa2 S0/ Link to 5822 & 3 Envelope/ 159 F2/cw
YOOI Bl e Envelope s 160 Tag slrnp 2571
VOO Rl 28 cow Scrpe Emnvelope/ 1461 Tag sinp 242
VOO s A w Corduchs * Envelpes 167 Tag sinp 273
VO35 il it Envalepe 163 S1da Wiper
YCO%7 S - Envielope/ 164 Slab Wiper
VCOw oD Rvdlsowm Link 1o K271 Envelope/ 165  S140500 Lindk 1o RY450 &
VOO LNy Mol g b oW
YooV LO] Tag shisp 241 Envelope/ 166 S140.56G0
VCOus 102 BV L&/ cw Envelope/ 16T Sldbs 1b 2,30 41
YO/ LD Tag shimp 2/ 3 E mslogen /DGR M10/1 Candupcbir *®
woOs 104 B 16/ cow Screenm nod wsed  JK1052 - Screen
YOO L0S Tag stmgp 242 Ermvislapn/ |60 JE11s1 7 Condectar ™
Filigr LOE gt wrsand Envelepn’ L T1 Mlps2 - Seraen
Filter/ 109 V3l om Emehpes IT0  JWIS] Conductor =
Filtens 110 ) e Srredn net used a2 Screen
Filter/B11 V31w Emvelope/ 172  FW45a'w
Furei E12 RV A3 ow Enmelope/ 173 Ryy&6E ./ w
Fultewr/ 113 I s Elnvis=bapae | 74 Slde  3e de Be fic
Filbes/ 114 YA - Envelepe/ 175 a5/ ew
Filter 115 S1lash Emwrlope/L76  R¥45arce
Filter/ 016 S11b/C Emvedope/ 177 JRBS]
Filter/ 117 5l lasb Envelape/ I 7% PVa2W
Filter /118 b B
Filtarr s 115 Wil JE1 Banclsd Tag elnp 2.1
Filger /120 2 & S10CA Conductoe ™ 551 S10b/7. 51351
Mol i Seveen L52 5llb/8, 51352, Sl4ala3a
Fazers 121 Empirboue ] T8 5653 51 1bs%, S13/8 81da/2ada
(o e Sl2alA Lank 10 5120754 AV1E cw C28a, RVSSoow, RVIAAZ . 5 !
Fulbor 123 Sl2all RV 16/ cow A5 cw, SHBCE. RVES/ cw, RW13S1 -
Fiter/ 1 Sl RY 14 v 3k )
Fnpr 145 S12c/C RV 15/ cw 58
Fdler/17% LA e Lirik 65020 10,11 RV 15/ w 1k
Falgr /127 SlEbs4 RAER ow SHask
Fiser /1 28 Mt used RVEE com o screen of 59 & 5100w ony
Ferr 139 SlPc/T A RVI2/orw B0 ecw, RVIS cowm, AYIG Cow,
Fifler /130 Slads12 HV 38/ cow
Fier/ 121 BVaE w Sl2bid SladsD, 51 Lasd b, 51 1bS10
Filer /] 32 RE0 W V3N e S2arh, 5556, 51376
Faltier /] 33 = o A AN 3B ow El3EA
Filler /134 (T | JEG 2 00k K1) s2
Filler 1 25 RV a6/ w JRg] Slde/ Lol Conducior =
Fifler/ 136 VIR oW Lk 83 RV3%/ cw, KSR Screen nod wsed SCievn
L1%a/1a5a JK;E;; g:-h:-"l'nm Condutler *
Filier /137 Tag stmp 2471 K10 e Pl Lkl Sereen
Filles/ 1 3R Tag sbrep 243 51304 51/, 554
Faller £ 135 Tag ship 272 51355 S1lb/ 12, 855
* Berpposnd Lisd
KEYBOARD PARTS LIST POWER SUPPLY UNIT PARTS LIST
Resistors Resishors. = 5% Wl carbod wnbess spacifesd,
RS- 25 4TR 2% 48 et %4 1Ry RLZ 2T HwW 2 olf (S2REy
R34 ELER LY 2 olf (TAKY
MisgpLarseous RSB kD 1's Z off (TAK)
4% nobe G0 kaviboand {KBETT} RT 1A (M330E)
Cantact springs 458 (QYOTH) fvi2 1k cermat preset 2 alf (WRAOTH
Palladium baes, 1.2mm = 330men Setcl 4
2-coniact PCB (GaRak) Capecitors
#5-confact PLB (GALOL) cL2 2200uF 25¢ axdal elect. 2 oif {FBS0K)
BA t5- 3p0e o S L o BRI 5.7+
WL !
GEA washars (BF2in .
HEA nuis {BF 18U S COn LTI
Varnpans s icL2 wAT23 14-pin DIL 2ol (L1
TRL2 BO135 ot b
Di-016 14001 1 it DQLT 30N

&



Mallaneouns.

F51
F32.3

2409 prim 015, 0-15 =sc. 100A

DPFST pocker ymich with reon’

20 S00mA quich bire Puse

S0 Al Sk holder

20 1A cwich Bl ke Zall
H0mm chassis fusehader 2ol
I pin DAL societ 2ol
PCE

A J-core maing cobile 2m

13N mains pluag

EBA 1" botts

EBA 4T sabcars

EEA nuts

46A %" bolis

ABA At

4B, solder tags

Cable promemed

‘e rope nes

ALYOE0
(YRTOM)
(WRTIZE)
{RESED)

(WROSD)
[RXAD)
{BL1E1
[Fer ek k]
(AN1E]
(HLS&H)
(BFOTH)
[PNISG)
{BF LEL)
(BFOIC0D
{BFLTT}
{EF28F)
[LR&0C)
{FL2E0)

KEYBOARD CONTROLLER PARTS LIST

Resmsbors = 5% VW carbon wiless spaclied
EE |

R56
R57 ERE 1% film ¥
RGOS AT0OR 1% Nl F ol
Re0 10
Rl 85 kT 2 it
RE2.TE Lld ol
RG3 LrL ]
R, T4 10508 Tal
RS, 66, 78,73 10k 4 lt
R&T, 10,73 80 100 4 ol
R k3 2 of
ATl 10M 107
R72 220k
Rng 4T
REl 230k
HE} B4 2k 2ol
RE3 2
A3 R0 mmalti-lurn carmet preget
v 2M2 log. pot.
Capacilors = podyrartonale uniess spedifed
9 tinF
Cli 1 s 100nF 3 o
Cl1.13 &70nF 2 off
CEE 6B POOhiF 25V PC et 2 of
Samecond echors
M3 l45:mE 2l
W LAJPSDE
(L] CO093BE
TR3 ol L
T4 B 1A
THS BC2I2L
DI11-Dl5imo D1%) INS1L8 B olf
Mlirtoallanedus
# pin DIL socket 3 olf
Bl pin DL doched
JK1,3 3 Sviah etk S0C ket 2 it
Ca
Werapns
VCO PARTS LIST
Resisiors = 5% VW carbon unless speciied
RT7489 Tk 1'% Kilm Z ol
RS6.E7 149,
180,176,178 180 1% lilm +  GBaol
i ] 110% 1% film
Ak 143210 210 10k i ot
113 e 1% fdm
RI34,135.134,
137 k4 1% film & gl
R1IE Jell 1% film
R133 ShH
R140-142 144,
152061 174,
1Ed, 1T 168,
192, 198 200,
205207 1040, 25 o¥
R145 2A0K 1% film
Rldb 165,167 220 1% him A ol
147 143 S1k 1% hilm . Z off
R1&] 2N2 10%
R1EZ, 163 100, 1% Nilm 2o
R1E42, 1565 £70 1% e 2oh
R1G68.171 4k 1% film Zoll
R1&9.172 H10R W 2 of

{M3EKY
(THEE)
(T470m
]
(MEKTY
L Lk
(PO
L FLL el
M 1GE)

(HAGAY
W02 1KN
(OWEIHY

1QB53KY
(G0
(QLEDE)

(BLITTH
(AL ERLY
(HFEE0)
(GAGSE)
{FL24E

{T2TR)

(THMTY
(T110KD
{M1DKp
(T3KG)

[T2EA)
(T3KD
[M5GK)

E110, 175 5108 1% falm
E173 Gibm
RI7Z,179 Elb 1% dilm
B1E]1, 184 T¥5,

327 ATOR
R1&2,185 Likd 1% hien
B1E3 B0k 1EW
186 150
R1E8%9 1k
R1¥0 &0k
r121 120K
R19S 202 330k
R196.503 240k W
B157 B0 150k
il 208 4Tk

w3

RZ1Z Gk
RILT214 220k
RZ15 ki
R324 326 1 Wi
B3R 10cR
9,10, LE2 LS 1kl cermet preset
LATHE 10k hag. pol
V18 47k log. pot.
V1625 470K b, Dot
17,18 100K Cbwrmat prege
RvED 21,23 Sk cor el poeat
V2324 10k Fiidti-burn cadmal paidE
AV2E 100K En. pot.
BvET 100K min, kons. preset
R 28 230k kn. pat
A2 30 22 min. honid. predet
AVSE 58 Z2W min horiz. presst
Chpacinrs — mMoncithic ceramis unkess speciised
G124 3% 06 27,

F8.3 3033  100nF
BE e

1 IinF L% e
£33 38 71,72 10rF
L34 IuF podycarks
37 27CpF cerami: plate
£33 100pF pobyatyrens
€59, 70 100wF F5V PC alas
Femeitndutiort
ICT. 14,19 14580
Ic13 LFY5] oo TLOED
IC15.16 CEM 3340
ic1y COLO9IBE
icig D201 3BE
TR1S BRI
TR1E1T INIELR
2 Red LED
D29, 30 IN<14B
Bece Bargsgus
3310 Rotary wwilch 2. poke ©-way

FILTER BOARD PARTS LIST _

Joystick, 100k lin. pots.
3 Smm jack sackel

B pan DHL sechel

1l pin DAL sochet

15 pn DIL socio

PCH

Verofnd

Roislors — 5% VW carbon wnless specifed

Rlfpa22w
R1%4, 242 257
B216, 235
E217

R214

R219, 223,356,
231,250.2%3,
259,261, ha6,
258,27

REI0AE]

22

B2 I 245,246,
247

B2 0 266

22T

FEL
1k
15k
e
Jk W

& olf
2 off
2 wld
Z ald
& olf
< ot

5 alf

2ol
Jalf
* it
2 alt
2ot

G ot
& olf
2 olf
4 ot

2l

3 ot

& ot

2wl

2 alf

i atr

4 pit
& oll
2l

R L
255

23

B
25

Z alf

2 off

(Y RLAG
(YY246)
(EXSEL)
(EV0ELT
(W EEH)
(WEBLH)
(B8R
(FFL 1N

(QHAGA)
WQELn
(PWEIH)
(Q0A07H)

(QBEDD)
(QR3EM

(WL2TE)
(QLEGEY

{FFT4R)
(XBOAK)
{HIFE3D}
(ELITT)
(L 1HL
(L9
(GAIGF)
(FL24E)

e ELY
(M 1RO
(1 5K
(MR
(530K)



R2as 2ee [ Frai] 4
R85 351 256,

2E0.26T Gl SW
R254 k|
255 ik WW
[ {1 1]
R262 263 FA0k W
R264 272 Sl
[ 150K
E271 150k
RVILIE T340 100Kk hin pot
5 160 log. pot
REVi3 100k Ff. Bafil. prese
R34 3% Vo6 min, hotir. presst
RY37 S0k conmed predet
RVaE 4Tk log. pal
Capaeiess
Eﬁ I{lr]-p:l-' CRramic

1uF podpcarh

41 100nF polycart
CAZAT Ll 100V P abect,
L4346 100pF palystymena
C48.59 10uF 35V PC alect.
Semiconduciors
1520 14550
1C21,23 26 T4lC
[ CAIOEME
[ LF353 oo TLOG2
[t CEM 3330
TREZ 1314 BCiEL
D33.34.35 184148
Mitoellansous
51113 Holary wwilch 2. polke Boway
512 Rotary swiich 4.pole 3wy
KT I5mm etk socket

B pin DIL socket
18 pan DIL soched
]

Veropers
LFO PARTS LIST
Resisiorns — 5% YW corbon wnless specriied
Ral 2308
RI2, 100,103,
bR 33k
F93.909 104,105,
106,116,117 10k
R Gik
REO5 118 4Tk
HOE, 108 ECH]
BST . 1808
HE AT 10%
R101,111,520.
1.322 Fik
Rl 168
R1O7 1088 L
RI0% 1506
RilZ 13k W
RILE 0,
R1l4 F0k
R1LS& Tl W
RIL% 240k HW
R120 120
R121 Pk W
R122.123 100k
Rl1Z4 Bhl W
R13% 2T
R12G 18u
R127 S0 W
Q18 GLE
AlZG 267
13 1808
13l )
RL33 22K
HVE 220 bog. pol
HYE A70& mun. RoriF, Edehi
Capaciton = polycarbomte unless spaciiad
cl 330aF
Cl& 220nF
E17.18 10nF
Cl9 Gng
Li='y8] 100nF
Co768 100waF ZON PC elec

& qn
5 off

& oh

Z alt

i alt

2ohl
4 alt
2afl

2ol

dalf
3 off

2 o

L Fa LY
(ER1K]

(EB1K)
(MIRS)

[MESK)
{M150K)
(FWOSF)

{HASA)

L2
{THSEN)
(WXL

1QB55HK)
(LB0E)

[FFsH)
(FFT&H)
(HF820)
(BLETTY
({0 TE
LGAS TN
(FL24E)

(20
{MIEK)
{M10K)
[MATH)
{MIKEY

{W1B0R
IMEMT)

[ M3
[MLKE)

S onduciors
L8

210,12

LI

TRE 8,17

Th?
TRL1L1G
TRID

e
021-27,015

Miscellaneous

52

LF35] o TLOED
1458

CAZ140 fnew toat)
BE212L

MIAE

B LH2L

23819

Red LED

14143

PCE
Warnprd
Riotary swilch 2.pole Geay

3 off
3 o

38

B o

(W I0H)
[QHEEA)
(Bca0
BEAG)
(QREL0)
BE5K)
{QRIGF
(WLZTEY
|

(GAGIHY
(FLIGH)
{FFT&R)

ENVELOPE SHAPER BOARD PARTS LIST

Argistors — 5% YW corbon unleul g patiiod

K273
Fe2 74 FEE
H2¥5, 279 286,

2E9.250
HE?E,EIJ,H[J,

253,205 256,
01318318
R2F7, 300,302

RI0G
Raca
R0 all
L 1 R
Ril5
HiL6
BT

330

fydl 4344

v

wvah

Y45, 47.49.51,
A4

V48,53
RS0

i W
56%

150

AT

1

i

1h8

dkd

24k W
TEOR bW
P

13

B

HEQR

1080k rmwn. hone. pretal
£kT k. pot.

Ak o dual gang pod

10 lim. paod.
100k lan, pot.
ATk mir, hadil, et

Capagitors. — polycarborade uniess o pesil e

50,53
51,55
Ch2
54
C56,73
&7
CSE.50

Mizcellaneous
514

£15
Jng
JugL 18,11

1nfF ceramit plabe
‘El;pl-'

1 corams: plale
1u 100V PC elect.
12pF ceramic plate
iand

2nf

aonf

100aF

100uf 35V PL elect
T

10w 35% PC slect

145&C

CEM 3330

LF3a7

HMlC

CEM 3310
BLEE

14143

Red LEDH

10V 400mW rener

Shaft ausembdy

and 2 pols Bowly waler
Rotary switch I.pole Gowiy
3.5mm jack socket
Stancard mong jack socke
B pin CIL sochel

14 pin DIL socaet

18 pin DIL socked

18 pin DIL socket

PCH

& alt
5 olf
4 off

Dol

3 alf

Wwrd R BRI
g% 88 §

2 ol

4 off

& ol

3 off
3 i

2 ol

(SEEHD
[M5EK)

(150K}

| M10K])
(Ed0K]

el DRI

(MSER)
(MG EE)

{(WubaEY)
(WW2E00
[WRSEL)
(FFO1E)
(WRARAY
(WW2ZTE]
WWaE)
W 36F)
W1 LI
{FF1LMD
'WWSIH}
{FFOSE)

(HAEA)

(WG]
(QLZZT)
(QBEN
[LE0E)
[WLZTE)
{QH14D)

(FHAER)
(FHEET)

(FFRaHE
{HFE2DY
(EW7RR)
(BL17T}
[(BL18L
TEL15V)
(HQEH)
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