INTROOQUCTION TN THE USE NF THE SERGE MNDULAR MUSIC SYSTEM

There are four principal types of siqnals in the SERGE: D.C, control,
trigger pulses, bi-polar control, and audio signals.

D,C. CONTROL VOLTAGFS: DLUE, Blue is the color of the facks which
handle signals in the D.C, control wvoltage range, D,C, is the abbre-
viation used in electronics ("direct current") meaning that a voltage
is of one polarity anly. The polarity for D.C. control voltages

in the SERGE s positive. Their range falls tynically froem 0 to +5
¥nlts, within a maximum voltage range of 212 Volts, This is the

way D,.C, control voltages look within the maximum range of the system:
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TRIGGER PULSES: RFD, Red it the color of the jacks which handle
trigger pulses. Trigger pulses fall in the same voltage range as
D.C. control voltages, though there are modules which produce outputs
of mre than +5 Volts, Triager pulses are either "high* or “low".
The (very fast} transition from *low™ to "hiqh” defines the point 1in
time something can bes “triggered”. The inverse transition, from
"high" to "Tow" js ignored: it cannet be used to trigger anything...
A second use of trigger pulses is to define how lang something should
be sustained, This is usually defined by how long a triager pulse
stays “high", Trigqger pulses look Tike this:
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RIPOLAR CNMTRAL VOLTAGES: BLACE, Black is the color of the jacks
which handle bipolar control signals. The word bipolar denotes the
ability of a control voltage tn be negative as well as positive =2)
Bipotar control voltaqes in the SERGE may fall anywhere within the
entire wltage range of the system (12 Volts). EBipolar contraol
voltages typically look T1ike the followina:

+l2w

j A -
/ VVV\/ Sk

I= -1y

_1_

Special note concerning BIPALAR CONTROL VOLTAGES: although many

of the inputs (blue) that handle D.C. control voltages will accurately
respond to bi-polar control voltages, others will not, and will

cut out the negatfve part of the bipolar input signal. A graphic
example of this effect is shown below, along with a 1ist of the
modules affected.

Input bipolar signal: futput effect (typical of Modules affected:
-V a PEAK & TROUGH):
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AUDTN SIGHMALS: BLACK, Audio and bipolar signals share the use of the
black jacks of the SERGE. This is done because both share the same,
bipolar range of +12 Volts. The main differences between the types is

(1) audio is always bi-polar, (2) audio always falls inta the audible
partion of the frequency spectrum (from about 16 teo 16,000 cycles per
second), In practice, modules deigned to process audic signals are easi-
1y differentfated because they will start filtering out frequencies below
about 16 cps., Moreover, audio modules will generally restore the average
D.C. voltage lTevel of the signal to zero volts, A qraphic example of
this effect {s shown below, through a comparfison of black (bi-pnlar)

and blue (D.C,, from 0 - +5 Volts) outputs of an NSCILLATOR:

BLACK: BLUE:

. v, fony)
+V
L WAL .,

AN
TWPVTYRVIVVETV VY _,




The SFRGE SYSTEM alsop utilizes white, yellaw, qreen, and ntherwise

colored jacks. Suc jacks are used te point out special functions which

a number of modules perform, which do net fall inte the standard cateaories
nf control, audin, or pulse., FXamples of such functions are the "sync"
input on the OSCILLATAR, and the CNAUPLER function af the SMOOTH & STEPPFD,

How are the various sigqnals used?

The usudl Tpaic of synthesizers is that TRIGGRERS are used tn start

and define the length of sustain nf COMTRNAL VOLTAGE EHNVELOPES, Whereas
CANTPAL VOLTAGFS serve to specify and contrn) the frequency, timbre

or Inudness of an AUDYA VALTAGE. Thus, for examnle:
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fne of the notable features nf the SLRGL SYSTEM is that only one
system of patchcords s used, This is in contrast with a number of
synthesizer systems which use two or more patchcord systems to handle
the various types of signals, phoene type jacks, for example, to handle
audio, and cinch-jones to handle triaqers. The advantage of a nne
patchcord system {s that it allaws sianals to be used wherever useful,
far example using contrnl voltage envelopes as audin signals, etc...
This is nften dene in the SFRGF, esnecially since most modules in the
system are extremely wide-ranqe, and overlanp the sub-audin and audio
rannes of freguencies.

Wherse are TRIGGERS to be found on the SERGE?

TRIGGFPS may he initfated externally through the use of manual controllers,
such as the pushbuttons of the PRNGRAMHERS, or from keyboards, or
internally from rapetitive sources of pulses such as the NFGATIVE &
PNSITIVE SLEWS, ENVELOPE GENMERATARS, RANDOM, etc... TRIGGFRS may also

be aqntten by using the COMPARATOR tn sense the amplitude of the signal

from external sources such as microphanes, tape recorders, foot pedals,

ar sensors attached to instruments such as drums, etc,

Where are CONTEOL VOLTAGFS tn be found on the SERGE?

There are a wide variety of CONTROL VOLTAGES on the SERGE, These include
trianaular or tranezoidal envelape shapes from the wide variety of
envelope generators available (NFG, & PNS, SLEWS, ¥C SLCW, EHV. GEN.,
SMOPTH FUMCTINN, etc,) These may be tringered through the use of an
oxternal TRIGGER, or be used in 2 self-recycling mode where the moduic
nrovides its nun TPIGGFR, The way this warks is shown in the following

mges,
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Triggering modules is usually dnne by putting a pulse source inte

a pulse input (red) marked “start” or "sustain®". A pulse into the
"ctart®™ input triggers an envelope through ane cycle., A pulse into
1 "suystain" input will trigger an envelope and determine the length
nf time it remains at its maximum level,

The fellowina dfagrams show how this operates far the PNSTITIVE SLEW,
the EMVFLNPE GEHERATOR, and the PNSITIYE + NCGATIVE SLEWS linked
tooether to form an envelope generator,

PASITIVE SLEW (huta: arrows nointing away from the module signify out-
————— TJuts. Inputs have arrows pointing toward the module)

The additional twe output pulses are useful in a variety of triggering
functions, delay, duration, and self-triggering {as shown in later pages}.

at the "START" fnput at the "SUSTAIN® dinput,
(} the response is: the response is:
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ENVELAPE GENERATOR. Note: putting a pulse (or a control veoltage above
+2.5 Yolts) into the "hald” input is also shown

ere below...
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() A more intricate functien is alse shown here: the
"window size®., This is a pulse trigger output which
may be set to occur at any noint in a cycle according
to the position of the "window size® knob (as shown}
A ~ =k or the level of a control vonltage at the “window size"
TEalEE R - id input (not shown), This is a very useful function in
DNECFE BIRgon obtatning a variable time delay between different

envelope qenerators,



EXAMPLES OF TRIGGERING, coni.

POSTIVE & MCGATIYF SLFWS (connected as an envelope generatar)
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Annther manner in which a pulse input may be used with the cembina-
tion shown above, is through the main "slewing” input. While this
is not really a true example of "triggerina™ since an envelope does
not nccur irrespective of the pulse lenqth, nevertheless this is a
very useful manper of generating envelopes for keybtoard performance.
hat is generally wanted in keybnard work is making sure that the
snund will enter its "decay” period (i.e.,, will die down) the moment
that a finger is 1ifted,
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Ay the way: “slewing® will be explained in later pages.
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CXAMPLES AF TRIGGERING, cant.

MEGATTYE SLEW., As in the envelope qenerator connection of PNSITIVE «
NEGATIVF SLFUS, the falloawina is not praperly speaking
"triggering”, since in this case triggering depends on
how fast an input moves. However, the follewing use
of the HEGATIVE SLFY is nften useful:
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NEBATTVF SLEW

The crevious examples of triggerinn are all performed through the

use of pulses external te the module, as derived from keyboards,

the PROGRAMMER, or other pulse sources, The following examples show
how it is possible to feed a pulse hack within a module so that it
triggers itself repetitively. This is an extremely useful mode of
operation which yields voltage caontrollable trigqer pulse generators,
repetitive envelopes, and even, whenever the need arises, to nbtain
additional audio oscillators. The process is called "self-triggering".

EXAMPLES NF SELF-TRIGGERTNG

PRSITIVE SLEMW
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In this patch, the pulse output marked " LI * may he used to trigger
other functions, while the sawtnoth output %5 useful to over 3000 Cps,
as an audip source., Using a WMAVESHAPER, furthermnre, the sawtooth may
be shaned inte a sine-wave, With a COMPARATAR, pulse-width modulation
may ' gotten, Fxplanations are forthcoming in later pages...




ADDITIONNAL EXAMPLES NF SELF-TRIGGERING
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This pateh is one of
the most useful of the
SERGE system, for use

as a mlse source, as
percussive attack-type
sawtooth for the FILTER,
and sometimes as an
audio generator.

HEGATIYE SLEW

POSITIVE SLEW
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Apart from envelope generating functions, there are several additional
functions in the SERGF that use trigger pulses. These include:
sampling, Sequencing, and selecting,

SAMPLTHG:

The SAMPLE & HOLD (also called the STEPPED FUNCTION, on the SMOOTH &
STEPPFD GENERATOR) will "sample® whatever voltage is present at its
fnout at the moment it receives a tringer at the “sample" input. There-
after, the module holds the voltage, until another nulse is recefived:
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The ANALNG SHIFT REGISTER is a Sample and Hold with a twist, since
at every pulse it samples the input voltage as abnve, but also moves
whatever voltages was nreviously held at a stagqe down to its second
and third staqges:
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SENUENCING Triggering the "clock" input with a repetitive
pulse source sequences pulses one at a time from
the ten {nr eight) outputs of the SENUENCER, A

g pulse at the "hold"™ input stops the SEOUENCER, A

()————() nulse (or pressing the pushbutton) of the "reset"
function immediately breaks the senquence and moves

the output nulse hack to stage 1. Ry feeding a

~ 7 nulse output from a stage, from stage 8 in the

\_f——“ﬁ:) example below, back into "reset®, the SEOQUENCIR can

be made sequence through shorter sequences.

The SEOUFMCER is excellent for frequency sub-division

00
b e &

a 4 of audio, for rhythm generatfon, and for sequencing
O O 3 O through a selection of stages on the PROGRAMMER
(see below)
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SCLECTING. Stages on the PROGRAMMER(s) can be selected through the
application of trigaer pulses at their pulse inputs. Once
setected, a stage will stay "on®™ until another stage gets
selected. The stage's pulse output will stay "hinh", and
its three nre-set voltage levels vwill remain available at
the three common owtputs, until the stage is turned "off",
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®) Mote: the pulse output marked (A} responds
i to the mnual pushbuttons only, pressing

any one of which vill produce a nulse.
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HNW ARE THE COMTROL VALTAGES 1SFD, AMD WIAT CAM THTY 00?

fontrol vnltanes are ot the heart nf synthesizer use., Thev are used
to vary nearly all aspects of musical sound (Audin)., These asnects
include frequency, timbre, amplitude, nhase, mndulation, blend {nf
one siqgnal with another), Contrel voltaaes are also used to vary
the amplitude, repetition rate, and shane of other contrnl voltages.

Control s achieved by patching voltages into the ¥C {valtage contral)
inputs of various modules, These inputs are, on the SRGE, generally
assnciated with knobs which determine the denth and direction of the
effects heing controallied, HMHete however that there are many VC inputs
which do not have input knobs, Here are samples of the granhics
utilized in the SERGF to desionate the VO inputs:

r) {1} VL fonuts with full nrocessing, The knob with the "rnof-top"”
- frame sets the level at which an effect starts, for example
the initial amplitude, initial freauency, phase, waveshape,
N etc.,. The knnh with the rounded frame is the processinng
knob, This kneb may be used to set the deoth aof the effect
of a contral vnltaoe patched inte the VC input adjaining it
if it has only one polarity mark (+). If the knob has

two polarity marks underneath it {=/+}, it can also be

used to set the direction of the effect, This means that

a 0 tn +% yvolts input inte the processina ¥C input of an
NSCTLLATON, for example, can be adjusted to effect an upward
or downuard channe in frequency according to the position

nf the nrncessing knob. Tn the left, the ¥nob effects &
downward (negative) change. To the right, the knob effects
an upward {pnsitive) change, In the middle, the knob may

) o

————— be adjusted tn a null, where the control voltage at the

input has nearly no effect,

(2) VC tnputs with no processing. This type nf input allows a
0 te +#5 wynlts voltage to control an effect thrnugh its
- ——entire range. [Fxamples of this type of YC input may be
~ @) found nan the GATE (log & 1im), the WAVESHAPER (VC1 & ¥C2)
- the RATE COMTRNLLED CAMDPLE & ¥NLD, etc,.. A 0 to +5 volts
irput into the "waveshape® input nf the OSCILLATOR will
move the output waveshape through a continuous transition
between cine wave tn sawtonth wave, for example.

(3} Calibrated VO inputs. This type of input may be found on
the keybnard or computer oriented SFRGE modules, In these
e madules, the V¢ inputs are accurately scaled at 1 volt per

octave. This meanc that a chanqe of one volt at a VC input

effects a change in frequency of one octave (f.e., a change

in frequency of 2:1.) Here again, the VC input(s} are asso-
ciated with knohbs which affect the initial level af an
pffect. Fxamnles of this type of module are the NEW TIMRRAL
NSCILLATAR, and the KEYBOARD FHNVFLNPE GENFRATAR,

Ao Note: calibration is left open to he adjusted by the user
on VC inputs with nracessing, This can easily be accompli-
shed hv follawina the rules set out in the accompanying

naqe called: "PRACFOURT FNR ADJUSTING THF TRACKING OF TNO

Cj*_o ne MARF MADILFS™,
\
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SOMF EXAMPLES NF THE WAY CONTROL VYOALTAGFS WARK

In this Tist of examples, we are limited by the fact that many

of the voltage controilahble functions on the SERGE are irreducible
to & granhic examrle, Phasing, modulation, & timbre are best heard
rather tham seen, In fact, the same may he said about all of the
functions in a synthesizer, We therefore encourage the reader to
try the following examples for himself, exteading the nrinciples
here described to all those mpdules for which we can give no obvious
examnle,

YC contrel of an OSCILLATNR's frequency
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ANNTHER FXAMPLE OF VC MAVESHAPING (using YC2 on a WAVESHAPER)

f\/\/\/\ A\ OKM/\ A
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oV, Conmee VO-TAGE

YARTAOGLF PULSE-WIDTH (usinng the COMPARATNR)
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AMPLITUDF (LNUDNESS) CANTRNL (using a GATE (vEn))

TRIPLE wANE SIAFTE

This is the standard manner of
controlling loudness with a GATL,
by usina the “lnn" input for the
control voltagqe. The resulting
loudness contaur chape is perfectly
suyited to the way we hear sound,
since human perception is "exponen-
tial*, As in the perception of
frequency, whare wa hear an octave
whether the actual frequencies are
100 - 209, or 1000 - 2000 Cos, our
rarcentfon of loudness is such that
a doubling nf a loudness level fts
heard tn be Lhe same change in
Toudness, whether from p to op,,

or from double forte tn forte.
Hence the contour to the 1eft,
which fncreases as 4n exponential
function of the contral vnltage.
The "1in" voltage cantrnl innut
provides for a linear Function,

as shnown on the next paage,




LIGICAR AMPLITUDE CONTPOL (using a GATE={VCA))

lere the slone is Tinear. lNote that

on the SERGE, the "Tin" contral woi-
tage input affaects the audio siqnal

in the inverse manner to the "lon"
input. That is: O Volts in the *log"
1s minimum amnlitude; in the “"lin®
innut, it engenders the maximum level,

The "“1in" input of the GATE i< useful
in several ways, It simplifies the
generation of "tremoloes™ whife the
) tntal cffect is beina contralled in
+8v the normal manner, since both "laq"

L

C & "1in" inouts can be used simulta-
neously, Additional effects that
can be gntten is gain controlled

| 2 amplitude mndulation (with an NSCILLA-
[ C} ov. TAR into the "1in" innut), and contro-
1ling the amplitude of another YC

flease note the setting of with a VO, An epxample nf this is

]
@ the tmitial level knob, shown below:
~—

AMPLTTUDFE CANTROL OF A ¥C AY A ¥YC (this process is cailed twe-nuadrant multi-
nlication, since one VO multinlies the
ather, 1In the SERGE, the transfer function
is NDC faput X LIN dinput / 5.)
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This is about as far 3as we can qo with agraphic examnles to describe
the use and effects of control voltaqes. We simply cannnt give
araphic examples of the way the FILTFR, PHASER, RING MODULATNR, etc.
work and make any sense, The basic principles of onperation remain

the same as in the nrevious paaes: & suitable audie input is patched
into the main function innut of a module; a contrnl voltaqe §s patched
into the VC input of the mdule; and the output is monitored through

a Inudspeaker, MYe recommend that the user of the SERGE go through

all the modules nne by nne, following this nrocedure:

(1) patech a suitahle audio woltage intn the main input of the moduie
and monitar the output through speakers while varying the
module's knobs monually.

(2) nmatch a suitable contral voltane inta the ¥C input of the module
and adjust the VC processing knob {if anv) to get a feeling far
the module., 0Nf course, different control voltage types will
affect the mndule differently, so that it is advisable to try
several different types of control voltages, smooth, stepped,
envelopes with fast rises, slow falls, & vice versa, random
voltages, audio contrel vnltages, etc...

Here 1s a recapitulation af what the graphic symbols an SERGE modules
signify:

RFD jacks: trigger pulses inputs or cutputs

BLUE jacks: contral voltage inputs or outputs
BLACK: bi-polar control voltages inputs or outputs
BLACK: audio inputs or outputs

ATHFR CALNRS: snecial function innuts or outputs

NUTPUTS are always enclnsed in sguare

ar rectangular frames (sincle outputs () (D
are square, dual nutputs are rectan- .
gles), The mnst important rule in the 22"
SERGE system §s: weypEp, MEVER COHNECT TWO NUTPUTS TOGETHER:!! 3

EIT ST TSI ECSEIESECS S S SS=ESS S SSSSESZSSZSSISSEZ==

MATN TNPUTS are always enclosed within a diamond frame: / F\

AUXTLIARY FURCTINN TMPUTS have a trianqular shape:
(for example: "hold", “cycle™, "start™, "sustain'
Meync", "clock", "resat", "sample®, etc. fnputs}

CANTRAL VOLTAGE (VC) INPUTS are usually labelled
nr, if they are assnciated in their use with a
processina knob, they are directly adioinfng the
kneb within a rectanqular frame:

Ct

-
o
&,

PROCESSING ENNBS have a rounded frame:

INTEENAL LEVEL KMNES have a “roof ton” frame:

) o
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70 REPEAT:

The one single most important rule
to observe in the SERAGE system is:

HEVFR, HEVFR CONMNECT THO OUTPUTS TOGFTHER!!!

(The reason for this rule is that our outputs try to maintain

their nroper levels even 1f they have to expend a lot of power

to do sn, Connecting two outputs together results in a tug of

war, In most cases, no damage will occur since protective circuitry
is twilt into each of the outputs to prevent them from burning up.

The specter of an excention exists, however, since the tug of war

does stretch the power consumption to the limits of the protective
circuitry. Don't worry if you find outputs misadvertently connected.
Just disconnect the patch, The odds are 1000 to one in your favor,..)



AGOUT SLEWING

Amnng the features unique to the SFREF, nnone are as useful and versa-

tile a< the madules that perfarm "slewing™, Indeed, "slewinq" makes
Ynroorammability” passihle, Procrammability 15 the feature which permits

a number of SEOGE modules to emulate the functions which in more tradi-
tinnal systems wnuld take several sesparate modules tn nerform. The savings
in cnst and svace which result set the SERGF SYSTIM apart from all others.

What is slewina?

The word is the techmical word used im electrenics to describe the ina-
bility of an amplifier te follow, at its output, the chanqes nresented
to its input, AY] amnl)ifiers suffer from this effect, snme more than
others., The effect depends on how fast an amplifier is able to respond.
The fllustration below shows the respense typical of slewing nf two
amplifiers, one faster than the other, to a square wavs:

7 hY Slew
ﬂ \ EFAsTER

aINPUT
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In the SERGE, we have incornorated this effect and have made it voltage
controllable as te its sneed over a veryv wide range (Ing-Tinearly),

Far examnle, the responses nf the VO SLFW GFMFRATO® and the SMONTH
FUNCTINN (from the SHAOTH & STEPPED VC GENERATNR) may ba wnltage con-
trolled to respond in the following manner:
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The uses nf the SMAATH FUNCTINAN and the VO SLEW are manifnld., They

may ba patch-nrogrammed te cycle, vielding a very wide ranne Ing-linecar
ranne trianqle waye generater, Thev can be used as non<linear Ffilters,
fn that decreasing their slew rate decreases the throughput of the

faster moving innput waves, while retaining whatever slower moving

waves are present at the input. One iateresting anplication of the
modules has heen to remnove the clicks as found onm old phonogranh recovds,
since clicks are very fast spike waves ridine on slower moving audia:

input -"b —\/\J i -

Another use of the VL SLFW and the SMONTH FUNCTION is for Tinear
portamento between wvnltage steps, This results in an effect directly
ralated tn musical nortamentn when a VO SLEW or SMNNTH FUNCTION is
used to contronl an ASCILLATNR:
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There are several variants of the slewing principle in the SERGE.
These are found in the POSITIVE and NEGATIVE SLFWS, the STEPPED FUNCTINN,
and the RATE CNAMTRNLLED SAMPLE & MHOLD,

The characteristics of the NEGATIVE SLEW is that it able to acquire
the input waves at a very fast slew rate whenaver the input voltage
is more pnsitive than the output, but it is constrained to slew down-
wards (negatively) whenever the input voltage drops below the sutput.
The slew rate, again, is voltage contrallable over a wide range,

_\_r\—\__'.\.
g [

The basic accuracy of the NEGATIVE SLEW allows it to be used to follow
keyboard voltages used to control an OSCILLATAR's pitch., Another use
of the NEGATIVE SLEW is as an envelope follower, [In this function,
the NEGATIVE SLEW rectifies the incoming audiec (from a microphone, for
example) and pravides a voltage controlied decay, thereby providing

an output control veltage that is proportional to the audio signal's
amplitude, Thus:

The PASITIVE SLEW functions im a manner“inverse to that of the MEGATIVE
SLEW, 1t is constrained to slew upward {positively) whenever the input
exceeds the output, but i5 able to follaw the input at whatever rate
whenever the latter falls below the autput, Thus:

/T e —
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Linking PDSITIVE and MEGATIVE SLEWS toqether produces a combined
slewina function that has adjustable and separately controllahble

up and down S109€S:  (pRgITIVE SLEW) (NEGATIVE SLEW)

nutput

input rI —L—" SR

Doth the POSITIVE SLEW and the NFGATIVE SLEW have pulse-type auxiliary
functions which 2allow them to be used in a varifety of ways already
described in previous pages {VC envelope generator, pulser,

tawtooth oscillators, pulse delay, etc.). An interesting set of
anplications of the POSITIVE SLEY arises because its slewing input

is independent of the “"start” and "sustain" auxiliary functions,

Mne manner aof using this multiple input is to have the POSITIVE SLFW
follow an external?y apntied voltage envelope while, every so often,
nulsing it inte triggerable cycles. This process yields comnlex
anvelones with interesting possibilities, Another use of the multipnie
input is in this match for obtaining the sub-harmonic waves to an
ASCILLATOR's frequency:

SGCILLpTOR SAW
O3 (Blve Jacks

VC e

e QUT PUT
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Another set of modules which uses the slewing concept are the

BATE CONTROLLED SAMPLE & HOLD, and the STEPPLO FUNCTIOM from the
SMONTH & STEPPED VC GEMERATAR, Everytime these mndules receive a
triqger pulse at their "sample" inputs, they attempt to sample the
voltages present at their main inputs, This action was demonstrated

in earlier pages. However, the rate at which they are able to

acnuire the input s limited and contrallable in a manner analeogous

to slewing. In this way they are ahle to nroduce a type of stepped
slewing very useful for making <taircase-tyne waveforms and portamenti.

Srepped ovrtpel”

L

NPT

@)

L L L

SAMPUNG TRIgyer Piise

RATE SOMTROLIZD
H

ConTRI ov-

The STEPPED FUNCTINN has the added capacity of being patch programmable
to function as a self-recycling triangular wave staircase generator:
{See the page devoted to the SHAOTH & STEPPED GFNERATOR for the
uniqualy varied ways this unusual aenerator may be patch-programmed!)

EEEREE
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A FEW WNRDS ARNUT MNDULATINN

Modulation in synthesfzers fs an amazingly powerful means of
creating very rich and varied timbres, Modulation is basically

a word meaning voltage contraol that is happening at an audio rate,
i.e. where the mntrol vnltage is of an audible frequency. There
are therefore as many forms of modulation as there are different
types of voltage contrnllable modules, Pulse-width, waveshape,
frequency, amnlitude, ring wmodulation, can all he modulated in the
SERGF, Exmloratinn of these different forms will be richly rewarded
with unfque sounds.

In neneral, modulation of one signal by another results in the
neneration of added frenuencies {called "sidebands") which are

the sum and/or difference of the frequenclies present in the oriaginal
sianals. The ‘tleanest" forms of modulation are types which are

{1} Vinear, and {2) where the signals involved are clean of

rich harmonic spectra, Pulse-width, waveshane, and nther forms

of mndulation such as switehing modulation (as available through

the we of the BI-DIRECTIONAL ROUTER and the PEAK & TROUGH modules)
are nan-linear and/or involve signals already rich in harmonics.
These are forms of modulation with 1imited usefulness, since the
harmonic soectra they nroduce are often times too crowded to be fit
for human musical consumption, The cleanest types of modulation
available on the SERGE are (i) amplitude modulation (2) ring modulation
and (3) frequency modulation,

(1} AMPLITUDE MNDULATINY, This is a mndulation type best performed
by the GATE-{VCA) or the RING MODULATOR, The fallowing patch is
best suited for modulation, and aoffers the advantage of keeping the
“log® input free to be available for normal amplitude control:

Hote: to be effective, the signal
? patched intn the *1in" finput must
ov be in the D.C, control voltage range
of 0 ta +5 Volts as is available
Lo i from the blue jfack outputs of the
< IN OSCTLLATOR, POSTTIVE & NEGATIVE SLEWS,
A

—_—

. and EHRYFLOPE GEMFRATNR,
/.]\\ The output sianal in this form of
\ modulation features sum and difference
If) frequencies nlus the audio signal
¥ d 1.' present at the main function {nput.
~ QNON The signal at the *1in* does not
§ l"‘“"- appear at the output, and is said to

ha “suppressed",
s optional
| Gr——"yc
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{2) BING MADULATION, The RING MODULATNR nerforms this tyne of
modulation with a number of voltage cantrollable options not normally
found in synthesizer equipment, Typically, as a simple ring modulator,
the two signals are patched inte the "X" and "Y" inputs, and the knob
is set as shown, adjusted to provide a maximum sunpression of the input
signal a "X*, (This i best performed by patching the “X* signal alone
and adjusting the knob for an audible null before patching in the *Yy"
input}). The response tynical of ring modulation are the sum and diffe-
rence freguencies resulting from the two innut signals bereft however
of either of the input sionals, Mence this form of modulation is

also knawn as doubly sunpressed modulation, The "¥CX" and “VvCY*
inouts offer the nossibility of nroviding two unique and soneorously
valuable voltage controllable transitions: a voltage input from

0 to 45 volts at the "VCX" inpnut moves the outnut from full ring
modulation through amplitude modulatien (wherein the signal at "X*
starts being heard) through non-modulation (wherein the only output
heard is the signal at "X*), A VC of 0 to + Svolts at “VCY" nerforms
the same effect vis a vis the signal at "Y*, To the Teft is an illustra-
tion of the typical manner nf using the RING MNADULATAR. To the right
is a patch which 1< useful whenever an additional GATE might be needed:
in this patch, “VCX* is equivalent to the "Tng" input on a GATE, and
the signal at "X* is functionally similar to the "AC™ input, Note
however that a null must bhe adjusted at the knob, and that there will
be some (inevitable) feedthru of the gated audio in this patch.

RING as ring madulator RING as gate

output C oulput
avdio Y

opti on?l

O
2udio X @——Mio
- Ve

optiona !

Ve-X

Ll
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{3) FRENUTNCY MADULATIAN .  This 45 an exceptionally rich mndulation
tyne. It can be used vherpver there is a voltage cnntrollable
frequency functien, fin the SERGE, these are legfon: the MSCILLATNRS,
SLfws, FILTFRS, etec,,, can all be madulated. Twn types of frequency
modulation may be gotten by wsing the hlue or the black autputs.
llsing the hlue outnuts (whose characterfstic output will be in the
D.C. contral voltane range of O to +5 Volts) inte the VC precessing
innut nf an NSCELLATAR, for example, will result in a form of
untdirectional frequency modulation, where the apparent center
freauancy will shift alana with the sptting of the processing knab.
Ilstng a nlack output teo frequency modulate an ASCTLLATOR will have

a steadier effect, since the vnltages from typical audie outputs

on the SFRGF are hinonlar audio {hlack jacks), and modulation will
occur equally unward and dpwnward in frequency, There is, hnwever,
still & small shift in frequency as the denth of the medulation
increases. This nas been shawn in the work of several musical
scientists such as John Chowning of Stanford University, to be an
unavoidable result af the mathematics of freguency modulating a
leg=Tinear PECTILATAR dnput, AY]l freauency function in the SFRGE
are Tna-linear, fnly recently have wa desianed an oscillatar, the
NEW TIMRARAL OSCILLATOR, which offers a linear {as opposed to lng-
linear) VO innuts specifically made avaTTahle fnr frequency modulation,
Hith a linear VC input, the small shift in frepuency does not nceur;
and therefore the rich timbres made availahle through frenuency
aondilatinn can be gsed in a musically cnhereat manner in conjunctien
with keybnards, etc,.,. This does not by any means ruls put the use
of frequency modulation tn the current SFRGE mndules, since the
effects qotten if carefully handled can be superb,..
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PROCEDURE FNR ADJUSTING THE TRACKING OF THWN DR MDRE MNDULES

The nrncedure which follows uses two OSCILLATORS for the sake of
an example, It can also be used for tracking POASITIVE & NEGATIVFE
SLEWS, VC SLEW & SHONTH, ENVELOPE GEMERATNRS, FILTERS, etc...

Step (1): Without a voltage into the VC inputs, adjust very carefully
the two OSCTCLATORS for a perfect unisson at a given frequency. If
the nrocessing is to he positive, it is best to use a relatively low
frecuency such as 100 cps. (law A on the F clef). 1f the processing
is to be megative, it is best tn pick a higher frequency such as

1000 cps., (C two octaves above middle C). Use sawtooth outputs mixed
into a2 single mixer for ease of listening fer beats in adjusting for
the unisson,

Step (2): Use a steady voltage such as may be gotten from the
PROGRAMMER, PROCESSNR, or a keyboard, and patch into the VC input

of only one of the OSCILLATARS, Adjust the resultant shift in frequen-
cy for the desired interval., (0On a keyboard, the shift might be

two octaves for a two octave stretch on the keys).

Step (3): Patch the same voltage into the YC input of the second
OSCILLATOR and adjust the VC input processing knob tp obtaim a unissan
at the hiaher (or lower) frequency,

Step (4): Unplug the voltage from both NSCILLATOARS and test for
the accuracy of the initial umisson, This may have to be re-adjusted,
and steps (2) and (3) performed once again to attain maximum accuracy.

Notes:

1. Tracking of FILTERS is best done while Tistening to the FILTERS

set at a high "0" (resenance), and pulsing the inputs with the sawtooth
of a NEGATIVE SLFW, The NNISE SNURCE is an alternate sound Ssource

that can be used to render the FILTERS's frequencies apparent,
Adjustment may then be performed as above,

2. Adjustment af the SLEWS and other ENVELAPE GENERATING modules
is best done while re-cycling them in the audio frequency range.
After adjustment, the interpal rate control knobs may be returned
to a sub-sonic range., The basic accuracy of the adjustment will
remain good in that range. Do not, however, use the top most two
octaves of audfo in these modules, as their accuracy is somewhat
degraded by the fact that they are operating at the very extreme of
their range,
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How to get a sound from

a system: the synthesizer
nust be oluoged into an
amnlifier-speaker! This

is aenerally done from the
outout minf-jacks of the

QUAL MIXER or from adapter
multe as found on the CHRSSIS
OECiLLaTOR BAXES or the SFEND-RECEIVE,

Connect an NSCTILLATNR with

a MIXER as shown, Turn the

volume controls on your

amnlifier and at the MIXER
tn a comfortable listening level, You
should hear a tone, By turning the Jowest
knat on the DSCILLATAR, the "internal
control", yow can vary the output freguency
from 16 te 16,000 Cos, Set the NSCTLLATAR
te a freguency in the middle of the range.
Turn the knob just above the "internal
cantrol”,. This is the fine tuning knob,
Now ao to the "wave-shape" knoab, This
knob controls a transition from sine to
sawtooth., This is a very useful feature
of the OSCILLATOR, which can be used far
many timbral effects,

>O

O
S0
&0
50
%3

MIKER

Q

This s a very useful patch whenever

a MTXER with more than 3 inputs is
needed, Linking MIXERS via the "x1™
inrut allows several MIXERS to form
units with &, %, 12, ete. inputs.

"x1" means "unity qafn", This is the
technical term describing a input

on an amplifier pr mixer which allows
a siqgnal to pass to the outnut at the
same loudness level it enters the
amplifier or mixer, In studin termi-
nnloqy, the "x1™ fnput is called a
"wild" input, because 1t dees nnt

have a contral to vary loudness lavel,
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USING THE BI-DIRECTIO-
FAL_ROUTER

The ROUTER can be used to
alternate between two
sepirate incoming sigrals
*or to route one signal
Fetween two outputs.

By patching the diagram

shown, the signal out~

put at "B" will alterrate
between the tone of tte
oscillator and of the
white noise.

The speed
the alternation depend:
the speed of the
cycling of the
negative slew,

By Jutting the white roise
into "B" and applying the
same signal from the NEG
SLFW as before, white noi-
se will alternate between
Al and AZ.

OECILLATOR

PEGATIVE Suiw

— - =
ENYELOPE GENERATOR L

ST LLATOR CMPARAIDR

USING THE COMPARATOR

The COMPARATA® will square off any
waveform or signal that is patched
into it,

By putting a SAWTOOTH wave (NOTE! It's
important to take the sawtooth fram
one of the blue jacks!) fnto the
COMPARATOR'S Tnput (with a small sawtocth
sign near {t), variatle pulsewidth
square waves will result,

By patching as shown, the result is
that of voltage controlling the pulse
width by the envelope cortrol voltage
from the ENVELOPE CGENERATOR, MNote of
course that any other control wvoltage
soyrce may be used,

Another use of the CAMPARATNR is that
of detecting the level af a contral
voltaae when it is pluasged inta the
positive comparator innut,
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This tyne of patch allows you to aqe* time-
related multinte envelones as shown, Uses
of such envelopes is im multinle fades with
VCAs, timbral transitiens via Filters, Comn
arators, Maveshaners, Phasers, etc,

Wavefarms lonk lTike this:

PRNG, (1) = __J-— .
FG (Z) - _-_// \
Fe (3) = I B

I

PROLE AmMER

o]0

rns (€)= R O i A

O MFG (7)) = —_—/¥—
Many other combinations are of course
O O nossible in linkina qenerators. Specifi-

i

PAS  (4) = /1
lo—0 o (5) - g
e e o ] cally, one may use the PNSTIVF SLEN's
various nutout nulses to nrovide delayed

O.__O pulses as needed fn settina un chain

L reactions of envelones and rhythms,
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Control
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SSCIAATOR

HOW T0 USF THE RING MODULATOR

The "¥" and *X" inouts are the main inputs
to the RING MODULATOR, TynicalTy, the
signal (such as the microphone output, &
other material} is plugged into the *X"
input, and the modulating sfgmal (typically
2 sinewave oscillator) is plugged into the
"¥* imput. Turning the knob more and more
of the "X" input to be heard (“feedthrough)
The matn "Ring Modulation® position on the
knob is as shown above, VC X allows timbral

changes to be made through the application of

a ontrol voltage which brings out the "Xx*
input, VC Y does the same, bringing out the
"¥Y* input to be heard.

IEING THE
WRVESHAPERS

The WAVESHAPER
has several
interesting
and useful
functions,

One of these
is providing
other wave-
shapes from

an OSCILLATOR,
Voltage
cantrol at

¥Cl and VC2
provide a
means of
varginq the
timbre, VC1
provides for
a transition
from rounded
sinewave to sawtooth;

VCZ provides a type of
“pulse width modulated"
sound that sounds very much
like phasing.

Patching a POSITIVE SLEW
inta the WAVESHAPER allows
the POSITIVE SLEW's saw-
tooth wave to be shaped
into sine-sounding voltaae
variable waves, This is
especially useful when
additional oscillators are
needed,

Another interesting use of the WAVESHAPERS is usina
them to provide distortion of instrumental sounds
such as amplified flute, quitar, voice, etec,

9
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The RING MNDULATOR can also be used as a GATF

if need be., The knob must be turned fully

clockwise and adjusted far a null, A Control
voltage intn VC

Quace

b O
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Y
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PHASER

USING THF PHASER

The PHASER needs to have & contral voltage
natched into 1t in order to be heard. The
knob to the right of the PHASER adjust the
internal frequency at which phasing begins.
The processing potentiometer determines the
denth aof effect that a control voltage has

on phasing, The "mix"™ control 1s a blending
control which, when fully clockwise, lets pass
anly the phased sfgnal by itself; while

in its center ?nsition. it outputs a mixture
of the oriainal signal and its phase delayed
imane to vrovide the characteristic "phasing®
sound, An interesting use 15 to patch into
the PASER an amplified singing vofce and
modulate it with a medium fast triangle control
voltage, The result is a (doppler shift)
vibrato of the original voice,

is used for amplitude control.

57512580 O) 3
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Tre additional sutputs of the PHASFR
are-useful ip saveral ways. One ¢f

ttese is to get various degrees of

the phasing effact, An external mixer
must be used in order to mix the criginal
snund with fts nhace dalawnd imaqge.

At 720° and 3807 the phasing effect will
be mich less nronounced, as sometimes would be desirable
(specifically when nutting rhasing on natural sounds,
thereby getting some very subtle effects,,,)

FrALER

The additional outputs of the PHASER are also usefu)
when working stereo- or quadra-phonically, Typically,
the original sfgral is placed on one speaker, and

the 1080, 720, or 360° outputs are placed at the other
speaker(s),
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This natch re-cvclesd ,
the SMOATH FUNCTTION
and produces a trianqular

wave which may be

voltage controlled

ever an extremely

wide range,

fiote that the
innut simply stops

“HOLDY

This vatch provides B
a very varied and
unusual source

of noise and rhythm
type soumds. It
must be experimented
with ta be fully

the wave at whatever
Tevel §t has reached
at the moment 2 oulse
is "high®" plugged
into the "HOLD®™ input,

FROCR M s R

apprecifated)
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*This to is a anhis iz an examnle of the
upique patch pro- use of the STEPPED FUNCTION
viding rhythmic as a SAMPLE AND HALD, Fverytime
timbral sounds the "SAMPLE" innput receiwves
that have no counter-a pulse, §t samples the vallanes
part in ardinary present at the input anmd acruires
synthes{zars, it at the cutput. MHote however

"Snare" type sound:c that the setting of the "ipternal
can be gotten, rate control® knob (Yowest irob)
YC af the SMNOTH is erucial, Fully elockwisc,
and cccasional the mndule functions as a pormal
pulsing of the SAMPLE & HOLD with hiaoh accuracy,
“SAMPLE" input As 1t 15 turned counter-clockwise
of the STEPPED it Timits the acauisition rate
nroduces changes of the 5H in sueh a way that
in the sounds, the output will lag the input.
{(This is a type of "stenped®
slewfng vielding a wide variety
of staircase type waveforms,
and of course, can be vpltane
controlled,)

Trigger out (outputs only

O O Qo

O
O O 0Ojo

O O Qlo
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when pushbuttons are pressed])

Pre-sat Veltage 1

O
O

Pre-set VYoltage 2

v v I

Ol o—e-

Pre-set Voltage 3

©

SEQUENCER

USING THE SEEUENCEH

@ Patching the SEQUENCER &
cne or two PROGRAMMERS together

provides three rows of pre-set
voltages (1,2,3) from 4 to B
stages,
To work, the SEQUENCER must be pulsed by an external
pulse-trigger source Such as the NEGATIVE SLEW ar
a random pulse from the RANDOM VOLTAGE GENERATOR,
ete..,., patched into the SEQUENCER's "CLOCK" {nput.
By patching the SEQUENCER as shown, a sequence of
B stages will result. Takirg a pulse out from
the %h stage into the "RESET" input resets the
SEOUENCER immediately to stage 1 upon reaching
stage 9. Shorter or longer sequences may bz gotten
by patching other stages's cutputs back te the
“RESET® input,
Another use of the SEQUENCER is to provide rhythric
patterns, This can be done by taking selected stages
out only, inte the PROGRAMMER, The PEAK (of PEAK &
TROUGH) may be used to mix output pulses when needed,
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CYCLING

The ENYELOPE GENERATOR, PNSITIVE SLEW
NEGATTVF SLEW, POASITIVF + NFGATTVE SLENS,
SMONTH GENFRATOR, STEPPED VYOLTAGE GENERA=
TOR, VO SLEW GENERATNR, are all modules
which can be made to cycle and produce a
repeating envelope. Any one of the outputs
from these modules provide control voltages
that can be applied to any CV input in the
system,

Note: To recycle the *"STEPPED" VC Generator,
it must be triagered at the “SAMPLE® ipput
by a repetitive pulse source such as a
HEGATIVFE SLEW, The nutnut of the STEPPED
GENERATOR will be a trianqular staircase
control voltage waveform.
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