THE OVERALL DESIGN OF THE SERGE SYSTEM

Nith this last STEP all three kinds of voltage and all four major types of sodules found on the Serge have been
used,

The Three Kinds of Yoltage:

AUDIO YOLTAGES: Black Jacks. 20 to 20,000 Mertz. Output voltage typically -2.5 to 2.5 volts. Audio
voltages produced by blue jacks typically 0 te 5 volts., However, any voltage range, so long as it
pscillates in the audio range can be used as an audio voltage. Black imputs are typically #C coupled,
seaning that the slow or non-changing aspects of the voltage are blocked.

CONTROL VOLTAGES: Blue Jacks. Typically O to 500 Hertz but can be higher particularly ia the case of FA
and AM. Usually either -5 to 0 volts or O to 5 volts but can range aver -10 to +10 volts. Blue inputs are
DC coupled meaning they respond to the full range including negative voltages.

TRIGGER or PULSE VOLTAGES: Red Jacks. Either ¢ volts or S volis with a fast rising edge between 0 and 5
volts. Some red outputs can hold the high Ievel indifinitely, others fall back to 0 1n a set time. Red
inputs are triggered by the rising edge and therefore other voltages, such as inverted saw waves, can be
used to trigger. Some red inputs control certain functions of a module as long as the voltage resains HI.
In these cases any 5 volt level will sustain the function.

The Four Major Xinds of Modules:

SIGNAL GENERATORS. These modules produce audic voltages as their output. The oscillaters are examples of
thic kind of module. The Noise Source module is another.

CONTROL VOLTAGE GENERATDRS. These modules produce control voltages as outputs. Envelope gemerators and
sequencers are examples of this type of sodule.

AUDID PROCESSORS, These sodules input audic voltages, operate on these voltages and output a related
audio voltage. Filters are an example of audio processors. In general they operate on the timbre of the
spund. Another type of audio processor inputs two or sore audio signals and cosbines thes in various
fashions. Mixers and ring modulators are examples of this type of module.

YOLTAGE PROCESSORS. These msdules input a control voltage and output & related control voltage, A
processor is an example, in which case a control voltage is the input. The output aight be the saae
voltage inverted.

f fifth type of aodule that has not been dealt with yet is an fudio-to-Control-Yoltage converter. One
example might be a module that imputs an audio signal and outputs a control voltage representing the
envelope of that sound. Such a module is called an epvelope follower.

Once the concept and basic principles of these five types of modules are understood, an infinite array of new
"instruments* can be sade or "patched” out of the sodules available on the Serge. New aodules, once their
basic type is determined and their internal waorkings understood, can be easily added to existing modules. In
general, modules of the same type can be substituted for each sther,

Each of the mext five chapters will cover one of these five types of mpdules, presenting sedules and functions

not yet covered, It is suggested that each module be explored as it is presented by setting up patches using
it with sodules already understood.
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SIENAL SOURCES

USCILLATORS, Both the NTD {New Timbral Osciliator) and the PCD {Precision Controlled Oscillator) have been
treated earlier in this manual as to their ability to gemerate audio frequencies. Both the NTO and the PCO
have an imput labelied "SYNC®. This input allows two O5Cs to be locked together so that they will not drift
apart in frequency. Two OSCs that have drifted just a few Hertz apart can cause a "beating” to occur at their
difference frequenty, Sometimes this is the desired effect, producing a choral guality to the sound. When using
the SYNC, one O5C is locked to the fundamental OR to a strong overtone of a second OSC. Locking onto an
overtone is useful in the setting up of chords,
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In the above patch OSC 42 is locked to 0SC #1. It cannot drift. An interesting phenosenon occurs 1f O0SC #1 is
set very low and its SAW wave is used to SYNC OSC 42. 1§ 0SC #2 is now swept upwards over its range, either
using its pot or a control voltage, you will hear it locking onto one overtone atter another, creating a

"just-intoned" stepped scale,
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WHITE and PINK NDISE, White noise is a complex wave in which ALL frequencies appear mixed together. The sound
15 a sort of hissing sound. Since it contains all frequencies it cam be iltered in various fashions to produce
bands of sound in many different frequencies. This is the ultimate material for subtractive synthesis. It is
alsoc useful for producing percussion sounds such as snare druas.
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Pink noise is like White noise except that it sounds lower, more like a waterfall. The low frequencies have
gore amplitude,

RINGING FILTER, The VCF@ can be "rung" much like a gong, with a trigger pulse to the TRIB-IN. By adjusting
the FREQ, different pitches can be achieved. Adjusting the 8 will alter the sound from percussive clicks to
bell-lIike sounds. The output is a daaped SINE wave.
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This technigue can be used when other signals are applied to the INPUT of the filter tc produce a wide range of
interesting sounds,

SLOPE GENERATOR. As already discussed, the DS6, can be patched to trigger itself to produce an 05C, The

frequency is set by adjusting the Rise and Fall time either with the pots or with a contrel voltage. The D56
can have a voltage controlled wave shape if the switch on the VC-in is set to either RISE or FALL.
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AUDIO SEQUENCES, & sound source of a sore umusual nature can be found in the TXB. To use the TEB as a sound
spurce the CLOCK trigger amust be well into the audic ramge. The output is taken from either A, B, Corl
outputs and sent directly to the cutput or to a audio processor such as a filter, Each pot on the chosen row
gefines the voltage of the wave at one point, so the waveshape is composed of sixteen levels. The frequency 15
one-sixteenth of the frequency of the clock. Interesting waveshape variations can be produced by adjustng the
position of the variocus pots.
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CONTROL VOLTAGE SDURCES

RVG and the 2RVE {The Random Voltage Senerator). Very often you will want a changing voltage. Either it won't
such satter what voltage it is, or you may want a surprise. Such situations cose up shen working with certain
kinds of modern susic such as Stochastic or Aleatoric, as well as other musics such as symphony and rock and
roll. In particular it sounds sore "anisated” to have the tisbre of an electronic sound slightly thanging in &
randoa or non-consistent sanner.

The Serge provides three kinds of random control voltage: stepped, saooth, and pulse. These are diagramsed
beiow:

o e
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The RATE pot at the bottom of the module deteraines the overall rate of change, a function whith can be veltage
controllied.

FAST

The rate of randommess can be conrtrolled on the random sodule, and @ Processor or a processing Input can scale
the randoa output to any desired level. The following patch is useful for exploring the possibilities of the
saooth and the stepped randos output:
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If your Serge has wore than one randoa aodule it is possible te use a randoa control voltage to control the
rate of the second random voltage. The pulse output can be explored using the following patch to provide a

randoa rhytha:

C FILT ouTPuT
0sC 05 MODWE
L ]
Purse
RAN DO ‘
TRIG N

ADSR. The Extended ADSR is an envelope generater that can produce sulti-segmented envelopes of a more complex
variety than a single DSG is able to provide. In certain kinds of synthesis this is necessary, since few
natural envelopes are a simple rise and fall, The ADSR is able to provide a four-part envelope labelled Attack,
Decay, Sustain and Release, as in the following diagram

s JADECAY
SUSTAIN
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Thic envelope, in a general sort of way, represents the envelope of trumpet or any instrueent which can sustain
a note at a steady level. The sustain section is settable to different Sustain Levels by means of a pot and
voltage control. In addition to these functions the ADSR also provides s delay that sets an asount of time
between the receiving of a trigger and the onset of the envelope itselé. This is useful when triggering related
envelopes with the same Trigger or Gate.

The module is triggered by a pulse to its GATE input. Usually this trigger coses from a keyboard device such as
the TER's keyboard cutput (KP} which ic a trigger that stays at a +5 volt level as long as a finger resains o
the key:
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This sustained high level will be used in the timing of the ADSR's output.

The ADSR has five pots, each with an associated costrol voltage ieput jack. These control voltages atfect the
same segaents as the corresponding pots. The uppersest pot/control voltage input sets the length of the delay
between receipt of the trigger pulse and the onset of the envelope. The further left the pot is set the longer
the delay. The second pot controls the slope of the Attack in much the same way as the Rise pot on the DSB. 1t
tos, is voltage-tontroiiable. The third pot/VC-input controls the slope of the initial Decay, which falls to
the voltage level set by the fourth pot (Sustain), The ADSR will sustain the voltage output set by this fourth
pot AS LONG AS THE BATE INPUT REMAINS HIGH. In the case of the TKB’s KP output, this is as long as one holds a
finger down on the keypad. When the GATE goes low, the fifth pot determines the slope of the final decay.
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The ADSR functions in & slightly different fashion if the trigger pulse is applied to the TRIE input and not
the GATE input. When there is no input to the GATE, the output of the ADSR remains at the voltage level set by
the Sustain pot (pot #4). When the ADSR receives a triqger pulse the vnltage drops to ¢ volts from thig level
at a rate set by the Release Pot (#3). The voliage then rises to the peak voltage at a rate set by the attack
pot and finally drops hack to the level set by the sustain pot at a rate set by the decay pot.
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THE GVERALL BESIGN DF THE SERBE SYSTEM  5-7



Using both inputs, more complex envelopes are pussible, For example, during the sustain tise set up by a BATE
pulse, & trigger received at the TRIG will cause a new attack to start,

While in the sustain mode of an envelope, the ADSR will respond to changing control veltages at its sustain

input. This makes complicated sustains possible.

———
ADSR
sUSTMAN | TRIG

T0UCK PAD KEYBOARD on the TKB. The TKB can be thought of as two separate but interconnected modules: the
Sequencer and the Keyboard. The two modules can be partially separated froe each other by switching the KEYS
switch to OFF.

The Keyboard provides the user with three voltage outputs. KV outputs a voltage depending on which keypad was
lact touched. Each keypad is assigned a voltage such that keypad #1 has the lowest voltage, keypad 42 the
second lowest and so on up to keypad #16 which has the highest voltage. The voltage increase between any two
adjatent keys is equal and can be used whenever an equal-tespered scale is needed. f processor or Processing
input can be used to calibrate an oscillator to produce any desired equal-teapered scale including the western
12 divisions to the octave.

+5

Ky

The Pressure output is a voltage proportional to the amount of pressure apﬁ]ied to the keyboard with the
finger. When used to control 3 VLA, it can act much like an pxpressive envelope generator simulating the

"piana-forte" (soft-loud).
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The pressure cutput works by using a capacitance detector. You will find that the position of your other hand
in relaticn to the faceplate of the systhesizer affects its output.

TRANSEENT GENERATOR, The DTS is a saaller version of the DSB. It is a dual module, the aodules being side by
side. The Rise and Fall are only voltage-controllable simultaneously and can not be controlled separately. Each
D16 has two outputs: a final pulse which can be used for recycling itself or for triggering another function,

and an envelgpe outpat.
g A

———>

COMPLICATED
ENVELOPE

EYTENDED RANGE VCF. A surprising source of coatrol voltages is the Extended Range VCF (VCFX) which, like the
Variable @ filter, can be made to "ring* -~ in this case, to ring at sub-audio or control voltage freguencies.
The YCFY chould be set to its LD setting. A trigger applied to its TRIG in, when the § is at a high enough
setting, causes the damped oscillation which is a useful gontrol voltage for tresolo effects,
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When the BAND output of the VCF is patched back into its own input to produce a feedback loop, the VEFX will
peciliate. Sine waves are then available at its HI, BAND, and LO outputs. these sine waves will be 90 degrees
out of phase with each other and are useful for creating stereo and guad panning patterns.
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LDW FREQUENCY OSCILLATOR. the PCO in its LO setting produres voltages of sub-audic frequency. This frequency
can be sade even lower by the application of a negative voltage, or a positive voltage inverted by its

processing input.
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AUDID PROCESSORS.

There are four major paths to analog electronic music synthesis.

ADDITIVE SYNTHESIS: Since any sound can be shown to be made of sine waves, it is possible to construct any
sound by adding the appropriate sine waves together. While conceptually this seess to be the most flexible
sethod of synthesis, in reality it is a difficult and tise-consuming procedure except in some lisited
rases. Often it is more practical to aix already complex sounds together,

SUBTRACTIVE SYNTHESIS: The opposite of additive synthesis is subtractive synthesis. In its ideal form, one
can take white noise, which contains ALL frequencies and subtract the ones not wanted, auch like the
stulptor chipping away at a biock of stone, More comsonly, the synthesist takes approximate waveforas,
cuch as sawtooth waves, or 2 mix of waves, and "chips® away at these sounds.

MODULATION: There are a number of electronic processes that take one siaple wavefors and modulate it, or
alter it, with a second wavefors, This would include AM, FN and Ring asdulation. The resultant waveforas
are then often subjected to either additive and/or subtractive synthesis.

WAVESHAPING: Waveshaping is a technique where a given wave is input into a device and a related but

different wave is output., For instance, 3 simple waveshaper is a “Rectitier” which outputs the absolute
value of its input wave,

L\ N /N sine wave W TRIANCE
S

//—\[/“\/,\Y/’\lff:) RECTIFIED A{\\J/N\u/h\\/\\j/\hf RECTIFIED

SINE WAVE TRIANGLE WAVE

Medules that waveshape signals, add signals together, Subtract parts of sigmals, or that Modulate signals are
called Signal Processors. The Serge system is a Signal Processor-rich synthesizer and includes Rany processors
that are not found on any other synthesizer. So far in this sanual the processors gealt with have been Mivers,

Voltage Controlled Asplifiers and Filters.

VARIABLE @ VCF (VCFR). The VCFD has all the functions of a requiar VCF plus a few unique features,

NOTCH OBTPUT. This output allows all the frequencies of the input signal to pass EXCEPT those in a
band directly arcund the setting of the FREQ pot and control voltage. It is useful for reapving a

rertain sound from a aore coaplex one.

AP,
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VLU or RESONANCE. "B® is the property of a filter shere the cut-off frequency is amplified and
fed-back into the original signal to produce a bell-like or ringing sound. Different levels of @
produce different tonal qualities. In the VCFE this function is both adjustable by a pot and voltage

controllable by the VOB input,
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AUTOMATIC GAIN CONTROL. One of the probless with a Hi-Bain O filter is that if the cut-off frequency
hits an overtone that is higher in asplitude than expected, it can overload the filter and/or the
speaker systea and cause distortion. The AGC keeps the putput gain constant at the cut-off freguency
and is activated by inputting the signal into the ABC-IN. The requiar input {IN} does not have an
ARC, but does have a GAIN pot associated with it to attenuate the signal to desired levels.

VARTABLE SLOPE VOLTAGE VCF (VCFS): Other than havimg the regular features of a voltage controlled filter,
the YCFS has the following features:

NIXED INPUTS, Two inputs IN-1 and IN-2 which can be wixed using the HIX pot situated between the two
inputs. Full right allows anly IN-2 to be processed while full left allows only IN-f. Pot settings
hetween these extremes allow a mix of the two inputs, the 12 o’clock setting being an equal 8i¥.

VOLTAGE CONTROLLABLE SLOPE. The Slope of a filter is the asount of attenuation per octave the input
signal is attenuated beyond the cut-off frequency. Though an “ideal® filter has a 60 db/oct cut-off
lor even greater} slope, this is not a particularly useful siope susically. In fact, different
slopes have different tomal and tiabral effects which can be used with qood effect, In the VOFS the
slope can be adjusted either hy using a control voltage (the input has a Processing pot assoriated
with it) or sanually by using the pot directly beneath the VO SLOPE Processing pot.
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VARIABLE BANDWIDTH VCF (VCF2). A band pass filter 15 useful for listening to a part of a much larger
sound. The nature of this band can be described by noting its Center Frequency and its Band Width,

SAND wl"““l

-
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U cenren
EREQUENCT

The VCFZ allows the user to either manually control or voltage control both of these parassters. The

center freguency 1s controlled manually by the FREQ pot and veltage controllable by the VOF input
{processed) and a 1V/OCT VC input {precision calibrated to be able to track the oscillators). The band
width is also controliable by voltages using the VC-RE input {processed), the IV/OLT VC input {precision
calibrated] and by a manual pot located just below the processing pot.

<« ouUTPOLY
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The VCF? also has four other outputs:
LD PASS. The cut-off frequency being the LD edge of the Variable Bandpass,
HI PASS. The cut-off frequency being the HY edge of the Variable bandpass.

LO BAND. A fixed width bandpass filter whose lo cut-off freguenty is the lo edge of the variahle
width bandpass.,

HI BAND. A fixed width bandpass filter whose hi cut-off frequency is the hi edge of the Variable
width bandpass,

VARIABLE BAND
UPPER BAND
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The YCFZ’s cutput on all #ive bands is flat, that is there is ng resonance or 0, and therefore 1s 1deal
for processing concrete sounds, or for studio use since the filter does not change the quality of the
sound that it is passing.

RESONANT EQUALIZER {E@), An Equalizer or Comb filter is 3 bank of band pass filters that covers the entire
spectrua and whose outputs sre mixed together such that the asplitudes of each filter can be controlled.
Nith this device the sound as a whole can be adjusted and balanced to suit., The Resonant Egqualizer has ten
bands with each band’s output being comtrolled by a pot that is labelled with the center frequency ot the
band. When the pot is turned to the right, the band it controls is amplified up to about the 3 o’rlock
position (this is 12 db higher than the input signal). Past 3 o’clock the band iz given sore and sore
resonance, 14 the pot is turned to the left the associated band it attenuated further and further.

The EQ has three outputs. The EQ output suas together all tem bands while the remaining two outputs each
sus together alternating outputs {the lower jack outputs &%, 218, 777, 2.8K and 11K Hertz while the aiddle
putputs the other bands).

The bands are arranged in sevenths so that a false tonic does not develop. A Level pot at the bottos
adjusts the pver-all gain of the output and prevents overload when the resonance is set high. These fized
resonant bands are cosaon in almost all timbres produced by mesical instrusents, and it is the skill of
the violin or piano manufacturer in tailoring these resonances that partially determines the quality of

i

ORIGINAL SIGNAL.

|1

SOME POSSIBLE OuTPUTS

TRIPLE WAVESHAPER. (TWS), The Triple Waveshaper sodule contains three identical devices which can be used
to convert sawtooth waves into sine waves and can provide a wide range of other foras of sound and tiabre
sodification. The tiabre can be affected by a manual pot and two different VL inputs which operate on the
sound in teo different ways. It it a useful module for producing interesting and changing sound tiabres,

something difficult to achieve in other synthesizers.
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AVE NULTIPLIERS (VCH). The Wave Multiplier Module is a triple sodule that, unlike sost other
sulti-aodules on the Serge, contains three DIFFERENT modules, Each of the three modules pperates on its
input in a unique fashion, transforsing siaple sounds into susically tomplex and interesting ones. They
should not be confused with such devices as Ring modulators which sultiply their input signals in a Jinear
fashion -- the Wave Multipliers are highly non-linear in their action. In sany ways these sodules
represent a new node in the typical synthesizer patch.

osc FILT veA __)ﬁ

)
oLp
0sC WAVE FILT VCA r"ﬂ
™MOULT.
NEW

UPPER MAVE MULTIPLIER: The Upper module of the trio is the sisplest of the three. It has 2 switch for
two different settings characteristics. In the HI setting it acts to soderately “sguare up" or soft
clip the sigral. The soft clipping is asplitude dependant, producing changes in tiabre as the

loudness increases.
/\/\/\ lNPUT

In the LD setting it acts like a linear VCA, a device useful for producing different types of AN

sounds.
ConNTROL
VOLTAGE
SOUND
ouT VT

In both settings the aodule can be controlled either manually or with a V€ (control voltage.)
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MIDDLE WAVE MULTIPLIER: The Middle Wave Multiplier has two inputs, each producing a slightly
different result at the output. One input is DC coupled and has a blue jack. The other input is AC
coupled and has a black jack. A sine wave will sound the same shen connected to either input, but &
triangle wave will produce different effects. These inputs can be used together to provide unusual
eftects. The general effect of the module is to produce new odd overtones from a sine wave input when
the manual pot is turned or when a veitage is applied to the VL input. However, control voltages of
coaplicated patures or inputs sore cosplex than sine or triangle waves canm create shissering bodies
of sound somewhat reainiscent of over-blown wind instrusents, The VO input can accept AC signals,
allowing for cosplex sodulation,
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BOTTOM WAVE WULTIPLIER: Like the Niddle Multiplier, the Bottos one also has two independent thut
igentical) inputs. Both inputs are AC coupled. The general effect of the godule is that of a
full-wave rectifier for audio signals, which aeans that negative voltages are "flipped" up into the
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Such a rectified §ine wave contains only even haraonics and is gne of the few waveforas to contain
uply ?hesg harsanics. The Bottos Wave Multiplier, in actuality, contains three wavefora-transforeing
tircuits in & carefully controlled series.

Like the upper Fuu wave multipliers the sodule provides both manual and voltage control aver the
nutppt. Unlike its companion sodules, however, there are two distinct outputs, BUT 1 and OUT 2. OUT 2
provides a “sguared ep" version of OHT 1,

One important feature of this lower sodule is that, wnlike sisple rectifiers, the asplitude of the
gutput does not decrease through succesive rectifications.

Overall, these three Wave Multipliers provide a sethod of producing timbres as rich and as varied as
acoustic sounds and yet having the precision and repeatablity of analog synthesis,
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DUAL UNIVERSAL SLOPE BENERATOR (DSG6}. The DS6 can functiom as a non-linear lo-pass filter essentially by
softening the slopes of the IN signal. Generally speaking, the less steep the slope of a wavefors the
fewer high freguencies it contains, Te accomplish this the RISE and FALL times must be set quite fast.
Increasing either the Rise or Fall time will increase the filtering action.

NOTE: ALL WTPUT sLaPES
ARE THE sammE.
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Recause the RISE and FALL tiae on the DSB is voltage controllable, when used in this fashion, the module
becomes a voltage controlled filter.

osc PAY I DsG |2
IN

RISE LEALL
T ‘FAST

Closely related to this patch is the use of the DSE as an ENVELDPE FOLLOMER. An envelope follower is a
device or module that inputs a complex sound and outputs a control voltage proportional to the envelope of
the input.

VOLTAGE ovT

To create an ENVELOPE FOLLONER it is not desirable to exactly follow the voltage, for that will simply
reproduce the wave itself, perhaps with a slight delay or softening of the slopes. Rather, an enveloge

follower should follow the rising voltages as closely as possible, but have a very slow FALL time. When
this is done, the uppper edge of the wavefora alone is traced, this being the envelope.

. e/4VOLFN6§ ouy

KiSounD In)

On the DSG this is easily accomplished by using a very fast RISE time and a slow FALL time,

PE OF
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I+ the DSG is set with a fast FALL time and a slow RISE time, the D56 will follow the negative peaks of
the sound. Usually these peaks are almost identical to the positive ones, but not necessarily always. The
negative envelope can be used directly to “shut down® a VCA. This can be useful for suppressing
backgrounds during sclos and for inverting dymamics.

Another use of the DSG is that of an SUB-HARMONIC or UNDERTONE GENERATOR. This is accomplished by applying
a very fast pulse train to the TRIG IN and by having the DSG set to audio frequencies. The D56 will not
respond to a second trigger until its envelope is coamplete. If the duration of the envelope is set
(sanually or with a control voltage) longer than the time frame between the pulses in the trainm, it will
"skip® one {or more} pulses. If it misses a single beat, the fregquency is lowered by an pctave; 14 it
misses two, the freguency is lowered by an octave and a fifth, Note that this wave has an inverted
trapezoidal shape.

_/\_A/\_/\_/\_/\_/\-/\-/\-—A-'ro»w-
__/\/\/\/\/\lsf SUB-
HARMOMIC

) : ud
__/\_/.\/\\ ve -
H’A%MO .

It is soaetimes desirable to shape the envelope so that it has a NON-LINEAR SLOPE. this 1s often the rase
when producing long sustained sounds or sounds that gradually change in loudness over a long duratiop, The
56, when patched to the VCR, will seea to have little effect on the loudness of sound at the start and
the end of the long envelopes. This is because of the wide range of the VCA's and the exponential
relationship betweern the voliage and the amplitude.

By "feeding back” the output of the DS6 to the VC-IN and setting the processing pot to the left, the final
output is made non-linear. This phenosenon occurs because higher voltage to the VL input causes the slope
to decrease, so the D86 remains longer at the higher voltage levels.

If the processing pot of the DSG is turned to the right, the feedback has the opposite effect: the
envelope becoames a sharper and sharper spike, useful for creating short percussive envelopes.

ENVELOPE Pﬂoc

SET”NG-
END ouT

DsG

/K@
i R S A W™

THE OVERALL DESIGN OF THE SERGE SYSTEM  3-19



CONPARATOR (COM): The action of this sodule is this: When the voltage of the "-* imput is greater than the
"+* input, the OUT goes high to +5 volts. Dtherwise the DUT is 0 volts. The pot sets a threshold voltage
which is added to the "+* input. If there is mo "+* input, this pot alone sets the veltage which the -*
input aust rise above for the OUT to gu high.

g {iW
wr ]| i

This device can be used to create rectangular waves of various duty cycles. By imputting a sawtooth wave
into the *-* ingut {which is labelled with a "sawtooth® wave to indicate this) and inputting a control
voltage into the *+* input, a voltage controlled pulse width generator can be created. These pulses sound
like 2 certain kind of filtering or phasing. A square wave contains only odd harmonics but different
rectangular waves contain different harsonics depending on the *duty cycle® (amount of DN tise to OFF
time}. It is interesting to note that rectangular waves with duty cycles pf: | to 7 have these haraonics
aissing: 2,4,6,8,10 etc. (a square wave has only odd harsonics): 3 to ¢ have missing haraonics 1,8,9,12
etc.; 5 to ! have missing haraonics §,10,15,20 etc,

o (L SATAAAA
UL

The pulse outputs of the CON can be used to trigger any device on the Serge that reguires a trigger pulse,

osc _.{Q

058C

0sC p-—SﬂH’

COMP

TXBE
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PHASER (PHA}. When two identical signals of different phase are mixed together, various freguencies of the
signal are cancelled out or attentuated. Which frequencies are cancelled is dependent on the phase
relationship between the two signals. “Phasing® is often created #hen a single sound arrives at the ear at
two slightly different times, for instance via two different echoes or two speakers playing the same
souné. In these cases one of the sounds arrives slightly delayed berause of the extra distance it must
travel. In rock and roll this technigue is called flanging and was first created by playing the same song
o two different tape machines with a thumb on the flange of one of thea, slowing it down slightly.
Electronic Phasing is a related technique except that instead of delaying the entire signal the delay, and
hence the phase shift, occurs only at one specified frequency. This phase shift can be pictured as a well
with fairly sharp sloping sides with a phase shift of 180 degrees at the botton,

TWO SAwW
/MI/WI SAVES (2F o
PHASE &Y 90°

2o 20,000 HERTZ
CORIGINAL SiL AL

'J tz-’o" LPHASF OF
90 . SHIFTED glennL
180

PHASED

SIGVAL
zZo 0. 000
Py *

* Vene

180"

FLANGED

SIGNAL

The Serqge Phaser is a three-stage phaser providing outputs at each stage (360, 720, and 1080 degrees),
however, the characteristic sound of phasing only occurs when these phase-shifted signals are mixed back
inte the original signal, (The shifted signals by themselves are useful for certain spatial effects,
azking a sound appear to be moving through space. Our ears are particularly sensitive to phase in relation
to position as it is the phase difference between pur pars which gives us a clue as to direction.) A sixed
output of the Phaser appears at the WIYED output, adjustable by using the manual pot labelled WIX. Full
right is the unphased signal, full left ic the fully phased signal. The center of “frequency shiét well”
is determined manually with the PHASE pot and/or with a control voltage (VC in). The V€ In can be
attentuated by the pot below it. These controls are very precise and log-conforaing, allowing the
frequency of the Phaser to follow the shifting of its input signal if desired,

0sC VCA PUA OUTPUT __.[q
mopulle
osc
f
A B
TXB
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This aodule also comes in a DUAL PHASER Module {2PHA). The upper phaser has 720 degree phased output as
well as the mixed out, while the lower phaser has a 340 degree put and the mixed out. If desired, these
tyu sodules can be strung together to produce a single, deeper phase shift. It has been found that if the
ulxsd astput ic mixed back in with the input signal an extraordinarily deep, resonant sound fan be
produced.

osC osc MIXER, PHASER |

QUAD VCA. {OCA). The Quad VCA contains four independent VCAs each with an audic input, @ voltage rontrol
input, an output and a GRIN pot. These are logarithaic VOAs and are usetul for putting envelopes on

sounds, and for Aaplitude Modulationm.

osc VCA

il
|

2-VcA RING MODULATOR

MIX __,[ﬂ

0sC v
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QUTPUT MIXING

For three sillion years, in fact up until eighty years agp, EVERY sound heard by a man or a wokan was
integrally associated with its source. The sound of a lion implied a lion, the sound of & snapping twig implied
@ snapping twig, the sound of somebody calling out your name implied somebody calling out your name. This
changed suddenly and irrevocably with the invention of the record player. The sound of a lion could now be a
speaker cone vibrating, The sound of sosebody calling out your name could be a telephone.

Despite this recent change, we husans still hear sounds as distinct entities. Even though all the sounds in a
roos combing to form & single coaplex pressure wave which vibrates our ear drum, we still hear the faucet
dripping, the clomp of shoes in the apartaent above, the cars wopshing by outside, the conversation in the
other room; and if the radio is on not only do we hear ausic, we can hear the singer, the bhass player, the
piang, the druas and even soeething else called the "hiss®. All these zeparate “sound sourges” are MIXED in the
ait to impinge on our ears as a single coaplex waveform, Dur brain easily sorts thes out. This abiiity to sort
different sounds 1s valid even with electronic sounds. A synthesizer can create two different sounds, aix theas
together, and the ear upon hearing thea, can separate them out again. For three aillion years not only could we
tell that a lion was roaring, but we could tell that the lion was roaring over there, that the twig broke
behind that bush, that somebody called your nase behind you. It was possible to localize the sound in space.
While it is important to know that a big cat is around, it is just as important to know where. (You run the
gther way.) A “sound entity" is located in space by hearing the sound twice, once with each ear. Because seund
takes time tc move through the air it reaches one ear before the other -- just enough to create a phase
difference. The brain fan process these phase differences to locate the direction of the sound source. The
relative loudness and quality of the sound help to determine the distance of the sound source. A phenoaenor
talled the “Doppler Shi#t® helps to determine whether the sound is cosing or going., Berause the brain discovers
the direction of a sound by phase difference and distance by relative loudness, location can be simslated with
two speakers. With two speakers appropriately placed the brain can locate a recorded lion pacing back and
forth. To accoaplish this a single sound is PANNED back and forth between the two speakers.

fi MIXER is a aodule that adds together a nusber of different sounds and sends the sixture to one or sore
outputs, A MIXER can he categorized by the number of inputs and outpuis 1t has,

A PANNER takes one sound and sends it to two or sore different speakers, fading from one to the other.
This creates the illusion of movesent.

# CROSSFADER takes two sounds and sanothly mixes between them so that as one sound decreases in asplitude,
the other increases.

The Serge systes offers a wide variety of veltage-controlled Qutput Mixers, aany of which alsc contain Panners,
Crossfaders and voltage-controlied Amplifiers. These mixers also have at least one grounded cutput jack that
can be directly patched to an aaplifier. Typically this jack is a Mini-phone, but say be Phone or RCA. This
chielded connection output allows the synthesist to run fairly long cords without picking up hua or crosstaik.
Many of these Dutput Mixers also have mini-jacks which allow the synthesist to bring in external sound sources
such as tape recorders and pre-ampflified sicrophones.
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DUAL AUDI0 MIYER (MIX and MIX2). This aodule allows a aix of three signals, each with its own level
setting with an associated pot. IN-2 can accept either a grounded input from the external world or a
signal froa another Serge acdule, but not hoth at once {connecting te the sini-jack will disconnect the
banana jack imput), Each of the two mixers on this dual acdule has an auxiliary input, IN-4. This 15 a
"unity gain" input. The input signal is mixed with the final output. These auriliary inputs can be used to
treate a &-IN 1-DUY aixer.

osc
] osc MIXER | i I
OS¢
AV X
LY
osc
MIXER

WoE—

AUAD YEA (BCAY. The Buad VCA contains four separate, independent VCAs and provides an additional putput
Miv of all four YCA outputs. These VCAs are arranged as parallel columns with the putputs at the top of
the module. The gain of each YCA can be controlled by a GAIN pot at the bottos of the sodule or by a VO
BAIN voltage control input. This input is used to control the overall level of the sound with control
voltages such as envelope generators and TKB outputs. On each VCA there is an AKX control input of a iower
sensitivity for aaplitude modulation of the signal. VCA #1 also has an EXT IN, a mini-phone jack rnput
that can accept external signals.

The #IY output is & mix of the four outputs of the VCAs and has both a Banana putput for use within the
Serge and a mini-jack output so the signal can be exported to other pieces of equipsent. An AUX IN is
provided, which is a unity gain input that is sixed into the final 1424344 MIY, This input is useful for
creating iarger configurations of mixers.
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UNIVERSAL EOUAL POWER AUBIO PROCESS0R {UPAP). At the heart of the UPAP are four VCAs which, though they
can be used separately, can also be used as dual VYA units, providing various panming, crossfading and
sixing functions. fecawse of the range of wses it is the most space-effective acdule for a small Serge
Systes, Below is a block diagram of the module,

10—~ st s e o=

ouT
N 1+ O : 142 {0 OUT i+3

w-Z o ouT-Z
- ! ovT-3
v-3 VeA 3 O
b >0 outl Z+4
N 344 —>0 oVT
) o— AIN) (PAN 544
vey
VCA
-y _ oUT -4

Each YCA can be used separately with signal input at 1,2,3 and 4 respectively. A signal to input {+7 will
be sent to YCAs § AND 2 for panning and an input to 3+4 will be set to YCAs 3 AND 4, These “dual” inputs
can be mixed with the individual inputs to the VERs.

The output of each VCA appears individually at outputs 1,2,3 and 4 respectively. There are four aixed
putputs: 142, 3+4, 143 and 2+4. Outputs 143 and 244 have, in addition to their banana jatks, mini-phone
jacks to be used to send the output to external eguipeent. These are the usual left and right stereo
outputs.

Each individual YCA has its own VC input located directly beneath its signal input. The overall gain of
YCA 1 & 2 can be controlled by 2 single pot labelled 142 and its sssociated VO input. There is an
identical configuration for VCA 3 4 4,

Lastiy, the gain of the twe pairs of ¥CAs {1 & 2 and 3 & 4} can be controlled by the Pan/Fade pots and

their associated VC inputs such that, if set properly, the combined gain of the two resains the same
during a cross-fade between thea.
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PATLHES:

1, Four YCAs:

B m/FADE PoTts
NoTE 'EMLEA! ge SET TO
12 O CLOCK .

2. Tuo Crossfaders:

PAW/FADE | 1O OCLAKK
\F 344 OSED!

PAn ] FADE: 2 O CLOoCF
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I, Two Gtereo Panners:

. (o) PAN/ FADE : 1o O'clock

IF Z+4 usED

@ @_. Paw FADE : 2 o'clock

Ds&

4, Four out sixer:
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4 Note on the PAN/FADE:

The PAN/FADE Pot and VC control allows the synthesist to achieve an equal power pan between two speakers.

The typical pan in early synthesizers was achieved by using two YCAs, one controlled by a linear envelope,
the other controlled by the inversion of that envelope:

> VEA L ] l
1056 -
VCA L_.)[Q

DSG INVERTOR,

This technigue caused a severe dip in overall loudmess of the sound at the half-way point. The PAN/FADE
contral on the Serge corrects for this problem by keeping the total power (and perceived loudness) equal
as the sound moves fros speaker to speaker. This technique uses sophisticated circuits to cospute the
asplitude of the sound at each speaker. At the center point the amplitude of each speaker iz down exactly
3 DBs. Similar circuits are provided in the guad and octo panners to provide aulti-channel egual power
panning.

-3 db
;:‘PA,‘U EQUAL PowWER

To use the YT input to achieve a full pan, the Pot should be set, on the 1-2 Pan, just to the right of the
position where all the sound is sent to speaker $2. A S volt peak envelope will then sweep the sgund
across to speaker #1. For Panning between output ¥3 and #4, the pot should be set just to the left of the
position (all the sound 15 in speaker #4), The arrow underneath the VO input indicates the direction which
a positive voltage "aoves the pot”.

14 the pan/fade pot is set peyond these cut-oft pasitions, it will increasingly override the control

voltage action. For exasple, if pan/fade pot 1-2 is turned full left, nothing will be heard from cutput 82
regardless of other YO inputs.
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YOLTAGE CONTROLLED STEREQ MIYER (BYM). The QVM is a four-im, two-out aixer. Each input can be individually
gain controlied by a GAIN pot and a V€ gain inmput, Furthersore, each input can be directed to either or
beth of the two outputs by seans of a pan pot. This panning function cam also be voltage centrolled by the
VC Pan input. The arrow beneath the VC PAN imput indicates the direction of the pan upon receipt of a
positive voltage. Like the UPAP this is an equal power pan.

o0s5C

PoT SETTING FOR “Two
CHANMEL PAN.

The GYN has auxiliary unity gain inputs for each of its two output channels, These can be used to create
an 8-in 2-out mixer by patching the outputs of one QUM into the AUX-INs of another QVM, The AUY-INs also
have a mini-jack input which can be used to bring external signals into the Serge.

LE FT,

RGHT

b))

The QUM provides a sini-jack output for both the right and ieft channel, allowing the QUM to be used as an
cutput mizer.
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NULTI-CHANNEL STERED MIXER (SMX).The SNX is a 2Y input, 2-out mixer where X is the nusber of Dual Stereo
Panner sodules. Typically there #ill be three or four of these input mpdules. Each input channei is
igentical to the input channels of the VM with individual gain control pot and Y€ inputj and pan control
{also in both manwal and voltage control modes). Each channel has both a banana input and a sini-jack
input to be used with external sigeals. The Stereo Output Module is identical to the GVN’s output section
in that it has a left and right output and a left and right auxiliary input (both of which have both
Banana and mini-phone jacks). In addition, the Stereo Cutput Module has a Macter Gain Control which can
attenuate all input signals simultanecusly with either manual or voltage control.

OTHER Aux-In
C_HANNELS(J./
~
LE’E;T
ov —_—
VCA VCA

OTHER,
CHANNELS AUX-IN

1 CHAMNEL 0F SMX

MULTI-CHANNEL GUADRAPHONIC NIXER (@MX). The @MX is an X-input, 4-output mixer where X is the nuaber of
Duad Channel inputs (fros 2 to 7). Each input channel can be sent to any pf the four output channels,
pither with manual or voltage control. Each input channel has four AUX-INs which are dedicated inrputs to
pach of the four outputs. Each input’s averall gain can be controlled either panually or with a control
voltage to its VC-ALL.

The Quad Dutput Mixer module contains four mini-jack outputs and four AUX-INs, ore for each of the

outputs., There is alsp a master output gain control that can sigultaneously attenuate all four channels,
ganually or by voltage control to its VC-ALL.
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Each input has two panning controls: front to back, and left to right. These panning conirols are
identical to the panning controls on the UPAP, QVM and the SMX (see these acdules for a description of how
to effect perfect egual power pans) with one addition. Each of these twz pans contains an extra Inverting
input that allows a pesitive voltage to pam in the opposite direction.

osc

05¢,

ONE SOUND MOVES

WO AL
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EF &> W
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IN

To achieve a perfect rotation of a single sound, two sine waves of identical frequency, 3¢ degrees out of
phase are reguired. These can be obtained using the VCFYX filter by patching the Band output to the IN and
setting the filter to its low range. Sine waves 90 degrees out of phase are available at the Band and Lo
outputs,

OUAD CHANMNEL OULAD CHANNEL
oS _——..Lbﬂo
+ @
e MK
eI ®
N nm———————
Lo PROC SWEEPING
VCFX . fI : A qounP
1BAND sy e o AROUND
w v °1.6 FOUR SPEAXERD,
-
sET:0 ©® @)©® @ —
1t ~~=||} t «=> chm
@0 " ®
J y

Lo L Ll

The high quality of the BMY allows rotation of a sound at audio frequencies providing 3 "spatial
sodulation® (5M).

Sounds patched into the AUX-INs of the input module will only appear at their assigned outputs and only
when that output is gated open by the panming controls.

.f' CHANNEL 1 AUn-INS

!

NE j 3
‘osCE "W QMX ——iﬂ Q
sw CIRCULAR SOUND
] -—)‘ﬂ wiTH PH SHAWT
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o) 7
DsG D56
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1IN

To achieve a perfect rotation of a single sound, two sine waves of identical frequency, 90 degrees put of
phase are required. These can be obtained using the VCFX filter by patching the Band cutput to the IN and
setting the filter to its low range. Sine waves 90 degrees out of phase are available at the Band and Lo

outputs.
oS
Lo PROC
veEX
a 0 PROC
SET:LO

The high quality of
poduiation” {GM).

e —

o ®

g —m—

SWEFPING

A qouNP
AROVJUND

ROUR SPFAKERL

the @MY allews rotation of a sound at audio freguencies providing a "spatial

Sounds patched inte the AUX-INs of the input module will only appear at their assigned outputs and only
when that cutput is gated mpen by the panning controls,

r{cmmu&'n. 1 Auvx-INS
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STEREQ DUTPUT MIXER (MXP). The MYF is a 4-in, 2-out manual miver that provides individual sapual control
of gain and putput selection {panning) for each of its four inputs, It alsc has two AUX-INs that allow the

giver to accept external sigrals (using the sini-jack inputs) or to be converted into a B-in, I-out sixer
using 2 sterec output mixers patched together,

MATRIY MIXER {MAY). The MAY is a 4-im, 4-out manually controlled mixer. The level of each of the four
inputs at each of the four outputs is deterained by the BAIN got located at the intersection of the
appropriate input column and output row. The faceplate below has that pot circled which controls the level
of input #2 to output C.

Each input has an overall gain control so that that input can be attenuated equally throughout the mix.
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CONTROL VOLTAGE PROEESSORS

Because there is no difference, other than frequency, between audic veltages (AC) and control voltages (DC) it
should not sees too strange that it is possible to have mndules which process control veltages in much the sase
way that there are sodules which process audic voltages. Nor should it seem odd that these modules for
processing control voltages are theaselves voltage controllable. These sodules extend the range of shapes and
foras that control voltages can have, and thereby extend the possiblities of contrel. It is the control voltage
processors which "mold* the control voltages that detersine the complex dynamic shifts so important to
interesting electronic music. The simplest of these devices have already been explored--The control voltage
Processors that are found on the control voltage inputs of many sodules on the Serge systea. These processors
enable the user to amplify, attenuate and/or invert the control voltage.

EYTENDED RANGE VCF. (VCFX). When the VCFX is in its LD, setting it can be used to filter out the harmonics
of sub-audio waves, that is, of control voltages, Like audio frequencies, sub-audio freguencies can be
described in tersas of the sum of Sine waves of given asplitudes, The VCFY can be used to filter out these
waves either in a HI, LO, BAWD or NOTCH filter mode. The LD pass output will sound as if the filter is
ssoothing the control voltage. Note that this sacothing function is voltage controllable since the
frequency of the oscillator is controllable. The lower the frequency the sacother the tontrol voltage
becoaes. In the following patch the sacoth randos is determining the filtering of the output of the TXB,

L 4

VCE X osC k—) mxcR‘—?ﬂ

__rj—r‘r‘_i WPUT To VCFX
-/\/\ 1LO PASS OUTPUT OF YCFA

DUAL UNIVERGAL SLOPE GENERATOR (DSB). The DS6 cam art as a Positive or Negative or Pusitive/ﬂqut%ve SLEW
or Portasento device. A Glew is a device which slides froa one veltage to anuther.v?ltagg; a Ecsxt;ve slew
affects positive-qoing voltages (not just pasitive voltages, but changes in a positive direction), and a

Negative slew acts on negative-going changes.

NEGCETIVE
SLEW
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Wher both positive and negative ciews are present the device 15 often called a Fortasento or Blissando
device,

Because the DSG will Rise or Fall to the voltage IN, it can be used as a Positive and/or Negative Slew
limiter, The slower the Rise or Fall time setting, the more that parameter acts like 2 slew. A Positive
slew, for instance, would have a siow Rice tise and a very fast Fall time. Because the DSG is
voltage-controllable, it is a voltage-controllable slew.

<

psG

TKE

BI-DIRECTIONAL ROUTER. (ROUY. This unique triple module can be used in one of two ways,

ONE-IN TWO-QUT SHITCH, An input at B can be sent tp either putput Al or A2 depending on the state of
snput A1-A2. I AI-A2 is HI (+5 volts) then B appears at Af, otherwise it appears at A2,

THO-IN ONE-QUY SWITCH. If there is an input at Al and a second input at A2 then Al will appear at the
output B if A1-AZ is HI, otherwise AZ will appear at the output.

Note that if there is an INPUT at B there CANNDT be an input at either Al or A2, This would, in
effect, short outputs together,

osSC FILT M X

wavE
SHAVPE

#hile in the above patches audie voltages are being routed about, contrel voltages can be ruqted in such a
similar way. Howsver, anytime there is an instantaneous chanpe in voltage there will be a click.

-osc '~‘ miIXCR

psC
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DUAL CONTROL YOLTABE PROCESSOR (PRC). The Processor is to control voltages what a Mixer is to audio
voltages, 1t can he used to sus together up to three control veltages. Each of its three inputs can
independently be attenuated, asplified and/or inverted. Furthermore a aanual offset pot sets a fixed
voltage that can be added into the mix. This offset voltage is available at the output of the Processor
pven if there are no other inputs,

. ]
D56 PROC 0sc VA
‘t 7

D56 Dt

SHOOTH AND STEPPED FUNCTION GENERATOR. {556). The 556 is a dual aodule that contains two different and
independent mndules {though an internal coupler is provided). These are very versatile aodules that can be
patthed to process control voltages in a wide variety of ways.

THE SMODTH FUNCTION BENERATOR
SLEW LINITER. The Smcoth Function Gemerator serves as a voltage controlled Slew Limiter on its Input.

The slope of the slew {both positive and negative) is detersined by the manual RATE pot and a VL
input with asspciated attenuation pot.

osC M ouTPUT
S MIXER

STEPPED IN] SMooTH
RANDOMWM

TRACK AND HOLD. A Hold input is provided on the Saooth Function Benerator. When this input receives a
HI voltage it has the effect of HOLDING the present cutput voltage level until the HOLD 1mput goes
oW, 1f the RATE is set very fast so that the Smnoth Function Generator follows its input closely
{that is, Tracks the input), the receipt of a pulse train at its HOLD will produce a Staircase-like
series of voltages.

+ 5 mLD
o
rs
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LOW FREQUENCY OSCILLATOR {LFO). I+ the input of the Smooth Function Gemerator is patched to the
CYCLE jack, the output is a triangle wave whose frequency is determined by the RATE and control
voltages, The CYCLE output will be a series of pulses with the same frequency as the triangle wave

putput, ---—-———-..l
O 5. L__NQ

When the Seooth Function Generator is patched to cycle,the HOLD function resains operative to be able

to produce up and down staircase-like voltages.

SmoCTH
FonLTIioN |

GENERATOR

05C COMPARATOR

STEPPED FUNCTION GENERATOR

SAMPLE AND HOLD. A Sample and Hold is a device which produces 2 discrete stepped wavetora froa a
changing input voltage. When a pulse is received at the SANPLE input, the voltage appearing at that
instant at IN appears at STEPPED DUT and is HELD there uatil amother pulse is received at SANPLE,

when this process is repeated.

+5
INPUT

PULSE

TRAIA)

SsAMPLE
5
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CORRELATION. The RATE pot and the VL input with its associated attenuation pat control the
*correlation® of one voltage output level to the previous voltage output level. In the stepped
voltage as correlation increases, each step sust be closer and closer to the previous step.

WPt

—’_J-— I Low CORRELATION

_J'—J—_L'—\—L_L_ Wi CORRELATION

When the RATE pot is at a middle position, and the input is a randos voltage such as the 5/H Source
on the NOISE sodule, the output approvimates the function called §/F. 1/F 15 a randoa-like function
that describes the shape of matural coastlines, cloud movesents and sany kinds of Busic.

wELL KNOwWN
comst LINE
W 1+ Funetion

STAIRCASE GENERATOR. When the input is patched to the CYCLE jark and puises applied to the SANPLE, a
complex staircase wave ic generated at STEPPED OUT, determined by the pulse frequency, the position
of the RATE pot, and a VC.

ouvTPUT

RANDOM VOLTAGE GENERATOR. It is sometimes desirable to create randos veitages to control the varigus
devices on the Serge, or, if the systea already has one randos voitage generatar, it is sometimes
desirable to have a second. Using the Coupler output on the 356 and the S/H Output on the Noise
Spurce module it is possible to Patch the 556 to become a randos voltage generator.
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COUPLER

The Coupler is a coaparator which is hard-wired {that is it is not patchable, but is pre-wired
peneath the panel}. The Coupler compares the levels at the Ssooth and the Stepped outputs. Whenever
the Step Function Generator is HIGHER in voltage than the Smooth sectios, the output of the Coupler
goes HI. Otherwise, the coupler is LO. The coupler has two identical outputs.

STEP FUNCTION
SMmooTH TUMCTiON

COoUPLER
————d ‘ oUTPUT

The 5/H Output of the Noise Source is a randoaly aodulated sawtooth wave. This fora of wave is good
tor generating random voltages with sample-and-holds. Since this wave is always going froa 0 volts
to +5 volts, there is an equal probability for any voltage to be selected. Gince the frequency is

randos, it is iapossible to predict what voltage will be saspled.

The 5/H Qutput is patched to the input of the Stepped function generator, whose RATE pot is turned
full right (low correlation). The output of the Loupler is used as the input to the Sasple on the
Stepped Function Benerator. This sase coupler output is used as the pulse INPUT of tha Ssooth
Function generator, whose own rate is set fairly slow. The output of the Smooth Function Benerator is
now a continuous randos voltage; the output of the Stepped Function gemerator iz a stepped randoe
voltage while the output of the coupler is a randoa pulse output with randoa on-tines 3s well as
anset tises, The rate of change is set by the Ssooth Rate pot and its assoriated VC.

smooTH
ot T
— /\//\A,\/V\/\

COUPLER,

STEPPED o;ir_1q1-J._.f"'1-‘l‘j___r-1--1__1—1-—

STIEPPED
FURCTio
GENGRATR

S/H ouTPuT
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ACTIVE PROCESSOR, (ACPRY. This aodule contains two separate and different modules. The lower module is a
sisple processor that allows the user to invert a control voltage and apply an offset. This sedule is
useful for processing tontrol voltages sent to sodules without processing inputs,

The upper sodule is the fctive Processor. It has two inputs, INI and IN2, The output of the module is 3
iy of these two inputs. The VC input and the manual pot control this aix. # cross-fade between N and
IN2 is done by turning this pot from full left to full right and/or by applying O volts te § volts to the
VL. This allows a smooth change between control voltages, for instance, from a seguence to a randos
voltage control of an oscillator, or between an envelope and its iaversion. When the pot is at 12 o’clock
an equal mix between IN! and INZ appears at the module’s gutput. This sodule can have the effect of
sultiplying control voltages. A voltage at IN2 will be multiplied by the VG if the knob is set full left.

=<

Pco
{(Lo)

Pco
(o)

This apdule is able to accept AC signals amd cam act as a linear VCA as well as a lipear cross-fader
between two audioc signals,

—

05C

0sC |

TOUCH ACTIVATED KEYBOARD SEQUENCER:{TKR). It is useful to think of the TKB as composed of two separate parts:
The Sequencer and the Touch Pad Controller,

14-STAGE Sequencer. Only one stage can be on at any given instant. Each stage controls a specific
colusn of pots, so that if stage 47 of the Sequencer is on, it activates all four pots in stage 47,

In its norsal meode the Sequencer will advance one stage every time it receives a CLOCK pulse, That
ig, if the Sequencer was on stape #5 and it receives a CLOCK pulse it will advance to stage #6, I 3t
is on stage 416 and receives a CLOCK pulse, it wraps around and activates stage ¥1. This function was
described in an earlier section. There are, however, a nusber of other ways of controlling the
Sequencer to produce elaborate smusital patterns,
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UP/DOWN. 1¢ a HI voltage is applied to the UP/DONN input, the Sequencer will step DONNWARDS instead
pf upward when it receives a CLOCK pulse. If it is on stage 31, it will wrap-up to stage #1b.

HOLD. If at any time {either in its up or down mode) the Sequencer receives a H! voltage at its HOLD
input, the Sequencer will stop until the HOLD input agaim drops LO. This is useful for producing
etaborate rhythas.,

o] os¢C MIXER ——v(Q
orf
) CLOLK J YPOWN HoLD ]
LSE SsmooTH S(r
gigutibﬂl Rowpom p ps& TxE

VARIABLE LENGTH SEQUENCES. It is often desirable to have sequences shorter than sixteen stages, or to
have variable length sequences. For these purposes two RESET inputs are available at the top of the
TKB. The RESET is trigoered by a pulse from other pulse outputs on the TKR or by pulses froa other

sodules,
CLoLKJ, Hs's?r
DSC I TB Dse

In the above patch, to get the TKB to RESET to Stage #1 you sust first touch Keypad #1. The number of
stages ciocked advanced before resetting is deterained by the Transient generator which is Triggering
the RESET. Set this Transient generator so that about four stages are clocked through betore
RESETting occurs. 1 you touch a different keypad, say #7, you will find that the seguence resets to
that stage. Each RESET input resets to the Keypad last touched. Using the above patch, and by
touthing different keypads, it is possibie to produce an interesting interactive seguencer.
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fbove each stage of the Sequencer is & Pulse output that goes high when that stage ic ON, dee of
their uses is to Trigger the RESETs providing a second way of producing sequences shorter than ib
stages., If the pulse out of stage #10 is patched to the RESET, the sequente will step through to
Stage #9 and then RESET instead of activating Stage #10. Note that the sequencer will sequence only
to the stage just preceding the stage that is patched to the RESET and will not include that stage.

RESET #10 Lok

TK&

In this patch, just like in the previous one, the sequence will return to stage 31 only it that was
the last keypad touched, otherwise, it will reset to whatever pad was last touched. In the above
patch you can get the sequence to activate stages 5,6,7,8,9 and then reset to 5 by tapping stage 3°s
keypad. By tapping different keypads different length sequences can be “played", each ending at stage
9.

The two RESET inputs on the TKB are independent of each other though identical in function. By using
thea both, two differeat sequences Cas be set up and chosen by a tap of the finger. In the patch
below the Puise out of stage 7 is sent to one RESET input and the pulse from stage 15 is zent to the
other. By touching keypads i-4, sequences are activated that start with the touched key and tersinate
with stage #6. By touching keys B-14 similiar sequences, but ones that terainate with stage 314 are
set up, With a touch of a finger they can he selected. That touch alse chooses the beginning stage of

the sequence.

cxk d |A LeeseT|*7 | | rEsET prio
DSG
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VERTICAL SEBUENCER. The TKB comtains a second Segquencer, this one in 4 stages, which is clotked
independently of the sain 16 stage sequencer. The clock input for this sequencer is 1abelled VERT
CLOCK, The VERT Sequencer’s output is labelled ABCD. Every tiame a Trigger is received by the Yertiral
Sequencer it steps DOWN one RON. That is, if it was on Row B, it will progress to Row C. After Row D
it wraps around to Row A, The output at ABCD is detersined by the pot that is in the activated Stage
of the Prograsser (as determined by the main Sequencer and the Keypads) AND in the row specified by
the Vertical Sequencer. If the activated stage of the Prograsmer iz not changed, then the Vertical
Sequencer will have a four stage sequence set by the four pots in the artivated stage.
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I in the above patch, stage #7 is now activated by touching its associated keypad, the four pots in
stage ¥7 will deteraine ARCD's output,

A particularly useful function of the this Vertical clock is that it allows the user to produce
sequences of up to &4 stages. This is done by having the aain sequencer clocked by an external clock
and having the Vertical Seouencer ciocked by the Trigger out of stage #1. The 64 stage output 15

found at the ABCD output.
Lotk 1 _ABCD gfﬁ [#!'
PG
TKB

Consider what happens when the vertical sequence starts on Row A, Since the main sequencer clocks
through all sixteen stages, all of Row A appears at output ABCD, When the main Seguencer gets to
Stage #1, its pulse out, steps the Vertical Sequencer down one row, to fow B, the Main (horizontl)
Sequencer now wraps around and clocks all the way acrass, with the pot settings in Row B appearing at
the ABCD output. This will continue, stepping to row L then to row D until the &4 stages have been
sent to the ABCD Dutput. The sequence will then repeat itself.

RANDOM SELECT. 1+ the Random Select is pulsed at the same tise as the RESET, the seguencer will reset
to & randos stage.

E)S.c MIXER |

RAVD Y clocky A

TOUCH PADS. The 16 Tourh Pads can be used te interact with the ls-stage Sequencer, or can be used
independently. Some of its interactive functions have been discussed already. It 1s isportant to
note that the KV, KP, and PRESSURE outputs are aiways selected by the touch pads and not the
Sequencer except when the Sequencer is in the Random mode. when the KEYS Switch is ON, the Touch Pats
will also turn the associated Sequencer stage om. If the KEYS switch is OFF, then the Segquencer and
Touth Pads will he totally independent unless the RESET inputs are used. Both the KV and PRESSURE
putputs produce the full range of control voltages, from O to +5 volts. The KV output is
pquai-voltage steps, so with the proper processing, a 12-note equali-teapered scale can be set on the
oscillators and filters. 0f course, other equal-tempered scales can also be set,
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ANALOG SHIFT REGISTER. (ASR). An Analog Shift Register is a sequential sample and hold device. It 15 also
referred to as a Bucket Brigade Delay. The Analog Shift Register available on the Serge has three stages,
though twe or sore sodules can be linked to provide longer chains. Each stage of the ASR can hold and save
a voltage which is available at all tises at outputs 1,2 and 3. When the device receives 2 Trigger at
PULSE IN the voltage stored in stage ¥1 is soved to stage #2; the voltage at stage 42 goes to 43 and the
voltage at #3 is lost. Stage $1 picks up the voltage found at SAMPLE IN. It is this action which gives the

device the name of the bucket brigade.
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One of the sany uses to which this device can be put is that of producing cherds and arabesques from &
aono-phonic keyboard input. The following patch illustrates this use.

TKE

(PLAY KEYPADY)

Two ASRS can be joined (to produce a single ASR with & stages) by pulsing the secand ASR with the AUX
PULSE DUT fron the first ASR and sending DUTPHT #3 of the first ASR to the SAMPLE IN of the second. Such a

gelay is useful for long time lags.
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TKB

PORTAMENTG-IN on NT0. This imput is 2 voltage controlled slewing processor. It has the effect of glissing
or slewing between stepped voltages. The resultant ssooth function is summed with the other VC of the NTO
to deteraine the NTD's freguency. The rate of portamento is controlled by a pot and a voltage control in.
This input is calibrated to a semsitivity of 1V/0(T.
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