
operator's manual rev. 1988/1.0, page 1/9

dual quantizer 
Model of 1988

Dual quantizer with precision A/D & D/A converters ∙ highly customizable ∙ compatible with microtonal 
scales ∙ OLED display for ease of use ∙ up to 100 banks, each with up to 100 scales ∙ VCO calibration feature ∙ 
data stored on microSD card ∙ SCALA file support
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Salut! Thank you for purchasing this Xaoc Devices 
product. Skopje [ˈskɔpjɛ] is a compact dual-pro-
grammable CV quantizer capable of handling ex-
otic and microtonal scales. It includes a microSD 
card slot for loading custom quantization scales 
prepared on a computer, accessible via the mod-
ule's OLED display. Its two channels can operate 
independently with completely different scales and 
settings. Selecting scales and key changes can be 
done using CV or trigger signals, enabling the se-
quencing of entire musical pieces. Skopje supports 
various tuning systems and description formats, 
including SCALA files. With calibrated high-resolu-
tion converters, it handles a wide range of positive 
and negative voltages, and even provides a cali-
bration procedure to correct tuning inaccuracies 
in your oscillators and filters. Although the inter-

face includes a display and rotary encoder, all pa-
rameters are immediately accessible from a single 
screen page, with no menu diving.

INSTALLATION

The module requires 6hp worth of free space in the 
Eurorack cabinet. Always turn the power off before 
plugging the module into the bus board using the 
supplied 10-pin ribbon cable, paying close atten-
tion to power cable pinout and orientation. The red 
stripe indicates the negative rail and should match 
the arrow head or -12v mark on the bus board as 
well as the unit.

The module itself is internally secured against re-
versed power connection; however, flipping the 
16-pin header may cause serious damage to 
other components of your system because it will 
short-circuit the +12V and +5V power lines. Always 
pay close attention to the proper orientation of 
your ribbon cable on both sides!

The module should be fastened by mounting the 
supplied screws before powering up. To better un-
derstand the device, we strongly advise reading 
through the entire manual before using the mod-
ule.

MODULE OVERVIEW

The front panel of Skopje is divided into two sec-
tions corresponding to its channels: a and b. Each 
channel provides a pitch CV input ❶, an auxilia-
ry CV asgn input with assignable functions ❷, a 
trig in trigger input ❸, a trig out trigger out-
put ❹, and a quantized pitch CV output ❺.

The endless scale∙param rotary encoder ❻ 
serves as the main control for selecting quantiza-
tion scales and adjusting parameters. The OLED 
display ❼ shows the two currently active scales 
loaded from the microSD card ❽, along with ad-
ditional settings indicated by the labels printed be-
neath the screen.

The illuminated channel button ❾ selects the 
active channel(s) for parameter editing: a, b, 
or both simultaneously. The current selection is 
shown by highlighting the corresponding row(s) on 
the display. The button lights blue during normal 
operation and parameter editing, and red during 
calibration.

MODULE 
OVERVIEW

fig. 1: skopje front panel layout and controls
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QUANTIZERS AND QUANTIZATION

A voltage quantizer is an electronic device that 
maps continuously variable input voltages to a 
finite set of discrete output voltages called steps. 
As a result, the input–output transfer character-
istic of a quantizer is not continuous, but stair-
case-shaped (fig 2). 

The input voltage range is divided into contiguous 
regions separated by decision thresholds. Any in-
put value falling within a given region is mapped 
to the corresponding quantization step by round-
ing it to the nearest available value. The decision 
thresholds are typically placed halfway between 
adjacent quantization steps.

FUNCTIONAL OVERVIEW

Skopje is a musical voltage quantizer designed 
primarily (but not limited to) quantizing voltages 
representing pitch values in the 1V/octave stan-
dard, to support the exponential control response 
of most oscillators, filters, and other tuneable 
sound sources in the Eurorack standard.

In each channel of Skopje, the input pitch CV is 
digitized by a high-precision A/D converter, com-
pared with the voltages defined by the selected 
quantization scale, and then converted back to 
the closest-matching voltage by a high-precision 
D/A converter.

Quantization in Skopje operates continuously 
when no cable is connected to trig in, meaning a 
new value is generated immediately when the in-

put CV changes at least by one quantization step 
(which depends on the current scale). With a ca-
ble present, a new quantized voltage is generated 
only on the rising edge of the trig in signal. This 
allows quantization to occur either asynchro-
nously or synchronously as dictated by a clock or 
any other trigger pattern (e.g., from a sequencer).

A new trigger signal is produced at the trig out 
when a new quantized value is generated. Since 
it fires only when the quantized value actually 
changes, even with the synchronous operation, 
not every trigger you send in will produce a trig-
ger out. The outgoing trigger pulse is delayed just 
enough for the CV output to stabilize (except 
when the glide function is used or the output val-
ue is modulated with external CV).

Input voltages can be modified before quantiza-
tion, which results in transposing the output, or 
offset after quantization, which allows continu-
ous pitch modulation (e.g., for a classic vibrato ef-
fect). Quantized output voltage may pass through 
an internal slew limiter, producing portamento

SCALES, BANKS, AND HOW TO 
SELECT THEM

Every quantized output in Skopje comes from 
a scale—a set of voltages that your input CV is 
snapped to. Full specifications of these scales are 
stored on a microSD card as simple text files, or-
ganized into folders called banks. We have pre-
loaded the included card with a variety of scales 
and banks so you can start patching right away.

PRINCIPLE OF  
OPERATION

quantized value
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fig. 2: the voltage response of a quantizer
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It is important to understand that Skopje does 
not quantize pitch frequencies directly, as the 
conversion from voltage to pitch is performed by 
the destination oscillator or sound source. In oth-
er words, Skopje does not determine the absolute 
pitch of your “C”—it only constrains the musical 
intervals between notes.

You can have up to 100 scales in a bank and up 
to 100 banks on the card. A scale is defined in a 
.txt or .scl file stored in a folder that constitutes 
a bank. Only one folder level is allowed. When you 
power up the module without the microSD card, 
Skopje defaults to uniform quantization with 
1/12V steps, which is equivalent to standard 12-
tone equal temperament (chromatic).

Skopje supports several scale description formats. 
Refer to the section "Scale Definitions" below for a 
detailed explanation. In general, a scale is defined 
by its pattern of steps, which may repeat in a cy-
cle across the entire range of voltages. The OLED 
display shows the names of the currently selected 
scales for each of its two channels. Names up to 8 
characters are shown in full, while longer names 
scroll. 

Pressing the illuminated button cycles the high-
light between row 1 (channel a), row 2 (channel 
b), and both rows. The encoder then selects the 
next or previous scale from the bank assigned to 
the highlighted channel(s). When both rows are 
active, both scales change together; however, 
they may be different scales belonging to different 
banks.

The displayed scale name comes from the defi-
nition inside the scale file. The file name itself is 
used only to determine the alphabetical order in 
which scales are selected with the encoder. For 
easier navigation, it is recommended to prefix file 
names with numbers. If a channel has valid cal-
ibration data for your VCO, a lowercase "c" will 
appear next to its scale name on the display. For 
calibration instructions, see the dedicated section 
later in this manual.

To change the bank, press the encoder knob to 
highlight the number of the currently selected 
bank in the third row of the display (directly above 
the bank label on the front panel). Turning the 
encoder then selects the bank for the active chan-

nel(s). The full name of the corresponding folder 
is briefly displayed. Folders are ordered alphabet-
ically; for easier navigation, prefix their names 
with two-digit numbers.

ADDITIONAL CHANNEL 
SETTINGS

In addition to the current bank of scales, the third 
line of the display always shows two settings of 
the currently selected channel: glide time and 
the function and destination of the asgn input.

The glide effect causes the output voltage to tran-
sition smoothly between consecutive values. To 
adjust glide, press the encoder until the glide 
number is highlighted. Turning the encoder sets 
the glide time from 0, through 2ms, 2.22ms... up 
to 60s. Values increase exponentially for conve-
nience. The full value is briefly displayed before 
reverting to a two-digit code (00–99).

Press the encoder again to highlight the asgn 
field. Turning the encoder cycles through the fol-
lowing options:

• Next scale (nxs): the asgn input reacts to trig-
ger and gate signals, advancing scale selection by 
one on every rising edge;

• Scale by CV (scl): CV patched to the asgn in-
put offsets the scale selected manually. Each 0.1 V 
(100 mV) change shifts the selection by one scale 
up or down. When the beginning or end of the 
scale list is reached, the selection wraps around 
and continues from the opposite end;

• Glide on/off (ggt): the asgn input reacts to gate 
signals, which enable the Glide effect when high

• Glide time (gcv): asgn CV modulates the time of 
the glide effect with regard to the value set;

• Transpose (trn): CV is added to the input pitch 
CV before processing it with the quantizer, result-
ing in musical transposition in the current scale;

• Octave (oct): similar to the above functionality, 
but quantized to 1V steps, yielding octave jumps;

• Offset (ofs): non-quantized external CV is added 
to the quantized CV output of Skopje, allowing 
for continuous pitch modulation without the need 
for a precision adder module.

CHANNEL
SETTINGS
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CALIBRATION PROCEDURE

Skopje is compatible with all oscillators and other 
sound sources that respond exponentially to con-
trol voltage (e.g., samplers and self-oscillating fil-
ters). The only requirement is the support for the 
1V/oct standard, regardless of tracking accuracy. 
Skopje can measure any deviations from the 1V/oct 
law and generate calibration data, which it then 
applies to its pitch CV output for precise tuning. 

Select the Skopje channel for calibration (only one 
can be calibrated at a time). Press and hold the 
encoder knob to invoke the calibration procedure. 
The button’s backlight turns red to indicate this 
special operating mode. Choose between start, 
clear (to remove unwanted calibration data), 
and cancel (to return to normal operation with-
out changes).

Before starting, connect Skopje’s CV output to 
your oscillator's V/oct input. Set the oscillator's 
tuning controls to the desired root note pitch, and 
patch its audio output to Skopje's trig in. Use 
simple waveforms (sine, triangle, or sawtooth), 
and avoid complex shapes.

Choosing start activates a fully automatic mea-
surement process. An animation on the screen 
indicates progress, and after about 30 seconds 
Skopje switches back to normal operation with 
the button backlight turning blue. A lowercase "c" 
appears on the display to confirm that the chan-
nel now holds valid calibration data. 

Note that calibration works only if the pitch of 
your sound source is controlled exclusively by 
Skopje and not affected by any additional CV or 
panel settings. Therefore, do not introduce any 
large changes to the pitch controls of your sound 
source after calibration—every such adjustment 
requires repeating the calibration.

SCALE DEFINITIONS

Since Skopje is principally a musical quantizer, the 
way it constructs its allowed set of output volt-
ages is optimized to define musical scales. These 
scales may be understood in a broad sense and 
are not limited to the Western tonal system, equal 
temperament, or even a fixed number of steps per 
octave. Each scale file describes both a tuning 
system and a repeating sequence of scale steps. 

Quantized voltages may also be constrained to 
a selected output range, with a specified rule for 
handling values that exceed it. The file may addi-
tionally contain an arbitrary amount of commen-
tary text enclosed in [ and ] brackets. Each scale 
definition may use one of several supported syn-
tax alternatives called interface. The currently 
defined interfaces are: pattern, interval, edo, 
and scala. Each interface defines its own re-
quired set of keywords.

The name: keyword followed by a short string of 
up to 16 characters defines the scale name dis-
played on Skopje’s screen.

When the pattern  interface is selected, the scale 
is defined as a sequence of allowed and omitted 
voltages that repeats across the entire range. 
These voltages are expressed as integer multiples 
of a selected unit. Both physical voltage units may 
be used (V, 10mV, 5mV), as well as units corre-
sponding to musical intervals and their fractions 
(semitone, quartertone, 10cent, 5cent, cent). The 
unit is selected using the unit: keyword followed 
by one of the supported values.

The sequence itself is defined with the notes: 
keyword, followed by a stream of “x” characters 
for active steps (maximum 128 allowed) and “o” 
characters for omitted steps (unlimited). Spaces 
may be added for readability. 

Note: the first step defaults to 0V. For example, a 
major scale may be defined as follows:

INTERFACE:

pattern

NAME:

major

UNIT:

semitones

NOTES:

xoxox xoxoxox

The resulting note pattern repeats across the en-
tire allowed voltage range. Therefore, using semi-
tone units with a 12-step pattern corresponds 
to the conventional 12-tone equal temperament 
(12TET) system. Longer patterns produce cycles 
extending beyond a single octave. Using smaller 
units increases pitch resolution, but also requires 
more steps to span an octave.

SCALE
 DEFINITIONS
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When the interval interface is selected, the scale 
is defined in a very similar manner. Instead of 
specifying active and omitted notes, however, the 
definition describes the distances between con-
secutive scale steps, expressed in the selected unit. 
The root note is implicitly included. For example, 
the major scale may be defined as:

INTERFACE:

interval

NAME:

major

UNIT:

semitones

NOTES:

2 2 1 2 2 2 1

The edo  interface allows scales to be defined using 
an arbitrary equal division of the octave. Instead 
of specifying the unit as a multiple of millivolts or 
cents, this interface requires the divider: keyword 
followed by the number of equal steps per octave. 
Any value other than 12 results in a tuning system 
that differs from the standard 12TET. The voltage 
step size is then automatically calculated as 1V di-
vided by the selected divider.

With the edo interface, notes are specified as in-
teger multiples of this automatically derived unit. 
The values should be in increasing order and must 
not exceed the divider: value. The number of 
notes is limited to 128. For example, the follow-
ing definition produces the familiar major scale in 
12TET:

INTERFACE:

edo

NAME:

major

DIVIDER:

12

NOTES:

0 2 4 5 7 9 11

The edo interface also allows scales spanning mul-
tiple octaves to be defined. Use the “/” separator to 
extend the pattern into the next octave and con-
tinue numbering the notes from 0 within the new 
octave range. For example:

NOTES:

0 4 7 11 / 2 6 9

The scala interface provides the most flexible 
method of defining quantization, at the cost of 
slightly greater complexity. It is compatible with 
the Scala tuning file format developed by Manuel 
Op de Coul (not to be confused with the Scala pro-
gramming language). Scale steps may be specified 
as frequency ratios relative to the root note: either 
floating-point values expressed in cents or rational 
numbers.

With this interface, the unit is implicit, and the 
root note itself (which would correspond to 0.0 
or 1/1) is omitted from the definition. Instead, the 
final step that defines the scale’s repetition inter-
val must be included. For example, the following 
definition describes the 13-step Bohlen-Pierce 
scale, which spans an octave plus a perfect fifth, 
resulting in a 3:1 frequency ratio as the interval 
of equivalence:

INTERFACE:
scala
NAME:
Bohlen-Pierce
NOTES:
27/25 25/21 9/7 7/5 75/49 5/3 9/5 
49/25 15/7 7/3 63/25 25/9 3/1

Thousands of .scl files are available online, and they 
may be copied directly into the card (subject to the 
100-per-folder limit), where Skopje will treat them 
exactly like its native scale definition files. 

By default, the first step of a scale is referenced to 
0V. This may be changed using the scale origin: 
keyword followed by a specific voltage value, which 
can be fractional. Note that this does not define the 
lower limit of the scale, but rather an anchor point 
used to position the entire tuning structure with-
in the voltage domain. The implied cycles of tonal 
equivalence extend both above and below this ref-
erence point. For example, in a 12-tone equal tem-
perament scale, setting

SCALE ORIGIN:
-0.5 V

shifts the tuning structure so that the note located 
six semitones above the root corresponds to 0 V in-
stead of the root itself.

Skopje allows the output of quantized voltages to 
be constrained by a range system, together with 
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a defined policy for handling values that exceed 
the specified limits. Range control is enabled or 
disabled using the range limiter: statement, 
followed by on or off. When enabled, the range is 
defined using two keywords: range start: spec-
ifying the lower boundary in volts, and range 
width: specifying the span of the range as a val-
ue with an explicit unit. Handling of limits is de-
fined using range mode: followed by either clip 
or wrap. Example:

RANGE LIMITER:

on

RANGE START:

0 V

RANGE WIDTH:

120 10cent

RANGE MODE:

wrap

In this example, the output is constrained to a 
range spanning one octave, starting from 0V (as-
suming 10-cent units, 120 steps correspond to 
1200 cents). All values falling outside this interval 
are wrapped back into the defined range, preserv-
ing their relative offset within the scale structure.

QUANTIZATION ACCURACY  
AND HYSTERESIS

Every quantizer introduces some degree of error 
to the processed value, and these errors consist of 
several components. The primary quantization 
error (the difference between the original con-
tinuous input voltage and the resulting quantized 
output voltage) is intentional and intrinsic to the 
quantization process itself.

It is important to understand that quantization 
errors accumulate when a signal is quantized re-
peatedly. For this reason, quantizing voltages that 
have already been quantized (e.g., those from a 
MIDI/CV converter or a CV keyboard) should gen-
erally be avoided, as this may lead to unexpected-
ly large deviations from the original values.

In a real-world quantizer, the output voltages may 
additionally deviate from their theoretical values 
due to offset and gain errors introduced by the an-
alog circuitry surrounding the converters. These 
errors are usually minimized in the factory cali-
bration process. Another source of error is ran-
dom noise, which may cause the quantized value 
to fluctuate between adjacent steps.

Consider an input voltage located very close to 
the threshold between two quantization steps. In 
the presence of noise, the quantized output may 
switch rapidly and unpredictably between these 
neighboring values, producing unstable “flicker-
ing” behavior. To prevent this, practical quantiz-
ers employ hysteresis—a small protective mar-
gin between the thresholds used for upward and 
downward transitions (fig. 3).

In Skopje, hysteresis is dynamically adjusted to 
the current quantization step width and is set to 
approximately 20% of the distance between ad-
jacent steps.

PATCH IDEAS

• harmonized voice: Use two channels of Skopje 
configured with the same scale. Patch the same CV 
sequence to both CV inputs. Set the asgn function 
of channel b to trn and apply an offset voltage 

ACCURACY AND
HYSTERESIS

fig. 3: the principle of hysteresis
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to transpose the sequence before quantization. 
This will generate a harmonized variation of the 
original melody, shifted within the selected scale 
rather than by a fixed voltage interval.

• voltage-controlled chord progression: 
Prepare a bank of files with highly reduced scales, 
each containing only the notes of a single chord, 
for example, minor seventh, suspended fourth, di-
minished, or major ninth structures. Feed a con-
tinuously varying CV sequence (e.g., an output 
from a sequencer with portamento) into Skopje, 
and use the auxiliary input to scan through the 
scale bank. The same melodic contour is then con-
tinuously re-harmonized, producing progressions 
of arpeggiated chords.

• voltage-controlled harmonic morphing: 
Prepare a bank of several radically different 
scales, for example, a pentatonic scale, a just into-
nation scale, and a non-octave Scala tuning. Sum 
a slow periodic waveform from Batumi II with a 
stepped random voltage from another Batumi II 
channel (e.g., stepped random waveform in div 
mode) and patch the result to the CV input of Sko-
pje. Use the rect output of the second Batumi II 
channel, together with the nxs option, to switch 
scales remotely, once per cycle or over several 
cycles (using div mode). Because the harmonic 
structure and tonal position evolve independent-
ly, identical voltages originating from the period-
ic waveform are continuously reinterpreted into 
different melodic identities.

• dual quantized canon: Patch a slowly chang-
ing CV source to one channel of Skopje, and a 
phase-shifted copy of that signal to the other (e.g., 
utilizing Batumi in phase mode). Load different 
scales in each channel, for example: a pentaton-
ic major in channel a, and a pentatonic minor in 
channel b. Send both outputs to separate oscilla-
tors tuned to the same base pitch. Because both 
channels track the same melodic contour while 
interpreting it through different interval struc-
tures, the result behaves like a constantly shifting 
contrapuntal canon.

• scale-dependent rhythmic divider: Feed a 
fast sawtooth CV source into Skopje clocked exter-
nally from a steady trigger stream. Use the trig-
ger output generated on note changes as a rhyth-
mic source. Sparse scales with large intervals will 

suppress many transitions, effectively turning the 
quantizer into a rhythm extractor whose density 
depends on the selected tuning system. You can 
get specific rhythms by defining specific scales for 
this application.

• quantized chaotic feedback: Patch the 
quantized CV output back into the frequency 
modulation input of the source generating the 
original voltage (e.g., a stepped random from Ba-
tumi II), attenuated to taste. Use the trig out to 
trigger your VCA envelope. Using the wrap mode 
with a restricted voltage range causes the system 
to circulate through repeating trajectories con-
strained by the selected scale. Different tuning 
systems dramatically alter the stability and peri-
odicity of the resulting patterns.

• cross-quantized feedback network: Take 
the quantized output of channel a, attenuate it 
heavily, and mix it into the input of channel b, 
while doing the reverse from b to a (attenuated 
quantized output from b mixed into the input of a). 
Configure each channel with a different scale and 
restricted wrap range. The two quantizers begin to 
influence each other's available note choices, pro-
ducing semi-stable melodic attractors and abrupt 
transitions between repeating harmonic states.

• scale topology sonification: Feed a slow 
continuous voltage, such as a triangle LFO, into 
Skopje and derive the quantization error signal by 
subtracting the quantized version from the orig-
inal (e.g., using the polarity switch on Xaoc De-
vices Warna and mixing the resulting signal with 
the original, or by splitting the original signal and 
patching it to both the regular and the inverted 
input on Samara). Monitor this signal directly as 
audio or use it as FM modulation. Sparse scales 
produce long ramps interrupted by abrupt resets, 
while dense or irregular scales create more com-
plex patterns. The residual effectively becomes an 
audible representation of the geometry of the se-
lected tuning system. Note that the amplitude de-
pends on the quantization step width: finer quanti-
zation produces proportionally lower signal levels 
and may require additional amplification.

ACCESSORY

Our Coal Mine black panels are available for all 
Xaoc Devices modules. Sold separately. Ask your 
favorite retailer. •

PATCH  
IDEAS
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TECHNICAL 
SPECIFICATION

xaoc devices sp. z o. o. 
working class electronics 
made in the european union 
www.xaocdevices.com

width depth total current draw rev. power protect.

6hp
43mm (including cable 
bracket)

+65mA
protected

-15mA

inputs outputs

input a, b -5V to +10V output a, b  -5V to +10V

trig in a, b Any trigger or gate 
signal, 1V threshold

trig out a, b 5V, 5 ms trigger

asgn a, b -10V to +10V


