The Quilcom Phadex
Design
The Quilcom Phadex is a Phase Distortion Explorer. 
Phase Distortion (PD) is a synthesiser technique pioneered by Casio, who ventured to make synthesisers which operated purely in the digital domain, that is to say with no analogue filters or processing. It was in direct competition with Yamaha’s “FM” synths, especially the DX7, which also took a purely hardware digital approach to sound generation.
The DX7 made use of what is actually Phase Modulation (PM) which could modulate a sine wave’s phase with another sinewave or combination of sine waves, at audio rates and configurable frequency ratios. The Casio system took a different approach (the Yamaha system was patented), which involved reading out the waveform table of a cosine waveform table at a readout rate which varied over 1 cycle. So, for example, the first half of the waveform table could be read out faster than the second half, but the waveform completed in the same time to give the correct pitch. Distortion of the waveform is therefore in the time domain, rather than amplitude. The timbre is also different to synths that distort the amplitude curve of a waveform (like morphing a sine into a square for example).
Both methods can create higher harmonics according to the amount of modulation signal or distortion amount. By varying the amount of modulation/distortion, the sound of a sweeping filter can be approximated. However, the actual timbres produced by PD and PM are very different and both are different to an actual sweeping analogue filter. It’s generally recognised that PD is much easier to understand, predict and therefore to program. The downside is that Casio’s PD is much more limited in the range of sounds available.
I’ve provided a links document with the download, so you can investigate the theory in greater depth if you so wish.
The Phadex takes a broadly similar approach to Casio, but is considerably enhanced over the Casio version. With the Phadex you can choose any base waveform, so you’re not limited to just a cosine wave, and the Phase Distortion function (“Shape”) can be any shape you care to make. The amount of PD can be controlled and modulated between zero and the shape you create, giving a much wider range of possibilities. If you wish, you can also create a “window” curve which defines the amplitude of the PD wave over one cycle, and this can be any freely created shape too.
Casio had two identical generators called Line 1 and Line 2, and I’ve kept to that naming system. This means you can have any two PD sounds simultaneously, and also Ring modulate them together to give a sum and difference signal.
Unlike Casio, I’ve added a conventional “Sub” oscillator to each Line. This gives far more options. The Sub Osc in Line 1 can also receive Phase Modulation from Line 2 so you even have the possibility to create PM (“FM”) sounds with just one knob to set the amount. A varying sound on Line 2 will strongly influence the PM timbre from Line 1’s Sub osc.


Overview
[image: C:\Users\Rex\FLOWSTONE projects\Quilcom Phadex\Screenshot Line 1 and scope wave.png]
The row of 4 buttons just below the centre select the View in the upper area. 
So you can choose to view either Line1 or 2, the Effects or the Global settings which affect the whole synth. 
The COPY ALL TO LINE 2 button is very useful when programming new presets. The idea is that you get the sound you want on Line 1 and if you want the same or similar sound, say maybe just detuned on Line 2, the copy button makes it very quick to achieve.
What follows is a detailed description of all the available panels and features on the synth.
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This is a Phase Distortion oscillator with an envelope generator for the SHAPE (amount of PD) and the Volume of the whole Line.
You choose the base waveform and PD osc tuning on the left of the view:
The bars on the left choose the source of the base wave. In the image above, the curve for creating your own waveform is highlighted. If you click on RESET the waveform will be flat and centred vertically, like an empty scope trace. Then you can click anywhere on the curve and drag up or down on the points (nodes) where you clicked. To clear a node, just right-click on it. You can create a sharply linear shape or a curvier one with the SMOOTH button. A smoother curve will give less aliasing. I must give a big credit to Martin Vicanek who designed the curve creation system for a different project.

[image: C:\Users\Rex\FLOWSTONE projects\Quilcom Phadex\Load external wavs .png]
You can also load any external single cycle wav to act as the base waveform. Click on the BROWSE FOR FOLDER AND WAVE button and navigate to a folder of Wav files and select one of them. The browser will always start in the same location as the plugin, so it might be useful to keep your wav folders for this plugin there, for easier access. The whole folder’s worth of Wav files will then be available to page through with the arrow buttons, or you can click on the filename and select one from the dropdown list that appears.
I’ve supplied all the wav files made by The Adventure Kid and all the Prophet VS waves, kindly extracted by Manfred Plümer, with the download.
When you have chosen a wav file, it will be displayed at the top as shown above (with no .wav extension). Assuming you have UNLOCK selected on the preset manager, the wav data is stored in the song file for playing next time. Also you can now save or load a preset which will include the wav data. This makes it much easier to share any presets which made use of an external file, because the recipient won’t need to have the original wav on their PC.
[bookmark: _GoBack]When you select a different preset, the browser goes blank, to avoid any confusion about what file is being heard, but the wav previously chosen for the preset will still be shown at the top. If you want a different one then open the browser and carry on as before.
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Alternatively you can choose from a wide range of built-in wavs I selected, which should provide a good basis for experimentation. I should mention that the COS (cosine) wavs will sound a little cleaner than the sine waves. This is because the wrap-around on a cosine wave occurs when the rate of change is at a minimum, whereas a sine wave will be changing the fastest at this point and that leads to a little background noise most noticeable on pure bass sounds. I suspect that’s why Casio chose a cosine waveform!
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Back to the PD osc now…
If you choose to load a wav file containing steep or instantaneous changes this can lead to aliasing. To reduce this you can use the SMOOTH knob to reduce this. The little “scope” display shows the resulting smoothed wave shape. The smoothed wave display and the wave itself will only update when the SMOOTH knob is released. This is to reduce processing and noises caused by the smoothing process.
The SHAPE graph is where you create the curve that defines the PD character. It operates in the same way as drawing the waveform shape.
The X-axis represents the position through one cycle. The Y-axis is where you draw the index or position in the waveform. If you click on RESET the graph will clear all nodes and go to a linear 45 degree line. This represent NO PD, since as time progresses the waveform table is read out with no change to the table index. When you create a curve like that shown, the first part of the wave will be read out fast and the remainder slowly. This is the type of fixed PD curve used by Casio. But in the Phadex you can add nodes and curves freely to create many alternative shapes.
The amount of PD can be manually set and modulated. What happens is the SHAPE graph is morphed between a linear 45 degree graph (not seen) and the graph you created. So a higher setting on the SHAPE knob will give more PD and more harmonics. You can add to the basic shape setting with the Shape Envelope using the SHP ENV knob. The central position means no envelope modulation and can be set clockwise for positive modulation or anticlockwise for negative modulation.
The M-WHL knob allows you to control the amount of PD with the modwheel, again in a positive or negative direction. This can give a useful live expression possibility.  The SHAPE can also be modulated from the LFOs (see later).
Sometimes you might want to limit the high frequency component, or maybe reduce aliasing (if your settings generate aliasing). The TONE knob is basically a Low Pass filter which tracks the keyboard. Leave it fully clockwise for the brightest timbres and for simulating the Casio sound.

The WINDOW curve graph operates in the same way as the other two. A Window is basically a per-cycle envelope generator. With this you can define the amplitude of the single cycle as it progresses. This really extends the range of timbres. It was not controllable on the Casio synths which had just a few fixed windows available. One use of this is if you choose a higher frequency base waveform, say COS 7F and make a ramp-down Window, you get a sound similar to a ringing filter, which can be useful for making human-like vocal sounds.
If you click on RESET this window will be a flat line at maximum, so you get no windowing. If you want no sound from the PD osc, set this to a flat line at minimum. You might want to do this if you just want to hear the Sub oscillator.
The PD SCOPE is for the “scientists” out there. Since the Phadex is for PD exploration I thought it would be nice to see the waveform, and hear how it relates to the timbre. The scope is only for the PD osc, not the Line’s output. 
The SHAPE and VOLUME ADSR envelopes operate identically. The A, D and R knobs are logarithmic, so give finer control for shorter times. When the VELOCITY knob is at minimum the envelope output is always maximum. As you increase the setting, softer playing will reduce the envelope output. 
The VEL TO A knob allows your playing velocity to affect the Attack time. With the knob turned up, the adjusted Attack time will be reduced at higher velocities. This means you can set the system to give a faster attack, as well as other parameters like volume and brightness, for harder key strikes. To get this to work you have to set a longer base attack time so it can reduce this time for harder playing. It works well for string and brass sounds, and allows better simulation of real instruments and can enhance expression.
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Each Line has a SUB OSCILLATOR. The only difference between Line 1 and 2 is that the Sub on Line 1 has the PM knob. This knob introduces Phase Modulation (“FM”) with the whole output from Line 2 (pre-fader) being the modulator source. This simple one-knob system allows a huge additional range of timbres. The common standard waveforms available include noise, and you can also select the base wave chosen for the PD osc.
The TONE knob controls a tracking Low pass filter to provide more mellow variations. At maximum the LPF is turned off, to give the full spectrum from the chosen waveform and reduce CPU.
When the LEVEL knob is at minimum, the little orange indicator will extinguish and the Sub oscillator won’t use CPU.
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3 identical LFOs are provided and you select which one to view using the 3 buttons on the left.
The LFO engine was designed by Martin Vicanek and provides a generous range of waveforms. The FREQ knob is logarithmic to give finer control of lower frequencies. The range extends into audio, to enable inharmonic sounds.
The DELAY knob sets the time before the LFO signal is output and the FADE-IN knob sets the time over which to fade the LFO up. So you can set this to give a delayed vibrato which is introduced softly for example. 
The ON-TIME and FADE-OUT knob can operate to make a simple envelope for the LFO. The HOLD time is the total time the LFO output will be available. At the end of this time the FADE-OUT knob can ramp down the LFO signal. When using the HOLD please take into account any DELAY and FADE-IN time set, otherwise you may not get any LFO signal!
When the HOLD ON-TIME is not zero the HOLD label changes to show the time set and the hold timer is operative.
Example: Delay is set to 0.5 seconds. Fade in is set to 0.5 seconds, Fade out is set to 0.5 seconds. In this case the HOLD ON-TIME must be set to greater than 1.5 seconds for the envelope to provide the desired LFO signal.
Tip: The HOLD timer could be used to provide a short burst of LFO when a note is played.
The lower section of each LFO is where you set the amounts routed to SHAPE, VOLUME or PAN modulation destinations. The knobs are bipolar so in the centre position there is no LFO modulation sent. The rotation direction sends signals of opposite phases to the destination, so for example the Panning of Line 1 could go in the opposite direction to the Panning of Line 2; 180 degrees out of phase and from just one LFO.
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The MIXER allows you to balance the levels and panning from Line 1, Line 2 and the Ring Modulator (RNG-M).
The Ring Modulator takes its 2 inputs from Line 1 and Line 2 pre-fader. This means you can turn down Line 1 and 2 to minimum so you just hear the Ring Modulator.
The buttons below allow you to turn on and off the 3 elements for auditioning purposes, or to save some CPU. Note: For the Ring Modulator to work you need Line 1 and Line 2 turned on.



[image: C:\Users\Rex\FLOWSTONE projects\Quilcom Phadex\Preset Manager.png]
This is the preset manager. The top line is a selector where you choose the preset. You also have arrows to page through them. MENU gives you the file management options so you can save/load individual presets or banks and copy/paste presets to a new slot.
You can only rename a preset when the right hand button is showing UNLOCKED. While unlocked, the DAW will save any new adjustments in the song file. If you just wish to experiment but keep the original settings, change the button to LOCKED (as shown).
Each preset can have a free descriptive or reminder text, and this is entered in the large lower box. The text is cleared when you RENAME a preset, but you can copy and paste it back in if you wish to keep the text. Do not use the Enter key to get a carriage return or newline!

[image: C:\Users\Rex\FLOWSTONE projects\Quilcom Phadex\Recorder.png]
I had good feedback regarding the ability to create samples from my B-2 series of percussion synths. The request was to include it on any future synths, so I have! In the case of the Quilcom Phadex, the CPU can be quite high, so you have the possibility to record the sound to play in your favourite sampler at much reduced CPU.
The recorder is at the very end of the signal chain, so will record exactly what you hear.
Operation is simply to set the recording TIME, click ARM, then play your desired note, at which point the recording will start with no delay. After the progress bar has completed, just hit the SAVE button to save the sound as a WAV file using the normal Windows system. If you get it wrong just re-arm and repeat because the recording is overwritten.
Note that it seems to take longer to write the file than the actual length of the sound, so wait a few seconds before trying out the newly created WAV.
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The synth’s output volume is set with the VOLUME knob (!).
Either side is a vertical bar graph which gives an indication of the average peak value. The meters are not calibrated, so if you need more precision the DAW’s meters should be referred to.
If there is a brief excursion into clipping, the knob’s centre ring will turn red and hold for 1 second, since very short duration clipping can be easily missed on the meters.
It can happen that notes very occasionally stick on. I’ve occasionally had this happen with pro synths! If you click the RESET button the synth is cleared and the stuck note becomes unstuck.



Effects
[image: C:\Users\Rex\FLOWSTONE projects\Quilcom Phadex\Screenshots\Effects view .png]
There are 3 effects available. Of course you will already have your own favourites, so these can all be turned off with the name strip button, and will then use no CPU.
The signal flow is from top to bottom.
MV KORUS is a really advanced and rather special sounding chorus made by Martin Vicanek. It creates the sound of multiple chorus systems running together to give a really dense and satisfying sound. As you can see, you control the nominal modulation rate, the width of the stereo field and a mix between the dry and wet signals.
Next comes an Echo system which uses the analogy of tape heads. DELAY sets a nominal base delay, which you could say represents the tape speed. You can mix the levels of the incoming live signal level with the 4 virtual heads. When the SPREAD knob is central, the delay between heads is equally spaced. Moving the SPREAD knob either way offsets the spacing of the “heads”, so the delays are unequal between them. This can give a thicker and more complex echo, possibly with a rhythmic component. FBACK sets the amount of feedback from the output to the input, so controls the length of the echo tail. If you increase the DAMP knob, the higher frequencies will be reduced, thus simulating a real tape echo system whereby each repeat is duller than the previous one.
The final effect in the chain is the MVER 7B, again by the excellent and talented Martin Vicanek. 
 The FREEZE button will hold the reverb tail at its current decay point indefinitely, and new input will then not add to it.
There are 3 options for a gated reverb. NO GATE is shown, but you can choose either GATE 1 or 2 which have different durations.

GLOBAL
[image: C:\Users\Rex\FLOWSTONE projects\Quilcom Phadex\Screenshots\Global view.png]
This panel sets parameters which affect the whole synth.
PITCHBEND selects the amount of semitones the Pitchbend wheel will operate over.
POLY can also be set to MONO. In Mono mode a button will appear to turn on or off the option to HOLD the last stolen note. A knob will appear where you can set optional Glide (Portamento) time which is only valid for mono mode. See later for more info.
CHROMATIC can be turned on or off. When off, any pitch bend will be smooth. When CHROMATIC is turned on, the pitch change will be in semitones rather than smoothly changing.
PIANO STRETCH, if turned on, will slightly sharpen the higher notes and flatten the lower ones, based on information from professional piano tuners. This means that when you play octaves you’ll get a very small beating instead of being phase-locked. You would also hear something like this with analogue hardware synths, which never track perfectly over the keyboard span.
Top right is an LFO dedicated to Vibrato (True FM), although the frequency range goes into audio. You can set an onset delay time and a fade-in time. The FM knob sets the amount of vibrato. If you don’t need this LFO, turn the FM knob to minimum, whereupon the little orange indicator will extinguish to show no CPU is being used by the LFO.
The Global panel provides a simple method to bring in vibrato with the modwheel, which is the most popular use of the modwheel. The modwheel can control the level of a dedicated sinewave LFO where you can set the frequency only. If the knob is at zero this dedicated LFO is turned off, so uses no CPU.
The global pitch envelope can be turned on and off with the label button. When turned off, the envelope doesn’t use CPU. The envelope itself is simply Decay only, so it starts at maximum output and decays towards zero. The DECAY knob sets the time. The –AMNT+ knob sets how much the pitch bends up or down to the played note. When set centrally the pitch envelope has no output. The VEL knob allows the note velocity to control the amount of pitch bend from the envelope. When set to minimum the pitch envelope is always at maximum. As you increase the VEL setting, softer-played notes will produce less pitch bend from the envelope. This simulates real instrument behaviour, like drum skins for example.



[image: C:\Users\Rex\FLOWSTONE projects\Quilcom Phadex\Screenshots\Glide knob.png]
This image shows the panel when MONO mode is selected. The GLIDE knob becomes visible, but glide is only active when the knob is set above zero, as shown above. In this case a droplist selector becomes available with 4 options:
· TIME is a fixed time linear glide, so the time between any two notes will always be the same.
· RATE is a fixed rate linear glide, so the glide time will be longer between notes further apart.
· EXPO is an exponential glide, like you would get with an analogue synth which uses an R-C network for gliding. The rate slows down as you approach the destination pitch.
· MOOG simulates a Minimoog glide. Here the last note played, even if released, provides the starting point for the glide. The asymmetry of the glide (up/down time) is modelled on data from the original. This one feels and sounds the most natural to me, but maybe it’s what I got used to hearing in my youth (a long time ago!).


image5.png
000—"'

OCTAVE SEMI  FINE ToNe YeveL
SuUB OSCILLATOR




image6.png
08Hz 0.00S 0.00S HOLD 0.00S

QO O 0 ©

FREQ DELAY FADE-IN 6N-TIME FADE-OUT

LINE 1 @ @ @

SHAPE VOLUME PAN

LINE 2 @ @ @

SHAPE VOLUME PAN




image7.png
MIXER




image8.png
>

This most simple preset
allows you to explore basic

Phase Distortion. Only one
LINE is used and a little
reverb added. Mess arounf
with it to get a feel for the
technique.





image9.png
WAV 5.00 S

©

TIME
RECORDER




image10.png
VOLUME




image11.png
© 0 e

RATE

WIDTH DRY-WET

HEAD1 HEAD2 HEAD3 HEAD 4 50%  20000Hz
LEVEL LEVEL LEVEL LEVEL FBACK DAMP

LIVE
LEVEL

©0 00000 0O

325mS HEADS
DELAY SPREAD

398

@00 @ ®©

PRE-DLY TAIL

WIDTH DRY-WET

DAMP





image12.png
0 0 0

OCTAVE SEMI FINE

48Hz 0.00S 0.00S

0000

FREQ DELAY FADE ° FM

LFo [SNER

0.0 Hz

000e

IWHL DECAY- AMNT + VEL

GLOBAL




image13.png
48Hz 0.00S 0.00S

o 0000

GLIDE FREQ DELAY FADE
WSS iro pummswEn
0 0 0 0.0 Hz
00 [ORORCED]
OCTAVE SEMI FINE MWHL DECAY- AMNT + VEL

| PIANOSTRETCH [__PITCHENV |
GLOBAL




image1.png
PHASE DISTORTION

SHAPE SHPENV M-WHL TONE

WAVE SHAPE WINDOW PD SCOPE
0 0 0
©00 0000000 ©O0Ce00
OCTAVE SEMI  FINE VELTOA A D R VELOCITY  VELTOA A D R VELOCITY
SHAPE ENVELOPE VOLUME ENVELOPE
0 0 0
0O00===00@ |NE1

SUB OSCILLATOR

EXPLORER

< >
s WAV 5.00 S

08Hz 0.00S 0.00S HOLD 0.00 S MENU LOCKED O

LEVEL  LEVEL  LEVEL
TIME
o o o This most simple preset

FREQ DELAY FADEIN ON-TIME FADE-OUT allows you to explore basic RECORDER

PAN PAN PAN PD. The SHAPE env
modulates the amount of

Phase Distortion. Only one
LINE 1 LINE is used and a little
MIXER reverb added. Mess arounf
SHAPE  VOLUME  PAN with it to get a feel for the

LINE 2 o o o @uiLcoM Bicee
e Phadex PRESET MANAGER

VOLUME




image2.png
PHASE DISTORTION

SHAPE SHP ENV ~ M-WHL TONE

WAVE
SMOOTH

T

WAVE SHAPE WINDOW PD SCOPE
0 0 0
OCTAVE SEMI FINE VELTOA A D R VELOCITY VELTOA A S R VELOCITY

SHAPE ENVELOPE VOLUME ENVELOPE




image3.png




image4.png
OCTAVE SEMI FINE




