The Mutant Vactrol Filter

The Mutant Vactrol filter is a fun little filter. It’s definitely got a sound of its own —
make that many sounds of its own if one builds the deluxe switchable model of it. I've
gotten pure, ‘majestic’ tones out of it, and I’ve gotten tones that seem to be intent upon
shredding speakers/ears. And, of course, there’s an entire range in between those two
extremes. Being a Vactrol filter, particularly based off of the VTL5C3/2 optocoupler, it
has its own electro-acoustic qualities. The attack can be fairly fast, but never as fast as a
filter based off of OTA’s, Transistors or Diodes. Instead, one gets a pleasing ‘Thwip'.
The initial release is even a bit slower, contributing to the effect.

There are actually four variants of the filter — a low pass, a high pass, a band pass and (as
mentioned above) the deluxe switchable variant of it, which allows one to have all of the
responses in one filter.

Each variant of the filter provides 12 dB and 24 dB tap points. There are two variable
signal inputs (more can be added) and three control voltage inputs (again, more of these
can be added). One control voltage is a ‘Volts per Octave’ input, and is unattenuated.
The second control voltage input has a level control on the input. On the deluxe version,
the third control voltage input is passed through an attenuating inverter circuit so that it
both controls the level and phase of the control voltage — rotating CW will increase the
signal level; rotating CCW will increase the signal level and flip the phase 180 degrees.
Center position is fully attenuated. On the LP, BP and HP versions, this control is a
normal attenuator.

An extra switch control is added that allows optional negative half clipping to the internal
resonance signal — this allows a smoother resonance control, while unclipped will allow
the resonance more free-reign for self-oscillation. The switch adds more
timbral/functional variation to the filter.

The Mutant Dissected

The Mutant Vactrol filter is based upon the Sallen-Key structure of the Buchla Low Pass
Gate. It is essentially two LPG circuits in series with resonance sourced from the second
of the two sections. In place of the usual CV control circuit of the LPG, an expo control
circuit has been used instead. The resonance signal is run through a diode/op amp
limiter. An additional switch is added, which allows one to clip the lower half of the
resonance signal, providing a more controllable, less self-oscillation prone resonance
when desired.

The expo control was borrowed from Rene Schmitz’s VC0O4069 circuit. The resonance
limiter was taken from Rene’s Late MS-20 Filter design.

This document includes four variations of the Mutant Filter:

The low pass version is the unaltered dual series LPG sections, with resonance tapped
from the last stage, run through the clipper circuit, inverted and mixed with the input.



Running the two sections in series creates a 24 dB low pass response at the output. The
first stage is tapped for a 12 dB response output, but the resonance is still tapped from the
24 dB output of the second section.

The band pass version injects the input signal into the first LPG section at a different
point, creating a 12 dB high pass response. The second stage is left in the original low
pass mode, forming a band pass filter when the two sections are used in series. On this
version of the filter, the resonance signal is mixed back into the input non-inverted. The
12 dB band pass response of the first section is available at the tap point between the two
sections, however the resonance is derived from the band pass response at the second
section.

The high pass version injects the input signal into the high pass point of both sections,
creating a 24 dB high pass response at the output of the second section. As with the band
pass version of the filter, the resonance signal is mixed back into the input non-inverted.
The 12 dB band pass response of the first section is available at the tap point between the
two sections, however the resonance is derived from the high pass response at the second
section.

The Mutant VCF version incorporates all three configurations with the addition of a
mode select switch and supporting circuitry. It also adds a switch to direct the taps to one
output.

Notes

First of all, when I pronounce any response to be 12 dB’ and ’24 dB’, I do so because I
know the original LPG is a 12 dB filter. Cascading two 12 dB filters will yield a 24 dB
response. | am under the assumption that with this topology, in high pass mode, it is also
in 12 dB high pass mode per section.

The resonance from two cascaded low pass sections worked fine when it was inverted. If
the first or both sections are made high pass, the resonance worked better non-inverted.

The resonance is mixed at a 1:1 ratio in lowpass mode, and is reduced by half from this
level for the HP and BP modes— I found this to be necessary to keep the output of the
filter within acceptable limits when high resonance was used. If one wishes to have a
less overbearing resonance, then R5 (and/or R8 in the Mutant VCF version) can be
increased. I started out with 200K and settled on the 100K/150K combination.

I further provided a switch to allow one to optionally clip the lower half of the resonance
signal. This results in a pleasing, more controllable resonance. It’s less prone to self
oscillation, and sounds less ‘trebly’ when used. When the resonance is not clipped, the
filter can more easily be put into self-oscillation and will provide more ‘wild’ timbres.
The control can be eliminated and the resonance can be either constantly clipped or non-
clipped instead. Irecommend this control because it gives one access to more ‘standard’
filter sounds, as well as a wilder resonant sound under certain settings, particularly from
the high pass taps .



The LP, BP and HP versions of the filter use an extra op amp section to buffer the
resonance signal so that the clipping diode can follow a current limiting 100K resistor.
The deluxe, mode switchable version uses this section for the inverting attenuator on CV
input 2. Both CV inputs of the LP, HP and BP versions do not have this control (it can be
added using an extra op amp — very desirable).

For each section, the high pass response is created by injecting the signal into the
normally grounded 1000 pF cap/4.7M resistor pair and grounding the normal low pass
input. The high pass response can be quite aggressive with a high resonance setting (read
increased volume).

Switching each section from one mode to the other would require a DPDT switch for
each section. Switching from low pass to high pass also requires switching the resonance
insertion point, which would also be another SPST switch. I did not want to get into a
DG/Max type switching IC, nor did I want to get into converting a CD405X type of
switch to handle the bipolar signals, so I opted for an unusual mode switching
arrangement on the Mutant VCF version. I’ve never seen it used, so [ imagine there’s
probably some easier way of doing things. As it stands, the parts are easy to come by,
and work just fine with my filter.

For the two filter sections, the signal and ground must be swapped around. The
resonance must also be switched to the non-inverted input if the mode is anything other
than the Low Pass configuration.

For the two filter sections, I split the audio signal into two paths. Each path goes through
a 100K resistor to the input of a voltage buffer, formed by a section of a TL072 op amp.
When desired, the input of the buffer is grounded using SW1, which is a C&K 7211
DPDT On-On-On switch, while the opposite buffer input is ungrounded. This allows the
‘ground’ and ‘signal’ to swap places. I used N channel FETs to swap points A&B,
because the ground signal had to be common at two different points. This prevents the
resonance and first stage buffers from having a common connection.

I was concerned that this method may dump noise onto the power rails, or require more
current than the TL0O72 was able to accommodate, but I have had no probiem using this
system. No hot parts, no noise. Iincreased the size of the power supply filtering caps in

anticipation of any sudden voltage needs from the supply.

There is one adjustment to the filter, and that is the V/Oct trimpot. The term ‘V/Oct’ is
used a bit loosely here — Rene’s design does a very good job, it’s the Vactrol that’s the
variable here. Still, a very decent tracking response can be had. To tune it, I just set it to
a low audio self resonance and key in two notes an octave apart, tweaking the pot until
there’s an octave of separation in the resonant signal.



Operating the Mutant Vactrol Filter
Each version of the Mutant Vactrol Filter has the following controls and connections:

Frequency — Potentiometer for selecting cut off frequency

Resonance — Potentiometer for setting resonance level

Input Level 1 — Potentiometer for setting input 1 signal level

Input Level 2 — Potentiometer for setting input 2 signal level

CV1 Control — Potentiometer for setting CV 1 level

CV2 Control — (Normal Potentiomenter Control on LP, BP and HP version,
Potentiometer for inverting/non-inverting and setting signal level of CV 2 for Deluxe
Switched version of the filter).

Res Clip Switch — Switch for selecting clipped or non-clipped resonance.

Signal Input 1 — Audio Input 1 Jack

Signal Input 2 — Audio Input 2 Jack

CV Input 1 — Control Voltage 1 Input Jack

CV Input 2 — Control Voltage 2 Input Jack

V/Oct Input - Unattenuated Input Jack for Filter Tracking Control Voltage

Tap 1 Output — Output Tapped From First Filter Section
Tap 2 Output — Output Tapped From Second Filter Section

Additional Controls for Mutant Vactrol VCF (Deluxe Version)

Mode Switch — Three position Toggle Switch for Setting Filter Mode
Tap Switch — Two Position Switch for Selecting Tap Output
Tap Out — Signal Either From Tap 1 or Tap 2 as Selected by the Tap Switch

Note that any of the filter variants can have the Tap Switch and single tap output, or the
two tap outputs, or a combination of the three. For additional outputs, connect to Pin 7 of
U1 through a 1K resistor for each additional Tap 1 output, and pin 14 of U1 through a 1K
resistor for each additional Tap 2 output.

On the deluxe version, the various responses are available as follows:

Mode Switch | Tap Switch Mode
LP Tap 1 12 dB Low Pass with Resonance Tapped From 24 dB Low Pass Out
LP Tap 2 24 dB Low Pass
HP/BP Tap 1 12 dB High Pass with Resonance Tapped From 12 dB Band Pass Out
HP/BP Tap 2 12 dB Band Pass
HP Tap 1 12 dB High Pass with Resonance Tapped From 12 dB High Pass Out
HP Tap 2 24 dB High Pass

© 2006, Scott Stites




%6 say

B Jeaut
el 49 Jp IL muomﬁ
£ it [
6 20 223
07 @S I hmam ﬁzm [l 1 vee1 el
AETIRS S~ H €y
ven 1 gz 5001 A 2 nduy Teubrg
30UeU0SaY 3= xssa 22071 AN T
vad gen o4 Yool o
(Y Z
KK 2% g2on [° xooﬁMw Jesut ool
8vIbNT 20-10 | 90 ST +Q Year b ON\Uen v "y
DD 2
4N
€r 20 1a .wmw
uJ_mv wmﬂ 1 andang 1 andup reubts
1 21y
923 3
301 3d 2y
A% UMH scl I
ey d ok
36 002 49 gaz L AN B8 o1
3 61
\\\ﬂwxxn\md _w = || “MM et
— AN 2071 “1. 3 9027 ad ez —— VW
1 vﬁz///mmmw MLAA 207 01 Z L I sty
22y et Wb 8 amn ovd PNk I
2 3ndang 4d gee1 | o2y 2s€3S71n 2lA a1 2 a1n "y
¥ e M WY o sen
W't N
4d geat | 91 2/€3G71LA TLA \J///////Lm
12
ian 1°0 13 63
ASE 4N @1 87 ‘20
en an  1n nsl-
b uld v uid 11 uid »
13 213] e13] 8I pug
T TTT4
et 113 e3 2L
.q” wa “Hm‘.Hs ST
Bend B oyd rpHd 3%7 WrJd) 8ne390/A /@/& JeBUTT YOS
sSuU01308uU0) A1ddng Jamod - NOT1 1€y
25 6% sneq 2na 2 ndur A7
HOGENS 906EN2
20 18 Aouanbaug 1e131U]
ATug asn J1eq et
S93131S 33005 G2 () \_ Wi Y11 oey
1°1 nay mt,NVv 11y 823
AST+ NS+ ABTT  1ana 1AD
jueqny ssed moT = R <, eutT e
¢ vV
AR andur 300/h
AST+ 22y

1 andul AJ




. dr1g say ~eaut yeal
81 H ;
4d 2
222
e m_wmm ¢ m/ 1sds H_mlm”NE | I oot < v23
Am 221l VW, mﬁw////// £y 5 5
1
aoueuosay I¢m3 ! 0ot 22010 Jeat )\/\’ NaS1 2 Induy Teubtrg
e v2d Jeal (Y
I_A_l_A_I_AI P
x0T <
8PIPNT 20-1d _mn sa va ou Aw; gmmc«4~uooﬁ
an 1
ea ,WM> 1a .
39 2v XS 1 3ndang 1 anduy [eubts
1 213
o 49 2p
01 AAA 11
A% H o 1
12y d S27
4000 d ezz — 81y 1
1L [ET "w = u»m d ’ST
2071 49 0826 44 gog L AW
v PN\ 1N €3 22 STy
At + VWAAN %001 d [l
22y el W2'b 8 i ovy o 1
2 andang 4d 9001 223 27€3S71LA 21hA a1 2 amn uv mo.m.
2 +ls VWA 001
Wl 1 91N 6y
4d goot | 91d 2/€3G711A TLA B
12
" 1°9 $13 - 63 i
ASE 4N BT 83 ‘L0
En 2n 1N nsi-
b Uuid $ uid 11 uid 0
v1a] 213] @13 8IL pug
T TT1T7T2%
et 113 e3 <l
T_1 T 7T )
g Uid g uid b uld v AS°T
enoenn AST+ wraL m:waoo\>.//mmm Jeaut 3@g
suo1308uuo] Atddng uamod AT Na11 1€y
»/L cgd 62 lane1 2na 2 andur AJ
HBEENS 9B6EN2
T 20 109 Aouanbau4 1eTqTUl
hiug osn Jte- Jeout o2
S93135 33098 S@R2 (D i M acy
111 oo 2]
AST+ ASTH b
queqhny ssed pueg S 10 19 ] eour s
110 2|
A%
v 3011 ndul 3004
AST+ 224

1 gndur AJ




%81 aJo say

Jeaut ygal
4d 2 2y
€1y 4d 2% ﬁN__Q HH_S .
607 2a 223 :
s Se o+ Eﬁ_w s [l H Yool eI
b1y 22071 A N ol ndup Teubt
aoueuosay ven 1 5001 Jeat AAN yast 2 Indup reubtg
2 2y W ¥
_ _ _ _ 3001 < Jeaut
svIvNT 20-1q | 90 SO +C o A..._ .Jh@m:
4n 1
€@ 20 1d .
49 2b Ad 1 andang 1 qndul eubrg
i 21
922
01 A “a_ R
AN o 1
12 S22
d 34 00lt 4 9o L oty e
o T S3 AAA v.mﬁ
el " 21y 1d @b
beoL 4d @22 L
R T e | Al 2 7
eed <t Wb IT] e I
ndan d 2/€3G87LA 2LA a
e andana #0005 5 uém . ,>>\J>>\I|mw FeoL oot
W b 1N 65y
T 4d geat | o1y 2/€3671LA TLA <
&)
" 1°9 $13 - 63
AGE 4N @1 83 20
en 2 1n nel-
b uild p uid 11 uld ¢
v13] 212 @13 8 pug
T TT1T7T2%
el 113l eal L
ml_:IE mlHSla Hilﬂ v Widl ene1s AS°T
en 2n mn ST+ Tal 300/4 Am JBAUTT NES
suot308uuo] A1ddng uamod AT o1l 1ed
2cy 62 enen 2n0 2 andul AJ
POEENS 906ENZ
20 10 Aouanbau4 1E13tU]
ATug osn Jreq uonboud |
S93135 33095 S@R2 (J) MY aca
i1 o e
AST+ AST+ AoT1
queqn| ssed YbtH S 1 19 ] seour s
A'AY
v dot1 ndul 300.4

AST+

22y 1 andul AJ




Mutant Filter LP, BP or HP Parts List

The following parts are used in the LP, BP and HP only versions of the Mutant Filter

Capacitors

C1,C4 1000 pF Polystyrene (2)

C2,C5 220 pF Polystyrene (2)

C3,C6 4700 pF (2)

C7,C8 10 uF 35V Polarized Electrolytic (2)
C9-C14 0.1 uF Ceramic (6)
C21,C22,C25,C26 47 pF Ceramic (4)

C23,C24 1 uF Polyester (2)

Resistors

R3-R7,R9,R24,R39,R40 100K (9)
NOTE: FOR BP OR HP CONFIGURATION, RS = 150K

R10 1.5K (1)

R11 M (1)
R12,R17,R21 10K (3)

RI3 1.8K (1)
R15,R19 15K (2)
R16,R20 4.7M (2)
RI18,R22 1K (2)
R26-R29 110K (4)
Potentiometers

R1,R2 100K Linear (2)
R14 S0K Log (1)
R30 20K Linear (1)
R23,R31 50K Linear (2)
R32 1k Trim (1)
Semiconductors

D1-D7 1N4148 (7)
Q1 2N3906 (1)
Q2 2N3904 (1)
Integrated Circuits

Ul TLO74 (1)
U2,U3 TLO72 (2)
Optocouplers

VT1,VI2 VTL5C3/2 (2)
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Deluxe Mutant Filter Parts List

The following parts are used in the full blown, mode-switchable Mutant Filter.

Capacitors
C1,C4

C2,C5

C3,C6

C7,C8

C9-C20
C21,C22,C25,C26
C23,C24

Resistors
R3-R9,R33-R44

R10

R11
R12,R17,R21,R24,R25
R13

R15,R19

R16,R20

R18,R22 R45,R46
R26-R29

Potentiometers
R1,R2

R14

R23

R30

R31

R32

Switches
SW1
SW2
SW3

Semiconductors
D1-D8

Q1

Q2

Q3-Q6

Integrated Circuits
Ul
U2-U6

Optocouplers
VT1,VI2

1000 pF Polystyrene (2)

220 pF Polystyrene (2)

4700 pF (2)

47 uF 35V Polarized Electrolytic (2)
0.1 uF Ceramic (12)

47 pF Ceramic (4)

1 uF Polyester (2)

100K (19)
1.5K (1)
IM (1)
10K (5)
1.8K (1)
15K (2)
4.7M (2)
1K (4)
110K (4)

100K Linear (2)
50K Log (1)
1M Linear (1)
20K Linear (1)
50K Linear (1)
1k Trim (1)

C&K 7211 DPDT ON-ON-ON (1)
SPDT ON-NONE-ON (1)
SPST ON-NONE-OFF (1)

1N4148 (8)
2N3906 (1)
2N3904 (1)
MPF-102 (4)

TLO74 (1)
TLO72 (5)

VTL5C3/2 (2)



