STATE VARIABLE

FILTER

Choose one of seven filter
responses with this voltage
controlled state variable filter
design by R.C. Blakey for your
Project 80 modular synthesiser.

pass, high pass, band pass and notch filtering cap-

abilities. The first three responses are available as
both two pole (12 dB/octave) and four pole (24 dB/oc-
tave) filters. Manual and external control of resonance is
included.

T he Voltage Controlled State Variable Filter has low

Design Features

The state vanable tilter using thiee operational
amplitiers as shown i Frg 1 probably tamiliar to most
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Fiy. 1. Circuit diagram of a state variable filter using three op amps.

~ Asimplewaytoconvert this into a voltage controlled
filter 1s to interpose  operational transconductance
amplifiers (eg CA3080) prior to the two integrators
around 1C2 and IC3. Voltage control of Q (or resonance)
can also be obtained by using an OTA in the teedback to
the non-inverting input of ICT This is the basis of the pre-
sent design Such a filter gives 12 dB/octave low and high
pass responses and second order band pass response. By
placing two such filters in series it is possible to increase
the roll-off characteristics by a factor of two. In practice
however, this is often difficult due to component
mismatching which results in uneven roll-oif
characteristics The problem has been minimised in this
design by using a customised integrated circuit from
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Solid State Micro Technology for Music, namely, the
SSM2040. This device contains four closely matched

transconductance amplifiers and an exponential
generator which is common to the four cells. For
resonance control the relatively new LM13600, dual
transconductance amplifier, is used in the feedback of
the two stages of state variable filters. Both manual and
external voltage control of resonance is provided and
while these controls are additive the maximum useful
range is our standard 0 to 10 volts into 100k

Seven filter responses are avarlable, one at a time,
vid o selector switch = Tow pass (12 and 24 dB.octave),
high pass (12 and 24 dB.octave), band pass (2nd and 4th
orders), and notch. The low pass and high pass outputs
are 180° out of phase and so combining these outputs
results in a notch. A notch tilter 1s of imited use in syn-
thesis since the ear only responds to frequencies present
and not to frequencies which are absent. The latter may
sound rather obvious but since the notch filter allows
most frequencies to pass the ear cannot detect the dif-
ference between the original and filtered signals, except
in some exceptional circumstances or unless the notch is
fairly wide

The filter has three signal inputs and the combined
signal should not exceed 10 volts peak to peak An at-
tenuating potentiometer has been provided on one of the
mputs and if mixing of signals s required then external
attenuating controls can be used The nilter has approxi-
mately unity gam at maxmum resonance feedback

Frequency response control s obtained using the ex-
ponential converter within the $SSM2040 and an at-
tenuating network with adjustment, allows the 1 V/oc-
tave charactenstic to be obtamed Imtial frequency
{zero control voltage) s set to approximately 20 Hz and
the filter has a 1,008 1 control range Control Input 1 1s
used for keyboard mput. Control Input 2 has an at-
tenuating potentiometer tor use m conjunction with an
envelope shaper, etc o Coarse control provides manual
sweep over 10 octaves and a Fine control is included for
more accurate nitial setting and has an dd|u~tment

range of one octave Temperatice stability should not be
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Fig.2. The voltage controlled state variable filter can be built into
this Teko Alba case (see Buylines) as a ‘stand alone’ project.

a problem under normal circumstances It required,
however R47 may be replaced by a Q81 1k, 19
temperature compensating resistor

Construction

The tirst point to note 1s that the SSM2040 outputs
(OUT, CAPACITOR and IN) are not short circuit pro-
tected and shorting any of these to either supply will
generally blow the circuit, although connections to
ground can be tolerated for several seconds. Some addi-
tional resistors have been used to provide additional
safeguard in the latter circumstances. Take particular
care on both the orientation of this IC and when any pro-
bes are connected to components on the PCB, for
whatever reason

Identify and solder the seven wire links before in-
stalling  components  The  capacitors  around  the
SSM2040 will accept both preformed (as tlustrated) and
normal polystyrene capacitors. When all components
have been installed. the two holes remaining around 1C1
are for installing a Q81 temperature compensating
resistor, when required The manual resonance control
(RV2) may be wired via the jack socket used for the exter-
nal resonance control such that the former is disabled
when external control s in use. The manual and external
controls may also be wired up independently but no in-
crease in gain will be achieved when their combined
voltages exceeds the equivalent of about 10 volts into
100k, eg manual control half wav and five volts external
input. In fact the resonance will begin to decrease
somewhere above 10 volts

The most complicated task s wiring up the switch

but this should not pose any problems 1t reference s
made to both the circuit diagram and the PCB fayvout

Setting Up And Calibration

First adjust the module to achieve the seven filter re-
sponses. These can be readily observed on an oscillo-
loscope by using the VCLFO and VCO as a sweep fre-
quency generator, as described for the 80-6 filters There
are, however, only two adjustmenst to make in order to
ensure that the seven responses are present (assuming no
wiring errors) and these can be made by ear with the aid
of an amplifier. as shown below

CONTROL SIGNAL
INPUIT SINL INPUT

~ ?
VCLFO 4 veo ~ FILTER
80 3 BC 2 80 7

SAWTOUTH

AMPLIFIER

Fig.2. The seven filter responses can be inspected with the circuit
shown above.

Set Coarse frequency controls on VCLFO and filter 80-7
to mid position and to zero on the VCO. With the edge
connections of the filter facing you and the components
uppermost set the wipers of both PR1 and PR2 to about
the 9 o’clock position. Put selector switch on BP2 output
and slowly turn PR1 anti-clockwise. Initially there may
be no output but then a low pass output will be heard
Further rotation of PR1 will result in a fairly abrupt
change from low pass to band pass and this is audibly
obvious. PR1 should be left at this setting. Now switch to
LP4 output and turn PR2 slowly clockwise Initially
nothing will be heard and then a fow pass response PR2

® ) K
VC.STATE VARUABLE FILTER

If you wish to build all ot the
Project 80 moduies and instalt
them in a single case with key-
board, mount the PCB on this
front panel. At the end of the
series you'll have a matching
set.

RESONANCE FUNCTION
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.2. Circuit diagram of the state variable ﬁl&er.

HOW IT WORKS

~

The $SM2040, VCF produced by Solid State Micro Technology
for Music, contains four independent filter sections which may
be intert cted to provide a wide variety of filter resp

Each section tains a tra duct -amplifier foll d by
a buffer and by using two of these sections with an external op
amp a state variable filter may be realised as shown below.

Fig.3. Using the sections of the SSM 2040 and an op amp
to form a state variable filter.

The signal levels into the gain cells should be limited to
2mV RMS and since R2 should be 200 R for optimum control
rejection then R1 is 10k with a 1 V signal at the op amp output.
The equivalent input noise for the SSM2040 is 0.5 uV RMS at 20
Hz to 20 kHz so a signal to noise ratio of about 90 dB is achieved.
In the first state variable filter section around 1C3a, 1C2, IC1a and
ICth &' 10 V signal into R1, 2 or 3 is reduced by IC2 and R4 to

'pfoduc'e'» ;:;e 1V hj‘:i:h attenu.a:.i; g:;islor l;eltwork RS, 6. The
pole low pass; high pass and hand pass filter responses are
m"d and a notch produced by combining the low and high

pass outputs which are 180° out of phase. These four outputs are
connected to the rotary switch, SW1a and the signal restored to
its original level by R49, R50 and IC5b. The signals are AC coupl-
ed into ICSb to.remove any DC offsets. . s

resas

yw pass, high pass and band pass outputs from the:first:i:
‘alsd’ separate r;”e‘onneded to rotary switch, SWABAREESY
the d stagé f d- d 1C3b;-1C4a, ICIc.and >
iIC1d. The four pole outputs derived in this section return to
switch SW1a and are available via IC5b, as before.

Resonance control is provided by an LM13600 (IC3), dual
transconductance amplifier, interposed between the band pass
output and the non-inverting input of the filters external op amps
(1C2 and 1C4a). The amount of feedback is controlled by the cur-
rent developed across R39 and this has been commoned for both
halves of the LM13600. Manual control is obtained via RV2 and
R36 into 1C4b and external voltage control via R34 into the same
input summing node. The control voltage should be limited to an

equivalent of 10 V into 100k.

Frequency control is common to all four amplifiers in the
SSM2040 and best results for a 1,000 to 1 sweep in the range 20
Hz to 20 kHz is obtained with + 90 V at pin 7. Resistor R40 con-
nected to — 15 V provides approximately +90 mV and a lower
frequency limit of about 20 Hz. A 0 to + 10 V control voltage in-
to Control Inputs 1 or 2 will then allow frequency adjustment
over a range of ten octaves. Manual adjustment over a ten octave
range is provided by the Coarse Control (RV4 into R43) and Fine
Control over a range of one octave by RV5 into R44. Precise ad-
justment of the 1.V per octave response is achieved by adjusting. -
the gain of IC5a using PR3.

—
— ———




PARTS LIST___

Resistors W, 5% carbon film except

- ———- . where stated
e pen e R{EIINIENT 100K
O b e E R4,5.7.10,12,14, .
s tve g = - 15,16,18,19,21,
% MW " 48,51,52 10k
R W1y : E J-0 R6,8,20,22 200R
o oCH>+ ! R9,11,13 22k
Thi] R17,50 ko
STA ? P o .. R23,24,27,31 15
R R25 24k
‘ . R26,28,30,32,39 . 30k
- { R29,33 Slﬂk
EXT. ¢
A R36 150
MAN. n:sommqs_‘—_-—-o———q . :R40 300k, 1% metal film
conrRet R 2 R41,42 100k, 1% metal film
R41 150k, 1%: metal_film
R44 M5 ;
- R4S 91k, 1% metal film
o . R46 .56k; 1% metal film
HP2,5W1a W3 . . ::; ;:;gi(ﬂs metal film

-0 swin, w7 M

SIGNAL :-—00-, B
SIGNAL 2wl
LIV pum—

+15v -
BP2,SWla Wi DS Y

TO SWib W5 S
QUTPU T e 00

FROM SW1a POLE samm——a’

OV e o0 i e
FREQUENCY
CONTROL 1
FREQUENCY
CONTROL?

.OARSE CONTRO( ===

TINE CONTROL

shoulkd:be-left:atsthe setting Wwhers telow pass oatbat

commences. The ‘selector switch can then be turned
through its seven dutputs to check that the appropriate
respanse is present and these can be clearly identified by
ear. If an oscilloscope is available then switching to BP2,
LP4 and HP4 outputs and making minor adjustments to
both PR1 and PR2 may result in some improvement to
the filter responses

The final step is to calibrate the filter for 1 V/octave
freqyency control. The 80-7 filter will mot oscillate at
maximum resonance feedback and so the best approach
is to observe the maximum signal amplitude using an
osctlloscope. Connect the sinéwave output from a VCO
to Signal Input 2. Connect the LP4 output to an oscillo-
scope, set VCO frequency to about 250 Hz and adjust
RV4 (Coarse Cohtrol) and RVS5 (Fine Control) to obtain
~maximum signal amplitude. Increase voltage on Cohtrol
Inputs 1,0f hoth VCO and VCF by exactly 1 V. and adjust
-PR3. gatib-maxinttini-amplitude is' restored:: |
abqve steps until calibration is achieved. If an
oscillosgape is; not available then. an . alternative. ap-

Po('enliomeger;_

Miscellaneous
SWi1

Rx;,z,s,g,s_" 100k linear
PRT 27 " 1k0 carbon
<PR3 . 20k cermet multiturn
Capacitors
C1,2 .470n polyester |
C3,78 . 22p polystyrene
€4,59,10 1n0 polystyrene
C6 220n polyester
. Semiconductors
33 1C1 SSM2040
. m 1C2 TLOB1CP, or ‘equivalent
g2 IC3 LM13600
o 2 1C4,5 TL082CP, or equivalent
< 3

2 Pole 7 (or more) Way
Rotary Switch

“Brbach 15 to'set all VCF controls'to zero ana applyabout

+“Repeat-the

4 V to Control Input 1 and measure the voltage at the
junction of R46 and R47, using a high input impedance
voltmeter. Increase the control voltage by exactly 1V
and then adjust PR3 to obtain an 18.0 mV change at the
junction of R46 and R47. Again repeat the procedure un-
til an 18.0 mV change is obtained for a 1. 000 V change in
control voltage.
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