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THEORY OF OPERATION...AR 314 VCF

The basic VCF circui t involves two feedback loops,two
i n t e g r a t o r s , a n d t w o v a r i a b l e g a i n c i r c u i t s . l t i s k n o w n
a s a s t a t e - v a r i a b l e fi l t e r. To h e l p u n d e r s t a n d i t s o p e r
a t ion ,cons ider the b lock d iagram.Par t numbers re fer to
schematic diagram.

The two gain blocks are set by the exponential generator
to have equa l ,hu t va r i ab le ga ins .So ,an i npu t s i gna l w i l l
be fed to the firs t in tegra tor, th rough- the second cra in
block, and will appear out, of the second integrator .The
s igna l w i l l be in teg ra ted tw ice .Thus , the overa l l ga in
at D.C. -r i l l be enormous,and would cause saturat ion,ex
cept for the low frequency feedback path.This causes the
output to reach the same D.C. level as the input.Then,
the two inpu ts cance l , resu l t ing in no ou tpu t f rom the
gain b lock,and the system is s tab le .

Thus, the fi l te r a lways un i ty ga in a t D.C. S , t very h igh
f requenc ies, the ga in o f the in tegrators becomes very
lowj(an in tegrator has a f requency response that fa l ls
off at 6 db. per octave,and always has a phase lag of
90 degrees).

So,very high f requencies wi l l be at tenuated by 12 db.
per oc tave to ta l ,and sh i f ted a to ta l o f 180 degrees .

Now,the frequency where attenuat ion starts depends on
t h e g a i n o f t h e g a i n b l o c k s . I f t h e i r g a i n i s r a i s e d , t h e n
i t takes a h igher f requency to reduce the t^o ta l^orward
ga in ,s ince the in tegra tors must see a h igher^ to a t tenu
ate the signal by as much as the gain blocks have in
creased it. •

Ther is one frequency where the forward gain equals uni
ty.Now,s ince the integrators a lways provide a 180 degree
phase shi f t , ther<> wi l l be posi t ive feedback at the input
equa i l t o t he ou tpu t s i gna l .A t t h i s f r ecuency, t he sys tem
would be unstab le and osc i l la te ,except fo r the " resonant -
f requency" feedback path.This prov ides negat ive feedback
wi th a phase lag o f 90 degrees .The to ta l fi l te r ga in a t
the response frequency depends on the "Q" control sett ing.
(Q is equal to the ga in at th is f requency) .
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The response i s , there fo re ,un i t y gam a t D .C. and^s ta rcs
t o r o l l " o f f a t t h e r e s o n a n c e f r e q u e n c y. I f t h e " Q " i s
set h igher than 0.7, there wi l l be a peak in the response
b e f o r e f a l l i n g o f f a t h i g h e r f r e q u e n c i e s .

The test output has a response similar to a bandpass
fi l t e r i f t h e " Q " i s h i g h . A t l o w " Q " v a l u e s , i t a c t s m o r e
like a 6 db. per octave lowpass response.

Ac tua l l y, i f t he resonance feedback were a round the fi rs t
i n t e q r a t o r, t h e l o w p a s s fi l t e r r e s p o n s e w o u l d b e i d e n t i c a l
but the test output point would be a true bandpass res-
ponce. However , this was sacrificed because the present
configura t ion p rov ides much less ou t pu t o f f se t .

Now for some details:
The exponent ia l generator,wh ich var ies the gam of the
two ga in b locks ,s ta r t s w i th U l .Th i s i nve r t i ng ,summing
a m p l i fi e r a d d s u p t h e c o n t r o l s i g n a l s , i n c l u d i n g t h a t f r o m
t h e " I n i t i a l F r e q u e n c y " c o n t r o l . T h e o u t p u t i s f e d i n t o
the potted module,which suppl ies the two gain blocks,U2
and U4,with var iaf t le but t racking currents.R21 and R25
a r e c u r r e n t l i m i t i n g p r o t e c t i o n r e s i s t o r s . E a c h i n t e g r a t o r
consists of a LM301A op-amp with a FET source follower.
The FET a l lows fo r a very low.b ias cur ren t in tegra to r,
and i t s ga te -source o f fse t vo l tage does no t mat te r,s ince
the CA3080 output can "float" over a wide voltage range.
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N o t e s o n t h e E x p o n e n t i a l C u r r e n t G e n e r a t o r ,

T h i s i s t h e p o t t e d m o d u l e m o u n t e d o n t h e b o a r d . I t i s e n c a p s u l a t e d
t o i n s u r e f r e e d o m f r o m d r i f t d u e t o t e m p e r a t u r e c h a n g e s .
S ix connec t i ons a re necessa ry :

2 . ' C o n t r o l v o l t a g e s u m m i n g i n p u t . S c a l e f a c t o r - - 6 ^ r o a m p s
p e r o c t a v e . W h e n c o n n e c t e d i n s e r i e s w i t h 1 6 0 k , s c a l e f a c t o r -
1 v o l t p e r o c t a v e . _

3 R e f e r e n c e c u r r e n t t e r m i n a l . N e e d s n e g a t i v e c u r r e n t s o u r c e , f o r
e x a m p l e 3 3 0 K r e s i s t o r t o - 1 5 v s u p p l y. Ty p i c a l r e f e r e n c e c u r r e n t :
40 microamps.

4 . O u t p u t C u r r e n t # 1 .
5 . O u t p u t C u r r e n t # 2 . . . „ t - ^ A
6 O u t p u t C u r r e n t # 2 t r i m . I f d e s i r e d , t h i s t e r m i n a l i s c o n n e c t e d

t o a 1 0 o h m r e s i s t o r t o g r o u n d , a n d t h r o u g h a r e s i s t o r o f
a r o u n d 4 . 7 K t o a 1 0 K t r i m p o t , w h i c h s u p p l i e s - 1 5 v t o + 1 5 v. T h l s
t r i m s o u t p u t # 2 o v e r t h e r a n g e f r o m 1 / 3 t o 3 t i m e s o u t p u t # 1 .

W h e n t r i m m e d f o r 1 v o l t p e r o c t a v e , t h e r e l a t i o n s h i p i s :

O U T P U T R E F B ^ E t ^ c B w ( 2 . )
C O p - f e E ^ T — C U P . R 5 A / T \ /
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