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THEORY OF OPERATION AR-32 4

DUAL LFO, LAG, INVERTER

I . L o w F r e q u e n c y O s c i l l a t o r ( L F O )
T h e r e a r e t w o i d e n t i c a l L F O c i r c u i t s . T h e b a s i c w a v e f o r m i s a
t r i a n g l e . V o l t a g e f r o m t h e l o g a r i t h m i c p o t P I i s a p p l i e d t o t h e
e m i t t e r r e s i s t o r , R 1 8 , o f 0 8 . D 5 b a l a n c e s t h e b a s e - e m i t t e r
v o l t a g e o f 0 8 . T h e c u r r e n t f r o m e m i t t e r t o c o l l e c t o r i s t h e n
a n e x p o n e n t i a l f u n c t i o n o f t h e r o t a t i o n o f P I . N o w, U 3 i s a
c o m p a r a t o r w i t h p o s i t i v e f e e d b a c k , w h i c h w i l l l a t c h o n t o e i t h e r
+ 1 3 v o l t s o r - 1 5 . A s s u m e i t i s p o s i t i v e . T h e n U l h a s a p o s i t i v e
v o l t a g e a t p i n 2 , i t s n e g a t i v e i n p u t . T h e n , a c u r r e n t w i l l b e
d r a w n i n t o p i n 6 , a p p r o x i m a t e l y e q u a l i n m a g n i t u d e t o t h e
c u r r e n t f r o m 0 8 i n t o p i n 5 . T h i s c a u s e s C 9 t o c h a r g e n e g a t i v e l y.
T h e r e s u l t i n g n e g a t i v e - g o i n g v o l t a g e i s b u f f e r e d b y v o l t a g e
f o l l o w e r U 4 , a n d a p p l i e d t o p i n 3 o f U 3 t h r o u g h R 2 6 . " h e n t h e
v o l t a g e a c r o s s R 2 6 i s n e g a t i v e e n o u g h t o c o m p e n s a t e f o r t h e
p o s i t i v e v o l t a g e a c r o s s R 2 4 , p i n 3 b e c o m e s n e g a t i v e . T h i s i s t h e
p o s i t i v e i n p u t o f a n o p n m p , s o t h e i n p u t t h e n j u m p s n e g a t i v e .
T h i s , t h r o u g h R 2 4 , m a k e s t h e i n p u t e v e n m o r e n e g a t i v e . H o w e v e r,
t h e c h a n g e i n i n p u t m a k e s U l s u p p l y c u r r e n t o u t o f p i n 6 , ' i i i e h
r e v e r s e s t h e d i r e c t i o n o f c h a r g e o f C 9 . I t s v o l t a g e r i s e s n o w ,
u n t i l i t b e c o m e s p o s i t i v e e n o u g h t o r e v e r s e U 3 a g a i n . T h i s c y c l e
r e p e a t s , a n d g e n e r a t e s a t r i a n g l e w a v e , w h o s e f r e a u e n c y r i s e s a s
m o r e c u r r e n t i s p u t i n t o U l b y t u r n i n g u p P I . I n c i d e n t a l l y , t h e
o u t p u t o f U 3 i s a s q u a r e w a v e , w h i c h i s s h i f t e d t o a l e v e l o f
0 to +10 volts by D2, R22, and R2 3.

Meanwh i l e , Q7 i s ad j us ted t o have t he same cu r ren t r anc ro as 08 .
b y t r i m p o t T l . T h e c u r r e n t o u t . o f t h e c o l l e c t o r o f Q 7 c h a r g e s u p
C 3 l i n e a r l y ; t h a t i s , i t s v o l t a g e r i s e s u n i f o r m l y . ( I n i t i a l l y ,
when d i scha rged , t he + s i de o f C3 i s a t - 15 vo l t s . ) I - 7hen t he
o u t p u t o f U 3 j u m p s p o s i t i v e , C 8 d i f f e r e n t i a t e s t h e w a v e t o g i v e
a p u l s e . T h i s t u r n s o n 0 4 , w h i c h t u r n s o n Q 5 . T h e t w o t r a n s i s t o r s
h o l d o n e a n o t h e r o n , d i s c h a r g i n g C 3 r a p i d l y , u n t i l i t i s s o
d i s c h a r g e d t h a t i t c a n ' t s u p p l y e n o u g h c u r r e n t t o k e e p 0 4 a n d ( \ 5
o n . T h e n , t h e y b e c o m e n o n - c o n d u c t i n g a g a i n , a n d C 3 s t a r t s t o
C h a r g e a g a i n . T h e c u r r e n t i n 0 7 i s a d j u s t e d s o t h a t C 3 c h a r g e s
b y a b o u t 7 v o l t s ( + s i d e o f € 3 a t - 8 v o l t s ) b y t h e t i m e t h e p u l s e
d i s c h a r g e s i t . T h e r e s u l t i n g s a w t o o t h w a v e i s b u f f e r e d b y
e m i t t e r f o l l o w e r Q 3 , a n d a m p l i fi e d b y U 2 , t o g i v e a s a w t o o t h
o u t p u t l e v e l o f 0 t o 1 0 v o l t s .

F i n a l l y, a n y f a s t , r i s i n g w a v e f o r m , s u c h a s a s q u a r e w a v e , a p p l i e d
to the PTNTC inpu t , i s d i f fe ren t ia ted by 06 , R2 , and R.3 to q . i ve
a pu lse, o f t ioh momentar i ly turns on 01 and 02. 07 f toMr. I ' im
pu lse appear i .no a t R6 on fo r about 20 mic rosecond ' ; , wh ich r.s lo iu i
e n o u g h t o r e s e t t h e o s c i l l a t o r b y d o i n c r 3 l . h i n a s .
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1 . I t makes U3 sw i t ch to a pos i t i ve ou tpu t ( i f i t i s no t
a l r e a d y p o s i t i v e ) .

2. I t al lows R27 to turn on FET switch 06, -hich discharges
09 .

3 I t turns on 04 and 05, d ischarg ing 03.
Thus ' , t he osc i l l a to r w i l l be synchron ized w i th the ex te rna l
synd inpu t s igna l .

I I L a o C i r c u i t
This is a c i rcui t which provides a var iable, amount of s lowing
down, or low pass fi l ter ing.

A signal at the input goes through R29 and the variable
resistance of P2, and must charge or discharge Cl l . The higher
i t s res is tance , the less cu r ren t can flow f rom the s igna l , and so
O i l w i l l t ake l onge r to change i t s vo l tage . The ou tpu t i s bu f fe red
bv U5, connected as a high impedance voltage fol lower.R28 provides
a path to ground for Cll and pin 3 of IT5 when the input is not
connected to anything.

I I I I n v e r t e r C i r c u i t
This is a standard op amp inverter, coupled to the input through
a var iab le a t tenua to r, o r leve l con t ro l (P3) . Max imum gam is -1 .
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