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SUMMARY 

I n t h i s paper, we present a low-pass f i l t e r f o r the telephone band. I t 

uses a h y b r i d s t r u c t u r e , combining a CCD c i r c u i t w i t h two a c t i v e second-

order f i l t e r s . F i gure 1 shows the device schematically : i t has two i d e n t i c a l 

f i l t e r s , f o r two p a r a l l e l telephony channels ( e m i s - m and r e c e p t i o n ) . Each 

channel c o n s i s t s of a second-order a c t i v e f i l t e r f o r a n t i - a l i a s i n g pre-

f i l t e r i n g followed by the CCD f i l t e r , and f i n a l l y by another second-order 

a c t i v e f i l t e r f o r p o s t - f i l t e r i n g and clock-frequency r e j e c t i o n . A CMOS c i r c u i t 

d e r i v e s the necessary c l o c k s i g n a l s from a 128 kHz master c l o c k , and 

d i s t r i b u t e s them to the f i l t e r c i r c u i t s . The supply v o l t a g e s are l i m i t e d t o 

± 5 V f o r the CMOS, * 1 2 V f o r the CCD and ± 1 2 V f o r the a c t i v e f i l t e r s . 

The advantages of t h i s new design are th a t the second-order pre- and post-

f i l t e r i n g p rovide very e f f e c t i v e a n t i - a l i a s i n g f i l t e r i n g and smoothing, 

as w e l l as c o n t r i b u t i n g t o the f i l t e r i n g due to the CCD. This g r e a t l y 

s i m p l i f i e s the CCD design as i t only c o n s i s t s of a t r a n s v e r s a l f i l t e r w i t h 

19 c o e f f i c i e n t s , a l l of which are p o s i t i v e ; the readout c i r c u i t i s thus 

g r e a t l y s i m p l i f i e d . 

The surface area of the CCD pa r t i s thus reduced, the two channels only 

occupying 9 mn.2. The manufacturing y i e l d of t h i s d e l i c a t e p a r t i s thus 

g r e a t l y imoroved w i t h respect t o th a t of a conventional design i n which 

a minimum of 70 c o e f f i c i e n t s are required ( f o r the same f i l t e r c h a r a c t e r i s t i c s 
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b u t f o r a c l o c k f r e q u e n c y o n l y h a l f as b i g w h i c h , i n a d d i t i o n , i s u n f a ­

v o r a b l e f o r a n t i - a l i a s i n g ) . A n o t h e r advantage i s t h a t a low o u t p u t impedance 

(600 ft) i s o b t a i n e d because o f t h e a c t i v e o u t p u t f i l t e r . 

The p e r f o r m a n c e o b t a i n a b l e w i t h t h e s e d e v i c e s i s summarized below : 

input level : -12 dBm a t 600 ft (CCD i n p u t l e v e l : 1.5 V p p ) 

output level i +12 dBm a t 600 ft (CCD o u t p u t l e v e l : 2 V p p ) 

harmonic distorsion at 800 Hz : 

< -46 dB (-62 dB a t t h e CCD) f o r H 2 / Hj 

< -46 dB (-56 dB a t t h e CCD) f o r H3 / Hi 

dynamic range : 85 dB ( n o i s e b e i n g measured around 1 900 Hz w i t h a 

I 740 Hz b a n d w i d t h ) 

power dissipation : 70 mW f o r 2 f i l t e r s (8 raw a t t h e CCD) 

F i g u r e s 2 and 3 show t h e f r e q u e n c y ( r e j e c t i o n b e t t e r t h a n 40 dB beyond 

4 600 Hz) and d i s t o r s i o n p e r f o r m a n c e s . F i g u r e 4 shows t h e pass-band r i p p l e 

p e r f o r m a n c e (< 0.05 dB) and t h e d i s p e r s i o n o v e r 12 samples (< 0.075 d B ) . 

The i n t e r c h a n n e l c r o s s t a l k o f t h i s d e v i c e i s on t h e o r d e r o f -70 dB. 

C o u p l i n g two f i l t e r s of t h i s t y p e i n s e r i e s , and d r i v i n g them w i t h s y n c h r o ­

nous c l o c k s i g n a l s p e r m i t s o b t a i n i n g an o u t - o f - b a n d r e j e c t i o n o f b e t t e r t h a n 

84 dB f r o m 4600 Hz, w h i l e c o n s e r v i n g t h e 85 dB dynamic range m e n t i o n e d above. 

CONCLUSION 

These r e s u l t s d e m o n s t r a t e t h e i n t e r e s t o f s e c o n d - o r d e r - f i l t e r / C C D c o m b i n a t i o n s . 

Such f i l t e r s have been made f o r PCM c h a n n e l s , and have o p e r a t e d v e r y 

s a t i s f a c t o r i l y . 
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FIG. 1 - M 1947 HYBRID CCD-ACTIVE VOICE BAND FILTER 
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