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ABSTRACT 

In s i t u a t i o n s where n o i s y , r e p e t i t i v e s i g n a l s are encountered a video 
i n t e g r a t o r provides a convenient method f o r averaging over several batches 
of data to improve the s i g n a l - t o - n o i s e r a t i o (SNR). A comparison of 
d i f f e r e n t a r c h i t e c t u r e s t o provide such a video i n t e g r a t o r f o r a system 
r e q u i r i n g an input data r a t e of 100 MHz and and output r a t e of 5 MHz w i t h 
a s i g n a l u t i l i s a t i o n e f f i c i e n c y of at l e a s t 50% w i l l be o u t l i n e d . I t i s 
shown t h a t a low-power, compact, CCD implementation has d i s t i n c t advan­
tages. The inherent l i m i t a t i o n s of dynamic range and l i n e a r i t y are not 
a major drawback, p a r t i c u l a r l y f o r noisy s i g n a l s . The implementation of 
such a CCD video i n t e g r a t o r comprising an a n t i - a l i a s i n g i n p u t f i l t e r , 384 
delay elements and summation i n each element of up t o 10 i n p u t data 
batches i s described. The performance of such a device i s i l l u s t r a t e d . 
F i n a l l y , p o s s i b l e implementation of the video i n t e g r a t o r as a means of 
recovering i n f o r m a t i o n from the output of surface-acoustic wave f i l t e r s 
w i l l be discussed. 

INTRODUCTION 

In many s i t u a t i o n s averaging over several batches of noisy r e p e t i t i v e 
s i g n a l s i s required t o improve the SNR. Obviously such averaging i s only 
of value f o r synchronous s i g n a l s which are, of course, commonly encoun­
tere d i n r a d a r - l i k e a p p l i c a t i o n s . I f i t i s required t h a t t h i s video 
i n t e g r a t o r should accept continuous data at the maximum r a t e then i t i s 
not possible to use c o n v e n t i o n a l bandwidth compressors whose low output 
clock r a t e reduces the s i g n a l - u t i l i s a t i o n e f f i c i e n c y . What i s r e q u i r e d , 
t h e r e f o r e , i s a video i n t e g r a t o r capable of accepting i n p u t r a t e s of 
100 MHz w i t h an output r a t e of 5 MHz and w i t h a s i g n a l u t i l i s a t i o n e f f i ­
ciency of at l e a s t 50%. This s p e c i f i c a t i o n i m p l i e s t h a t the i n t e g r a t o r 
must be capable of performing at l e a s t 10 i n t e g r a t i o n s on successive 
batches w i t h o u t consequential r e d u c t i o n i n l i n e a r i t y or dynamic range. 
I n a d d i t i o n we s h a l l seek to o b t a i n a small-scale, low power method of 
achieving t h i s performance. 

VIDEO INTEGRATOR ARCHITECTURE # 

Three p a r t i c u l a r s t r u c t u r e s w i l l be considered f o r such a video 
i n t e g r a t o r as i l l u s t r a t e d i n Figure 1: 

( i ) d i g i t a l system based on high-speed random-access memory (RAM). 

( i i ) d i g i t a l system based on high-speed s h i f t r e g i s t e r s . 

( i i i ) a CCD implementation. 

I n i t i a l l y there are two p a r t i c u l a r p o i n t s t h a t can be made about 
d i g i t a l methods. F i r s t l y , the analogue i n p u t w i l l r e q u i r e d i g i t i s i n g i n 
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an ADC at the 100 MHz ra t e t o whatever number of l e v e l s i s ap p r o p r i a t e . 
While such ADC's are a v a i l a b l e they are, at present, somewhat bulky w i t h 
r a t h e r high power consumption. The CCD s t r u c t u r e on the other hand 
accepts analog high-speed data and only r e q u i r e s an ADC at the low-speed 
output stage w i t h consequent m i n i a t u r i s a t i o n and power r e d u c t i o n . 
Secondly, i n order to achieve 100 MHz ope r a t i o n , d i g i t a l implementation 
would probably be based on ECL technology, which i s i n h e r e n t l y h i g h -
c u r r e n t and t h e r e f o r e not capable of large scale i n t e g r a t i o n , CCD's are 
i n h e r e n t l y low-current devices w i t h consequent p o s s i b i l i t i e s f o r c i r c u i t 
complexity v/ith lov; power consumption. 

Comparing the three a r c h i t e c t u r e s i n d i v i d u a l l y : 

( i ) I n the system based on high-speed RAM shown i n f i g u r e 1(a) i t 
i s necessary f o r three operations t o take place w i t h i n the 
basic clock i n t e r v a l ( T ) : (a) read memory at given address, 
(b) add to data, (c) w r i t e t o memory. Since three operations 
are r e q u i r e d t h i s s t r u c t u r e i s l i k e l y t o r e q u i r e a high degree 
of m u l t i p l e x i n g t o achieve the desired input data r a t e . 

( i i ) The s h i f t r e g i s t e r a r c h i t e c t u r e shown i n f i g u r e 1(b) i s 
i n h e r e n t l y f a s t e r than the previous method since only one opera­
t i o n i s re q u i r e d i n any clock i n t e r v a l . However a l l the data 
must be clocked simultaneously at the high r a t e . Thus i t i s 
l i k e l y t o r e q u i r e h i g h power. 

( i i i ) Both the d i g i t a l methods would be expected to consume more 
power than the CCD s t r u c t u r e shown i n f i g u r e 1 ( c ) . Most of the 
processing i s on-chip i n t h i s case so t h a t l i t t l e power i s 
consumed i n d r i v e r c i r c u i t s compared v/ith t h a t r e q u i r e d i n both 
d i g i t a l s t r u c t u r e s . Most of the power consumption i n t h i s 
method takes place i n the phase clock generation and d r i v e r 
c i r c u i t s , . Thus the CCD implementation has d e f i n i t e size and 
power consumption advantages. However the CCD does e x h i b i t the 
disadvantage of r e s t r i c t e d dynamic range and l i n e a r i t y . T y p i ­
c a l l y the output dynamic range would be l i m i t e d t o 50-60 db i n 
v/hich case the in p u t dynamic range before i n t e g r a t i o n over 10 
batches would be 30-40 dbs. This e s s e n t i a l l y r e s t r i c t s the 
input SNR t o less than 30-40 dbs i n order f o r the CCD not t o 
introduce d i s t o r t i o n . I n a p p l i c a t i o n s where SNR's are lower 
than t h i s value, t h e r e f o r e , t h i s CCD a r c h i t e c t u r e o f f e r s s i g n i ­
f i c a n t advantages over i t s d i g i t a l e q u i v a l e n t s . 

ANTI-ALIASING INPUT FILTER 

I t i s f r e q u e n t l y necessary to sample si g n a l s at some i n t e r v a l T i n 
the presence of noise whose bandwidth, B , g r e a t l y exceeds the sampling 

bandwidth, B - 1/T. Instantaneous sampling would a l i a s these out-of-band 
noise components i n t o the sampled s i g n a l , r e d u c i n g the a v a i l a b l e SNR. 
P r i o r passage of the data through a f i l t e r of bandwidth B would, however, 
give an SNR improvement of B /B. Such a f i l t e r can be r e a l i s e d i n CCD by 
u t i l i s i n g the t r a n s i e n t dynamic p r o p e r t i e s of i t s i n p u t . I t has already 
been demonstrated t h a t m u l t i p l i c a t i o n can be achieved at the in p u t ( r e f 1) 
and t h a t , by m u l t i p l y i n g the s i g n a l by a constant, i n t e g r a t i o n of the 
si g n a l over the sampling i n t e r v a l T i s possible ( r e f 2 ) . A technique 
using i n t e g r a t i o n on M0S capac i t o r s has been suggested which i s essen­
t i a l l y the same ( r e f 3 ) , I n p r i n c i p l e , t h i s type of f i l t e r using 
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t r a n s i e n t dynamic i n j e c t i o n t o the CCD, o f f e r s the desired f i l t e r charac­
t e r i s t i c s i e 

(1) The output i s band l i m i t e d so t h a t B ~ l / ' f ; thus out-of-band 
components are r e j e c t e d . Changing the sample time automati­
c a l l y a d j u s t s the f i l t e r bandwidth. 

(2) This form of f i l t e r introduces no c o r r e l a t i o n between samples, 
u n l i k e other f i l t e r p r o f i l e s . 

D e t a i led measurements ( r e f 2) on such a CCD having two input gates 
(an e s s e n t i a l requirement) has shown t h a t acceptable l i n e a r i t y and dynamic 
range can be achieved. Some of these r e s u l t s are i l l u s t r a t e d i n f i g u r e s 
2 and 3. Figure 2 shows the dependence of the output on time which demon­
s t r a t e s adequate l i n e a r i t y over an i n t e g r a t i o n time of 60 ns f o r such a 
device, as has also been demonstrated i n r e f s 2 and 4. Tlie r e l a t i o n s h i p 
between the output ( & V Q u t ) and i n p u t (6V. ) s i g n a l s i s shown i n f i g u r e 

3(a) demonstrating reasonable voltage l i n e a r i t y . A more s e n s i t i v e measure 
of d i s t o r t i o n i s t o study the t o t a l harmonic content i n the output com­
pared w i t h the fundamental. This i s i l l u s t r a t e d i n f i g u r e 3(b) f o r a 
range of i n t e g r a t i o n times and input s i g n a l s . I t i s p r e f e r a b l e ( r e f 2) 
to apply the s i g n a l t o gate 2 ( f u l l l i n e ) r a t h e r than the i n p u t diode 
(dashed l i n e ) , i n which case f o r a sample time of 10 ns a t o t a l harmonic 
content of about -50 db would be obtained f o r ÖV. = 0.15V. The i n p u t 

i n 1 

g i v i n g an output i n the fundamental equal to the noise v/as ó'V. = 0.3 mV 
i n 

so t h a t the dynamic range under these c o n d i t i o n s i s 54 dbs. Thus dynamic 
range and l i n e a r i t y f o r such an a n t i - a l i a s i n g i n p u t f i l t e r are c e r t a i n l y 
compatible w i t h normal CCD performance. Accordingly the CCD video i n t e ­
g r a t o r described here includes t h i s input o p t i o n . 

VIDEO INTEGRATOR IMPLEMENTATION 

Tlie artwork f o r a 3-phase CCD based on the a r c h i t e c t u r e of f i g u r e 
1(c) i s shown i n f i g u r e 4. The input r e g i s t e r and i n t e g r a t i n g s e c t i o n can 
be c l e a r l y seen. I t i s apparent t h a t the device does not correspond to 
f i g u r e 1(c) i n t h a t no separate b u f f e r r e g i s t e r was provided. This device 
gives 128 delay elements and i s capable of o p e r a t i n g i n excess of 30 MHz. 
Thus, m u l t i p l e x e d three ways, such a device should provide 384 delay 
elements w i t h an i n p u t r a t e approaching 100 MHz. Results demonstrating 
i n t e g r a t i o n of a s i n g l e cycle of sine wave w i t h an input r a t e of 75 MHz 
and an output r a t e of 5 MHz are shown i n f i g u r e 5. This includes a l l 
the r e q u i r e d m u l t i p l e x i n g and d e m u l t i p l e x i n g . Some problems associated 
w i t h t h i s device are r e a d i l y apparent: 

(1) Clock breakthrough: Mosy of the "noise" v i s i b l e i s due to 
clock breakthrough spikes. With s u i t a b l e choice of sampling 
window on the subsequent ADC t h i s problem i s l a r g e l y a l l e v i a t e d . 

(2) Gain and o f f s e t mismatch: D i f f e r e n t CCD chips were used i n the 
m u l t i p l e x e d system each r e q u i r i n g output a m p l i f i e r s w i t h 
adj us t able gain and o f f s e t be f o r e demuIt i p l e x i n g . By i n c o r ¬
p o r a t i n g the three m u l t i p l e x e d devices on the same chip match­
ing should be improved. 
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(3) Excess f i e l d d a r k - c u r r e n t : Since t h e i n t e g r a t i o n t i m e i s 

about 2 ms da r k c u r r e n t s h o u l d n o t p r e s e n t a problem. How­

ever i n the c u r r e n t d e v i c e charge-pumping o c c u r s o v e r the 

whole c h i p a r e a . T h i s p r o b l e m s h o u l d be removed by t h e 

i n c l u s i o n o f a f i e l d d a r k - c u r r e n t d r a i n ; such a t e c h n i q u e 

lias been d e m o n s t r a t e d on o t h e r d e v i c e s ( r e f 5) . 

A r e d e s i g n i s i n p r o g r e s s t o r e c t i f y t h e s e i n a d e q u a c i e s . I n a d d i t i o n 

by s u i t a b l y v a r y i n g t h e d e v i c e s on each c h i p , i t i s i n t e n d e d t o a v o i d t h e 

pr o b l e m o f the many d i f f e r e n t phase c l o c k waveforms p r e s e n t l y r e q u i r e d . 

T h i s s h o u l d e n a b l e t h e power c o n s u m p t i o n i n t h e c l o c k d e v i c e s t o be m i n i ­

m i sed. The r e d s i g n e d CCD w i l l p r o v i d e 765 d e l a y e l e m e n t s ( m u l t i p l e x e d 

3 x 255) on each c h i p . 

USE OE THE VIDEO INTEGRATOR WITH SURFACE ACOUSTIC WAVE (SAW) FILTERS 

A v i d e o i n t e g r a t o r such as t h a t d e s c r i b e d h e r e l e n d s i t s e l f p a r t i ­

c u l a r l y w e l l t o h a n d l i n g t he o u t p u t o f SAW f i l t e r s . T y p i c a l l y t h e s e w i l l 

have s i g n a l - u t i l i s a t i o n e f f i c i e n c i e s o f 50% and may w e l l r e q u i r e s a m p l i n g 

r a t e s of ~100 MHz f o r t h e wideband cases. There i s an i n c r e a s i n g i n t e r e s t 

i n t h e s e f o r t he a n a l y s i s o f n o i s y s i g n a l s such as are e n c o u n t e r e d i n 

o p t i c a l r a d a r o r spe c t r u m a n a l y s i s . Here SNR's o f o n l y -40 db p e r d a t a 

b a t c h are n o t uncommon and i t i s e s s e n t i a l t o use v i d e o i n t e g r a t i o n o f a 

g r e a t number o f d a t a b a t c h e s t o a c h i e v e an a c c e p t a b l e o u t p u t SNR. Since 

th e CCD dynamic range and l i n e a r i t y o f 40-50 db are c l o s e l y c o m p a t i b l e 

w i t h t he SAW f i l t e r o u t p u t i t i s a p p r o p r i a t e t o c o n s i d e r p e r f o r m i n g t h e 

i n t e g r a t i o n over t he f i r s t 10 b a t c h e s i n t h e CCD v i d e o i n t e g r a t o r f o l l o w e d 

by subsequent i n t e g r a t i o n i n low-speed d i g i t a l L S I . For such n o i s y 

s i g n a l s t h e l i m i t e d dynamic range o f b o t h d e v i c e s i s u n i m p o r t a n t . The 

most s i g n i f i c a n t l i m i t a t i o n i s the l i n e a r i t y o f t h e SAW f i l t e r w h i c h 

d e t e r m i n e s t he f i n a l i n t e g r a t e d l i n e a r i t y . T y p i c a l SAW responses show 

l i n e a r i t y t o about 10% whereas the CCD l i n e a r i t y i s about 1 % . Thus t h e 

CCD v i d e o i n t e g r a t o r appears t o o f f e r a c o n v e n i e n t low-power i n t e r f a c e 

betv/een SAW and low-speed d i g i t a l t e c h n o l o g i e s w i t h o u t i n t r o d u c i n g any 

s i g n i f i c a n t d i s t o r t i o n . 
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FIG 1 : VIDEO INTEGRATOR ARCHITECTURES 
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FIG 2 : DEPENDENCE OF OUTPUT ON INTEGRATION TIME 
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F I G 3 : ( a ) DEPENDENCE OF OUTPUT ON SIGNAL STRENGTH 
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F I G 4 : ARTWORK OF CCD VIDEO INTEGRATOR 

FIG 5: OUTPUT OF MULTIPLEXED VIDEO INTEGRATOR 
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