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ABSTRACT 

An u l t r a high speed GaAs Schot tky b a r r i e r g a t e , bur ied channel CCD 
o p e r a t i n g a t c l ock f requenc ies up to 500 MHz i s d e s c r i b e d . I m p l i c a t i o n s 
f o r s igna l process ing a p p l i c a t i o n are d i scussed . 

INTRODUCTION 

Development o f Charge Coupled Devices (CCD's) i n GaAs (as we l l as 
o the r I I I - V compounds) i s a t t r a c t i v e , s ince the h igher e l e c t r o n m o b i l i t y 
i n GaAs, as compared w i t h s i l i c o n ( ~ 5 : 1 ) makes p o s s i b l e much h igher per ­
formance i n s igna l process ing dev i ces . The h igher m o b i l i t y makes poss ib l e 
s h o r t e r ( d r i f t - a i d e d ) t r a n s i t t ime f o r charges from under one gate t o the 
n e x t , thus i nc reas ing the maximum poss ib le c l ock f requency . More impor t ­
a n t l y , the h igher e l e c t r o n m o b i l i t y i n GaAs r e s u l t s i n h igh speed on -ch ip 
FETs f o r c l o c k - d r i v e and charge d e t e c t i o n . 

The d i f f i c u l t y i n o b t a i n i n g a s t a b l e dev ice q u a l i t y i n s u l a t o r (such 
as a n a t i v e ox ide ) has prevented development o f a convent iona l M . I . S . 
( m e t a l - i n s u l a t o r - s e m i c o n d u c t o r ) CCD. Schot tky b a r r i e r gate bu r ied channel 
CCD's i n GaAs have been r e a l i z e d 1 2 and have been shown to have good t r a n s ­
f e r e f f i c i e n c y ( > 0 . 9 9 9 per t r a n s f e r ) 3 . Recent exper iments on a second 
genera t ion dev ice ( t o be repo r ted here) have b e e n . c a r r i e d out and complete 
CCD o p e r a t i o n ( i n p u t - t r a n s f e r - o u t p u t ) a t 500 MHz has been ach ieved . 

Apar t f rom the Schot tky b a r r i e r gate s t r u c t u r e , these dev ices d i f f e r 
f rom convent iona l CCD's i n y e t another s i g n i f i c a n t aspec t . Ins tead o f the 
p - s u b s t r a t e , n-channel arrangement t y p i c a l l y used in h igh speed bur ied 
channel t echno logy , the GaAs high speed dev ices employ a s e m i - i n s u l a t i n g 
s u b s t r a t e and n- type channe l . This arrangement has important, i m p l i c a t i o n s 
f o r h igh speed a p p l i c a t i o n s s ince s t r a y capac i tance i s reduced subs tan­
t i a l l y w i t h the consequence t h a t power d i s s i p a t i o n i n the c l ock d r i v e r s 
(P j = c v 2 f ) i s reduced a c c o r d i n g l y . A l s o , the s e m i - i n s u l a t i n g s u b s t r a t e 
e l i m i n a t e s the need f o r a separate channel s t o p , 

GaAs CCD PERFORMANCE IMPLICATIONS 

The p r i n c i p a l advantage o f GaAs i s i t s very h igh e l e c t r o n m o b i l i t y ; 
t y p i c a l l y over 5 t imes t h a t o f co r respond ing l y doped s i l i c o n . This h igh 
e l e c t r o n m o b i l i t y (up to 8500 c i i f / v s a t 300° K) makes i t p o s s i b l e to 
achieve h igh e l e c t r o n v e l o c i t i e s i n n-channel CCD's (and FETs) even w i t h 
r e l a t i v e l y low e l e c t r i c f i e l d s ( low b ias o r c l ock v o l t a g e s ) , so t h a t very 
h igh speed o p e r a t i o n can be achieved w i t h minimum power d i s s i p a t i o n . Th is 
p o i n t i s i l l u s t r a t e d i n F i g . 1 f o r the case o f the GaAs CCD by the c a l c u ­
l a t e d wors t case e l e c t r o n t r a n s i t t ime or co r respond ing maximum c l o c k i n g 
f requency f o r a 4-phase CCD. Here, 5>m long gates w i t h turn gaps are con­
s i d e r e d . P o t e n t i a l d i s tu rbances caused by absence of e lec t rodes i n the 
gap (a se r ious problem w i t h very t h i n channe ls ) have been ignored f o r t h i s 
c a l c u l a t i o n . Assuming an e s s e n t i a l l y empty w e l l , the on ly d r i v i n g f i e l d 
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F i g . 1. GaAs BCCCD's d r i f t t r a n s i t t i m e - l i m i t e d maximum c l o c k f r e q u e n c i e s . 

on t h e é l e c t r o n s i s f r o m t h e f r i n g i n g f i e l d s f r o m t h e a d j a c e n t g a t e e l e c ­
t r o d e s , whose m a g n i t u d e i s s t r o n g l y dependent on t h e d e p t h be low t h e g a t e 
e l e c t r o d e s where channe l c o n d u c t i o n t a k e s p l a c e ( e s s e n t i a l l y t he t h i c k n e s s 
o f t h e n - l a y e r ) . N o t i c e i n F i g . 1, t h a t f o r channe l t h i c k n e s s e s o f 0.5um 
t o maximum CCD c l o c k i n g f r e q u e n c i e s o f 3 t o 5 GHz s h o u l d be o b t a i n ­
a b l e w i t h t h i s 5/im l o n g g a t e d e v i c e , even w i t h l ow l e v e l s o f c l o c k i n g 
v o l t a g e ( 2 . 5 t o 4 . 5 V ) . F i g u r e 2 i l l u s t r a t e s t h e r o l e o f e l e c t r o n m o b i ­
l i t y i n a c h i e v i n g t h i s p p e r f o r m a n c e . Here t h e t r a n s i t t i m e r e s u l t s c a l c u ­
l a t e d f o r t h e Lum channe l CCD w i t h t h e GaAs v e l o c i t y - f i e l d c h a r a c t e r i s t i c 
assuming M g = 500 cm / v s ( f r o m F i g . 1) i s compared w i t h t h e r e s u l t s 
assuming M = 750 cm / v s ( f o r S i ) i n t h e same CCD s t r u c t u r e . We see f r o m 
F i g . 2 t h a t t h e GaAs CCD c o u l d a c h i e v e much h i g h e r speed t h a n t h e e q u i v a ­
l e n t s i l i c o n d e v i c e and ( u s i n g p a v 2 ) c o u l d a c h i e v e any g i v e n speed ( e . g . , 
1 GHz) w i t h o n l y 2% t o 4% o f t h e power d i s s i p a t i o n . 
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F i g . 2 . D r i f t t r a n s i t t i m e - l i m i t e d maximum c l o c k i n g f r e q u e n c y f o r b u r i e d -
channe l CCD's . 

W h i l e CCD's a r e t r a n s i t - t i m e l i m i t e d d e v i c e s , t h e s w i t c h i n g speed o f 
FETs (such as wou ld be used f o r o n - c h i p c l o c k d r i v e r s and a m p l i f i e r s ) i s 
dom ina ted by l o a d c a p a c i t a n c e and t r a n s c o n d u c t a n c e . The t r a n s c o n d u c t a n c e 
i s i n t u r n a l s o a f u n c t i o n o f t h e e l e c t r o n v e l o c i t y - f i e l d c h a r a c t e r i s t i c 
a t low b i a s 1 e v e l s . 

EXPERIMENTAL RESULTS 

As m e n t i o n e d above a second g e n e r a t i o n GaAs CCD has been f a b r i c a t e d 
t o i n v e s t i g a t e t h e h i g h speed c h a r a c t e r i s t i c s o f CCD's . F i g u r e 3 i s a 
p h o t o m i c r o g r a p h o f t h i s d e v i c e . T h i s i s a 64 b i t , 4 phase d e v i c e w i t h a 
t o t a l o f 259 g a t e s . A s i m i l a r d e v i c e w i t h 32 b i t s (131 t r a n s f e r s ) i s 
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F i g . 3 . 259 g a t e GaAs CCD w i t h o n - c h i p a m p l i f i e r . 

i n c o r p o r a t e d on t h e mask s e t . The g a t e s a r e lOGYim w i d e x 5Mm l o n g and a r e 
s e p a r a t e d by lum g a p s . An i n t e g r a l s o u r c e - f o l l o w e r a m p l i f i e r w i t h r e s e t 
FET i s emp loyed and can be seen i n t h e r i g h t edge o f t h e p h o t o . Two l e v e l s 
o f m e t a l l i z a t i o n i s o l a t e d by p lasma d e p o s i t e d s i l i c o n - n i t r i d e a r e emp loyed 
t o a c c o m p l i s h t h e i n t e r c o n n e c t i o n o f t h e g a t e s . The n-GaAs channe l i s i s o ­
l a t e d by a m e s a - e t c h . F i g u r e 4 shows t h e o r g a n i z a t i o n o f t h e c h i p schema­
t i c a l l y . S i g n a l i n p u t i s a c c o m p l i s h e d e i t h e r by c u r r e n t i n j e c t i o n o r by 
p o t e n t i a l e q u i l i b r a t i o n . 
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F i g . 4 . S c h o t t k y b a r r i e r g a t e GaAs CCD s c h e m a t i c . 

Cha rge t r a n s f e r e x p e r i m e n t s have r e c e n t l y been c a r r i e d o u t on t h e s e new 
d e v i c e s . The l o n g e r d e v i c e (250 t r a n s f e r s ) has been t e s t e d a t l o w f r e q u e n c y 
( f d < l MHz) and shows t r a n s f e r e f f i c i e n c y w e l l i n excess o f 0 . 9 9 9 p e r t r a n s ­
f e r . The 131 g a t e d e v i c e has been t e s t e d a t h i g h f r e q u e n c y and shows CTE 
> 0 . 9 9 9 p e r t r a n s f e r f r o m 100 kHz t o beyond 150 MHz. F i g u r e 5 shows t h e 
CCD o u t p u t r e s p o n s e a t 100 MHz c l o c k f r e q u e n c y t o a p u l s e w h i c h i s a p p r o x i ­
m a t e l y 5 c l o c k c y c l e s l o n g , a p p l i e d as i n d i c a t e d i n F i g . 4 . The d e v i c e has 
been o p e r a t e d a t up t o 500 MHz, however CTE i s d i f f i c u l t t o measure a t t h i s 
f r e q u e n c y due t o l i m i t a t i o n s i n t h e e x t e r n a l c l o c k - d r i v e r s and p u l s e g e n e r a ­
t o r s c u r r e n t l y used i n t h e e x p e r i m e n t s . N e v e r t h e l e s s , t h i s i s t o o u r know­
l e d g e , a f a c t o r o f f o u r h i g h e r speed t h a n p r e v i o u s l y r e p o r t e d f o r CCD o p e r a ­
t i o n . 

SIGNAL PROCESSING APPLICATIONS FOR HIGH SPEED CCD'S 

L i n e a r s i g n a l p r o c e s s i n g f u n c t i o n s such as f i l t e r i n g , c o r r e l a t i o n , 
c o n v o l u t i o n , e t c . , a t h i g h sample r a t e s ( > 1 0 s a m p l e s / s e c ) a n d / o r h i g h 
i n p u t r e s o l u t i o n ( > 8 b i t s ) a r e w e l l s u i t e d f o r t h e GaAs CCD o p e r a t i n g i n 
t h e a n a l o g sampled d a t a mode. 

289. 



Fig. 5. GaAs CCD Output at f , = 100 MHz. 

Transversal f i l t e r conf igurat ions of GaAs CCD's promise attainment of 
t r u l y prodigious rates in signal processing. For example, a 250 ce l l CCD 
transversal f i l t e r operating at a 4 GHz clock rate would be performing an 
incredib le 10 1 2 sh i f t -mu l t i p l y -add operations per second (10 y m u l t i p l i e s / 
sec is very fas t fo r current s i l i c o n d i g i t a l IC technology). High per for ­
mance GaAs CCDs in a chip z-transform transversal f i l t e r could serve as the 
basis fo r a low cost , low power, high performance gigahertz-bandwidth 
spectrum analyzer or ECM receiver , f o r example. These devices should also 
f i nd many appl icat ions at even more modest ( < 1 GHz) clock rates as f u l l y 
sel f -contained clock d r i ve rs , input-output in te r faces , e t c . , are achieved 
to make the CCDs r e l a t i v e l y "user t ransparent" . 

CONCLUSION 

The superior e lect ron ic propert ies of GaAs together with the extremely 
rapid progress being made in GaAs integrated c i r c u i t s technology, promise 
a class of charge coupled devices capable of > 1 GHz clock frequency opera­
t i o n . 

REFERENCES 

1. I . Deyhimy, J . S. Har r i s , J r . R. C. Eden, D. D. Edwall, S. L. Anderson 
and L. 0. Bubulac, "GaAs Charge Coupled Devices", Appl. Phys. L e t t . 
32 ( 6 ) , (1978). 

2. W. Kel lner , H. Bierhenbke and H. Kniepkamp, "A Schottky-Barr ier CCD 
on GaAs", IEDM, Washington, D.C. (1977). 

3. I . Deyhimy, J . S. Har r i s , J r . , R. C. EDen, "GaAs CCD with High Transfer 
E f f i c i ency " , Internat ional Conference on the Appl icat ion of Charge 
Coupled Devices, San Diego, CA, (1978). . 

2 9 0 . 




