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E l e c t r i c a l   p r o p e r t i e s  were  measured f o r  CCD's 
f a b r i c a t e d   w i t h  a nar row  in te re lec t rode gap s t r u c -  
ture  (AI-Al2O3-Al) [ I ] .  The s t r u c t u r e   i n s u r e s   h i g h  
cha rge   t rans fe r   e f f i c i ency   a t   h igh   f requenc ies ,  
i s   s i m p l e   t o   f a b r i c a t e  and p rov ides   exce l l en t   s ta -  
b i l i t y  when compared t o  three-phase,  s ingle- level  
m e t a l l i z a t i o n  CCD's. Devices  used f o r   t h e  measure- 
ments represent  improved  design and fabr ica t ion   over  
those  prev ious ly   repor ted [ I ] .  Improvements 
inc lude  an   inc rease  o f   over  a f a c t o r   o f  50 i n  the 
number o f   b i t s ,  a decrease i n   e l e c t r o d e   l e n g t h   o f  
7O%, a decrease i n  channe l   w id th   o f   over  80%, and a 
s i g n i f i c a n t   i n c r e a s e   i n   c h a r g e   t r a n s f e r   e f f i c i e n c y .  
Both  &-b i t  and 500-b i t  CCD s h i f t   r e g i s t e r s  were 
f a b r i c a t e d ,   w i t h  929 pm2 (1.44 mi12)  per b i t  area, 

shown i n  Fig. 1 (One f o u r t h   o f   t h e   c h i p   l e n g t h  
extends  from  cross  mark to  cross  mark.) .   Photo- 
masks werecomposed u s i n g   f o u r   r e t i c l e s .  N-channel 
technology was used i n   d e v i c e   f a b r i c a t i o n ,   a l l w i n g  
an increased  y ie ld   over   prev ious  p-channel   process-  
i ng. 

MHz da ta   ra tes  have  been ach ieved  w i th   these 
devices.  In  general,   the  double-level  Al-AI2O3-Al 
s t ruc tu re   requ i res   l ower   c lock   vo l tages  and i s   l e s s  
s e n s i t i v e   t o   c l o c k  waveforms  than  s ingle- level  
m e t a l l i z a t i o n   d e v i c e s   o f   s i m i l a r   g e m t r y .  A novel 
"double  c locking' '  scheme  was used w i th   t hese  
dev ices   to   inc rease  charge  hand l ing   capab i l i t y  and 
the   cha rge   t rans fe r   e f f i c i ency ,  

these  devices i s   t h i n  enough t o  suppress  the  chan- 
ne1 p o t e n t i a l   w e l l s  i f  a bur ied   channe l   s t ruc tu re  
i s   d e s i r e d .  The AI-AI20 -A I  technique  therefore 
prov ides an a t t r a c t i v e   a f t e r n a t i v e   t o   t h e   I l r e s i s t i v e  
seat1  approach t o   b u r i e d  channel   e lectrode  construc- 
t i on .   F i f t y -b i t   bu r ied   channe l   A I -A I20  - A I  devices 
f a b r i c a t e d   w i t h   g e o m e t r i e s   s i m i l a r   t o   t ? e  500 x 1 
device show c h a r g e   t r a n s f e r   e f f i c i e n c i e s  as h i g h  as 
99.995% a t  500 kHz and 99.99% a t  1 MHz. 

A photomicrograph o f  a p a r t   o f   t h e   c h i p   i s  

Charge t r a n s f e r   e f f i c i e n c i e s   o f  99.98% a t  1 

The A I  0 i n s u l a t i o n  between  electrodes on 2 3  
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F igure 1.  Photomicrograph o f   t h e  500 x 
Aluminum CCD Sh i f t   Reg is te r .  
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