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ABSTRACT 

Time delay and in tegra t ion CCDs are now f i n d i n g wide appl ica t ion in 
the f i e l d s of IR imaging, sonar beam-forming and transversal f i l t e r s . This 
paper reports on the design and performance of a 12 input TDI processed 
using a two layer p o l y s i l i c o n n-channel buried channel technology. 

A major consideration during the design phase was the need f o r simp­
l i f i e d dr ive requirements. l | phase clocking is made possible f o r the 
CCD by using bar r ie r implants under the second po lys i l i con layer , and 
other necessary clocks (reset and sample ) are derived from the input 
clock by on-chip dr ive c i r c u i t r y . A l l DC bias voltages are also generated 
on-chip. The only requirements f o r d r i v i n g the TDI therefore are a one 
phase input c lock, +15, 0, -5 v o l t power supplies, and decoupling cap­
aci tors f o r the bias voltages. 

The on-chip clock generators allow a clocking frequency which has n i -
thero not been possible. By careful design, 50 MHz clocking was achieved 
over the f u l l m i l i t a r y temperature range (-55 nC to +125°C) al lowing 13 MHz 
signal bandwidth to be processed. 

PRINCIPLE OF OPERATION 

The inputs to the TDI are arranged such that the contr ibut ions from 
the inputs are integrated wi th a time stagger between each one. In the 
device reported here, t h i s time stagger represents two clock periods T 
(see f i g u r e 1) . Expressed mathematically, the output X( t ) is given by 

n 

X( t ) = I I j ( t - 2 (n + 1 - j ) T ) 

1=1 
where n i s the number of inputs , and I , the j t h input . 

A l inea r IR imaging array scanned Jacross an image provides essen t ia l ly 
iden t i ca l signals but wi th a b u i l t in time stagger between i t s outputs. 
By passing these signals to a TDI, the coherent signals w i l l be in tegrated, 
but incoherent noise from each detector w i l l give only an r .m.s . summation. 
Hence a processing gain of /n w i l l be real ised ( r e f 1 ) . 

In beam-forming appl icat ions ( r e f 2) a sonar echo is received by a 
l inea r array of transducer detector elements. Time stagger w i l l be i n ­
troduced in to the outputs from these detectors due to the angle made between 
them and the re turn s igna l . By sweeping the TDI clock through an approp­
r i a t e frequency range, a peak at the output w i l l occur when coherence i s 
achieved between the input s ignals . 
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CHIP DESIGN 

One o f t h e m a j o r c o n s i d e r a t i o n s i n t h e c h i p d e s i g n was t h e r e q u i r e ­
ment f o r 20 MHz c l o c k i n g even f o r d e v i c e s p r o c e s s e d w i t h ' w o r s t c a s e ' 
p r o c e s s i n g p a r a m e t e r s and o p e r a t i o n o v e r t h e f u l l m i l i t a r y s p e c i f i c a t i o n 
t e m p e r a t u r e r a n g e . A n o t h e r c o n s i d e r a t i o n v/as t o make t h e d e v i c e as s i m p l e 
t o o p e r a t e as p o s s i b l e ( r e f 3 ) . The use o f o n - c h i p c l o c k l o g i c and d r i v ­
e r s s a t i s f i e s b o t h t h e s e r e q u i r e m e n t s - s a t i s f a c t o r y e x t e r n a l c l o c k l o g i c 
and d r i v i n g c i r c u i t r y i s v i r t u a l l y i m p o s s i b l e above 10 MHz. 

A b u r i e d c h a n n e l CCD was used i n o r d e r t o make use o f i t s s u p e r i o r 
t r a n s f e r c h a r a c t e r i s t i c s o v e r s u r f a c e channe l CCD, e s p e c i a l l y a t h i g h 
c l o c k i n g f r e q u e n c i e s . S i n c e t h e number o f t r a n s f e r s i s l ow ( 4 8 ) He 
e f f e c t s a r e o n l y o b s e r v a b l e a t h i g h c l o c k r a t e s , and even t h e n a r e h a r d l y 
o b s e r v a b l e ( s e e f i g 8 ) . 

I n o r d e r t o s e t t h e i n p u t DC o f f s e t t o i t s op t imum l e v e l , a l l t h e 
i n p u t s a r e AC c o u p l e d w i t h t h e o f f s e t l e v e l d e r i v e d f r o m o n - c h i p b i a s 
c i r c u i t r y . 

Many d i f f e r e n t p o s s i b i l i t i e s e x i s t f o r t h e i n p u t c i r c u i t r y t o t h e CCD 
and a c a r e f u l a n a l y s i s was r e q u i r e d i n o r d e r t o m i n i m i s e ha rmon i c d i s t o r t ­
i o n . F i l l and s p i l l t e c h n i q u e s a l l o w good l i n e a r r e l a t i o n s h i p s between 
i n p u t v o l t a g e and CCD c h a r g e b u t d i s t o r t i o n w i l l be i n t r o d u c e d a t t h e o u t ­
p u t o f t h e CCD due t o t h e n o n - l i n e a r c h a r a c t e r i s t i c s o f t h e d e p l e t i o n 
c a p a c i t a n c e o f t h e o u t p u t d i o d e . I t was t h e r e f o r e f e l t t h a t t h e b e s t l i n ­
e a r i t y w o u l d be a c h i e v e d by m a t c h i n g t h e n o n - l i n e a r components a t t h e o u t ­
p u t and i n p u t t o t h e CCD,and so an i n p u t t e c h n i q u e s e t t i n g t h e s u r f a c e 
p o t e n t i a l v/as a d o p t e d ( f i g 2 ) . By r e s e t t i n g t h e o u t p u t node t o V n n (+15V) 
and k e e p i n g V - a t V ™ t h e h a r m o n i c d i s t o r t i o n was m i n i m i s e d . 

Wij;h_ t h i s d i o d e c u t - o f f . . t y p e o f i n p u t , t h e l e n g t h o f t h e sample g a t e 
i s a p o t e n t i a l speed l i m i t e r . I n o r d e r f o r i t s l e n g t h n o t t o be d e p e n d e n t 
on mask m i s a l i g n m e n t , i t i s n e c e s s a r y t o make t h e g a t e i n p o l y s i l i c o n 1 . 
A t f i r s t , i t w o u l d a p p e a r t h a t t h i s i s n o t p o s s i b l e due t o t h e f a c t t h a t 
t h e r e f e r e n c e e l e c t r o d e w o u l d r e q u i r e t o be p o l y s i l i c o n 2 c o n f l i c t i n g 
w i t h t h e p o l y s i l i c o n 2 c l o c k phase e l e c t r o d e ( n e c e s s a r y i n o r d e r t o m a i n ­
t a i n t h e d i r e c t i o n a l i t y b a r r i e r ) . However , t h i s p r o b l e m was overcome by 
p o s i t i o n i n g t h e s t a r t o f t h e b u r i e d channe l midway be tween a d o u b l e w i d t h 
p o l y s i l i c o n 1 c l o c k phase e l e c t r o d e so t h a t a minimum l e n g t h (5 um) p o l y ­
s i l i c o n 1 sample g a t e c o u l d be u s e d . 

The o u t p u t b u f f e r c o n s i s t s o f a 3 s t a g e s o u r c e f o l l o w e r w i t h s a m p l e / 
h o l d t r a n s i s t o r be tween t h e 1 s t and 2nd s t a g e s ( f i g 3 ) . T h r e e s t a g e s 
a r e n e c e s s a r y i n o r d e r t o g u a r a n t e e 250ft o u t p u t impedance and 50 MHz 
s a m p l i n g r a t e . S i n c e t h e s o u r c e / d r a i n v o l t a g e o f t h e sample t r a n s i s t o r can 
n e v e r exceed t h e maximum s i g n a l v o l t a g e range ( < 4 v ) i t was p o s s i b l e t o use 
a t r a n s i s t o r w i t h a c h a n n e l l e n g t h o f 5pm, t h u s m i n i m i s i n g sample c l o c k 
b r e a k t h r o u g h . 

P a r t i c u l a r a t t e n t i o n was p a i d t o o p t i m i s i n g t h e c l o c k g e n e r a t i o n 
c i r c u i t r y ( f i g 4 ) . S i n c e 0 R / 0 D a r e e s s e n t i a l l y i n phase w i t h t h e i n p u t 
c l o c k , i t was p o s s i b l e t o use a c l o c k e d l o g i c g a t e s t r u c t u r e t o g e n e r a t e 
t h e s e w a v e f o r m s , t h e r e b y m i n i m i s i n g t h e power c o n s u m p t i o n . T h i s o b v i o u s l y 
v/as n o t p o s s i b l e f o r t h e sample c l o c k (0<O, so t h a t a more s t a n d a r d a p p r ­
oach was n e c e s s a r y . I t i s i n t e r e s t i n g t o n o t e t h a t s i m u l a t i o n showed t h a t 
a h i g h e r c l o c k i n g r a t e f o r a g i v e n power c o n s u m p t i o n c o u l d be a c h i e v e d by 
u s i n g a pseudo p u s h - p u l l b u f f e r r a t h e r t h a n u s i n g a s t a n d a r d l o g i c g a t e , 
d e s p i t e t h e e x t r a p r o p a g a t i o n d e l a y i n v o l v e d . I n o r d e r t o o p t i m i s e 
t h e t r a n s i s t o r s i z e s and t h e i r a s s o c i a t e d i n p u t g a t e c a p a c i t a n c e s i n t e r m s 
o f o p e r a t i n g f r e q u e n c y , i t was n e c e s s a r y t o w r i t e a F o r t r a n Computer 
p r o g r a m t o c a l c u l a t e t h e t r a n s i s t o r a s p e c t r a t i o s s i z e s f o r a g i v e n 
o v e r a l l power c o n s u m p t i o n . As a p r e c a u t i o n , an a l t e r n a t i v e m e t a l mask was 
made so t h a t t h e n e c e s s a r y c l o c k s c o u l d be d r i v e n e x t e r n a l l y , b u t i n t h e 
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event t h i s was not needed. 
Several DC b ias vo l tages are r e q u i r e d f o r va r ious p a r t s of the 

c i r c u i t - f o r the DC phase o f the CCD, f o r the load devices o f the 
source f o l l o w e r stage and f o r the DC o f f s e t o f the i npu t s i g n a l . These 
vo l tages are e a s i l y generated by us ing p a i r s o f t r a n s i s t o r s a c t i n g as 
vo l tage d i v i d e r s . These nodes may be accessed on the ch ip v i a pads 
i n the normal manner. In t h i s way the generated vo l tages can be moni to red 
and e x t e r n a l decoup l ing capac i t o r s added. By t h i s means, the b ias vo l tages 
may be d r i ven f rom an e x t e r n a l source i f necessary. 

An SEM photomicrograph o f the ch ip i s g iven i n f i g 5. 

CHARACTERIZATION 

The most impo r tan t f e a t u r e t o a r i s e from these measurements was the 
a b i l i t y o f the dev ice t o operate a t a c l o c k i n g f requency o f 50 MHz over 
the f u l l m i l i t a r y s p e c i f i c a t i o n temperature range. In f a c t , the dev ice 
has not been t e s t e d beyond 50 MHz due t o the l i m i t a t i o n o f the pulse gen­
e r a t o r . Frequency response measurements were made f o r 20 MHz and 50 MHz 
c locks and the r e s u l t i s shown i n f i g 6. 

F ig 7 i l l u s t r a t e s the i n t e g r a t i n g a b i l i t y o f the TDI when a square 
wave s igna l i s a p p l i e d t o a l l i npu ts s imu l taneous ly - i n t h i s case the 
c lock r a t e i s 500 KHz. The sample breakthrough can be c l e a r l y seen and 
may be f i l t e r e d ou t i f necessary. F ig 8 shows the same as f i g 7 but f o r a 
50 MHz c l o c k , and F ig 9 shows a 12.5 MHz s ine wave a p p l i e d t o a l t e r n a t e i n ­
pu t s . 

Wi thout going i n t o f u r t h e r d e t a i l s , Table 1 g ives f i g u r e s f o r some im­
p o r t a n t performance parameters a t 25°C. 

TABLE 1 

C h a r a c t e r i s t i c Typi cal 
Value 

Uni ts 

Sample breakthrough 400 mV 
Signal bandwidth 1 a t 50 MHz 13 MHz 
To ta l i n s e r t i o n ga in - 3 . 1 dB 
Dynamic range 2 68 dB 
Harmonic d i s t o r t i o n 3 0.20 % 

Output impedance 160 ü 
Power consumption 250 mW 

Note 1 -3dB p o i n t 
Note 2 I npu t s i gna l V . , increased to g i ve 2% harmonic d i s t o r t i o n 
Note 3 1 v o l t 10 KHz p p s i gna l a p p l i e d to a l l i npu ts 
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FIGURE 1; Device Schematic 

FIGURE 2: Input Circuitry 
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FIGURE 3: Output Circuitry 
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FIGURE 4: Qn-Chip Clock L o g i c / D r i v e r C i r c u i t 

FIGURE 5: SEM Photomicrograph o f the TDI . 
The CCD and 12 inpu t s are i n the c e n t r e , 
c lock l o g i c a t the bottom and ou tput 
b u f f e r to the r i g h t o f the p i c t u r e . 
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FIGURE 6: Frequency Response o f TDI . 
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FIGURE 7: TDI Output (500 KHz clock) 

FIGURE 8= TDI Output (50 MHz clock) 
(xlO probe) 
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FIGURE 9: 12.5 MHz sine wave input 
(50 MHz clock) 
(xlO probe) 
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