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ABSTRACT 

T h i s paper p r o v i d e s a r e v i e w o f p r o g r e s s made i n Sony on t h e 

t e c h n o l o g y and pe r f o r m a n c e o f CCD imagers f o r c o l o r v i d e o cameras. 

There a r e two b a s i c approaches t o r e a l i z e a CCD image s e n s o r , namely 

i n t e r l i n e t r a n s f e r o r g a n i z a t i o n and frame t r a n s f e r o r g a n i z a t i o n . 

Sony has u n d e r t a k e n t h e d e s i g n and f a b r i c a t i o n o f b o t h t y p e s o f t h e CCD 

imag e r s , and t h e development e f f o r t r e s u l t e d i n f o u r d i f f e r e n t v e r s i o n s 

o f CCD imagers. They a r e (1) a 2 4 2 H x 494V i n t e r l i n e t r a n s f e r CCD imager 

w i t h h i g h d e n s i t y s t r u c t u r e , ( 2 ) z i g z a g - t r a n s f e r CCD w i t h c h e c k e r - p a t t e r n 

s e n s i n g s i t e s , ( 3 ) a 2 4 2 H x 4 9 0 v CCD imager w i t h SiO? exposed p h o t o - s e n s i n g 

a r r a y s i n frame t r a n s f e r o r g a n i z a t i o n and (4) a 380^x 488^ F.T. CCD imager 

w i t h n arrow c h a n n e l t r a n s f e r g a t e s . I n t h i s p a p e r , t h e d e s i g n s and 

o p e r a t i o n s o f t h e s e CCD imagers and t h e i r camera systems a r e d e s c r i b e d i n 

d e t a i l . 

I . INTRODUCTION 

On March 9, 1978, Sony C o r p o r a t i o n announced t h e development o f an 

epochmaking s m a l l s i z e c o l o r v i d e o camera, u t i l i z i n g newly d e v e l o p e d 

l a r g e s c a l e c h a r g e - c o u p l e d d e v i c e t e c h n o l o g y . The camera was d e v e l o p e d 

i n i t s Research C e n t e r and t h e Semiconductor Development D i v i s i o n . 

The c h a r g e - c o u p l e d device(CCD) c o n t a i n s about 111,192 elements on a 

s i n g l e c h i p , and s e r v e s as t h e image sensor f o r t h e camera i n p l a c e o f 

th e t r a d i t i o n a l p i c k u p t u b e . 

Among t h e f i r s t companies t o p r e d i c t t h e i m p o r t a n c e and f u t u r e 

a p p l i c a t i o n s o f CCD t e c h n o l o g y , Sony has c o n c e n t r a t e d i t s e f f o r t s on 

co m b i n i n g company's t e c h n o l o g i c a l l e a d s i n i n t e g r a t e d s e m i c o n d u c t o r s , 

c r y s t a l l i z a t i o n and image s e n s o r i n g , and was a b l e t o produce an a c t u a l 

p r o d u c t u s i n g t h e newly d e v e l o p e d CCD t e c h n o l o g y . The CCD camera i s 

ca p a b l e o f a p i c t u r e q u a l i t y c l o s e t o i d e a l , and p r o v i d e s r e l i a b i l i t y and 

s t a b i l i t y g r e a t e r t h a n c u r r e n t p i c k u p t u b e cameras. W i t h camera s i z e 

and w e i g h t reduced t o t h a t o f an 8mm camera, and p i c t u r e q u a l i t y t h a t o f 

c u r r e n t t o p range v i d e o cameras, an e n t i r e l y new v i d e o camera can be 

b r o u g h t t o l i f e . 

The CCD c h i p (.1) measures 10. 3mm by 9.1mm, w i t h each element 36um 

by 13pm, a r r a n g e d i n a m a t r i x o f 226 h o r i z o n t a l e l e m e n t s by 492 v e r t i c a l 

e l e m e n t s , f o r a t o t a l o f 111,192 p i c t u r e e l e m e n t s . The CCD camera w i l l 

c o n t a i n 3 c h i p s , and by u t i l i z i n g Sony's p r o p r i e t a l S p a t i a l O f f s e t t i n g 

T e c h n i q u e , w h i c h a l l o w s a d o u b l i n g o f h o r i z o n t a l r e s o l u t i o n , p r o v i d e s 

f o r g r e a t l y i n c r e a s e d p i c t u r e r e s o l u t i o n . By d e v e l o p i n g such s t r u c t u r a l 

f a c e t s as i n t e r l i n e t r a n s f e r o r g a n i z a t i o n , b u r i e d c h a n n e l s , and Sn 0 2 

t r a n p a r e n t e l e c t r o d e s , improvements i n p i c t u r e q u a l i t y , r e s o l u t i o n , 

s e n s i t i v i t y and s i g n a l t o n o i s e r a t i o were made p o s s i b l e . As a r e s u l t , 

even w i t h a 2 / 3 - i n c h o p t i c a l system, e x t r e m e l y h i g h s t a n d a r d s such as 

g r e a t e r t h a n 280 l i n e h o r i z o n t a l r e s o l u t i o n and 700 l u x minimum scene 

i l l u m i n a t i o n ( a t F2) were a c h i e v e d . ( 2 ) 
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The basic t e c h n o l o g i c a l advancement t o achieve the CCD camera has 
been c a r r i e d out i n the e a r l y development of another c o l o r camera v/hich 
u t i l i z e s z i g z a g - t r a n s f e r CCD imagers(3) w i t h checker-pattern sensing 
s i t e , w i t h 142 h o r i z o n t a l p i x e l s ( p =62j*m) and 492 v e r t i c a l p i x e l s 
(p„-13/um) . The standard 2/3-inch format o t the o p t i c a l system leads to a 
CCD chip size of 10 mm x 8.2 mm. H o r i z o n t a l l y , 270 TV l i n e s pér p i c t u r e 
height can be resolved, and 350 TV l i n e / p h v e r t i c a l l y . ( 4 ) 

The scene i l l u m i n a t i o n was 8,000 l u x through p o l y - S i ph'otosensing 
e l e c t r o d e s , t o o b t a i n the s i g n a l - t o - n o i s e r a t i o o f about 40 db, f o r c o l o r 
temperature of 3,200°K, an aperture of F2, and 90% r e f l e c t a n c e . The scene 
i l l u m i n a t i o n i s expected t o be reduced to 2,000 lux from the data of the 
s p e c t r a l response of a black and white camera using the zigzag t r a n s f e r 
CCD w i t h Sn0 2 transparent photosensing e l e c t r o d e s . Antiblooming c o n t r o l 
i s e f f e c t i v e up to 100 times over s a t u r a t i o n at the wavelength of 448 nm. 

As a matter of f a c t , before undertaking the developments o f the above 
mentioned two image sensors, Sony has worked w i t h a simpler s t r u c t u r e o f 
CCD imager, namely a frame t r a n s f e r CCD w i t h S i 0 2 exposed photosensor-
arr a y s . (5) I n the imaging area, an SiC>2 exposed photosensor of 13/xm x 
6/4ip i s l o c a t e d i n a CCD u n i t c e l l of 36juni x 13/̂ m. Photon-generated charges 
a t the photosensor are c o l l e c t e d under the storage gate by d i f f u s i o n and 
d r i f t due t o the f r i n g i n g f i e l d of the storage gate, and are t r a n s f e r e d 
i n the v e r t i c a l s h i f t r e g i s t e r . The quantum e f f i c i e n c y of 55% has been 
obtained a t 450nm wavelength i n the s p e c t r a l response of the photosensors. 
The f a t " 1 " s t o r i n g p a r t i s introduced t o improve the t r a n s f e r e f f i c i e n c y 
of the v e r t i c a l s h i f t r e g i s t e r s . I n the constructed c o l o r camera using 
three CCD c h i p s , o f f s e t t i n g the RED and BLUE CCD chips s p a t i a l l y by 1/2 
p i x e l w i t h repect t o the GREEN i n the h o r i z o n t a l d i r e c t i o n , the h o r i z o n t a l 
image r e s o l u t i o n o f 280 TV l i n e s / p h has been obtained.(6) 

The development of F.T. CCD imager was f u r t h e r enhanced by the 
r e a l i z a t i o n of the 380H x 488V CCD imager w i t h narrow channel t r a n s f e r 
gates.(7) I t c o n s i s t s of 380 x 244 b i t imaging area, 380 x 244 b i t storage 
area, and 380 b i t h o r i z o n t a l readout s h i f t r e g i s t e r . I n the imaging area, 
an S i 0 2 exposed photo-sensor window of 21/tm x 6̂ m i s located i n the CCD 
u n i t c e l l of 24/im x 14^m. The c h i p size of the device i s 10.1 mm x 14.6 mm 
i n which the imaging area i s 8.8 mm x 6.6 mm determined by 2/3 inch 
p i c t u r e format o f the o p t i c a l system. The t r a n s f e r e f f i c i e n c y of the 
v e r t i c a l and h o r i z o n t a l s h i f t r e g i s t e r s are more than 99.995% per t r a n s f e r . 
And high image r e s o l u t i o n of 280 TV l i n e s / p . h . ( H o r i z o n t a l ) and 350 TV 
l i n e s / p . h . ( V e r t i c a l ) have been obtained. The dark c u r r e n t l e v e l i s l e s s 
than 3% of the maximum s i g n a l l e v e l at the room temperature of 20°C. The 
s p e c t r a l response o f the imager i s also analyzed and reported. I t i s 
expected t h a t t h i s i n h e r e n t l y S i 0 2 exposed s t r u c t u r e has high enough 
quantum e f f i c i e n c y at 450nm wavelength and f u n c t i o n s as a c o l o r imager 
w i t h high s e n s i t i v i t y and r e s o l u t i o n . 

The p r i n c i p l e s and methods of designing s o l i d - s t a t e imagers are now 
w e l l understood but the u l t i m a t e key to r e a l i z e high r e s o l u t i o n , high 
s e n s i t i v i t y and low-cost s o l i d s t a t e imaging devices i s the f a b r i c a t i o n 
technology. And the processing success i s measured by the y i e l d . Imaging 
devices, l i k e a l l other i n t e g r a t e d c i r c u i t products, are expected t o f a l l 
on a steep l e a r n i n g curve. 

1 1 • A 242H x 494V I n t e r l i n e Transfer CCD Imager w i t h High Density S t r u c t u r e 
The imager c o n s i s t s of 226 h o r i z o n t a l p i c t u r e elements and 492 

v e r t i c a l p i c t u r e elements i n a 2/3 inch o p t i c a l system. Sn0 2 e l e c t r o d e s are 
employed as photosensors and give high s e n s i t i v i t y f o r blue l i g h t . The b u r i e d 
channel CCD imagers w i t h two-phase clock o p e r a t i o n have high t r a n s f e r 
e f f i c i e n c y and low noise. The t r a n s f e r e f f i c i e n c y observed i s 99.996% per 
stage. The c h i p s i z e of t h i s device i s 10.3 mm x 9.1 mm w i t h a u n i t c e l l 
s i z e of 36/un x 13/*m. The comparison of s p e c t r a l s e n s i t i v i t y of the CCD 
imager w i t h SnO elect r o d e s and t h a t w i t h conventional p o l y s i l i c o n 
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electrodes can be seen i n Figure 1. The CCD w i t h p o l y s i l i c o n electrodes 
i s known to have low s e n s i t i v i t y f o r blue l i g h t which l i m i t s the s e n s i t i v i t y 
of CCD co l o r cameras. 

In c o n t r a s t , the Sn0 2 electrodes used for our CCD imagers increase the 
s e n s i t i v i t y of the blue channel by f i v e times comapred w i t h p o l y s j l i c o n 
elect).odes. Due to the excess charge generated under intense o p t i c a l over
loads, blooming spread are observed along the v e r t i c a l d i r e c t i o n i n the 
p i c t u r e . To prevent these blooming e f f e c t s , overflow drains'have been 
employed v/hich absorb the excess charge overflow i n the v e r t i c a l r e g i s t e r s 
of the'CCD imager. The overflow d r a i n s , capable of c o n t a i n i n g 20 times 
o p t i c a l overloads, are confirmed t o have good anti-blooming f u n c t i o n s . 

The overlapping of baseband s i g n a l s and sideband s i g n a l s , associated 
With s p a t i a l l y d i s c r e t e sampling by the c o l o r f i l t e r , i s observed i n the 
output s i g n a l of some conventional s i n g l e tube c o l o r cameras. This o v e r l a p 
i s observed p a r t i c u l a r l y , o f t e n t o a remarkable e x t e n t , when c o l o r scenes 
are scanned. Generally speaking, however, the a c t u a l degradation of the 
p i c t u r e q u a l i t y i s small due t o the f o l l o w i n g c o n s i d e t a t i o n s : -

(a) Many o b j e c t s and scenes are lov/ i n s a t u r a t i o n . 
(b) Even i n a p i c t u r e w i t h high c o l o r s a t u r a t i o n , the 

disturbance i s small because of the spurious s i g n a l s 
appear mainly on the contours of the o b j e c t s seen, 
t h a t i s , high frequency components have most e f f e c t 
on the edges or contours. 

The above c o n s i d e r a t i o n s show t h a t the bandwidth of the luminace s i g n a l 
can be e f f e c t i v e l y expanded by applying the coding technique of s i n g l e 
tube cameras t o the m u l t i - c h i p CCD camera. The frequency response of a CCD 
i s i l l u s t r a t e d i n Figure 2. I t shows a l i a s i n g e r r o r s associated w i t h 
s p a t i a l l y d i s c r e t e sampling of a photosensing imager. 

In order t o e l i m i n a t e these e r r o r s , an o p t i c a l lov/ pass f i l t e r i s 
us u a l l y employed and l i m i t s the bandwidth to 1/2 f _ where f stands f o r 
the sampling frequency. But, when the GREEN c h i p i s displaced by h a l f 
the p i t c h o f the h o r i z o n t a l separation o f p i c t u r e elements as shown i n 
Figure 3, the phase of the sideband s i g n a l s of the GREEN ch i p i s delayed 
by 180° w i t h respect t o t h a t of the RED and BLUE chips. At the same time, 
when the s i g n a l l e v e l o f each CCD s a t i s f i e s the f o l l o w i n g c o n d i t i o n , 

0.33R + 0.17B = 0.5G 
the spurious spectra of RED,BLUE and GREEN CCD chips are cancelled out as 
shown i n Figure 4. E s p e c i a l l y i n the case of p i c k i n g up of black-and -
white scenes, the e f f e c t i v e bandwidth o f the luminance s i g n a l reaches the 
maximum pos s i b l e f o r the m u l t i - c h i p CCD c o l o r camera, t h a t i s f o r our 
case twice the bandwidth of a s i n g l e c h i p . This e f f e c t o f the spatial-
o f f s e t t i n g technique has been confirmed i n the constructed camera. 

The block diagram of the constructed camera i s shown i n Figure 5. 
The 2/3-inch o p t i c a l system i s employed, c o n s i s t i n g of a zoom lens and 
a prism. CCD output s i g n a l s are connected t o sample-hold c i r c u i t s and pass 
through auto white balance c i r c u i t s and processors and are converted t o 
NTSC s i g n a l s i n the encoder. The h o r i z o n t a l clock frequency i s 4.77MHz. 
The clock i s derived from the 14MHz (4fsc) clock generator. Each blemish 
of the CCD imager i s replaced by the s i g n a l o f the p i c t u r e element j u s t 
before the d e f e c t i v e one. Adresses of the blemishes are s t o r e d i n the PROM 
as r e l a t i v e adresses. 

Luminance s i g n a l and chrominance s i g n a l are separately processed. 
Due t o the s p a t i a l o f f s e t t i n g technique, luminance s i g n a l Y i s given by: -

Y = 0.33R + 0.5G + 0.17B 
Auto white balance c i r c u i t s are c o n t r o l l e d by d i g i t a l memories. As c o n t r o l 
s i g n a l s f o r the auto white balance c i r c u i t s , (R-G) and (B-G) are used. 
These s i g n a l s are a l s o employed as c o l o r d i f f e r e n c e s i g n a l s t o the encoder. 
Figure 6 shows the o v e r a l l normalized s p e c t r a l response. The p i c t u r e 
produced by t h i s camera i s shown i n Figure 7. 
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I I I . Z i g z a g T r a n s f e r CO w i t h C h e c k e r - P a t t e r n Sensing S i t e s 

The z i g z a g - t a n s f e r CCD's e m p l o y i n g c h e c k e r - p a t t e r n s e n s i n g s i t e s have 

been d e v e l o p e d t o r e a l i . v e t h e n o v e l image s a m p l i n g t e c h n i q u e . The s c h e m a t i c 

l a y o u t o f the s t r u c t u r e i s shown i n F i g u r e 8. Two v e r t i c a l p h o t o s e n s i n g 

columns s h a r e one v e r t i c a l s h i f t r e g i s t e r and one o v e r f l o w d r a i n . Compared 

w i t h t h e i n t e r l i n e t r a n s f e r CCD, t h e p h o t o s e n s i n g areas a r e t h u s e n l a r g e d . 

A l s o t h e amount o f h a n d l i n g charge o f t h e v e r t i c a l s h i f t r e g i s t e r s i s 

i n c r e a s e d . T r a n s f e r b i t s o f t h e h o r i z o n t a l s h i f t r e g i s t e r a r e reduced and 

t h e d r i v i n g f r e q u e n c y can be lowered.Because o f t h e p a t t e r n t o l e r a n c e about 

o v e r f l o w d r a i n s , t h e a n t i b l o o m i n g c o n t r o l i s easy t o be b u i l t i n , and t h e 

f u n c t i o n s o f a u t o m a t i c g a i n c o n t r o l and v a r y i n g gamma c o r r e c t i o n can a l s o 

be i n c o r p o r a t e d on a CCD c h i p . 

I n t h e c o n v e n t i o n a l frame t r a n s f e r and i n t e r l i n e t r a n s f e r CCD i m a g e r s , 

p h o t o s e n s i n g s i t e s a r e a r r a n g e d i n square s a m p l i n g scheme as shown i n F i g . 

9 ( a ) . Many c a r r i e r s o f an o u t p u t image a r e g e n e r a t e d i n t h e s p e c t r u m space-

as shown i n F i g . 9 ( b ) , where p i s t h e s a m p l i n g p e r i o d , u,v, and w a r e t h e 

a n g u l a r f r e q u e n c i e s i n t h e h o r i z o n t a l ( x ) , v e r t i c a l ( y ) and t i m i n g ( t ) 

d i r e c t i o n s o f o u t p u t i m a g e s , r e s p e c t i v e l y . I n t e r l a c i n g o f 1:2 removes t h e 

c a r r i e r s marked w i t h w h i t e d o t s f r o m t h e p l a n e p w/2ir-n ( n : an i n t e g e r ) t o 

t h e p l a n e p w/2?r=(2n+1)/2. C a r r i e r s marked w i t h b l a c k d o t s remain on t h e 

former p l a n e . 

I n F i g . 1 0 ( a ) , t h e same number o f CCD p i x e l s as t h e c o n v e n t i o n a l scheme 

i n F i g . 9 ( a ) a r e a r r a n g e d i n a c h e c k e r - p a t t e r n , and s e n s i n g s i t e s o f t h e 

RED CCD, and t h e BLUE CCD a r e o f f s e t by p and p„. , r e s p e c t i v e l y , w i t h 

r e s p e c t t o t h o s e o f t h e GREEN CCD. C a r r i e r p o s i t i o n s o f sampled images i n 

CCD's a r e o b t a i n e d by F o u r i e r t r a n s f o r m as shown i n F i g . 1 0 ( b ) . The c a r r i e r s 

on t h e l i n e p V/2TT=1/2 d i s a p p e a r f r o m t h i s p l a n e as d e s c r i b e d above. 

The c o n d i t i o n f o r e l i m i n a t i n g c a r r i e r s on t h e l i n e s p^u/27r=n ( n : an 

i n t e g e r ) by s p a t i a l o f f s e t t i n g o f s a m p l i n g s i t e s among t h r e e CCD's i s 

A + A exp(-j27rnp /p ) + A, exp ( - j 2vrnp ,/p ) - 0. 
g r L J L x r / L x b ^ J xb' x 

B a l a n c i n g c o n d i t i o n s f o r n = l , 2 , 4 , 5 , 7 , . . . a r e s e l e c t e d f o r b l a c k and w h i t e 

images, where h i g h r e s o l u t i o n i s n e c e s s a r y . Only c a r r i e r s marked w i t h b l a c k 

d o t s t h u s remain i n F i g . 1 0 ( b ) . 

The h o r i z o n t a l rows o f p i x e l s a r e complemented i n t e r s t i t i a l l y w i t h 

upper rows by means o f a one l i n e d e l a y e l e m e n t . T h i s s i g n a l p r o c e s s i n g 

i s l i m i t e d t o t h e f r e q u e n c y r e g i o n h i g h e r t h a n u o f about 1 MHz, because 

t h e s p e c t r a near t h e p o i n t (p U/2TT,P V/2TT) = (0,1/4) c o n t r i b u t e g r e a t l y 

t o t h e v e r t i c a l r e s o l u t i o n . $he a l i a s i n g e r r o r s a r e faded o u t near t h e 

h a t c h e d r e g i o n a l o n g t h e l i n e p v/2?r =1/4 shown i n F i g . 1 0 ( b ) . 

When t h e r e s t o f a l i a s i n g E r r o r s on t h e l i n e 9^U/2TT= 1 w i t h o u t v e r t i c a l 

c o r r e l a t i o n a r e d e t e c t e d , a band e l i m i n a t e f i l t e r d e p resses a l i a s i n g 

e r r o r s near t h e h a t c h e d r e g i o n a l o n g t h e l i n e p V/2TT=1 as s c h e m a t i c a l l y 

shown i n F i g . 1 0 ( b ) . 

Due t o t h e n a t u r e o f o b j e c t images and human eyes, t h e s p e c t r a a l o n g 

t h e u - a x i s and v - a x i s a r e most i m p o r t a n t f o r p r o d u c i n g a h i g h r e s o l u t i o n 

image. I n a d d i t i o n , t h e s p r c t r a o f t h e r e g i o n 0 ^ p U / 2 J T ^ 1 . 5 or 2 on u - a x i s 

and o f t h e r e g i o n 0^p v / 2 ; r g 0 . 5 on v - a x i s a r e o b t a i n e d . T h e r e f o r e , compared 

w i t h t h e c o n v e n t i o n a l y s c h e m e i n F i g . 1 0 , h o r i z o n t a l r e s o l u t i o n i s improved^ 

by a f a c t o r o f two o r more e m p l o y i n g t h e same number o f p i x e l s w h i l e v e r t i c a l 

r e s o l u t i o n remains t h e same. 

A p e r t u r e e f f e c t s o f s a m p l i n g f u n c t i o n s s h o u l d be s e l e c t e d s u i t a b l y f o r 

t h i s band l i m i t e d s i g n a l , b o t h s p a t i a l l y and e l e c t r i c a l l y . The image o b t a i n e d 

w i t h t h i s c o l o r camera i s shown i n F i g u r e 1 1 . 

IV. A 242H x 490V CCD Imager w i t h SiO exposed p h o t o - s e n s i n g a r r a y s 

The d e v i c e has been o r g a n i z e d f o r a frame t r a n s f e r CCD o p e r a t e d w i t h 

two phase c l o c k s and f a b r i c a t e d on a P-type (100) o r i e n t e d , 2-3 ohm-cm 

s i l i c o n s u b s t r a t e i n s u r f a c e c h a n n e l w i t h o v e r l a p p i n g p o l y s i l i c o n g a t e 

60, 



s t r u c t u r e . 
Well-known s i l i c o n gate MOS technologies are used to f a b r i c a t e the 

device. The gate oxide thickness and the channel l e n g t h are 120nm and 
9m f o r the storage gate, and 360nm and 4,/£m f o r the t r a n s f e r gate, 
r e s p e c t i v e l y . Phosphorus doped p o l y s i l i c o n w i t h the sheet r e s i s t i v i t y of 
50-70ohin/a and the thickness of 500nm i s used f o r the gate e l e c t r o d e 
m a t e r i a l . To e l l i m i n a t e oxidation-induced s t a c k i n g f a u l t s and other 
generation-recombination centers, high d e n s i t y (more than l x l 0 2 0 / c m 3 ) 
phosphorus d i f f u s i o n a t 1,100°C and HC£ o x i d a t i o n were employed. Aluminum 
m e t a l l i z a t i o n f o r the p h o t o s i e l d i n g , surrounding the photosensor, i s used 
to improve the image q u a l i t y by an aperture e f f e c t . 

The s p e c t r a l response of the S i 0 2 exposed photosensors and the photo
sensors o f p o l y s l l i c o n - S i 0 2 are shown i n Fig.12. 

A s o l i d s t a t e c o l o r camera using three CCD chips has been co n s t r u c t e d . 
A 2/3-inch lens and a p r i s m a t i c assembly o f d i c h r o i c beam s p l i t t e r s are 
employed i n t h i s system. 

The r e s o l u t i o n of the CCD camera i s l i m i t e d by the a l i a s i n g e r r o r s 
associated w i t h s p a t i a l l y d i s c r e t e sampling of the image on a photosensing 
area. O f f s e t t i n g the Red and Blue CCD chips s p a t i a l l y by 1/2 p i x e l w i t h 
respect t o the Green i n the h o r i z o n t a l d i r e c t i o n , the a l i a s i n g e r r o r s can 
be suppressed by c a n c e l l i n g out the spurious spectra of the Red, Blue and 
Green CCD's i n the s p a t i a l frequency response. As a r e s u l t , the h o r i z o n t a l 
image r e s o l u t i o n of 280 TV l i n e s / p . h . has been obtained w i t h r e l a t i v e l y 
small 242 b i t h o r i z o n t a l p i x e l s . Figure 13 shows a photograph of the TV 
p i c t u r e of an image. 

V. A 380 1 1 x 488 v CCD Imager w i t h Narrow Channel Transfer Gates 
When the channel width of an FET becomes of the same order of 

magnitude as the depth of the gate d e p l e t i o n r e g i o n , an increase of 
threshold v o l t a g e i s observed. This narrow channel e f f e c t has been 
ap p l i e d s u c c e s s f u l l y i n c r e a t i n g an asymmetrical p o t e n t i a l w e l l under an 
elect r o d e f o r two phase CCD operations. 

Figure 14 shows cross s e c t i o n a l views of the elec t r o d e f o r two phase 
CCD s t r u c t u r e . For the s t r u c t u r e f a b r i c a t e d , each e l e c t r o d e of the 
h o r i z o n t a l readout r e g i s t e r has one large storage region of 70.um width and 
seven narrow-channel t r a n s f e r regions o f 3/<m wid t h . The channel lengths 
of the storage and t r a n s f e r p a r t s of the e l e c t r o d e are 7am and 5jum 
r e s p e c t i v e l y . Each e l e c t r o d e of the v e r t i c a l s h i f t r e g i s t e r has one la r g e 
storage r e g i o n o f 18.um width and one narrow-channel t r a n s f e r region of 
3,um w i d t h . The channel lengths of the storage and t r a n s f e r p a r t s of the 
electrode are 8tan and 6/im r e s p e c t i v e l y . The wi d t h of the channel stop 
between v e r t i c a l r e g i s t e r s i s 6/cn. Fig.15-17 show the u n i t c e l l of the 
imaging area, the h o r i z o n t a l readout r e g i s t e r , and TV p i c t u r e s of scenes. 

The s p e c t r a l response of the imager i s analyzed and reported i n 
Fig.18, and the o p e r a t i n g c o n d i t i o n s of the CCD imager are l i s t e d i n 
t a b l e I . As seen i n Fig.19 of the a c t u a l measured channel p o t e n t i a l s 
p l o t t e d against the gate voltage f o r the burie d channel v e r s i o n , no clock 
overlap i s necessary both f o r the v e r t i c a l and h o r i z o n t a l s h i f t r e g i s t e r s . 
This s i m p l i f i e s d r a s t i c a l l y the c o n s t r u c t i o n of a t i m i n g system f o r the 
imager. 

V I . Conclusion 
Four d i f f e r e n t versions of CCD imagers developed i n Sony are reviewed. 

When the goal i s set to a c h i p s i z e of 1cm by 1cm or more, the present 
t e c h n o l o g i c a l progress of large i n t e g r a t e d c i r c u i t s seems very slow. 
Nevertheless,the improvement i s s o l i d and steady, and so i s our e f f o r t . 

61. 



Acknowledgement 

The author i s indebted t o colleagues o f Semiconductor D i v i s i o n f o r 
t h e i r f r u i t f u l c o l l a b o r a t i o n and discussions. He i s a l s o g r a t e f u l t o 
H. Yoshida, H. Yagi, Y. Kawana, K. Nakamura, M. K i k u c h i , and K. Iwama 
fo r t h e i r encouragement and v a r i a b l e suggestions throughout the course o f 
t h i s p r o j e c t . Coworkers of t h i s paper are l i s t e d i n the reference w i t h 
sincere g r a t i t u d e and respect. 

Reference 

(1) C. Okada, T. Shimada, H. Matsumoto, T. Ando, Y. Kanoh, T. Kumesawa, 
Y, Daimon-Hagiwara, "An I n t e r l i n e Transfer CCD Imager w i t h High 
Density S t r u c t u r e " , ( i n Japanese) i n Tech. Papers, I n s t i t u t e o f 
E l e c t r o n i c s and Communication Engineers o f Japan, no.SSD78-5, 
pp.31-40, A p r i l 1978. 

(2) S. Komuro, M. Shimada, H. Yasui, T. Nishimura, Y. Nakata, "A System 
of Three-chip CCD Color Camera", ( i n Japanese) i n Tech, Papers, 
I n s t i t u t e of T e l e v i s i o n Engineers of Japan, no.TBS46-3,pp.l3-17, 
May 1978. 

(3) H. Matsumoto, Y. F u j i i , T. Suzuki, T. H a t t o r i , A. Yagi, T. Ando, 
Y. Kanoh, and S. Ochi, "Zigzag t r a n s f e r CCD image sensor" ( i n 
Japanese), Profess. Group on Semicond. Semicon. Device I n s t . E l e c t r o n . 
Commun. Eng. Japan, vol.SSD-77, no.3, 1977. 

(4) S. Yamanaka, S. Ochi, T. Hashimoto, F. Nagumo, T. Nishimura, 
T. Kumesawa, Y. Daimon-Hagiwara, and M. Shimada, "A co l o r camera 
employing z i g z a g - t r a n s f e r CCD's w i t h c hecker-pattern" ( i n Japanese) 
i n Tech. Papers, Symp. TBS36, I n s t i t u t e o f T e l e v i s i o n Engineers o f 
Japan, no.TBS36-3, pp.1-18, Feb. 1977. 

(5) T. Shimada, S. Koyata, C. Okada, S. K o i t o , M, Futagami, M. Abe, 
T. Ando, and Y. Kanoh, "Frame t r a n s f e r CCD image sensor w i t h S i 0 2 

exposed sensor ar r a y " ( i n Japanese), i n Prof. Group Semicond. 
Semicon. Device o f I n s t . E l e c t r o n . Commun. Eng. Japan, vol.SSD-77, 
no.2, 1977. 

(6) M. Shimada, E. Hayashi, H. Yamasaki, T. Hashimoto, s. Komuro, 
M. Okazawa, H. Yasui, and S. Yamanaka, "A CCD c o l o r camera employing 
S i 0 2 exposed sensors and unique sampling technique" ( i n Japanese) 
i n Tech. Papers, Symp. TBS36, I n s t i t u t e o f T e l e v i s i o n Engineers o f 
Japan, no.TBS36-2, pp.1-19, Feb. 1977. 

(7) Y. Daimon-Hagiwara, M. Abe, and C. Okada, "A 3 8 0 H x 4 8 8 v CCD Imager 
w i t h Narrow Channel t r a n s f e r Gates" Proceedings of the 10th 
Conference on S o l i d State Devices, Tokyo, 1978; Japanese Journal of 
Applied Physics, Volume 18 (1979) Supplement 18-1, pp.335-340. 

62. 



63. 



• : • • 
• 

• -

Lu • 

I n 

r 
4 XS&t 

a — 

1*1 __ 1*1 

n<«vT* » i | 1 

UafEü+fl i i faü 

0 ö 

/ 
• •-

O - - - © O 

.> • 

o 

- O 

, — 5 — 
1 0 • Q. 

u 

- n . . 

0 O 

1 3 • Ó ' ' 

o e . 

Fig. ^ Sensing sites for square sampling 

and its spatial spectrum 
Fig.lC Sensing sites for checker-pattern sampling 

and its spatial spectrum 

Flit. (J Jmacp produced by the cilur camera with three 142 X 492 ele
ment ziifiae-iranifer C C D imagers employing the nnvel image i>r<>-
cessing technique. 
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Fi^iïW Structures of the u n i t c e l l s of the 
imaging and storage area , 

(a) A u n i t c e l l of the imaging area 
(b) A cross-sectional view of (a) along a l i n e A-u 
(c) A u n i t c e l l of the storage area 
(d) A cross-sectional view of (c) along a l i n e 
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Storage H'tji"n 

Table I . Operating conditions o f the C C D imager. 

Integration time 16 msec 
Vertical clock voltage f r o m — 2 volt 

to —12 volt 
Frame shif t frequency 14.31818 MHz/32 

=447.4 K H z 
Line shift frequency 15.7 K H z 
Horizontal clock: voltage f rom 3 volt 

to - 12 volt 
Readout frequency 14.31818 M H z / 2 

= 7.15909 M H z 
Interlace 2: 1 

Fig. ilj- Top and cross sectional views o f the electrode for two phase C C D structure. 

Fig. / T S f O j exposed photo-sensor window of 21 m x 6 f t m located in the unit e l l n f » 

o f i h e n a r r o w c h a n n e i i s 3 " m , h r o u e h < " " *• 
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Fig.lif. The horizontal readout register w i t h 14 //m-
pitch -per b i l electrode structure. 

JOO 500 600 700 
wave length (nm) 

Fig. 16. Spectral Response o f the photosensors. 

Fig. 1 7 T V pictures o f scenes against l ight. A n t i -
blooming effects seem working. The maximum light 
intensity through the lab-window corresponds to 
about ten times o f the maximum handling charge 
of the imager. 

_ _ j I jgafe voltaxe, {volt) 

-5 Ö\ 5 10 "* 
Fig.|9. The actual measured channel potentials plotted against the gate voltage for the buried 

channel version. The curve f i t t ing with ihc simple relations by depletion approximation gives 
the effective values of X , . N D and Q D as seen in the figure. 
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