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COLOUR CAMERAS EMPLOYING TWO CCD/CID IMAGERS 

Ulrica Reiruers 

ABSTRACT 

The number of picture-elements available i n todays s o l i d state 
imagers makes the development of a colour camera w i t h only one sen­
sor for the generation of the red, green and blue video information 
a thankless task. At least two CTD-elements are needed f o r a pic­
ture w i t h acceptable resolution. D i f f e r e n t p r i n c i p l e s of two-chip 
colour cameras have been investigated, both t h e o r e t i c a l l y and i n 
experiment, by the author during the l a s t two years. Imagers used 
are RCA"s franje-transfer CCD SID 52501, Fairchilds CCD 211, an i n ­
t e r l i n e - t r a n s f e r device, and the TN 2000 camera CID-chip produced 
by General E l e c t r i c . The d i f f e r e n t types of cameras are presented, 
the pros and cons of the imagers used are considered and r e s u l t s 
of the work are stom. 

INTRODUCTION 

One of tlie great advantages of s o l i d state imagers over conventional 
pick-up tubes i s the f a c t , t h a t tlie l ocation of every picture element i s 
fi x e d and t h a t tl i e o r i g i n of a video signal appearing a t t:he output of 
such a device can be determined by simply counting tlie number of clock 
pulses needed to read out t h i s signal. So tlie use of colour coding f i l t e r s 
i n f r o n t of tlie sensor allows the generation of more than one colour 
signal w i t h only one imager and - what i s even more worthy - the sepa­
r a t i o n of these signals by simple electronic means. Imagers available t o ­
day pos ess about 200 to 350 pixels per l i n e , and some of them have a num­
ber of active l i n e s s u f f i c i e n t f o r the use i n standard TV-systems. The 
resolution i n pictures taken w i t h these devices i s j u s t good enough f o r 
lav q u a l i t y black and white imaging, and so i t does seem to be u n r e a l i s t i c 
to t l i i n k of g e t t i n g more than one signal out of such an imager. This cer­
t a i n l y i s true i f one t r i e s t o generate red, green and blue with one chip, 
but i t i s not, i f only red and blue are extracted front t h i s sensor, green 
being read out of arother w i t h f u l l r e solution. This i s due to the eye's 
a b i l i t y t o see a high-resolution colour picture mixed from a sharp green 
and two blurred red and blue signals. So a two-chip-solution seems to be 
a good compromise between resolu t i o n and expense, at least today. A wel­
come benefit of such a system i s the f a c t , that tlie problems of unsymme-
t r i c a l dark current generation - leading to nasty coloured backgrounds -
decreases as the number of imagers decreases, and that o p t i c a l alignment 
becomes less sophisticated as w e l l . A l o t of work had been going on i n the 
I n s t i t u t fur Nachrichtentechnik of the Technical University Braunschweig 
concerning tlie evaluation of colour cameras with one or two electron-beam 
tubes i n tlie l a s t couple of years (ref 1) . The background of t h i s work was 
of course very useful f o r tlie development of s o l i d s t ate cameras. The se­
paration of more than one colour signal generated with a conventional 
pick-up tube i s normally possible only i f d i f f e r e n t colours can be found 
i n d i f f e r e n t frequency ranges of the video signal. Hie frequency-multiplex 
i s accomplished by the use of subtractive f i l t e r s w i t h stripes opaque f o r 
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one colour, we c a l l these f i l t e r s green stops or red-stops etc. As the 
frequency-multiplex i s not necessary i n s o l i d state Imaging, additive f i l ­
t ers are used w i t h stripes transparent only f o r red, or for blue or f o r 
green. A r e s u l t of our former work was the proof, t h a t a twc-imager-systan 
i n v/hich green i s generated i n the one pick-up element and red and blue i n 
the other (G(RB)-System) i s superior to a l l other solutions (Y (RB), 
Y (GRB)etc.) . So consequently a l l our experiments were done using such a 
system. Fig. 1 shows the experimental equipment. The st r i p e d f i l t e r needed 
to separate red and blue i n the RB-channel i s projected on the imager by 
means of a r e l a i s o p t i c . The green l i g h t i s separated by a dichroic 
mirror. To avoid resolution-loss due to infrar e d l i g h t absorbed i n the 
RB-imager an IR-stop f i l t e r i s used (ref 2) . The green channel can easily 
be equipped with any camera system available, f o r example with a con­
ventional tube-system to get pictures w i t h excellent resolution. The de­
t a i l e d description following t h i s introduction r e f l e c t s a chronological 
development, which was caused by tlie a v a i l a b i l i t y of the d i f f e r e n t 
imagers. 

RB-SYSTEM USING A FRAME-TRANSFER CCD 

Fig. 2 shows tlie model of a frame-transfer CCD SID 52501 manufactured by 
RCA. The device uses 3-phase transfer elements and p o l y s i l i c o n electrodes, 
the s e r i a l readout i s accomplished by a BCCD structure whereas tlie imaging 
area and tl i e storage area are SCCDs. There are two evident ways how to 
divide tlie imaging area i n t o a blue and a red part using s t r i p e d f i l t e r s : 
e i t her line-sequential with horizontal stripes or dot-sequential w i t h 
v e r t i c a l s t r i p e s . We chose a horizontal striped f i l t e r because of many 
reasons. The number of pixels per l i n e i s only 320 while there are 512 
lines per frame. So a p a r t i t i o n of the number of line s i n t o 256 f o r red 
and 256 f o r blue does seem t o be more tolerable than a p a r t i t i o n of tl i e 
p i x e l s . The commutation from red to blue can be done during tl i e horizon­
t a l blanking i n t e r v a l , so i t remains i n v i s i b l e during tlie active l i n e 
time. The doubling of each l i n e , necessary to generate simultaneous red 
and blue signals, can be carr i e d out by means of a CCD-delay-line wliich 
f o r example could be on the chip i t s e l f . As a matter of f a c t the SID 52501 
posesses such an additio n a l delay-line, wliich i s not connected to the 
outer world, though. 

The system described above f a i l e d to produce good colour pictures 
because of two reasons. The one reason i s the spectral response of the 
SID shown i n f i g . 3. The curve shown - as do tli e other curves i n t h i s 
paper - refers to a tungsten halogen lamp w i t h a correlated colour tanpe-
rature of about 3200 K. Two line s indicate the ranges i n which the red 
and the blue f i l t e r stripes are transparent. The t i n y portion of signal 
i n the blue channel i s evident. As the dynamic range of the imager i s 
lim i t e d (blooming) and tli e signal-to-noise-ratios f o r both colours have 
to be i n the same order of magnitude, an adaption of signal-levels has to 
be done using c o l o u r - c o r r e c t i o n - f i l t e r s with f u l l transparency i n the 
blue and about only 5% i n t l i e red, and by increasing the illuminance i n 
tlie scene to about 40000 Lux. The other problem, even worse than tlie 
w e l l known problem of spectral s e n s i t i v i t y , i s the smearing between the 
blue and the red lines due to transfer losses i n the imaging and the 
storage area. Fig. 4 shows the v e r t i c a l modulation transfer function of 
the SID. Both curves were measured v/ith a pattern of black and white 
stripes projected on the imager exactly i n phase with sensor l i n e s , so no 
aperture loss i s included. The strong decrease of the curves i s mostly 
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due t o t r a n s f e r losses , and these lead t o r e d i n f o r m a t i o n b e i n g mixed 
w i t h b l u e s i g n a l s . As t h e decrease i s a f u n c t i o n o f t l i e number o f charge 
t r a n s f e r s a charge packet has t o undergo, t he MTF depends on t h e o r i g i n 
o f t he measured s i g n a l . M a t r i x i n g o f t he r ed and the b l u e channel was 
t r i e d as a counter-measure a g a i n s t smearing, b u t i t f a i l e d t o work i n a 
s u f f i c i e n t way because o f t h e l o c a l dependence o f t h i s e f f e c t . 

The use o f v e r t i c a l s t r i p e d f i l t e r s can probably min imize the p r o ­
blem o f c r o s s t a l k between c o l o u r s t o a c e r t a i n degree. T r a n s f e r losses 
l e a d i n g t o t h i s phenomenon w i l l occur o n l y i n the r e a d o u t - r e g i s t e r , 
which i s o f t h e BCCD-type, and t h e r e f o r e has an i n e f f i c i e n c y - c o e f f i c i ­
en t e much lower than the SCCD-structures w i t h i n t l i e image and t h e 
s to rage a rea . Moreover t he number o f t r a n s f e r s i n t h i s readout channel 
i s l i m i t e d t o about 960 f o r t h e "wors t case"-charge packe t . The decrease 
o f t h e h o r i z o n t a l MTF has been measured t o be 50% a t t l i e N y q u i s t l i m i t . 

F a i r c h i l d s CCD 211 , an i n t e r l i n e - t r a n s f e r d e v i c e w i t h 244 a c t i v e 
l i n e s and 190 p i x e l s per l i n e was i n v e s t i g a t e d f o r i t s q u a l i f i c a t i o n as 
a p o s s i b l e s u b s t i t u t e i n t l i e RB-channel . The sma l l number o f l i n e s p r o ­
h i b i t s t l i e use o f h o r i z o n t a l s t r i p e d f i l t e r s as w i l l be shown i n t l i e 
nex t chap t e r . The s p e c t r a l response c u r v e , compared t o t h a t o f t l i e SID 
i n f i g . 5, does n o t make t l i e use o f t h i s dev ice v e r y a t t r a c t i v e , and t h e 
h o r i z o n t a l MTF i n f i g . 6 shows some i n f e r i o r i t y t o RCA's SID 52501 . 

EMPLOYMENT OF A C I D IMAGER I N THE RB-CHANNEL 

General E l e c t r i c s e l l s a s o l i d s t a t e b l a c k and w h i t e camera TN 2000 
which uses a CID imager w i t h 244 l i n e s and 188 p i x e l s per l i n e . Great 
advantages o f t h i s dev ice a r e i t s r e l a t i v e l y f l a t s p e c t r a l response 
cu rve - due t o a s m a l l e r amount o f p o l y s i l i c o n on t l i e s u r f a c e exposed 
t o l i g h t - and the f a c t , t h a t readout o f t h i s sensor i s n o t accomplished 
by charge t r a n s f e r b u t by sens ing o f t l i e p o t e n t i a l s o f p i x e l - e l e c t r o d e s . 
A number o f drawbacks has t o be accepted, though. 

Again i t i s n o t reasonable t o use h o r i z o n t a l s t r i p e d f i l t e r s . F i g . 7 
g ives an impres s ion o f t l i e equipment needed f o r such a system. As t l i e 
number o f l i n e s has t o be doubled t o s a t i s f y normal t e l e v i s i o n s t a n ­
da rds , and the c o l o u r s have b o t h t o be a v a i l a b l e s i m u l t a n e o u s l y , 3 d e ­
l a y - l i n e s a r e unavo idab le . F i g . 7 shows two s p e c i a l f e a t u r e s o f t l i e t ype 
o f CID dev i ce cons idered he re : t h e r e a re two o u t p u t s , and a f t e r t h e r e a d ­
o u t o f one l i n e c o n t a i n i n g v ideo i n f o r m a t i o n and f i x e d p a t t e r n n o i s e 
( R ' , B ' ) , t h e r e i s always one l i n e merely c o n s i s t i n g o f f i x e d p a t t e r n 
n o i s e ( r , b ) . S u b t r a c t i o n o f two f o l l o w i n g l i n e s i s t h e r e f o r e necessary 
t o cance l t he n o i s e . As a m a t t e r o f f a c t t h e p r e i n j e c t i o n - r e a d o u t o f t he 
CID makes s i g n a l p rocess ing r a t h e r compl ica ted ( r e f 3, r e f 4 ) . I t has 
been shown, t h a t t he use o f more complex s t r i p e d f i l t e r s can m i n i m i z e 
t he number o f d e l a y - l i n e s used i n a system v / i t h h o r i z o n t a l f i l t e r s , b u t 
s t i l l t l i i s s o l u t i o n remains i n a t t r a c t i v e . 

A c l o s e l ook a t t l i e sensor i t s e l f , shown i n f i g . 8, makes c l e a r why 
t h e r e a re two o u t p u t s t o one c h i p : t he p i x e l s o f each l i n e a r e a l t e r ­
n a t e l y connected t o one o f these o u t p u t s by t l i e v e r t i c a l enable s w i t c h e s . 
v e r t i c a l s t r i p e d f i l t e r s t h e r e f o r e make t l i e s e p a r a t i o n o f r e d and b l u e 
p o s s i b l e on the c h i p so t h a t each c o l o u r i s read o u t a t i t s own o u t p u t 
p o r t . F i g . 9 shows the equipment adapted t o t h i s system. Two d e l a y - l i n e s 
and a swi tched s u b t r a c t i o n c i r c u i t a r e aga in necessary f o r f i x e d p a t t e r n 
no ise r e d u c t i o n . 

The system desc r ibed above per forms v e r y s a t i s f a c t o r y . C r o s s t a l k 
between t l i e c o l o u r s i s s c a r c e l y measurable due t o t he miss o f charge 
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transfer processes for the readout. The spectral response curve - again 
compared to that of the SID - is given i n f i g . 10. Fig. 11 shows the ratio 
between the red and the blue signal after seme colour-correction aimed at 
suiting the resulting curves to the corresponding EBU-curves. The loss i n 
sensitivity due to this f i l t e r i n g i s adequate to 1.5 stops of the camera's 
objective. Amplification i s needed to assimilate the red to the blue 
signal, this results i n a loss of about 6.5 dB i n the signal-to-noise-
ratio of the blue channel. 

ACKNOWLEDGEMENTS 

The author wants to thank the director of the I n s t i t u t fur Nachrich­
tentechnik, Prof. Dr.-Ing. H. Schönfelder, and his colleague Dr.-Ing. G. 
Brand for their encouragement and support and the ROBERT BOSCH GMBH, Ge-
schaftsbereich Fernsehanlagen, for i t s promotion of the work described. 

REFERENCES 

r e f 1 Schönfelder, H.; Bock, G.: Einröhren- und Zweiröhren-Farbkame-
rasysteme. Funkschau, Volume 47, 1975, No. 18, pp. 111 - 114, 
No. 19, pp. 59 - 63. 

ref 2 Dyck, R.H.; Steffe, W.: Effects of Optical Crosstalk in CCD 
Image Sensors. Proceedings of the 1978 International Confe­
rence on the Application of Charge Coupled Devices, 
San Diego, 1978, pp. 1 - 55 - 1 - 6 1 . 

ref 3 Manual of the Model TN 2COO Closed Circuit Television Camera, 
General Electric Company, Syracuse, September 1976. 

ref 4 Solid State Television Camera (CID), Final Technical Report to 
Contract No. NASA 9-14757, General Electric Company, 
Syracuse, August 1976. 

F i g u r e l . Exper imenta l Equipment Used to Test 

Two_-Sen,soT Colour Cameras 

7 1 . 



° V A 2 = 

0 V B 3 » 

Figure 2. Organ iza t ion of a 

„ F r a m e - T r a n s f e r " Imager 

É ( X ) 

1,0 

0 , 5 

Striped F i l l e r 

c m 

0 H 2 

S t o r a g e A r e a 

O u i p u t 

F igure 3. Spectra l Response Curve of the F T - C C D 

SID 52501 (RCA) 

5 0 0 700 

n r n 

72. 



' . O 

0,5 

C C D 211 I F a i r c h i l d l 

- - - CCD S I D 52501 ( R C A ) 

iQO 500 600 

Figure 5. Comparison of the Spectra l Response Curves : 

FT -CCD SID 5250KRCA) - CCD 211 ( F a i r c h i l d ) 

700 

nm 

MTF 

' , 0 

0,5 

Figure 6. Hor izon ta l M o d u l a t i o n Transfer F u n c t i o n of 

the CCD 211 

0,5 1,0 1,5 2,0 
V i d e o - F r e q u e r ^ y 

[ M H z ] 

CID - I 

S e n s o r I 

Oulpni 1 

Oulpul 2 

C i o c k p u l s e -

G e n e r a l ion 

RIcB' .a 
T = 6^vis T= 64 l i s T = 64^ is 

r.B'.b.R' 

S y n c . 

Figure 7. CID - S y s t e m Employ ing a Hor i zon ta l 

R B - S t r i ped F i l te r 
B'-b = B 

7 3 . 



H o r i z o n t a l S h i t t R e g i s l e 

v e r t i c a l 

S h i f t 

R e g i s t e r 

V e r t i c a l 
E n a b l e 
S w i t c h 

-cr> •:.r 

H 

T 
H H f 

X 

x 
i-

x 

x H 

XT 
H H H 

X: 

Xr 

X 

M 
H o r i z o n t a l 

E n a b l e S * 

X 

'Ha 
O u t p u t 1 

O u t p u t 2 

1 , 

-c 

f 

5r 

>-

i . ( 

5r 

>-

i h x h X h t > 

r f 

<¬

y-

!> 
r <¬

y-

X H 
V <¬

y-

<¬

y-

R a * L e a d S n i t c h 

F i g u r e s . Model TN 2000 Camera CID Sensor (GE) 

Figure 10. Compar ison of (he Spect ra l Response Curves : 

FT -CCD SID.5250.1 (RCA) - C I D ( G E ) 

14. 



6GÜ 

Figure I t , Sens i t i v i t y Curves of the CID - S y s t e m ' s 
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