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INTRODUCTION 

The l i g h t l e v e l s a v a i l a b l e to astronomers are at l e a s t a f a c t o r of 
10 1 0 lower than those normally encountered i n s t u d i o or d a y - l i g h t photo­
graphy. The most important s c i e n t i f i c i n f o r m a t i o n i s f r e q u e n t l y contained 
i n the f i n e s t v i s i b l e s t r u c t u r e s . Fairt sources are seen superimposed on 
the b r i g h t background of the n i g h t sky and f r e q u e n t l y they l i e close t o 
much b r i g h t e r o b j e c t s . While l a r g e telescope apertures can increase the 
a v a i l a b l e f l u x and s a t e l l i t e a l t i t u d e s both improve image q u a l i t y and 
allow observations over the whole spectrum, as w e l l as p r o v i d i n g a darker 
sky; the c h a r a c t e r i s t i c s of the d e t e c t o r c r u c i a l l y l i m i t the p r e c i s i o n of 
the observations. Astronomers want t o achieve photon-noise l i m i t e d 
measurements from a s i n g l e frame w i t h h i g h DQE and geometrical s t a b i l i t y , 
a l a r g e dynamic range and l i n e a r response over a wide s p e c t r a l range, and 
minimal s i g n a l induced noise and l a g . These goals are not achieved w i t h 
any multielement d e t e c t o r c u r r e n t l y a v a i l a b l e . CCDs using b u r i e d channel 
technology and s e n s i t i s e d t o include the u l t r a v i o l e t r egion appear to 
o f f e r the best s o l u t i o n f o r s i g n a l generating area sensors i n the f u t u r e . 

DETECTOR CHARACTERISTICS 

I n order to e x p l o i t the images already being produced by ground-based 
telescopes and those expected to be a v a i l a b l e from o r b i t i n g telescopes the 
f o l l o w i n g c h a r a c t e r i s t i c s are d e s i r a b l e f o r a CCD sensor: 

a) l i n e a r response 
b) no dead-space between elements and minimal charge spreading 
c) centre to centre spacing of elements approximately 15 microns 
d) on-chip a m p l i f i c a t i o n w i t h noise e q u i v a l e n t to 20 e l e c t r o n s or b e t t e r 
e) h i g h , uniform, responsive quantum e f f i c i e n c y from 0.1 to 1 micron 
f ) s a t u r a t i o n charge approximately 10 6 e l e c t r o n s per element 
g) thinned to l i m i t cosmic ray background 
h) high photometric s t a b i l i t y w i t h no o p t i c a l f r i n g i n g a t long wavelengths 
i ) up to 2000 x 2000 elements 
j ) operate r e g u l a r l y at temperatures <-100°C w i t h exposure times between 

a f r a c t i o n o f a second and sev e r a l hours. 

EXPERIENCE WITH AVAILABLE CCDS 

We have s u c c e s s f u l l y used a r r a y s of s i l i c o n diodes f o r astronomical 
spectroscopy and area photometry f o r s e v e r a l years ( r e f 1). T h eir 
p r i n c i p a l l i m i t a t i o n i s a l a r g e source capacltance l e a d i n g to an 
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i r r e d u c i b l e noise of several hundred e l e c t r o n s per diode. We have had 
the o p p o r t u n i t y of using a Texas Instruments 400 x 400 element develop­
mental CCD made a v a i l a b l e a t Cerro T o l o l o Inter=American Observatory i n 
Ch i l e . This device approached but d i d not f u l l y meet the requirements set 
out i n (a) to ( j ) above except f o r (e) and ( h ) . The photometric t r a n s f e r 
f u n c t i o n of the device was not uniform or s t a b l e p a r t i c u l a r l y a t wave-
le n t h s longer than the peak response. The problem i s i l l u s t r a t e d i n 
Figure 1 which shows a photographic image generated w i t h the device when 
observing the emission nebula i n Orion (M42) i n the e s s e n t i a l l y monochro­
matic l i g h t of the [ S i l l ] l i n e s a t A9532. The f r i n g i n g i s apparent. I t 
was not possible t o remove t h i s w i t h observations of a u n i f o r m l y i l l u m i ­
nated screen as the f r i n g e s t r u c t u r e i s very s e n s i t i v e to the geometry 
of i l l u m i n a t i o n and telescope p o s i t i o n . Two f u r t h e r d i f f i c u l t i e s are 
i l l u s t r a t e d i n Figure 1, There i s an u n d e r l y i n g g r a d i e n t i n response and 
there are several dead columns. Such problems are to be expected i n a 
developmental device. 

UV SENSITIZATION STUDY AT CRESS 

The fluorescence of Coronene near A5000 has been the standard 
technique f o r the down c o n v e r t i o n of UV photons to the peak of normal 
photocathode responses and i t i s proposed f o r use w i t h the T I CCD detec­
t o r s on the Wide F i e l d Camera of Space Telescope. The match to the peak 
S i l i c o n response near A8000 i s not optimum and i n a study funded by the 
Canadian NRC Space Science Coordination O f f i c e ( r e f 2) we have suggested 
a composite of sodium s a l i c y l a t e and ruby. Sodium s a l i c y l a t e f l u o r e s c e s 
i n the region 4000 to 5000A w i t h a peak at 4500A which coincides w i t h an 
absor p t i o n band i n ruby which f l u o r e s c e s s t r o n g l y between 6600 and 7700A. 
This provides a much closer match w i t h the s i l i c o n response. Although 
the f l u o r e s c e n t e f f i c i e n c y of sodium s a l i c y l a t e I s rather less than t h a t 
of coronen, the combination w i t h ruby i s expected to provide a high over­
a l l e f f i c i e n c y . A t e s t i n g program i s planned. 

FUTURE USE OF CCD's AT t!BC 

A 100 x 100 element CCD array w i t h 32 mici-on spacing, l i t t l e o p t i c a l 
dead space, and w i t h on-chip a m p l i f i c a t i o n made by, and on loan from, B e l l 
Northern Research, Ottawa, w i l l be put i n t o o p e r a t i o n i n the summer of 
1979. Data a c q u i s i t i o n and exposure c o n t r o l w i l l be through a D i g i t a l 
PDP 11/03 computer and the a r r a y w i l l he mounted i n an e x i s t i n g l i q u i d 
n i t r o g e n cooled housing. The system i s i l l u s t r a t e d In Figure 2. The 
det e c t o r i s i n a sealed housing and cooled by a copper "co l d f i n g e r " 
immersed i n l i q u i d n i t r o g e n . A p r i n t e d c i r c u i t board w i t h i n the housing 
provides d r i v e e l e c t r o n i c s f o r the a r r a y , and a video p r e a m p l i f i e r . 
Readout c i r c u i t s , c o n t r o l l e d remotely by computer are located In a box 
beside the housing video c i r c u i t r y , also i n t h i s box, co n s i s t s of a clamp, 
i n t e g r a t o r , sample-hoId, and a n a l o g - d i g i t a l converter. Readout proceeds 
at about 10^ p i x e l s per second and i s synchronized w i t h the 1 ine 
frequency. Noise i s reduced by i n t e g r a t ing the v o l t a g e l e v e l s correspond­
ing t o p i c t u r e element charge packets, and clamping the video l i n e between 
i n t e g r a t i o n s when a reference v o l t a g e appears. 14 b i t d i g i t i z e d data 
passes down a 30 meter cable to a p o r t a b l e computing system c o n s i s t i n g of 
a DEC PDP 11/03 computer w i t h 32K words of memory, two dual d e n s i t y 
floppy d i s k d r i v e s , a video t e r m i n a l , and X-Y p l o t t e r . The "camera" 
i n t e r f a c e uses a p a r a l l e l 1/0 por t and can support a va i. te Ly of detectors. 
P i c t u r e frames are stored on f l e x i b l e d i s k e t t e s which have a ^ Megabyte 
capaci t y (about 25 100 x 100 images). Frames can be p roceased, displayed 
on the video t e r m i n a l , or p l o t ted as they are received, or can simply be 
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s t o r e d f o r more e x t e n s i v e a n a l y s i s u s i n g t h e co m p u t i n g c e n t e r f a c i l i t i e s 
a t U.B.C. We p l a n f u t u r e o b s e r v a t i o n s u s i n g l a r g e r CCD a r r a y s and w i l l 
be u p g r a d i n g o u r system as needed. 

DATA PROCESSING AND ANALYSIS 

C u r r e n t l y a l l d a t a a c q u i r e d w i t h our l i n e a r R e t i c o n a r r a y s i s 

reduced w i t h an i n t e r a c t i v e FORTRAN coded program, RETICENT, w h i c h a c c e p t s 

i n p u t i n s t r u c t i o n s i n a s i m p l e command f o r m a t . A key f e a t u r e o f RETICENT 

i s t h e a b i l i t y t o e x e c u t e r e p e a t e d sequences o f I n s t r u c t i o n s w i t h n e s t e d 

DO l o o p s and A s s e m b l e r - l i k e MACRO s t a t e m e n t s . P r i o r t o RETICENT, a 

command o r i e n t e d program, FIRM, was w r i t t e n by S. Mochnacki ( r e f 3) f o r 

the r e d u c t i o n o f images o b t a i n e d w i t h a now o b s o l e t e 50 x 50 R e t i c o n a r r a y 

and we a n t i c i p a t e t he development o f a more s o p h i s t i c a t e d program, 

i n c o r p o r a t i n g f e a t u r e s o f RETICENT, f o r use w i t h t he 100 x 100 CCD a r r a y 

and l a r g e r f o r m a t d e v i c e s . 

A r e l a t e d c o n c e r n a r i s i n g f r o m t h e use o f l a r g e m u l t i - e l e m e n t a r r a y s 

i s how t o b e s t p r e s e n t t he d a t a . I n our work t o da t e we have r e l i e d 

m a i n l y on c o n t o u r diagrams b u t the s e have o b v i o u s l i m i t a t i o n s p a r t i c u l a r l y 

when f i n e d e t a i l i n a l a r g e f i e l d i s t o be r e p r e s e n t e d . P h o t o g r a p h i c 

images a r e f a m i l i a r and p r o v i d e d i s c e r n a b l e r e s o l u t i o n matched o n l y by 

i m p r a c t i c a l l y l a r g e c o n t o u r maps. W i t h t h e a d d i t i o n o f p u l s e c o l o u r t o 

r e p r e s e n t i n t e n s i t y l e v e l s , t he dynamic range i n t h e p h o t o g r a p h can be 

enhanced t o do j u s t i c e t o t h e o r i g i n a l d a t a . UBC has r e c e n t l y a c q u i r e d 

a Comptal V i s i o n I Image System w h i c h c o n s i s t s p r i m a r i l y of a c o l o u r 

t e l e v i s i o n m o n i t o r under computer c o n t r o l t h r o u g h a user o p e r a t e d key­

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

o f t he e a r t h , t h i s system has been used ( r e f 4) s u c c e s s f u l l y t o d i s p l a y 

200 x 200 p i x e l CCD images. I t s l o n g t e r m p o t e n t i a l f o r A s t r o n o m i c a l 

imagery i s l i m i t e d because the maximum f i e l d s i z e i s o n l y 256 x 256 p i x e l s 

and t he maximum dynamic range w h i c h can be d i s p l a y e d i s 256:1. I t i s 

i m p o r t a n t t o emphasize t h a t t he b e n e f i t s o f u s i n g m u l t i e l e m e n t a r r a y s can 

be r e a l i z e d o n l y i f the da t a r e d u c t i o n f a c i l i t i e s a r e a v a i l a b l e w h i c h 

f u l l y e x p l o i t t he c h a r a c t e r i s t i c s o f t h e d e t e c t o r s . The p r o v i s i o n o f 

such f a c i l i t i e s s h o u l d be re g a r d e d as an i n t e g r a l p a r t o f a d e t e c t o r 

development program. 
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FIG. 1: IMAGE OF THE ORION NEBULA IN THE 

LIGHT OF [ S i l l ] 0.9532 MICRON 
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