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1 INTRODUCTION 

f o r many a p p l i c a t i o n s s i n g l e and m u l t i - e l e m e n t i n f r a r e d d e t e c t o r s can 

now be made w h i c h c l o s e l y approach t h e p e r f o r m a n c e s e t by t h e s t a t i s t i c s 

o f t h e i n c i d e n t f l u x . A t f i r s t s i g h t t h e r e i s no p o i n t i n f u r t h e r develop­

ment o f d e t e c t o r s . T h i s paper w i l l o u t l i n e t h e s e p e r f o r m a n c e l i m i t s and 

d e s c r i b e t h e l o g i c b e h i n d the major g a i n s t o be e x p e c t e d f r o m i n f r a r e d 

d e t e c t o r s w i t h s i g n a l p r o c e s s i n g on t h e f o c a l p l a n e . The main f a m i l i e s o f 

s o p h i s t i c a t e d d e t e c t o r t y p e s w i l l be r e v i e w e d and examples o f t h e c u r r e n t 

s t a t e - o f - t h e - a r t d e s c r i b e d . 

2 CONVENTIONAL DETECTORS 

(a) Photon D e t e c t o r s 

For i d e a l p h o t o n d e t e c t o r s t h e d e t e c t o r response i s p r o p o r t i o n a l t o 

the t o t a l d e t e c t e d p h o t o n f l u x o u t t o a g i v e n l o n g w a v e l e n g t h ( i e low 

en e r g y ) l i m i t , so t h a t , i f t h i s p h o t o n f l u x i s $ t t h e n t h e s i g n a l - t o -

n o i s e r a t i o i s 

eA(}> / eA<j> 1 

SNR = ^ J 

(2e A<f)Af) ~2 
2Af 

-2 -L 

where >\> i s p h o t o n f l u x i n photons cm sec 

A i s d e t e c t o r a r e a crn^ 

Af i s t h e e l e c t r o n i c b a n d w i d t h Hz 

e i s t h e e l e c t r o n i c charge. 

For a photon d e t e c t o r t h a t c l o s e l y approaches t h e per f o r m a n c e o f an 

i d e a l d e t e c t o r , t h e SNR w i l l n o t be f u r t h e r degraded and the u s u a l area 

and b a n d w i d t h i n d e p e n d e n t f i g u r e o f m e r i t D® can be d e f i n e d . The mono­

c h r o m a t i c D̂  f o r a s i g n a l o f w a v e l e n g t h X, broadband b a c k g r o u n d , a t t h e 

d e t e c t o r peak w a v e l e n g t h A i s 

A he , fA J I \ 0 . 5 . , o t N 0 . 5 (2/ N, d l ) hv (2$) 
o bb 

and D a r e u s u a l l y q uoted f o r a s m a l l s i g n a l (monochromatic o r 500K 

b l a c k body r e s p e c t i v e l y ) superimposed on a l a r g e r background f l u x o f 

s p e c i f i e d t e m p e r a t u r e , u s u a l l y ambient. 

The main impetus f o r i n f r a r e d photon d e t e c t o r development has f o r 

many y e a r s been t e r r e s t r i a l t h e r m a l i m a g i n g . Systems must d e t e c t t h e 

s n a i l changes i n ph o t o n f l u x due t o t e m p e r a t u r e o r e m i s s i v i t y changes i n 

o b j e c t s n e a r ambient t e m p e r a t u r e . A somewhat s i m p l e r t a s k i s t h e d e t e c t ­

i o n o f o b j e c t s a t t e m p e r a t u r e s w e l l above a m b i e n t , f o r example h e a t s e e k i n g 

m i s s i l e s . 
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Fig 1 shows how some of the r e l e v a n t parameters vary w i t h wave­
le n g t h , The dashed curves represent a 300K black body source w i t h no 
atmospheric a t t e n u a t i o n , w h i l e the s o l i d curves a l l o w f o r a s p e c i f i e d 
atmosphere and a t y p i c a l path l e n g t h . The curves l a b e l l e d 'Flux' give 
the i n t e g r a t e d f l u x up to the wavelength p l o t t e d , w h i l e those l a b e l l e d 
'Flux spectrum' give the s p e c t r a l dependence. There are three main p o i n t s 
to note. The 3-5pm waveband i s s p l i t i n t o two components centred a t 3.7 
and 4.5pm r e s p e c t i v e l y w h i l e the 8-13pm waveband i s n e a r l y continuous. 
The i n t e g r a t e d f l u x i n the 8-13pm waveband i s about two orders of magni­
tude greater than f o r the 3-5pm waveband. F i n a l l y , the absolute f l u x i n 
the 8-13pm waveband i s very h i g h . A z e n i t h sun i n c i d e n t on a pure w h i t e 
r e f l e c t o r produces a v i s i b l e photon f l u x of 102-1 to 1 0 2 2 photons m~2 

sec" 1, of the same order as the 8-13pm 300K f l u x . 

The thermal imager must, however,detect f l u x changes and not t o t a l 
f l u x . The f l u x change w i t h temperature i s about 3% K~l and 1.5% K"1 i n 
the 3-5 and 8-l3pm wavebands r e s p e c t i v e l y . I n order to compare system 
performance f o r t e r r e s t r i a l thermal imaging a f i g u r e of m e r i t M * ( l ) has 
been def i n e d . This takes i n t o account the atmospheric transmission and 
the v a r i a t i o n of c o n t r a s t w i t h wavelength to give a waveband independent 
f i g u r e of m e r i t M* given by 

A ^bh 
C V A - 3 ^ 

M - A , 
( 2 C ^ Nbb d X> s 

where the i n t e g r a t i o n i s c a r r i e d out to the c u t - o f f wavelength, A , of 
the d e t e c t o r . c 

A ft 

Fig 2 shows and M versus c u t - o f f wavelength, A c , f o r an i d e a l 
photon detector ( i e one w i t h n A = 1 f o r A = 0 to A c , and - 0 f o r 
A > A c ) . The e f f e c t s of the s p l i t 3-5pm waveband and the atmospheric 
absorption between the 3-5 and 8-13pm wavebands are c l e a r l y demonstrated. 
Only two p a r t i c u l a r path lengths have been s e l e c t e d , f o r a f u l l a n a l y s i s 
the values of M* must be c a l c u l a t e d f o r the various atmospheric c o n d i t i o n s 
and ranges of i n t e r e s t . 

For many a p p l i c a t i o n s i n thermal imaging the dete c t o r s c l o s e l y 
approach the l i m i t s set by the i n c i d e n t photon f l u x , and f u r t h e r p e r f o r ­
mance improvements are only possible i f a greater f l u x i s detected. A 
simple s i n g l e d e t e c t o r scanned i n a standard TV format uses roughly 
0.001% of the a v a i l a b l e photons. Performance i s improved by adding 
e x t r a d e t e c t o r s i n ways which w i l l be described i n s e c t i o n 4. I n general, 
i f t h i s i s done w i t h no loss i n t h e o r e t i c a l performance, the s i g n a l w i l l 
increase as the number of d e t e c t o r s , and the noise as only the square 
r o o t of t h i s number. For an array of N de t e c t o r s each w i t h given D* and 
M * f e i t h e r monochromatic or black body), the e f f e c t i v e values become 
D*N2 and M*N§ r e s p e c t i v e l y . I t i s important to r e a l i z e t h a t s i g n a l pro­
cessing must be of adequately low noise, and the whole array should 
remain background l i m i t e d f o r optimum performance. 

As the r a t i o of M 3_ 5 to Mg_ 1 3 i s about 6 i n favour of the 8-13pm 
waveband, an i d e a l a rray r e q u i r e s about 36 times as many de t e c t o r s i n the 
3-5pm waveband as an eq u i v a l e n t array i n the 8-13pm waveband, again f o r 
t e r r e s t r i a l thermal imaging. 
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The s t a t e - o f - t h e - a r t of photon d e t e c t o r s has been reviewed by 
several authors recently^ 2)»(3) ( Table 1 summarises the c u r r e n t s t a t e -
o f - t h e - a r t of photon d e t e c t o r s . E x t r i n s i c s i l i c o n r e q u i r e s c o o l i n g below 
77K ( t o 25K f o r g a l l i u m doped s i l i c o n f o r 8-13um, and to 40 to 60K f o r 
indium doped s i l i c o n f o r 3-5um). However at these temperatures very good 
performance i s obtained and detectors remain background l i m i t e d i n very 
low photon f l u x e s . At 77K both Cd Hg1 Te(CMT) and Pb Sn. Te(LTT) can 

X 1 X X 1 x 
give very good performance i n both wavebands, f o r instance CMT can remain 
background l i m i t e d a t only 8° f i e l d of view. At the next o p e r a t i o n a l 
temperature of i n t e r e s t , t h e r m o e l e c t r i c c o o l i n g t o 18O-2O0K, performance 
i s markedly reduced w i t h no background l i m i t e d detectors f o r 8-13ym, and 
r e l a t i v e l y small gains being p o s s i b l e w i t h decreasing f i e l d of view f o r 
3-5ym. 

TEMPERATURE 
OF OPERATION 

SUB 77K 77K 180 -200K 

Background l i m i ted E x t r i n s i c s i l i c o n I n (3- -5) CMT (3-5) 
i n less than 2TTF0V E x t r i n s i c s i l i c o n Ga 

• 

(8- -13) CMT (8-13) 
LTT (8-13) 
LTS (8-13) 
PbSe (3-5) 
InSb (3-5) 

Not background 
l i m i t e d i n less 
than 2-ITFOV 

CMT 
CMT 

(3-5) 
(8-13) 

TABLE 1 Performance of cur r e n t photon detectors' against 300K background 
LTS = Pb Sn, Se. 3-5 and 8-13 r e f e r t o waveband of o p e r a t i o n 

x 1-x 

I n use i n a thermal imager the d e t e c t o r must have a high quantum 
e f f i c i e n c y ( t o maximise D* and M*) and must t h e r e f o r e generate an output 
w i t h a la r g e o f f s e t due to the background photon f l u x . The problem of 
d e t e c t i n g temperature v a r i a t i o n s of 0.1 C at normal ambients corresponds 
to c o n t r a s t s of only 0.3 and 0.15% i n the two wavebands. This should be 
compared w i t h imaging at v i s i b l e wavelengths where c o n t r a s t s less than a 
few per cent are not de t e c t a b l e by the eye. 

(b) Bolometric d e t e c t o r s 

While a range of bolome t r i e d e t e c t o r s e x i s t ( f o r example Go lay c e l l , 
thermopiles and superconducting bolometers) the only bolometer of r e a l 
concern to us here i s the p y r o e l e c t r i c bolome t e r . An i d e a l bolometer has 
an equal energy response to a l l wavelengths so t h a t D* i s e s s e n t i a l l y 
independent of wavelength. 

A background l i m i t can be defined f o r bo l o m e t r i c d e t e c t o r s , g i v i n g 

D = "(160k T 5 ) 0 - 5 

where o i s Stephan's constant, k i s Boltzmann's constant, T i s the temp­
era t u r e of d e t e c t o r and background,and u n i t e m i s s i v i t y of d e t e c t o r and 
background i s assumed. For T = 300K, D* = 1.8.10 1 0. The t h e o r e t i c a l 
value of D* i s increased only m a r g i n a l l y by c o o l i n g the d e t e c t o r . 
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I n p r a c t i c e the p y r o e l e c t r i c d e t e c t o r does not c l o s e l y approach the , 
background l i m i t , f a l l i n g s hort by a f a c t o r of 50 to 100 w i t h t y p i c a l D* 
values of 10^ at low frequencies. The dominant m a t e r i a l s are T r i g l y c i n e 
Sulphate (TGS) and i t s d e r i v a t i v e s , and ceramics such as Lead Z i r c o n a t e -
T i t a n a t e (PZT). I n both cases the d e t e c t o r behaves l i k e a cap a c i t o r w i t h 
a p a r a l l e l c u r r e n t generator p r o p o r t i o n a l to the r a t e of change of temp­
e r a t u r e . For TGS the f e r r o e l e c t r i c Curie p o i n t i s 49 C and i s uncomfort­
ably low f o r p r a c t i c a l a p p l i c a t i o n s . D e r i v a t i v e s of TGS have higher 
Curie p o i n t s , and i n a d d i t i o n can have a b u i l t - i n c r y s t a l assymetry so 
th a t répoling i s not r e q u i r e d i f the Curie p o i n t i s exceeded. 

3 IMAGER REQUIREMENTS 

The simplest imager, F i g 3 ( a ) , c o n s i s t s of a s i n g l e d e t e c t o r w i t h a 
scanning system to produce a r a s t e r scan. For a line s c a n or 'pushbroom' 
type of system the motion of scanner or of t a r g e t can produce the scan i n 
one d i r e c t i o n , but f o r two dimensional scanning both scans are r e q u i r e d . 
As p r e v i o u s l y s t a t e d the M*N2 i s l i m i t e d and t h i s system i s only s u i t a b l e 
f o r n o n - c r i t i c a l use, or where data r a t e s can be slow. 

1 

Detectors can be grouped to increase M*N2 i n a number of ways. I n 
p a r a l l e l scan a l i n e a r array p a r a l l e l t o the scan d i r e c t i o n , f i g 3 ( b ) , 
scans many l i n e s at once. I t may be used i n a 'banded'scan, i e the array 
i s scanned i n a number of sweeps, each sweep contiguous w i t h the preceding 
one, t o complete one frame. The M*N2 value i s then set by the maximum 
number of de t e c t o r s t h a t can be f a b r i c a t e d , packaged and e l e c t r i c a l l y 
hand led i n a dewar. Examples are 180 elements i n the US common mödule 
system and 192 elements constructed by M u l l a r d ( 5 ) , This i s near the 
p r a c t i c a l l i m i t of number of detectors w i t h each one connected to a sep­
ar a t e e x t e r n a l a m p l i f i e r . 

An a l t e r n a t i v e i s to use s e r i a l scan as i n f i g 3 ( c ) . Again each 
de t e c t o r i s connected to an e x t e r n a l processor, but i n t h i s case t h i s i s 
a time delay and i n t e g r a t e c i r c u i t (TDI). The array i s scanned i n the 
same way as a s i n g l e element d e t e c t o r so t h a t every d e t e c t o r views every 
p a r t of the image u n l i k e the case f o r p a r a l l e l scan. The main advantage 
of t h i s i s t h a t d e t e c t o r r e s p o n s i v i t y v a r i a t i o n s are then cancelied out, 
easing subsequent s i g n a l processing f o r the low co n t r a s t image. A s a 
given image p o i n t moves down the a r r a y , the s i g n a l s from successive 
det e c t o r s are added i n the s h i f t r e g i s t e r and a s i g n a l N times t h a t f o r 
a s i n g l e d e t e c t o r appears at the s h i f t r e g i s t e r o u t p u t . As noise increases 
only as N2 the expected gain i n SNR of N2 i s obtained. 

I n p r a c t i c e simple s e r i a l scan i s not deployed and s e r i a l / p a r a l l e l 
scan f i g 3 ( d ) , i s used i n s t e a d . This i s a number of s e r i a l arrays each 
w i t h i t s own s h i f t r e g i s t e r . The main advantage i s the r e d u c t i o n i n scan 
speed to values i n t e r m e d i a t e between simple p a r a l l e l and simple s e r i a l 
scan. Most of the u n i f o r m i t y advantages of s e r i a l scan are obtained w i t h 
fewer output channels to adj u s t than the case f o r p a r a l l e l scan. A 
number of arrays of t h i s type have been c o n s t r u c t e d , f o r example a 6 x 8 
array i n CMT by M u l l a r d ^ and a 2 x 16 array i n LTT by Plessey^ 6) . How­
ever the number of d e t e c t o r s i n an e s s e n t i a l l y s i n g l e element technology 
i s again, as i n p a r a l l e l scan, l i m i t e d to the order of 100 by the problem 
of g e t t i n g leads out of the dewar. 

The l a s t system f i g 3(e) i s not r e a l i s a b l e i n any worthwhile form i n 
si n g l e element, e x t e r n a l t o dewar processing. A 100 element array i s 
only 10 x 10, most requirements c a l l f o r e f f e c t i v e l y 100 x 100 and upwards. 
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I n the v i s i b l e waveband s i n g l e element technology f o r more than a 
few detectors i s not deployed, instead some form of m u l t i p l e x i n g i s 
used. This applies whether the device i s e l e c t r o n beam read ( v i d i c o n 
and i t s v a r i a n t s ) or a l l s o l i d s t a t e (CCD, CID, X-Y addressed imagers). 
I n order to extend t h i s approach i n t o the i n f r a r e d , and at the same time 
dispense w i t h the large number of leads needed i n the dewar, i t i s 
necessary to incorporate e i t h e r or both of TDI and m u l t i p l e x i n g on the 
f o c a l plane, i e at the bottom of the dewar. This now requires a vast 
increase i n the complexity of the f o c a l plane. 

The requirements set by the imager a p p l i c a t i o n s can be summarised as 
(1) TDI and/or m u l t i p l e x i n g at the bottom of the dewar, (2) c i r c u i t oper­
a t i o n at cryogenic temperatures, (3) detector performance must not be 
degraded compared w i t h out of dewar s i g n a l processing, (4) e f f e c t i v e 
e l e c t r i c a l and mechanical coupling of detector and s i g n a l processor and 
(4) very low power d i s s i p a t i o n . 

When considering the o v e r a l l performance i t i s p a r t i c u l a r l y important 
to remember t h a t s i g n a l l e v e l s can be high, and th a t the s i g n a l to noise 
r a t i o i s set by the quantum s t a t i s t i c s . A f l u x of 1 0 2 1 photons m 2 sec 
on a de t e c t o r 50 x 50um2 w i t h an i n t e g r a t i o n time of 1 ms and w i t h u n i t 
quantum e f f i c i e n c y corresponds to 2.5.lO 1 0 electrons.,- This should be 
compared w i t h t y p i c a l s i l i c o n CCD storage w e l l s of 10 to 10^ e l e c t r o n s . 
Any process used to reduce t h i s large s i g n a l l e v e l , f o r example by 
continuously or s e q u e n t i a l l y s u b t r a c t i n g a f i x e d charge from the i n t e ­
g r a t i n g charge so t h a t the ' r e a l ' s i g n a l of 10^ to 10" electrons remains, 
must not i t s e l f introduce a d d i t i o n a l noise. 

The requirements set out i n t h i s s e c t i o n are h e a v i l y biased'towards 
t e r r e s t r i a l thermal imaging. This i s c u r r e n t l y the main d r i v i n g force 
towards detector development, and has w e l l s p e c i f i e d l e v e l s of photon 
f l u x , wavelength range and contrasts of i n t e r e s t . The main a l t e r n a t i v e 
area of i n v e s t i g a t i o n i s i n space a p p l i c a t i o n s where the atmosphere i s 
no longer a l i m i t a t i o n and the photon f l u x can now vary over many orders 
of magnitude depending on whether the e a r t h i s i n the f i e l d of view. 

4 FOCAL PLANE ARRAYS 

CCD and CID technology i s a t t r a c t i v e f o r the s i g n a l processing r e q u i r e 
ments of f o c a l plane arrays. Of the requirements l i s t e d i n s e c t i o n 3, the 
CCD and the CID can perform the m u l t i p l e x f u n c t i o n , and the CCD can also 
perform the TDI f u n c t i o n . Both technologies are low power d i s s i p a t i o n , 
and can operate at cryogenic temperatures. On the d e b i t side normal 
device grade s i l i c o n i s i n s e n s i t i v e t o wavelengths longer than l.lym. 
The problem of making i n f r a r e d f o c a l plane arrays i s th a t of combining 
the CCD/CID func t i o n s w i t h a high performance i n f r a r e d s e n s i t i v e detector 
element. 

Table 2 l i s t s the main options. I n h y b r i d technology, an array of 
detectors i n a conventional i n f r a r e d d etector m a t e r i a l such as CMT or 
InSb i s l i n k e d mechanically and e l e c t r i c a l l y t o a conventional s i l i c o n 
CCD f o r m u l t i p l e x i n g of TDI. I n monolothic technology the CCD or CID i s 
constructed from the i n f r a r e d detector m a t e r i a l , and CCD/CID technology 
i s then required i n m a t e r i a l s such as InSb or CMT. Two v a r i a n t s r e t a i n 
s i l i c o n technology, the use of Schottky b a r r i e r s w i t h i n t e r n a l photo-
emission, and i m p u r i t y p h o t o c o n d u c t i v i t y i n e x t r i n s i c s i l i c o n . 



MONOLITHIC HYBRID 

I n t r i n s i c : InSb CCD or CID 

CMT CCD 

Si Schottky B a r r i e r 

E x t r i n s i c ; Si : I n 

Si : Ga 

( CMT 

PbS 

Si to < 
P y r o e l e c t r i c 

LTT 

InAs Sb, 
x 1-x 

InSb CID 

TABLE 2 OPTIONS FOR FOCAL PLANE ARRAYS 

In a l l cases except m o n o l i t h i c technology i n CMT or InSb the device 
operation d i f f e r s markedly from the operation of a v i s i b l e waveband imager 
I n the l a t t e r photon ab s o r p t i o n creates e l e c t r o n - h o l e p a i r s and the 
charge stored i s m i n o r i t y charge. I n the case of Schottky b a r r i e r and 
e x t r i n s i c s i l i c o n the charge s i g n i s t h a t f o r the m a j o r i t y c a r r i e r , and 
f o r i n d i r e c t o p e r a t i o n the s i g n a l i s fed i n through a m e t a l l i c i n t e r ­
connect. Various schemes have been proposed and f a b r i c a t e d to achieve 
e f f i c i e n t t r a n s f e r of charge from the de t e c t o r i n t o the CCD/CID, a l l 
have l i m i t a t i o n s of noise, frequency of o p e r a t i o n , power d i s s i p a t i o n or 
dynamic range. For a f u l l d i s c u s s i o n see r e f ( 3 ) . . 

4.1 Hybrid arrays 

A p a r t i c u l a r l y a t t r a c t i v e i n f r a r e d d etector m a t e r i a l i s CMT, due to 
the a b i l i t y to t a i l o r the bandgap to s p e c i f i c requirements and at the same 
time f a b r i c a t e high performance photoconductive or p h o t o v o l t a i c d e t e c t o r s . 
CMT p h o t o v o l t a i c d e t e c t o r s have been coupled d i r e c t l y t o a s i l i c o n CCD^7) 
using d i r e c t i n j e c t i o n i n t o the CCD. For a l l d i r e c t i n j e c t i o n systems 
using the c o n f i g u r a t i o n of f i g 4 the in p u t diode w i t h gate and d r a i n 
electrodes i n e f f e c t form an MOS t r a n s i s t o r . At the low curr e n t s obtained 
i n i n f r a r e d imaging t h i s MOS t r a n s i s t o r i s i n a low-signal regime w i t h 

background f l u x e s . 

An a l t e r n a t i v e to the w i r e i n t e r c o n n e c t used f o r CMT-Si i s the 
f l e x i b l e metal i n t e r c o n n e c t w i t h a ' f l i p - c h i p ' technology. A number of 
det e c t o r m a t e r i a l s have been coupled to s i l i c o n readout c i r c u i t s using 
t h i s technique, f o r instance LTT f o r 8-13iim 1024 d e t e c t o r arrays(8) a n d 
a v a r i e t y of m a t e r i a l s f o r 3-5um o p e r a t i o n , such as InSb W , (1.0) and 
InAs Sb, { L L ) * ̂ l 2> 

x 1-x 

The metal i n t e r c o n n e c t i s one problem area, w i t h connection success 
values of the order of 98% on 1024 elements corresponding to about 20 
dead elements. This technology i s p a r t i c u l a r l y d i f f i c u l t f o r LTT which 
has a large expansion mismatch to s i l i c o n , the I I I - V and I I - V I m a t e r i a l s 
have a much b e t t e r match. The ' f l i p - c h i p ' approach also favours pseudo 
bi n a r y semiconductors where the p h o t o s e n s i t i v e device l a y e r can be grown 
on a wider bandgap s u b s t r a t e to give mechanical s t r e n g t h . 

= e l SD /2kT, g i v i n g a marked d e c l i n e i n t r a n s f e r e f f i c i e n c y a t low 
J C 1 _ * 

6. 



An a l t e r n a t i v e to the ' f l i p - c h i p ' approach i s to use a het e r o j u c t i o n ' , 
f o r instance as described by S t e c k l v ! 3 ) . 

A f u r t h e r a l t e r n a t i v e t h a t has been e x t e n s i v e l y reported i s the use 
of an InSb CID array l i n k e d t o s i l i c o n s i g n a l p r o c e s s o r s s 1 \l > ( 3 ) . This 
uses 10 24 x 16 InSb CID a r r a y s , which f u n c t i o n p u r e l y as m u l t i p l e x e r s 
to reduce.the number of i n t e r c o n n e c t s , l i n k e d to s i l i c o n d e m u l t i p l e x e r s 
and TDI chips. The InSb CID chips have been e x t e n s i v e l y described, eg(-i~1-) 

but t h e - s i l i c o n processor chips took longer to make than the InSb CIDvl"/. 

A p y r o e l e c t r i c d e t e c t o r must be used i n the h y b r i d mode. Although 
p y r o e l e c t r i c d e t e c t o r s are not as s e n s i t i v e as photon d e t e c t o r s , as 
described i n s e c t i o n 2 they have a reasonable performance coupled w i t h 
o p e r a t i o n at normal ambient temperatures. A ' f l i p - c h i p ' technology i s 
i n d i c a t e d , but i t i s worth remembering t h a t i n order to complete, w i t h 

cut 1 imager performance o f , say D*(500K) = 1010 cm Hz2W" L on 
* /N = 1 0 1 1 cm Hz2 w"l) a p y r o e l e c t r i c - CCD combi 

•1 

100 d e t e c t o r s (Ö* M = ï o 1 1 cm H?J w"1) a p y r o e l e c t r i c - CCD combination 
w i t h a d e t e c t o r D*(500K) of 3.10 8 cm Hz2 w - 1 would r e q u i r e 10 5 d e t e c t o r s , 
corresponding to a f u l l s t a r i n g array. 

4.2 Schottky b a r r i e r 

The a p p l i c a t i o n of i n t e r n a l photoemission i n a metal-semiconductor 
Schottky b a r r i e r was proposed several years ago 1 , > . The photon i s 
absorbed i n the metal and the hot e l e c t r o n produced can be i n j e c t e d i n t o 
the semiconductor. The process i s a f a i r l y low quantum e f f i c i e n c y 
( t y p i c a l l y 0.1%) w i t h response out t o the l i m i t set by the Schottky 
b a r r i e r h e i g h t f o r platinum s i l i c i d e - s i l i c o n of 0.27 e V U ö ; g i v i n g a 
f a i r match t o the 3-5um waveband. The main advantages are an a l l s i l i c o n 
technology and a high degree of u n i f o r m i t y . I n use the Schottky b a r r i e r 
d e t e c t o r i s r e s e t at each read pulse to a reference v o l t a g e , and the 
charge r e q u i r e d f o r t h i s i s t r a n s f e r r e d to the CCD s h i f t r e g i s t e r . 

I n o p e r a t i o n the device must be cooled to reduce thermionic emission 
over the Schottky b a r r i e r , Devices reported to dateU**) , (19) operate 
around 90K and both l i n e (256 element) and area (25 x 50) arrays have 
been constructed. 

4.3 Monoli t h i c E x t r i n s i c 

For f o c a l plane arrays using t h i s technology the only s u i t a b l e host 
semiconductor i s s i l i c o n so that the f u l l power of i n t e g r a t e d c i r c u i t 
technology can be e x p l o i t e d . Various authors^2°)»(21)(22),(23) have r e ­
viewed the p r o p e r t i e s of e x t r i n s i c s i l i c o n as a m a t e r i a l , and the main 
dopants are l i s t e d i n t a b l e 3. Both donors i n n-type m a t e r i a l and 
acceptors i n p-type m a t e r i a l are candidates and i n both cases the photo-
e x c i t a t i o n produces m a j o r i t y c a r r i e r s . Special CCD Input s t r u c t u r e s are 
then r e q u i r e d to couple the detector to the CCD, an example i s shown i n 
f i g 5^2'^. Fqr thermal imaging the dominant dopants are In ( f o r 3-5um) 
and Ga ( f o r 8-13pm) but both s u f f e r from the need f o r c o o l i n g w e l l below 
77K f o r o p e r a t i o n w i t h 300K backgrounds. There i s c u r r e n t l y an a c t i v e 
search f o r dopants capable of o p e r a t i o n i n the 3~5um waveband at 77K or 
above. No dopants have been reported which approach o p e r a t i o n i n the 
8-13um waveband at t h i s temperature, and i t i s h i g h l y u n l i k e l y t h a t con­
v e n t i o n a l dopants w i l l be able to achieve t h i s . The only p o s s i b i l i t y i s 
t h a t counterdopants, as proposed by E l l i o t t et alA"^* may provide a r o u t e 
to t h i s temperature and wavelength regime. 
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(26)A. number o f e x t r i n s i c s i l i c o n a r r a y s have been r e p o r t e d ' * ' 

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

o p e r a t i o n by ch a n g i n g t h e dopant o n l y , k e e p i n g t h e masks and d e s i g n 

f e a t u r e s u n a l t e r e d . The l a r g e s t a r r a y r e p o r t e d i s a 32 x 96 a r r a y 

(22) 
w i t h u n s p e c i f l e d d o p a n t s . 

TABLE 3 IMPURITY LEVELS IN SILICON 

AE 
pk X l / 2 

a 
Apk 

S o l u b i l i t y 
BLIP 

(eV) (urn) (um) d o " 16 2, 
cm ) a.o 1 (W' 3) (K) 

Donor 

Sb 0.039 28.8 31.5 72 6.8 x 10 3 

P 0.044 26.0 29.4 2 2 1.3 x 10 5 
•-

As 0.055 22.5 24.2 15 1.9 x 10 5 -

B i 0.070 17.5 18.7 70 80 33 

Mg 0.11 11.5 12.1 17 3000 30 

Te 0.14 - 8.9 - >1000 -
S 0.19 5.5 6.8 2 3 72 

Yb 0.33 - - - - -

Tm 0.49 - — — - -

A c c e p t o r s 

ic/ 1 B 0.04 5 23. 5 27.8 18 \ 6 x ic/ 1 ~ 

A l 0.057-0.069 15 18 4.5-8. 5 2 x 10 3 33 

Ca 0.065-0.074 15 17-18 2.6-5. 6 3 x 10 3 33 

Be 0.11 -0.15 6 7.4 0.05 - -

I n 0.155 5 7.4 0.33 200 62 

T l 0.23 3. 5 4.2 >10 -

Ni 0.23 2 3.6-5.4 - - -

Cu 0.24 3. 75 4.9 0.05 j» - 86 

Te 0.26 3. 5 4.2 - • • -

Zn 0.27-0.3 2. 5 3.3 1.4-2. 6 110 

3. 0 3.7 -

DATA FROM REVIEWS BY SCLAR, NELSON, ELLIOTT 

4.4 M o n o l i t h i c I n t r i n s i c 

I n t h i s t e c h n o l o g y c o n v e n t i o n a l i n t r i n s i c d e t e c t o r m a t e r i a l s a r e used 

and t he l o g i c c i r c u i t s must now be f a b r i c a t e d i n these m a t e r i a l s and n o t 

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

i n these n a r r o w band gap m a t e r i a l s i s f o r i n f r a r e d d e t e c t o r s , so t h e r e i s 

no r e a d i l y a v a i l a b l e t e c h n o l o g i c a l base t o e x p l o i t . Even i n t h e case o f 
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s i l i c o n i t i s only a short time since l a r g e arrays of photodetectors 
numbered only 100's of elements, although now f u l l TV i s p o s s i b l e i t r e ­
presents the extreme l i m i t of our a v a i l a b l e technology. 

Three m a t e r i a l s have been s e r i o u s l y considered f o r m o n o l i t h i c i n t r i n ­
s i c devices, InSb, LTT and CMT. InSb i s s u i t a b l e only f o r 3-5um o p e r a t i o n 
w h i l e LTT and CMT' are candidates f o r both 3-5ym and 8-13um wavebands. 
LTT i s u n s u i t a b l e f o r f u r t h e r development using CCD or CID technology due 
to i t s very high d i e l e c t r i c constant (approximately 400) w i t h the a t t e n d ­
ant requirement f o r an i n s u l a t o r of s i m i l a r d i e l e c t r i c constant. CCD 
and CID devices have been reported on InSb, and CCD devices i n CMT. 

InSb CID de t e c t o r s have been developed at GE^15^ p r i m a r i l y f o r the 
h y b r i d system described i n s e c t i o n 4 . 1 ^ , but of course the 16 x 24 
array would work i n i t s own r i g h t as an X-Y addressed CID InSb d e t e c t o r . 
InSb CCD arrays have been developed at SBRC^ 2 8), w i t h a planar techno­
logy f o r the d e t e c t o r and the CCD. 

The CCD i s 4 phase, surface channel, o v e r l a p p i n g gate w i t h the d e t e c t ­
ors connected to an opaqued CCD s h i f t r e g i s t e r by a t r a n s f e r gate. F u l l 
o p e r a t i o n of 20 element l i n e a r arrays has been achieved w i t h c u r r e n t 
charge t r a n s f e r e f f i c i e n c i e s of the order of 0.995 at 77K. Pre d i c t e d 
performance when a number of improvements are implemented i s a D A of 

1 9 1 — 1 1 / —7 —1 

10 X icm Hza W f o r backgrounds below 1 0 i q photons cm * sec A. 

The development of CMT CCD devices i s more re c e n t , but progress by 
the group at Texas I n s t r u m e n t s ^ 2 ^ ) , ( 3 0 ) has been r a p i d i n m a t e r i a l w i t h 
a bandgap s u i t a b l e f o r 3-5um imaging. Both 16 and 32 b i t CCD s h i f t 
r e g i s t e r s have been operated at 77K w i t h t r a n s f e r e f f i c i e n c i e s up to 
0.9995 using the four phase s t r u c t u r e based on a ZnS i n s u l a t o r on the 
na t i v e oxide shown i n f i g 6. The n-type CMT was produced by s o l i d s t a t e 
r e c r y s t a l l i z a t i o n w i t h a bandgap of 0.295 to 0.315 eV and a doping l e v e l 
of 1-2.10^ cm - 3. High D* values have already been obtained, f o r a 16-
stage s h i f t r e g i s t e r w i t h 20 f i e l d of view, (50 kHz clock and a c u t o f f 
wavelength of 4.3um, a D* p̂ of 2.8 10

1 2cm Hz2 W"1 was measured, compared 
w i t h 4.10 1 2 cm Hz2 W"1 f o r an i d e a l 16 element TDI det e c t o r w i t h the 
same quantum e f f i c i e n c y ( 4 6 % ) . 

5 CONCLUSIONS 

While s i n g l e element technology can now provide d e t e c t o r s , and l i m i t e d 
s ize d e t e c t o r a r r a y s , w i t h n e a r - t h e o r e t i c a l performance over a wide range 
of wavelengths, i n c i d e n t photon f l u x e s and op e r a t i n g temperatures, t h i s 
i s not yet t r u e f o r higher technology devices i n c o r p o r a t i n g m u l t i p l e x i n g 
or TDI f u n c t i o n s . This i s apparent i n the wide range of m a t e r i a l s and 
technologies c u r r e n t l y being s t u d i e d . S i g n i f i c a n t progress i s being made, 
however, w i t h most success i n devices f o r 3-5um 77K op e r a t i o n (eg InSb 
and CMT m o n o l i t h i c , Si Schottky b a r r i e r ) and i n 3-5 and 8~13um sub 77K 
( e x t r i n s i c s i l i c o n ) . Hybrid technology r e q u i r e s a s o l u t i o n to the i n t e r ­
connection problem to proceed f a r beyond the 100 to 1000 element s i z e , 
but can o f f e r 8-13um 77K op e r a t i o n . 
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