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SECTION I 

INTRODUCTION AND SUMMARY 

T h i s  r e p o r t  r e f l e c t s  t h e  p rogress  made s i n c e  t h e  submission o f  t h e  f i r s t  

Semiannual Progress Report  i n  August 1968. 

The progress i n  t h e  six-month p e r i o d  be ing  repo r t ed  has i nvo l ved  f o u r  main 

d i v i s i o n s :  

I )  t h e  f i n a l  development o f  a  system f o r  t h e  de te rm ina t i on  o f  black-body 

r e s p o n s i v i t y ,  i n c l u d i n g  t h e  development o f  a  low-noise, t r a n s i s t o r i z e d  

preamp! i f i e r  capable  o f  measuring s i g n a l  vo l t ages  i n  t h e  100 m i c r o v o l t  

r eg i on  across a  dev ice  o f  resYstance i n  t h e  l o9n  reg ion .  

2) t h e  c o l l e c t i o n ,  process ing,  and i n t e r p r e t i n g  o f  b l a c k  body data.  

3)  r e -eva lua t i on  o f  t h e  s p e c t r a l  system o r i g i n a l l y  planned lead ing  t o  t h e  

des ign and development o f  a  system which incorpora tes  bo th  s p e c t r a l  

and b l a c k  body c a p a b i l i t i e s ,  

4 )  t h e  c o l  l e c t i o n ,  process ing,  and i n t e r p r e t a t i o n  o f  data t o  r e l a t e  t h e  

c a p a b i l i t i e s  o f  t h e  d e t e c t o r  and t h e  p r imary  cause o f  p t io toconduct ion 

i n t h e  de tec to r .  

The r e p o r t  i s  d i v i d e d  i n t o  f i v e  sec t i ons  n o t  i n c l u d i n g  t h e  p resen t  one: One 

s e c t i o n  i s  devoted t o  t heo ry  and t h e  remain ing f o u r  a re  devoted t o  t h e  above 

mentioned t o p i c s .  

Black-body data has been c o l  l e c ted  on dev ices o f  n- type s i l i c o n  w i t h  

r e s i s t i v i t i e s  o f  I  ohm-cm 0,I  ohm-cm and .03 ohm cm and o f  p- type s i l i c o n  

w i t h  r e s i s t i v i t i e s  o f  0.1, I ,  and 10 ohm-cm. The b u l k  o f  t h e  da ta  has been 

taken on N I .O samples s i n c e  t h i s  t y p e  and r e s i s t i v i t y  seems t o  p rov ide ,  on 

t h e  average, b e t t e r  b  l ack-body respons i v i t i e s .  The c u r r e n t  vo l  t age  charac te r -  

i s t i c s  o f  t h e  p- type dev ices have been found t o  be s l i g h t l y  non - l i nea r  w i t h  

t h e  N i  con tac t s  p r e s e n t l y  used a t  l i q u i d  n i t r o g e n  temperatures,  t h i s  be ing  

 especial!^ t r u e  o f  t h e  I Rcm p- type devices,  One ohm-cm n- type dev ices whose 

l i q u i d  n i t r o g e n  temperature r es i s t ances  v a r i e d  from 5.0 x  107R t o  3.5 x 10 lOn  



were examined. The e f f e c t s  o f  annea l ing  such dev ices were examined, and t h e  

r e s u l t s  w i l l  be presented. From t h i s  data,  d e f i n i t e  t r ends  were e s t a b l i s h e d  

concern ing  t h e  e f f e c t  o f  f requency o f  i n c i d e n t  r a d i a t i o n ,  o f  b i a s  v o l t a g e  

across t h e  dev ice,  and o f  annea l ing  on t h e  b l a c k  body r e s p o n s i v i t y .  

The development o f  t h e  s p e c t r a l  system has enabled t h e  researcher  t o  have 

a t  h i s  d isposa l ,  a  source o f  monochromatic e lec t romagnet i c  r a d i a t i o n  v a r i a b l e  

f rom I p  t o  20p by t h e  u t i l i z a t i o n  o f  f o u r  d i f f e r e n t  d i f f r a c t i o n  g r a t i n g s .  From 

t h i s  system, t h e  peak s p e c t r a l  response o f  dev ices i n  t h e  r e g i o n  o f  1 - 4 ~  has 

been es tab l i shed .  T h i s  i n f o r m a t i o n  and t h a t  ob ta ined  by t h e  use o f  windows o f  

va r i ous  s p e c t r a l  t r ansm iss i on  (as  v e r i f i e d  by i n f r a r e d  spect rophotometer  rneasure- 

ments) has a l lowed t h e  es tab l i shment  o f  t h e  wavelength range o f  o p e r a t i o n  o f  t h e  

de tec to r .  A computer program has been pe r f ec ted  which w i l l  y i e l d  a  p l o t  o f  

D*(XI ( s p e c t r a l  d e t e c t i v i t y )  as a  f u n c t i o n  o f  wavelength f rom t h e  da ta  ob ta ined  

f rom t h i s  system. The system has been designed i n c o r p o r a t i n g  a  s m a l l e r  b l a c k  

body source and dewar mount so t h a t  e i t h e r  b l a c k  body o r  s p e c t r a l  data  may be 

ob ta i ned  by s imp ly  r o t a t i n g  t h e  dewas so t h a t  t h e  app rop r i a t e  source i s  used. 

With t h e  p e r f e c t i o n  o f  t h e  computer program, f u r t h e r  work i s  be ing  c a r r i e d  

o u t  i n v o l v i n g  t h e  s p e c t r a l  d e t e c t i v i t y  as a  f u n c t i o n  o f  type,  r e s i s t i v i t y ,  and 

annea l ing  o f  dev ices.  An i n v e s t i g a t i o n  o f  t h e  k i n e t i c s  o f  t h e  phys i ca l  processes 

i nvo ! ved  i n  t h e  observed pho toconduc t i v i t y  w i l l  be c a r r i e d  o u t .  



SECTION I1  

THEORY 

T h i s  m a t e r i a l  i s  presented as a  review of  t h e  s e c t i o n  on t heo ry  presented 

i n  t h e  1s t  semiannual r e p o r t  and pa ra l  I e l s  t h e  former p resen ta t i ons  g r e a t l y .  

I t  bas i ca l  l y  p resen ts  t h e  t heo ry  o f  de te rmin ing  t h e  presence and degree o f  

pho toconduc t i v i t y  i n  t h e  de tec to r .  

I n  e v a l u a t i n g  a device as a  photoconductor,  one u s u a l l y  assesses i t s  

r e l a t i v e  va l ue on t h e  bas is  o f  f i g u r e s  o f  m e r i t .  The most impor tant  o f  these  

f i g u r e s  a re  r e s p o n s i v i t y  and d e t e c t i v i t y .  Respons iv i t y  i s  t he  measure o f  t h e  

r a t i o  o f  t h e  ou tpu t  rrns s i gna l  vo l t age  t o  t h e  rrns r a d i a n t  power, W, i n c i d e n t  

on t h e  de tec to r ;  w h i l e  d e t e c t i v i t y ,  gene ra l l y  speaking, g ives  a  measure o f  rms 

s i gna l - t o -no i se  r a t i o  pe r  u n i t  o f  i n c i d e n t  r a d i a n t  power. Thus t h e  no i se  o f  

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

account o f  t h e  techniques be ing  used t o  determine t h e  dev ice no ise,  N ( f ) ,  

s p e c t r a l  r e s p o n s i v i t y ,  R(h),  and s p e c t r a l  d e t e c t i v i t y  D;. 

A. Noise 

As po in ted  o u t  i n  the  1s t  semiannual repor t ,  t h e  device s e n s i t i v i t y  i s  l i m i t e d  

by (a )  c u r r e n t  noise, ( b )  c i r c u i t  noise, ( c )  generat ion-recombinat ion noise, and 

( d l  background noise,  

I n  t h e  exper imenta l  c o n f i g u r a t i o n ,  no ise  i s  ob ta ined  as a  f u n c t i o n  o f  

frequency and b i a s  over  t h e  des i red  ranges, No problems have a r i s e n  w i t h  c i r c u i t ,  

o r  background noise, due t o  t h e  f a c t  t h a t  t h e  background noise i s  g e n e r a l l y  o f  a  

magnitude less  than a  m i c r o v o l t  whereas dev ice no ise  gene ra l l y  i s  o f  t h e  o r d e r  o f  

lo1 t o  l o 2  m i c r o v o l t s ,  

B. Respons i v  i t y  

The respons i v i t y ,  R, o f  a  photoconductor i s  de f ined  as t he  r a t i o  o f  t h e  open 

c i r c u i t  rms s i g n a l  vo l tage,  Vs, t o  t h e  rms r a d i a n t  power, W, i n c i d e n t  on t h e  

de tec to r ,  I t  i s  a  f u n c t i o n  o f  t h e  temperature and b ias  o f  t h e  dev ice as w e l l  as 

t he  chopping frequency and spec t ra l  con ten t  o f  t h e  source. 



To determine t h e  s p e c t r a l  r e s p o n s i v i t y  R(X) t h e  dev ice  b l a c k  body r e s p o n s i v i t y ,  

t h e  dev ice  o u t p u t  vo l t age ,  E1,and t h e  o u t p u t  o f  a  cons tan t  r e s p o n s i v i t y  thermal  

d e t e c t o r  E2 as a  f u n c t i o n  o f  wavelength, A ,  must be determined. R(X) i s  then  g iven  

by 

L(X)Prms 
RIA) = Rbb 

PL( A)P(A) rmSdh 

where P(AIrms i s  t h e  s p e c t r a l  power o f  Prms, t h e  b l a c k  body power 

El ( X I  
and b(X) = --- 

E2(A) 

where El = Device o u t p u t  due t o  a  s p e c t r a i  source 

E2 = Bolometer o u t p u t  due t o  a  s p e c t r a l  sourceX 

C. D e t e c t i  v i  t y  

The s p e c i r a l  d e t e c t i v i t y  D: i s  now found by means o f  t h e  r e l a t i o n  

where A = t h e  adopted dev ice  area 

f = t h e  no i se  bandwidth 

and Nrms = t h e  no i se  v o l t a g e  a t  t h e  maximum ba is ,  maximum chopping frequency 

va l ues , 

*The r e s p o n s i v i t y  o f  the  bolometer element i s  assumed cons tan t  as s t a t e d  by t h e  
manufacturer ,  



SECTION I l l  

SYSTEM AND TEST PROCEDURES FOR BLACK-BODY RESPONSIVITY 

The b a s i c  system has been changed s l i g h t l y  f rom t h e  one mentioned i n  t h e  

1s t  semiannual r e p o r t ,  The most no tab le  excep t i on  i s  t h e  replacement o f  t h e  

T e k t r o n i x  Type 122 p r e a m p l i f i e r  o f  i n p u t  impedance o f  10 mQ, by a  t r a n s i s t o r i z e d  

a m p l i f i e r  o f  i n p u t  impedance g r e a t e r  than  500 mQ and which has a  nega t i ve  e f f e c t i v e  

i n p u t  capac i tance due t o  a  capac i tance feedback loop which enables t h e  capac i tance  

of  t h e  dewar and dev ice  leads t o  be " tuned out . "  T h i s  nega t i ve  capac i tance  c i r -  

cumvents any problem w i t h  undes i rab le  RC t i m e  cons tan ts  due t o  t h e  h i g h  r e s i s t a n c e  

o f  t h e  dev ice  and low capac i tance o f  t h e  dev ice leads. 

The system con ta i ns  a  b l a c k  body source, as discussed i n  d e t a i l  i n  t h e  1s t  

semiannual r e p o r t ,  which i s  mainta ined a t  a  cons tan t  500°K. The b l a c k  body was 

cons t ruc ted  f rom a  c y l i n d r i c a l  b l o c k  o f  copper as o u t l i n e d  i n  Kruse e t  a l .  [ I ]  

T h i s  b l o c k  i s  heated by a  c y l i n d r i c a l  bo re  furnace, t h e  temperature o f  which i s  

c o n t r o l l e d .  A water  coo led c o l l i m a t o r  i s  p laced a t  t h e  end o f  t h e  furnace bore  

a  known drs tance f rom t h e  b l a c k  body, Between t h i s  c o l l i m a t o r  and t h e  dev ice  i s  

mounted a  chopper capable o f  modu la t ing  t h e  source i n t e n s i t y  a t  f requenc ies  as 

h i gh  as 1350 Hz, The dev ice t o  be t e s t e d  i s  mounted i n  a  dewar i n  f r o n t  o f  t h e  

b l ack  body c o l  I ima to r .  A germani um window, which t r a n s m i t s  -50% o f  t h e  i n c i d e n t  

r a d i a t i o n  as v e r i f i e d  by spec+rophotometer ic t e s t s ,  i s  i n  t h e  o p t i c a l  pa th  

between t h e  c o l  r ima to r  and de tec to r .  The de tec to r -source  d i s t ance  I s  ma in ta ined  

a t  O,I m. The r a d i a n t  energy i n c i d e n t  on t h e  device,  and t h e  ampl i tude o f  any 

harmonic o f  t h e  chopping -frequency can be found as p r e v i o u s l y  repor ted.  A HP 

HZ!-521A counter  i s  used t o  mon i to r  t h e  chopper frequency. 

The d e t e c t o r  i s  i n  s e r i e s  w i t h  a  b i a s  source, load r e s i s t o r ,  and c a l i b r a t i o n  

r e s i s t o r .  The load r e s i s t o r  i s  f i x e d  a t  50 mQ and t h e  c a l i b r a t i o n  r e s i s t o r  a t  

50 Q, The b i a s  supply  used i s  a  John F luke  model 407 power supply  w i t h  an 

a d d i t i o n a l  RC f i l t e r  f o r  decreasing 60 Hz, harmonics ampl i tudes.  The c a l i b r a t i o n  

vo l t age  i s  f e d  i n t o  t h e  c a l i b r a t i o n  r e s i s t o r  f rom a  Hewlet t -Packard model 651A 

t e s t  o s c i l  l a t o r .  The o u t p u t  i s  f ed  i n r o  t h e  t r a n s i s t o r i z e d  a m p l i f i e r  th rough  a  

b l a c k i n g  c a p a c i t o r  (see F ig ,  I ) ,  The a m p l i f i e r  p rov ides  an i n p u t  impedance on 
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t h e  o r d e r  o f  500 mi l  and an o u t p u t  impedance o f  !OK, The capac i tance feedback 

loop p rov i des  a "nega t i ve"  capac i tance t o  " tune-out"  capac i tance i n  t h e  dev ice  

leads. Both t h e  b i a s i n g  c i r c u i t  and a m p i i f i e r  dep i c t ed  i n  F ig .  I  a re  enc losed 

i n  an [cU-2 1 00-A] a  l  umi num box wh i ch i s  mounted d i  r e c t  l y  o n t o  t h e  dewar. 

N e i t h e r  s i d e  o f  t h e  dev ice  i s  grounded, so  t h e  dewar i s  h e l d  by an insula-t-ed 

mount i n  f r o n t  o f  t h e  black-body. The o u t p u t  i s  moni tored by a  T e k t r o n i x  Type 

317 o s c i l l o s c o p e  and i s  a l s o  f e d  i n t o  a  BNC sw i tch .  Connected t o  t h e  o t h e r  s i d e  

o f  t h e  s w i t c h  i s  t h e  s i g n a l  genera to r  ou tpu t ,  The s w i t c h  o u t p u t  i s  then f ed  

i n t o  t h e  HP302A wave ana l yze ro  A b l ock  diagram o f  t h e  completed system appears 

i n  F ig .  2. 

The t e s t  procedure f o r  o b t a i n i n g  Rbb i s  as f o i  lows: 

( 1 )  The dev ice o u t p u t  wi thout regard t o  a m p l i f i e r  ga i n  i s  taken as a  f u n c t i o n  

o f  f requency and b i a s  vo l tage .  

( 2 )  The c o r r e c t e d  dev ice  o u t p u t  i s  found by removing t h e  dev ice f rom t h e  

i n f r a r e d  path,  f eed ing  a c a l i b r a t i o n  s i g n a l  i n t o  Rcai f rom a s i g n a l  genera to r  

a t  t h e  same i n f r a r e d  chopping frequency and w i t h  t h e  same b i a s  across t h e  

device,  Once t h e  c a l i b r a t i o n  s i g n a l  has been ad jus ted  so t h a t  t h e  o u t p u t  

s i g n a l  i s  equal i n  va lue  (amplitude and f requency)  t o  t h a t  p r e v i o u s l y  noted, 

t he  s i g n a l  o u t p u t  f rom t h e  s i gna l  genera to r  which i s  t h e  open c i r c u i t  dev i ce  

o u t p u t  i s  determined, T h l s  measuremeor i s  f a c i l i t a t e d  by t h e  BNC s w i t c h i n g  

arrangement p r e v i o u s l y  mentioned, 

( 3 )  The no ise  o f  t h e  dev ice i s  then  ob ta ined  by t h e  procedure p r e v i o u s i y  

o u t l i n e d  i n  t h e  1s t  semiannuai r epo r t ,  The no i se  r o o t  power spectrum may then  

be found by t h e  r e l a t i o n  g i ven  by Eisenman 123: 

where E = t h e  no ise  vo l t age  ob ta lned  f rom t h e  o u t p u t  w i t h  t h e  dev ice i n  t h e  
T 

c i r c u i t ,  as a  f u n c t i o n  o f  f requency. 

E ( f )  = ob ta i ned  w i t h  t h e  dev ice shor ted  ( c i r c u i t  no i se )  
C 

g  = t h e  c i r c u i t  g a i n  ob ta ined  t rom V out / "ca 

A f  = t h e  no ise  bandwidth o f  wave ana iyser  used, 





Rbb i s  ob ta ined  from t h e  p rev ious  measurements by means o f  t h e  r e ! a t i o n  

where now Vrms = Veal o r  t h e  c o r r e c t e d  dev ice  o u t p u t  

J = rms va lue o f  t h e  fundamental component o f  t h e  i n c i d e n t  

energy f l ux 

A = adopted area o f  t h e  d e t e c t o r  

V(rms) = V i s  t h e  rms va lue  o f  t h e  fundamental component o f  t h e  o u t p u t  
ca l 

v o l t a g e  r e f e r r e d  t o  t h e  open-ci r c u i  t device t e rm ina l s .  

As o u t l i n e d  p rev i ous l y ,  t h e  r a t e  o f  f l o w  o f  energy o n t o  t h e  dev ice  su r f ace  

has been found t o  be 2.24 x wa t ts .  The amp I l tude  o f  any harmonic can be 

found f rom t h e  work o f  McQuistan [ 3 ] ,  The express ion  f o r  t h e  f i r s t  harmonic i s  

R 'rr 4Rr Jl(Z;)sin - A = I o -  
'rr 2  

where 

R = r a d i u s  o f  c o f  l i m a t o r  

r = h a l f  t h e  chopping t o o t h  w id th  where t h e  too th -no tch  r a t i o  i s  u n i t y  

J 1  = 1s t  o r d e r  Bessel f n .  

1 0 = r a d i a t i o n  i n c i  dent  on t h e  chopper 

A = 0,203 I. so t h a t  t h e  fundamental o f  t h e  r a d i a t i o n  i n c i d e n t  on t h e  dev ice 

can be w r i t t e n  as 

WI = 0,454 x cos w t .  



SECTiON lV 

BLACK BODY DATA AND INTERPRETATION 

V e r i f i c a t i o n  o f  t h e  f a c t  t h a t  s i i i c o n  devices which had been exposed t o  

h i gh  energy e l e c t r o n  r a d i a t i o n  e x h i b i t e d  pho toconduc t i v i t y  due t o  t h e  r a d i a t i o n -  

induced l e v e l s  was f i r s t  made by means o f  b!ack-body r e s p o n s i v i t y  t e s t s .  

The system used t o  o b t a i n  data f o r  b l a c k  body r e s p o n s i v i t y  hav ing  been 

discussed, t h e  r e s u l t i n g  da ta  w i l l  now be presented. A dev ice  o u t p u t  was 

found f rom a l  l s i x  o f  t h e  r e s i s t i v i t i e s  and types o f  s i  l i c o n  t e s t e d .  These 

were 10, 1 ,  and 0 . l  ohm-cm p- type and 1.0, 0.1, and 0.3  ohm-cm n-type. 

The t e s t  procedures out1 ined above were used and t h e  b l a c k  body r a d i a t i o n  

was modulated over  t h e  range 30-1 100 Hz. w h i l e  t h e  dev ice  b i a s  used was 100, 300, 

and 500 v o l t s .  Shown i n  F igs .  3  th rough  8 a re  sample curves o f  r e s p o n s i v i t y  

versus black-body r a d i a t i o n  modu la t ion  f requency f o r  each o f  t h e  t h r e e  r e s i s t i v i t i e s  

o f  each t y p e  o f  s i l i c o n  used, F i g .  3 shows a  curve o f  Rbb vs. f f o r  a  sample 

I , O  ohm-cm n- type dev ice  and i s  t y p i c a l  o f  a l l  curves o f  t h e  dev ices t e s t e d  i n  

t h a t  t h e  r e s p o n s i v i t y  increased w i f h  decreas ing r a d i a t i o n  modu la t ion  f requency. 

I n  each case t h e  black-body r e s p o n s i v i t y  was c a l c u l a t e d  by t h e  method o u t l i n e d  

i n  Sec t i on  I l l  o f  t h i s  r e p o r t ,  Fo r  example, dev ice number 329Nl.0 was t e s t e d  a t  

100 Hz. w i t h  500 v o l t  b i a s .  The c a l i b r a t e d  ou tpu t  was 9.52 x  v o l t s  and t h e  

rms va lue  o f  power i n c i d e n t  on t h e  dev ice  was 2 2 4  x  loe5 w a t t s  y i e l d i n g  a  b lack -  

body r e s p o n s i v i t y  o f  47 x l o2  v o l t s  w a t t - l ,  The res i s t ance  o f  t h a t  p a r t i c u l a r  

dev ice  a t  7T°K was found t o  be 7 - 7  x l o8  ohms. F igs.  4, 5, 6, 7, and 8 p resen t  

curves o f  Rbb vs.  f  f o r  a  0.1 ohm-cm n-type dev ice whose 77OK r e s i s t a n c e  was 

3.3 x  l o8  ohms, 20 ohm-cm p-type dev ice  whose 77OK r e s i s t a n c e  was 8 x  1011 ohms, 

1.0 ohm-cm p- type dev ice  whose 77OK r e s i s t a n c e  was non l inear ,  0.1 ohm-cm p- type 

dev ice  whose 77OK res i s t ance  was 7,0 x  l o4  ohms, and a  .03 ohm-cm n-type dev ice  

whose 77OK r e s  1 s tance  was 2,2 x lo ' '  ohms. 

Because o f  a  n o n l i n e a r i t y  i n  cu r ren t - vo l t age  c h a r a c t e r i s t i c s  a t  77OK o f  

dev ices  f a b r i c a t e d  f rom a t  l e a s t  one r e s i s t i v i t y  p-type m a t e r i a l  t h e  dev ices 

f a b r i c a t e d  f rom 1.0 ohm-cm n-type m a t e r j a l  were used a lmost  e x c l u s i v e l y  i n  

anneai i n g  s t u d i e s .  Anneal ing was f i r s t  employed as a  means o f  decreas ing t h e  
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77OK dev ice r es i s t ance  from t h e  1 0 "  ohm range t o  t h e  l o8  ohm range. Var ious 

d u r a t i o n  anneal ings a t  175OC and 275OC were used t o  remove r a d i a t i o n  induced 

E(Ec - 0.42 eV) and A(Ec - 0.17 eV) cen te r s  r e s p e c t i v e l y .  The 100 Hz. b l ack -  

body r e s p o n s i v i t y  o f  dev ices f a b r i c a t e d  from I  ohm-cm n-type m a t e r i a l  ranged 

f rom I x  10' t o  100 x  l o 2  v o l t s / w a t t .  I t  was noted t h a t  t h e  dev ices w i t h  

h i g h e s t  black-body r e s p o n s i v i t y  were those  whose 77OK r e s i s t a n c e  was on t h e  

o r d e r  o f  l o8  ohms. The b l a c k  body r e s p o n s i v i t y  t r e n d s  f o r  t h r e e  d i f f e r e n t  

dev ices a t  100 Hz. chopping frequency and 500 v o l t  b i a s  a re  summarized i n  

Tab le  I .  

Dev i ce Rbb Be fo re  Rbb A f t e r  Temperature and D u r a t i o n  
Number Anneal i ng Annea l  i ng o f  Anneal ing 

304N I .O 3.55 x  lo2  9.1 x l o2  175OC - 25 h rs .  

303N I  .O  0.88 x  lo2  1.02 x  lo2  175OC - 23 h r s .  

1.23 x  l o2  175OC - 47 h r s  

275OC - 10 min. 

17.8 x  l o2  175OC - 41.5 h r s .  

275OC - 10 min. 

Two Iacm n-type dev ices i n  p a r t i c u l a r ,  332Nl.0 and 333Nl.0, were examined 

a f t e r  success ive annea l ing  per iods .  F igures  9 and 10 show t h e  e f f e c t s  o f  

annea l ing  these  two dev ices a t  175OC. As can be seen a  d e f i n i t e  peak i n  t h e  

black-body r e s p o n s i v i t y  o f  each o f  these dev ices occurs  a f t e r  a  t o t a l  annea l ing  

t i m e  o f  f rom 18 t o  24 hours.  T h i s  peak i s  much more pronounced f o r  lower 

r a d i a t i o n  chopping f requenc ies .  Thus t h e  Rbb o f  these dev ices seems t o  increase 

f o r  increased annea l ing  t i m e  up t o  a  c e r t a i n  l i m i t  beyond which it begins t o  

decrease. Un fo r t una te l y  dev ice no i se  a l s o  increases i n  most cases w i t h  g r e a t e r  

p e r i o d s  o f  anneal ing.  We b e l i e v e  t h i s  t o  be a  c o n t a c t  problem which we a re  

a c t i v e l y  work ing t o  e l i m i n a t e .  

Black-body r e s p o n s i v i t y  was i n v e s t i g a t e d  as a  f u n c t i o n  o f  b i a s  vo l t age .  

The r e s u l t s  a re  shown i n  F igures  I I and 12 and a re  seen t o  be l  i near  i n  t h e  

r eg i  ons o f  i n t e r e s t .  
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SECTION V 

l  MPROVED SYSTEM 

O r i g i n a l  p lans  c a l l e d  f o r  t h e  r e b u i l d i n g  o f  a B a i r d  Atomic I n f r a r e d  

Spectraphotometer t o  be used as a monochrometer. A J a r r e l l - A s h  model 82-410 

monochrometer was r e c e n t l y  procured and i s  now a p a r t  o f  a new and much more 

compact system. T h i s  system inc ludes  a new and much sma l l e r  b l a c k  body source 

which was b u i l t  i n  t h i s  lab.  With both sources i n  t h e  same system one need 

o n l y  r o t a t e  t h e  dewar i n  which t h e  dev ice i s  s i t u a t e d  so t h a t  e i t h e r  t h e  

monochromatic source o r  b l a c k  body source i s  p l aced  i n  f r o n t  o f  t h e  window 

on t h e  dewar. T h i s  a l l ows  one t o  ga ther  s p e c t r a l  o r  b l a c k  body da ta  s imp l y  

by choos ing t h e  r o t a t i o n a l  p o s i t i o n  o f  t h e  dewar. 

A new l i q u i d  h e l i u m  research dewar manufactured by S u l f r i a n  Cryogenics 

Inc .  rep laces  t h e  o r i g i n a l  dewar and has t h r e e  d i s t i n c t  advantages ove r  t h e  

l a t t e r .  They a re :  

( I )  l i q u i d  he l i um  temperature c a p a b i l i t y ,  

(2) a heated dev ice  ho lde r  a l  lowing dev ice  o p e r a t i o n  a t  a temperature 

rang ing  f rom near  4OK t o  approx imate ly  400°K, 

( 3 )  a s p r i n g  loaded dev ice  ho lde r  and e l e c t r i c a l  con tac t .  The l a s t  o f  

these e l i m i n a t e s  t h e  need f o r  mounting t h e  dev ices on separate  b rass  pads w i t h  

conduc t ing  epoxy. Q u i t e  a g r e a t  dear o f  t r o u b l e  was encountered i n  us i ng  t h i s  

epoxy s i n c e  it became unusable and had t o  be changed a f t e r  t h e  dev ice  was 

annealed a t  an e l eva ted  temperature.  

The monochrometer a l ong  w i t h  4 d i f f e r e n t  d i f f r a c t i o n  g r a t i n g s  p rov i des  

a usable  o u t p u t  t h e  wavelength o f  which v a r i e s  f rom 1.0 t o  20 microns. The 

i n f  r a red  source used f o r  t h e  monochrometer i s  an 1 100°C s i l  i con  ca rb i de  

G!obar, and i s  enc losed i n  a water  coo led j a c k e t ,  A water-cooled p l a t e  w i t h  

a smal l  s l i t  i n  i t separates t h e  source f rom t h e  en t rance  s l i t  o f  t h e  mono- 

chrometer. Th i s  keeps t h e  o p t i c a l  system f rom g e t t i n g  overheated. The o u t p u t  

o f  t h e  monochrometer i s  s p l i t  i n t o  two separate  i n f r a r e d  beams by means o f  a 

r o t a t i n g  s i l v e r e d  h a l f  d i s c  which a l s o  serves as a I 0  Hz. chopper. One beam i s  

focused on a Model AT3 B a i r d  Atomic bolometer by means o f  a f r o n t  su r f ace  



sphe r i ca l  m i r r o r .  The second beam i s  focused on ?he dev ice  i n s i d e  t h e  dewar 

by means o f  a  second f r o n t  su r f ace  sphe r i ca l  m i r r o r .  The bo lometer  o u t p u t  i s  

a m p l i f i e d  by a  10 Hz. McDonald a m p l i f i e r  and i s  used as t h e  re fe rence  f o r  t h e  

r e  I  a t i  ve spec t ra  l response determi na t i on .  Accordi  ng t o  t h e  manufacturer  o f  

t h e  bo lometer  c e l l  "Designed f o r  r a d i a t i o n  measurements i n  t h e  I  t o  26 mic ron  

reg ion ,  t h e  Model AT-3 possesses f l a t  s p e c t r a i  s e n s i t i v i t y  c h a r a c t e r i s t i c s  

ove r  t h e  e n t  i r e  range. " 

The e n t i r e  system i s  mounted on a  common base p l a t e  and i s  shown i n  

d iagramat i c  form i n  F ig .  13. 
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SECTION V I  

SPECTRAL RESPONSE 

As was mentioned i n  Sec t i on  I I  t h e  s p e c t r a l  de l - ec t i v i - f y ,  , can be 
D; 

found f rom t h e  r e l a t i v e  s p e c t r a l  response, t h e  b ! a c k  body r e s p o n s i v i t y ,  and 

t h e  s p e c t r a l  and i n t e g r a t e d  b l a c k  body power ou tpu t ,  T h i s  system o f  

c a l c u l a t i o n  has t h e  advantage o f  be ing  independent o f  any s p e c t r a l  v a r i a t i o n  

i n  t h e  s p e c t r a l  o u t p u t  power o f  t h e  monochromatic source used. The system 

t h a t  i s  i n  use i n  t h i s  l abo ra to r y  compares t h e  e l e c t r i c a l  o u t p u t  o f  a  s p e c t r a l  l y  

f l a t  bo lometer  w i t h  t h a t  o f  t h e  t e s t  dev ice  ins tan taneous ly ;  hence t h e  c a l c u l a t i o n  

scheme i s  independent o f  t ime  v a r i a t i o n s  i n  t h e  s p e c t r a l  o u t p u t  o f  t h e  mono- 

chrometer a l s o .  The abso lu te  accuracy o f  t h e  system i s  dependent s o l e l y  on t h e  

accuracy o f  t h e  de te rm ina t i on  o f  t h e  black-body r e s p o n s i v i t y .  F i gu re  14 bears  

a  p l o t  o f  D: as a  f u n c t i o n  o f  wavelength f o r  a  t e s t  dev ice.  Dur ing  t h e  n e x t  

semiannum we p l a n  t o  t e s t  many dev ices o f  d i f f e r e n t  t y p e  r e s i s t i v i t i e s  and 

res i s t ances  and u l t i m a t e l y  compare them by comparing i h e i r  D* va lues.  From 
X,f 

t h i s  i n f o r m a t i o n  we w i l l  determine t h e  va lues o f  i n i t i a l  s u b s t r a t e  r e s i s t i v i t y  

and t o t a l  h i gh  energy e l e c t r o n  exposure which w i l l  o p t i m i z e  D* 
m,m" 
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