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ABSTRACT 

i A d iode - l a se r   based  I R  h e t e r o d y n e   s p e c t r o m e t e r   f o r   l a b o r a t o r y  and 
i e ld   u se   has   been   deve loped   fo r   h igh   e f f i c i ency   ope ra t ion   be tween  7.5 and 
.5 mic rons .  The l o c a l   o s c i l l a t o r  is a PbSSe t u n e a b l e   d i o d e  laser k e p t  
o n t i n u o u s l y  a t  o p e r a t i n g   t e m p e r a t u r e s   o f  12-60K u s i n g  a c l o s e d - c y c l e  
o o l e r .  The laser  o u t p u t   f r e q u e n c y  is c o n t r o l l e d  and s t a b i l i z e d   u s i n g  a 
i g h - p r e c i s i o n   d i o d e   c u r r e n t   s u p p l y ,   c o n s t a n t   t e m p e r a t u r e   c o n t r o l l e r ,   a n d  a 
h o c k   i s o l a t o r  moun ted   be tween   t he   r e f r ige ra to r   co ld   t i p   and   t he   d iode  
o u n t .   S i n g l e  laser modes are s e l e c t e d   b y  a g r a t i n g   p l a c e d   i n   t h e   l o c a l  
s c i l l a t o r  beam.  The s y s t e m   e m p l o y s   r e f l e c t i n g   o p t i c s   t h r o u g h o u t   t o  
i n i m i z e   l o s s e s   f r o m   i n t e r n a l   r e f l e c t i o n  a n d   a b s o r p t i o n ,   a n d   t o   e l i m i n a t e  
h romat i c  e f fec ts .  S p e c t r a l   a n a l y s i s   o f  t h e  d i o d e  laser output   be tween 0 
nd 1 GHz r e v e a l s   e x c e s s   n o i s e  a t  many d i o d e   c u r r e n t  settings, which limits 
h e   i n f r a r e d   s p e c t r a l   r e g i o n s   o v e r   w h i c h   u s e f u l   h e t e r o d y n e   o p e r a t i o n   c a n   b e  
chieved.   System  performance  has   been  s tudied  by  making  heterodyne 
easu remen t s   o f   e t a lon   f r inges   and   s eve ra l   F reon  13 (CF C P )  a b s o r p t i o n  
i n e s   a g a i n s t  a l a b o r a t o r y   b l a c k b o d y   s o u r c e .   P r e l i m i n d y   f i e l d  tests have 
l s o  been  performed  using  the Sun as a s o u r c e .  

INTRODUCTION 

To d a t e ,  a number o f   s tud ie s   have   been  made i n v o l v i n g   i n f r a r e d  
' 1e t e rodyne   de t ec t ion   u s ing   t unab le   d iode  lasers  (TDL's).  The first e f f o r t  
was made i n  1974  by Mumma e t  al. ( r e f .   1 1 ,   w h e r e  a l i m i t e d   t u n a b i l i t y  
d e v i c e  and  an  8-channel  bank  of  25 MHz filters were u s e d   t o   o b t a i n  
Aackbody  cont inuum  measurements   o f   the  Moon and Mars, a n d   t h e   d e t e c t i o n   o f  

l a b o r a t o r y  N20 l i n e .   S u b s e q u e n t   w o r k   i n c l u d e d   t h e   d e t e c t i o n   o f  
t r a t o s p h e r i c   o z o n e   f e a t u r e s   b y   F r e r k i n g   ( r e f .   2 )  and  spectroscopy  of  C2H4 

i n  t h e   l a b o r a t o r y   b y  Ku and   Spea r s   u s ing  a TDL h e t e r o d y n e   r a d i o m e t e r   ( r e f .  
: 3 ) .  Recently,  Harward  and  Hoe11 have d e t e c t e d   l i n e s   o f   s e v e r a l  
s t r a t o s p h e r i c   s p e c i e s   b e t w e e n  9 and 11 mic rons   u s ing  a s w e p t   s i n g l e   c h a n n e l  

'IDL r a d i o m e t e r  ( r e f .  4). 
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While there are a v a r i e t y  of problems associated w i t h   t u n a b l e   d i o d e  
lasers as local o s c i l l a t o r s ,   t h e y   h a v e  t he  p o t e n t i a l  of c o n t i n u o u s   s p e c t r a l  
t u n a b i l i t y ,  which is n o t   p o s s i b l e   w i t h  gas laser sys t ems .   Cur ren t  TDL 
t echno logy  allows coarse s e l e c t i o n  of o p e r a t i n g   w a v e l e n g t h s   i n   r e g i o n s  
between 4-20m, w i t h   s i n g l e  mode o u t p u t   p o w e r s   m a r g i n a l l y   s u f f i c i e n t   f o r  
u s e f u l   h e t e r o d y n e   o p e r a t i o n   i n   s p e c t r a l   r e g i o n s  below 1 2 ~ m .  The i n s t r u m e n t  
d i scussed   he re   has   been   deve loped  as a g e n e r a l   p u r p o s e  TDL h e t e r o d y n e  
s p e c t r o m e t e r  for h i g h   r e s o l u t i o n   g r o u n d  based s t u d i e s   o f   t h e   s t r a t o s p h e r e  
a n d   o f   a s t r o p h y s i c a l   s o u r c e s .  

SPECTROMETER LAYOUT 

A schematic diagram o f  t h e  d i o d e  laser  h e t e r o d y n e   s p e c t r o m e t e r  is 
shown i n   F i g u r e  1. W i t h   t h e   e x c e p t i o n   o f   t h e   5 0   p e r c e n t   r e f l e c t i n g  - 50 
p e r c e n t   t r a n s m i t t i n g  ZnSe b e a m s p l i t t e r ,  which is used as a beam combiner,  
t h e   u s e   o f  off-axis p a r a b o l i c   m i r r o r s   p r o v i d e s   a n  a l l  r e f l e c t i n g   s y s t e m .  
T h i s   e l i m i n a t e s   t r a n s m i s s i o n   l o s s e s  and d i s p e r s i o n  effects  and  improves  the 
q u a l i t y   o f   f o c a l  images th roughou t   t he   sys t em.  

The o p t i c a l   s y s t e m  is matched t o   t h e  GSFC 48- inch   te lescope   and   an  
f/3O i n p u t  beam. The incoming beam from t h e  t e l e s c o p e   r e s u l t s   i n  a 
d i f f r a c t i o n  l i m i t e d  s p o t   s i z e   ( f u l l  width a t  ha l f  maximum) o f   a b o u t  300 
microns a t  t h e  t e l e s c o p e   f o c u s  when t h e  ope ra t ing   wave leng th  i s  n e a r  8 
mic rons .  The t e l e s c o p e  beam is c o l l i m a t e d   u s i n g  a 30 i n c h   f o c a l   l e n g t h  
p a r a b o l i c   m i r r o r  and combined  with  the laser  local o s c i l l a t o r  beam a t  t h e  
b e a m s p l i t t e r .  The combined beams are then   demagni f ied   and   focussed   on to  
t h e  HgCdTe d e t e c t o r   u s i n g   f / 4 . 5   c o l l e c t i n g   o p t i c s .  

( 12-60K) u s i n g  a closed cycle c o o l e r  and p rov ides   mu l t i -mode   ou tpu t  powe s 
o f  a few mW n e a r  1200 cm- , w i t h  a f r equency   s epa ra t ion   o f   abou t   1 .4  cm 
between  ad jacent   longi tudina l   modes .   Us ing  a 150  l ine/mm  grat ing as a mode 
selector i n   t h e .   l o c a l   o s c i l l a t o r  beam r e s u l t s   i n  a mode s p a c i n g   o f   a b o u t  
150 microns i n  t h e   d e t e c t o r   f o c a l   p l a n e .  T h i s  e f f e c t i v e l y   i s o l a t e s   s i n g l e  
%odes  of  the laser L.O.  The TDL is mounted so t h a t  t h e  p o l a r i z a t i o n   o f  t he  
E f i e l d  v e c t o r  is h o r i z o n t a l   ( i n  t he  p l a n e  of t h e   f i g u r e ) .   I n   t h i s  
c o n f i g u r a t i o n  the  grating e f f i c i e n c y   i n  first o r d e r   e x c e e d s  85 p e r c e n t  a t  
wavelengths  between 8 and 12 microns ,   and   should  be s u i t a b l e  regardless of 
t h e   d i o d e   u s e d .  

chopper   in   combina t ion   wi th  a s t a t i o n a r y  f l a t  mirror p r o v i d e s   s i g n a l  and 
reference  beams  f rom t h e  s o u r c e   i n   a l t e r n a t e   h a l f - c y c l e s  of t h e  chopping 
c y c l e .  By m e a n s   o f   d u a l   k i n e m a t i c   m i r r o r s   n e a r   t h e   t e l e s c o p e   f o c u s ,  a 
b l a c k b o d y   r e f e r e n c e   s o u r c e   c a n  be p l a c e d   i n  e i the r  t h e   s i g n a l  or t h e  
r e f e r e n c e  beam f o r   s e n s i t i v i t y   m e a s u r e m e n t s   a n d   i n s t r u m e n t   c a l i b r a t i o n .  
T h i s  b lackbody  source  is a l so  u s e d   f o r   l a b o r a t o r y   s t u d i e s   o f   s u b j e c t  gases 
by   p l ac ing  a gas ce l l  i n   t h e   b l a c k b o d y  beam. 

I n  t h e  r emote   obse rva t ion  mode, a n y   r e m a i n i n g   s y s t e m a t i c   e r r o r s ,  
e i t h e r   i n   t h e   t e l e s c o p e  or i n  the synchronous   de tec t ion   scheme,   can  be 
removed  by  changing t h e  s i g n a l  and r e f e r e n c e  beam p a t h s   u s i n g  a 
t r a n s l a t a b l e   d i c h r o i c   m i r r o r .  The t r a n s m i t t e d   v i s i b l e  beam from t h i s  
m i r r o r  a l so  p r o v i d e s  a c o n j u g a t e  image f o r   g u i d i n g  on r emote   sou rces .  
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The TDL l o c a l   o s c i l l a t o r  is k e p t   c o n t i n u o u s l y  a t  o p e r a t i n g   t e m p e r a t u r e  
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A s y n c h r o n o u s   d e t e c t i o n   p r o c e s s  is employed  whereby a r o t a t i n g  b lade  



Two methods are now b e l n g   e m p l o y e d  f o r  h e t e r o d y n e   d e t e c t i o n  us:na t h e  
I n s t r u m e n f .  Most of *,he l n i t i a l   h e t e r o d y n e   m e a s u r e m e n t s  were o b t a i n e d   I n  
t h e   i n a n n e r   s h o w n   i n   F i g u r e  2. Here t h e  to+,al  I . F .  s i 2 n a l  f ron % h e  Ifi 
d e t e c t o r  is a m p l i f i e a  (50 dB> u s i n g  a l o w - n o l s e   w i d e b a n d  (0-1.5 til-iz) 
a m p l i f i e r .  A p o r t i o n  of t h i s   o u t p u t  is a , T a i n   a m p l l f i e d   a n d   b a n d   l l m l t e d  
u s i n o  8 150 IqHz low p a s s  f i l t e r .  The f l l t e r  o u t p u t  ;s s q u a r e - l a w   d e t e c t e d  
a n d   t h e  D.C.  s l g n a l  is d e l i v e r e d  t o  a l o c k - i n   a m p l l f i e r   a n 3   r e c o r d e r .  
UsSn.? a h i g h   p r e c i s : o n  TDL c u r r e n t   s u p p l y ,  t h e  d i o d e  l a s e r   c a n   b e   s l o w l y  
t u n e d  t o  s c a n  the  d e s i r e d   s p e c t r a l   r e g l o n .   T h e   c u r r e n t   s u p p l y   d e l i v e r s  a 
v o l t a g e  to the r e c o r d e r   X - a x i s  whlch  I s  p r o p o r t i o n 2 1  t o  t h e   d i o d e   c u r r e n t .  
T h l s   p r o d u c e s  a s l n e ; l e   c h a n n e l   s c a n  of h e t e r o d y n e   s i S n a l  a s  a func ' ion of  
d l o d e   c u r r e n t .  By r e p e a t i n . p   f h e   s c s n   u s S n o  a c a l f b r a t i o n   e t a l o n ,  a 
r e l a + , i v e   f r e q u e n c y   s c a l e   c a n   b e   a s s i g n e d  :o t h e  X-ax i s .   The  I . F .  
b a n d w i d t h ,  150 !Wz I n  t h l s  c o n f f g u r a t c c n ,  is t h e  f i l t e r  c u t o f f   f r e q u e n c y .  
T h e   w e v e l e n R t h   r e s o l u t i o n  Ss t he re fo re  r o u g h l y  300 MHz and t h e  e f f ' e c t ' l v e  
I n L e g r a t i o n  tlrne I s  t h e  time c o n s t a n :   s e t t f n g  on t h e  l o c k - i n  a m p l i f i e r ,  
t y p i c a l l y  1 .25  s e c o n d s .  

t n e  s y s f e m  w h l c h  p r o v i d e s   r n u l t i p 1 e x ; n g   a n d  time f n t e g r a t : o n   c , q p a b ; l I t y  f o r  
m e a s u r e m e n t s  on wz?ic a s t r o n o m i c a l   s o u r c e s .   U s l n p  t h i s  m e t n o d ,  t h ?  I . P .  
o u t n u t  i s  s p l  i t  in:o 32 c o n t i s u o u s   f r e q u e n c y   c h a n n e l s   e a c h  25 MHz w i d e ,  for 
a tot31 c o v e r a s e  o f  803 kltiz :n t h e  I . F .  T h I s  b l o c k  of f i l t e r s  c a n  be 
steered LO a n y   p c r t i o n  of t h e  I . F .  by m i x i n s  w i t h  a s e c o n d  iiF l o c a l  
o s c ; l l a t o r .  T n e  o u t p u f  of e a z h  f i l t e r  is  ? h e n   d i , ? i L l z e d   s y n c h r o n o u s l y  w i t h  
t h e  c h o p p e r   a n d  t h e  o u t p u t   c a n  be d i s p l a y e d   s n d   p r i n t e d  a f t e r  each 
i n t e q r n t : o n   p e r i o d .  A v a r I a t l o n  of : h i s  s p e c t r a l   l : n e   r e c e S v e r   d e s l p n  is 
d l s c u s s e d   I n  d e t a i l  by   Euh l   and  :/lurnnns ( r e f .  5 )  and Yumaa e t  a l .  ( r e f .  6 ) .  
I n  t h e  f u t u r e  th:s s p e c t r a l   l i n e  receiver- will b e   e x t e n d e d  t o  1600 !vil-lz 
c o v e r 7 g e  a t  25  Mbiz r e s o l u t i o n   a n d  a s e p a r a ' e l y   t u n a b l e   h i g h   r e s o l u t l o n  
f'i15er bsnk  of 3 2 ,  5 - :4Hz fil tt:rs w111 be added .  

H e c e n t l y ,   a n  RP '  f l l t e r  b a n k   s p e c t r a l   l l n o   r e c e i v c r   n a s   b e e n  .adaed t o  

U l O U i  LASEH L9CP.L C S C I L L A l O H  

T h e  TDL oscllletor c u r r e n t l y   i n s t s l l s d   I n  t n c  i n s t r u n e n t  Is  a PbSige 
d e v l c c   m a n u f a c t u r e d   b y  Laser P m a l y t i c s ,   I n c .  The  o u t p u t   p o w e r   i n  a s i n g l e  
mode from t h I s  l a s e r  n a s  b e e n   n e a s u r e d  t o  be: a s  l a ree  as 1 m W ,  a l t h o u q h  
t y p i c a l  s;nqle mode p o w e r s  for  h e t e r o d y n e  work l i e  be low 200 phi. The 
o p e r a t S n z   f r e q u e n c y  of t h : s   d e v i c e   v a r i e s  from a b o u t  11'70 cm -' a t  9 d l o d e  
c u r r e n t  of 0.20 A a n d   m o u n t   t e m p e r a t u n >  of 12 K ,  t o  n e a r l y  1290' c n - 1  a t  
2 .0  ii 2nd 60 K .  

The TDL i s  mounted on a v I b r a t i o n . l l y   a n d   f h e r m . 3 l l y   i s o l a t e d   p l a t f o r m  
f h z t  is e n c l o s e d   i n   a n   e v a c u a t e d   s h r o u d ,  3s illustrated i n   F l q u r e  3. T h i s  
d e s i g n  scheme l s  d i s c u s s e d   b y   J e n n ; n a s   a n d   H S 1 l m . n  ( r e f .  7 )  and  has b e e n  
u s e d  s u c c e s s f u l l y  t o  s t s b i l l z e  a d i o d e  fo r  d i r e c t  a b s o r p t i o n   s p e c t r o s c o p i c  
s t u d l e s .  The  laser a n d   c o p p e r  mountv are m a f n t z l n e d  a t  n r y o g e n 4 c  
t e m p e r 3 t u r e s   b y   c o u p l i n g  the  d i o d e  mount through a flexible braid t o  t h e  
s e c o n d   s t a g e  of a t w o - s t a q e   c l o s c d - c y c l e   h e l i u m   r e f r l q e r a t o r .   T h S s   b r a i d ,  
toqe ther  w I t h  a m e t 2 1  bellows on t h e  v a c u u m   s h r o u d   i s o l a t e   t h e  d I o d e  mount  
a s s e m b l y  from m e c h a n i c 2 1  shock assoziztcd w i t h  cooler o p e r a . t i o n .  'The 
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e n t i r e   a s s e m b l y  is e n c l o s e d   i n  a 50 K r a d i a t i o n   s h i e l d   a t t a c h e d   t o   t h e  
r e f r i g e r a t o r  first stage. T h i s   s e r v e s   t o   l o w e r   t h e  minimum mount 
t empera tu re   by   r educ ing   t he   conduc ted   hea t   l oad   on   t he   s econd  stage. A 
h i g h - p r e c i s i o n   t e m p e r a t u r e   c o n t r o l l e r  is u s e d   t o   p r e s e t   t h e   d i o d e  mount 
t empera tu re   anywhere   be tween   t he   coo l ing  limit o f  11 K ,  and t h e  maximum 
recomended   d iode   t empera tu re   o f   abou t  70 K.  With a p r o p e r l y   p o s i t i o n e d  
t e m p e r a t u r e   f e e d b a c k   l o o p ,   c o n s i s t i n g   o f  a s e n s o r   a n d   h e a t e r  a t  t h e  d i o d e  
m o u n t ,   t h e   t e m p e r a t u r e   h a s   b e e n   s t a b i l i z e d   t o   w i t h i n  * 1 .O mK ove r  a 1 hour  
p e r i o d .   S i n c e  the t e m p e r a t u r e   t u n i n g  rate f o r   o u r   p r e s e n t   d i o d e   h a s   b e e n  
found t o  be   approximate ly   10  MHz/mK, t h i s   c o r r e s p o n d s   t o  a f r equency  
s t a b i l i t y   o v e r  t h e  same time p e r i o d   o f   a b o u t  * 10 MHz. S t a b i l i t y   b e t t e r  
t h a n  * 5 MHz is e x p e c t e d   o v e r   s h o r t e r  time p e r i o d s .  

tuned   by   vary ing  t h e  d i o d e   c u r r e n t ,  as p r e v i o u s l y  described, o r  t h e   d i o d e  
f r equency  may be p r e s e t   t o  some f i x e d   v a l u e .  The PbSSe d e v i c e  now i n   u s e  
e x h i b i t s  a c u r r e n t   t u n i n g  ra te  of   about   1 .2  cm-l/A near   1200 ern-'. T h i s  
rate is slow  enough so  t h a t  c o n t r i b u t i o n s   t o   t h e   f r e q u e n c y  d r i f t  from 
c u r r e n t   s u p p l y   i n s t a b i l i t i e s  are n e g l i g i b l e .  

Once t h e   t e m p e r a t u r e   h a s   b e e n  s e t ,  t h e  d i o d e   o u t p u t   f r e q u e n c y  is f i n e  

I N I T I A L  RESULTS 

F i g u r e  4 i l l u s t r a t e s  t h e  c u r r e n t   t u n i n g   p r o c e d u r e   a p p l i e d   t o  a s i n g l e  
channe l   s can   o f  a 15 p e r c e n t   a b s o r b i n g   f e a t u r e ,   n e a r  1 180 cm-'. The 
resul ts  of   two  he te rodyne   scans  are shown,   obtained  by first p l a c i n g  a 10 
cm ce l l  con ta in ing   25   Tor r   o f   F reon  I 3  i n   f r o n t   o f  the  blackbody  and  then 
r e p l a c i n g   t h e  ce l l  w i t h  a 1 inch   e ta lon .   Roughly  150 DW o f   s i n g l e  mode 
laser  power was a v a i l a b l g  when these   measurements  were made. The i n s e t  a t  
the   upper  r i g h t  shows d i rec t  abso rp t ion   measu remen t s   t ha t  were made by 
p l a c i n g  t h e  same two o b j e c t s   i n   t h e   l o c a l   o s c i l l a t o r  beam and   cu r ren t  
t u n i n g   a g a i n   o v e r   t h e  same r e g i o n .  The b a s e l i n e   i n   b o t h   h e t e r o d y n e   a n d  
d i r ec t  s c a n s  refers t o  t h e  a b s o r p t i o n   f e a t u r e ,   a n d   n o t   t o  the e t a l o n   f r i n g e  
p a t t e r n  which has   been s h i f t e d  down i n   b o t h  cases and Is u s e d   h e r e   t o  
es tab l i sh  a r e l a t i v e   f r e q u e n c y  scale. The l a c k   o f   a n y   o b s e r v a b l e   s t r u c t u r e  
i n   t h e   a b s o r p t i o n   l i n e   d u r i n g  the h e t e r o d y n e   s c a n   o f   t h e   t y p e   s e e n   i n   t h e  
d i rec t  mode is d u e   m a i n l y   t o  t h e  s y s t e m   r e s o l u t i o n   o f  300 MHz, comparable 
w i t h  the l i n e   s p a c i n g   i n   t h e   m u l t i p l e t .  

t h i s   e x p e r i m e n t  was f o u n d   t o  be about  250, f o r  an IF   bandwidth   o f   150  MHz, 
i n t e g r a t i o n  time of  1.25 sec,  and  blackbody  temperature   of   1273 K. The 
expec ted  SNR f o r   a n  i d e a l  system  under these same c o n d i t i o n s  is abou t  
19,000,   making t h e  measured  system d e l t a  ( A )  ( r e f .  6) about 80 i n  t h i s  
r e g i o n   o f  the s c a n .  A more t y p i c a l   v a l u e   o f   a c h i e v a b l e  SNR is 140 i n   t h e  
n o i s i e r   p o r t i o n   o f  t h e  s c a n ,   w h i c h   y i e l d s  a de l ta  of   approximate ly   145 .  
T h i s   i n c r e a s e d   n o i s e ,   w h i c h   t u r n s  on a t  t h e  same c u r r e n t   v a l u e   i n   b o t h  
h e t e r o d y n e   s c a n s   h a s   b e e n   f o u n d   t o   o r i g i n a t e   i n   t h e   d i o d e  laser o u t p u t .  
S t u d i e s   u s i n g  a s p e c t r u m   a n a l y z e r  show t h a t  t h i s  n o i s e   r e s u l t s   f r o m  t h e  
g e n e r a t i o n   o f  small s a t e l l i t e  modes c l o s e   e n o u g h   i n   f r e q u e n c y   t o   t h e  
pr imary mode t o  be s e e n   i n   t h e  I.F. These small modes  show a m p l i t u d e  
modu la t ions  t h a t  are c o r r e l a t e d   w i t h   v i b r a t i o n s   o f   t h e   d i o d e   c o o l e r   s e c o n d  
stage, which is mounted on t h e   o p t i c a l   b e n c h .  As might be e x p e c t e d ,  the 

The best a c h i e v a b l e   d o u b l e   s i d e - b a n d   s i g n a l   t o   n o i s e   r a t i o  (SNR) i n  
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1 o i s e   s u p e r i m p o s e d   o n   t h e   r e s u l t i n g   s p e c t r u m  is  s t r o n g l y  time c o h e r e n t   w i t h  

e f r i g e r a t o r   s e c o n d  stage. Many o f   t h e  modes  which are o t h e r w i s e   s u i t a b l e  
or  h e t e r o d y n e   d e t e c t i o n  are much more s e n s i t i v e   t o   c o o l e r   v i b r a t i o n s   t h a n  
he  example shown h e r e ,  so t h a t  a large f r a c t i o n  of t h e   a v a i l a b l e   d i o d e  
uning  range is made u n s u i t a b l e   f o r   h e t e r o d y n e  work w i t h   t h e   p r e s e n t  
ys tem.   P lans  are b e i n g  made t o  i n s t a l l  a new d i o d e   i n   t h e  near f u t u r e .  
est  r e s u l t s   o b t a i n e d  a t  t h a t  time w i l l  reveal w h e t h e r   t h e   d i o d e  we are 
u r r e n t l y   u s i n g  is u n u s u a l l y   v i b r a t i o n   s e n s i t i v e ,  o r  w h e t h e r   f u r t h e r  
e -coup l ing  of t h e  d i o d e  from t h e  c l o s e d   c y c l e   c o o l e r  i s  required. 

After i n t e r f a c i n g   t h e   s p e c t r o m e t e r   w i t h   t h e  R.F. s p e c t r a l  l i n e  
eceiver, t h e  same gas ce l l  w i t h  40 Torr   o f   Freon  13 was p l a c e d  i n  t h e  beam 
f a 1270 K b l a c k b o d y ,   p r o d u c i n g   t h e   r e s u l t s  shown i n   F i g u r e  5 .  25 RF 
h a n n e l s  of 25 MHz width were u s e d   i n  these pre l iminary   measurements .  The 
e a t u r e s  shown h e r e  l i e  i n   t h e  same wavelength   reg ion   (near   1180 cm”) as 
h e   w e a k e r   l i n e s   d i s c u s s e d  ear l ie r .  B o t h   s p e c t r a   i n   F i g u r e  5 were o b t a i n e d  
s i n g   t h e  same d i o d e  laser  mode and a t o t a l  power of   about  2OOMW on t h e  
e t e c t o r .  By first l o c a t i n g   t h e   l i n e s   i n   d i r e c t   a b s o r p t i o n  a n d   t u n i n g   . t h e  
i o d e   t o   t h e   l i n e   c e n t e r   p o s i t i o n ,   t h e   l i n e   c o u l d  b e   p o s i t i o n e d   p r o p e r l y  
o r  h e t e r o d y n e   d e t e c t i o n   b y   s h i f t i n g   t h e   d i o d e   c u r r e n t  a p rede te rmined  
mount.   In so d o i n g ,   t h e   f e a t u r e  I s  moved a n   a p p r o p r i a t e   d i s t a n c e   o u t   i n  
i t h e r   s i d e b a n d   f r o m   t h e   z e r o   o f   I . F .   E a c h   r e s u l t   c o n s i s t s   o f   a n   a v e r a g e  
f f o u r   c o n s e c u t i v e   r u n s   f o r  a t o t a l   e f f e c t i v e   i n t e g r a t i o n  time o f   3 .2  
i n u t e s .  The spectrum I s  d i v i d e d   b y   t h e   a v e r a g e   o f   f o u r   s c a n s   t a k e n   d u r i n g  

f r equency   o f   abou t  2.5 Hz, which is t h e   c y c l i n g   p e r i o d   o f   t h e  

qhe same time p e r i o d   w i t h   t h e  gas c e l l  removed,   y ie ld ing  a q u o t i e n t  
d p e c t r u m   w i t h   f r a c t i o n a l   t r a n s m i t t a n c e  as t h e   o r d i n a t e .   T h i s   e l i m i n a t e s  
tlhe e f f e c t   o f   g a i n   v a r i a t i o n s   w i t h   f r e q u e n c y   f r o m   t h e   a m p l i f i e r s   a n d  
d e t e c t o r .  

focus   o f   the  48 i n c h   r e f l e c t i n g   t e l e s c o p e  a t  t h e   G o d d a r d   o p t i c a l  s i t e  and 
a d d i t i o n a l  25 MHz f i l t e r s  were added t o   t h e  f i l t e r  bank f o r  a t o t a l   I . F .  
coverage  of   800 MHz. 

d f  d e t e c t o r   r e s p o n s e   i n  t he  he te rodyne  mode u s i n g   t h e  Sun  and a l o c a l  
b lackbody  source  a t  a number o f   t e m p e r a t u r e   s e t t i n g s .   F i g u r e  6 is a 
composi te   o f   these   b lackbody  measurements ,   t aken   sequent ia l ly ,   wi th  a l l  
s y s t e m   p a r a m e t e r s   h e l d   c o n s t a n t   d u r i n g   t h e   d u r a t i o n   o f   t h e  t e s t s .  Each 
measurement was made w i t h   a n   i n t e g r a t i o n  time o f   abou t  45 seconds  and  an LO 
power  of-200pW. The modu la t ions   obse rved   i n  each s c a n  are caused  by 
s t a n d i n g  waves i n   t h e  RF cables   and   can   be   removed  by   ra t io ing  as was done 
i n   F i g u r e  5.  

The p o s i t i v e   s l o p e   f o r  a l l  c u r v e s  is p r e d o m i n a n t l y   d u e   t o   t h e   d e t e c t o r  
a n d   p r e a m p l i f i e r   r o l l - o f f  a t  h i g h   I . F .  The r a t i o s   o f   h e t e r o d y n e   s i g n a l s  
f o r   a n y  two  tempera tures   have   been   found  to   be   c lose   to   the   expec ted   va lues  
a t  t h e   h i g h   f r e q u e n c y   e n d .   C l o s e r   t o   t h e   z e r o   o f  I.F., however, t h e  h i g h  
tempera ture   curves   g row  anomalous ly  large.  T h i s  effect  i s  d u e   t o   t h e  
a b s e n c e   o f   a n   i n f r a r e d  f i l t e r  i n   t h e   b l a c k b o d y  ( o r  Sun) beam. For t h e  
t e m p e r a t u r e s   o f   i n t e r e s t   h e r e ,  a large f r a c t i o n   o f   t h e   t o t a l   e n e r g y   f l u x  is 
c o n v e r t e d   t o   s h o t   n o i s e  power  by the  d e t e c t o r  and   synchronous ly   de t ec t ed .  
S i n c e   t h e   b o l o m e t r i c  ( T 4 )  term i n c r e a s e s  much more q u i c k l y   w i t h   t e m p e r a t u r e  
t h a n  t h e  h e t e r o d y n e   s i g n a l  term a t  t h e s e   w a v e l e n g t h s ,   t h e   s y n c h r o n o u s l y  
de t ec t ed   b l ackbody   sho t   no i se   becomes  large compared t o   t h e   s i g n a l  as t h e  

The i n s t r u m e n t   h a s   v e r y   r e c e n t l y   b e e n   p l a c e d   i n   o p e r a t i o n  a t  t h e  Coude 

~ The first o b s e r v a t i o n a l  tes t  performed was a comparat ive  measurement  
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s o u r c e   t e m p e r a t u r e   i n c r e a s e s .  T h i s  r e s u l t   e m p h a s i z e s  t h e  impor tance   o f  a 
r e l a t i v e l y   n a r r o w   b a n d  f i l t e r  i n  the s i g n a l  beam when making measurements 
a g a i n s t   h o t   s o u r c e s .  

SUMMARY 

These r e s u l t s  show t h a t  d i o d e  laser h e t e r o d y n e   s p e c t r o s c o p y  has  
e v o l v e d   t o  t h e  p o i n t  where r e m o t e   s o u r c e s   o t h e r   t h a n  t h e  Sun  can  be 
detected w i t h  a d e q u a t e   s i g n a l - t o - n o i s e .  From the l e v e l   o f   s y s t e m  
performance  achieved so far a t  8 m i c c o n s ,   o n e   c a n   e x p e c t   s i g n a l   t o   n o i s e  
r a t i o s   i n  excess o f  10 a t  > 10 r e s o l v i n g  power f o r  a cont inuum  tempera ture  
o f  250 K and less t h a n  30 m i n u t e s   i n t e g r a t i o n  time, mak ing   p l ane ta ry  
s p e c t r o s c o p i c   o b s e r v a t i o n s  feasible.  I n   a d d i t i o n ,   g r a t i n g   a n d   F a b r y - P e r o t  
s p e c t r o m e t e r   s t u d i e s   o f   s e v e r a l   c o m p a c t  HI1 r e g i o n s   r e v e a l  large fluxes i n  
the f i n e   s t r u c t u r e   l i n e s   o f  SIV and ArIII n e a r  10.51 and  8 .99  microns 
r e s p e c t i v e l y .   C a l c u l a t i o n s  show t h a t  these f e a t u r e s ,  i f  n a r r o w   i n  
l i n e w i d t h ,   s h o u l d  be e a s i l y   o b s e r v a b l e   f o r   i n t e g r a t i o n  times o f  less  than  
1/2 hour .  

One of  t h e  major   remaining  problems is t h e  l ack  o f  a s a t i s f a c t o r y  
m e t h o d   o f   a b s o l u t e   f r e q u e n c y   c a l i b r a t i o n   t o   w i t h i n  t he  a c c u r a c y   r e q u i r e d .  
C a r e f u l   c a l i b r a t i o n   o f   a n  I R  monochromator  al lows a f r e q u e n c y   d e t e r m i n a t i o n  
t o   w i t h i n   a b o u t  * 0.1 cm-l . T h i s  u n c e r t a i n t y  is e q u a l   t o   a b o u t  * 3 GHz, 
which is s t i l l  cons ide rab ly   b roade r   t han   t he   800  MHz f i l t e r  b a n k   r e c e n t l y  
i n t e r f a c e d  w i t h  t he  system,  and more than   two  orders   o f   magni tude   b roader  
t h a n  a s i n g l e   r e s o l u t i o n   e l e m e n t   o f  25 MHz. 

A supplemental  scheme f o r   f r e q u e n c y   c a l i b r a t i o n   u s e s  a t r a n s f e r  
s t a n d a r d  (gas) hav ing   numerous   l i nes   o f  es tab l i shed  rest f r e q u e n c i e s   i n  t h e  
r e g i o n   o f   i n t e r e s t .  By i n t e r p o l a t i n g   b e t w e e n  the d i o d e   c u r r e n t  settings a t  
the c e n t e r s   o f  these s t a n d a r d   l i n e s ,  t h e  ope ra t ing   wave leng th  may be 
e s t a b l i s h e d  w i t h  high p r e c i s i o n .   I n  t h e  1200 cm-I r e g i o n ,  the r e c e n t l y  
a v a i l a b l e  N 0 c a l i b r a t i o n   s t a n d a r d s  can  produce  the  desired < 0.001 cm-1 
ca l ib ra t ion   accu racy .  (Data from  work (as ye t   unpubl i shed)  by W. B. Olson, 
A. G. Maki,  and W.  J .  Laffer ty ,   Nat ional   Bureau of  Standards,   Gai thersburg,  
Md. ) 
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STABILIZED DIODE 
LASER IN CLOSED 
CYCLE REFRIGERATOR 

He Ne ALIGNMENT 

DETECTION ELECTRONICS 
TO HETERODYNE 

Figure 1.- Schematic  diagram of diode  laser he terodyne   spec t rometer  
o p t i c a l   f r o n t   e n d .  
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Figure  2.  - Diagram of cu r ren t   t un ing  method €or producing  heterodyne 
spectra. 
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VACUUM  SHROUD 
LASER  MOUNT HEATER AND SENSOR 

RADIATION  SHIELD  FIXED  TO  COPPER  MOUNT 

COPPER I.RAIDJ , , I 
V l F R A T l O N   I S O L A T I N G  

LASER  OUTPUT 
APPROX. F/3 BEAM 

K COLD  STATION 

1 K COLD  STATION 

W E R O D Y N E  
SI GNAL 

(ARBITRARY 
UNITS)  

F i g u r e  3.- Diode laser mounting  scheme. 
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DIODE  CURRENT  (AMPS) 

F i g u r e  4.- S i n g l e   c h a n n e l   h e t e r o d y n e   s c a n   a n d   d i r e c t   a b s o r p t i o n   s c a n  
( i n s e t )  of Freon 1 3  m u l t i p l e t  and 1 i n c h   e t a l o n   n e a r  1180 cm-l. 
The b a s e l i n e  of t h e   e t a l o n   s c a n   h a s   b e e n   s h i f t e d  €or c l a r i t y .  The 
e t a l o n   s c a n s  are shown below t h e  CF CR a b s o r p t i o n   s c a n s  i n  each case. 3 
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F i g u r e  5.- Heterodyne  measurements of p re s su re   b roadened   F reon  1 3  
(CF3CR) l i n e s   n e a r  1180 cn-1 u s i n g  a 2 3  channel  RF spectral l i n e  
r e c e i v e r   a n d  10  c m  a b s o r p t i o n  c e l l .  T r a c e  ( a )  shows a b l e n d   o f  
s e v e r a l   d i s c r e t e   l i n e s   w h i l e  trace (b) i s  an i s o l a t e d   f e a t u r e .  
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F i g u r e  6.- P re l imina ry   b l ackbody   he t e rodyne   e f f i c i ency   measu remen t s  
u s i n g  spectral  l i n e   r e c e i v e r .  
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