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ABSTRACT 

We are  c u r r e n t l y   d e v e l o p i n g  a 163  micron  (1.836 THz) r a d i o m e t e r   f o r  
a i r p l a n e   a n d / o r   b a l l o o n   p l a t f o r m s .  

The laser l o c a l   o s c i l l a t o r  i s  a C02 pumped methanol  laser o p e r a t i n g  
a t  f requency  which i s  %l GHz f rom  the  J = 312 - 1 1 2   t r a n s i t i o n   o f  OH. The 
laser w i l l  b e   u s e d   d i r e c t l y  as a l o c a l   o s c i l l a t o r   o r  w i l l  b e   t r a n s l a t e d   i n  
f r equency   t o   c lo se r   co inc idence   w i th   t he  OH emission,   depending on achieved  
d e t e c t o r  I .F .  bandwidth .   Frequency   t rans la t ion   t echniques   which  w i l l  b e  
d e s c r i b e d  a re  diode  mixing  and a new me thod   o f   s ing le   s ideband   gene ra t ion  
u s i n g   a n   e x t e r n a l   S t a r k   m o d u l a t e d   g a s   c e l l .  

The photoconduct ive  mixer   which w i l l  be   u sed  i s  a s t r a i n e d  G e  c r y s t a l ,  
doped  with G a ,  o r i g i n a l l y   u s e d  as a n   i n c o h e r e n t   d e t e c t o r .  The u n i a x i a l  
s t r a i n  on   t he  Ga doped Ge c r y s t a l   s h i f t s   t h e   t h r e s h o l d   f o r   p h o t o c o n d u c t i o n  
from 100 cm-l t o   f r e q u e n c i e s  as low as  50 cm-l-. T h e s e   d e t e c t o r s   a r e   c u r r e n t l y  
b e i n g   c h a r a c t e r i z e d  as m i x e r s   i n   t h e   l a b o r a t o r y .  Of p a r t i c u l a r   i n t e r e s t  are 
t h e   e f f e c t  of l o c a l   o s c i l l a t o r  power a n d   s t r a i n  on I . F .  bandwid th ,   de t ec to r  
impedance  and  conversion loss. P r e l i m i n a r y   r e s u l t s  of   these  tests w i l l  b e  
desc r ibed   and   compared   w i th   t heo re t i ca l   expec ta t ions .  

INTRODUCTION 

The   hydroxy l   r ad ica l  (OH) i s  recognized  as a k e y s t o n e   s p e c i e s   f o r   t h e  
unders tanding  of o z o n e   d e s t r u c t i o n   i n   t h e   s t r a t o s p h e r e .  A s  Wofsy h a s  s ta ted  
( r e f .  I), 

"The OH r a d i c a l s  ..... dr ive   mos t   o f   t he   pho tochemis t ry   o f   t he  
s t r a t o s p h e r e .  They p l a y  a p i v o t a l   r o l e   i n   t h e   p a r t i t i o n i n g  
of  NOx and C l O ,  among spec ie s   wh ich  a re  r e l a t i v e l y   r e a c t i v e  
o r   s t a b l e   t o w a r d  0 3  and 0." 

The OH r a d i c a l   p l a y s  a c a t a l y t i c   r o l e   i n   t h e  HO, c y c l e .   I n   a d d i t i o n ,   i n -  
creased OH would   reduce   the   impor tance  of  t h e  NO, c y c l e   b u t   w o u l d   i n c r e a s e  
the   impor t ance   o f   t he  ClO,  c y c l e   ( r e f .   2 ) .  The major   source   o f  OH is t h e  
r e a c t i o n   o f  O(1D) w i t h  water: 
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0 (ID) + H z 0  - OH + OH 

I n   t h e   r e g i o n   b e l o w  80 km, t h e   m a i n   s o u r c e   o f  O ( 1 D )  is t h e   p h o t o l y s i s   o f  
o z o n e   ( r e f .  3 ) .  A s  a consequence, OH c o n c e n t r a t i o n  i s  a maximum a t  '~50 km. 
The r e g i o n   n e a r  50 km is  i m p o r t a n t   f o r   c h e c k i n g   o n   t h e   q u a n t i t y   o f  OH pro- 
duced ,   wh i l e   t he   r eg ion   o f  20-40 km is i m p o r t a n t   f o r   d e t e r m i n i n g   t h e  re la t ive  
r o l e s   o f   t h e   c h l o r i n e   a n d   n i t r o g e n   c y c l e s .  

The OH s u b m i l l i m e t e r   w a v e l e n g t h   r o t a t i o n a l   l i n e s   p r o v i d e   a n   e x c e l l e n t  
probe  of  OH, p a r t i c u l a r l y  when remote   sens ing   emiss ion   measurements  are used. 
F i g u r e  1 shows  the   emiss ion   of  OH c a l c u l a t e d   f o r  a b a l l o o n   p l a t f o r m   l o o k i n g  
h o r i z o n t a l l y  a t  a n   a l t i t u d e   o f  40 km. Most  of t h e   e m i s s i o n  shown  comes from 
h i g h e r   a l t i t u d e .   C a l c u l a t e d   e m i s s i o n   f r o m   a n   a i r p l a n e   f l y i n g  a t  1 2  km would 
b e   q u i t e  similar. Emiss ion   f rom  lower   a l t i t udes  is  broader   because   o f  
i n c r e a s e d  a i r  p r e s s u r e   a n d  is e x p e c t e d   t o   b e   w e a k e r   b e c a u s e   o f   d e c r e a s e d  
OH a b u n d a n c e .   T h i s   p a r t i c u l a r  OH t r a n s i t i o n  i s  the   l owes t   f r equency  s e t  
of r o t a t i o n a l   l i n e s   a n d   h a p p e n s   t o   b e   q u i t e   c l o s e   t o  a methanol  laser l i n e .  
I n   f i g u r e  2 i t  c a n   b e   s e e n   t h a t  several o f   t h e   l i n e s  are  w i t h i n  1 GHz of 
t h e   l a s e r   t r a n s i t i o n .   T h i s   f o r t u n a t e   c o i n c i d e n c e   f o r m s   t h e   b a s i s   f o r   o u r  
1.8 THz r a d i o m e t e r .  I t  m i g h t   b e   n o t e d   t h a t   t h e s e   l i n e s   h a v e   r e c e n t l y   b e e n  
o b s e r v e d   i n   t h e   s t r a t o s p h e r e  by Kenda l l   and   C la rk   ( r e f .   4 )   u s ing  a Michelson 
i n t e r f e r o m e t e r   o n  a b a l l o o n   p l a t f o r m .   H o w e v e r ,   f o r   d e t a i l e d   a l t i t u d e   d i s -  
t r i b u t i o n s  o f  OH, a he t e rodyne   sys t em w i l l  be   needed .  

LOCAL OSCILLATOR 

The   b lock   d iagram  of   our   rad iometer  i s  shown i n   f i g u r e  3.  It  c o n s i s t s  
of t he   u sua l   combina t ion  of m i x e r ,   l o c a l   o s c i l l a t o r . ,   a n d   f i l t e r   b a n k .   I f  
t h e   m i x e r   h a s  a bandwidth i n   e x c e s s  of  1 GHz, t h e  laser  can   be   u sed   d i r ec t ly  
a s   t h e   l o c a l   o s c i l l a t o r .  However, i t  is  q u i t e   l i k e l y   t h a t   t h e   b a n d w i d t h  of 
our  mixer w i l l  b e   s m a l l e r   t h a n  1 GHz and a scheme f o r   f r e q u e n c y   s h i f t i n g  
t h e   l a s e r  i s  needed.  The  schem'e w e  a r e   p l a n n i n g   i n v o l v e s  a modulat ion of 
t h e   l a s e r   f o l l o w e d   b y   f i l t e r i n g  o f  the   lower   modula t ion   s ideband.   This  
m o d u l a t o r   a n d   s i d e b a n d   f i l t e r  a re  t h e r e f o r e   p a r t  o f  t h e   l o c a l   o s c i l l a t o r  
system. A number of groups  have  been ac t ive  i n   g e n e r a t i n g   s i d e b a n d s   u s i n g  
an  R.F. b i a s e d   d i o d e   ( e . g .   r e f .  5 ) .  The e f f i c i e n c y   o f   s i d e b a n d   g e n e r a t i o n  
u s i n g   t h i s   m e t h o d  is  n o t   l a r g e   b u t   t h e   o f f s e t s   a c h i e v a b l e   a r e   l i m i t e d   o n l y  
b y   t h e   o p t i c a l   c o u p l i n g  s t r u c t u r e  f o r   t h e   d i o d e .  

An a l t e r n a t i v e   m o d u l a t i o n   m e t h o d  w e  h a v e   b e e n   i n v e s t i g a t i n g   i n v o l v e s  
m o d u l a t i o n   o f   a b s o r p t i o n   i n   a n   e x t e r n a l   g a s   c e l l .   S u r p r i s i n g l y   s u c h  a 
t e c h n i q u e   c a n   g e n e r a t e   i n  a s i n g l e   s i d e b a n d  mode w i t h  up t o  1Q% e f f i c i e n c y .  
The  method is  b e s t   i l l u s t r a t e d   b y  a model  experiment w e  performed a t  104 GHz 
us ing  a m e t h y l   f l u o r i d e   a b s o r p t i o n   ( r e f .  6 . ) .  The  b lock   d iagram  of   the  
spec t romete r   sys t em  used  is  shown i n   f i g u r e  4 .  There  is  a s o u r c e   k l y s t r o n  
locked   t o   102  GHz and a l o c a l   o s c i l l a t o r   k l y s t r o n   l o c k e d   t o  a f requency  
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which is e x a c t l y  1140 GHz b e l o w   t h e   s o u r c e   k l y s t r o n .   T h e  mixer and   spec t rum 
ana lyze r   combine   t o  make a v e r y   h i g h   r e s o l u t i o n   r a d i o m e t e r   f o r  power  leaving 
the   s ample  ce l l .  T h e   m e t h y l   f l u o r i d e   p r e s s u r e   i n   t h e   s a m p l e  c e l l  w a s  %80 
mtorr a n d   t h e  10.8 MHz e l ec t r i c  f i e l d   h a d   a n   a m p l i t u d e  of 40 V j c m .  T h i s  
f i e l d   m o d u l a t e s   t h e   a b s o r p t i o n   f r e q u e n c y   b y  1 4  MHz. The modula t ion   f requency  
w a s  s i g n i f i c a n t l y   l a r g e r   t h a n   t h e   1 . 5  MHz w i d t h   o f   t h e   m e t h y l   f l u o r i d e   a b s o r p -  
t i o n .   T h e   r e s u l t s  of t h i s   e x p e r i m e n t  are  shown i n   f i g u r e  5. Trace B, t a k e n  
when t h e   i n p u t   s i g n a l  w a s  o n   r e s o n a n c e   w i t h   t h e   a b s o r p t i o n   s h o w s   t h e   s i d e b a n d  
p a t t e r n   e x p e c t e d   f o r   a m p l i t u d e   m o d u l a t i o n .  When t h e   i n p u t  i s  above   or   be low 
re sonance ,   t he  effect  o f   t he   modu la t ed   abso rp t ion  is to   pu t   enhanced   power  
i n   t h e   s i d e b a n d   l o c a t e d   o n   t h e   o t h e r   s i d e   o f   t h e   a b s o r p t i o n   c e n t e r .   I n   t h i s  
e x p e r i m e n t ,   t h e   a b s o r p t i v i t y   o f   t h e   s a m p l e  w a s  small a n d   t h e   s i d e b a n d  level 
on ly   r eached   t he  5 db level .  However, f o r   s t r o n g e r   a b s o r p t i o n ,   t h e   t h e o r -  
e t ica l  m o d e l   o f   t h e   e x p e r i m e n t   p r e d i c t s   t h a t   t h e   s i d e b a n d  leve l  can  approach 
10  db. 

THE MIXER 

Recent ly  w e  have   been   cen te r ing   mos t   o f   ou r   a t t en t ion  on t h e   m i x e r ,  
s i n c e   t h e   m i x e r   c h a r a c t e r i s t i c s   d r i v e  many of t h e   d e c i s i o n s   a b o u t   l o c a l  
o s c i l l a t o r   r e q u i r e m e n t s   a n d   a c h i e v a b l e   s i g n a l   t o   n o i s e   f i g u r e ,   T h e   m i x e r  
which w e  are  t e s t i n g  i s  a s t r a i n e d  Gallium doped  Germanium c r y s t a l   w h i c h  
is used i n  a photoconduct ive  mode. I n c o h e r e n t   d e t e c t o r s  of t h i s   t y p e   h a v e  
b e e n   d e s c r i b e d   ( r e f .  71,  b u t   t h e i r   m i x e r   p r o p e r t i e s   h a v e   n o t   b e e n   e v a l u a t e d .  
We are c u r r e n t l y   e v a l u a t i n g   t h e   b a n d w i d t h  of s e v e r a l   m i x e r  c r y s t a l s  a t  9 6 1 ~ ~  
1 1 8 ~  a n d   1 6 3 1 ~   i n   t h e   s t r e s s e d   a n d   u n s t r e s s e d   c o n d i t i o n s .  A t  t h i s   p o i n t  w e  
c a n   o n l y   r e p o r t   t h a t   t h e   b a n d w i d t h   i n  a l l  cases i s  i n   e x c e s s  of 5 MHz based  
on time r e s p o n s e   t e s t s .   T h e  material used is s u p p l i e d   t o   u s   b y   S a n t a  
Barbara  Research  Corp.  and i s  o n l y   l i g h t l y   c o m p e n s a t e d .  The c r y s t a l s  a r e  
i n   t h e  form  of  cubes 3mm on a s i d e   a n d   a r e   d o p e d   t o  a level of %IO14/cm3. 
Measurements of  I.F. noise   bandwidth   by   mix ing  a b l ack   body   w i th   t he  laser 
are  c u r r e n t l y   u n d e r  way. 

We have also measured   the  D.C .  p h o t o - r e s i s t a n c e  a t  laser  power l e v e l s  
i n   a n   a t t e m p t   t o   d e t e r m i n e   t h e  maximum a c h i e v a b l e   c o n v e r s i o n   g a i n  of t h e  
mixer .  An example  of  such a p h o t o - r e s i s t a n c e   c u r v e  is  shown i n   f i g u r e  6.  
AS c a n   b e   s e e n ,   t h e   c u r v e   f i t s  a s i m p l e   p o w e r   s a t u r a t i o n  l a w .  T h i s   s a t u r -  
a t i o n   b e h a v i o r  i s  r e a s o n a b l e   i f   t h e   n e g a t i v e l y   i o n i z e d   a c c e p t o r   c o n c e n t r a t i o n  
i s  n o t  a f u n c t i o n  of t h e  power leve l .  A t  higher  power l eve l s  t h e   i o n i z e d  
a c c e p t o r   c o n c e n t r a t i o n   s h o u l d   i n c r e a s e   d u e   t o   t h e   p r o d u c t i o n   o f   p h o t o - h o l e s  
s i g n i f i c a n t l y   i n   e x c e s s  of t h e   d a r k   i o n i z e d   a c c e p t o r   l e v e l ,   T h i s   i n c r e a s e d  
i o n i z e d   a c c e p t o r   l e v e l  w i l l  1) i n c r e a s e   t h e   r e c o m b i n a t i o n  r a t e  and 2)  d e c r e a s e  
t h e   m o b i l i t y .   T h e   f i r s t   e f f e c t   o c c u r s   b e c a u s e   t h e   r e c o m b i n a t i o n  rate i s  
p r o p o r t i o n a l   t o   b o t h   i o n i z e d   a c c e p t o r   c o n c e n t r a t i o n   a n d   h o l e   c o n c e n t r a t i o n ,  
and   t he   s econd   e f .€ec t   occu r s   because  of i n c r e a s e d   s c a t t e r i n g   b y   i o n i z e d  
a c c e p t o r s   r e l a t i v e   t o   n e u t r a l   a c c e p t o r s .   B o t h   e f f e c t s  w i l l  s l o w   t h e   s a t u r a -  
t i o n  ra te  wi th   i nc reased   power ,   and   such  a t r end   can   be   s een  a t  t h e   h i g h e r  
power levels  i n   f i g u r e  6.  The   convers ion   ga in  i s  o b t a i n a b l e   f r o m   t h e  
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p h o t o r e s i s t a n c e  by 

i n   w h i c h   I b  i s  
P0 /2 ,  w i t h  

G max 

t h e   b i a s   c u r r e n t .  The maximum g a i n   t h e n   a p p e a r s  a t  P = 

= (I: Ro/Po) x 0.296 

i n  which Ro is t h e   d a r k   r e s i s t a n c e .  It i s  p o s s i b l e  t o  make Ro on t h e  
o rde r   o f  Po,  b u t   h i g h e r   b i a s  levels  s u f f e r   f r o m   t h e   s e v e r e l y   n o n - l i n e a r  
I-V c h a r a c t e r i s t i c s   o f   t h e   c r y s t a l s  (see ref. 7 ) .  To a c h i e v e   t h e   h i g h  
gain  of   eq.  ( 2 ) ,  t h e   I . F .   a m p l i f i e r   h a s   t o   b e   m a t c h e d   t o   a n   i m p e d a n c e   o f  
%28 kR. T h i s  i s  a problem  with  convent ional  50 R a m p l i f i e r s   b u t  i s  q u i t e  
w e l l  s u i t e d   t o  FET i n p u t   a m p l i f i e r s  a t  modera t e   I .F .   f r equenc ie s .  

Ib’ 
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OH * n 1 ROTATIONAL  TRANSITIONS - 
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Figure  1.- Calcu la t ed  emission by OH in Ear th ' s   upper   a tmosphere .  
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Figure  2.- OH spectrum nea r  1800 GHz. 
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FAR I R  
PUMP  LASER  MOLECULAR  LASER 
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7 MODULATOR 

i,l FILTER 
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E M I S S I O N  

I 

b FAR IR b 
BULK M I X E R  

*COMPONENTS  BEING DEVELOPED 

F i g u r e  3 . -  1800 GHz OH rad iometer .  

1.14  GHz 

H E W L E T T - P A C K A R D  
S P E C T R O M E T E R  

8 .'506 G Hz Lk l "  P H A S E  40 
I 1 4 

SPCCTROMETER FOR E L E C T R I C   F I E L D  

MODULATION OF C H 3 F  

F i g u r e  4.- Labora tory  test  of nodulat ion  scheme.  
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Figure  5 . -  N e w  i n s i g h t s   i n t o   t h e   p h y s i c s  of l i g h t   a b s o r p t i o n .  Measured 
asymmetry in   modula ted  power r e q u i r e s   l i g h t   a b s o r p t i o n  t o  be t r e a t e d  
as s t imu la t ed   emis s ion ,   no t  as ampl i tude   absorp t ion .  
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Figure  6.- Photoresistance. 
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