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SUMMARY 

T h i s   p a p e r   d e s c r i b e s  a wavelength I D  d e v i c e   w h i c h   c o n s i s t s   o f   a n   e l e c t r o n i c  
;e rvo-cont ro l led   Fabry-Pero t   e ta lon .   Measurements   per formed  wi th  a CO laser 

:how t h a t   t h e   e t a l o n   h a s  a f i n e s s e  F > 30 which is m a i n t a i n a b l e   f o r  several 
lays.   These tests a l s o   d e m o n s t r a t e   t h a t   t h e   e t a l o n   s y s t e m  i s  capable   o f   reson-  

i n c e   f r e q u e n c y   s t a b i l i t y  - 2 x 1 0   d u r i n g  similar time per iods .   Wi th   cur -  

- e n t l y   a v a i l a b l e   m i r r o r   c o a t i n g s ,   t h i s  l eve l  of  performance i s  a c h i e v a b l e   o v e r  
:n o p t i c a l   b a n d w i d t h  Ah = 3 um c e n t e r e d   a t  X = 10 pm. 
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INTRODUCTION 

W i t h   t h e   i n c r e a s e d   c o n c e r n   a b o u t   p o s s i b l e  damage t o   t h e   a t m o s p h e r e   b y  
c h e m i c a l   p o l l u t i o n ,  much i n t e r e s t   h a s   a r i s e n   i n   t h e   c h e m i s t r y   o f   t h e   s t r a t o -  
sphe re .   Seve ra l   impor t an t   cons t i t uen t s   wh ich  a re  p r e s e n t   i n   o n l y  trace amounts,  
such   a s   ozone  0 ( r e f e r e n c e   l ) ,   c h l o r i n e   m o n o x i d e  C 1 0  ( r e f e r e n c e s  2 and 3 ) ,  and 
t h e   v a r i o u s   c h l o r o f l u o r o c a r b o n s   ( r e f e r e n c e  4 )  have  prominent   absorpt ion-emis-  
s i o n   s p e c t r a  in t h e  8 t o  1 2  urn wave leng th   r eg ion .  Remote sens ing   o f   t hese   and  
many o t h e r   g a s e s   c a n   b e   a c c o m p l i s h e d   w i t h   i n f r a r e d   h e t e r o d y n e   s p e c t r o m e t e r s  
u s i n g   t u n a b l e   d i o d e   l a s e r s  (TDL) as l o c a l   o s c i l l a t o r s  (LO) ( r e f e r e n c e s  5 and 6 ) .  

3 

"DL 'S   exh ib i t   na r row  spec t r a l   emis s ion   w id ths   wh ich  are piecewise-cont inu-  
ous ly   tunable   over   more   than   100   wavenumbers   ( re ferences  7 ,  8 ,  9 ,  and 10 ) .  
W h i l e   s u c h   t u n a b i l i t y   g r e a t l y   i n c r e a s e s   t h e   s p e c t r a l   c o v e r a g e   o b t a i n a b l e   w i t h  a 
s ingle-TDL  spectrometer ,  i t  i n t r o d u c e s  a d e g r e e   o f   u n c e r t a i n t y   i n   t h e  LO f r e -  
quency  which is  n o t   p r e s e n t  when a low-pressure   gas  laser i s  u s e d .   I n   s t u d i e s  
of s p e c t r a l l y   n a r r o w   f e a t u r e s   s u c h  as s t r a t o s p h e r i c   g a s   a b s o r p t i o n   l i n e s ,   t h i s  
LO f r e q u e n c y   u n c e r t a i n t y   c a n   h a v e   s e r i o u s   e f f e c t s  on measurement   accuracy   ( re f -  
e r e n c e   1 1 ) .  It is  o f t e n   n e c e s s a r y   t o   d e t e r m i n e   t h e  LO f r equency   w i th  a r e s o l u -  

t i o n  - = 1.8 x 10   (about  5 MHz a t  X = 1 0 . 6  um). A V  -7 
V 

"This  work w a s  suppor ted  by NASA, Langley   Research   Center ,  Hampton, V i r g i n i a  23665. 
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Ill I l l  

WAVELENGTH I D  TECHNIQUES 

Measurements  of "DL ou tpu t   pa rame te r s   such  as w a v e l e n g t h   v e r s u s   d r i v e   c u r -  
r e n t   h a v e   g e n e r a l l y  shown l a r g e   t e m p o r a l   v a r i a b i l i t y   r e n d e r i n g   w a v e l e n g t h  I D  
via d r i v e   c u r r e n t   c a l i b r a t i o n   n e a r l y   u s e l e s s   ( r e f e r e n c e s  7 and   10) .  A success-  
f u l  means   o f   accu ra t e   wave leng th   de t e rmina t ion  w i l l  r e l y  as l i t t l e  as p o s s i b l e  
o n   t h e   s t a b i l i t y   o f   t h e  TDL. 

A n o t h e r   d e v i c e   c a p a b l e   o f   h i g h   w a v e l e n g t h   r e s o l u t i o n  is the   Fabry -Pe ro t  
e ta lon   (FPE) ,   which  is a n   o p t i c a l l y   r e s o n a n t   c a v i t y   f o r m e d   b y  two p a r a l l e l  
p l a n e   p a r t i a l   r e f l e c t o r s .   M i r r o r   c o a t i n g s   p r e s e n t l y   a v a i l a b l e   c a n   a l l o w   a n  
FPE t o   o p e r a t e   w i t h  a f i n e s s e  F > 30 throughout  a s p e c t r a l   i n t e r v a l  A X  = 3 um 
n e a r  X = 10 um.  U n t i l   r e c e n t l y   t h e s e   d e v i c e s  were n o t   s t a b l e  enough t o   p e r m i t  
t h e i r   p o t e n t i a l l y   h i g h   r e s o l u t i o n   t o   b e   u s e d   f o r  TDL w a v e l e n g t h   c a l i b r a t i o n .  
An e t a lon   has   been   des igned   and   cons t ruc t ed   wh ich   ove rcomes   t hese   s t ab i l i t y  
p rob lems ,   ma in ta in ing  a f i n e s s e  F = 33 +3 f o r  a p e r i o d   o f  2 days,   and  showing 
r e s o n a n c e   f r e q u e n c y   s t a b i l i t y   o f  +10 MHz o v e r  4 h o u r s .  The d e s i g n  is c a p a b l e  
of   even  longer  term s t a b i l i t y .  

- 
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HIGH RESOLUTION TUNABLE FPE 

The e ta lon   employs  a c a p a c i t a n c e - b r i d g e   s e r u o   t e c h n i q u e   t o   m a i n t a i n   m f r z o r  
Farallelism and t o   p r o v i d e . c o n t i n u o u s   p a s s b a n d   t u n i n g   ( r e f e r e n c e s  13,  14, and 15). 
The FPE u n i q u e l y   u s e s  a C e r - V i t  m i r r o r   s p a c e r  as  t h e   p r i m a r y   l e n g t h   s t a n d a r d  
f o r   t h e   o p t i c a l   c a v i t y .  ( C e r - V i t  is  manufactured  by  Owens-Corning  Fiberglas 
C o r p o r a t i o n . )  The t h e r m a l   s t a b i l i t y   o f   t h e   s p a c e r   r e d u c e s   t h e   n e e d   f o r   p r e c i s e  
t e m p e r a t u r e   c o n t r o l   o f   t h e   e t a l o n   t o  a manageable level.  The m i r r o r s   w h i c h  
f o r m   t h e   o p t i c a l   c a v i t y  a re  a t t a c h e d   t o   p i e z o e l e c t r i c   e l e m e n t s  (PZT) which  can 
a x c u r a t e l y   v a r y   t h e   c a v i t y   l e n g t h   a n d ,   t h e r e f o r e ,   s p e c t r a l l y   t u n e   t h e   e t a l o n .  

The m i r r o r s ,   w h i c h   f o r m   t h e   e t a l o n  shown s c h e m a t i c a l l y   i n   F i g u r e  1, c o n s i s t  
c f   m u l t i l a y e r   d i e l e c t r i c   c o a t i n g s   d e p o s i t e d   o n   5 - c m - d i a m e t e r  ZnSe s u b s t r a t e s .  
They have a r e f l e c t i v i t y  R > 0 .90  o v e r   t h e   s p e c t r a l   i n t e r v a l  8 .9  pm 5 X 
1 1 . 2  pm. The s u b s t r a t e s  are a n t i r e f l e c t i o n   c o a t e d   o n   o n e   s i d e   a n d   h a v e  small 
wedge a n g l e s .  The p l a t e s  are  matched i n   f l a t n e s s   t o   b e t t e r   t h a n  A/175 a t  
X 
f l a t  a n d   p a r a l l e l   t o   n e a r l y  X/lOOO a t  X = 1 0 . 6  pm. 

= 1 0 . 6  pm. The s p a c e r  is a 4-cm-long c y l i n d e r   w h o s e   s u r f a c e s  were ground 

1 G o l d   h a s   b e e n   s p u t t e r e d   o n t o   t h e   m i r r o r   a n d   s p a c e r   s u r f a c e s   i n  a p a t t e r n  
shown i n   F i g u r e  2 .  When t h e   m i r ' r o r s   a r e   p o s i t i o n e d   c l o s e   t +   t h e   s p a c e r ,   t h e  
o p p o s i n g   g o l d   p a d s   f o r m   p a r a l l e l   p l a t e   c a p a c i t o r s .  The p a d s   o n   t h e   s p a c e r  a re  
s l i g h t l y   o v e r s i z e d   t o   f a c i l i t a t e   m i r r o r - s p a c e r   a l i g n m e n t .  The gaps   be tween  the  
m i r r o r s   a n d   t h e   s p a c e r  are  m a n u a l l y   p r e s e t   t o  a nominal  50 pm. 

Each   mir ror   o f   the  FPE is i n d e p e n d e n t l y   c o n t r o l l e d   b y   a n   e l e c t r o n i c   S e r v o  
mechanism. The  two p a i r s   o f   o r t h o g o n a l   c a p a c i t o r s ,   a r b i t r a r i l y   d e s i g n a t e d  
X1 - X and Y - Y2, are  u s e d   t o   m a i n t a i n   m i r r o r - s p a c e r   p a r a l l e l i s m ,   t h e r e b y   a l s o  

a s s u r i n g   m i r r o r - m i r r o r   p a r a l l e l i s m .   T h i s  i s  accompl i shed   by   ba l anc ing   t he   pa i r s  
i n  s e p a r a t e   c a p a c i t a n c e   b r i d g e s .  A s  t h e   m i r r o r s   d r i f t   o u t   o f   p a r a l l e l ,   t h e  
r e s u l t i n g   b r i d g e   v o l t a g e s  are sensed   and   u sed   t o   d r ive   t he   PZT ' s   suppor t ing   t he  

by b a l a n c i n g   t h e   t w o   u n p a i r e d   Z - c a p a c i t o r s   a g a i n s t   f i x e d - v a l u e   r e f e r e n c e  

2 1 

' r r o r s .   C a v i t y   l e n g t h   c o n t r o l   a n d   t h e r e f o r e   r e s o n a n c e   f r e q u e n c y   c o n t r o l  i s  per-  

a c i t o r s   i n  two o t h e r   b r i d g e s .  The f r e q u e n c y   s t a b i l i t y   o f   t h e   e t a l o n  is de- 
d e n t   o n   t h e   s t a b i l i t y   o f   t h e   f i x e d   r e f e r e n c e   c a p a c i t o r s   a n d   t h e  C e r - V i t  

S i n c e   t h e  FPE m i r r o r s  a r e  i n d i v i d u a l l y   c o n t r o l l e d ,   s i x   h i g h - r e s o l u t i o n  
a n c e   b r i d g e s  are  r e q u i r e d   t o   f o r m   t h e   s e r v o   s y s t e m .  A b lock   d iagram  of  
c t r o n i c s   u s e d   t o   c o n t r o l   o n e   o f   t h e   m i r r o r s  i s  shown i n   F i g u r e  3 ( r e f -  
13). Each   o f   t he   t h ree   b r idges   has  a b a l a n c e - c o n t r o l   t o   c o m p e n s a t e   f o r  

r a y   c a p a c i t a n c e s   a r i s i n g   f r o m   e i t h e r   t h e   e t a l o n   s t r u c t u r e   o r   t h e   s e r v o   i t s e l f .  
e c t r a l  t u n i n g   o f   t h e  FPE i s  accomplished by c o m b i n i n g   t h e   o u t p u t   o f   t h e  
b r i d g e   w i t h   a n   a d j u s t a b l e   o f f s e t   v o l t a g e ;   t h e   c o m b i n a t i o n   t h e n  i s  u s e d   t o  

r ive   t he   PZT ' s .   Th i s   t un ing   me thod  is r e a d i l y   a d a p t a b l e   t o   d i g i t a l   c o n t r o l  
Id a l l o w s   c o n t i n u o u s   s p e c t r a l   c o v e r a g e   w i t h i n  limits set  b y   t h e  maximum PZT 
I t i o n .  
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i n g   t o   t h e   e x p r e s s i o n :  

dR - dC 
& C 
"- 
n 

(Equat ion  (1) a s s u m e s   t h a t   t h e r e  i s  a n e g l i g i b l e  area d i f f e r e n c e   b e t w e e n   t h e  
p a i r s   o f   c a p a c i t o r s . )  Also ,  c h a n g e s   i n   t h e   c a v i t y   l e n g t h  L are r e l a t e d   t o  
changes   in   the   pad   gaps   by :  

The f ac to r   o f   112  arises when b o t h   p l a t e s  are  t r a n s l a t e d  by t h e  same d i s t a n c e  
dL. F o r   o n e   p l a t e   f i x e d ,   t h e   r e l a t i o n   r e d u c e s   t o  dR = dL. To a c h i e v e   t h e  

d e s i r e d   w a v e l e n g t h   r e s o l u t i o n   o f  1.8 x 10  , i t  c a n   b e  shown  from t h e   e t a l o n  
r e s o n a n c e   c o n d i t i o n   t h a t :  

-7 

" 
-8 L 

C 

F o r   t h e   c a s e   i n   w h i c h  L = 4 cm and R = 50 um, t h e   n e c e s s a r y   c a p a c i t a n c e   b r i d g e  
r e s o l u t i o n   c o r r e s p o n d i n g   t o   a n  FPE r e s o n a n c e   f r e q u e n c y   r e s o l u t i o n   o f  5 MHz a t  I 
X = 10.6 pm is - = 7 . 2  x 1 0  . dC -5 

C 

S t a b i l i z a t i o n   o f   a n  FPE w i t h   s u c h   h i g h   p r e c i s i o n   r e q u i r e s   s p e c i a l   c o n s i d e r a -  
t i o n   o f   t e m p e r a t u r e   a n d   p r e s s u r e   e f f e c t s .   S i n c e   t h e   s p a c e r  i s  t h e   l e n g t h   s t a n -  
dard  o f  t h e   c a v i t y ,  i t  m u s t   b e   d i m e n s i o n a l l y   s t a b l e   t o   t h e  same d e g r e e  as t h e  
d e s i r e d   f r e q u e n c y   r e s o l u t i o n .   S i n c e  Cer-Vit h a s   a n   e x p a n s i o n   c o e f f i c i e n t   o f  

-6 
0.12 x lo - t e m p e r a t u r e   s t a b i l i t y   o f   a b o u t  1 . 5  C i s  n e c e s s a r y   t o   a c h i e v e   t h e  

0 

cm"C 
d e s i r e d   r e s u l t .   T h i s   e t a l o n  is mounted i n  a vacuum  chamber t o   e l i m i n a t e   t h e  
e f f e c t s   o f   a t m o s p h e r i c   p r e s s u r e   v a r i a t i o n s   o n   t h e   d i e l e c t r i c   c o n s t a n t  o f  t h e  
c a p a c i t o r   g a p s   a n d   t h e   i n d e x   o f   r e f r a c t i o n   o f   t h e  a i r  b e t w e e n   t h e   m i r r o r s .  

Measured  Performance 

The measurements of t h e  FPE f i n e s s e   a n d   f r e q u e n c y   s t a b i l i t y  a t  A = 10.6 pm 
were p e r f o r m e d   u s i n g   t h e   s e t u p  shown i n   F i g u r e  4 .  The c o l l i m a t e d   o u t p u t   o f   t h e  
HeNe laser w a s  d i r e c t e d   t h r o u g h   t h e   e t a l o n   t o  a p y r o e l e c t r i c   d e t e c t o r .  A s  t h e  
s p a c i n g   b e t w e e n   t h e   m i r r o r s  i s  v a r i e d  by t h e   P Z T ' s ,   p e a k s   i n   t h e   o u t p u t   o f   t h e  
de t ec to r   occu r   wh ich   co r re spond   t o   cav i ty   l eng th   changes   o f  A12 o r  0.3164 urn. 
The v o l t a g e   e x p a n s i o n   c o e f f i c i e n t   o f   t h e  PZT ' s  is t h e n   e a s i l y   c a l c u l a t e d .  
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e c a u s e   t h e   m i r r o r s  are n o t   o p t i m i z e d   f o r   o p e r a t i o n  a t  v i s i b l e   w a v e l e n g t h s ,   t h e  
e a k s   t h a t  are  observed are n o t   v e r y   s h a r p ,   i n t r o d u c i n g   a n   e r r o r   o f   a b o u t   1 0   p e r -  
e n t   i n t o   t h e   m e a s u r e m e n t   o f   t h e   e x p a n s i o n   c o e f f i c i e n t .  The o u t p u t   o f  a wave- 
u i d e  CO2 laser o p e r a t i n g  a t  X = 10.588 pm w a s  t h e n   d i r e c t e d   t h r o u g h   t h e   e t a l o n  
i t h   a n  FPE passband   t uned   ac ross   t he  laser ou tpu t   by  PZT v o l t a g e   a d j u s t m e n t .  
h e   m e a s u r e d   t r a n s m i s s i o n   v e r s u s   l e n g t h   c h a n g e   c a n  be u s e d   t o  estimate t h e  
i n e s s e   b e c a u s e   t h e   c a v i t y   L e n g t h  is  known. F i g u r e  5 shows  two cu rves   o f  cal- 
u l a t e d   p a s s b a n d   s h a p e   f o r  two v a l u e s  of f i n e s s e   a n d  PZT e x p a n s i o n   c o e f f i c i e n t .  
l s o  shown are da ta   po in t s   measu red   on  two o c c a s i o n s  two d a y s   a p a r t .  

The m e a s u r e m e n t   o f   t h e   f r e q u e n c y   s t a b i l i t y   o f   t h e  FPE was per formed  us ing  
e same o p t i c a l   s e t u p   b y   t u n i n g   t h e  FPE so  t h a t  a h a l f - t r a n s m i s s i o n   p o i n t   o f  a 
ssband  over lapped   the  CO laser o u t p u t .  The d e t e c t e d  laser power   t ransmi t ted  

t h e   e t a l o n  w a s  monitore2  by a s t r i p - c h a r t   r e c o r d e r .   A d j u s t i n g   t h e  FPE t o  a 
s s b a n d   s k i r t   i n c r e a s e s  i t s  f r e q u e n c y   d i s c r i m i n a t i o n .  The  long-term  frequency 
a b i l i t y   o f   t h e  laser i s  b e l i e v e d   t o   b e   b e t t e r   t h a n  3 MHz and i t s  o u t p u t  power 
s con t inuous ly   mon i to red .  The FPE was  mounted i n  a vacuum  chamber,  but i t s  
mpera ture  was n o t   a c t i v e l y   c o n t r o l l e d .  

F i g u r e  6 shows t h e   m e a s u r e d   r e s o n a n c e   f r e q u e n c y   s t a b i l i t y   o f   t h e   e t a l o n .  
e dashed   cu rve   shows   t ha t   t he   f r equency   dev ia t ion   was  less t h a n   1 0  MHz over  
pe r iod   o f  4 h o u r s   i n   t h e   e a r l y   a f t e r n o o n .  The s o l i d   c u r v e  shows a cont inuous  
i f t  t h r o u g h   t h e   e v e n i n g .   T h i s   d r i f t  i s  caused by a d e c r e a s e   i n   c e r a m i c   r e f -  
e n c e   c a p a c i t o r   t e m p e r a t u r e  as t h e   a m b i e n t   l a b  a i r  cooled.  Measurements  of 
acer t e m p e r a t u r e   d u r i n g   t h i s   p e r i o d   i n d i c a t e d  a s t a b i l i t y   o f   b e t t e r   t h a n  l 0 C .  
e f i g u r e   c l e a r l y  shows t h a t   t h e  FPE is  s p e c t r a l l y   s t a b l e   t o   a n   u n p r e c e d e n t e d  
g r e e   p r o v i d e d   s u f f i c i e n t   r e f e r e n c e   c a p a c i t o r   t h e r m a l   s t a b i l i t y  i s  a c h i e v e d .  

improved a i r  g a p   r e f e r e n c e  i s  be ing   deve loped .  

WAVELENGTH I D  WITH AN FPE 

The schematic   diagram  of  a p o s s i b l e  TDL w a v e l e n g t h   c a l i b r a t i o n   s y s t e m   u s i n g  
- r e s o l u t i o n  FPE is  shown i n   F i g u r e  7 .  The o u t p u t   o f  a TDL i s  f i r s t   p r e -  
ed t o   i s o l a t e  a s i n g l e   f r e q u e n c y  mode. P a r t  of t h i s  power is  d i r e c t e d  
h t h e  FPE t o  a d e t e c t o r  whose  output  i s  t h e n   f e d   b a c k   t o   c o n t r o l   t h e  TDL 
a t u r e   o r  d r i v e  c u r r e n t .   D e p e n d i n g   o n   t h e   a v a i l a b l e  TDL power, FPE 
ters, a n d   c a l i b r a t i o n   d e t e c t o r   s e n s i t i v i t y ,  i t  may b e   n e c e s s a r y   t o   i m p r e s s  

i g h t   f r e q u e n c y   m o d u l a t i o n   o n   t h e  TDL o u t p u t   t o   e n h a n c e   c a l i b r a t i o n   a c c u r a c y .  
modulation  would  have no s i g n i f i c a n t   e f f e c t   o n   t h e  laser 's  performance as 

is a b s o l u t e l y   n e c e s s a r y   t o   p r e f i l t e r   t h e  TDL o u t p u t ;   t h i s   c a n   b e   d o n e  
small monochromator.  The  removal  of  extraneous "DL f requency  modes i s  

ed  by t h e   s p e c t r o m e t e r   t o   a v o i d   m o d a l   s e l f - b e a t i n g   e f f e c t s   a n d   p o s s i b l e  
i g u i t y   ( r e f e r e n c e  10). The bandpass  of  this  monochromator  can  be as 

as a TDL mode width  (%l cm ), i f   n e c e s s a r y ,   b u t  some a d d i t i o n a l   f i l t e r i n g  

u l a r   h i g h - r e s o l u t i o n  FPE passband.  

-1 

r e q u i r e d   i n   t h e   c a l i b r a t i o n   s y s t e m   t o   p o s i t i o n   t h e  TDL o u t p u t   w i t h i n  a 
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H i g h - f i n e s s e ,   l o n g - c a v i t y   e t a l o n s   n e e d   s p e c i a l   a t t e n t i o n   f o r   t h e i r  beam 
q u a l i t y   r e q u i r e m e n t s .   B o t h  beam d ive rgence   and   va r i a t ions   o f   ang le   o f   i nc idencc  
m u s t  b e   m i n i m i z e d   t o   e x t r a c t   t h e   b e s t  FPE sys t em  pe r fo rmance .   Fo r   t he   e t a lon  
p r e v i o u s l y   d e s c r i b e d ,   t h e  beam d i v e r g e n c e   h a l f - a n g l e   s h o u l d   b e  less t h a n  a f e w  
t e n t h s  of a d e g r e e   t o   a v o i d   e x c e s s i v e   r e s o n a n c e   f r e q u e n c y   s h i f t s   a n d   f i n e s s e  
d e g r a d a t i o n .   S i n c e   t h e   e t a l o n  is used a t  no rma l   i nc idence ,  i t s  s e n s i t i v i t y   t o  
c h a n g e s   i n   i n c i d e n c e   a n g l e  i s  somewhat r educed ,   bu t   t hese   changes   shou ld  s t i l l  
be   kep t   be low several t e n t h s   o f  a d e g r e e   t o   a v o i d   t o o  much f r e q u e n c y   s h i f t .  

CONCLUSIONS 

F o r   t u n a b l e   d i o d e  lasers t o   r e a l i z e   t h e i r   p o t e n t i a l   i n   h i g h - r e s o l u t i o n  
he te rodyne   spec t roscopy ,  some m e a n s   o f   a c c u r a t e l y   d e t e r m i n i n g   t h e i r   e m i s s i o n  
f requency  i s  r e q u i r e d .   I n   g e n e r a l ,   c h a r a c t e r i s t i c s   o f  a TDL are n o t   s u f f i c i e n t  
s t a b l e   o v e r   t h e   l o n g  term t o   a l l o w   t h e i r   o n e - t i m e   c a l i b r a t i o n .  Several p o t e n t i  
ca l ib ra t ion   t echn iques   have   been   d i scussed   wh ich   have   va ry ing   deg rees   o f   f l ex i -  
b i l i t y   a n d   a c c u r a c y .  Any of t h e s e   m e t h o d s   c o u l d   b e   i n c o r p o r a t e d   i n t o  a s p e c t r c  
e ter  a s  a subsystem. A Fabry-Pero t   e ta lon   has   been   deve loped   which  is  c a p a b l e  
o f   c a l i b r a t i n g  a TDL o u t p u t   w i t h  a r e s o l u t i o n   o f   a b o u t  5 MHz a t  wavelengths  ne2 
1 0  pm and   measu red   da t a   has   been   p re sen ted .   Th i s   dev ice   can   fo rm  the   bas i s   o f  
a h i g h l y   f l e x i b l e  and a c c u r a t e   w a v e l e n g t h  I D  system. 
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Figure 1.- Fabry-Perot  etalon  schematic. 

A 

REFLECTIVE  COATING 

CAPACITOR  PAD  (TYPICAL) 

PIEZOELECTRIC  TRANDUCERS 

Figure 2.- Plan view of etalon  plate showing capacitance  pads and 
piezoelectric  transducers. 
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Figure 3 . -  Capacitance  bridge  electronics  block  diagram. 
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Figure  5.- Measured h igh - re so lu t ion  FPE f i n e s s e .  
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6.- Measured FPE r e s o n a n c e   f r e q u e n c y   s t a b i l i t y .  
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Figure  7.- TDL wavelength I D  system. 
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