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* C. A, Bennett, Ja, ,  and 8.  P. Hutchinson 

ABSTRACT 

A method based an t h e  photoacoust ic technique i s  descr ibed f o r  
d i t h e r - f r e e  frequency s t a b i l i z a t i o n  of the o p t i c a l  pump i n  a CH3BH l a s e r  
ope ra t i ng  a t  119 pm. Heterodyne measurements on two independently locked 
FIR l ase rs  i n d i c a t e  e x c e l l e n t  long term frequency and power s t a b i l i t y .  
This s t a b i  1 i z a t i o n  scheme shouJ d be appl i cab1 e t o  a1 1 o p t i c a l  ly pumped 
F I R  lasants.  

A1 though several methods ex i  s t  f o r  frequency s t a b i  1 i z i  ng t h e  o p t l  ca l  
pump o f  a f a r  i n f r a r e d  ( F I R )  laser,1'6 most employ an i n t e r n a l  frequency 
d i t h e r  o f  the pump which r e s u l t s  i n  a frequency modulat ion o f  the FIR 

output.  A s t a b i l i z a t i o n  scheme which avoids t h i s  e f f e c t  was repor te  
r e c e n t l y  by Lachambre e t  a l . 6  i n  which the o p t i c a l  t ransmission through 
an absorbing cell provided an e r r o r  s ignal  necessary t o  stabilize the 

214 p l i n e  o f  CH2F2. When we attempted t o  apply t h i s  technique t o  t he  
119 pn~ l i n e  of CH3QH, however, we found t h a t  a t  pressures high enough t o  
produce appreciable at tenuat ion,  col7 i s i o n a ?  broadening o f  nearby non- 
l a s i n g  absorpt ion l i n e s  tended to e l i m i n a t e  the  d f s c r i m i n a t o r  ~~~~~~~ 

The use o f  a photoacoust ic cell i n  place of t he  transmission cell ~ ? ~ o ~ ~ ~  
us t o  reduce t h i s  e f f e c t  by u t i l i z i n g  lower pressures in t h e  absorbing 
path, The r e s u l t i n g  s t a b i l i z a t i o n  loop was e f f e c t i v e  a t  mainta in ing 
s t a b l e  FIR power f o r  l ong  per iods of time. 

Department o f  Physics, U n i v e r s i t y  of North Carolina a t  Ashevi l le ,  
Ashev i l l e ,  NC 28814 
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The s t a b i l i z a t i o n  setup i s  shown i n  Fig. 1. Inva r  rods supported 
t h e  2 m long C02 l a s e r  c a v i t y  and %he c a v i t y  l eng th  was c o n t r o l l e d  by a 

p i e z o e l e c t r i c  transducer ( P Z T )  driven by a high vol tage a m p l i f i e r .  The 
9P(36) pump beam entered the 2.1 meter waveguide F I R  cav i t y ,  a l so  mounted 
on invar ,  through a 4 mu hole and the  F I R  output beam was coupled from 
t h e  o ther  end through a 13 mn hole. A f r a c t i o n  of the pump beam was 
s p l i t  and ampli tude m d u l a t e d  a% 880 Wz p r i o r  t o  en te r ing  t h e  photo- 
acoust ic  c e l l  f i l l e d  w i t h  CH30H. A p y r o e l e c t r i c  de tec to r  was used t o  

measure the i n t e n s i t y  t ransmi t ted  through the c e l l .  Lock-in a m p l i f i e r s ,  
referenced by t h e  chopper, analyzed the  s ignals  from the  microphone and 

t h e  p y r o e l e c t r i c  detector.  The outputs o f  the l ock - in  a m p l i f i e r s  were 
connected i n  opposi te p o l a r i t y  t o  a va r iab le  ga in operat ional  a m p l i f i e r  

which provided a d i f f e r e n c e  s ignal  used as the d i s c r i m i n a t o r  output. A 
potent iometer on the  output o f  one of the lack- in  am 1 i f j e r s  accurate ly  
determined the  zero of the d i s c r i m i n a t o r  cross ing and hence determined 
t h e  lock p o i n t  o f  the servo loop. 

C ! l z  LASER P Z T  T O  FIR 
_ __-_____.__ \---- -+ 

\I 
......... I CHOPPER 

E I ' PI10 T U A C OU S T I C 
DE 1-E C T c1 R 

_I - 
Fig. 1. C0z s t a b i l i z a t i o n  loop 

REF 
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F igu re  2 shows some t y p i c a l  resu l t s .  The lock p o i n t  i s  ~ e ~ e r n ~ i n e ~  
by a d j u s t i n g  t h e  FIR l a s e r  for maximum output a t  t he  des i red operat ing 
frequency and then adjust1 ng the  potent i ornetes f o r  a d i  s c r i m i  na tor  zero 
be fo re  c l o s i n g  the  loop. A pressure o f  600 m i l l i t o r r  i n  t h e  photo- 
acous t i c  c e l l  was found t o  prov ide good s t a b i l i t y  along w i t h  good 
d i s c r i m i n a t o r  output. A change 10 t he  C02 l a s e r  c a v i t y  l eng th  produces 
a c o r r e c t i o n  vo l tage which, f o r  s u f f i c i e n t  d i s c r i m i n a t o r  slope, leaves 
o n l y  a small res fdua l  frequency s h i f t .  Excessive d i s c r i m i n a t o r  gains 
a m p l i f i e d  extraneous noise ( p r i m a r i l y  photoacoust ic)  r e s u l t i n g  i n  an 
increase i n  t h e  pump frequency j i t t e r ;  however, t he  i n t r i n s i c  s t a b i l i t y  
of  the C02 l a s e r  made t h e  use of such h igh gains unnecessary. The FIR 

output  was found t o  stay constant f o r  many hours under locked operat ion 
when only  moderate gains were used. 

To determine t h e  amounts o f  frequency j i t t e r  in t roduced i n  the  sub- 
m i l l i m e t e r  output by the  s t a b i l i z a t i o n  loop, t he  outputs  o f  two indepen- 
d e n t l y  locked FIR l ase rs  were mixed on a Schottky diode de tec to r  as shown 
i n  Fig. 3. By modulat ing beams fram the  two pump l a s e r s  a t  d i f f e r e n t  

chopping frequencies and approp r ia te l y  referencing t h e  lock-in a m p l i f i e r s ,  
two d i s c r i m i n a t o r s  could be obtained from a s i n g l e  photoacoust ic c e l l  and 
p y r o e l e c t r i c  detector .  The two F I R  lasers were locked t o  d i f f e r e n t  f r e -  
quencies and t h e  beat note was recorded by a spectrum analyzer, A f t e r  
thermal s t a b i l i z a t i o n  of the FIR c a v i t i e s ,  t he  frequency o f  t h i s  beat note 
( t y p i c a l l y  1 NHz) was observed t o  stay constant f o r  long per iods o f  t ime 
w h i l e  t h e  shor t  term ( 5  sec) j i t t e r  was not no t i ceab ly  increased over 
unlocked operat ion (-200 kHn). Random f l u c t u a t i a n s  i n  the  d i s c r i m i n a t o r  
voltage, p r i m a r i l y  from t h e  photoacoust ic s ignal  r e s u l t e d  i n  vol tage 
f l u c t u a t i o n s  a t  the PZT on t h e  order o f  10 V corresponding t o  pump f r e -  
quency excursions o f  about 1 M z .  The design o f  our photoacoust ic cell  

was by no means opt imized and much improvement i n  s ignal  t o  noise i s  
poss ib le ;  however, FIR c a v i t y  p u l l i n g  e f f e c t s  tend t o  d im in i sh  t h e  e f f e c t  
o f  these f l u c t u a t i o n s  and t h e  output beam remains s tab le  i n  both frequency 
and power. 



PUMP POUER 

Fig. 2. C02 l a s e r  output, photoacoustic s igna l ,  FIR power and 

The d i s c r i m i n a t o r  output as a f u n c t i o n  of C 0 2  l a s e r  c a v i t y  length. 
f r e e  spec t ra l  range o f  the  C02 l a s e r  i s  about 75 MHz. 
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SCHOTTKY DETECTOR 

FIR LASERS 

SPECTRUM ANALYZER 

J .  
PHOTOACflUSTlC LPYHUELECTRIr 

CELL DETECTOR 

Fig. 3. Two l a s e r  s t a b i l i z a t i o n  loop 

I n  conclusion, a d i t h e r - f r e e  s t a b i l i z a t i o n  scheme has been descr ibed 

which i s  e f f e c t i v e  a t  compensating f o r  thermal d r i f t  o f  t he  pump c a v i t y  
i n  an o p t i c a l l y  pumped F I R  laser .  The technique i s  app l i cab le  t o  a l l  F I R  
lasants ,  p a r t i c u l a r l y  those fo r  which the  method o f  reference 6 i s  unten- 
nable due t o  l ack  o f  s u f f i c i e n t  con t ras t  i n  a c t i v e  absorpt ion features 
over the  f r e e  spec t ra l  range of t he  pump. Heterodyne measurements on two 
locked l a s e r s  i n d i c a t e  t h a t  t h i s  technique adds no s i g n i f i c a n t  l e v e l s  o f  
frequency j i t t e r  t o  the F IR output  beam. 
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