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gcncrated light iippliccl to Inidtispecies gas dc- 
tect im using direct extractive absorption spec- 
troscrlpy. I:ig. In slinws the optical schcmatic 
and I:ig. I b  the clcctniiiic ili;igrain ofthe autii- 
mated sensor c ~ ~ ~ i t r i i l l e d  by a notebook I'C. A 
iiiiiquc feature (IC this DFC;-basei iiiid-lR 
s o u r c ~ '  is the elcctriinically conkrolled coiltinu- 
oiis plaasc~matcliing O S  the  piiiiqi lasers (8 14 
nn-870  tiin pump; 1OX3-iiiii sign;~l). This is 
acliicved using a iioncriticiilly qu;isi-phasc- 
matched periodicdly polcd litliium niobnte 
crystal (I. = 2 tin) with a kin-nut type grnting 
( A  : 22.4 to 23.3 ILIII). 

Otlicr key S ~ I I S I I I  [eatures include Sist re- 
s~ioiisc (,--IO sec), high sensitivity ( -2  X 
I O  "). selectivity (liiiewidtli --6O MHz), reli- 
ahlc ~iiitoiiniiioiis long-term uperatioil 
(weeks) arid alignmeiit using fiber-c~ii~plcd cli- 
odc  laser piiiiip sources, a large ilynaiiiic range 
(ppliv-ppmv) a n d  wide contiiuious s~cppc r  
111ot11r driven spectral tuning trntii 3.3 to 4.4 
pili. 'l'his ~ I I o w s  LIS 10 access many molecular 
a l ~ s o r p t i ~ ~ n  liiics and til select different indi- 
vidual absorptioii lines tliat air  most  appropri- 
ate depending 011 i i srlectecl target gas aud 
composition. Calil~rated rcferciicc gas cells 1if 

5-cni  lengt l i  c,in b e  rotnted autoinatically into 
( h e  al~sorption bc;ina path end  p~uvidc Sre- 
i~iic~icy/wavcl~ngtIi calibration. I n  this 111a11- 

iier m y  fiequeucy drift caii b e  compensated Ily 
tuning of the external cavity diode laser by a 
slcpper motur with a i i icasored precisioia id 
o m  c l i i  '. 'Ilic enlire scnsor i\ operated by 
I,aliVII(\V softwarc wiili cxpert fccdback algo- 
rithma, which arc ;iblc to priivide rriil time 
optimimiion of the spectral tuning and quasi- 
I'li;ise-niatcliing condilions tu the cnviriiii- 
mci i t .  ' l 'he aotomoted I)F(;-haaetl sensor  lias 
lice11 successful ly tested in birth 1;ilmratory mid 
nonlabirr;itory c~ i~ i ro i i i i i c~ i t s  n i th  rclniite 
control opcfiitii~i via a tc lcphoi ic line inter- 
1.. 
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A frequency stabilized laser array for 
use in displacement metrology 
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\jVe laavc developed a ficquency stabili;.cd laser 
systeiii to siipply light to nieasure atomic dis- 
taiicc displnccmcnts O S  ii stage moved in real 
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CThMh5 tlig. 1. IUvIS Iinisc OS the iodine- 
sliibilizcd laser as <I luiictioii of iiitcgration time. 

time. kich laser iii t h e  array provides coough 
power ( -  I mW) lor Siiur Miclielson inter- 
l'crnmctc~s wliosc accuracy rcqiiires a fre- 
qiicncy stability of 20 1 ~ 1 1 ~ .  In addition, each 
laser ~iiiist be stalile 1111 both short and lung 
t imesc; i lcsdue to the rcal timecontrul require- 
mc11ts. 

'I'Iic iodine-slabil ized laser is the st.ind;ird 
nietlii~d or realizing the intcmatioiial dciini- 
tinn OS tlie iiictcr in the visible iiiid lias 

UnS~~rtunately, t h i s  laser  is not suitable [or f a t  
~iieiisiireiiiciits because its [requeiicy is ~iiodu- 
laled by 6 MI lz p-p at 8.3 kHz in order to  lock 
to an iodine transitiiin. In iiddition, it is very 
susceptiblc ti1 optical Seedback aiid unly s u p  
plies -100 ILL\' d p o w e r .  

We coiiihitie the long-lerm skihility O C  tlic 
iodine-stabilized 1:iser with the s h t - t e r m  sta- 
bility and relative Iiigh pnwer oSsenlcd-cnvi~y 

L' tubes Ihy iicqueiicy-li~cking tlic 
ty tuhes ti1 the ii,diric-st;ibiliZecl Iii- 

scr osing ii digital terdlxick control Iurqi. After 
we outfitted the sealccl-c;ivity tithes with lie& 
ers to control their Srcqiiency by thermal ex- 
p:iiisiiili, we built-in two l ayc~s  of tlicr~ixil iso- 
lation tu  reduce environi1iciit;il eflects. 

Cyclic weraging i s  iiscd t o  rc~iiove the 
6-MHz mt~diilatiiiii by averaging ai i  integral 
number (appsoxiliiately 200) O S  complete 
cycles of t h e  8.3-kllz s i g n ~ l  from tlic iodine- 
staliilizcd laser. Even after cyclic avcr;igiiig, 
t h e  iotline-stabiliaed laser must  be Siirther 
ziveragcd to attain the cited .iccuracy uf 3 X 

111 iirdcr til detcr~iiine t he  amount olaver- 

n b s d ~ t c  K C U E K ~  o r  --.3 x i n - ' !  ( 1 2  ~ H z ) .  

in-". 

feroinctcr iii viiciiiiiii ;1nd rciurding the phase 
ilucluaiiiiiis. 'l'his dal;~ w a  time-;ivcr.igcd with 
increasing iiitcgration times m c l  we deter- 
mined that 24 iiis nf averaging is necclcd IO 
reduce tlic error i l l  tlie i,i~line-stnbilized leser 
to Ihetwccn 20-30 k H z  rnis (Fig. 1). 

'Vn iiicasiirc the quality of the ircqueiicy 
lock, two idcntical sealed-cavity liiscrs wcrc in- 
depciiilently Sreqiicncy.locked tn the  iodine- 
staldized I;iser. 'llic beat freqocncy (olket to 
zrro) b e ~ w c e n  t h e  i ~ ~ ~ l i i i c ~ s t a l ~ i l i ; . , c i I  laser and  
one  scaled-cavity t i d x  [Fig. 2(a)] as well as the 
h e a l  bclweeii t h e  two scaled-cavity tubes is 

ioii lime, the stand;ird deviatinn 
. 2(1))i. cxpc,ctea rrom tile 

hctweco the iodine~st;il~ilirciI I 
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scalrd-cavity tube is 3.3 k l l z  wliilc thal Iiclwecir 
t h e  two scalcil-cavity t u l m  is I O  Id  lz. 

The i~iodular  naturc of our sctiip al l ( iws 
additional I:iscrs t i l  l i e  added with iiiiniiiial 
dfor t  creating XI a rmy iif I 
p w c r  ( I  mW) ai111 :icciir< 

e displacement inemire-  
lxivr resolutiou I)eltcr t h a i  

tlie iodine-stabilized laser ;it s h r l  time sciilcs 
aiid pcsLiiriii a s  well as tlic ii~iIiiie~st;ihilizcII 
Lscr ovcs Iiiiigcs h i e s .  
' h ~ l .  c. 1'11/1rJ3 i/L' r f l l S l .  I/'O/Jliqlll', !'r(lll<C 
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