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CTh06 Fig. 2. 1\11 example of an alisorptiiin 
spectrim nf room air obtained with a IOl)-in 
~xithlength multipass cell a i d  a xro-air hack- 
ground siibtr,ictiuti tcchniqiue. The assigmiicnt of 
the strong spectral lines is shown: H2’“0  - I ,  11, 
13; N,O - 2, 3 ,  10; (:IT,, - 6, 7, 8, 14; 1~1,”’O ~ 9; 
HDO - 12; and CO1 iii tlie rclerciicr zcrmair that 
appe.lrS as a negativc absorption ~ 4, 3. 

applied to the laser. Ihst frequency tuning \viis 
obtained using a sub-tlireshold rainpcd cur- 
rent, as in Rcl: T,. ‘The first cxper’imeiits with a 
pulsed QC lascr indicate a l i ne  broadening 
c m s e d  by frequency chirping d u c  tn thc yiilsed 
drive current. The narrowest laser linewidth 
was obtaincd with the shortest achievablc 
pulses nf 7 11s resulting in a FWHM of 0.0 16 
c n C 1  (4x0 MI+.). 
x4d/ I.aDs., 1,ricefit Tech., USA 
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Sub-ppb detection of trace gas species 
with a high-power diode-pumped cw 
difference-frequency sensor 
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I-louslon, ?kxas 77251.11392, USA; E h “ :  
fit@rice.edu 
A signilic;iiit issue iii urbm air qiiality is the 
abilily to mcasure parliciilar trace iind pollut- 
ant gases in real time with high sensitivity a n d  
specificity. O n e  such species is H,CO that ‘11- 
though ai low concentratinns oi2-?(I pph, is a 
prcciirsns tn  atmiisplieric UZIIIIC prnductioii. 
H,CO is prnduccd I iy ilic pliotiicliciiiical 
hreakdowii of vnlatilc nrganic carbon 11in1 
cculcs and eau alsn hc a Iiyprnduct f ron i  in- 
ctimplctc combustinn prnc 
b a n  cnvironmciils, siicli <is Los Aiigelcs, New 
York aiid Ilouston, monitnring of H,CO dis- 
tribution and its daily ci~ncentrntiiin cycle is 
important ill iiiiideling complex oxone cheiii- 
istry. 

For high sensitivity nptical iiionitoring 01 
iiiiidamental H L ( X )  so-vihraiioiial l i i ics, cryii- 
gcnically cooled Pb salt diode lasers npcrating 
near 2831 c i i iC ’  (3.5 ILIII) can be Al- 
though diffcrcucc~lreqi ie~i~y-based seusors 
have ;idvantages s u c h  as niincryngcnic opcm- 
tion, intrinsic w;ivelcngth stabilily and high 
Ixamqnality, tlieirII)\VcW~ioIVcr ( < S  p.W) 11‘1s 
limited their miiiim~im detection sensitivities 

power prnduced it1 such ‘1 SCIIS~IT wc have de- 
veloped ;in arcliileclurc I i ased  on two 
frequency-stable diode liiscrs at 1 . l  and I .5 
pin, which are ampl i f ied by high-power Y b  
atid ErIYb filicr ampliiicrs,’ respe~tivcly. ‘Lo 
date we have Reiieratcd up to  0.7 mW uf 
narrow-h;ind ( i h O  Mllz) mi<l-infrarccl radia- 
tion. This higher power capability allows the 
usc of an optical-iioisc~reduciiig dual-bcmi 
;ibsnry~ion configuratinn cmplnying two N- 
coupled Peltier-ciioled fig( :dl’e dctcctors and 
a n  extended 100-111 absorptinn pthlengt l i  
achieved wi tli ii low-volume Herriot cell. 

Figure I is a schenxitic cif t h e  seusiir ci i i i -  
figurntioti. The mixing lasers iire a fiber pig- 
t;iilcd 2-111W 1561-1m1 l)PU d i d e  laser ond ’1 
SO-rnW 1083-nni 1)IIlI d i d c  cnuplcd into 
single-mode fiber. h ~?,r’~‘-diiped tiller pre- 
ampli~criiicrcescs the 1.561-1im sccd power in 
30 mW to satiir‘ite t he  gain ill the 0.6-W IriYb 

the (lil~ercnce-ircqticncy 

I nenor - , , , , , , , , , 

tiher aiiiplifier while the I n 8 m i l  diode di- 
rectly sccds tlie 1.6-W \’I) atnylifier. To c0111- 

Iiiiie h c  two wavcleiigtli c h m i i c l s  into a single 
filicr a wavclcnpth clivi 
(WIIM) is used. ‘The clil 
mixing ucciirb on a scp;ir;ite i ipt ic~l  stage, 
wlicre the libcr delivered bcaw ih iinegcd intn 
tlic I9-nitu PP1.N crystal (M = I I ) ,  l iya l-cm 
h~al-lcngili ;ichrom;~t lens. ‘l’lic primary hcam 
is directcd io a M(:’I’ ilctcctur a(tcr the miilii- 
p;iss cell, m d  a rcicrcticc bean1 iiicidcnt 011 t h e  
sccoiid MCl is acqii ired Srtiiii a %nSc wedge 
placed iii the bo,ini brtnrc the iiiiilti-pass cell. 
‘This (1u;iI l i c i i i i i  tcchniquc allows the sirong 
ctaloiis lhat arise Sriinl t h e  lens ar id  P1’I.N crys- 
~ i l  ill ihc dill~l.elice-iicqucncy mixing stage LO 

be cliriiinatcd by laiioing the two beams. ‘I ’ l ie 
two channels iirc ecquircd simiiltaiicously by 
the use n l  Lwn A-L) daia ;~cquisition cards. 
Spectral lincsllapcs are aci1iiired hy direct cur- 
reill modula~ion ufihc 1560-niii diode (trian- 
gular wavc1oIm ai 0.1 to I kllz).  ‘l’his tech- 
niquc iniprnvcs the ahsorptinn sensitivity to 
-2 x loC’. ~‘igurc 2 is ;itormaldebydeabsorp~ 
iinn spc~ctruni near  2831.6 c i t i  ~‘ olitdined 
lrtini rnniii air tor a pathlcngih <if 100 in, a 

s p c ~ t r a  acquired over 140 s. A H i t ~ i n 9 2  4.0 
ppli II,CO s i~n i~ l : i t i i i~~  is overlaid 1111 the cx- 
pet iinentally obtaincd SpeCLrLinl. T h e  rrsiduiil 
displays a (r  or 2 1.3 x 10- ‘, corrcspiiiidiiig tn 
asiiiglc slinl dctcctioii sensitivity lit !- 0.4 pph. 

I his wmI( dc1i11iiisiriites a sigiiifiiant iii- 
crease in bnth power iind sensitivity over prc- 
viuusly reported l ) K  besccl .;pecirosciipic 
sources, and thereby will permit high sciisitiv- 
ity an(l real-time tracc 
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[or ,n; l~~cl lyL~e scIlsor llsillg dual I ~ ~ ; ~ ~ ~ ~  spcctllls. 
copy 01: opticdl isolator, WllM: wcivclcngth clivi- 
sion multiplexer, PC: pnlai izatioii contruller. 
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