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Introduction

In

tunable

3-30 Urn

many applications of infrared spectroscopy the best source is a Pb-salL

diode laser because of its tunability (typically 100 cm‘1 in the

region) and narr’cw bandwidth (0.0!)05cm-1). Hcwever, absorption sensi-

tivity using tunable diode lasers is limited by inLensiLy fluctuations of the

diode laser out.puL. This source noise of a tunable diode laser has been shown

to have an excess noise ;?4dB above the quantum noise limlL kihenope~ated UL

threshold current. and In(:tieaticswhen operaLed at hiRher currents. l ‘rhus, Lo

ilr kji!r

viLy

improve Lhe ~ensiLivit.y of diode lil~er absorption spectroscopy so that dn ;lb-

:;orpl.iunsign;ll tv?(:omc:l

mu:3L bu rcduccd.

Thn limlLirlH:;l’rl:;iL

(!,11(Illilrll,linlrll)i:l{”irl(11’1.~’~:1.irlgLtlf!:Jl)llr’l!l!inL(!rl:JILy.;)

OW 1,11(: tlllil:ll,llM noi:;l!I

ill. ion (11’ l.]lll ;illllr’ltli 11:;

3[.!

I(i:!il] lY r’1’(~ll(!l’ :11JUr’CL! 1101:1!! h,’ MI L IUI’ilrlyilb~~ortl)l.li)ll

mt.!;l:lllr’(wl,:111.i:;I)ol;lr’1z;ll.il)rlt’1)’ nK ;II;;Ipl)lil!(iI,xl.llr”rl;ll

rrl,l~ll[lllt’(l’,ll.;I,l;Iy lll’IS{,I:[.) or”(’1l!l’1.r”il’I’II!III(K~*r’r’t!l’1’I!I:L).Thi:] Ii!(!tlrli[lul’w;l:I

1’[1’:11.II:; III I I.() 4!lll).lrl[’,’,Il):]t)r’j)ti[)ll:;l,lu;iI.ivll.yirlIrll”r”,lr’t,tl;Ill:l[]r”j)l.l[)rlI]yIlll,r’~jll:;

I)XlIIII -Il. 11.:; f’ir’::1.viluo.11.llfIIIl(Iv,tt”l.,)rltt,:’.’[Ilnl,ll:;ill~iI ~’[)l,]r’~:~!lll.(lr.I;I:;IIII ,I:;

I11(1:;(llll.l .1’ :11111 II in.I~rIIJl.111 Imil*lflI.11r’~)l,!lf~111101)(]1.11’i7,,ll,if)rl.‘ ‘I’ll,’ W[)l’k])1.1,

:11’111.1~11lll’1.11:;tl,)w:;l.tI.111)1)1.lf’i;,,ll1(111r’,)llll.il,llI:;irlp,111,11111’,1m,l~lltI1.lf.’l(,1’1,11.1,

II’ll’” I.l,’ 1,1 (’,111 1)1’ 11:11111 1.1) I’1,fllll’1 1111, :; II III SIIII Il[)i:h, IJI’ ,1 (1111111, I,I:;I.1*.

I’111It.i;,,ll.loll1{111,11 11)11 ::l~lllll.ItII:II’IIIIy

TIIIIIl,l:;it,1,1’ill,,il,l:,,11”11111,11, 1:,,11 11111 111,1.,11 lt, II :IIMII,ll”i,:lIIt,l,V 1:1 1.,, ill. IliII IIIFI

1)(II11.i,:,ll.lt)llIII.,I ] illt. 11.I y 11111 II-I ,..t.(l :10111’,,{, Ill’ I’(II !11,’11 Wllf’111111’:111111”1’11 1:1 IIIIIIJII

I II ;111 ,111:1,11.1)1 1,111 I !1],. ,,[’ 1 :1,. p.,1:1 1(1 1)1. :1111,111.(1. A 111)1,11’ 1:.,11 11111 .Ill,lly:,l,l’ l::
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placed in front of a quantum-noise limited detector. The polarization analyzer

is crossed relative to the source polarization so that signal, reaches the de-

Lector only when absorption, and thus polarization rotation, occurs, conse-

~uently source noise reaching the dete?tor is reduced.

Several methods exist to create an absorption that causes a polarization

component. perpendicular t9 the source polarization to occur. One method used

with visible wave.length dye lasers is a saturation technique using two counter-

propagat.ing lasers to obtain Doppler-free spectra. Polarization saturation is

achiev(’d using ii high-power circularly pularizcd saLur~it,inglaser with a line-

arly pul(lrizcd pr’obu l;JGcr.6 Linear pol+riz:ltion is composed of eqllal amounLs

c)~ lufL-h;md~>d circular (I,IIC);Irlriright-h~nded circular (RHC) polarization. The

(!rr(!(!l.01”L)l(!(’ir[!ul:lr’ly pol,lriz(’du,iLur’;ll.irlglx!:~mis L()(!iiii~i! i~l).’]orptlor) 01”

Lilt! pt’ol)t:!x!:ImL(T b(’ r’c:]Lr LcL. 1 1.() (!ir(!ul;lr’ pol; lr’i7. ilL iOn in LhI! oppmit(: :Jerl:;t’

[)[’ 1.1)1’ :;:ll.ur’;]l.irlfi1)1:(1111,Wtli(!tl(’;II1$;I’:1[.}1(’Iir][:;ll’p~)~:lriz:ll,iorl1,0t)t!con](+(?11ip--

I.i(’;llly p[~l,lriz~!t!.l’tl(’11;1~)t)lllr’i~,ilt.if)rlilnill~y,(!r illfr’orlL of” I,hf!(let(;t:[.,~rmi:;

1,1’II, I:; I,(I r’(,l:ll,iVI,I.(1III(’if)i I ill I irloilr. I)ol:lr!i;’,;ll.ior)” ()!’ L,li{: I)rol)(,I;u)t:r.:;II1,}1:11,

1.111’ ,11111111111. f)l’ (’I I il)lif’jll[)f)ltll”i;-lill lorl i:; Hl(!;l:,’rr”f’(1 wil. tl r.(’(111(’(’(1

ifl(’t’(’i!::l,(l :~foII:;ll ivily.

“I’lli:;(’ir’(lil.lr.1)(11.11’I;,III,)rl :;,ll.llr”,ll.if)rl l.t’(,l II Il(lIIt, i:) v(.r’y :1 Iili I ,Ir’ irl I.tl(.(.)t.y

II i.11(~ l)f)lrlf’i ;’,lli it)li r’oi.,11 l~)rl I.f,(’llrli (]IIfh f!!’:lf’r.i IMI(I Ilf’r.f’, htll(:tl Il:)(?:i ;1[1 !!xl. (!r”rl, ll

m.l~ll(~l.il,(’1(,1(1(iir,(,t,l (,(! ,111 )11~: I.111, :Iollr.[.(. l)f’iIm l)l’(’]III~rIi I or) (Ilr’(’(1.lorl, i .I, . , III(*

l“.Il”ll~ll Iy I’I’f” III’l . “1’111’ ml~rlt,! It, f’i,’1,1 [*,111:11.:1 *I I.t)llll.it)rl.ll I IIIIH to :11)1 11, 1111.,) il:l

M.1
j’,~.I.111.111~v)ml~tlll(.111:;, ~,,lll:llrl~! ,1 III f“[”I.t”I,III.iJ ill ,ll):llll’IIl, ltJII f’~:1. 1,]1(; I)l)l:lr.l;,,,ll io[l,

..JIIIIIII IIrIIII, I.p.III~:; AM ! I t’.lil::i I it)ll:,, ,11111 [{ill” 1)~11.lt’i ,“.;II io!l, wlIl~’tI 11:111111’~11~1:1AM -

I I ll’llrl:;ll lI)II:t. “I’1lll., , I 111:1 I !’I’1llll (1111, (,!111:1,,:1 , I Illllrll’l:’.lll I!l II l“( 11:11 11)11 ,111,. , ,1 ,1
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difference in absorption For LHC and RHC polarization, just as with the absorp-

tion saturation technique.

The difference in absorption for’LHC and RHC polarization causes the ini-

tial linear polarization to bc rotated in two ways. The difference in absorp-

tion causes the amplit.uses of’Lhe electric vector E of the LHC and RHC

polarization ,’omponents to be differenL, but,with no relative phase change.

The sum or theze two components gives elliptical polarization, which has iLs

minor axis perpendicular to Lb+!initial Linear polarization. The differen(!c in

absorption for th[!LHC and RHC polariz;ltion component.s also caIJsesa c!if”fel’enc(;

in index of re~rilction I’orLIIetwo canponents due to Lnf:Kramers-Konig rel~-

Lionship. Thi!~ birt!f’rinKf+rl(!ec;.Ius(!!;a r’ul;ltivcpklau(!shII’t.bctwe(!n Lht!LIIC;Irl[i

f{llC pol,lri;;(ll.ic)rl(:0mp)K)(:nL!3.A r.~:lal,iv(!ptl;i::(!:;h

wiLlt r]() (!II;IIIXI! in r’(ll;lt,iv(’,Iml)l i I. LI(II!:; woulI](!:lu.’;I,

:;1 11 1 h! 1 if)(’,lr’,l)ulr.OL:Il.(I(ir,(!l;+l.iv(’1,()Lt)(!lr)i1.

ft.bct,wvon the Lwo [!(X?’Iporlt!rlL:;

Lht!r,c:;ult,ing~)ol;]riz;li.iur)1.[)

;Il Iinl!,:r’pml;lriz;lt.it)rl.Wtlt!rl

1)01,11 (, f’l”l!(,l, :i :Ir.l! (x)ml)lrlt, (l I,tl(. r.(::;lll l.irl~ ~ml;ir-i z;lt, i or] i :; 1:1 1 i pLi ,

rri(l.jo I” ;~xi :: Li I L(’d f’f ’(!m II)( Ir)iLi,ll Iill(!(lr’i)oliir”i:!iitiorl”dir(!cLiol

l)lr’(’f’r.lrl~l’11(’(~.

A ~)ol:llqiz.11

KtII’I’(’1’f”(!~’l.,Wll

I.11(’1)1’y, I)ow(’vl’r’,

11!11 ~,](,~,l,r.i(,

1111’(’(’l 1011. ‘

(ll.l~o llvl)lllll,ll

11.,-1,,11 f’ 1,,111

;II wiLtl I.III!

(111(!L()L!ll’

or) 1,,11,,11 ior) l,III,llfll(lllI, ,.rl,ll(]~.[)lj:;I,i) L}l,’ l“,lr’;)(l,iy (:1”1”(’(’1. i:; 1.}1(’

(,/1 11:11,:; , Ill (’ll!l!l. i’i (’ I’i (’1(1 r’rll.t)(’t’ I.llllll .I m;lgrl(tl i(, ;“II, IIJ. Ill

1.11(!:1(, I,uo I I’(’tlllllpll,:l ,11.11 :; IWl I’Wlll Il. (11 1“1’(’rl’111. 1)(’(s,III:II’ .I II I’XI fir.

f’ 1111(1 mIi:Il IN- (Iii’{.(>1.f,(l I.r’llrl:lv(’l”:l(. I {) t.11(’ :Iollr.(’(. l)l’1 1111 l)l.l: ,: II ion

Iii:; MI-III:: 1111, Ir)l I i,ll I lrl(~.11’ l),~ltt’i~,,ll iorl III’ l,t If, :;ollr’t.(, I .,11)11111 III,

irl 1,11~’ ,11111 1{11[’ ~lol,lr.ly,;ll i(lrl I’lwllw)llt,rll :; i) I.l)]l. IH, Il lrl~: ,11, )r)p, 11111 {,x

(Iir”l,l”l i,lll. ll~)d(,v(~r”, wtlt’1: 1111. ttll~(.lr’i, f’1(,1(1 (llr”(~(,!.
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manner analogous to the Faraday effect, the electric fielu spiiLs an absorp-

tion line into it9 Zeeman ccxnponents, which causes 3 difference in absorption

~morparallel polarization with AM = O transitions, and perpendicular polariza-

tion with AM = *1 transitions. A difference in absorption causes the resulting

polarization to be rotated blltr( ain linear’. The related birefringence causes

the resulting polarization to become elliptical. The sum of ~he two effects

again gives elliptical polarization with the major axis tilr.edrelative to the

initial linear polarization.

Using the F’araday effect and Kerr effect, polarization rotation is demon-

strated for diode laser absorption in NO at 5.5 Um4 and for Lhe V6 band of

5 The results are compared to other modulation tech-meihyl fluoride at 8.4 um.

niques, whi(:hshow~ that Lhis Lechnique gives the best noise reduction and besL

.~f,rl.sitivity.

KxperlmenLill ApparJtus— ..—

In lM)LIILl)t’F;ir;l~l;!y-t?l”I’t!ct.;lndKerr-cf~ecL experiments, a Pb-salt. tunable

diod~! l;i:il,r’:-;y:;L[:mdf!:;igncdL(Iup(!r,ltciiL r(!gul:~t.cci[!ryogcnic Lemperat.urcs uas

11!1(’(1, ;ll~lrl~wi~,?l(Iorll!-m~!l.l:r morl~)(:hl ,)maLor”LO I:;ul~JLcone 01’l,hesevti:r:ll~d(!:;

(:nli[.1,,!(11):;Lh(!(ii:)(n,. ‘rh(’(11(1(1’i~ ,r.f’~)per.ilt.(!(lirl ttlf’ u: Ju; Il mdnn(!r, using

l.f!rnl),,rs,ll.llr’(! for. {;olir-:~{! w;lvt!lf,rl~l,ll I.unlrlg i)r)d (:urr. (!rl L r’iunpirlg 1.() :I(:iirl ;I ri]n[y~ or]

I.tlv t)r’df~r’ of” or)(” Lrilvt’rlllrnlx:r.. I,f’r[:l(::; or” mirr.i)r:; ‘wfir.f, IJ:I[;(I L() ~(I(!II!I Lh[, diodt!

ouI.l )111. orll,() l.tI~* lnorlo[!llt’(]rll;ll,or. l.’r]Lr.,lrl(’fi :]1 i L, Whf!r’1’L}li:b!; un W;I:I m(!(:llilrli(:;ll ly

l!tlo[)[){~(l Wtl(,rl ol)l.:llllirl~ ti lr.~’(’l. ,Il):;t)I’~Jl i 011 :Iln’(:1.r.::. ‘~tlo 1)(.;im f!xi l,lrl~ I,hv rn~)rl[)

~’tlr.~)nlill ~)r. LJiif; (,01 I imJ1l.(~iliirl{i l.llt.11 ~JrI:l:lt,Il l.tlr.(lU~ti il (’(’i I ilrl[i f[)(!u.?(~d onl .() !!t l,t)~lr

,Irl 111(1111111 .lill,ilrrorlillt~ ~i(J1.(.I’l or. f“[)r. ‘J.’ I IIrr] II: II!II irl l;,ir.;l(l.ly r.ol,,lt.l,)rl 111 N(; or. ,1

llp.rIIl”l”~* 111’I (~,’1.(u’ [(II. 11. JI lIm II: IIs(l irlK(’r’i r.t)lrll.iorl irl (:11 1’”.
f

Irl l,lIf, I)t)l,ir.iz;ll.lorl
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ro’~ationexperiments a set of crossed polarizers was used at both ends of”tne

cell. The polarizers used consisted of a stack of ZnSe Brewst r plates with an

extinction coefficient of 1:500 at both wavelengths used. Birefringence in th,~

cell windows in an empty cell was checked using the crossed polarizers and was

f’ollrld to be less than

To obtai:l direct

could be detected.

absorption spectra the beam was mechanically chopped at

400 H?.,with Lhe signal fed inLo a lock-in amplifier. Wavelength scans were

recorded on an X-Y recorder. Frequent modulation, which is the technique

typically used for sensitive diode laser spectroscopy, was accanplished by

addiriga sinusoidal currenL LO the DC or slowly rdmped current into the diodu.

A comparable Lt?chnique as far as SenSltivlty 1S Stark or Zet!man mOdulaLion of

t,heabsorption line, wtlichwas accomplished using either a Zecma.’lor $Lar’k

cell . The Zl,cmdn cell ~!orloistirlgul”:~or]{! m(!Lcr Pyrex Lube wrapped with CI)DpCr’

wire and ml)dulat.l:du:;inK,dnLC f~ircuit,wiLh ;I pow(:r :;upply giving (lR!jo1[;,.

sinusoid;ll m:~.~neticl“l~!ld dir’t?(;L~!d ;llorlg th~! et! 11 with a :;trcn~th up to ,’(;[~

gdus:;. Th~l !jt,lr’k (:(’1 1 [:[)rl:; i:jl, (:(l or ;I or)!! m(![,!:r, c!I!l I i.FI l,h inl.(!r.n,ll ly mollrlt,llr.!

Pdrit]l(+l [J]()~C:+ wi Lh ;I orl[: ct!nLim,:Lcr g;Ip, t,wo ir)ct] widLh, iln(l or]~: mf!l,l!!t

1(mgl.tl , ,Ind W;i:; m(I(lIJIIL(IIl ll:;in~ II hifltl–:.;~x:l:ii :iwit(:tl(ll)l f., hiflt)–volt.; lgf. ~)[)w(.r

~;ll~)i)ly ~ivirl~ Ilp L() lI(J(i O V/(:m ,Ir)(l ,’(10 IIz. Fur Kt!rmr- t’f’(-I!(:L :;[,ll(lif!:; [.tl~! II I:(:I :.1,1

f’i!’l(i wIl!; ;Il, ‘1’]” L() t,tl(~ ].]!; (!1’ ~)~]1.lr’i7,;ll,iorl Kivirlg IJ({II,II ~)f)llr”i::,lt. iorl ~),It’,11 II* I

;Irl(i j)(’r.;)~;r][ll,lll.lr’ 1,11 I,tlfj l!l(, (!l. i’i$. f“it~l(l. Al):; orl)l. if)r) I irl(i:; Ir, (“Ii {l; W(,r”(, llft~:]l.l

..
[’it’(1in I.tl,,lJ::lJtiI m,lllrl(,r. u:; ill~~ :;l, ~rl(i,lr”(l w,[v,,lf,rlK1.i] (:,11 Il)r.,11 I,,rl F,I:;,:;’ .Ill ItIp,

/{
wi Ll) k]l(~wr) :;:)~’[’l.r,ll :l:;:;i~llrrl,’rll.:; ()!’ [Iii {f:.
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Results and Discussion

Polarization rotation was observed in NO using the Faraday effect. The

signal-to-noise ratio was compared to that obtained for direcL absorption meas-

urements and Zeeman modulation as shown in Fig. 1. In addition, a crinparison

wiLh frequency modulation is shown in Fig. 2. Frequency modulation should give

the same signal-to-noise as Zeeman modulation wher) using a modulated field

s~rong enoughto spilt the l.lrle into its Zeeman components greater than ~h~

Doppler linewidth (or pressure broadened linewirlth). As can be seen, Lhe po-

larization rotdtion signal has a reduced noise level compared to Lhe frequency

modulation LeChnique, which is the stand~rd technique Lo improve sensitivity in

diode laser dhsorpLion.

In dn cxperimenL analogous LO the NO experimeilL, pol~rization roldLion was

observed !n Lh(’spectrum of”the V6 b;indof meLhyl fluoririe using the Kerr ef-

fect. Figur(! 3 show:; :1 ccxnpi.irison or Lhib Lt;chrllqu(l Lo ,lrnpiltude modulation

and }lt,;lr-k modul, it. iorl for’ Lht) ‘QO(J) trrtin(:tl. As c,irl bt!seen, Lht!pol:lrizdtion

rot:ition t.r!chniqu(? h:i:i [In ir)(!r(!;l:j(; (l s“lgn:]l-t.~)--noi,’ .J(’ raLio over Lhe oLher t(!eh-

*li qu[ l:;, ~,:;p,f:i,ll Iy ~[)r” Lhti ][)w(’r’ ,J 1 Irl(!:; . Ili)w(v(:r’, for ;I !;yrmn(?Lri c Lop .suf!h :1:;

m(:l.hyl ~luor.i[l(, :If:vf:r”;]l t,yp(~:; of’ r’(jl.~lt.ior).11 Lr,ln:;il, i(.l;l:; Wi t.tlin orr(! hand ,Irc

l)():;:}it)l(,, :;om,, 01” wtli,,ll :;tI(IbJ ,1 w,,,lk(!r. ~J~)l lr’iz,ll,io~l r“ul.;!t, ion (!~f’c(:t. th:]n OLh(,l’:;.

;)i. h(’r Lr-;lrl:; i L Ion:; in whi (:h ~M)iilriz; li, iorl roi.:it ir)n coui(i noi. “t)(! n“n:l[!rv(!ri wf!r(! I.hf,

‘“1(1( {! i in(~ ,ItIIlI irli,:; [)!” III(, “Q,)(, I) t)i’;lrl[’tl. A w(’,lk ~)ol.lr.1~,,11.]t)rl r.ot.,ll. ;orl” :li#;-

11,11 u. I:; l)l):;i,rvf~(l f.tJ!s I(JW .1 I ir)t’:1 III’ III(’ ‘.U(){. J) I)r(lrl(:l!,1)111 wILII Iw:; :l[~rl:\il.iv-

11 v I.ll. 111 wilt) :;1 It’ mo(llli.11 1(111. “~hi:; i:] ,1 r.(::11111, f)~ I.11(1 (Ilfrf:r.f.ni:f’ In

,lt)!ior”~)

01” l.tll~

I r.,111:,1

Il)rl f(II. III!, I W(J ,V)m~14)rl!.111,:1

;r.l(mlli,lll l.()(11~)()[1(,: :; 01” .1 rlll

Il]tl. “1’tli:~ I; I I 111:111’,ilt”(l
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strengths and line splitLing for three different rotational lines. Line spiit-

:ing must be larger than the Doppler width (or rlressure broadened width) in

order for a difference in absorption for the ttiopolarization cor,lponentsto be

observed.

Conclusions

F’o;arizaLion rota:ion using th+ Faraday or Kerr el’feethas been demon-

strated LO bt:a li.jefultechnique in improving

absorption. However, as WJS demonst! ated for

tional lines of a symme~ric molechle show Lht!

the sensitivity of diode laser

methyl fluoride, not all rota--

same amount of polarization roLa-
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Figure Captions.

Figure 1. Cctnparison of three
ni~ric oxide absorption. They
chopper; (b) Zeeman modulation
The NO pressure was 0.3 torr.

differen: modula:ioti schemes used to detect.
are: (a) ampiltude modulation using 3 400 Hz
at 880 Hz; (c) Faraday polarization rotation.

Figure 2. CcmFarison of (a) frequency modulation It 5 kHz Lo {b” Fa?aday
polarization rotation at 88o Hz. The NCI pressure tias0.7 torr.

Figure 3. Comparison of three different modulation schemes used LS c!et.ect.—
absorption a: the Pq, branch of the v

?
bi;ndof mezhyl fluoride, uith increasing

wavenumber to the right. They are (a amplitude modulation; (b! Stark
modulation; (c) Kerr ~larization r~tatior,. Tne modulation Freque~cy was
200 Hz in all three methods. Tne Stark cell voltage was 400 V, and the CH3F
pressure uas 0.1 Lorr.

Qure l:. Calculated reiative intensities and line splitting in an electri~—.
field are shown for the (al ‘G1(l), (5) ‘do(l), an~ (c) ‘~3(3!linesUith tfi.e
source polarized parallel and perpendicular to the electric field. The
relative in:ensitles are normalized so thaL rhe stronges: com~nent in edc:h
rotational line has tt!esame strength. The relar.’ve frequency scale is the
same fcr ~11 three lines, so the spiitting is the same for (a) and (5!, buc
smaller for (c).
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