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Abatn&We wIN repxt tm MPC13So(ramant tasw abladan (MA) behaviur fu u munburufmmplu
~ mctuh, ~s, thin fl~ zcolh and SW Ihc vwwttlllty of RLA 18dmntnmtcnte4whh rcsulw
on ●variety of9amplcs and in wwal OMM sptctromcturw In addhlca, b tipplication w dcptb prullling of
thtn tUnM t8dcA@u+& ~lutc removat mtcsmd dctwtton Ihnlta ara aho dltptnyut, A Utsmmsh’mof
paadbb mactumbm for Iuw=powablath w pmantd

Introduction

t?vorsincethefirstreportof luaorwtiott,il haskm rcco@od thathuwrablation
(ovqwrationlvolmilirbn) ma provideausefulaantplhgmdtanhm forhumid

1tmdyaia, tn rticuiar,her a lath israpidlygaining )pularityasumethodof .santplc
r rintroductionormassspoctromctry.Whilomea;law u Motirnaaa qxwromctxyhaabun

perfomnedwithfixedfmpwncyIuxtraopcrndngUIrvlntivclyhighinhmn{ticxMluwwt*s (21[~
W/cm2,M l/cm2), themhaabon sometwcwntinumtatin theuseof Iow-powernmnhlc
IasoratoatdamundramutntlyionlmMluctd componentsin thaablatiwtplume,‘W

rmmshuabeen tinned rustmant her ablaht (RLA) ‘. IWntiul mlvuntqtw d’ RI ,A
nc!udc: 1) 81mpliflcali0n Of the muss spwtmm; 2) impnwwnem of h nhhdulc dtWhn

Iimila; d 3) Ltnprovetnenl in rthlive tcnshivily,
lltlrn work N wtA on uqwwts d RI.A hchnviorforiI numhrr of $amplotypes,includin~

rmetals 2, alloys L, thinIllms4, voolihMsandsoil. ‘t’hovcrxutilityof RLAfor analytical
mcstuwcmw’m is outlind, with rmultscmavarietyof snrnploaandIn .aovoraimw
s tromctm [nuddition,theapplicationto&! tit rofliingof thinfilmsb daacrhed;
r arfu VOluurvmovalratesenddctwtlonlimitsnm M iqdayd Ananaiysixof a variefyof

fundarnotttaldiagnosticcxpmhrtcntaandcalculationsingiven,andpoaxitdcmechanismstor
IowapowtwMblaoonwill nhwboproacntcd,

TM cxprrimcn[n fmwttsd hyIhiRworkwarocondwed usingeitheraqwtdruoldion
!’trapmasttpmtrmcwr (IIWS) or ina iifw andhrrafktron ‘Ilmcof Night(To) ) maw

qmctmmctor,i’hthtmporirnerttalman omantaamM uponexcinwrpumpeddychwm,
!usin~a QucxtckXnCiexclmer:LumortC*llD3tlt)dyeItuwrforM ITMS wurkurtda

Imonks X@’1cxcimefihtmltdaPhysikFL2002dyehuterforthuTM wqxrimmx, Tltt
213,~i~u~~i showsUdcmiisof therxpwimmal apparattMmay&!foundelwwhwu

dittgramof thei’xpwimcmaiappatwuawed forcauhmaw qwtrtmtutw,
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FIWM 1, Sohotmtlaofho JTMS(A)●ndToF(0) apwimantalaystom.

Sam IcawwuprcpamdaaprobesforMao exporimwtthymachinln ho a pruiu U
Jfor mo siunplosor b bondin~M filmwaferstomtiutblo

i P
4*4wi epoxytwin, k

powdctudmtpks wc atIsnilsor UOtitcswerebondedtoe thorS{wafersonmhtlutw
steri(SS)prohmtorsimplyontotheSSprobtrtIusinga cyunouqlatc(“super@JU”)bused
crmtmt.

Mechnni::k StudiesnndMetwcmws

“llteuw of rdtliwly iow fluutw law puhum(S 1(PWkm+ U?wmpleml bdwivcly
iorik unulywsfromubulksulitisurnpkhtwhwt JU(imui10usruwniuttkm uhlmkm
(RI-A) hylhixundother6*7reward

%
rLNJpn,‘lltismethodhnsredvwl ctm\idtvtthlt*

utkntiun hyI& rwp sinou W bcr usd mcthud mquircs mhtirnid sam k prupuridiun
al’ 1’(Le.,nochcrnic trcnunenlsordi~esta)unduffwdsWLNIdiacriminutiono arm] tr SIUUJJ1

Juhuvctimbnciqzrwul. In RLA, mud ishdh desurbdandresonantlyitmi by
rphmtnsfromh ~mc Iuwrpulse,w thcawlknt npnlitdm! Itvnplrnlovwlitp Awwmin~{

h nominalvcli~hy of I X If]qcm/s2 andM15n~’c @W duration, h t+ptuul t’xhmt d
the lam cnamtodplumenlUtoaarnpkrnurfacois_ 15 pm,corns

I
pnndht~toa plinnci

dotdty o ~ 0, I T’OJT,‘M typicalionimtionfmutionfof the”2+I iwtlmiort Ntcp h4
m I ()’~, aml the [ypkal desotptiunyield 104 forIhcRI.A pnwem,

ResonanceM*MJWof IIIC vtiriuu~RI.A imthtdonwhemwishowM Ilw m;:nthitms
tthwvtd wc IAWr imrwidti Iimimd 01 +,17 cm*i ~ M canIN rcadll y ,uwmk?d hy .unall

hcrcam In law wcrsinceMA klgnulshuveheonobwwcd i IJJhtwca sio -5
Y rdqmkmco upnnMM menaity, ByacanttlnIhadyelaseracrmaemirctrmuwon

fmnitipicktforhxtnnmctricokmcnupmscrunMaampitandrwrdhtg apcc~m,tiw
citi%unnictempemmmforRLA uanbecalculatedbaitedupnninwrtmllka,i+u W two
photonqwtnmt d’ [hea~l~■ P$I;nod J#l) ● e~ll multi It% of I;L*(l),M caltwliitml

1t!hwmmktcmpwiuurufnr MI.Awoshind III tw - 11( )K.
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Inadditiontotheciectmdotempemtwmeiwmmenukinotisonu~ analyaiaofthe
neutraialaavin$theample surfacewaamcnsumt!byusingsproboher focusedatoneof

“-wdd’’-fmm!-”’” ‘yvTJMtia’k-bfi*’of’eablattonlam andth probeIwuw,vcowy distriu uttswerentcosumd,‘Ilww WOIUthen
converted to tronalational tempommeaof u 27(MK 2. ‘fldsandthepmvioutI
meaaummantadonotcompamwI1 with thecaiculatodsurfaootom~;ure of ~ 400 K
baseduponaonoditnenaionalT=Jumpcalcuhttion;becuuaothoobserveddoaorptionyield
inhigherthanantici

F
fbra mktly themd deaorpdonprcxusa,a nodterntd deawption

proceaaisMu3poc
Thedatlvw signalWe@t obaemedforRLA laatrongidepondomupon tho

polarization oftheIaaarIi
2

UJandah uponthesurfacoq ityof theaampk Forrough
WnptoSurikes(pm byS00@t abmsivo

~ ~kg$$~~~~p~’tion
WIUN therelativeM8mdtyof timmaidualIaaer

!?*P \
stroncotrotloctbnandIonsi ntd),In wntrast,forhighl polis

L100 (N on, i ordiamondDO)inhodu nwtal), theintensity of t RLA signalwas
tippwdto to thatobaervcdforfight rofktcd by the aamplc. Thin au

T
ted th;t althou~h th!

same tnmd wan observed fortMcctediightaaa functionofpolarkmon, tho difhmnt
samplesurfwcsyieidcddramaticdiffermw in ionyicidana fbnction of bo~hWIrk
preparationandpoioriulion. “llwuI data arc pmcnted in ~ure 2.
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nuppmt ‘Ilw pnirnrim.inn dcpvndcncc hancduponnwfoccpropamtionauggcststiuuthcrv
ma hoaorncdhcctphotophysicalInturtwlionoccurrtng,suchM t’ouhiW mmiiatd h a
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AnalyticalApplicationsof ResonnntLaserAblation

A numbarot’analyticalapplkations haveheat nddrwcdbytheapplicationof RI,A to
chemicalanaiysis. By rncasuring tho time (or number of Iasorshots)re@re.4toPcm@rute
wlpporfilms of knownthickness2~~,low fluonco rornovalraw wcrvdolurrninod.For
typicalpulmanorgloa,thaaveragevolumaremovedwas3 X 1014cm~pmpulsa.
Assumingthosamedensityanfor hulk copper, [his yields an avmgc of < 1(* atomshhot,
or a depth rwnoval rata of -102 monolaydshot andmassremovairato(MMR) of” 10
Is @hot, AssumingthoMMR issimilarforcopporfilmsasit is fora buikcopporssmpk,
thenthoabaolutodotoctionlimitsfortraoooomponomain c p’ is ~von bythoproductof

TMMR and MOcomponont’scorintratkm, Loadwasmail oniwi and dotcctcdin a NISf
d’(MM) aoppor aarn 10at 2S ppmlovds,witha S/N Z 1 , rwklng in conaorvativo

rabsolulcdetoolion1mitain tiwlowattograrnran .
r71wanal sisof wnplox samplmtbyRLA al owsthoanaiyattodiscriminamtmaiyto

&signaifrom oaoof thehulkmatrix,simplybyaol~tivolyicmisin s
ffl

caof intomat.Tlw
anaJ#isof [raceleadinsoilsam k-swasinvest@ad fora NM’ 3S3)Pomviansoii,

r fand orIaadconcentrationsof 1 9 p , ieadsignatswereuasilyobatwvedwithhigh
#rsciectivk, ‘IWasuccess&adN}N

d
inwsti~ationain whicha series of nativesoiis

(ho% S&, N’hd) WOIU spikedWith VtiOUS COI1001thtiOMOf h(i. ‘hl IUSU]lOfthi$
shut wanalinearcalibmlionplotfor loadrworSdocadosof conwntration( 10ppb -

ii(l( ) ppm),domomwin thepmontiaifor RLA ai@tai ramification.
! 1llc analysisof’~mlvn atiic(SV) organiccom undssoftendifilcultby mnss

Yspwtmmctry, sinw thoaocom undrnarc notrradiy Mroducodby ahhcr gonocmsor dirw
rinsertion mothnds, Ttu usoo a aolectivasorhommatarialmtohasa zoolito~vi~ a

posaibksamplehartdiingstringy for losermas$spaomrnmryona .sntid samplesupport
BecuusaRLA wassuccouafhlin selectivelygenerwingmeudionsforgasphaserosdonm8,
ructai(siiver)ionexdtan cdmordenite( ●Molhe)wasusedasa sdective sorbent for w

‘1d the SV com NUNUof ntomatto Ibissruup,tri=butylphoshata(TBP)i By
1? dh iemtming LA mod w a “2+I“ uansidonfor #iivor ~t 9.84 nm,silverionsvwru

&u domly made,andthureactionof thosodlvcr ionswithtio ~P desorbudbythoswuo
\ ~~ fimImnw~prclrniIwr pnk WN*a Mm annlylicud signalfurA~C173P)i~ma’,

k ‘imdysls of’ P lhal yk dd a fmxlorninanl ~utvtl hpccics in [ho mm sptwlrum,
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