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Absiract, We will report on aspects of resonant tuser ablation (RLA) behavioe for a number of sumple
types: metals, alloys, thin films, zcolites and soll. The versatllity of RLA Is demunsizwied, with resulis
on a varicty of samples and in several mass spectrometors. In addition, the application to depth profiling of
thin films is described: absotutc removal mitcs and detoction Umits are also displayed. A discussion of
possible mochanisms for low:power ablation are pressnted.

Introduction

Ever since the first report of luscr acton, it has been recognized that luser abladon
(evaporation/volatilization) may provide a useful sampling mechanism for chemical
analysis. In particular, iascr ablation is rapidly gaining gopulnrlty as a4 method of sample
introduction for mass spectrometry.  While most lascr ablation/mass spectrometry has bevn
performed with fixed frequency lascrs operating at relatively high intensitiet/Muences (2108
Wicm2, 21 J/cm?), there has boen some recont intervst in tho use of low-power tunuble
lasers w ablats und resonuntly lonize selected compononts in the ablation plume. This
rros':u has been termed resonant luser ablation (RLA) |, Potential advantages of R1.A
nc'ude: 1) simplificatlon of the imuss spectrum; 2) improvement of the whsolute detection
limits; and 3) improvement in relative sensilivity.

Thix work reports on aspects of RLA behavior for a munber of smnple types, including
metals 2, alloys . thin films 4, soolitos 3 and soll, ‘The versatility of RLA for analytical
measurcments is outiined. with results on a variety of samples and in several mass
apectrometers. In uddition. the application to d‘e‘rth roflling of thin flims is described:
absoluke remaoval rates and detection limit are also displayed. An analyais of a variety of
fundamontal diagnostic experiments and calculations is given, and possible mechanisms tor
low-power ablation will also be presented.

Experimental

‘The experimenta praaentnd by this work were condicied using elther a qundmpnlc lon
trap mass spectrarmeter (FTMS) or in a linear and/or reflectron Time of Flight (Tol’) mass
apectrometer. foth oxpurimental nmn’emenu are based upon excimer pumped dye lusers,
uaing a Questek XoCl excimer : Lumonics HDXX) dye luscr for the I'TMS work and a
Lumonics XeC'l excimer: Lambda Physik FL2002 dye laser for the ToF experiments, The

detalls of the experimental apparatus may be found elwwhen: 2+, Figune | shows
diagram of the cxperimental apparatus used for cach mass xpectromeler,
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FIQURE 1. Schematic of the ITMS (A) and ToF (D) oxporimental system.

Sampics were prepared as probes for these experiment by machlnintﬁ into a probe u‘Fhe
for mewal samples or by bonding thin flim wafers w suitable *s with opoxy rogin,
powdered swnples such as soils or zeolites were bonded to eithor Si wafers on stainless
sieci (S8) probes or simply onto the SS probes using a cyanoucrylate ("super glue”™) bused
cenent,

Mechani-tic Studies and Measurements

The use of relutively low fluence laver pulses (€ 107 W/em2) w sumple and selectively
ionize anulyws from u bulk solid sumple huy been referned W us resonand luser ublation
(RLA) by this and other 6.7 rescarch roups.  This method has recelved considerahle
uttention by this group since this Vaser bused method requires minimal sample prepurution
(Le.. nu chemical treutments or digests) and affords good discriminution o nnl.uelzw signal
ubove the background. In RLA, analyte is buth desorbed and resonantly ivnized by
phutuns fiom the same luser pulse, with excellent spatinl and wmporal overlup - Assuming
a nominal veloghty of 1 X 10% cm/s 2 and a 18 nsec pulse duration, the spatial eawent of
the laser gencrated plume at the sample surfaco is ~ |3 um, corresponding 10 a plume
donsity of ~ 0.1 Torr. ‘The typical ioniration fraction for the "2+ 17 ionization step is
= 10-3, and the typlcal desorption yleld 100 fur the RLA provesa,

Resonunce seans of the vardous RLA jonlzation schemes show that the tranaitions

ohserved are laser hinewidth limited a1 ~0.17 em*! 3 but can he rcadily saturated by simall

increases in lascr power since RLA signals huve beon observed I'to have a slope - 8
dopendence upon laser intenaity. By acanning the dye laaer across entire transition
multiplets for thermometric clements present in a aample and recording apectra, the
clectronic temperature for RLA can be calculated based upon intensities, For the two
photon spectrum of the a8t < 312 and a1 < @3 multiplets of Fe(l), the calentated
clectronie wmperatune for RLA was found to b « | KK,
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In addition to the eloctronic lemperature measurements, kinetic energy analyais of the
neutrals leaving the sample surface was measured by using a probe laser focused at one of
several fixed distances from the sample. By varyi Jm delay betweean the firing of the
ablation laser and the probe lascr, velocity disuizu ons were measured. These wers then

converted (o tranglational temperatures of ~ 2700 K 2, This and the previous
measurements do not compare well with the calculated surface temperature of ~ 400 K
based upon a one dimensional T-Jump calculation; because the vbserved desorption yicld
is h‘ﬂhﬂi than antici for a strictly thermal desorption process. a non-therma! desorption
process is suspec
The relative signal strength obsorved for RLA is strongly dependent upon the

polarization of the laser light, and also upon the surface quality of the samples. For rough
sample surfaces (pre by S00 grit abrasive ) the signal intensitics from RLA
reflect the relative intensily of the reaidual laser light reflected by the sample (S-polarization
?aw stmniw reflection and lon ol&nul). In contrast, for highly polished surfaccs

100 A Cu on i or dlamond polished Cu metal), the intensity of the RLA signal was
opposit to that observed for light reflocted by the sample. This suggosted that although the
same trend was observed for reflected light as a function of polarization, the different
sample surfaces yielded dramatic differences in lon yicld as a function of both surface
preparation and polarization. These data are presented in figure 2,
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FIQURE 2. Polarization Dependence of RLA signal for differant suriace qualities. The solxl
lines represant observed ion esignal whereas the detted lines represent the relative intensity of
the laser pulse refiected by the sampie surince.

Summarizing the data prescnied, the material iemoved from solid samplos by the low
Muence laser pulses used Is much higher than wonld be anticipated Tor a sirictly thermal
process. The wide variation in emperatore values dewermined eaperimentally from those
enfculuted bused upon u thermud desompion mechaniam udd crudibility ta a non-thermal
desorption hypothesls, and the non-=lincar intensity dependence of the signal adda further
suppoit. “The polurization dependence hased upon surface preparation suggests thut there
may he some direct photo physical interaction occurring, such ax could be mediawd by a
surface plasmon interuction. Although surfaco pinsmon interactions aro strictly forbldiden ut

lanar surfuces, on a microscopic level, the polished surfaces and doposited Nima huwe
rregularitics such as aggregations, kinka and acraichos that could act to couple clectriv ficld
srength from the incident rudiation to allow surface plastion plienomena to oseur,
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Analytical Applications of Resonant Laser Ablation

A number of analytical applications have heen addressed by the application of RLA to
chemical analysis. By measuring the time (or number of laser shots) required to penetrate
copper films of known thickness 2+3, low fluonce removal rats were dotermined. For
typical pulse energies, the average volume removed was 3 X 10-14 ¢cm3 per pulse.
Assuming the same density as for hulk copper, this yiclds an average of < 109 atoms/shot,
or a depth removal rate of = 10-2 monolayer/shot and mass removal rate (MMR) of = 10°
13 g/ahot. Assuming the MMR is similar for copper films as it is for a bulk copper sample,
thon the absoluto detaction limits for traco compononts in copper is given by the product of
MMR and the component’s corcontration, Lead was casily lonized and detected in a NIST
(#494) copper samplo at 25 ppm lovels, with a S/N 2 10(), reaulting in conscrvative
ahsolute detoction limits in the low attogram ranre.

The mal&sis of complex samples by RLA ailows the analyst to discriminate analyte
signal from those of the bulk matrix, simply by selectively lonizin :fwm of intereat. The
mm¥sis of trace lead in soil samples was investigated for a NlST? 355) Peruvian soil,
and for lead concentrations of 129 ppm, lead signals were casily observed with high
sclectivity. ‘This auccess lead to further investigations in which a series of native solls
(Jomoz Mus,, NM) were spiked with various concentrations of lcad. The result of this
study was a lincar calibiation plot for lead over 8 decades of concentration (10 ppb -

1000 ppm), demonstrating the potential for RLA aignal quantification.

The analysis of aemivolatilc (8V) arganic compounds 18 often ditficult by mass
spectrometry, since these compounds are not neadily introduced by cither gaseous or dircet
insertion methods. The use of a selective sorhont material such as a zeolite provides a
possible sample handling strategy for laser mass spactrometry on a solid sample support,

Becuuse RLA was successful in selectively generuting meud fons for gas phuse resctions 8,
metl (stlver) ion exchnnﬁcd mordenite ( a zeolite) was used as a selective sorbent for une
of the SV compounds of interest to this group, tri-butyl phosphate . By

fthe SV ds of his g trl-butyi phosphate (TBP). B
hmﬂemunung LA wned w0 a "2+ 1" wansition for silvor ut 469.84 nm, silver ions were
efficiontly madc. and the reaction of these silver ions with the TBP desorbued by the same

laser pulse %v a strong analytical signal for Ag(TBP) fons®, the fins mans speotral
analysis of TBP that yiclded a predominant panent apecics In the mass spectrum,

Acknuwledgements. The mathors wonld ke to tmnk Tom Tuylor , Wil Eacl and Cireg Exden foe ciplul
discusalons and investigationa that contributed W Turther uodenanding of the mechanistle und/oe analytival
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