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ABSTRACT: Theory and results are presented for RI!% diaq~,os~ics
of a variety of laser-mdterials interactions.

i. Introduction

Resonance ionization mass spectrometry (RIMS) is becomin,:an

accepted tool for chemical analysis (Fassett et al 1963). The use

of lase~ ablation or resorption coupled with RIMS detection of

sputtered neutrals has a number of interesting applications azd

advantages: 1) the duty cycle for analytical samples is vastly

improved relative to thermal evaporation (Miller et al l!3f12); 2) n f:

background is introduced due to bulk he~tinq of the sar~le; 2) ::Fs,l!ial

r~?snluticn is limited only by diffraction (typically =1 pm in

diar,t?!.er); 4) littlIJsample preparation is nec?ued; 5) ~t?::si~i”<i:’; i::

excellent, and the detection llmit frequently falls in thd femtcqr~:m

“to attagram (absolute: or sub-ppb range; and 6) the fundamen+.alsof

las~r-rnaterial interaction can be studied (Estler et al 1987),



ele~tron multiplier, a preamplifier, and a boxcar integrator or

high-speed waveform recorder.

Results and Discussion.

A schematic of the experimental geometry is shown is Fig. 1.

I Sample I

Fig. 1. Schematic of the

resorption geometry LO is

the distance from the

surface to the ionization

laser along the surface

normal, N, and D is the

distance over which

constant efficiency ion

collection takes place.

WC have shown previously that for an isctzcpi~ [COS(@)], th~=m.~l

distribution, the collected siunal ac a Ui’-=errlinear cii~tar?cr(1.?)::T.=

th,z SU:fat:C will be given by:

S(Loj) = ~S(LO,@ do [la],

,. = ~C(T) ●(L#(cosz(@) t’)) 0 e-[~llO’’CO~l-’’~’’:!’T) dAdtdo [lb~,
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Fig.2. Calculated temporal distributions (left) for detection at normal

Incidence (solid line) and integrated (diamond) over the appropriate angular

distribution, and spatial distribution (right) also integrated .

respectively. The atom vapor pulse is thus temporally narrow, so that

the effective duty cycle 1s great~y increased relative to continuous

thermal resorption. The total ionization probability for the

resorption/RIMS detection process is -2 x 10-4, determined by

,:~n~”olvi~qa qeometric overlap of 5 x 10-2, a temporal overlap of 10-1,

a par:itlon function of 0.5, and an ionization/detection probabilit:j

for this th:ee-photcn process of 10-!.

In Al/Fe mixtures,,, there 1s a coincidence between a 1+1 ionization

process for aluminum, [(4S)2S1/%+ (3p)2p1/: at 394.411rn]. and a variety

of 2+1 ionization processes in iron, Fig. 3. This Gllows one to

“tune” the ratio of ionization eff~:iencies, greatly increasing the

measurement dynamic ranqe. We were able to detect Al in iron at 1 ppt

hy tuninq away trom iron resonances, and on to the peak in the

.-Ilum~nurn3pt?ctrum. ~~nvqr~cly, Fr wa~ easily aetected in Al, ,It 1.(I p~!m

l~yt.uninqto a sharp iron f~?at.urein the aluminum spectrum tail.

w~!hd’v? 83130 ,l~p 1 icfi l,~qf’r alJltltion/RI!4S to the skudy of las~?r-

mLILerilllintf?r,lctionc, >.4C’:jF’~ -A~~’~1LY l~nt-m~~’f)ptLcdl dll maan pr.acp. n.n..

l..llf:illrn : !llt~rii!,~ wil:;(.!:f.’::t~nf!r iniy ‘.I! ::?:]~f.ip:: (E:;t.l!’r ~~t .1! I’1’J.!) .

]~,)1 !; ! !;I1 ~:,l!,i,.i:,f ,j~:!? ;.~~,111~1:::: .lI;II i:lf 1*~::,11 ,,r;ri:(lilt:: ,,! ! !],, (.,l ,q::,i
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Fig. 3. Schematic energy level

d~grams for Al, showing a one-

photon resonance, and Fe, showing the

varie?y of available two-photon

resonances. Note that the 1+1

ionization is power broadened, while

,the 2+1 features in iron remain sharp

RIMS was also used in conjunction with Nomarski microscopy to

characterize the initiation of optical damage in commercial optics

(Estler et al 1988) . The samples consisted of SCZ03 /Si02 multilayer

coatings orlglass substrates. At fluences above 100 mJ/cm2, transient

iron signals were observed, with the concomitant appt:arance of small

circular (10~) pits in the surface. The evidence suggests that the

transients were due to the presence of small, iron-containing

micro-inclusions in the optical coatings. Low fluence irradiation

removed near-surface contaminants with minimal damage, while

higher-”fluence irradiation removed more deeply ~mbeaded, or lower

susceptibility, contamifiantsf with simultaneous removal of surrounding

,,coatingmaterial.

It is apparent that RIMS will play an increasingly important role in

the study of the laser resorption processes, especially i.ssurface

imzglng capabilities become coupled to the ionization detec~ion.
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