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We have measured an upper limit of 17 J#dor the threshold fluence for collision-free GGaser IRMPD

of silane by detecting the SiHproduct in its electronic and vibrational ground state. The threshold drops to
~4 J/cn? when silane molecules are irradiated by all lines from a pulsed IBid¢r. This value further drops

to less than 2 J/ctnwhen the molecules are pre-excited to the firstSistretch overtone. Using the NH
laser on the 868 cm line, the dissociation yield of pre-excited Sikeaches saturation at a laser fluence of
6 J/cn®. The substantial difference in the fluence threshold and optimal dissociation frequency of the ground

and excited molecules allows us to perform highly selective dissociation of pre-excited silane in the presence

of a large excess of ground-state molecules.

I. Introduction and H3 It is now established that the unimolecular reaction,SiH
— SiH, + Hs is the lowest energy dissociation channel for SiH

in its electronic ground state, exhibiting a threshold of ap-
proximately 243 kJ/mol® Moreover, there is evidence that this
reaction has no barriét. Thus, a silane molecule excited just
above the dissociation threshold should have no energy available
Sor fragmentation and/or electronic excitation of its dissociation
products. The observed product excitation is likely to arise from
)high vibrational over-excitation of the parent SQirholecules
and/or secondary IR multiphoton excitation of gitlssociation
products by the intense GQaser field. In either case, the
appearance of the luminescence should require substantially
higher fluence than the threshold value needed to dissociate
| silane. Using laser-induced fluorescence to monitor ground
I(‘electronic and vibrational) state Silgroducts after collision-

Silane, SiH, is widely used in the semiconductor industry
for deposition of silicon films, since it allows the production of
SiHx (x = 0—3) fragments in a well-controlled, chemically clean
environment Dissociation of silane is thus a primary step in
many silicon deposition processes, and a number of studies hav
been devoted to CQOlaser infrared multiphoton dissociation
(IRMPD) of this molecule8 These studies suggest that
collisions, and hence relatively high pressures, are necessar
for efficient multiphoton pumping of SiHto the dissociation
threshold. Despite the fact that it might be key for developing
a laser driven molecular beam epitaxy technique, there is little
known about collision-free IRMPD of silane.

Because silane has a relatively low density of vibrationa
\S;}ZI?RSI\? Sg Stgagzedri?ffgﬂﬁhﬁi it;lécégﬁ)’/ ?ggo%txﬁ: (?cfll?slisc?ri Clatlofree IRMPD of SiH, may therefore give a lower value for the
free MPD of silane was observed using £@ser pulses with threshold fluence.
fluence in excess of 150 J/@min another stud§,IRMPD of It is well-known that vibrational pre-excitation can greatly
silane at a pressure of 1 Torr was successfully achieved usingénhance IRMPD of polyatomics,since it facilitates passing
100 ns pulses frorf?CO, and3CO; lasers with energy fluence  through the bottleneck region where the density of vibrational
above 100 J/chi It is well-known that to achieve efficient  States is low. Moreover, the pre-excited molecules are closer to
IRMPD of molecules, the frequency of the dissociating laser dissociation limit and need fewer photons, and hence lower
has to be shifted to the low-frequency side of the fundamental fluence, to reach it. We have used this principle to develop a
band of the pumped vibrational mode. Using*€0, laser, sensitive spectroscopic detection technique, called infrared laser
which emits frequencies to the red side of the Q-branchyof ~ assisted photofragment spectroscopy (IRLAPS), which we have
leads to a 10-fold increase in dissociation yield as compared toapplied to measure vibrational overtone spectra of polyatomic
a 12C0;, laser® Unfortunately, the tuning range of tH€CO, molecules cooled in a supersonic expansior® In this
laser is limited on the red side to about 880¢rand it is not technique, a C@ laser pulse selectively dissociates only
clear if this is the optimum for the IRMPD process. We employ molecules vibrationally pre-excited via a light-atom stretch
in the present work a simple, efficient, optically pumpedd\NH overtone transition. The lower fluence and intensity thresholds
laser with a tuning range down to 780 thnTogether with a for IRMPD of vibrationally pre-excited molecules as compared
conventional CQ laser, this source gives us the flexibility to to ground-state molecules as well as different optimum dis-
investigate the dynamics of collision-free IRMPD in SiH sociation frequencies provide a high degree of selectivity.

The extremely high threshold fluence reported for IRMPD Moreover, application of IRLAPS to measure overtone spectra
of silane has been attributed primarily to its low density of of CHsOH, CRHCI, and CEH has shown that the IRMPD
rovibrational state$® However, in these reports, dissociation detection step is not sensitive to details of the pre-excited state.
of the molecule has been detected by monitoring the appearancén this case, the IRMPD photofragment action spectrum of the

of luminescence from electronically excited $jHSIH,? H,, parent molecule directly reflects the overtone absorption
spectrum. In addition to the practical importance of understand-
*To whom correspondence should be addressed. ing the collision-free IRMPD dynamics of SiHit is of interest
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to know whether a molecule this small (in terms of its density ~ §
of states) is amenable to the IRLAPS technique for measuring a:B s |
high overtone spectra. To address this issue, we report here ™
IRLAPS spectra of the first SiH stretch overtone level.
Silane is a spherical top molecule 3§ symmetry. The 0
spectroscopy of. its fundamentals and overtones ha_s been YPER Tk PGl sﬁk; K SPEK P4k SPBK 20K
extensively studied® 20 There are four fundamental vibra- | | | 3P5»kl | | | | |
[ ! 1 { 1 | | I 1

tions: v; = 2186.9 cm! (A;, Si—H symmetric stretch)y, =
972.1 cmi! (E, Si—-H symmetric bend, doubly degenerate), 780 800 820 840 860 88_(1) 900 920 940

= 2189.1 cm! (F,, Si—H asymmetric stretch, triply degenerate), Wavenumber (cm')

and v4 = 913.3 cm! (F;, Si—H asymmetric bend, triply  Figure 3. Tuning curve of the line-tunable NHaser used for IRMPD.
degenerate). Formally, onlys and v, are infrared active,

althoughw, also absorbs, borrowing a bit of oscillator strength collecting the total Siki fluorescence as a function of the
from v4 through Coriolis coupling. Two distinct absorption ~frequency of the overtone excitation laser while keeping the
bands, centered at 4309.4 and 4378.4%mppear in the region  frequencies of the dissociating and probe lasers fixed. In the
of the first Si-H stretch overtone, assigned in local mode experiments on IRMPD of ground-state jtthe IR overtone

notation as transitions to the (2000 and (1100, B) states, ~ €Xxcitation laser is switched off. . o
although they are traditionally labeled using normal mode  The experimental apparatus we employ is shown in Figure
notation as’; + vs (F2) and 2 (F»), respectively?* A normal 2. Infrared radiation at 2.8m for excitation of the first StH

mode basis does not well represent the overtone states, sincétretch overtone in Sikis generated by difference frequency
the vy + vs and 23 normal mode states are nearly degenerate Mixing the narrow-band (0.02 cm) output of a Nd:YAG

and strongly coupled by a DarlirgDennison interaction. A pumped dye laser (Spectra Physics GCR-250; Lambda Physik,
local mode basis gives a more appropriate description-oHSi Scanmate) with the single-mode fundamental of the same Nd:
vibrational overtone levels, since it eliminates the strong YAG laserina LiNbQ crystal. Mixing 100 mJ of the Nd:YAG
anharmonic coupling, allowing them to be characterized by fundamental and 50 mJ of the dye laser (LDS-750) produces
occupation numbers of the four local-Si oscillators. The ~ 3—5 mJ of the narrow-band infrared radiation. Absolute
relationship between the local mode assignments and thewavelength calibration is provided by a pulsed wavemeter
traditional normal mode labels is based on the calculated (Burleigh WA-4500).

correlation diagram, which indicates that the (200§), &d For a dissociating laser, we use either a line-tunable TEA
(1100, F,) states have as major components the zeroth-order COz laser (Lumonics 841) or a home-built line-tunable NH
+ v3 (F») and 25 (F») states, respectivef}. laser that is pumped by the G@aser$? The tuning range of

the CQ laser is limited on the low-frequency side to the 10P-
Il. Experimental Section (36) line (928.95 cm?) where it is capable of delivering1.7

J/pulse, resulting in an estimated fluence of 30 3/ander our

Figure 1 shows a schematic energy level diagram for infrared experimental conditions. The NHaser expands the tunability
multiphoton dissociation of vibrationally excited silane. An IR range down to 780 cm. Depending on the optical configuration
laser pulse excites the first vibrational overtone transition at of the resonator, the ammonia laser operates either in single-
~2.3um. A few nanoseconds later, a pulse from either a TEA line or multi-line mode®? Figure 3 shows the typical output of
CO;, laser or an NH laser promotes some fraction of the the laser on the individual lines in single-line mode. In multi-
vibrationally excited molecules to energies above the dissocia- line mode, 95% of the energy output occurs on lines below 870
tion limit via infrared multiphoton excitation. The SiHrag- cmL. This laser typically delivers 266600 mJ/pulse, depending
ments resulting from the unimolecular dissociation of Sare on the resonator configuration, the lasing line, and the I@&er
detected by a third laser via laser induced fluorescence (LIF). pump energy, and its low divergence enables us to reach
A vibrational overtone excitation spectrum is obtained by fluences up to 30 J/cfin the experiment. The time profile of
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TABLE 1: IR MPD of Ground State SiH 4 250 o
-1
line, cnt? effective fluence J/cn? signaP, a.u. E,;,=4307.2 cm
929 17 252 200 —
800-87¢" 17 244 =
868 13 30 <
854 14 20 ol
832 14 6 < 150 -
817 15 2 =
798 10 1 g
781 8 2 E 100 -
a Average fluence at full width half-maximum (fwhm) within the 3
first millisecond of the laser pulsé€.The signal is scaled to the same 4
experimental conditions (sample pressure, PMT voltage) where neces-Q 50 —
sary.c CO, laser 10P(36) line? NH; laser in multiline configuration.
the CQ laser pulse consists of an intense, 270-ns wide peak 0 -

(fwhm) containing 20% of the total energy, followed by a8
us long tail containing the remainder of the energy. The time
profile of the NH; laser largely reflects that of the GQaser
but with a slightly smaller first pea¥ The beam profile of the Figu_re_ 4. Dissoqiation y_ield of silane as a function of the fluence _Of
NHz and CQ lasers at the focus is measured by scanning a mg:te';"”lg N'_"grgt'%i‘;‘il'a“”r% ':‘SC‘?{é dTh% ‘tjﬁepeg gg\éghrilfa:ﬁ;to 4SiH
f . ules vi 1 -eXCl Vi - V;

50xm slit and pyroelectrlc detector across.the pleam' band. The lower curve);eiljates to the ground-state moleculesl. Thegsample

To probe the S|I21fr_agments at 553 nm [via the'B; (030) pressure is 30 mTorr.
— X 1A; (000) transitionf® we use another Nd:YAG-pumped
dye laser (Quantel YG681C, Quantel TDL 51) with R575 dye.

A pulse energy of 23 mJ within the 0.15 cm! bandwidth  gpserve collision-free COlaser IRMPD of silane at a fluence
from this laser is nearly enough to saturate the transition. 4 17 j/cn#, indicating that the threshold is significantly lower
After being focused by a 60-cm Cakfens, the overtone  than that reported by Dzhidzhoev etfalVe believe that this
excitation laser beam is combined with the unfocused probe gitference arises largely from the different manner in which the
laser beam on a dichroic mirror, which directs them both through 1 experiments detect dissociation. Laser induced fluorescence
a Brewster angle Cafwindow into the vacuum chamber. The  getection of ground-state Sitadicals probes the dissociation
dissociating laser is focused byFa= 50 cm ZnSe lens and ot sjlane just above its lowest dissociation threshold, whereas
introduced into the chamber on the opposite side through a getection of luminescence from electronically excited products
Brewster angle NaCl window (Figure 2). The stainless steel may probe the threshold for a higher energy channel. The lower
vacuum chamber is pumped by a 6-in. diffusion pump to base  rve of Figure 4 shows the fluence dependence of the
pressure pf 1 Torr. To avoid accum.ulation of di§sociation dissociation yield using the NHaser in multi-line mode. One
products in the process of the experiment, the silane samplecan see that the threshold fluence using this laser source is on

(Aldrich, semiconductor grade) slowly flows through the the order of 4 J/icA which is 25 times lower than that of
chamber at constant pressure in the range efZDmTorr. The Dzhidzhoev et a8,

coIIli.sion-free natqre of the experiments has been care.fully The data of Table 1 also shows that if we use individual lines

ver_|f|ed by measuring the pressure d_ependence of the LIF S|gnal,0f our tunable NH laser below 870 crtt, the dissociation yield

which remains linear well above this pressure range. drops by 12 orders of magnitude. The frequency dependence
An f/1, 50-mm focal length quartz lens collects the fluores- ¢ e gissociation yield that we observe is consistent with that

cence of the Sikifragments and images it onto a 3-mm slitin - jetermined by Dzhidzhoev et &where the maximum IRMPD
front of a photomultiplier tube (EMI 9635QB). The signal from efficiency is observed with #CO, laser 895 cml.

the PMT is sent to a gated integrator (LeCroy, 2249SG) that B. IRMPD of Vibrationally Pre-Excited SiH 4. We now
integrates, digitizes, and transfers the signal to PC viaa CAMAC disc.uss the results of experiments in which up tc; a few percent
interface. We run the COlaser at 10 Hz repetition rate and of SiH, molecules are pre-excited by laser radiation ati2r8
both Nd:YAG Ias_ers at 20 H.Z’ subtracting on alternate_shots to the first overtone of the SiH stretch vibration (see Figure 1).
tEe backgrlound S'gn?: thqt arises mostly from s_caltltered light of \y/e first use the Colaser tuned to 10P(36) line to dissociate
the probe laser. Each point in our spectra typically represents ,q pre-excited molecules, and we monitor the fragment LIF

an average of 2850 laser shots. signal as a function of frequency of the overtone excitation laser.
Apart from a nonzero baseline, caused by IR MPD of the
ground-state molecules, and a weak signal when the overtone
A. IRMPD of Ground-State SiH,4. Table 1 summarizes the laser is scanned across the + v3 Q-branch, no detectable

results of our study of collision-free IRMPD of vibrationally  dissociation of the pre-excited molecules is observed in the
ground-state Sil using the 10P(36) line of the GQaser or region of the first SiH-stretch overtone level. This implies that
the ammonia laser in both multi-line and single-line configura- with the CQ laser 10P(36) line we dissociate molecules from
tions. The SiH dissociation fragments are detected by LIF at 1 several rotational states but with a low dissociation yield. Only
us after the beginning of the dissociating laser pulse. Becausewhen the excitation laser is tuned to the Q-branch where these
this part of the pulse contains only about half of the total energy, small contributions overlap do we detect a measurable signal.
the “effective” fluence the molecules experience before we probe This situation changes dramatically when the N&ser operat-

the fragment is correspondingly less than the total energy of aing in multi-line configuration is employed as the dissociating
pulse. It is this “effective” fluence that is shown in Table 1 and laser. Figure 4 shows two plots of the SiHIF signal as a
reported in the text. function of the dissociating laser fluence. The lower plot

Dissociating fluence (J/em®)

The first important result in these measurements is that we

I1l. Results
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represents the dissociation of ground-state molecules in the
absence of overtone pre-excitation. The upper plot shows the
dissociation yield (with background signal from the dissociation
of ground-state molecules subtracted) as a function of ldser
fluence when we tune the overtone excitation laser ta/ihe

*R18), 2v,
¢ B, =44273cm’

Dissociation yield (a.u.)

vz Q-branch. Despite the small fractionr2%) of pre-excited 400
molecules, their contribution to the dissociation yield signifi-
cantly exceeds that from the large fraction of Sidolecules
LS . o 200
that do not undergo pre-excitation. The dissociation of pre-
excited molecules exhibits monotonic growth with increasing Evib:O
fluence, suggesting that the threshold fluence is somewhere 0 e N ———

T T
below the range investigated. We observed a similar lowering 25 30 35 40 45 50 55 6.0
of the threshold fluence for dissociation upon vibrational pre-
excitation in our work on CgDH?34that we primarily attributed
to two factors: (a) pre-excited molecules are already closer to Figure 7. Dissociation yield as a function of energy fluence of the

; ‘ot NH; dissociating laser at 868 cth The upper curve results from
the dissociation threshold and hence need 4ewer photons IRMPD of SiHs molecules vibrationally pre-excited to thes2vand

FO reach It and,(b) vibrational pre-eXCItatlon puts the molecule via the R(9) transition. The lower curve represents IRMPD of ground-
in a region of higher state density where bottleneck effects are giate silane molecules.

greatly reduced? This significant lowering of the threshold
fluence can have important implications in laser isotope illustrated in the photoacoustic spectrum) is about 4 times the
separation schemes insofar as it can alleviate the need for sharplyatter. This implies that dissociation of molecules from the
focused laser beams. weaker 23 vibrational state is more efficient than dissociation
The observed selectivity in dissociating vibrationally pre- from v; + v3. We have performed the same experiment with
excited SiH molecules in the presence of a large excess of the the NH; laser operating on single strong lines (Figure-6a
ground-state molecules permits us to obtain an overtone Qualitatively the results are the same: dissociation is effective
excitation spectrum of SiHusing the IRLAPS schent&.!3 only when SiH molecules are pre-excited to certain rotational
Figure 5a shows the relative dissociation yield of pre-excited states, and the dissociation yield is about the same for the two
silane as a function of the excitation wavenumber in the region vibrational bands. With the NHlaser tuned to the 868 crh
of the first SiH-stretch overtone. Dissociation is achieved by line (Figure 6a), we observe the maximum dissociation ef-
the NH; laser operating in multi-line configuration, and the ficiency atJ = 9 and 10, and with the 854 crhline (Figure
dissociation yield is measured by LIF detection of SiFigure 6b) the dissociation yield reaches a maximum for rotational
5b shows for comparison a photoacoustic spectrum of Biat states with] = 13. Dissociation with the 832 cm line (Figure
reflects the absorption spectrum of the molecule in this region. 6¢) pushes the maximum to yet highk(14 or 15).
It is clear that the dissociation spectrum is strongly distorted The 868 cm! line achieves the maximum dissociation yield
insofar as it differs from the absorption spectrum. Dissociation of vibrationally pre-excited molecules, offering the best selectiv-
seems to be effective only for molecules pre-excited to rotational ity with respect to the dissociation of vibrationally ground-state

Effective fluence (J/cmz)

states withJ quantum numbers in the range-95. Moreover, molecules. Figure 7 shows the dissociation yield at this line as
the dissociation yield is roughly the same for molecules pre- a function of the NH laser fluence for ground-state molecules
excited through the’; + v3 combination band and thev2 (lower curve) and for those pre-excitedXe= 10 (upper curve)

overtone band, even though the intensity of the former (as via the R(9) transition in the2 band at 4432.4 cmi. The
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dissociation yield appears to be saturated at an effective fluencepumping process. The degree of splitting is even higher in a
of about 6 J/crfy suggesting that we dissociate almost all pre- vibrationally pre-excited molecule, where Coriolis interaction
excited molecules. At a fluence of about 3.5 Hgcrthe is stronger, and thus higher orders of perturbation must be
dissociation signal from the pre-excited molecules is up to 230 considered, further removing the degeneracy of rovibrational
times higher than that from the ground state molecules, which levels. Thus, Coriolis coupling is one important factor that
is almost completely suppressed. Taking into account that the permits efficient multiphoton excitation of vibrationally pre-
overtone laser excites only about 10% of all molecules in the excited SiH.
initial quantum state within the irradiated volume, this implies A second factor that increases the effective density of resonant
a dissociation SeleCtiVity for the pre-eXCited molecules of about states for mu”photon excitation of pre_excited $ﬂ$ Compared
2300, assuming that for both ground state and pre-excitedto ynexcited silane molecules is the relaxation of symmetry
molecules the dissociation laser interacts with a single rotational yestrictions in the former. The symmetry selection rules in silane
state of approximately the sandewhich is reasonable based  gjlow transitions from the Avibrational ground state only to
upon the spectroscopy of the fundamentat* This degree of  yibrational states oF, symmetry. This means that vibrational
SeleCtiVity results from the increase in the effective IRMPD cross overtone pre_excitation prepares a vibrational stateF@f
section for the vibrationally pre-excited molecules at 868tm  symmetry. However, the same selection rules allow vibrational
Our demonstrated ability to dissociate selectively vibrationally transitions from the prepared statefofsymmetry to states of
pre-excited molecules could potentially be employed in a processall other symmetry species of the symmetry group:As, E,
of two-color silicon laser isotope separation. If the first laser andF,. Thus, the number of accessible rovibrational states for

were tuned, for instance, to an isolated transition of the first the first few steps of the multiphoton pumping process is greater
Si—H stretch overtone iff°SiHy, an IR pulse from a tunable  after vibrational pre-excitation.

ammonia laser could selectively dissociate the pre-selected The mechanisms suggested above explain not only the high
isotopes. The selectivity we observe here gNQUld allow eonrlch- efficiency of IRMPD of SiH molecules pre-excited to the first
ment of the Sik dissociation products if°Si from 4.67% i stretch overtone but also the observed rotational selectiv-
natural abundance up to 99%. ity. Indeed, with a 10 cm* typical width for splittings of single
) ) Jlevels and 56 cnT ! spacing of rotational transitions in SjH

IV. Discussion only molecules pre-excited to a maximum two adjacent rota-

It is clear from the data presented above that IRMPD of Fione_tl levels can be efficiently dissociat_ed. l\/_Ior_eover, itis clear
vibrationally pre-excited silane is considerably more efficient I this case that the frequency of the dissociating laser controls
than that of ground state molecules, although this efficiency is WhichJ levels can be efficiently dissociated from the pre-excited
strongly dependent upon the rotational state, the line of the State. As demonstrated in Figure 6, changing dissociating
ammonia laser employed, and the vibrational character of the frequency by 36 cm' from 868 to 832 cm' changes the
pre-excited state. We present here a qualitative model to accoun€fficiently dissociated rotational state froin= 10 toJ = 16,

for these features of the IRMPD dynamics. which are spaced by about the same value.

A. Efficiency and Rotational Selectivity in IRMPD of Not only is the dissociation process specific to a narrow range
Vibrationally Pre-Excited Silane. In SiH, excited to the first ~ Of rotational states, but the rotational state that has the optimum
Si—H overtone, the density of vibrational levels 0.7/cnm?) overlap with the dissociating ammonia laser lines is the same

is, in general, still too low for IRMPD by a laser field of ~for the 2,3 and thev; + v3 band. For this to be true, the
moderate fluence to be efficient. Our observation of high @nharmonic shift of the, mode used for multiphoton pumping
dissociation yield and low fluence threshold for IRMPD might Must be close to the same for these two levels. There are two
therefore seem surprising at first. For vibrationally pre-excited Possible sources of anharmonic shift of thefrequency in a
molecules to be efficiently dissociated, the frequency of the Molecule vibrationally pre-excited to the first-Gil stretch
dissociating laser should be in close resonance with rovibrationalovertone. One is the cross-anharmonicities withithendvs
transitions from the excited state for at least the first few steps M0deS, X4 Or X34, and the other is the diagonal or intramode
of infrared multiphoton excitation (IRMPE). In the excitation anharmonicity, .. The cross- anharmonic constants for 5iH
spectra of Figure 6ac, the frequency of the ammonia laser ~are unknown, although they are likely to be small, sincet&i
used for dissociation is shifted to the low-frequency side of the Stretch vibrations are very good local modes and the calculated
v, fundamental. This detuning compensates the anharmonic shiftStretch-bend coupling constant is smétiThis suggests that it

of the v, frequency in the vibrationally excited molecules, s mainly the diagonal anharmonicity,xthat tunesv4 in the
a”owing a resonance for the first Step of IRMPE. When the Vibrationa”y pre'eXCited molecule in resonance with the dis-
density of rovibrational states is low, the same anharmonicity Sociating frequency, although we cannot rule out the case in
quickly tunes the transition out of resonance with the dissociat- Which the off-diagonal anharmonicities are significant but
ing field upon further excitation steps, limiting the efficiency coincidentally equal. The results of double resonance spectros-
of IRMPD. However in the case of SifHCoriolis splittings of ~ COpY 0fv4 suggest a value of 2.2 cthfor the x4 anharmonic
thew, transitions allows maintaining resonance. Each degenerateconstant® which implies that on the order of two quanta in the
rovibrational transition in thes; mode is split by Coriolis ¥4 mode would be enough to bring the P(10) transition of the
interaction to several components of slightly different frequen- v+ band into resonance with the 868 chalissociating frequency
cies. At each step of the multiphoton excitation process, different allowing molecules pre-excited td = 10 to be efficiently
components of a transition to rovibrational states with the same dissociated via IRMPE. This same dissociating frequency would
J quantum number can tune into resonance with the dissociationbe off-resonant for molecules pre-excited to other rotational
field. For example, the P(10) transition of thgfundamental ~ States.

is split into eight components over a range of 10 &/ The For the diagonal anharmonicitysto play the major role in
number of components and the magnitudes of splittings increasetuning thev, frequency into resonance with the dissociating
with increasingJ, and thus excitation to high rotational states lasers, the two local-mode zeroth-order states responsible for
enhances the probability for resonances in the multiphoton the absorption in the 4300 crhregion must contain some
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percentage of other zeroth-order “dark” states mixed in that have SiH, product in its vibrational and electronic ground state. The
a few quanta irv4. In general, there is no reason to expect that detection of vibronically “cold” fragments suggests an IRMPD
the coupling of 23 andv; + v3 to such zeroth-order states fluence threshold below 17 J/@when using the 10P(36) line
should be the same. As described more fully below, we believe of CO, laser, which is significantly lower than previous
that it is precisely this difference of coupling strengths that gives measurementsWhen irradiated by all lines from a pulsed BH

rise to the difference in the relative intensities of the @ndv; laser, which emits 95% of its energy below 868 dpsilane

+ v3 bands between the photoacousting spectrum and theexhibits a threshold fluence for IRMPD of4 J/cn?. This value

IRLAPS detected excitation spectrum. drops to less than 2 J/énwhen the molecules are first pre-
B. Vibrational Selectivity in IRMPD of Vibrationally Pre- excited to the first SiH stretch overtone.

Excited Silane. The mechanism described above for the Using the NH laser on the 868 cr line, the dissociation
rotational selectivity of IRMPD from the pre-excited states of yield of pre-excited Silireaches saturation at a laser fluence
silane implies that there is a coupling between thed@ v, + of 6 J/cnt. The low threshold and high efficiency in IRMPD
v3 stretch states and the dark states containing quanta imythe of vibrationally pre-excited Sild molecules as compared to
bending vibration. Stretchbend coupling in Sikl has been ground state molecules results primarily from the higher density
predicted theoretically to be wedkThis means that the states  of rotationat-vibrational states of proper symmetry and stronger
we observe in the spectrum contain mostly the character of thecouplings in the vibrationally excited molecules. Apart from
zeroth-order (2000, 4Fand (1100, B) stretch states with at most  the ordinary statistical increase upon vibrational excitation, there
small amounts of4 bending states mixed in. Nevertheless, the are two additional factors contributing to the increased density
difference in even this weak coupling can give rise to the of states in the vibrationally pre-excited molecules. First,
difference in intensites for thevz andv, + v3 bands observed  vibrational pre-excitation lifts symmetry restrictions on the
in the IRLAPS spectrum. We can express the two vibrational selection rules, allowing more vibrational states to become
eigenstate§; ; and&s s related to they; + vz and 213 levels as accessible in IRMPD. Second, vibrational pre-excitation makes

Coriolis couplings stronger, resulting in further finer splittings

£137~ a,(2000)+ a,p, 1) of rotational levels.

We have shown that efficient IRMPD of silane occurs only
if the molecules are pre-excited to certain rotational states, which
depend on the frequency of dissociating laser. We attribute this

C(otational selectivity to the relatively low density of vibrational
states at this level of pre-excitation. Efficient dissociation

&337~ b, (1100)+ byg,

whereay, ap, by, andb; are the expansion coefficients, (2000)
and (1100) are the two zeroth-order local-mode states correlate

with thevs + vs and 25 bands, respectively, ang is a zeroth- requires the first few steps of IRMPE to be resonant. The

order state involving the’, bending vibration. Because the vibrational pre-excitation shifts the frequency of themode

poupllng between stretches and.benqls IS gxpected to be Weakto be in resonance with the dissociating frequency at a particular
it can be treated as a perturbation, implying tteat, |b;| > rotational level

1@l Ibzl and We also observe vibrational selectivity in IRMPD of pre-
W, W, excited silane, insofar as the dissociation favors pre-excitation
5. b, ~ 5 (2) to the weak 23 band over the stronger (in absorptian)+ v3

134 33, band. We suggest that this arises from stronger anharmonic

whereWis and Wz are the coupling matrix elements between COUPling of the (1100, # zeroth-order local-mode state to a
(2000) andyps and (1100) andss, respectively. The variables dark state(s) containing bend excitation. Because of the rota-
134 and 933 4 represent the enérgy separationgaffrom the tional and vibrational selectivity in IRMPD of vibrationally
states (200’0) and (1100), respectively. The intensities of preexcited Silj, the action_spectrum detected via IRLAPS does
overtone transitions to the eigenstatgss and & 33 in the not reflect a trug abgorptlon Sp,ec”um-

IRLAPS spectrum are related to the coefficients @sll (a)2 The substantial difference in the fluence thresholds and
and k3 O (by)? since the spectrum is detected by monitoring optimal dissociation frequencies of the ground state and excited
the frégments’ from dissociation via IRMPD through the molecules allows us to perform highly selective dissociation of
vibration. Thus, relative intensity of what is mostly the+ v pre-excited silane in the presence of a large excess of ground-
or 2v3 bands is determined by the ratio of the expansion state molecules. This vibrational energy selectivity of IRMPD
coefficients of eq 2. If a bending dark stateis coupled more ~ €@n be as high as 2300 when the molecules are preexcited to

strongly to the (1100) than to the (2000) zeroth-order statg ( '.[he first SFH stretch overtone, resulti.ng primarily from an
> Wis) and/or it is closer to; + v3 band f334 < 0134, then increase in IRMPD cross section upon vibrational pre-excitation.

w

a, ~

~

the dissociation yield will be higher when molecules are pre-
excited through the; + v3 band, and the corresponding feature
will appear more intense in the IRLAPS spectrum. While one
could speculate as to the precise assignment ofpthetate(s)
based on a simple counting of nearby low-order resonances, it
is well-established that high order couplings and/or sequential
couplings can be equally important in the absence of strong (1) Kern, W.; Ban, V. S. Thin Film Processes; Vossen, J. L., Ed.;
specific low order anharmonic couplings. In this case, even a Academic: New York, 1978; p 257.

qualitative analysis requires knowledge of the potential energy Ska(c?oEaASO\l(i JNE'T%;LI\éIt?Tign?'J,Ei f 'igsrae"s"“' A.N.; Pankratov, A. V.;
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