
JournalojMolecularStructure,218 (1990) 225-230 
Elsevier Science PublishersB.V.,Amsterdam- Printed in The Netherlands 

225 

LASER-INDUCED FLUORESCENCE SPECTROSCOPY OF SiF PRODUCED BY 

IR MULTIPLE-PHOTON DISSOCIATION OF SiF4 

V.K POPOVi, M. ROSSBERG2, W. STRUBE2, J. WOLLBRANDT2, E. LINKE2 

IScientific Research Center for Technological Lasers, 
Academy of Sciences 142092 Troitsk, Moscow Region, USSR 

2Central Institute of Physical Chemistry, 
Academy of Sciences, 1199 Berlin, GDR 

SUMMARY 

Excitation spectra and dispersed fluorescence were measured in 
the B-system (B22-X2w) of the SiF radical produced by nultipho- 
ton dissociation (MPD) of SiF4 with a TEA CO2 laser. Within the 
limits of error no effect of the wavelength of the photolysis laser 
on the spectra was found. Formation and decay kinetics of SiF du- 
ring and after IR laser excitation , as monitored by LIF, are also 
presented. The temporal behaviour of the SiF LIF signal was diffe- 
rent for different wavelengths of the CO2 laser. For wavelengths 
close to the linear absorption band there was no induction period 
in the formation of SiF. The pressure dependence of the kinetics 
was different for the two CO2 laser branches. 

INTRODUCTION 

Essential for the development of modern microelectronics techno- 

logy is the diagnostics of chemically active gaseous components in- 

teracting with matter in the presence of different types of radia- 

tion, electron or ion beams. In order to understand the complex 

physical and chemical processes involved in laser or plasma-induced 

deposition or etching, detailed information on the spatial distri- 

bution, velocity, and temperature of molecules, radicals, and other 

reactive intermediate species in the vicinity of the respective 

surface is required. Direct measurement of such quantities in real 

time may be carried out by using various optical techniques, such 

as absorption spectroscopy, CARS. multiple-photon excitation and 

ionization, etc. Laser-induced fluorescence (LIF) proves as an 

ideal method for the detection of chemically reactive species, as 

it provides a highly sensitive, selective, and nonintrusive probe 

of the gas-phase concentration of atoms, molecules, free radicals, 

and ions, combined with high resolution in space and time. Using 

LIF, the kinetic constants, transition strengths, radiative life- 
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times and other process-dependent parameters can be determined. 

LIF has been successfully used for the investigation of a large va- 

riety of material processing problems: detection and determination 

of concentration profiles of CF and CF2 radicals in fluorocarbon 

etching of silicon (ref. 1); quantitative measurements of Sic1 ra- 

dicals in the discharge of chlorine-containing silane compounds 

(ref. 2); spectroscopy of Sic12 radicals in conventional flow and 

in a supersonic jet after UV photolysis of dichloro- and trichloro- 

phenylsilane (ref. 3); detection of SiH2 produced in IR photoly- 

sis of organosilanes (ref. 4); identification of SiF2 as final 

product of silicon etching by fluorine (ref. 5). So far, however, 

there seem to be no reports on sensitive LIF detection in the D- 

System of the SIF radical, one of the most important intermediate 

species in silicon, silicon dioxide and silicon nitride etching by 

fluorine-containing compounds. 

In our report we present the results on LIF detection, spectrosco- 

PY, and monitoring of the formation and decay kinetics of SiF pro- 

duced by IR HPD of SiF4. 

EXPERIMENTAL 

Fig. 1 gives a schematic representation of the experimental set- 

up. In order to obtain a sufficient concentration of SiF radicals 

Fig. 1. Experimental set-up 

in our experiments, the well-known process of IR MPD of fluorosi- 

lane by CO2 laser radiation (ref. 6) was used. The pure SiF4 

gas (contaminations were checked by mass-spectrometer measurements 

before and after the experiment) filled a stainless-steel cell at 
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room temperature (pressure range 33.. .266 Pa). For the photolysis a 

line-tunable TEA CO2 laser was used, which provided a 400 nspulse 

with a 4 us tail. A fluence of up to 100 J/cm2 was obtained in 

the centre of the cell by focussing with a NaCl lens (f = 80 mm). 

The nitrogen-laser pumped dye laser (GR20, Carl Zeiss Jena) genera- 

ted light pulses with 0.3 mJ, 7 ns fwhm pulse duration and 

.7 cm-1 spectral width in the range around 437 nn for excitation 

of the M-system (A22-X21t) of the SiF radical and after frequen- 

cy doubling 40 @J, 5.5 ns fwhm pulses in the 279...290 nm range for 

excitation of the B-system (B*I-X%). The dye laser beam, col- 

linear and counterpropagating to the CO2 laser beam, probed the 

central part of the photolysis region. Fluorescence was observed 

perpendicular to the incident beam with a fused quartz lens focused 

onto the entrance slit of a monochromator (SPMP, Carl Zeiss Jena). 

It was detected by a photomultiplier (EHI 9558QB), the output of 

which was monitored with a boxcar averager (BCI 280) and then regi- 

stered on an X-Y recorder. For calibration of the wavelength scale, 

LIF signals from resolved rotational lines of the OH radical around 

282 nm were used. The error for an individual measurement of the 

SiF bandhead position was + 20 pm (5 2.4 cm-l). The sensitivity 

was better than 5x10* photons/cme from the reaction zone. 

Three types of regimes were used in the LIF measurements: 

(i) fluorescence excitation spectra obtained by scanning the dye 

laser frequency for a fixed observation wavelength 

(ii) dispersed fluorescence spectra measured by scanning the mo- 

nochromator for a given excitation wavelength of the dye laser 

(iii) time-resolved monitoring of the LIF signal by delaying the 

dye laser pulse continuously with respect to the CO2 laser pulse 

(jitter 8.5 ns). 

RESULTS AND DISCUSSION 

sDectra 

All detected LIF signals originated from the R-system of the SiF 

radical, while it was not possible to get a LIF signal from the o(- 

system in the wavelength region around 437 nm. Excitation spectra 

were measured in the 273...290 nm range. For the v" = 0 *v'= 1 

transition it is shown in Fig. 2. As the ground state X22r 
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Fig. 2. Fluorescence excitation spectrum of SiF radical, D-system 
BaB, v'= l+ X'TC, v" = 0 ( hobrs=296.5 nm) 

is split due to spin-orbit coupling, the spectra exhibit two sub- 

bands, corresponding to the X2rc1/2 and X2rCa/2 states. As- 

signments of the band heads are based on a calculated LIF spectrum, 

using literature data (refs. 7-8) The resolution does not allow as- 

signments beyond these band head features. 

The dispersed fluorescence was measured in the 292...325 nm 

range for excitation of the X2asj2, v" = 0 -W BaP, v' = 0 

transition at 289.4 nm (Fig. 3). 

Av=l 

AV=2 

J, 
296 30.4 312Ab-1m)320 

Fig. 3. Dispersed fluorescence spectra of the SIF radical, D-system 
& rxc=289.4 nm (BaX, v' = 0 -cXe~ca/e, v" = 0) 

The bandhead positions of the Av = 1, 2 transitions are in good ag- 

reement with previously reported data (ref. 9). The spin-orbit 

splitting of these transitions is clearly resolved. 
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It was also found that probing at 289.4 nm resulted in the occu- 

rence of fluorescent lines at wavelengths shorter than the excita- 

tion wavelength. This indicates high rovibrational excitation of 

the SiF radicals, causing spectral overlapping of the rotational 

features of different absorption bands. 

resolved flu.o,rescenm 

As was shown by the observed spontaneous fluorescence, there was 

multiphoton absorption in the 9 nn branch (for smaller fluences see 

ref. 10) as well as in the 10 nm branch. By scanning the COa la- 

ser frequency from the 9R(50) to the 10P(8) line, the efficient 

formation of SiF radicals was observed not only with excitation in 

the traditional wavelength range at the maximum of the SiF4 li- 

near absorption spectrum (QP branch), but also with excitation in 

the 10R branch (detuning from the linear absorption maximum of Si- 

F4 by 40...50 cm-l). When the COa laser fluences exceeded 10 

J/cm*, MPD at pressures k 100 Pa proceeded more effectively with 

excitation in the 10R branch than in the QP branch. This fact can 

be completely explained by the self-sensibilisation phenomenon. 

Here, a small fraction of SiF4 molecules in high rotational sta- 

tes can absorb laser radiation in a wavelength region shifted to 

the '*red" of the linear absorption maximum. Then these "hot" mole- 

cules excite "cold" molecules to higher levels with more appropria- 

te absorption cross sections, resulting in dissociation of SiF4. 

The time behaviour of the SiF LIF signal was quite different for 

different excitation wavelengths of the photolysis IR laser (Fig. 

5). For the BP(40) line (9.7308 km). which is near the linear ab- 

sorption bandhead (9.709 nm), there was no induction period in the 

rise of the LIF signal, as was the case for the 10R(40) line 

(10.1226 nm). The pressure dependence of the SiF LIF signal was 

also different for these two CO2 laser lines (Fig. 6). For exci- 

tation with the 10R(40) line three regions with different slope can 

be distinguished (curve I). For the 9P(40) line the pressure depen- 

dence was more linear (curve II). We could detect no SiF with exci- 

tation in the 10 nm branch below a pressure of 100 Pa SiF4. These 

results can be well explained by self-sensibilisation. 
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Fig. 4. Time dependence of SiF Fig. 5. Pressure dependence of SiF 
radical on delay between and COa LIF signal for differrent excitation 
and dye laser pulses for diffe- Co2 laser lines. Tine delay 3 us 
rent SiF4 pressures I - l0R(40) 
nd,,=289.4 nm, hot,o=295.8 nm II - 9P(40) 
a - UBR(40) line ofCO2laser 
b - gP(40)line ofCO2 laser 

REFERENCES 
1 J.P. Booth, G.Hancock and N.D. Perry, LIF Detection of CF and 
CF2 Radicals in a CF4/02 Plasma, Appl. Phys. Lett. 50(8) 
(1987) 318-319 
2 J.B. Jeffries, in: Process, Diagnostics, Material, Combustion, 
Fusion, Mat. Res. Sot. Sympos. Proceedings 117(1988), pp. 11-21 
3 M. Suzuki, N. Washida and G. Inoue, LIF of the Sic12 Radical, 
Chem. Phys. Lett., 131(l) (1988) 2430 
4 J.W. Thoman and J.I. Steinfeld, LIF Detection of SiHs Produced 
in IR HPD of Organosilanes, Chem. Phys. Lett., 124(l) (1988) 35-38 
5 Y.Matsuni et al., LIF study of Si etching Process: Detection of 
SiFs and CF2 Radicals, J. Appl. Phys., 80(1988) 4102-4105 
6 G.Yahav and Y. Haas, SiF4 Visible Fluorescence Induced by High- 
power CF2C12 Laser Irradiation, Chem. Phys. Lett., (83(3) 
(1981) 93-497 
7 J.W.C. Johns and R.F. Barrow, The Band Spectrum of SiF, Proc. 
Roy. Sot. 71(1958) 476-484 
8 L.T. Earls, Intensities in %-2X Transitions in Diatomic Mo- 
lecules, Phys. Rev. 48(1935) 423-424 
9 R.R. Reddy, T.V.R. Rao and G.T. Naidu, r-Centroids and Franck- 
Condon Factors of the SiF Molecule, Acta Physica Polonica, A64(6) 
(1983) 667-670 


