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Measurements of excitation spectra of photoetching of chlorinated Si(111)7X 7 surfaces stimulated by ultraviolet
nanosecond pulse laser light revealed that there are two distinet spectral peaks, one (o -peak) being located near 290 nm
and another (3 -peak) at 245 nm. The «-peak exhibits a strong supralinear dependence on light intensity above laser flu-
ence of~100 mJ/¢cm?® pulse, while the -peak grows linearly with light intensity. The red shift of the ¢-peak with in-
creasing inlensity coincides with the shift of laser abration, which strongly suggests that the origin of the a-peak pho-
loetching is thermal etching enhanced by surface heating due to interband transition in the substrate. The dependence on
polarization of the incident light suggests that the -peak photoetching originates in exeitation of hot carriers in the sub-
strate which are captured resonantly by the anti-bonding states of the adsorbate chlorides resulting in destzbilization of

the melecules.
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Fig.1 Previously reported excitation spectra of photoetching in chlorinated Si
(111)7 X7 surface. The mark O denotes the reciprocal intensity threshold
I for etching measured by Hattori et al."’ and @ the etching rate measured
by Mogyordsi et al."™ The broken curve indicates the absorption coefficient

of Si crystal.
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Fig.2 Excitation spectra of photoetching in chlorinated Si(111)7 X 7 surface. The
mark [J denotes data for 150 mF/cm® 5 ns pulse, A for 120 md/em’ 5 ns
pulse, O for 50 mJ/em® 3 ns pulse and @ for 150 mJ/cm’® 3 ns pulse, re-
spectively. All except for O (s-pelarized) were p-polarized. The etching rate
was measured by AES in [, and O, but by QMS detecting SiCi* in @,
The data denoted by O are magnified 25 times with respect to those of [
and A, The sclid lines indicate the wavelength variation of absorbance (1 —
R)and that of (1—R)o where R and & respectively represent the reflectiv-
ity and the absorplion coefficient of Si bulk crystal. The broken lines are
eye-guides for each set of data.
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Fig.3 Laser fluence dependence of etching rate at 290 nm 0.1 e

near the a-peak. The etching rate was measured by 2
QMS detecting SiCI*. The solid line indicates the Laser Fiuence (mJ/cm “pulse)
curve calculated by eq. (7) which is based on thermal Fi
desorption enhanced by substrate heating due to light
absorption in the subsirate. The broken curves are
those expected from the model of multiple trapping of
hot carriers whose density is given by eq. (4). The
dot-dash line indicates the linear dependence in the 3@ FESHE N EWVES (50 mI/em? « pulse, Fig. 20)

g.4 Laser fluence dependence of etching rate at 245 nm
near the B-peak. The stching rate was measured by
AES.
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Fig. 5 The shift of spectral peaks with increasing laser flu-
ence. SiC1™ and Si* indicate the ion species that were

detected by QMS.
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Fig. 6 Pelarization dependence of etching rate measured by
AES for 240 nm, 0.3 ml], 3 as pulse light incident
with two different angles, y=30°(@) and y=060°
(O). The solid curves indicate theoretical dependence
expected when the substrate is primarily excited
whereas the broken curves are those expected when
the molecules adsorbed on the surface are directly ex-
cited.
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(a)

()

Fig.7 STM images of a chlorinated Si(111)7 X7 surface before (a) and after (b)
scanaing the surface witli +4.0 V sample bias and 0.2 nA tunneling current.
The images were obtained with +1.0 V sampie bias and 0.2 nA tunneling
current, with which the Si adatoms are in bright contrast while the adsorbed
CI (presumably in the form of $iCl) in dark contrast, Note that the Cl atom
pointed by the arrow moved to the neighboring site during the high voltage

scanning.
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Fig. 8 Sample bias dependence of diffusional jump probabil-
ity per STM scan. Note the anomalous hump near -+4
V sample bias.
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