Fh (FBE)
FhREEFF
FAEEODHM

FUREDEH

F AL X E H

mXEBEER

OB OE

()

MWF RIS

FRR1 14E3H24H

HOREDTAR MES FREER

FARRIEE 4 %55 1 THE Y

RO RGBS & 581 (100) Z s b s Uic

Ik (ERF) ORE RGBT 55

F & B B EEEBZ-
¥ & FHA R
Bh# & B OB
Bi & & R F—8p
Bi#& & KA # GEERE)

-— 79 —




MXANBEDRE

Synchrotron-radiation (SR) stimulated processes have attracted much attention in
semiconductor technology for fabricating submicron- and nano-scale devices, because
these are low-temperature and low-damage processes with high selectivity in the
excitation of chemical reactions. From this viewpoint, the understanding and the control
of the chemical nature of chemisorbed hydrogen on Si(100) surfaces (H(D)-Si(100)) are
important research subjects in SR processes as they are commonly occurring processes.
The purpose of his thesis is clarifying the annealing and SR irradiation effects on the
structure of the H(D)-Si(100) surfaces.

It is well known that the structure of H(D)-Si(100) surfaces is strongly dependent on
the condition of the atomic hydrogen exposure. The monohydride surface which is
prepared by a saturation exposure of atomic hydrogen at high temperatures of around
600 K yields the ordered 2x1 structure. The saturation exposure of atomic hydrogen on a
2x1 surface at 380+20 K yields an ordered 3x1 structure which consists of alternating
coupled monohydride (H-Si-Si-H) and dihydride (H-Si-H) units. It is also reported that
saturation exposure below 400 K produces a 1x1 structure which consists mainly of
mono- and dihydride and of some trihydride species. Concerning the 1x1 surface obtained
by the hydrogen saturation exposure (H(D)-Si(100)1x1), it is reported that the structure
is a disordered 3x1 consisting of H-Si-Si-H and H-Si-H when formed at 300 K.

High-resolution infrared (IR) absorption spectroscopy is a powerful tool for the
detection of adsorbed hydrogen on silicon surfaces and for the investigation of the
associated structures and reaction mechanisms. However, the SR irradiation and
annealing effects on the hydrogen terminated systems, have not yet been investigated in
detail using this technique.

In this work, the structure of the H(D)-Si(100) 1x1 surface formed at 400 K and its
change by annealing and SR irradiation have been investigated by BML-IRRAS method
using a CoSi, BML Si(100) substrate, and reflective high-energy electron diffraction
(RHEED). Here, the initial substrate temperature of 400 K was selected so that the
existence of trihydride, which complicates the analysis, can be ignored. The SR
irradiation experiments were carried out using the SR beam without
monochromatization from the beam line 4B of the 0.75 GeV storage ring (UVSOR) at the
Institute for Molecular Science.

From measurements of IRRAS of silicon hydrides on the Si(100) BML substrate
surfaces as a function of hydrogen exposure at 400 K. Two peaks, which are assigned to
the SiH symmetric stretching and SiH, symmetric bending vibration bands,
respectively, are observed. At around the saturation exposure (1000 L), the peak height
of the SiH symmetric stretching vibration band decreases to about 2/3 of that in 100 L,
accompanied by the appearance of a SiH, bending vibration band and the change of
RHEED pattern from 2x1 to 1x1.



Therefore, it shows that only monohydrides and dihydrides exist as dominant
species at the saturation exposure region. Furthermore, since the integrated
absorbance (IA) of the Si-D stretching vibration band increases about 1.5 times, as
described later, upon 650 K annealing, which decomposes dideuteride to monodeuteride,
it is considered that the distribution of Si atoms between dihydride and monohydride is
1:2 on the H-Si(100)1x1 surface. Since, 3x1 unit cell consisting of iterating H-Si-H and
coupled monohydride (H-Si-Si-H) is a stable structure at 400 K, and H-Si(100)1x1
surface formed at 300 K is made up of disordered 3x1 units, it is quite possible from the
above result that the structure of the H-Si(100) 1x1 surface at 400 K is also a
disordered 3x1 structure consisting of H-Si-H and H-Si-Si-H units.

Next, the effects of the annealing and SR irradiation on the D-Si(100)1x1 surface
were investigated. From the annealing study, the observed IRRAS spectral change due
to annealing is explained from the results of the temperature programmed desorption
(TPD) experiments for the hydrogen (deuterium) adsorbed Si(100) surface. It is known
that the 8, peak of TPD, which starts to rise at about 670 K and peaks at around 760 K
(dT/ds=1.7 K), indicates the hydrogen desorption from monohydride phase, and the 8,
peak which starts to rise at around 550 K and peaks at 630 K, indicates the hydrogen
desorption from dihydride phase. Therefore, the rapid decrease of the IA at around 700
K is ascribed to the 8, desorption and the corresponding peak shift to the lower
frequency side is explained mainly by the decrease of the dipole-dipole coupling
interaction. Concerning the 8, desorption, the preparing mechanism is supported by
the scanning tunneling microscopy (STM) experiments, 1i.e., monohydride
(monodeuteride) desorbs through the precursor form of H-Si-Si-H (D-Si-Si-D).
Therefore, it is concluded that the surface after the annealing at 670 K or higher is
covered only by D-Si-Si-D, if there exist no defects on the surface, and the sharp SiD
stretching vibration band observed at around 1525 cm™in the case of annealing study
is assigned to the D-Si-Si-D symmetric stretching vibration.

On the other hand, concerning this 8, decomposition, the IA of the SiD stretching
vibration band increases by about 1.5 times with annealing temperature increase from
400 to 650 K. This supports the fact that the distribution of Si atoms between
dideuteride and monodeuteride is about 1:2 on the D-Si(100)1x1 surface and B,
desorption is explained by the thermal decomposition of 2SiD, to D-Si-Si-D + Dy(gas).

Next, the change of the SiD stretching vibration band due to the annealing plus SR
irradiation is observed. Here, the SR was irradiated on the surface during 15 min
annealing at each annealing temperature. It is reported that the SR irradiation
decomposes di- and trihydrides but not the monohydride. In the present case, a slight
increase of the IA of the SiD stretching vibration band is observed upon 570 K
annealing plus SR irradiation. This increase is explained by the decomposition of
dideuteride to monodeuteride by the SR irradiation, since no increase is observed only

upon 570 K annealing. The decomposition of dideuteride to monodeuteride by the SR



irradiation is more clearly shown by taking the difference spectrum between the
spectra before and after the SR irradiation. It has also been found that the RHEED
pattern did not change from 1x1 by the SR irradiation on the D-Si(100)1x1 at 400 K. It
is assumed that the decomposition of dideuteride by SR at low temperature does not
mainly result in the formation of D-Si-Si-D. The main process is probably the
decomposition of single D-Si-D. Concerning this dideuteride decomposition by SR
irradiation, not only the desorption of deuterium atom by breaking the Si-D bond, but
also the possibility of the etching (desorption of SiD or SiD;) must be considered.

By comparing both cases, they discussed this etching effects from a different
viewpoint. By annealing at 650 K or higher, if there is no defect on the Si(100) surface,
the existing surface deuteride species should become to be only D-Si-Si-D, and
therefore, the SiD stretching vibration band shape should become sharp and symmetric
as observed in annealing study. However, the observed results are quite different in the
case of SR irradiation plus annealing. The SR irradiation effects clearly appear in the
shape of the IRRAS SiD stretching vibration band i.e., at the annealing temperature
higher than 650 K, where only monodeuteride exists, the band shape becomes broad
and asymmetric. In the case of annealing (670 K) + SR irradiation. This asymmetric
shape can be explained by the etching of the Si(100) surface by the SR irradiation. If
there are no defects on the Si(100) surface, the surface hydride species should be, as
already mentioned, only D-Si-Si-D, which are thermodynamically stable in the high
temperature region where the surface migration of deuterium atoms frequently occurs.
But, the observed SiD stretching vibration band shape shows that the surface species
are not only D-Si-Si-D. Therefore, it is concluded that some defects are generated by SR
irradiation on D-Si(100)1x1 surface which consists of D-Si-Si-D and D-Si-D, and it is
concluded that the defects are generated by SR stimulated desorption (etching) of D-
Si-D, because monodeuteride is not decomposed by SR irradiation. Since only
monodeuteride exists on the surface after 650 K annealing, the component of the low
frequency side tail of the SiD stretching vibration band in the high temperature region
above 650 K is assigned to the stretching vibration of Si-D at the defect site generated
by the etching. This means that the SR irradiation induces not only the desorption of D
by breaking the Si-D bond, but also the desorption of SiD and/or SiD, by breaking the
backbonds of D-Si-D.
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AEFRLTZ, PEEAREREOZOHBEBRB A LRFETH 2. HDAAEEE RN
RE BN 45 ¥ BML-IRRAS) % AW T, KIGHTO Si(100)REIZ BT 5 KEOREHEE L
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KRAXISEE,LLRD, F—ETEYryZ7uturyEEtokarEtEEK ST o zAD
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EHFEDABEMITE2IT-TW\W5B, EETIZ, HD)-Si(100)=Em D EEN ., SEHETHRE
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L. INBIODHBENREETHD—H. XIBEITEETHV.,. KR Siokse
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HH, BRE2RHELOEE, BIURNFTOB/BERERERL TS, FWRETIE, %79, 400
K TEBLAEERCEFRAZEE TOCREI S - REKREEER L. o H(D)-Si(100)
DOfEED 1x1 BETH 5 Z % RHEED o Fkic X 0o#EL Mz L. L b BML-IRRAS
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BZriERLE, ZOERICHENEREET 5L IRRAS @ SiH 58 2 <2 + )L DEBEZH A
WHF LW A Fo—T2R8BbnsZ b, BEERBEICED SiH,o SiIH &5 Wi
SiH, Ny 2R FAYMEN D L DORERIZIELLZ, BAETH., AFRORIBL 5%
DERBEOBREBAL TS,
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