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Synchrotron radiation (SR) induced surface photo-chemical processes
have been studied for the past decades, mainly with a view to applying them to’
semiconductor processes such as etching, chemical vapor deposition (CVD), and
molecular beam epitaxy (MBE). The reaction mechanisms, however, have not been
sufficiently clarified vyet.

SR stimulated Si gas source MBE using Si:Hs (SR-GSMBE) can deposit
the Si single crystal at substrate temperatures below 400%3 where it is
impossible by thermal GSMBE. However, it is reported that the crystallinity
of the deposited film by SR-GSMBE significantly degrades below 230°C. Silicon
hydrides (SiH.) on the surface or in the deposited films have been thought to
make the crystallinity of deposited films worse. However, they have not yet
been detected in situ durjng the epitaxial growth.

The aims of this study are to make clear the basic characteristics
of SR-GSMBE at the low temperature regions below 400°C and to make clear the
deposition mechanisms. To attain this aim, new surface vibrational spectro-
scopy method, infrared reflection absorption spectroscopy using buried metal
layer substrate (BML-IRAS), has been developed and the reaction chamber for SR
~-GSMBE equipped with IRAS optical systems has been constructed. SiH. on the
Si(100) surface have been /n situ observed at the first time and the SR
irradiation effects for SiH. on the surface have also been investigated.

1) Development of BML~IRAS’method and construction of the reaction chamber.

The deposition mechanisms have been analyzed by measuring the
properties of SiH. on the Si(100) surface, especially the decomposition and
the desorption of SiH. induced by SR irradiation. BML-IRAS has been adopted
to monitor SiH. /n situ on the Si(100) surface during the epitaxial growth
with high sensitivity and nondestructively. Up to now, IRAS has been used
only for metal surfaces, since the spectral shape is significantly distorted
depending on the refractive index of adsorbates and the incident angle of the
IR beam on the semiconductor surfaces. Buried metal layer (BML) substrate,
which has a metal layer buried under a semiconductor or insulator thin film

shows the characteristics of surface materials for the chemical reactions and
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those of the buried metal for the electromagnetic properties of the IR beam.
Thus, the adsorbates on the semiconductor or insulator substrates can be
detected with high sensitivity by BML-IRAS. To observe SiH» on Si(100)
surfaces during SR-GSMBE, the BML-IRAS method has been developed and the
reaction chamber equipped with IRAS optical systems has been constructed. At
first, the sensitivity and the linearity of the BML-IRAS method have been
evaluated by using Langmuir-Blodgett (LB) films of barium stearate deposited
on BML substrates with Si0:/A1/Si(100) structure, and then SiH. species of
a-Si on the Si0: substrate during SR induced chemical vapor deposition using
Si:He gas (SR-CVD) have been monitored in situ to confirm the usefulness of
BML-IRAS. It has been assured that the BML-IRAS method has sufficiently high
sensitivity to observe one monolayer or less of the LB films deposited on Si0O:
surface without spectral distortion. SiH. adsorbed on SiO: surface during the
deposition of a-Si by SR-CVD have been observed in situ for the first time by
BML-IRAS. The decomposition rate of SiH. on the SiO: surface by the SR
irradiation have also been measured.
2) The deposition mechanisms of SR-GSMBE

SiH. on the Si(100) surface during SR-GSMBE have been observed by
IRAS using BML substrate with the CoSi: buried metal layer made by Co™ ion
implantaions following the thermal Si:Hs GSMBE. Then, the following results
have been obtained.

@DSiH. with submonolayer thickness adsorbed on the Si(100) surface during SR
~-GSMBC have been observed in situ for the first time (Fig. 1). Only SiH
stretching vibrational peak has been observed at around 400C where the 2X1
reflection high energy electron diffraction (RHEED) pattern is observed. With
decreasing substrate temperatures, RHEED pattern for the deposited films has
been observed to change from 2X1 to 1X1, and then SiH2 and SiH3 stretching
vibrational peaks appear and increase in their intensity. This is mainly due
to the decrease of the decomposition rate of SiHs and SiH: on the Si(100)
surface with decreasing substrate temperatures.

@SiH: and SiH: on the Si(100) surface are found to be decomposed to SiH by
the SR irradiation. SiH, however, is not decomposed by SR irradiation. The

decomposition reaction cross sections are evaluated to be 5.7X107°° cm® (SiH:)

— 153 —



Absorbance

and 1.7X10"'%cn® (SiH:) for the total irradiating photon flux, and 5.7%10°'°
cm® (SiH:) and 1.7X107'% cm?® (SiHs) if it is assumed that the decomposition
mainly induced by Si'L:,s core electron excitations.
®The important processes in SR-GSMBE are i) the chemisorption accompanied
by hydrogen desorption of the Si:Hes decomposed species generated by SR
irradiation in the gas-phase, and ii) the photo-stimulated desorption of the
surface hydrogen by SR ‘irradiation.
The remove of the hydrogen by the chemisorption of the gas phase
SiH. generated by SR irradiation is especially important for the single
crystal growth at low temperatures (<400°C), since the hydrogen atoms on the
surface prevent the Si adatoms surface migration which is important process in

the epitaxial growth.

7/ ‘ ~ Fig.1l. IRAS spectra of films
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REHER LI, MEBHE VI VFAVY —AFFHRIESY XT3k (MBE) OFRIZ Y
o VHEERERICAER T ASiH. (SiH, SiH., SiH:) MEB 2 EEZ OB THET S HiE
RHFL. R 2BE LAEE0 TR ORERTOEHEHLPIILADDTH b,

BT, REEHEI VI VHAY - AOMECEHTAINETCOMAEBLITED
e BN LEMEDONBE ST 2T oTWd, E_BETIE, YV a0 k) PEMAEE
MEKCHTE/ L= —THELALSIH.2BRETrOEBRBECHUTLFEL LT,
A A B (BML) %2 A V7R S RIS 6 (IRAS) #REL. £¥., T0%
B RS IR UEE R BE AR M ISR L o RIC, Si02/A1/Si (100) BMLEAR £ #{EL. &
WICATFT7U YEEN) 27 A EOBEL2HEHRSE, 2ORFRNFENANRS PV &2 HIE
L. COHEFHBEBEF B THTHICRELRO>I L 2R LA, ¥ 72BML-IRASE D
ERANEFOBBEFEL LTOFA%EFEMT S A0, Si:He ¥ A % H v B KB
RMEES CDRIBRTRBR LT SERICLZL L2 MR L, FZFETIX, BULENR L
L TSi (100) /CoSiz/Si (100) % u#afii L. Si:He ¥ A ZH WSR2 H R
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SiHsDARZ NV ZWMHDTEOHBRMT I LICHR LA, ThOoDREBEDEMIEE

W TAHBABBENERHNALER, EREEFEHVEES (400C) ICIESIHASEIZEREIZ
FAEL, BEREESTAEIC o TSI RSiHAHREI EEHLMIC LA, 0 K
BXOBEIZ L 5T, SiH:RSIHAEISIHIC BT 5245, SIHRGBLZWZ & ZRWIIL
720 2L RSIHIEFEHORAIBCEZREMICHEFT L HR, BELBR )22 F
AV — AMBEIZ BW T EMICHEIET BSiHatd, SizHe~D P HWEIC L o TRMH TH
BEMER L 0B BEOETM~ORE., 7HBEICLIRTMAENT EIKRERIE., B XU,
FHIZHEELZSIH OB XL ILIEZSBEBCI-oTERRELAZDDOTH), ThbD
DR HRHES VI TAY—AMBEOELRZRICTH S L#FHwm L,

DE, 2BEORAAERELBVIRARFRIGEIZ L D EEAEBHES VIV TAY -
AMBED B D BEMETMADOREE 2 BT 2 HELHLL, TOEEHRBHEETA~ORD
RV E R, BREERKEOLFEE L TEMBICEVWKRELIH), T+
MEOHELENDThHb, Lo THEERBREZIHBERLTIFENBRELETLHELEE—-HT
HHr L7z,

¥, BEAXOEERTHR. BETIEMSBBIUE0ERLL2L20H, T4b
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