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Synchrotron Radiation Excited Processes
— Present Status and Future Prospects —

Tsuneo URISU*, Mitsuhiro NISHIO* and Hiroshi OGAW A#*#

*Institute for Molecular Science, **Saga University

Study of synchrotron radiation stimulated semiconductor process started about 9 years
ago, and many experiments aiming such applications as etching, chemical vapor
- deposition, and epitaxial growth have:been carried out. In recent years, analysis of the
mechanisms of these reactions are also important subjects, and experiments of photosti-
-mulated desorption are actively made. Among these reactions, SR epitaxial growth is a
hopeful application which have a potential of growing to a practical fabrication
technology. After brief review of the initial stage of this field, the present situation with
the study of the epitaxial growth -application is “introduced, then :experiments of
SR-stimulated: processes with surface absorbed layer of orientation-controlled molecules
are introduced as a recent topic.
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Fig.1 Scanning electon microscope photograph of
etched pattern of SiO. formed by synchrotron
radiation irradiation under the reaction gas of
SFs. A poly-silicon thin film having through hole
patterns was used as a etching mask. [Ref. (2)]
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Fig.2 Observed rate of the synchrotron radiation
etching for SiO. and Si(100). The reaction gas
was a mixture of SFs and O.. Horizontal axis is
a content of O,. [Ref. (2)]
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Fig.3 Synchrotron radiation chemical vapour depo-
sition of SixNyH.. Reaction gas was a mixture
of NH; and SiH.. The composition (N/Si) of the
deposited film is measured as a funtion of the
partial pressure ratio of the reaction gas for
various kinds of substrate materials. [Ref. (1)]
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Fig.4 General characteristics of the thermal (broken
line) and photo-assisted (solid line) gas source
MBE growth. The temperature dependencies
are divided into three types of regions I, ll, and
I1l: (1) purely thermal region, (ll) photo-assisted
region, and (lll) purely photo-excited region.
[Ref. (22)]
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Fig.5 Synchrotron radiation excited Si:Hs gas source
MBE. The observed growth rate is given as a
function of the substrate temperature for vari-
ous Si:He gas pressures. Purely thermal pro-
cesses are given by broken lines. Observed
RHEED pattern is given in the flgure 8. [Refs‘
(18, 20, 22)]
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Fig.6 Synchrotron radiation excited SiH:Cl. gas
source MBE. The observed growth rate is given
as a function of the substrate temperature for
irradiated and non irradiated areas. [Ref. (22)]
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Fig.7 The deposited film thickness profile observed in

the synchrotron radiation excited SiH:.Cl. gas
source MBE. The beam intensity profile is also
given. [Ref. (22)]
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Fig.8 RHEED patterns observed in the synchrotron radiation excited Si,Hs gas
source MBE. Pressure of Si;Hs was 1.5 X 107*Torr. The substrate
temperatures were 520°C (left), 410°C (center), and 180°C (right). [Refs.

(18, 20, 22)]
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Fig.9 RHEED patterns observed in the synchrotron radiation excited SiH,Cl,
gas source MBE. Ge(100) was used as a substrate. [Ref. (22)]
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Fig.10 Dependence of the growth rate on the gas
pressure in the synchrotron radiation excited
SiH.Cl, gas source MBE. The deposited film
thickness was measured by Auger electron
spectroscopy and step profile meter. [Ref. (22)]
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Fig.11 The self-limiting adsorption characteristics of
SiH.Cl: gas on the clean Ge(100) substrate
surface. The observed amount (monolayer
unit) of Si on the Ge(100) substrate is given as
a function of the SiH.Cl. gas exposure (1L=1 X
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Auger Electron Analysis

Ge LMM
IRRADIATED
AREA (6 cycles)

a
' !
SI KLL
b
0

dN /7 dE

L

)
)
8 10 12 14 16 18
ELECTRON ENERGY (keV)

NONIRRADIATED
AREA
[
| x5

Fig.12 The observed Auger electron spectra on the
Ge(100) substrate surface after 6 cycles of
layer by layer processes using SiH.Cl.. Depo-
sition of about 4 monolayers of Si was ob-
served. [Ref. (19)]
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Fig.13 A photograph of the ZnTe film deposited on the
substrate (a) and a typical trace measured with
a stylus step profiler (b). The dotted line shown
in Fig.(b) represents the light intensity theoret-
ically as described in the text.
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Fig.14 A typical XPS result of the ZnTe film.
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Fig.15 Typical x-ray diffraction curve (a) and RHEED
pattern (b) for the film deposited on GaAs(100).
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Fig.16 Growth rate of ZnTe film versus gas flow rate of DEZn (a) and DETe (b).
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Fig.20 IRAS spectra of the DMEAA condensed layer
on the a-Si BML substrate, and the SR irradi-
ation effects. (a) As-deposited by 300 L expo-
sure at 113 K, (b) the substrate heated up to
164 K, (c) the substrate cooled down to 113 K,
(d) and the substrate exposed to synchrotron
radiation ( A >150nm) at 113 K for 10min.
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Table 1 Observed IRAS peaks of DMEAA and assignment
Obs. peaks of DMEAA and assignment
peak assignment " | Reference Data
1800cm™ AlH stretch. Ly 1792cm™ TMAA (Ref.15)
1723cm™ AlH stretch. Ly 1720cm™! HsAl (NMeCH ;CH,;CH=CHCH,)
(dimer) 1770cm™ HsAl (NMe,CHPh)
(dimer, Ref.17)
1467cm™ CH; bend. Moy s 1466¢m™ Me;N (Ref.16)
1257cm™ CH; rock. oy I 1272cm™ Me;N (Ref.16)
1083cm™ CH; rock. oy i 1104cm™ Me;sN (Ref.16)
1033cm™ CN stretch. oy 1043cm™ . Me;sN (Ref.16)
892cm™! AlH bend. (. 895¢cm™ bisTMAA (Ref.15)
1 .and u ., are dynamic dipole moments parallel and perpendicular
to the Al- N molecular axis, respectively.
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Fig.21 Change of the IRAS spectrum by the SR
irradiation (A >150nm) with the DMEAA con-
densed layer as-deposited at 120 K on the a-Si
BML substrate. (a) Spectrum of as-deposited
sample, and (b) that of sample subjected to
8-min SR irradiaiton at 90 mA ring current at
T=120 K.
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Fig.22 Cross-sectional view of the buried metal layer
structure measured by SEM. The SiO.(30nm)
JAI(120nm)/Si0./Si(100) structure is observed.
The thin Pt-Pd alloy layer is deposited on the
top surface for SEM observations.
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Fig.23 IRAS spectra of Fe(CO)s adsorbed on the SiO,
BML substrate for dose of 5L{top trace) and
without buried metal layer for 20L(bottom
trace).
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