eI HEIEH1E 199028 271
s | bE 1_51 @/’
= TS
ey F 2 7 R

IEE B

S FHE R

SYNCHROTRON RADIATION-EXCITED ETCHING REACTIONS
Kosuke Shobatake

Institute for Molecular Science, Myodaiji, Okazaki 444 Japan

The present status of the research on synchrotron radiation-excited etching reactions
of Si0, and various Si surfaces initiated at the KEK—Photon Factory and at. UVSOR-
is reviewed, although it isat a primitive stage of the development. The recent results
obtaind for etching reaction of SiQ,/SF; system ——a) the pressure and temperature
dependences of the etch rates, and b) cross—sectional profiles of the etched surfaces
as a function of SF pressure, and ¢) wavelength and pressure dependence of the etch

are described and the re-

rates using pseudo—monochromatic undulator radiation
action mechanisms are discussed. From the results so far obtained it has been concluded
that excitation of the Si0, surface covered by reactive species such as F atoms is essen-
tial in promoting the etching reaction. The etching reactions of various Si materials
by Cl, and SF, gases are also presented and a possible contribution of surface exci-
tation is discussed. It has been believed that Si surfaces are etched by spontaneous
reaction of the radical species formed by photodissociation of gaseous etchants. How
ever it is pointed out that more experiments are needed to clarify the mechanisms of

etching reactions of Si surfaces.

(C) 1990 The Japanese Society for Synchrotron Radiation Research
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Fig. 1 Calculated spectrél distribution of syn-
chrotron radiation from PF (orbital radius
of curvature p =8.66m , electron energy
E=2.5GeV)and UVSOR(p =2.2m,E =
0.75) versus wavelength A. The solid and
dashed curves correspond to the intensi-
ties integrated over the out—of—plane
angle from the orbital plane, w in units
photons/s mA mrad 60.1% A ) for PF
and UVSOR, respectively. The dotted
curve corresponds to that integrated over

| w | £0.25mrad for UVSOR.
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Table 1 Light Intensities of Synchrotron Radiation from Bending Magnets Intergrated over 1
and 2000 A
Facility Eleciron Energy Orbital Radius Integrated Photon No.
(GeV) (m) (Photons/mrad 6 - s)
PF 2.5 8. 66 2.48x10'°
UVSOR 0.75 2.2 6.10x10'%®
1.65x10'%%

a) Integrated over all out—of—plane angle ¢.

b) Integrated over | ¢ |

< 0. 25mrad.
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Fig. 2 Calculated spectral distribution of undu-

lator radiation from UVSOR—-BL3A1 for
gap length L,=70 and 33mm.

2 Observed Photon Numbers of the Undulator Radiation at UVSOR—Beam Line BL3A1,

Gap Length A Photon Numbers Quantum Yield for
(mm) (A) (Photons/mA - s) Photoelectric Yidld®’
70 143 1.45x10"? 0. 046
33 251 2.76x10'*® 0. 062
1.21x10"? 0. 05459

a) A (:wavelength of the first order light.

b) Photoelectric Yield from Al,O; on an Al foil.
c¢) Calculated effective photoelectric yield corresponding to the intensity spectrum shown in

Fig.2 (L,=33mm).
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Schematic diagram of the beam line and the photochemical reaction chamber at

B L —1C at Photon Factory. PV:pneumatic valve; IP: ion pump;

TP: turbomolecular pump; G: Vacuum gauge.
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Fig. 5 Schematic diagram of the synchrotron, radiation—excited surface reaction appa-
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chamber; TP: turbomolecular pump; R.P.: vacuum rotary pump; GV: pneumatic

gate valve; SOR: SR.
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Fig. 8 Observed cross sectional profile of the
Si0, surface etched by SR—excited with
S F; as a function of the SF, pressure.
The irradiation experiments were done at
the beam line B L8A of UVSOR.The syn-
chrotron radiation was irradiated through
a channel (3mm in diameter and 30mm
long).The Si0, thickness was measured
across the center of the SR beam using a
film thickness measurement apparatus

(Nikon model FTM— 5).
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