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A study of synchrotron radiation excited CVD (chemical vapor
deposition) and etching of semiconductor surfaces was initiated about ten years
ago. It has attracted considerable attention in the hope that this technique
would provide us with unique features and advantages of using SR; (1)
cleanliness of the process environment, (2) lowering of process temperatures, (3)
material selectivity owing to strong absorption cross sections in the extreme
ultraviolet region, and (4) finer machinability owing to the use of short
wavelength light. At the early stage of the research unique phenomena were
found concerning material selectivity and space selectivity in using SR as a
light source. Despite the efforts which had been spent the reaction mechanisms
were not clarified; even what nascent species that desorb from the surface as
reaction products had not been identified. Although surface science aspects of
thermal etching reactions have been accumulated, SR-excited etching was not well
studied. It was the time when I started participating this research.

In the present thesis SR-excited etching reactions are mainly studied
using two techniques; one is to measure the etch rate as a function of etchant
gas pressure, wavelength of the irradiated light, type of etchant, and
temperature for some semiconductor materials such as Si, Si0z, and SiC as well
as diamond and graphite and to discuss the mechanism of the etching reactions.
Another approach is to detect desorbed species form the surface using electron
bombardment ionization mass spectrometer detector and measure their velocity
distributions from which some information about the dynamics of etching
reactions involved has been obtained.

Using halogen containing gas of SF¢ as etchant, Si containing
compounds of silicon, silicon dioxide and silicon carbide were etched by
irradiating synchrotron light. From quantitative determination of the quantum
yields for etching it has been found that surface photoexcitation process plays
an important role in SR-excited etching. The etch rates are found to range from
0.2 to 0.02 X mA/min depending on the type of etchant and wavelength of the
extreme light used to stimulate etching reactions. For example, photoexcited
etching of Si0: surface with SFs gas studied using undulator radiation at 143
and 251 X. The SF¢ gas pressure and wavelength dependence of etch rates were
neasured for Si0O: in the pressure region between 0.016 and 0.50 Torr. They have
found that, at these wavelengths and in the pressure region studied, the etch
rate is proportional to the amount of the light absorbed by one layer of surface
moiety which is speculated to be SiO:. In order to explain its quantum yields a
reaction model for SR-excited etching that, as long as the fluorine radical

concentration is high enough, the desorption reaction is induced with a unit
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probability when one undulator photon is absorbed by the Si0: layer, has been
proposed. The results are presented in the Chapter I.

The next questions which he wanted to answer were what kinds of
nascent species are desorbed from the fluorinated silicon surface, how much
energy is partitioned to the translational motion of the desorbing products,
and how they are affected by shining SR on the sample surface. Therefore he
decided to detect the desorbed species from the surface in situ in SR-excited
etching reaction. Though the major desorbed species of etching are expected to
be neutral, they had not been detected in situ SR excited etching reaction
because of the low intensity level expected. Carefully examining the
sensitivity of available neutral detectors and estimated rates of SR-excited
etching reaction, he has constructed an apparatus which enables them to measure
the velocity distributions of the desorbed species formed in the SR-excited
etching reaction of Si with halogen containing gases. The neutral desorbed
species from the surface in the etching reaction of silicon have been identified
from the measurements of their velocity distribution using a time-of-flight (TOF)
technique combined with an electron bombardment ionization mass spectrometry
(EBIMS). The major ion masses for the desorbed product species are SiFs* and
SiF" when the SR light with photon energies ranging from 50 to 500 eV is shone
on the Si surface in XeF: atmosphere. The parent masses for the ion mass of
SiF:" are considered to be SiFs and/or SiF«. In this case two components have
been observed in the TOF spectra; a fast and a slow component. The slow
component is fitted to a Maxwell-Boltzmann(MB) distribution. Its translational
temperature agrees well with the surface temperature. The fast component
exhibits a sharp distribution, and can be fitted to a so-called a shifted
maxwellian. The behaviors displayed by the two components are quite complex and
depend upon surface temperature, if SR is shone or not, its dose, the history of
etching reaction and so on. Examining the data obtained, it is concluded that
the effect of excitation by SR on the kinds of desorbed product species and the
translational temperature is not in the last process of desorption from surface,
but mainly in the process of activation and/or decomposition of a fluorosilyl
(SixFy) layer formed on the surface. It is found that a fraction of fast
component increases when SR is shone on the surface. The details of the results
and discussion of a model proposed for synchrotron radiation-excited etching of
Si in halogen atmosphere are described in Chapter II.

The next materials he tried to etch are carbon containing solids,
especially diamond, since it is expected to be chemically inert but is expected
to be useful. They have found that SR-excited etching of diamond is
successfully done even at low temperatures (as low as -140°C) at which diamond

is thermally not oxidized in the gaseous environment. It has been demonstrated
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that any of the three types of crystalline diamond, i.e., industrial diamond
made at high pressures, thin films grown by chemical vapor deposition, and
natural diamond, can be etched by irradiating SR in the 0O: atmosphere. From the
etched pattern obtained by placing a Ni mesh made of 40 4 m wires above the
sample, it has been found that only the irradiated area is etched and thus
surface excitation by SR is essential along with the supply of reactive radical
species formed by photodissociation. By selecting the wavelength range of the
photons irradiated with and without inserting a carbon filter, the effective
wavelength region for diamond etching has been found, that is a photon with an
energy over 285 eV, at which an inner shell of carbon can be excited, most
effectively contributes to reaction. These results are described in Chapter IV.

In the last chapter, Chapter V, common features to and different
points between SR-excited etching reactions of Si and C-containing chemicals are

discussed along with possible future themes in this field.
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