Vol. 134, No. 12

plane and results in many (or one) reentrant corners at
the needle tip (Fig. 9b). The easy nucleation at the
reentrant sites leads to a sharp appearance on the top of
crystal and will further result in the needle growth.

In general, the dendritic crystal will occur on the con-
dition of low MTS concentration, whose supersaturation
is too high for whisker growth. The dendrites grow per-
pendicularly from the substrate surface. It has a yellow
translucent (for pure B-SiC) or dark gray (with impurity)
appearance and a very pronounced ribbed structure with
well-developed stalk and branching arms (Fig. 10). From
the observation of the growth features, the TPRE mecha-
nism which is responsible for dendritic growth (22) is
evident.

Conclusion

The deposition of silicon carbide from methyltri-
chlorosilane by the low pressure chemical vapor deposi-
tion was studied. The rate of deposition depends on the
deposition temperature and MTS flux. At higher
temperatues the growth rate of films is affected by both
the mass-transfer diffusion limit and thermal etching. At
lower temperatures, the growth rate is primarily
controlled by surface kinetics. The growth texture of
B-SiC films is dependent on the deposition time and
growth rate. However, the major preferred orientation is
(220). The propagation of films is attributed to the twin
plane reentrant edge mechanism, which is also responsi-
ble for the growth of particulate crystals.
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script received June 24, 1987.
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Selective Area Growth of High Quality GaAs by OMCVD Using
Native Oxide Masks
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ABSTRACT

A study of selective area growth by atmospheric pressure organometallic chemical vapor deposition (OMCVD) using
plasma-grown GaAs native oxide masks was conducted. Deposition experiments were carried out with different growth
parameters to observe the variation of polycrystalline coverage on the oxide mask. With high growth temperatures or low
V/III ratios, poly deposition on the mask was depleted, particularly in regions near the unmasked single-crystal areas.
With the optimum conditions for GaAs growth, the polycrystalline growth was homogeneous to the single-crystal bound-
ary, and the single-crystal GaAs areas exhibited liquid nitrogen mobilities up to 105,000 cm?/Vs. Etch-and-fill experiments
were also performed using a NH,OH based etch to obtain near vertically etched sidewalls. Growth from the walls caused
little distortion at the edges of the filled pockets and flat single-crystal surfaces were obtained.

As chloride vapor phase epitaxy and liguid phase
epitaxy became viable technologies for compound semi-
conductors, selective epitaxial growth was proposed and
explored (1, 2). Etch-and-fill experiments using SiO, as'a
dielectric mask were performed, and, as expected, single
crystal GaAs grew in the exposed areas of the substrate
and no growth was observed on the mask. However, se-
vere corner facet formation forced the selective growth
within the rectangular and circular mask openings into
distorted polygonal mesa structures (3, 4). This distor-
tion of the surface geometry precluded many practical
applications of selective epitaxy. In recent years the
increasing demands for GaAs-based integrated circuits
using organometallic chemical vapor deposition
(OMCVD) and molecular beam epitaxy (MBE) technolo-
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gies have generated renewed interest in selective area
epitaxy. Furthermore, the emergence of new devices
such as the permeable base transistor has triggered in-
tensive efforts to develop lateral overgrowth techniques
on tungsten gratings (5, 6). In addition to the most com-
monly used SiO, mask, other dielectrics such as SiN,,
AIN, and shadow masks have been used for patterning
the growth (7-9). Although GaAs native oxide masks
have been utilized with MBE (10, 11), applying native ox-
ide masks to the higher temperature selective OMCVD
process has not been previously studied.

For some device applications, deposition of polycrys-
talline materials is undesirable and efforts have been
made to prevent nucleation on the masks (12). However,
since polycrystalline GaAs (poly-GaAs) is highly resist-
ive, it could be used for isolation and bridging in inte-
grated circuits (13). In addition, because of its high resis-
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tivity, light sensitivity, and presumably very short
carrier recombination times (14, 15), poly-GaAs is a cand-
idate for ultrafast photoconductor material.

In this paper, we report a thorough study concerning
selective area deposition on native oxide patterned GaAs
substrates using OMCVD. The growth characteristics
and material properties of both the single-crystal GaAs
in isolated areas the the poly-GaAs on the oxide were
investigated.

Experiments

Patterning process.—The photo mask used for the se-
lective epitaxy experiments includes lines, patches, and
square rings with various dimensions and spacings (Fig.
1). In addition to studying the effects of crystal orienta-
tion on the single-crystal and polycrystalline growth, the
characteristics of the poly/single-crystal interface can
also be observed for different surface geomeftries. There
are large 3 X 3 mm patches for electrical measurements
such as Hall mobilities and C-V profiling, while the
smaller 10-400 pm geometries are for SEM and optical
microscope characterization.

The native oxides were generated on (100) misoriented
2° towards (110) substrates using the plasma oxidation
technique (16, 17). For our native oxide growth, a Tech-
nic PE-ITIA/PD-IIA parallel plate plasma etch/deposition
system was used, and the range of parameters were: oxy-
gen pressures between 200 and 350 pm, substrate tem-
perature from 200° to 350°C, RF powers between 200 and
400W, and oxidation times from 10 to 30 min. The re-
sulting oxide layers, though‘g to be amorphous GaAsQ,
(16), were typically 150-250A thick, as determined by
ellipsometry. )

After oxidation, the wafers were immediately pat-
terned using a conventional positive photoresist proce-
dure. Once patterned, the oxide was selectively removed
using a 1:10 (HF:H,O) etch followed by a 1:10 (H,0,:H,0)
dip and DI water rinse (10). The HF readily removes.the
oxide, while the H,SO, based etch does not attack the ox-
ide layer. In order to improve the surface quality of the

Fig. 1. (a, top) Large single-crystal GaAs square rings surrounded by
homogeneous poly-GaAs. (b, bottom) [011] and [011] directed line
sefs of single-crystal GaAs among poly-GaAs. Smallest line width of 10
wm. Also shown are small square GaAs rings. Growth temperature =
700°C, AsH,/TMG = 45,
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opened areas in the oxide, a subsequent 1:1:150
(H,SO,:H,0,H,0) 5s etch was performed following the
oxide removal.

For etch-and-fill experiments, 3-4 pm of the substrate
was etched after the oxide pattern had been generated.
Two etching systems with different etching profiles were
used to investigate the selective growth within the 3-4
pm recessed patterns: the H,SO, acid system and the
NH,OH base system. Initially, a 1:1:8 (H,S0O,:H,0,:H,0)
system was chosen since it etches smooth, flat-bottomed
holes at approximately 0.2 pm/min (18). However, the
cleaved cross section of etched samples revealed
nonvertical sidewalls. Since the intention of the selective
growth was to fill in the holes and grooves with minimal
distortion at the walls, the nonvertical sidewalls from the
H,S0, system were undesirable. Therefore a 1:1:10
(NH,OH:H,0,:H,0) etch system which generates nearly
vertical sidewalls traveling in the [011] direction was
used for most of the experiments. Although this base
etch does create more ideal sidewalls in the [011] direc-
tion, it does not create as flat a hole bottom as the H,SO,
etch.

Selective growth.—The experiments were performed
with an in-house built, computer-controlled OMCVD
system. The horizontal reaction chamber configuration
consisted of a 13 in. long 50 mm ID tube, with a centered
4 X 6 cm SiC coated graphite susceptor. The growth pa-
rameters studied were: temperatures from 600° to 750°C,
V/III ratios between 4 and 60, total flows of 5 l/min, and
trimethylgallium (TMG) mole fractions of 2-4 x 10~ All
experiments were carried out at atmospheric pressure.
To better reveal the nature of the selective area growth,
500A heavily doped marker layers were placed between
each of six 5000A undoped layers. By cleaving and
staining the layers, the lateral and other nonvertical
growth could be examined. For electrical measurements
on the 3 x 3 mm patches, several 5-9 pm undoped single
layers were grown.

Discussion and Results

Dependence of polycrystalline GaAs coverage on
growth parameters and mask geometry.—For the
GaAsO; surface, there are characteristic temperatures at
which the reactants [Ga, Ga(CH,);, GaCH;, AsH;, AsH,
etc.] begin to surface migrate. If the growth is carried out
below the required temperature for this to occur
significantly, the poly-GaAs will grow uniformly to the
single-crystal boundary. However, at higher tempera-
tures when surface diffusion becomes important, the op-
erating pressure, temperature, and reactant partial pres-
sures will greatly influence the diffusion coefficient (19,
20). By increasing the diffusion coefficient and therefore
the diffusion length at reduced pressures and/or elevated
temperatures the reactant species can migrate exten-
sively over the GaAsQ; surface, the result being a net mi-
gration to the unmasked single-crystal surfaces where
the reaction efficiency is higher due to increased sticking
coefficient, reduced activation energies, or lower surface

Fig. 2. Large single-crystal GaAs square rings surrounded by sparse
poly-GaAs deposition. Growth temperature = 750°C, AsH;/TMG =
45,
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10 um

Fig. 3. Reduced poly-GaAs nucleation on the native oxide mask and enhanced single-crystal growth at the mask/single crystal interface. (q, left)
Cross-sectional view, cleaved along the (011) plane; (b, right) cross-sectional view, cleaved along the {011} plane. Growth temperature = 750°C,

AsH;/TMG = 45.

potentials (21, 22). Consequently, within some diffusion
length from the mask/single-crystal interface, there can
be minimal nucleation on the mask and growth enhance-
ment in the single-crystal region.

In a set of experiments we performed at various tem-
peratures (P = 1 atm), we observed that the poly-GaAs
growth was homogeneous to the single crystal boundary
at 700°C or below (Fig. 1). However, at 750°C, we found
the poly-GaAs deposition on the oxide sparse and
even depleted in some areas (Fig. 2). The extent of poly-
GaAs coverage on the oxide was found to be dependent
on the mask geometry. The poly-GaAs was always found
to be uniform and dense far away from any single-crystal
regions (> 100 pm) for all growth temperatures between
600°-750°C. Yet, for small mask linewidths (= 25 pm) be-
tween larger single-crystal linewidths (= 25 um), the
poly-GaAs deposition was depleted in the 700°-750°C
temperature range. The mask linewidths necessary to as-
sure no poly-GaAs growth within a given substructure
may vary from one to tens of microns depending on the
growth temperature. As the temperature is increased
above 700°C nucleation on 15-20 pm linewidth oxides
significantly decreases. Meanwhile, as the poly-GaAs
was depleted within the substructures, enhancement of
single-crystal growth occurred at the mask/single-crystal
interface. The degree of enhancement was again depen-
dent on the oxide linewidth and the growth parameters
(Fig. 3). The migration of the gallium constituents from
the oxide to the GaAs during growth seems to explain
these results.

However, the amount of growth rate enhancement in
the single-crystal regions does not account for all of the
undeposited poly which did not nucleate on the oxide. It
is believed that in conjunction with surface migration, a
considerable amount of reactants may diffuse back to
the gas stream. From Fig. 3a, the approximate percent
contribution to the total single-crystal growth rate from
the vacant oxide regions can be estimated. Based on cali-
brated growth rates, the anticipated thickness at the cen-
ter of the mesa should be 3 pm without contributions
from surface migration. A rough calculation of the
growth enhancement showed that only an estimated
30-40% of the material from the oxide regions contrib-
uted to the total thickness of the single-crystal mesa. Al-
though this figure is a gross estimate, it qualitatively em-
phasizes that not only surface migration is prevalent, but
that diffusion back to the gas stream readily occurs. At
either high temperature or low pressure, diffusion could
be so free that growth on all the masked regions will not
occur. Researchers using SiO,, AIN, SiN_, and tungsten
as a masking material have reported similar variations in
the homogeneity of the poly/single-crystal interface with
different growth parameters. Complete absence of poly
growth using low pressure and SiN, masks has been ob-

tained. (12); while homogeneous coverage up to the
single-crystal boundary with AIN masks (8) has also been
observed. Based on the previous and current results, we
belteve that independent of the mask used, onecan find a
set of growth parameters to control the nucleation on the
mask within some substructure. Our results indicate that
if native oxide masks at atmospheric pressure and 750°C
are utilized, then oxide substructures at 15-20 pm or less
linewidth will be free of polycrystalline deposition.

The extent of poly coverage as a function of AsHy/TMG
ratio was also investigated. It was found that at low AsH,/
TMG ratios (Xaen, = 8 X 107, Xpye = 2 x 107%) the poly
coverage becomes sparse in the vicinity of single-crystal
regions (Fig. 4 and 5). We are not certain which effect, the
low ratio or low arsine mole fraction, dominates the lack
of nucleation on the oxide. However, it is apparent that
the arsine plays an important role in the diffusion and
nucleation process on the mask. It should be noted that
such low ratios will not produce high quality GaAs with
our reactor configuration.

Orientation dependence of selective single-crystal
growth.—As with the polycrystalline growth, we found
that the characteristics of the selective growth in the
single-crystal regions are strongly influenced by the dif-
fusion of the Ga-bearing species at the solid surface.
However, since the growth in the single-crystal regions
is epitaxial and not disordered poly-GaAs deposition,
the crystal orientation dominates the properties of the
single-crystal GaAs at the oxide/GaAs interface. Al-
though the extent of diffusion from the mask region may
differ depending on the mask material (SiO,, SiN,,
Ga,0;, GaAsO,), the characteristics of the GaAs at the in-
terface are predetermined by the crystal orientation and

Fig. 4. Large single-crystal GaAs square rings surrounded by sparse
poly-GaAs deposition. Growth temperature = 700°C; AsHy/TMG = 4;
Xasz = 8 X 1074
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Fig. 5. Reduced poly-GaAs nucleation on the native oxide mask between single crystal GaAs lines. (q, left) Cross-sectional view, cleaved along
the (011) plane; (b, right) cross-sectional view, cleaved along the (011) plane. Growth temperature = 700°C; AsH,/TMG = 4; Xpsu; = 8 X 1074,

are independent of the mask. For instance, single-crystal
lines traveling in a particular direction have the same
growth characteristics at the boundary whether the
boundary is native oxide or a single-crystal mesa (Fig. 6
and 7). For lines traveling in the [011] and [011] direc-
tions, the interface will always reveal the (111)A slow
growth planes (Fig. 8) (22). This can be explained by sur-
face migration, and inhibited growth on the (111)A
planes. A Ga-species surface attachment scheme pro-
posed by Reep and Ghandi to explain extensive faceted

growth on (111)A oriented substrates reflects the nature
of the selectively grown interface (23).

Depending on the atomic arrangement at the crystal
surface, the various crystal faces can be categorized into
flat, stepped, or kinked surfaces (24). The (100) plane is a
combination of stepped and kinked, while the [111]
planes are flat. Due to the surface atomic structure, the
desorption of the methyl(s) group from the growth sur-
face of the (111)A plane is thought to inhibit the growth
under mass transfer conditions (23). For the selective

10 ym

—

Fig. 6. Emergence of the [111 ]A low growth-rate planes for regrown GaAs. Etchant used was 1:1:8:H,50,:H,0,H;,0. (g, left) Cross-sectional view,
cleaved along the (011) plane of growth in and around a [011] directed trough; (b, right) same sample cleaved along the (011) plane of a [011] di-

rected trough. Growth temperature = 700°C; AsHy/TMG = 45,

Fig. 7. Emergence of the |111|A low-growth-rate planes for selectively grown GoAs. Homogeneous poly-GaAs separating (g, left) [011] directed
single-crystal GaAs lines; (b, right) [011] directed single-crystal GaAs lines. Growth temperatures = 700°C, AsH./TMG = 45.
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Fig. 8. Pictorial representation of typical [111]A and [111]A facets
developing from the edge of [011] directed lines. The facets are 55°
from the (100) S.1. GaAs surface.

epitaxy at the interior of the single-crystal region, the
growth is considered to be ordered two-dimensional
growth on the (100) surface. However, at the very edge,
the growth is forced to be three-dimensional and the
epitaxy can proceed in all directions. If the growth is un-
der mass transport, most of the Ga species which diffuse
through the boundary layer will be incorporated into the
crystal growth. Therefore the Ga constituents will mi-
grate from the (111)A slow growth plane onto the (100)
surface creating the (111)A facet at the edge. Even for se-
lective growth at 700°C (P = 1 atm), which will produce a
homogeneous poly/single-crystal interface, some pile-up
at the boundary was observed. The inherent migration
from the (111)A plane will generate growth rate increases
at the interface. However, it is possible that at lower
pressures, increased diffusion lengths will allow uniform
enhancement across the entire single-crystal region
eliminating edge pile-up (12). For [011] directed lines of
selective single crystal, the revealed {111} growth planes
are 125° from the (100) surface and they protrude into the
poly-GaAs region (Fig. 7b). Thé competition between the
single-crystal material and the poly-GaAs at the interface
will distort the {111} facets. Under this proposed scheme,
it should be difficult to grow vertical junctions for (011)
and (011) directed lines at the mask/single-crystal inter-
face independent of the mask material (between approx-
imately 600° to 800°C). If the growth temperature is low-
ered into the kinetically controlled regime (around
600°C), the surface absorption should dominate the
growth rate (25) and we have found that the (111)A slow
growth plane can be eliminated (Fig. 9). Also, if the
single-crystal lines are misoriented, then other facets
will appear due to crystal orientation growth dependen-
cies. However, the growth of other facets may have dif-
ferent growth mechanics and dependencies than the
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Fig. 10. Single-crystal GaAs growth in [011] directed troughs among
homogeneous poly-GaAs. Flat surfaces and minimal sidewall growth
are demonstrated within 1:1:10 (NH,OH:H,0,:H,0) etched trough.
Growth temperature = 700°C, AsHy/TMG = 45.

{111} facet since the atomic surface structure will be dif-
ferent (5). Although the mask material and/or growth
pressure do not strongly affect the facet formation at the
oxide/single-crystal interface, it will decide the extent of
surface diffusion on all surfaces, thereby varying the
amount of pile-up at the single-crystal edge. If the geom-
etries of the single-crystal region are smaller than the dif-
fusion length of the Ga-bearing species on the GaAs sur-
face then the pile-up can be eliminated for masks that
allow significant surface diffusion. Although the mask
material and growth parameters are important elements
in selective epitaxy, the crystal orientation and geome-
tries are also crucial factors which can be chosen for
specific device applications.

Filling isolated pockets.—To generate substrate isola-
ted pockets of epitaxial materials, the openings of the
oxide mask were etched 3-4 pm deep into the substrate
prior to the growth. Now, the faceting and orientation of
the etched sidewalls becomes imperative as the growth
ffom the sidewall planes will interfere with the growth
from the pocket bottom. A 1:1:10 (NH,OH:H,0,:H,0)
etch gave nearly vertical walls traveling in the [011] di-
rection. For a slightly less than or greater than 90° wall,
growth from the walls caused a small defective region at
the edge of the pocket. When a 90° wall was generated,
growth on this face was minimal and the expected (111)A
facet appeared at the edge of the pocket (Fig. 10-12).
Lines etched in the [011] direction with this etch were
mesa shaped. Growth in these regions was parallel to
both the flat bottom and the sloped sidewalls similar to
those shown in Fig. 6b.

The 1:1:8 (H,S0O,:H,0,:H,0) solution was also used to
etch patterns into the substrate. The sidewalls traveling

Fig. 9. Elimination of n l} facets for (g, left) [011] directed single-crystal lines and (b, right) [011] directed single-crystal GuAs lines. The [011]
directed lines also reveal lateral overgrowth onto the native oxide mask. Growth temperature = 600°C, AsH,/TMG = 45.
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Fig. 11. A less vertical 1:1:10 (NH,OH:H,0,:H,0} etched wall ex-
hibits more sidewall growth of the single-crystal GaAs within the [011]
directed trough. Growth temperature = 700°C, AsH,/TMG = 45.

in the (011) direction have two facets and the resulting
growth emerged from both of these side facets. The lack
of nearly vertical sidewalls caused enhanced distortion
of the growth at the pocket edges. Hence, less experi-
ments were performed with this etch system since it
does not render the more desirable vertical wall in the
(011) direction.

Electrical and optical characterization.—Hall effect
and photoluminescence (PL) measurements made on the
3 x 3 mm single-crystal patches indicated that the qual-
ity of the material was unaffected by the surrounding
poly-GaAs and native oxide. For unintentionally doped
single layers grown on unpatterned substrates, net car-
rier concentrations ranging from 3 to 6 x 10" cm~* and
liquid nitrogen mobilities (p;;) between 100 and 130 x 10°
cm?/Vs have been obtained. In the selective growth ex-
periments, the 3 x 3 mm patches of undoped material ex-
hibited mobilities from 100 to 105 X 10% cm?/Vs, while the
w7 measured on an unpatterned control piece was 95,000
cm?/Vs.

The polycrystalline GaAs deposited on the oxide mask
was found to be highly resistive. The low field
resistivities of 3 wm thick undoped, heavily-doped, or
alternatively doped (marker layers), poly-GaAs layers
were generally equivalent. The poly-GaAs electrical
properties are similar to previously reported results (10)
and the high defect densities at the grain boundaries are
thought to be responsible for the high resistivity. These
results indicate that large islands of high quality GaAs
separated by semi-insulating poly GaAs can be obtained
using native oxide masks.

Shown in Fig. 13 is a comparison of the PL spectra
taken from a 3 X 3 mm selectively grown single-crystal
patch and an unpatterpgd sample. The similarity of the
two spectra re-emphasizes the high quality of the selec-
tively grown GaAs. We, as well as other researchers, have

(ad
R1ST
L 0.8 Ex ~ 0.4 W/cm®
=
z T ~ 8 K
2
. 0.8
o L
14
T
5> 0.4 |
-
Ll
1}
&
W oo.2|
z
=
o . { .
8400 8300 8200 8100

WARAVELENGTH (ANGSTROMS)

Fig. 12. Emergence of the [1111A and [1171A facets from the bottom
of a near vertical wall trough. Minimal growth occurs on the sidewall of
the [011] directed trough. Growth temperature = 700°C , AsH,/TMG
= 45.

found that undoped polycrystalline GaAs has extremely
low relative luminescence efficiency (8, 25). Also
AlGaAs/GaAs mutiple quantum wells (QW’s) grown on
an oxide patterned substrate have been investigated.
Again, distinet and strong QW signals were detected at
the 3 X 3 mm patches (26). Unlike the undoped single-
layer poly-GaAs, the polycrystals of the QW (poly-QW’s)
exhibited much stronger photoluminescence. Compared
with the single-crystal QW spectra, the full width at half
maximum (FWHM) of the poly-QW’s was significantly
enlarged and the peak position shifted to the lower en-
ergy side of the spectrum. Further investigation of the
poly-QW’s is underway.

Summary

A selective area growth study by atmospheric pressure
OMCYVD using GaAs native oxide masks was conducted.
GaAs semi-insulating substrates were oxidized in a
plasma system and patterned by standard photolithogra-
phy. Unpatterned wafers were typically placed adjacent
to patterned ones during growth for comparison. Single
crystal grown in mask windows has comparable high
quality to those grown on the unpatterned substrates, as
determined by their photoluminescent spectra and Hall
mobilities. At the edges of the selectively grown areas,
the facet formation is primarily dependent on the crystal
orientation when the growth is conducted in the mass
transport regime. Polycrystalline coverage on the oxide-
masked regions was found to be affected by the growth
temperature, V/III ratio, and mask geometry. The poly-
GaAs has extremely high resistivity even though heavily
doped, indicating its strong potential for isolation appli-
cations. Finally, the undoped poly-GaAs exhibits an ex-
tremely weak PL signal, but the polycrystalline quan-
tum well structures have strong luminescence efficiency.
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Fig. 13. Comparison of photoluminescence spectra of (a, left) unpatterned test wafer, (b, right) single-crystal region on on oxide patterned

substrate.
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In Situ Analyses of Photoexcitation Effects on GaCl;

Jun-ichi Nishizawa,* Hidenori Shimawaki, and Yoshiki Sakuma

Research Institute of Electrical Communication, Tohoku University, Katahira, Sendai 980, Japan

ABSTRACT

Photoexcitation effects on GaCl, were investigated by means of infrared spectroscopy. By evaluating an emission
band at 464 cm ! corresponding to GaCly, it has been ascertained that GaCl, is excited in the vapor phase by irradiation
with a 249 or 193 nm laser and the reaction with H, is promoted even at temperatures below 400°C, where the partial reduc-
tion of GaCl, by H, barely proceeds in the absence of irradiation. With nitrogen as a carrier gas, no change was observed in
its emission intensity over the temperature range of 270° ~ 800°C in spite of irradiation with an excimer laser. Similar ef-
fects based on the photoexcitation of GaCl; were observed also in a GaAs-AsCl,-H, system and proved to induce an en-
hancement of GaAs deposition in the presence of an arsenic source.

The preparation of defect-free crystals is quite impor-
tant for the development of semiconductor devices. Es-
pecially in III-V compound semiconductors such as
GaAs, nonstoichiometric defects, which are easily gener-
ated at high temperatures because of the high vapor
pressures of the group V elements, are one of the most
serious problems for the fabrication of reliable devices of
high performance (1). Crystal growth under controlled
arsenic vapor pressure is an effective method for ob-
taining stoichiometrically controlled GaAs crystals (2-5).
It is no exaggeration to say that extended studies on the
growth mechanism of Si and GaAs vapor-phase epitaxy
(VPE) have thrown a new light on the investigation of
chemical reaction processes. For instance, gas phase re-
actions in the chemical vapor deposition (CVD) of Si and
GaAs were examined by means of infrared spectroscopy
(6-8), Raman spectroscopy (9), and mass spectrometry
(10). Moreover, molecular layer epitaxy (MLE) has made
it possible to analyze the process of adsorption and sur-
face reactions in the CVD of GaAs experimentally by
mass spectrometry of desorption species (12). At the pre-
sent time, there have been few reports of the theoretical
estimation of the adsorbed species (13).

Recent attention has been directed to low temperature
processes based on photoexcitation effects. In these pro-
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cesses, one can control elemental reaction steps individ-
ually and precisely by selecting the photon energy and
intensity of the exciting light source. Not only was the
growth rate in GaAs VPE enhanced (11-14), but the sur-
face morphology and the crystalline quality of grown
layers in Si VPE and in GaAs MLE were improved by ir-
radiation using an ultraviolet (UV) light onto a substrate
(15, 18). The latter is presumably caused by the enhance-
ment of surface migration of adsorbed species. Such
photoexcited processes relating to semiconductor fabri-
cation were proposed by J. Nishizawa (17). In order to
keep them under optimum control, it is necessary to
identify the radicals and ions which contribute to a de-
sired reaction, and to have a full knowledge of the wave-
lengths of the exciting source suitable for forming those
species. The direct (in situ) observation of the gas in are-
actor is indispensable to the understanding of the chemi-
cal reaction processes. As an example, this paper de-
scribes the results of a basic investigation into the
photoexcitation effects on GaCl;. It plays an important
role in the halide VPE of GaAs. Previously, we reported
on the reaction mechanism of GaAs halide VPE, where
the significant photoinduced reactions were attributed
to the photoexcitation of GaCl; (18). In the present work,
in situ analyses have been performed in detail by means
of infrared spectroscopy using direct observation.
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