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8 COMPRESSED AIR 

COMPRESSED AIR 

(57) ABSTRACT 

A Substrate is heated in a crystal growth vessel evacuated to 
a ultrahigh Vacuum, and gases containing component ele 
ments of a crystal to be grown on the Substrate are intro 
duced into the vessel under predetermined conditions to 
cause Successive epitaxial growth of Single molecular layers, 
the number of growth cycles being automatically controlled. 
A mass analyzer is disposed opposite to the Substrate in the 
vessel So that the progress of crystal growth can be inces 
Santly traced and evaluated for each of the molecular layers. 
An etchant gas introduction nozzle extends into the vessel to 
make etching treatment of the Surface of the Substrate in the 
evacuated vessel prior to the crystal growth. 
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SEMCONDUCTOR CRYSTAL GROWTH 
APPARATUS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The invention relates to a semiconductor crystal 
growth apparatus Suited for forming monocrystalline growth 
layers of a Semiconductor with precision as precise as a 
Single molecular layer. 
0003 2. Description of the Prior Art 
0004. A Metal Organic Vapour Phase epitaxy process 
(hereinafter referred to as an MO-CVD process), a molecu 
lar beam epitaxial process (hereinafter referred to as an 
MBE process) and an atomic layer epitaxial process (here 
inafter referred to as an ALE process) are well known in the 
art as vapor phase epitaxial techniques for obtaining crys 
talline thin film of semiconductors. 

0005. In the MO-CVD process, III and V group elements 
as Sources, and hydrogen gas or the like as a carrier are 
Simultaneously introduced into a reaction chamber to cause 
crystal growth by means of thermal decomposition. The 
thermal decomposition results in a poor quality of the grown 
crystal layer. In addition, the thickness control which is 
dimensionally as precise as a single monolayer is difficult. 
0006 The MBE process is well known as a crystal 
growth process making use of a ultrahigh vacuum. This 
process, however, includes a first Stage of physical adsorp 
tion. Therefore, the quality of the crystal obtained is inferior 
to that obtained by the CVD process which makes use of a 
chemical reaction. Besides, for the growth of a compound 
Semiconductor Such as GaAS of III and V group elements, III 
and V group elements are used as Sources and are disposed 
in a growth chamber. Therefore, it is difficult to control the 
amount and rate of vaporization of gases evaporated as a 
result of the heating of the Sources. In addition, replenish 
ment of the Sources is difficult. Further, it is difficult to 
maintain a constant growth rate for a long period of time. 
Furthermore, the evacuating device is complicated in con 
struction. Still further, precise control of the stoichiometric 
composition of a compound Semiconductor is difficult. Con 
Sequently, the MBE process is defective in that high quality 
crystals cannot be obtained. 
0007. The ALE process is an improvement over the MBE 
process. In this process, component elements of a compound 
Semiconductor are alternately Supplied in the form of pulses 
So that monoatomic layers are alternately deposited on a 
Substrate to cause growth of a thin film composed of atomic 
layers, as disclosed in U.S. Pat. No. 4,058,430 (1977) to T. 
Suntola et al. Although this proceSS is advantageous in that 
the film thickness can be controlled with the precision of the 
atomic layer, it is actually an extension of the MBE process, 
and the crystal quality is not Satisfactory as in the case of the 
MBE process. Besides, its application is limited to growth of 
thin films of compound Semiconductors, e.g., those of II and 
IV group elements, Such as CdTe and ZnTe, and the proceSS 
is not Successfully applicable to Si or GaAS, which is the 
most important Semiconductor material presently used for 
the production of Semiconductor devices including ultra 
LSIS. There are attempts for improving the ALE process So 
as to absorb molecules to the Surface of a crystal thereby to 
make use of chemical reactions on the Surface of the crystal. 
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This approach, however, concerns only with the growth of 
polycrystals of ZnS or amorphous thin films of Ta-Os, and 
has not concern with a single crystal growth technique. 
0008. With any of the prior art crystal growth processes 
described above, it has been difficult to obtain a crystal film 
of high quality and it has not been easy to control the 
thickness of the crystal film to a desired value, 
0009. In the meantime, in the manufacture of a semicon 
ductor device, it is important to make evaluation during the 
manufacturing process as to whether or not a crystal is 
growing as designed for obtaining a high-quality Semicon 
ductor device. In the prior art, the evaluation has been done 
by taking out the Semiconductor from the growth vessel and 
testing it using an analyzer. The operation of evaluation, 
therefore, has been very cumberSome, and the evaluation 
efficiency has not been high, resulting in incapability of 
attaining Satisfactory quality control. Further, when a new 
device is to be manufactured, the evaluation has required a 
long time resulting in a great delay of the manufacture. 
0010 From the aspect of growth of a thin crystal film on 
a Substrate, the Surface State thereof is very important. If the 
Surface State is unsatisfactory, the grown crystal will also 
have an unsatisfactory crystal property, and, in worst cases, 
no crystal growth is attained at all. In the case of a GaAS 
Substrate, for instance, it has to be pretreated, prior to the 
crystal growth, by means of wet etching using a liquid 
etchant mixture consisting of HSO, H2O and H2O. How 
ever, Since the Surface after etching is very active, an oxide 
layer or like deposit layer has been formed thereon, if it were 
exposed to atmosphere after the Step of etching. 

SUMMARY OF THE INVENTION 

0011. An object of the invention is to provide a semicon 
ductor crystal growth apparatus, which can obviate the prior 
art drawbacks noted above and can automatically form 
high-quality Single crystal layers with precision as precise as 
a single molecular layer. 
0012. According to one aspect of the invention which 
attains the above object, there is provided a Semiconductor 
crystal growth apparatus, which comprises a crystal growth 
vessel for accommodating a Substrate, heating means for 
heating the accommodated Substrate, evacuating means for 
evacuating the crystal growth vessel to a ultrahigh vacuum, 
nozzle means for introducing gases containing component 
elements of a crystal to be grown on the Substrate into the 
crystal growth vessel from outside, Valve means provided 
between the nozzle means and Sources of the gases, and 
control means for controlling the opening and closing of the 
Valve means according to a preset open-close time chart and 
a preset number of cycles of Valve opening and closing. 
0013 The apparatus having such a construction can ready 
cause Successive growth of molecular layers which Satisfy 
the desired Stoichiometrical composition, So that a high 
quality crystal can be obtained. In addition, Since impurities 
can be doped in the desired layers, it is possible to obtain a 
very sharp impurity concentration distribution. Further, an 
epitaxial growth layer having a desired thickneSS can be 
obtained automatically with precision as precise as a Single 
molecular layer. 
0014) Another object of the invention is to provide a 
Semiconductor crystal growth apparatus, which can manu 
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facture a Semiconductor with high efficiency by Successively 
tracing and evaluating the progreSS of Semiconductor crystal 
growth. 
0.015 According to another aspect of the invention which 
attains this object, there is provided a Semiconductor crystal 
growth apparatus, which comprises a crystal growth vessel 
for accommodating a Substrate, heating means for heating 
the accommodated Substrate, evacuating means for evacu 
ating the crystal growth vessel to a ultrahigh vacuum, nozzle 
means for introducing gases containing component elements 
of a crystal to be grown on the Substrate into the crystal 
growth vessel from outside, and a mass analyzer disposed 
opposite to the accommodated Substrate. 
0016. With this apparatus having the mass analyzer pro 
Vided in the crystal growth vessel, the progreSS of Semicon 
ductor crystal growth can be instantaneously evaluated, So 
that it is possible to manufacture a Semiconductor device 
with high efficiency. 
0.017. A further object of the invention is to provide a 
Semiconductor crystal growth apparatus, which can cause 
growth of a high-quality monocrystalline film on a Substrate 
with dimensional precision as precise as a single molecular 
layer, by etching the Substrate Surface in a vacuum prior to 
the crystal growth. 

0.018. In accordance with another aspect of the invention 
which attains this object, there is provided a Semiconductor 
crystal growth apparatus, which comprises a crystal growth 
vessel for accommodating a Substrate, heating means for 
heating the accommodated Substrate, evacuating means for 
evacuating the crystal growth vessel, to a ultrahigh Vacuum, 
nozzle means for introducing gases containing component 
elements of a crystal to be grown on the Substrate, and 
another nozzle means for introducing an etchant gas. 
0.019 With this apparatus, the etching process which is a 
pretreatment prior to the epitaxial growth can also be 
executed in the Same crystal growth vessel. The Substrate 
Surface can thus be pretreated to a State Satisfactory for the 
crystal growth. That is, growth of a Satisfactory Single 
crystal which Satisfies the desired Stoichiometrical compo 
Sition can be reliably attained. It is thus possible to obtain a 
Semiconductor device having very Satisfactory characteris 
tics. 

0020. Other objects and features of the invention will 
become more apparent from the following detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a schematic view showing an embodi 
ment of the Semiconductor crystal growth apparatus accord 
ing to the invention. 
0022 FIG. 2 is a graph showing a relation between the 
thickness of the growth film and the number of times of 
Valve opening and closing in the apparatus shown in FIG. 1. 
0023 FIG. 3 is a flow chart illustrating the operation of 
the control unit shown in FIG. 1. 

0024 FIG. 4 is a time chart showing the timing of gas 
introduction in the apparatus shown in FIG. 1. 
0.025 FIG. 5 is a schematic view showing another 
embodiment of the Semiconductor crystal growth apparatus 
according to the invention. 
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0026 FIG. 6 is a waveform diagram showing levels of 
compounds detected by the mass analyzer shown in FIG. 5. 
0027 FIG. 7 is a schematic view showing a further 
embodiment of the Semiconductor crystal growth apparatus 
according to the invention. 
0028 FIG. 8 is a schematic view showing a still further 
embodiment of the Semiconductor crystal growth apparatus 
according to the invention. 
0029 FIG. 9A is a graph showing the relation between 
the rate of etching of the GaAs substrate with GaCl and the 
Substrate temperature. 
0030 FIG.9B is a graph showing the relation between 
the etching rate and the GaCl Supply rate. 
0031 FIG. 10 is a schematic view showing yet another 
embodiment of the Semiconductor crystal growth apparatus 
according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0032 Referring now to FIG. 1, a crystal growth vessel 1 
is made of stainless steel or like metal. The vessel 1 is 
coupled to an evacuating unit 3 via a gate valve 2 for 
evacuating its interior to a ultrahigh vacuum. The vessel 1 
includes nozzles 4 and 5 for introducing gaseous compounds 
containing III and V group elements respectively as com 
ponents of a III-V group compound Semiconductor which 
should grow on a substrate 12. The nozzles 4 and 5 are 
provided with on-off valves 6 and 7 for controlling the 
introduced amounts of the gaseous compounds 8 and 9 
containing the III and V group elements, respectively. A 
heater 10 for heating the Substrate 12 is disposed in the 
vessel 1, and a thermocouple 11 is coupled to the heater 10 
for measuring the temperature thereof of the Substrate 12. 
The heater 10 includes a tungsten filament Sealed in a quartz 
glass casing on which the Substrate 12 of a compound 
semiconductor is mounted. The vessel 1 is further provided 
with a pressure gauge 13 for measuring the value of its 
internal vacuum. The vessel 1 is further provided with an 
optical window 15, through which radiation having a spe 
cific wavelength emitted from a radiation Source 14 is 
focused on the substrate 12. Electromagnetic valves 16 and 
17 are provided for controlling the flow of compressed air 
which is used to open and close the valves 6 and 7. The 
electromagnetic valves 16 and 17 are on-off controlled by a 
control unit 18 utilizing a microcomputer. A display unit 19 
is provided to display the number of cycles of opening and 
closing the valves 6 and 7. 
0033. A monocrystalline thin film of a compound semi 
conductor is formed in a manner as described below by the 
crystal growth apparatus of the above Structure. Suppose, for 
example, the case of epitaxial growth of a Single crystal of 
GaAS on the GaAS Substrate 12. First, the vessel 1 is 
evacuated to about 107 to 10 Pascal (hereinafter abbre 
viated as Pa) by opening the gate valve 2 and operating the 
ultrahigh-vacuum evacuating unit 3. Then, the GaAS Sub 
strate 12 is heated to 300 to 800° C. by the heater 10. 
Thereafter, gaseous trimethylgallium (TMG) 8 is introduced 
as Ga-containing gas by holding the valve 6 open for 0.5 to 
10 Sec. and maintaining the internal pressure of the vessel 1 
at 10 to 107 Pa. Then, the valve 6 is closed, and the vessel 
1 is evacuated again. Thereafter, gaseous arsine (ASH) 9 is 
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introduced as a gas containing AS by holding the valve 7 
open for 2 to 200 Sec. and maintaining the internal pressure 
of the vessel at 10' to 107 Pa. As a result, at least one 
molecular layer of GaAS grows on the Substrate 12. 

0034. In this case, when the Substrate 12 is irradiated with 
ultraviolet rays emitted from the radiation source 14 while it 
is heated, the growth temperature can be reduced to be 400 
C. or below, and the crystal quality can be improved. 
0035) It is possible to successively form molecular layers 
of GaAS having the same thickness by executing the epi 
taxial growth by Setting the internal pressure of the growth 
vessel 1, the temperature of the substrate 12, the intensity of 
radiation from the radiation Source 4 and the on-off durations 
of the valves 6 and 7 at predetermined values, respectively. 
Thus, growth of an epitaxial growth layer of GaAS having a 
desired thickness can be attained with precision as precise as 
a single molecular layer by repeating the molecular-layer 
growth cycle a predetermined number of times. 

0.036 FIG. 2 shows the experimentally observed relation 
between the thickness of the GaAS epitaxial layer and the 
number of cycles of alternately introducing gaseous TMG 
and ASH at a growth temperature of 500° C. For example, 
epitaxial layerS having film thicknesses of 1,100 A, 0.57 plm 
and 1.13 um grew as a result of 400, 2000 and 4000 cycles 
of alternate introduction of the gases 8 and 9, respectively. 
It should be noted that the relation between the thickness of 
the growth film and the number of cycles of gas introduc 
tion, i.e., the number of cycles of opening and closing the 
valves, is very linear. It is thus confirmed that the film 
thickness of the growth layer can be controlled by control 
ling the number of cycles of opening and closing the valves. 
0037. The electromagnetic valves 16 and 17 and control 
unit 18 are provided for controlling the film thickness of the 
growth layer by controlling the number of cycles of opening 
and closing the valves. Data indicative of the number of 
cycles of opening and closing the valves 6 and 7, the period 
T of introduction of the gas 8, the period t of exhausting the 
gas 8, the period t of introduction of the gas 9 and the 
period t of exhausting the gas 9, are preset in the control 
unit 18 in correspondence to the thickness of the growth 
layer to be obtained. 
0.038. The control unit 18 includes a clock pulse genera 
tor, various counters and registers. When the operation of the 
control unit 18 is Started, it controls the opening and closing 
of the valves 6 and 7 with timing as shown in FIG. 4 by 
running a routine as shown in FIG. 3. 
0039) Referring to FIG. 3, the control unit 8 first initial 
izes the various internal counters and registers (step 100). 
Then, it applies an “on” Signal to the electromagnetic valve 
16 to turn on (i.e., open) the valve 6 at time t. The control 
unit 18 resets a time counter (t) and then re-starts the time 
counting operation of the time counter (Step 101). The gas 8 
is thus introduced for crystal growth on the substrate 12. 
When the control unit 18 detects that the count T of the time 
counter, i.e., the gas introduction period, attains t (Step 
102), it turns off the valve 6 at time t, thereby exhausting 
the introduced gas 8. The control unit 18 resets the time 
counter (t) once and re-starts the time counting operation of 
the time counter (step 103). After the preset exhausting 
period t has elapsed (step 104), the control unit 18 turns on 
the valve 7 at time t, and re-starts the time counter in the 
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manner as described (step 105). At this time the gas 9 is now 
introduced for crystal growth on the substrate 12. When the 
gas introduction period t attains ta (step 106), the control 
unit 18 turns off the valve 7 at time t, thereby exhausting the 
gas from the vessel 1 and re-starts the time counter (Step 
107). After the preset exhausting period t has elapsed (Step 
108), the count N of a valve on-off cycle counter is incre 
mented to N+1. By the above sequence of operations of the 
control unit 18, one molecular layer of GaAs is formed on 
the Substrate 12 as mentioned earlier. The control unit 18 
Subsequently checks as to whether or not the count N has 
attained the preset number No (step 110). If the preset 
number No has not yet been reached, the control unit 18 
repeats the Sequence of operations to form a Second molecu 
lar layer of GaAs. When the predetermined successive 
molecular layers of GaAS are formed on the Substrate 12, the 
growth operation is ended. In this way, the film of GaAS 
having the desired thickness grows automatically on the 
Substrate 12 with the precision as precise as a single molecu 
lar layer. While the control unit 18 is performing the 
Sequence of control operations noted above, the number N 
of executed valve on-off cycles is displayed on the display 
unit 19. The operator participating in the manufacture of the 
Semiconductor thus can grasp the progreSS of the crystal 
growth. 

0040. The Ga-containing material gas may be gaseous 
TMG, ZEGaCl, GaBr, Gala or GaCl. The irradiation with 
the ultraViolet radiation may be done continuously or inter 
mittently during the process of growth. The radiation Source 
may be a lamp Such as a high-pressure mercury lamp or a 
Xenon lamp or a laser as an excimer laser. 

0041 While the above embodiment has referred to GaAs 
as a Semiconductor to be grown as a crystal, the invention is 
of course applicable to other III-V group compounds and 
II-VI group compounds such as InP, AlP, GaP, etc. Further, 
it is possible to grow mixture crystals such as Ga-Al AS 
and Gai-Al ASP. Further, the substrate is not limited 
to GaAS, but it is possible to cause heteroepitaxial growth on 
Substrates of other compounds. Further, the Semiconductor 
may be an element Semiconductor belong to, for example, 
the IV group. Where the element semiconductor is Si, the 
crystal growth may be caused by using a combination of 
Such a chloride as SiCl, SiHCl and SiHC and H gas. 

0042. Further, while, in the above embodiment, the heat 
Source for heating the Substrate 12 has been provided inside 
the growth vessel 1, it is also possible to dispose an infrared 
lamp or like heat Source outside the growth vessel 1 So that 
the Substrate 12 may be heated by heat rays transmitted 
through an optical window provided on the vessel 1 to 
irradiate the Substrate 12. 

0043 FIG. 5 shows another embodiment of the semi 
conductor crystal growth apparatus according to the inven 
tion. In the FIG. 5, the same reference numerals are used to 
designate the same or equivalent parts appearing in FIG. 1. 
This apparatus is greatly different from the Structure shown 
in FIG. 1 in that a mass analyzer 24, a mass analyzer 
controller 25, a multiple ion sensor 26 capable of simulta 
neously Sensing a plurality of different kinds of molecules, 
and a multiple pen recorder 27 for recording the output of 
the multiple ion Sensor 26, these components constituting 
evaluating means. The other Structure of the apparatus 
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except that concerning the evaluating means is the Same as 
that in the preceding embodiment shown in FIG. 1, so it will 
not be described any further. 
0044) With this apparatus, epitaxial growth of molecular 
layerS is attained while tracing and evaluating the progreSS 
of crystal growth by the evaluating means 24 through 27 as 
follows. Suppose, for example, that GaAS is a Semiconduc 
tor whose crystal grows on the Substrate 12, gaseous trim 
ethyl gallium (TMG), which is a III group compound, is the 
gas 8 to be introduced; and gaseous arsine (ASH), which is 
a V group compound, is the gas 9. 

0.045 First, the substrate 12 is set in the growth vessel 1, 
and the vessel 1 is evacuated by the evacuating unit 3 to 
about 107 to 10 Pascal (hereinafter referred to as Pa). 
Then, the operation of the evaluating means 24 through 27 
is Started. The peak Selector of the multiple ion Sensor 26 is 
set to select the introduced gas molecules of ASH. (M/e=78), 
and TMG (M/e=114) and to select the reaction product 
molecules of, for example, CH (M/e=16). Then, the GaAs 
substrate 12 is heated to 300 to 800° C., for instance, by the 
heater 10. Gaseous TMG 8 is then introduced as Ga 
containing gas by holding the valve 6 open for 0.5 to 10 
Seconds and maintaining the internal pressure of the growth 
vessel 1 at 10' to 107 Pa. Subsequently, the valve 6 is 
closed, and the gas in the vessel 1 is exhausted. Now, 
gaseous ASH 9 is introduced as AS-containing gas by 
holding the valve 7 open for 2 to 200 seconds and main 
taining the internal pressure of the vessel 1 at 10 to 107 
Pa. In this way, at least one molecular layer of GaAS grows 
on the Substrate 12. It is to be noted that a Single crystal 
growth layer of GaAS having a desired thickneSS grows with 
precision as precise as a Single molecular layer by repeating 
the Sequence of operations described above. 
0046. In the above crystal growth process, by alternately 
introducing gaseous TMG and ASH, not only TMG and 
ASH, but also methane (CH) which is a reaction product can 
be detected, and the progress of the crystal growth can be 
Successively traced by the multiple ion Sensor 26. 

0047 FIG. 6 shows the relative intensities of AsH 
(M/e=78), TMG (M/e=114) and CH (M/e=16) detected by 
the multiple ion sensor 26 when TMG and ASH are alter 
nately introduced in the manner as described above. More 
Specifically, the graph shows the data obtained when the Step 
of introducing TMG under a pressure of 10 Pa by holding 
the valve 6 open for 2 Seconds and the Step of introducing 
ASH under a pressure of 10° Pa by holding the valve 7 
open for 10 Seconds are alternately repeated. 

0.048 Where TMG or GaCl is used as the Ga-containing 
compound, the introduced gas will attach to the wall of the 
growth vessel as well as to the Substrate because of great 
interaction of the gas with the vessel wall due to its low 
Vapor pressure at room temperature. Further, the attaching 
compound is liberated with the lapse of time, and the 
liberated gas cannot be distinguished from the gas liberated 
from the Substrate. 

0049 FIG. 7 shows a further embodiment or a modifi 
cation, which can Solve the above problem. In this apparatus, 
a shroud 28 is provided in Such a position as to Surround the 
nozzles 4 and 5. The shroud28 has holes or openings aligned 
with the respective nozzles. To cool the shroud 28, a coolant 
reservoir 29 is provided at an end of the shroud, and a 
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coolant 31 is poured into the reservoir 29 through an inlet 30 
thereof. Likewise, another shroud 32 is provided, which has 
a detection opening which is aligned with the end of mass 
analyzer 24, and another coolant reservoir 33 is provided at 
an end of the shroud 32 to cool the same with a coolant 31 
poured into the reservoir 33 through an inlet 34. Means for 
cooling the Shrouds is not limited to a coolant Such as 
liquefied nitrogen, and a miniature freezer can also be 
utilized. 

0050. With this arrangement, an excess of the gas intro 
duced into the growth vessel 1 is adsorbed by the shrouds 28 
and 32, and only molecules that are liberated from the 
Substrate 12 are captured by the mass analyzer 24. Thus, it 
is possible to attain accurate analysis of the growth layer. 

0051. A high-quality semiconductor device can be manu 
factured efficiently by incessantly tracing and evaluating the 
progreSS of growth of one molecular layer after another of a 
Semiconductor crystal on the Substrate 12, by the mass 
analyzer mounted to the growth vessel 1. 

0052. It is needless to mention that the material of the 
Substrate 12 and the Semiconductor formed thereon is not 
limited to GaAS. In addition, it is possible to introduce more 
than two different kinds of gases into the growth vessel 1, by 
increasing the number of nozzles for doping with impurities 
or obtaining mixed crystals. 

0053. In the above embodiments, the heat source for 
heating the Substrate 12 is disposed in the growth vessel 1, 
but it is also possible to provide an infrared lamp or the like 
disposed outside the growth vessel 1. Further, the substrate 
12 may be irradiated with light while it is heated. By so 
doing, it is possible to reduce the Substrate temperature and 
further improve the quality. 

0054 FIG. 8 shows a further embodiment of the semi 
conductor crystal growth apparatus according to the inven 
tion. This apparatus is provided with a mechanism which 
permits vapor phase etching as means for treating the 
Substrate Surface. In FIG. 8, the same reference numerals are 
used to designate the same or equivalent parts appearing in 
FIG.1. This apparatus is different from the apparatus shown 
in FIG. 1 in that it does not have the radiation Source 14 and 
optical window 15 for irradiate the Substrate 12 with radia 
tion from outside the growth vessel 1 and, in lieu thereof, it 
is provided with a nozzle 40 for introducing a gaseous 
compound 42 used for the vapor phase etching and a valve 
41 for opening and closing the nozzle 40 introducing the 
gaseous compound 42 used for the vapor phase etching. The 
other parts except those provided for introducing the etching 
gas are the same as those described before in connection 
with FIG. 1, so they will not be described any further. 
0055. In this apparatus, the vapor phase etching is carried 
out as follows. Suppose, for example, the case, in which a 
GaAS Substrate is used as the compound Semiconductor 
Substrate and GaCl is used as the gaseous compound 
introduced for etching purpose. First, the GaAS Substrate 12 
is etched in the usual way, then rinsed and dried, and then Set 
on the heater 10. Subsequently, the growth vessel 1 is 
exhausted to approximately 107 Pa by the exhausting unit 
3. Then, gaseous GaCl is introduced to provide an internal 
pressure of about 10 to 10 Pa by opening the valve 41. 
The GaAS Substrate could be etched at a rate of about 1 to 
1,000 A/min by varying the Substrate temperature. 
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0056 FIG. 9A shows the relation between the etching 
rate and the Substrate temperature when the quantity of 
Supply of GaCl is taken as a parameter. The curve A is 
obtained when the quantity of Supply of GaCl is one-third 
the quantity Supplied in the case of the curve B. FIG. 9B 
shows the relation between the etching rate and the GaCl 
Supply quantity when the Substrate temperature is taken as a 
parameter. The curve C is obtained when the substrate 
temperature is 350° C., while the curve D is obtained when 
the substrate temperature is 250 C. 
0057. It will be seen from these graphs that the etching 
rate is determined by the quantity of GaCl Supply while the 
Substrate temperature is high, but when the Substrate tem 
perature is reduced, the etching rate is Substantially inde 
pendent of the quantity of GaCl Supply and depends only on 
the Substrate temperature. Thus, an optimum etching rate 
can be set by Suitably Selecting the Substrate temperature and 
the quantity of GaCl Supply. 
0.058 FIG. 10 shows a further embodiment of the inven 
tion. This apparatus which is a modification of that shown in 
FIG. 8 is provided with a mechanism for irradiating the 
Substrate 12, i.e., a radiation Source 14 and an optical 
window 15 for directing radiation when vapor phase etching 
is carried out. 

0059 By the irradiation, it was possible to reduce the 
etching temperature by 100 degrees or more. The irradiation 
may be made continuously or intermittently during the 
process of vapor phase etching. In this case, not only the 
Substrate 12 is irradiated, but also the etching gas itself may 
be radiated by forming the nozzle from a transparent mate 
rial. By So doing, the etching gas can be activated to promote 
the etching process. The radiation Source is not limited to a 
lamp Such as a high-pressure mercury lamp or a Xenon lamp; 
i.e., it is possible to employ an excimer laser or a multiplied 
laser beam. 

0060. The activation of the etching gas may be caused not 
only by the irradiation noted above but also by applying a 
Voltage to a high frequency coil or electrodes provided in the 
neighborhood of the nozzle 41. 
0061 While the above embodiments have referred prin 
cipally to the (100) plane of GaAs used as the substrate for 
the crystal growth, the invention is applicable to other planes 
as well and is not restricted in any way by the impurity 
concentration of the Substrate. Further, the invention is 
equally effectively applicable to II-VI group compounds, 
such as InP, AlP, GaP, etc., and also to IV group element 
Semiconductors, Such as, Si, Ge, etc. Further, the invention 
is applicable to mixed crystals, e.g., Ga-Al AS, Ga1 
x)Al ASP, etc. Further, the gaseous compound used for 
the etching is not limited to GaCl, and it may be HCl, HBr, 
PCl, ASC1, Cl, SF, CCF, CF, CFs, CHBr, etc. 
Further, it is apparent that a Substrate pretreatment chamber 
may be disposed adjacent to the crystal growth chamber, and 
the Substrate may be pretreated in the pretreatment chamber 
before it is moved under Vacuum into the crystal growth 
chamber for crystal growth therein. 
What is claimed is: 

1. A Semiconductor crystal growth apparatus comprising 
a crystal growth vessel for accommodating a Substrate, 
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heating means for heating Said Substrate, evacuating means 
for evacuating Said crystal growth vessel to a ultrahigh 
Vacuum, nozzle means for introducing gases containing 
component elements of a crystal to be grown on the Substrate 
into Said crystal growth vessel from outside, Valve means 
provided between Said nozzle means and Sources of Said 
gases, and control means for controlling the opening and 
closing of Said valve means according to a preset open-close 
time chart and a preset number of cycles of valve opening 
and closing, whereby an epitaxial growth layer having a 
predetermined thickness grows automatically with precision 
as precise as a Single molecular layer. 

2. A Semiconductor crystal growth apparatus according to 
claim 1, wherein Said nozzle means includes at least two 
nozzles. 

3. A Semiconductor crystal growth apparatus according to 
claim 1, which further comprises a mechanism for irradiat 
ing Said Substrate with radiation directed from the outside of 
Said crystal growth vessel. 

4. A Semiconductor crystal growth apparatus comprising 
a crystal growth vessel for accommodating a Substrate, 
heating means for heating Said accommodated Substrate, 
evacuating means for evacuating Said crystal growth vessel 
to a ultrahigh Vacuum, nozzle means for introducing gases 
containing component elements of a crystal to be grown on 
Said Substrate into Said crystal growth vessel from outside, 
and a mass analyzer disposed opposite to Said accommo 
dated Substrate, whereby the progreSS of a crystal is inces 
Santly traced and evaluated So that an epitaxial growth layer 
having a desired thickness is formed with precision as 
precise as a single molecular layer. 

5. A Semiconductor crystal growth apparatus according to 
claim 4, wherein the detecting Section of Said mass analyzer 
and the opening of Said gas introduction nozzle means are 
Surrounded by Shroud means provided with cooling means. 

6. A Semiconductor crystal growth apparatus comprising 
a crystal growth vessel for accommodating a Substrate, 
heating means for heating Said accommodated Substrate, 
evacuating means for evacuating Said crystal growth vessel 
to a ultrahigh Vacuum, nozzle means for introducing gases 
containing component elements of a crystal to be grown on 
Said Substrate, and another nozzle means for introducing an 
etchant gas, whereby the Surface of Said Substrate is treated 
by vapor phase etching prior to the epitaxial growth of a 
crystal. 

7. A Semiconductor crystal growth apparatus according to 
claim 6, which further comprises a mechanism for irradiat 
ing Said Substrate with radiation. 

8. A Semiconductor crystal growth apparatus according to 
claim 6, wherein a high frequency coil or electrodes are 
provided in the neighborhood of at least part of Said etchant 
gas introduction nozzle means. 

9. A Semiconductor crystal growth apparatus according to 
claim 7, wherein at least part of Said etchant gas introduction 
nozzle means is irradiated with radiation. 

10. A Semiconductor crystal growth apparatus according 
to claim 9, wherein at least part of Said etchant gas intro 
duction nozzle means is optically transparent. 


