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[5 7] ABSTRACT 
This invention relates to a method for the continuous 
preparation of epitaxial layers of semiconducting III-V 
compounds on suitable substrates of the single crystal 
from a gas mixture thereof. The plurality of substrates 
are moved in parallel with the ?ow of said gas mixture 
in a reaction furnace which is given a temperature gra 
dient in the same direction as the flow of said gas mix 
ture, the temperature decreasing with distance in the 
direction of the gas ?ow. The semiconducting com 
pounds are effectively recovered as epitaxial layers on 
the substrates, and the composition of the mixed crys 
tal of Ill-V semiconductors can be changed continu 
ously to result in the graded composition, without 
timewise changing the composition of said gas mix 
ture. Through the gas mixture entering into the reac 
tion furnace is of constant composition, the composi 
tion of the gas mixture is gradually changed down 
stream of the gas ?ow in the reaction furnace as a re 
sult of effective recovery of the semiconducting com 
pounds on the substrates. 

4 Claims, 1 Drawing Figure 
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METHOD AND APPARATUS OF THE 
CONTINUOUS PREPARATION OF EPITAXIAL 

LAYERS OF SEMICONDUCTING III-V 
COMPOUNDS FROM VAPOR PHASE 

BACKGROUND OF THE INVENTION 

This invention relates to a method of continuously 
preparing on a lIl-V semiconductor substrate the epi 
taxial layers of one of the lll-V semiconductors which 
include Ill-V binary semiconductors consisting of a 
Ill-B element of the Periodic Table and a VB element 
(for example, GaAs, GaP, lnP, etc.) and especially 
their mixed crystals (for example, InAsHPI, , GaAs]. 
IPI, ln,_,Ga,P, etc. where 0 < .r < l). 
The continuous vapor growth method, particularly 

the method of continuously growing epitaxial layers on 
a single crystal stubstrate, was suggested already in the 
past with respect to Si and Ge. For instance, a method 
of continuously growing epitaxial layers of Si from a gas 
mixture of hydrogen and SiCl4 is described in Japaneses 
Patent Publication No. SHO~43/5564 by the present 
applicant. Another patent publication, Japanese Patent 
Publication No.SHO-43/2l369, reveals a method 
wherein epitaxial layers of Si are continuously prepared 
from a gas mixture of hydrogen and SiCl4, while the 
continuous growth of the epitaxial layers expedited 
by the formation of an oxide ?lm on the surface of the 
epitaxially grown silicon layer from CO2 gas. 
However, not only III-V semiconductors but also 

other compound semiconductors at large are unlike Si 
and Ge. They consist of two or more elements. Since 
control is required to maintain a stoichiometric ratio 
during the growth of these semiconductors, the contin 
uous growth of the epitaxial layers of these compound 
semiconductor is very difficult and is seldom accom 
plished. 
The growth of epitaxial layers of llI-V semiconduc 

tors is generally carried out by a batch process, which 
is not continuous. For example, there are the following 
reports. 

I. Japanese Patent Publication No.SHO-40/24704, 
“A Method for the Deposition of Epitaxial Film of Ill-B 
- V-B element compounds," reveals a method of pre 
paring epitaxial layers by flowing a hydrogen gas in the 
storage of a volatile compound of a Ill-B element and 
the source of a V-B element or the storage of a volatile 
compound of a V-B element and bringing the reaction 
mixture from these two flows in contact with a sub 
strate, the method being applicable not only to Ill-V bi 
nary semiconductors but also to 111-V mixed crystal 
semiconductors. However, all that is mentioned therein 
refers to a batch process. Nothing is mentioned with re 
spect to the continuous growth of epitaxial layers. 

11. Japanese Publication No. SHO-42/7492, “A 
Method of Manufacturing Epitaxial Films,“ describes 
a method of depositing an epitaxial ?lm having a 
graded energy gap of lll-V mixed crystal, wherein a gas 
mixture similar to that of the above (1) is used and the 
composition of two kinds of reacting gases of the same 
group of the Periodic Table is changed timewise by 
changing the flow rate of the afore-mentioned hydro 
gen gas or the temperature of the afore-mentioned 
source or storage tank, to thereby grow an epitaxial 
?lm having a graded energy gap. However, the descrip 
tion also refers to a batch process. It is impossible to 
continuously grow an epitaxial ?lm while changing the 
composition of the reacting gases timewise by this 
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2 
method. It is inevitable that a batch process must be 
adopted which is discontinuous or semi-continuous. 

111. The method (11) above is described in a more 
concrete way in John W. Burd: Transactions of the 
Metallurigcal Society of AIME Vol. 245, March 
(1969), p. 571. As to gas mixtures, the mixtures of 
H2/HC1/GaAs and P, H‘l/HCl/Ga and AsH3/PH3 and 
H2/AsC13/PCl3/Ga are mentioned. However, a batch 
process only is described. 

IV. A method described in Tooru Hara et al: Oyobut 
suri, Volume 37, No. 1l( 1968), p. 1064, refers to the 
gas mixture from Hg/Asclg/ PCls/Ga, that is, the gas 
mixture from the reaction products of a hydrogen gas 
saturated with AsCls and PCL; with Ga. It is especially 
mentioned in this literature that the value ofx in GaAs]. 
J,PJF varies according to the temperature of the sub 
strate. It is also mentioned that if the temperatureof 
the GaAs substrate is kept at 815°C, GaAsHPJ. grows 
having a value ofx equal to the ratio of As and P in the, 
therefore, the value of .\' can be controlled by the com 
position of the gas. However, nothing is mentioned in 
regard to how the value of .\' can be controlled for a 
continuous epitaxial growth. Furthermore, according 
to this literature, a decreasing temperature gradient 
with distance from the Ga source zone to the GaAs sub 
strate zone, i.e., in the direction of the gas flow is pro 
vided. Such a system unavoidably has a drawback in 
that besides the growth of GaAsWP,r on the GaAs sub 
strate, GaAsHP,r is also deposited on the inner wall of 
the reaction tube on the side of the Ga source zone 
from the GaAs substrate in the aforementioned tem 
perature gradient zone, so that GaAsM-PJ. is not effec 
tively recovered on the afore-mentioned substrate. This 
drawback is common also to the afore—mentioned (1), 
(l1) and (111). 
V. US. Pat. No. 3,441,453, “Method for Making 

Graded Composition Mixed Compound Semiconduc 
tor Materials” by R.W. Conrad et al describes a kind 
of batch process, wherein the composition of the gas 
mixture is of constant composition and a substrate is 
moved in the reaction furnace having a decreasing tem 
perature gradient with distance in the direction of gas 
?ow, thereby gradually changing the temperature of 
said substrate so as to deposit the graded composition 
compound semiconductor. This process also has a 
drawback as aforementioned in method (1V). Descrip 
tion of the Invention 
This invention has for an object epitaxial layers of a 

Ill-V mixed crystal semi-conductor on a plurality of 
Ill-V compound semiconductor substrates while at the 
same time having the composition of the mixed crystal 
semiconductor (for example, the value of x in GaAs,. 
JPJ) change continuously, without changing timewise 
the composition of said gas mixture. 
A characteristic of this invention is that in the 

method of growing an epitaxial layer of a 111 - V ternary 
compound semiconductor represented by a general 
formula ABHCJ. on a 111 ~ V binary compound semi 
conductor from a gas mixture, wherein ABHCJ stands 
for both A'”B"H.C"Jr and B'”1__,C'”,.A", A'” being a 
Ill-B element, A" a V-B element, Br and C" two differ 
ent V-B elements, 8'” and C'” two different Ill-B ele 
ments and the value of x between 0 and 1, the value of 
x is continuously changed to result in the graded com 
position without changing timewise the composition of 
said gas mixture entering into the reaction furnace, 
which is given a temperature gradient, decreasing with 
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distance in the direction of the gas flow, by continu 
ously moving the plurality of said lll-V binary com 
pound semiconductor substrates, upstream of said gas 
flow in the case of the substrate which has a lower melt 
ing point, and downstream of said gas flow in the case 
of the substrate which has a higher melting point than 
said ternary compound semiconductor, respectively. If 
the binary compound semiconductor AB has a lower 
melting point than the semiconductor AC, the compo 
sition of the gas mixture in the reaction furnace is 
richer in the constituent C and poorer in the constitu 
ent B in the higher temperature zone and vice versa in 
the lower temperature zone of the reaction furnace. If 
the semiconductor AB has a higher melting point than 
the semiconductor AC, the change of the composition 
of the gas mixture is reversed. 
As ABWCr compounds in the afore-mentioned char 

acteristics of this invention, there are GaPHN,r (0<.\' 
<<l ), AlAsWl-‘I, GaAsHPJ, lnAsHPJ. (0<.\-<l for 
the foregoing three), GaWAly, Ash, PI, ln1_yGayAsl_ 
JP, (0<.\' <1, 0<_v<1 for the foregoing two), GaSb1_ 
,Asdr, lnSbH As, (0<.\' <l for‘the foregoing two), 
InSbHBir (0 < x << 1),In1.EGa,N, GaHAlrP, In1.I~ 
AlIP, InHGaxP, GamBrAs, GamAlwAs, Inky. 
l-xAlxAs, InHGazAs, GaHAIISb, InHAlxSb, 
InMGaISb (0 < x< 1 for the foregoing eleven), etc. 
The gas mixture is produced from various reaction 

products of many known gas systems such as an 

H2/AsCl3/PCl3/Ga, an H2/Asl-13/PH3/HCl/Ga, an, 
H2/AsCl3/PCl3/GaAs, an H2/AsCl3/PCl3/GaAs/GaP 
and so on. 
The above and other objects of this invention along 

with the features and advantages thereof will become 
more fully apparent as the description proceeds with 
reference to the accompanying drawing. Some embodi 
ments of the present invention are illustrated in the 
drawing, but the invention is in no way limited thereto. 
The figure is a vertical cross section of an example of 

the continuous epitaxial growth furnace for lIl-V semi 
conductors used_for the present invention. 
The present invention will be described in detail 

herebelow mainly with respect to GaAs and GaAsmP, 
as examples. 

In the figure, 1 denotes the horizontal vapor phase 
reaction chamber, 2 and 3 the resistance heating fur 
naces for heating the horizontal vapor phase reaction 
chamber 1 and giving it a temperature gradient in the 
horizontal direction, 4 a gas mixture of a carrier gas, at 
least one volatile compound of a lIl-B element and at 
least one element or compound selected from among 
the V-B elements and their volatile compounds, and 5 
the exhaust gas. 
6 denotes a platinum tape heater for producing a 

heating and mixing zone 7 to prevent the condensation 
of the gas mixture 4. In case the gas mixture 4 is, for ex~ 
ample, composed‘ of a hydrogen gas, Ga CPI-3,3, AsH,-, 
and PH», to heat the mixing zone 7. 8 and 9 denote a 
preheater and afterheater respectively. Each of these 
heating furnaces 2, 3, 8, and 9 is of a split type. 10 de 
notes a fused quartz reaction tube, 11 a plate of carbon 
or quartz for the purpose of transporting the substrate 
12 for epitaxial growth into the horizontal reaction 
chamber 1, and 13 and 14 two flows hydrogen gas. Two 
?ows of gas are introduced into the reaction chamber 
1 through the slits l5 and 16 above the substrates, and 
is discharged together with the exhaust gas 5. 
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4 
17 and 18 denote the slits which serve to separate the 

?ow of hydrogen gas from inert gases 19 and 20 (for 
example, Ar, N2, etc.) which are exhausted to the inlet 
and outlet 21 and 22 respectively through which the 
substrates are transferred to 23 and 24 into clean 
benches (not shown in the drawing). The arrow 25 
indicates the direction of movement of the plate 11, 
but the movement may be reversed. 
The characteristic features of the continuous epitax 

ial growth furnace shown in the ?gure are that the 
shower of an inert gas (19, 23 and 20, 24) prevents the 
outer atmosphere from finding its way into the quartz 
reaction tube 10 and the slits 17 and 18 prevent the hy 
drogen gas 13, 14 from flowing out to the outlet and 
inlet 21 and 22 and that the hydrogen gas introduced 
in through the slits l5 and 16 is exhausted together with 
the exhaust gas 5, so that the gas mixture 4 ?ows only 
in the horizontal vapor phase reaction chamber 1 and 
does not get in contact with substrates 12-1 being sent 
into said reaction chamber 1 and substrates 12-2 sent 
out from said reaction chamber 1. For continuous 
growth of epitaxial layers of a lll~V semiconductor, es 
pecially a Ill-V mixed crystal semi-conductor, it is nec 
essary to effect control such that the resistance furnace 
2 shall have a temperature which is about uniform 
(though the temperature of the left part is slightly 
higher) and the heating furnace 3 shall have a tempera 
ture gradient that the temperature is higher in the left. 

In case it is desired to do vapor phase etching as a 
pretreatment before the subsrate l2 enters the vapor 
phase reaction chamber 1, a very small quantity of HCl 
gas may be added to hydrogen gas 14. 

This and the next examples are described in order to 
clarify the characteristic features of the continuous epi 
taxial growth of llI-V compound semiconductors. 

EXAMPLE 1 

This example relates to a method of continuously 
growing epitaxial layers of GaAs. 
The continuous epitaxial growth furnace shown in 

the ?gure was used. The substrate 12 was used a wafer 
having a (100) face of the crystallographic plane cut 
from n-type GaAs grown by the horizontal Bridgeman 
method. The substrate was doped with Te of approxi 
mately 1 X l018cm‘3 and was chemically etched after 
mirror polishing. The region of the electric furnace 2 
was kept at 755°C — 750°C, and the region of the elec 
tric furnace 3 at 750°C — 730°C. The region of the elec 
tric furnace 3 was given a temperature gradient of 1° 
2°C per cm. The temperature gradient is decreasing 
with distance in the direction of the gas flow in the re 
gion of the electric furnaces 2 and 3. The gas mixture 
4 used was the reaction product of hydrogen saturated 
with AsClr, and Ga placed at 850°C. The temperature 
of the gas mixing zone 7 was controlled at 800°— 900°C. 
The basic parameters for epitaxial growth, i.e., the pro 
portions of the components in the gas mixtures, the 
working range of the ?ow rates of the gas mixtures, the 
pressures of the various gas streams, etc., were similar 
to the prior art reference (lV). When the speed of 
movement of the substrate 12 was about 5 cm/hour in 
the direction of the arrow 25, the thickness of the epi 
taxial layer in the epitaxial wafer sent out one after an 
other to the left of the growth furnace shown in the fig 
ure was l5p._+l,u.. The electron concentration of the 
surface layer of the grown layers was approximately I 
X l0‘5cm‘3 and it changed to approximately 3 X 10 ‘4 
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cm‘3 as it progressed further into the interior. This may 
be due to the change of an identified impurity concen 
tration. ‘ ' 

What deserves special’ attention with respect to this 
Example is that the growth layers of the epitaxial wafer 
prepared by the continuous epitaxial growth have‘ a 
uniform thickness and that ‘there is little difference be 
tween those on different substrates. If the growth fur 
nace shown in the ?gure is used and only one piece of 
substrate l2-3 is placed in the region of the furnace 3 
in the reaction chamber 1 to be grown there without 
moving, other substrates b'eingremoved' —— that is to 
say, if grown by a batch process — then GaAs is depos 
ited on the inner wall of the quartz tube 10 between [the 
substrate 12-3 and the mixing zone 7, namely the re 
gion of the electric furnace 2 and the region of the elec 
tric furnace 3 on the left side of the substrate 12-3. If 
the gas is then stopped and the substrate 12-3 is taken 
out, and the next batch, i.e. a fresh substrate l2-3,-is 
put in and growth effected again, then'growth takes 
place also on the grains of GaAs deposited-on the inner 
wall of the quartz tube, with the result that-the quantity 
deposited on the inner wall increases and consequently 
the quantity grown on the new substrate 12-3 becomes 
less than that grown on the preceding substrate, even 
if the quantity of the gas mixture supplied is kept con 
stant. This means that the batch process has a draw 
back in that the rate of growth varies depending on the 
number of times growth has been made. This also 
means that the gas mixture is lost as a condensation 
product on the inner wall of the quartz tube. This prob 
lem indicates the difficulty of the epitaxial growth of 
compound semi-conductors. 
As described in detail in this Example, GaAs which 

would have been deposited on the inner wall of the 
quartz tube as mentioned above is instead effectively 
recovered on the GaAs substrate 12 by continuous epi 
taxial growth according to this invention. The afore 
mentioned loss is consequently reduced and besides the 
rate of growth does not vary timewise. Although the 
rate of growth somewhat changes depending on the 
positon of the substrate as it moves on, all the sub 
strates undergo the same growth course in the continu 
ous epitaxial growth, so that epitaxial wafers of little 
scatter in quality are obtained. It is also permissible to 
place dummy wafers on the slate 11 at the time the 
movement is started and recover GaAs on the dummy 
wafers instead of depositing it on the inner wall of the 
quartz tube. 

EXAMPLE 2 

In place of Ga in Example 1, GaAs with an electron 
concentration of about 1 X lO‘2cm_‘i at 300°K was 
used. As the gas mixture 4, the reaction product of hy 
drogen saturated with AsCl3 and GaAs held at 850°C 
was used. The other conditions were the same as in Ex 

ample I. In this case, too, epitaxial layers of the n-type 
GaAs could be grown continuously without any diffi 
culty. 

Epitaxial layers of the p-type GaAs can easily be ob 
tained by using GaAs doped with Zn in place of Ga. 
The same result will also be obtained by using a gas 

mixture of, for example, the reaction product of 
H2/HCl/Ga and a gas mixture of H2/AsH_-, or As. 
Continuous epitaxial growth of GaAsHP, (0<x<l ) 

can be effected by adding a gas such as P or PH_-; or 

0 

30 

35 

40 

45 

50 

55 

60 

65 

6 
PCL, in~the gas mixture of the afore-mentioned Exam 
ples' l and 2. ' 

EXAMPLE 3 

This example relates to a method of continuously 
growing epitaxial layers of GaAsHPr on the ( 111) face 
of the n-type GaP. The concentration of Te in the sub— 
strates was approximately '5 x 1017 cm‘“. direction of 
movement of the substrates 12 was opposite to the di 
rection of the arrow 25. The region of the electric fur 
nace 2 was kept at 885°C — 820°C, the region of the 
electric furnace 3 was kept at 820°C - 815°C, the re 
gion of the electric furnace was given a temperature 
gradient of 3°— 10°C per cm. The temperature gradient 
is decreasing with distance in’ the direction of the gas 
?ow in the‘ region of the electric furnaces 2 and 3. As 
the‘gas mixture 4, the mixture of the reaction product 
of H2,AsCl3/GaAs, / the reaction product of 
Hz/Pcla/GaP, and the gas mixture of H2/H2Se was 
used. The temperatures of the GaAs source and 6a? 
source were about 800°C and 900°C, respectively. The 
temperature of the gas mixing zone was‘controlled'at 
900°—950°C. The speed of movement of substrates 12 
was about 10 cm/hour in the opposite direction to the 
direction of the arrow 25. 
The basic parameters for epitaxial growth were simi 

‘ lar to the prior art reference (IV). The ratio of As and 
P in the gas mixture was kept at about 6:4, and the tem 
perature and the flow rate of hydrogen gas were always 
kept constant. The epitaxial layers obtained consisted 
ofa layer of about 25p of GaAsWP, in which the value 
of .\' changed continuously from the proximity of l to 
approximately 0.4 and a layer of about 45p. in which 
the value of .r was 0.39 i 0.02.Though the gas mixture 
entering into the reaction furnace is of constant com 
position, that is, the ratio of As and P in the gas mixture 
is kept at about 6:4, the composition of the gas mixture 
in the reaction furnace is richer in the constituents of 
the binary Ill-V semiconductor of the higher melting 
point, i.e., P at the higher temperature and poorer at 
the lower temperature, because the GaAsWP,r crystal 
with the value of .\' in the proximity of l is deposited at 
the higher temperatures such as 885°C, that is, the crys 
tal which is much richer in GaP is effectively deposited 
from the gas mixture wherein the ratio of As and P is 
about 6:4 in the left part of the furnace 2, and as a re 
sult, the content of P is changed at the lower tempera 
ture. 

The method of continuously growing epitaxial layers 
of the n-type GaAs and the p-type GaAs has been ex 
plained with reference to Examples 1 and 2, and the 
method of continuously growing epitaxial layers of 
GaAs1_,,.P,r was explained with reference to Example 3. 
In Example 3, epitaxial layers of GaAsmPx in which 
the value of x was varied continuously were con 
tinuously grown without timewise changing the ratio 
of As and P in the gas mixture 4 in the ?gure. 

In the afore-mentioned Examples, GaAs was taken 
up as an example of Ill-V‘ binary semiconductors and 
GaAswrPJr as an example of llI-V mixed crystal semi 
conductors. However, the method of this invention is 
by no means limited to these lll-V semiconductors. It 
can continuously grow epitaxial layers of the afore 
mentioned various Ill-V semiconductors on the afore 
mentioned various substrates. That is to say, the combi 
nation of the gas mixture 4, temperature gradient of the 
electric furnace 2 or 3 and the direction of movement 
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of the substrates 12 shown in the ?gure will make this . ~ 
method easily applicable to the continuous epitaxial 
growth of many other Ill-V semiconductors. For sub 
strates 12, Ge and Si may also be used instead of Ill-V 
semiconductors. ~ g - I_ f. ,.v 

1. A method for the continuous preparation of the 
epitaxial layers of a lII~V temary'compound semicon 
ductor represented by a general formula ABHCr on a 
llI-V binary compound semiconductor from a gas mix 
ture, wherein ABWCI stands for both AmCHqrC"Jr and 
B'”,_,,.C"'_\-A", A'” and A" being a "1-8 element and a 
V-B element, respectively, and B'” and C'” and B" and 
C" being two different lll-B elements and V-B ele 
ments, respectively, and the value of .r being between 
0 and 1, wherein said Ill-V ternary compound semicon 
ductor with a graded composition is grown without 
changing timewise the composition of said gas mixture 
entering into the reaction furnace. which is given a 
temperature gradient decreasing with distance in the 
direction of the gas ?ow, and by gradually changing the 
temperature of said Ill-V binary compound semicon 
ductor, and which is characterized by continuously 
changing the value of .\' to result in the graded composi 
tion by continuously moving the plurality of said lll-V 
binary compound semiconductor substrates, upstream _ 
of said gas ?ow in the situation when the substrate has 
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a lower melting point, and downstream of said gas ?ow 
in the situation when the substrate has a higher melting 
point than said ternary compound semiconductor, re 
spectively, thus effectively growing said epitaxial layers 
on said substrates thereby gradually decreasing the 
constituent C and increasing the consituent B in the gas 
mixture in the reaction furnace downstream of said gas 
flow in the situation when the compound AB has a 
lower melting point than the Compound AC and vice 
versa in the situation when the compound AB has a 
higher melting point than the compound AC. 

2. A method as claimed in claim 1 wherein said lll-V 
ternary compound semiconductor is GaAsHP, and 
GaP is utilized for said lll-V binary compound semi 
conductor substrate. 

3. A method as claimed in claim 2 which is character 
ized in that said gas mixture is produced from the reac 
tion products of a hydrogen gas saturated with AsC13 
with GaAs and the reaction products of a hydrogen gas 
saturated with PCI_», with GaP. 

4. A method as claimed in claim 1 which is character 
ized in that dummy wafers are placed in the reaction 
furnace before the movement of said substrates is 
started, thereby effectively depositing said ternary 
compound semiconductor on said wafers. 

* >l< * * >l< 
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UNITED S'I‘ATES PA’t‘trlr ‘T ()FFHJE 

(fl ti M‘ t t?‘ I (l AT E 0 t1" COR RECTION 
I’AI'MI rm. 3, 893, 876 

OATH) - July 8, 1975 

I I, , , Shin-ichi Akai, i-iakoto Hayashi, Shin-ichi 
|\N["\"T0Mb) Igucni and Takashi Shimoda 

It rs certi?ed that error appears m the ab0ve—identitied patent and that said Letters Patent 
are hereby corrected as shown below; 

In the ABSTRACT [57] , line 15, erase "Through" and 
substitute -—Though— 

Column 2,. line 19, before ", " insert -—gas mixture-— 

Column 2, line 46, delete "Descrip-" 

Column 2, line 47, erase "tion of the Invention" and 
substitute --DI3SCRIPTION OF THE INVENTION- 

Column 3, line 57, erase "C' " and substitute -- (CH — I H _ 3,3, 3’3 
Column 3, line 58 , before "to" insert —-it is necessary- 

Column 4, line 41, delete "used" (second occurrence) 

Column 6, line 8, before "direction" insert --The- 

Signed and Scaled this 
thirtieth Day of March 1976 

[SEAL] 
Arrest: 

RUTH C. MASON C. MARSHALL DANN 
Arresting Officer (‘mnmissr'mwr uj'Parents and Trademarks 


