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57 ABSTRACT 
An epitaxial layer of a semiconductive material is de 
posited on a substrate in a furnace boat having a well 
and a cup-shaped piston fitting in the well with the pis 
ton having a small hole in its top end. A heated solution 
of the semiconductive material dissolved in a molten 
metal solvent is provided in the well. The piston is 
pressed down against the solution to force some of the 
solution through the hole in the piston onto the top end 
of the piston. As the solution passes through the hole 
in the piston the solution is scraped clean of contami 
nants. The substrate is placed against the cleaned por 
tion of the solution on the top end of the piston and the 
solution is cooled to deposit an epitaxial layer of the 
semiconductive material onto the substrate. 

4 Claims, 6 Drawing Figures 
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1. 

METHOD FOR DEPOSTING AN EPTAXIAL 
SEMICONDUCTIVE LAYER FROM THE LIQUID 

PHASE 

BACKGROUND OF INVENTION 

The present invention relates to the deposition of an 
epitaxial layer of a semiconductor material on a sub 
strate from the liquid phase. More particularly, the 
present invention relates to a method and apparatus for 
depositing thin epitaxial layers from a liquid solution 
which has been scraped clean of contaminants. 

Epitaxial layers of single crystalline semi-conductive 
material have been deposited on a crystalline substrate 
by contacting a surface of the substrate with a solution 
of a semiconductive material dissolved in a molten 
metal solvent; cooling the solution so that a portion of 
the dissolved semiconductive material precipitates and 
deposits on the substrate as an epitaxial layer; and then 
removing the solution from the substrate. This method 
is known as solution growth or liquid phase epitaxy. For 
a detailed description see H. Nelson, "Epitaxial Growth 
from the Liquid State and its Application to the Fabri 
cation of Tunnel and Laser Diodes,' RCA REVIEW 
24, pg. 603, 1963. This technique has been found most 
suitable for depositing epitaxial layers of the group 
III-V semiconductive compounds, such as the phos 
phides, arsenides, antimonides of aluminum, gallium 
and indium and mixtures of such compounds. 

In the use of this technique various problems have 
arisen. One problem is in the deposition of thin layers. 
When the solution is cooled to deposit an epitaxial 
layer on the substrate, the amount of the semiconduc 
tor material deposited per degree drop in temperature 
of the solution, which determines the thickness of the 
deposited layer per degree drop in the temperature, de 
pends on the volume of the solution over the substrate. 
The greater the volume the more the semiconductive 
material deposited. Thus, to obtain a thin epitaxial 
layer with any degree of control it is desirable to use a 
small volume of the solution. However, because of the 
properties of the materials used for the solution it is dif 
ficult to obtain a small volume of the solution over the 
entire surface of a substrate. 
Another problem which arises in epitaxial deposition 

from the liquid phase is that certain of the materials 
used, particularly aluminum, have a high affinity for ox 
ygen and readily form an oxide. Even though this tech 
nique is generally carried out in a chamber through 
which a flow of a protective gas is passed, it is difficult 
to maintain the chamber completely oxygen free. Thus, 
when such oxygen affinity ingredients are included in 
the solution there is a tendency for oxides to be formed 
on the surface of the solution and such oxides interfere 
with the achievement of good epitaxial layers. Still an 
other problem arises when depositing the mixed semi 
conductive compounds. If the ingredients are mixed to 
gether too far ahead of the actual deposition step, there 
may be a tendency for the premature formation of the 
compound in the solution rather than in the forming of 
the epitaxial layer. Therefore, it would be desirable to 
be able to mix the ingredients together just prior to the 
beginning of start of the epitaxial deposition so as to 
prevent the premature formation of the compound. 
An epitaxial layer of a crystalline material is depos 

ited on a substrate by forming in a well of a furnace 
boat a solution of the material in a molten solvent. The 
solution is forced through a hole in a wall extending 
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2 
over the well so as to provide a glob of the solution on 
the wall with the glob having been mechanically 
scraped of surface contaminants. A substrate is brought 
into contact with the glob of the solution so that the 
glob extends in contact with a surface of the substrate. 
The solution is cooled to precipitate some of the crys 
talline material in the glob of the solution and deposit 
the crystalline material on the surface of the substrate 
as an epitaxial layer. The substrate with the epitaxial 
layer thereon is then removed from the glob of the solu 
tion. 

BRIEF DESCRIPTION OF THE DRAWING 

FIGS. 1-3 are sectional views of one form of the ap 
paratus of the present invention at various stages of the 
method of the present invention. 
FIGS. 4-6 are sectional views of another form of the 

apparatus of the present invention at various stages of 
the method of the present invention. 

DETAILED DESCRIPTION 
Referring initially to FIG. 1, one form of the appara 

tus of the present invention is generally designated as 
10. The apparatus 10 comprises a furnace boat 12 of 
a refractory material, such as graphite, having a well 14 
in its top surface. A hollow cup-shaped piston 16 of a 
refractory material, such as graphite, fits in the well 14. 
The outer wall 18 of the piston 16 is of a size and shape 
to have a close sliding fit within the well 14. The top 
end wall 20 of the piston 16 has a small hole 22 there 
through. The piston 16 fits in the well 14 with the open 
end of the piston being within the well and the top end 
wall 20 of the piston extending across the open end of 
the well. 
To carry out the method of the present invention 

with the apparatus 10, a charge is placed in the well 14 
and the piston 16 is placed in the well 14 over the 
charge. The charge is a mixture of the semiconductive 
material of the epitaxial layer to be deposited, a metal 
solvent for the semiconductive material and, if the epi 
taxial layer is to be of a particular conductivity type, a 
conductivity modifier. For example, to deposit an epi 
taxial layer of gallium arsenide, the semiconductive 
material would be gallium arsenide; the metal solvent 
could be gallium; and the conductivity modifier could 
be either tellurium or tin for an N type layer or zinc, 
germanium or magnesium for a P type layer. The semi 
conductive material and the conductivity modifiers are 
generally present in granulated solid form at room tem 
perature. Since certain of the metal solvents which can 
be used, such as gallium, have a melting temperature 
close to room temperature, the melting temperature of 
gallium being about 30°C, the metal solvent may be 
present either in granulated solid form or in liquid form 
depending on the ambient temperature where the 
method is being carried out. 
The loaded furnace boat 12 is then placed in a fur 

nace chamber (not shown) having a heating means, 
such as a resistance heater, on which the boat is seated. 
The chamber should also include manipulators for car 
rying out operations within the chamber from outside 
the chamber and a window for observation and illumi 
nation. A flow of a protective or reducing gas, such as 
hydrogen or a hydrogen and nitrogen mixture, is pro 
vided through the furnace chamber and over the fur 
nace boat 12. The heating means for the furnace cham 
ber is turned on to heat the contents of the furnace boat 
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12 to a temperature at which the metal solvent is mol 
ten and the semiconductive material and conductivity 
modifiers dissolve in the molten metal solvent, for ex 
ample between 800°C and 950°C for gallium arsenide 
and gallium aluminum arsenide. Thus, the charge be 
comes solution 24 of the semiconductive material and 
the conductivity modifiers in the molten metal solvent. 
The quantity of the charge placed in the well 16 is suffi 
cient such that when the solution 24 is formed, the pis 
ton 16 will float on the solution with the bottom open 
end of the piston being spaced from the bottom of the 
well 14, as shown in FIG. 1. 
The pistion 16 is then pressed downwardly into the 

well 14 as indicated by the arrow 26 in FIG. 2. As 
shown in FIG. 2, this can be accomplished by a stylus 
28 attached to one of the manipulators of the furnace 
chamber. Pressing the piston 16 downwardly into the 
well 14 causes some 24a the solution 24 to be squeezed 
through the hole 22 in the top wall with of the piston to 
provide This glob24a of the solution on the top wall 20. 
As the solution is squeezed through the hole 22 any ox 
ides or connected contaminants on the surface of that 
solution are mechanically scraped from the surface of 
the solution so that a fresh, the tube. free glob 24a of 
the solution is provided on the top wall 20 of the piston. 
the deposition 
As shown in FIG. 3, a flat substrate 30 of a material 

suitable for epitaxial deposition is then placed against 
the glob 24a of the solution so that the glob 24a is in 
contact with a surface of the substrate. This is achieved 
by supporting the substrate 30 on the end of a suction 
tweezer 32, which is a tube mounted on a manipulator 
and connected to a vacuum pump, so that the substrate 
is held against the end of the tube by the suction 
through the tube. By lowering the suction tweezer 32, 
the surface of the substrate 30 is pushed against the 
glob 24a of the solution until the solution is spread out 
across the surface of the substrate. The temperature of 
the heating means is then lowered so as to cool the so 
lution. 24. Cooling the solution 24 causes some of the 
semiconductive material in the glob 24a of the solution 
to precipitate and deposit on the surface of the sub 
strate 30 to form an epitaxial layer 34. During the de 
position of the semiconductive material some of the 
conductivity modifiers in the solution becomes incor 
porated in the lattice of the epitaxial layer 34 to pro 
vide the epitaxial layer with a desired conductivity 
type. Since the glob 24a of the solution which is in con 
tact with the substrate 30 is of small volume, a thin epi 
taxial layer 34 can be easily deposited. The suction 
tweezer 32 is then lifted upwardly to move the sub 
strate 30 with the epitaxial layer 34 thereon out of con 
tact with the solution. Thus, there is provided a method 
and apparatus wherein a thin epitaxial layer can be eas 
ily deposited from a liquid solution which has been 
cleaned of oxides or other surface contaminants. 
Referring to FIG. 4, another form of the apparatus of 

the present invention is generally designated as 40. The 
apparatus 40 comprises a furnace boat 42 of a refrac 
tory material, such as graphite, having first and second 
spaced wells 44 and 46 in its top surface. The wells 44 
and 46 are connected together adjacent their bottoms 
by a small passage 48. A hollow, cup-shaped piston 50 
of a refractory material is within the first well 44. The 
outer wall 52 of the piston 50 is of a size and shape to 
have close sliding fit within the first well 44. The top 
end wall 54 of the piston 50 has a small hole 56 there 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4. 
through. The piston 50 fits in the first well 44 with the 
open end of the piston being within the well and the top 
end wall 54 extending across the open end of the well. 
A solid piston 58 of a refractory material is within the 
second well 6. The solid piston 58 is of a size and shape 
to have sliding fit within the second well 46. 
To carry out the method of the present invention 

with the apparatus 40, a separate charge is placed in 
each of the first and second wells 44 and 46. The hol 
low piston 50 is placed over the charge in the first well 
44 and the solid piston 58 is placed over the charge in 
the second well 46. Each of the charges in the wells in 
cludes a metal solvent, such as gallium. However, the 
other ingredients which are to make up the final depo 
sition solution are separated between the two charges. 
For example, if the semiconductive material to be de 
posited is a mixed group III-V semiconductive com 
pound, such as gallium aluminum arsenide or gallium 
aluminum phosphide, the ingredients which are used to 
form the mixed semiconductive material compound are 
separated between the two charges. For example, for 
depositing either gallium aluminum arsenides or gal 
lium aluminum phosphide, the gallium arsenide or gal 
lium phosphide can be included in the charge in the 
first well 44 and the aluminum in the charge in the sec 
ond well 46. A conductivity modifier may be included 
in either or both of the charges. 
The loaded furnace boat 42 is then placed in a fur 

nace chamber (not shown) of the same type previously 
described with regard to the furnace boat 10 of FIG. 1. 
A flow of a protective or reducing gas is provided 
through the furnace chamber and over the furnace boat 
42. The heating means for the furnace chamber is 
turned on to heat the contents of the furnace boat 42 
to a temperature at which the metal solvent is molten 
and the other ingredients of the charges will dissolve in 
the molten metal solvent. Thus, the first charge be 
comes a first solution 60 of the molten metal solvent 
having the other ingredients of the charge dissolved 
therein and the second charge becomes a second solu 
tion 62 of the molten metal solvent having the other in 
gredients of the charge dissolved therein. 
As shown in FIG. 5, the solid piston 58 is then pushed 

downwardly into the second well 46 as indicated by the 
arrow 64 by means of a stylus 66 which is attached to 
one of the manipulators of the furnace chamber. This 
forces some of the second solution 62 through the pas 
sage 48 into the first well 44 where it mixes with the 
first solution 60. The mixing of the first and second so 
lutions 60 and 62 forms in the first well 44 the deposi 
tion solution 68 having the desired ingredients. Thus, 
if the first solution 60 contained either gallium arsenide 
or gallium phosphide and the second solution 62 con 
tained aluminum, the deposition solution will contain 
either gallium arsenide and aluminum to deposit gal 
lium aluminum arsenide or gallium phosphide and alu 
minum to deposit gallium aluminum phosphide. 
As shown in FIG. 6, the hollow piston 50 is then 

pressed downwardly into the first well 44 as indicated 
by arrow 70 by means of a stylus 72 attached to a ma 
nipulator of the furnace chamber. This causes some of 
the deposition solution 68 to be squeezed through the 
hole 56 in the top wall 54 of the hollow piston 50 to 
provide a small glob 68a of the deposition solution on 
the top wall 56. As the deposition solution 68 is 
squeezed through the hole 56 it is mechanically 
scraped clean of any surface oxides or other contami 
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nants so that so as to provide a fresh, oxide free glob 
68a of the solution on the top wall 54 of the piston 50. 
A substrate 74 mounted on the end of a suction tweezer 
76, which is secured to a manipulator of the furnace 
chamber, is lowered against the glob 68a of the deposi 
tion solution so that the solution is spaced across and 
is in contact with a surface of the substrate. The tem 
perature of the heating means for the furnace chamber 
is lowered so as to cool the deposition solution 68. This 
causes some of the semiconductive material in the glob 
68a of the deposition solution to precipitate and de 
posit on the surface of the substrate to form an epitaxial 
layer 78. During the deposition of the semiconductor 
material some of the conductivity modifiers in the de 
position solution becomes incorporated in the lattice of 
the epitaxial layer 78 to provide an epitaxial layer of a 
desired conductivity type. The suction tweezer 76 is 
then lifted to move the substrate 74 with the epitaxial 
layer 78 thereon out of contact with the deposition so 
lution. Thus, with the apparatus 40 a thin epitaxial 
layer can be easily deposited from a liquid solution 
which has been cleaned of surface oxide or other con 
taminants. In addition, the apparatus 40 permits the 
mixing of the ingredients of the material to be depos 
ited just prior to the starting of the actual deposition so 
as to minimize the possiblity of premature formation of 
the material in the deposition solution. 
We claim: 
1. A method of depositing an epitaxial layer of a crys 

talline material on the surface of a substrate comprising 
the steps of: 

a. forming in the well of a furnace boat a deposition 
solution of a material dissolved in a molten solvent, 

b. forcing some of said deposition solution through a 
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6 
hole in a wall extending over the well so as to pro 
vide a glob of said deposition solution on said wall 
with the glob having been mechanically scraped of 
surface contaminants, 

c. bringing a substrate into contact with said glob of 
the solution so that the glob extends in contact with 
a surface of the substrate, 

d. cooling said solution to precipitate some of the 
crystalline material from said glob of the solution 
and deposit said semiconductive material on the 

i surface of the substrate as an epitaxial layer, and 
e. removing said substrate with the epitaxial layer 
thereon from the glob of the solution. 

2. The method in accordance with claim 1 in which 
the solution is forced through the hole in the wall by 
pressing the wall against the solution. 

3. The method in accordance with claim 1 in which 
the deposition solution is formed by forming a first so 
lution in said well and a second solution in a second 
well in said furnace boat, said first solution comprising 
a molten solvent having dissolved therein some of the 
ingredients of the material to be deposited, said second 
solution comprising a molten solvent having dissolved 
therein other ingredients of the material to be depos 
ited and then mixing at least some of the second solu 
tion with the first solution to form the deposition solu 
tion. 

4. The method in accordance with claim 3 in which 
the second solution is mixed with the first solution by 
forcing at least some of the second solution from the 
second well into the first well through a passage extend 
ing through the furnace boat between said wells. 
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