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This invention relates to a method and apparatus for 
growing crystals. More particularly, this invention re 
lates to a method and apparatus for effecting crystal 
growth under controlled conditions of temperature and 
concentration of the crystal-forming rinaterial dissolved 
in a suitable solvent medium. Still more particularly, this 
invention relates to an improved method and apparatus 
for growing monocrystals and polycrystals of semiconduc 
tive materials. 
A major problem usually encountered in crystal growth 

from solution is the maintenance of a constant solute 
(material which forms the crystal) concentration in the 
solution containing the same and from which the crystal 
is to be grown. Various techniques and apparatus have 
been suggested and employed for controlling solute con 
centration in the solution from which the solute material 
is to be crystallized. None of the methods or apparatus 
suggested or employed heretofore has been completely 
Satisfactory, especially without requiring careful and con 
tinuous control of the crystal growing operation. 

It is an object of this invention to provide an improved 
methcd and apparatus for effecting crystal growth. 
Another object of this invention is to provide a method 

and apparatus for growing crystals which require rela 
tively little operational control. 

Still another object of this invention is to provide ap 
paratus whereby certain crystal growing conditions dur 
ing the crystal growing operation are controlled due to 
the nature and structure of the apparatus employed. 
How these and other objects of this invention are 

achieved will become apparent in the light of the accom 
panying disclosure made with reference to the accom 
panying drawings wherein: 
FIG. 1 schematically illustrates in vertical cross-section 

a crystal growing apparatus in accordance with this in 
vention, as well as indicating the practice of this invention; 
and 

FIG. 2 is a cross Sectional view taken along line 2-2 
of the apparatus illustrated in FIG. 1. 

In accordance with this invention it has now been dis 
covered that an improved method of growing crystal 
Solute from a solution containing said solute dissolved in 
a Suitable solvent is provided by forming a solution of 
Said Solute in a body of a suitable solvent, dividing said 
body of solvent into two portions, a first portion and a 
second portion, said first portion being in fluid communi 
cation with said second portion and the concentration of 
said Solute in Said first portion being greater than the con 
centration of Said Solute in said second portion, and in 
troducing into contact with said second portion a seed 
crystal of Said solute for growth of crystalline solute 
thereon. Suitable apparatus for effecting crystal growth 
in accordance with this invention comprises a container 
open at the top, an envelope disposed in a substantially 
upright position within said container, said envelope be 
ing open at both ends, the lower end of said envelope 
being spaced from the bottom of said container and 
means located in the annulus intermediate said container 
and said envelope fixing Said envelope to said container. 

in the practice of this invention for the growth of 
crystal solute material from a solution containing said 
Solute dissolved therein, said solution is divided into two 
portions, a first portion and a second portion, said first 
portion being in open, direct fluid communication with 
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said second portion. The concentration of solute in said 
first portion of said solution is maintained higher than 
the concentration of solute in said second portion of said 
sciution. A seed crystal of solute material upon which 
crystalline solute is to be deposited is placed into contact 
with said second portion of said solution under crystal 
forming conditions to deposit crystal solute on said seed 
crystal. As crystalline solute is deposited on or crystal 
lizes on said seed crystal solute material additional solute 
material, due to the difference in concentration of solute 
between said first portion and said second portion of said 
solution, is supplied from said first portion to said second 
porticin. The maintenance of a high concentration of 
Solute material in said first portion of solution relative to 
Said second portion is effected by causing an additional 
amount of solute to be dissolved therein, desirably in an 
amount and at a rate equal to the amount and rate at 
which solute crystal is crystallized from said second por 
tion of said solution onto said seed crystal and/or at which 
Said dissolved solute material moves from said first por 
tion to said second portion of said solution due to the 
Solute concentration differential therebetween. 

In accordance with one embodiment of this invention 
a higher concentration of solute is achieved and main 
tained in Said first portion of said solution as compared 
with said second portion of said solution by maintaining 
Said first portion of said solution in contact with solid 
Solute material so as to be substantially saturated there 
with and, desirably, by maintaining the temperature of 
Said first portion of Said solution at a temperature higher 
than Said Second portion of said solution. This embodi 
Enent of the invention is particularly applicable to the 
growth of crystalline solute material from a solution in a 
Solvent wherein said solute material evidences increased 
Solubility in said solvent with an increase in temperature. 
Accordingly, it is thus seen that by maintaining the first 
portion of Said solution at a higher temperature and under 
conditions such that said first portion of said solution is 
Saturated with solute, the concentration of said solute 
material in said second portion of said solution tends to 
be lower, particularly since crystal growth of said solute 
Islaterial occurs in said second portion of said solution 
thereby continuously removing solute material from solu 
tion during the crystal growing operation. Crystal growth 
is promoted from said second portion of said solution 
since Said Second portion of said solution tends to be 
Come SuperSaturated with respect to said solute due to 
the fact that Said Second portion of said solution is main 
tained at a temperature lower than the first portion of 
Said solution. 
AS indicated hereinabove, said solution containin 

toliite dissolved therein is divided into two portions, a 
rst portion and a second portion, said first and second 
'ortions being in direct, fluid communication with each 
ther. In accordance with one embodiment of the prac 
ice of this invention said solution is provided within a 
itjitable container, such as a cylindrical container, which 
is divided into the aforesaid portions by providing within 
Said container a fluid impermeable barrier which effec 
tively Seals off and covers a portion of the upper surface 
of the Solution therein, e.g. the surface of said first por 
tion of Said solution, said barrier also extending down 
Wardly into Said solution only part of the way thereinto. 
That portion of the surface of said solution covered by 
Said barrier and the solution encompassed between the 
Wail of the container and that section of said barrier ex 
tending downwardly into Said solution comprises the 
aforesaid first portion of the solution in the practice of 
this invention. The remaining portion of said solution, 
i.e. the amount of solution not so encompassed between 
said fuid inpermeable barrier and the peripheral wall of 
the container comprises essentially the aforesaid second 

or . 
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portion of the solution in the practice of this invention. 
The top surface or level of said second portion is un 
covered by Said fluid impermeable barrier and is other 
wise available for contact with a seed crystal of the solute 
material for crystal growth thereon. Since the firid 
impermeable barrier extends only part of the way down 
into said solution within the container, said first and sec 
Orld portions of Said Solution are in direct coinunication 
with each other at the lower section of the container so 
that during the crystal growing operation dissolved solute 
material under the influence of the concentration and/or 
temperature gradient between said first portion and said 
Second portion of said solution moves froin said first por 
tion into the second portion of said solution. 

Desirably, in the practice of this invention a tempera 
ture gradient is maintained between the first portion and 
the Second portion of said solution. A suitable tiethod 
of maintaining a temperature gradient is to dispose the 
solution within a container provided with a fluid imperre 
able barrier therein, said barrier having a form er shage 
Such that said first portion of the solution within the coin 
tainer encompasses or surrounds said second portion aid 
is only in direct communication with said second portion 
at about the bottom of said first portion. So that said 
first portion and Said second portion are only in direct 
iiuid communication with each other at their respective 
lower portions. In such an arrangement it is possible to 
maintain the temperature of said first porticin substantially 
different from the temperature of said seccnd politien. 
For example, upon the application of heat to the outside 
Wall of the container it is possible to maintain the tein 
perature of the first portion of the solution substantially 
higher than the temperature of the second portion of 
the solution, the fluid impermeable barrier within said 
container and dividing said solution into a first portion 
and a second portion serves to prevent convection cur 
rents within said first portion from reaching said second 
portion and thereby increasing the temperature of said 
Second portion to substantially that of said first portion. 
It is thus seen that substantially all the heat supplied to 
said second portion from said first portion passes through 
the annular body of said first portion of the solution 
which is substantially isothermal, i.e. all of the first por 
tion of said solution is at substantially the same tempera 
ture during the crystal growing operation, and then is 
conducted through the fluid impermeable barrier into said 
Second portion. 
Any suitable temperature differential between said first 

portion and said second portion effective in the practice 
of this invention to promote the growth of crystal Solute 
onto the seed crystal of solute material introduced into 
contact with said Second portion of the solution nay be 
employed. Specifically, the temperature differential be 
tween said first portion and said second portion may be in 
the range 10-300 degrees centigrade, more or less, de 
pending upon the physical properties (Solubility) of the 
solute material to be crystallized, the Solution, reting 
points of solute and solvent, the design, size and con 
formation of the container and the fluid imperimeable bar 
rier therein. A temperature differential as low as about 
5 degrees centigrade and as high as about 500 degrees 
centigrade might be employed depending to Sone extent 
upon the order of magnitude of the temperature of Said 
first portion of said solution. 
As indicated, the practice of this invention is generally 

applicable to the crystallization of solutes from various 
solutions containing solute material dissolved therein. 
Specifically, the practice of this invention is also appli 
cable to the crystallization of Soiutes, Such as chemical 
compounds, such as salts, e.g. Rochelle Sait, from an 
aqueous medium or from a non-aqueous mediurn. 
The practice of this invention is particularly applicable 

to the crystallization of Solute material from Solutions 
wherein the solvent is a liquid non-aqueous, metallic me 
dium, e.g. gallium, germanium, indium, tin or Suitable 
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4. 
compound thereof, such as indium antimonide, zinc and 
the like. Soilate materials which are suitable for crystal 
lization in accordance with the practice of this invention 
include the elements such as germanium and such mate 
rials or compounds having the formula AB, wherein A is 
an atom selected fronn the group consisting of boron, 
aiminum, gallium and indium and B is an aton selected 
from the group consisting of nitrogen, phosphorus, arsenic 
and antimony, specifically, such compounds as indium 
antiinanide, gallinn arsenide, indium arsenide, gallium 
antinieride, gallium phosphide, indium phosphide and the 
like. In general, any solute material capable of crystal 
lization may be crystallized from a solution in accord 
ance with the practices of this invention, although the in 
vention has particular utility with respect to the growing 
of monocrystals or semi-conductive materials having Sub 
stantially constant characteristics over and extended por 
tion of the grown crystal. 

Reference is now made to the drawings which sche 
matically illustrate an apparatus suitable for use in the 
practice of this invention, the drawings also being illus 
trative of a practice of this invention. Cylindrical con 
tainer (, preferably made of quartz, has associated 
therewith heating element 11, such as an electrical heat 
ing element. Container it has disposed substantially 
concentrically therein an open-ended tube 12, preferably 
cylindrical in shape and preferably made of quartz. As 
illustrated in FIG. 1 tube 2 extends only part of the way 
downwardly within container 10 so that the bottom end 
of tube 2 is spaced from bottom 10a of container 10. 
The upper end of tube 2 may be conveniently located at 
about the same level as the top of container 10, although 
the top of tube 2 may be higher or lower than the top 
of container 3. Washer 4 is provided within container 
30 fixed to the inside wall 50b thereof and to the outside 
wall 2a of tube 2. Washer 14 is also preferably made 
of quartz. 

In the above arrangement illustrated in FIG. 1 washer 
14 fixes tube 2 to container 10. The combination of 
washer 14 and the lower portion of tube 12, i.e. that 
portion of tube 12 extending downwardly within con 
tainer 0 beneath washer 4 serves as a fluid impermeable 
barrier to divide the interior of container 10 into two sec 
tions or portions, an annular, peripheral section or por 
tion 6c and an inner section or portion 10d, said portions 
i8c and 0d being in direct fluid communication within 
container 10 at the bottom thereof beneath the bottom 
end of tube 2. 
There is introduced within container 10 solid, particle 

form, Semi-conductive material, e.g. gallium arsenide 15, 
and a suitable solvent therefor, e.g. liquid ballium 16. 
Since gallium arsenide 15 is less dense than liquid gal 
lium, it tends to float thereon. The particle form gallium 
arsenide S5 and the liquid gallium 6 are introduced 
into container 9 so that all the gallium arsenide is 
within the annular, peripheral portion of container 10 
and liquid gallium completely occupies this portion or so 
called first portion 10c of container 0, and no free space 
is present within first portion 10c of container 10. The 
liquid gallium thus-introduced within container 10 pre 
sents a liquid surface or liquid level 18 within tube 12. 
Desirably, liquid level 18 is substantially above the level 
of washer 14 within container 0. It is thus seen that 
the liquid gallium introduced into container 10 is divided 
by washer 4 and that section of tube 12 extending 
downwardly from washer 14 within container 10 into 
two portions, a first portion completely occupying por 
tion ic of container 10 and a second portion occupying 
portion 10d within tube 12. 
The liquid gallium 6 in contact with the solid, particle 

form gallium arsenide 5 within container 10 dissolves 
at least a portion thereof so that the liquid gallium in 
portion 10c of container 10 becomes substantially sat 
tirated with gallium arsenide. Heat is then applied to 
the outside of container 10 by means of heating element 
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A. When heat is applied to container 0 the tempera 
ture of the liquid gallium-solid gallium arsenide mixture 
within portion 10c increases and the gallium arsenide 
tends to dissolve in the liquid gallium. Since heating ele 
ment 1 substantially completely surrounds the outside of 
container 10 the temperature of the resulting liquid gal 
lium solution of gallium arsenide within portion {c of 
container 16 tends to increase and to be higher than the 
temperature of the liquid gallium solution within portion 
19d of container 10 within tube 12. 
Washer 14 and the lower section of tube 12 extending 

beneath washer 14 serves as a liquid impermeable bar 
rier and tends to prevent the relatively hot, thermal con 
vection currents generated within the gallium solution 
in portion ic of container 6 from reaching the gallium 
solution within portion 0d of container 19. Substan 
tially all heat transfer from heating element i to the 
gallium solution within portion ited within tube 12 is 
effected only through the gallium solution within portion 
ic and the wall of tube 12 within container 0 beneath 
washer 4. It is thus seen that upon the application of 
heat to container 10 by means of heating element it a 
temperature gradient is built up and maintained within 
container 10, the gallium solution within portion 50c 
of container ice being at a higher temperature than the 
gallium solution within portion 6d of container 10. 

Since gallium arsenide exhibits increased solubility in 
liquid gallium with an increase in temperature, it is ap 
parent that the concentration of gallium arsenide within 
the gallium solution in portion itec is greater than the 
concentration of gallium arsenide in the gallium solution 
within portion (d of container 8. When the gallium 
solution within portion 16c has reached a suitable tem 
perature, above about 500 C., e.g. in the range 500-900 
C., more or less, and a suitable temperature differential, 
such as a temperature differential above about 25 degrees 
centigrade, e.g. a temperature differential in the range 
25–200 degrees centigrade, has been reached between 
the main body of the gallium solution within portion 10c 
of container 8 and the main body of the gallium solu 
tion within portion Cal of container E6, a seed crystal 
of gallium arsenide 9 supported at the lower end of 
seed crystal holder 29 is introduced beneath liquid level 
i8 into contact with the gallium solution within portion 
iid of container 9 so as to wet the surfaces of seed 
crystal 9. Desirably, seed crystal 9 of gallium arsenide 
is then partially withdrawn, now wetted with the gallium 
solution to, in effect, create a meniscus of gallium solu 
tion extending from liquid level 18 upwardly onto the 
wetted surfaces of gallium arsenide seed crystal 19. The 
crystal growing operation for the production of crystal 
ine gallium arsenide is then commenced. 
During the crystal growing operation crystal holder 

28 carrying seed crystal 19 at the bottom thereof is slowly 
rotated, about 10 r.p.m., while maintaining a portion of 
seed crystal 9 in contact with the body of gallium solu 
tion within portion Gd of container 10 and beneath liq 
uid level 8. Because of the difference in gallium concern 
tration between the gallium solution within portion ic 
of container 10 and the gallium solution within portion 
{d of container a transport of dissolved gallium arsenide 

from the gallium solution within portion ec of container 
10 to the gallium solution within portion 10d of container 
G occurs. As indicated hereinabove, this difference in 

galluim arsenide concentration within portions 0c and 
gCd of container is due to the temperature differential 
maintained in between portions 10c and 0d of container 

(9. 
Under the gallium arsenide crystal-forming conditions 

maintained in the gallium solution within portion. 10d 
of container 10, gallium arsenide from the gallium solution 
crystallizes upon gallium arsenide seed crystal 9. Gal 
lium arsenide crystal growth onto seed crystal 9 occurs 
upon the wetted surfaces of the gallium arsenide seed 
crystal 9 and the resulting crystal growth spreads out 
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wardly, substantially horizontally from seed crystal 9 
within tube 2. At the same time galium arsenide crys 
tal growth extends from seed crystal is downwardly into 
gallium solution within portion Ca of container 0. Ac 
cordingly, galium arsenide crystal growth occurs, in effect, 
on seed crystal 9 out of the gallium solution within por 
tion {d of container 16. AS gallium arsenide crystal 
growth continues on seed crystal 9 the newly-formed 
crystal surfaces of gailium arsenide on seed crystal is be 
come wetted with gallium solution 16 thereby affording 
additional surface crystal growth thereon. By the above 
mechanism, gailium arsenide crystal growth on seed crys 
tal 9 proceeds out of the gallium solution in portion 
ited of container 18 and outwardly and downwardly 
from seed crystal 19. - 
As gallium arsenide crystallization occurs on seed crys 

tal 9, the supply of gallium arsenide in the gallium solu 
tion within portion 6d of container it is replenished by 
additional solution of solid gallium arsenide 5 into the 
galium solution within portion ic of container E.C. Ac 
cordingly, the gaitium solution within portion a8c of coin 
tainer is maintained Substantially saturated with gal 
lium arsenide. As additional gallium arsenide 15 goes 
into Solution within the gallium solution in portion iÉc 
of container 8, the space previously occupied by this gal 
lium arsenide is occupied by the gallium solution therein. 
As this occurs, liquid level 3 within tube 2 tends to 
drop with the result that, in effect, the resulting grown 
gallium arsenide crystal appears to grow out of the gallium 
solution within portion iid of container 9. This growth 
of galiurn arsenide out of the galium solution and the 
resulting drop in liquid level S of gallium solution 56 
within tube 2 is due to the growth of gallium arsenide 
crystal in a substantially horizontal direction outwardly 
from Seed crystal A9 within portion {d of container (). 
Growth of gallium arsenide crystal onto seed crystal 

E9 is continuous until the source of gallium arsenide with 
in portion ic of container 16 has been substantially com 
pletely depleted, i.e. until about substantially ail of the 
Solid gallium arsenide has been dissolved within the gal 
lium solution filling portion c of container 10. When 
additional gallium arsenide is no longer available to go 
into Solution within portion 10c of container 10, gallium 
arsenide crystal growth onto seed crystal 9 can be ter 
minated. If desired, however, gallium arsenide crystal 
growth can be stopped at any time by the operator by lift 
ing Seed crystal 9 together with resulting grown crystal 
line gallium arsenide thereon completely out of contact 
With the gallium solution within portion 6d of con 
tainer Ele. 

It is thus seen that in accordance with the practices of 
this invention a simple, substantially trouble-free and 
convenient method of growing crystals is provided, no 
continuous drawing or pulling or vertical movement of 
Seed Crystal 9 together with the crystallized material 
(gallium arsenide) thereon being required, since, in effect, 
the resulting grown crystal (crystalline gallium arsenide) 
actually grows out of solution, the solution serving as a 
Source of the crystalline material to be grown (gallium 
arsenide) and inherently drawing away from the resulting 
grown crystalline material (gallium arsenide). 

Further exemplary of the practice of this invention, a 
Suitable apparatus of the type illustrated in FIGS. 1 and 2 
of the drawings may have the following dimensions; 
height of container, h, about 20 mm., diameter of con 
tainer, d, about 30 mm., diameter of tube d', about 15 
mm., height of tube, h', about 15 mm. 

It is to be noted that in accordance with the practice 
of this invention, as clearly illustrated in the figures, heat 
ing element E surrounds the outside wall of container EG. 
Desirably, heating element is not brought in heat ex 
change relationship with the bottom Ga of container (), 
so that no substantial amount of heat transfer occurs be 
tween the heating element A and the gallium solution 
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within tube 2, particularly within portion ided of con 
tainer G, without first passing through the gallium solution 
in portion 16c of container 6, thereby better maintaining 
and controlling the temperature gradient between the gal 
lium solutions in portions (c and iCd of container 8. 
The crystal size and rate of crystal growth in accord 

ance with the practices of this invention are to a certain 
extent controlled by the actual dimensions of the ap 
paratus itself, larger and wider crystals tend to be grown 
with an increase in d' and longer, narrower crystals tend 
to be grown with a decrease in d'. 
As will be apparent to those skilled in the art in the light 

of the foregoing disclosure, many modifications, altera 
tions and substitutions are possible in the practice of this 
invention without departing from the spirit or scope there 
of. 

I claim: 
Apparatus for growing a crystal from a solution con 

taining crystal forming material dissolved in a solvent, 
comprising an outer container and an inner tubular con- ; 
tainer disposed in an upright position within said outer 
container, said inner tubular container being opened at 
both ends thereof with the lower of its ends being dis 
posed within said outer container and spaced from the 
bottom of said outer container, a washer joining together : 
said outer container and said inner tubular container and 
positioned higher than the lower end of said inner tubular 
container, said washer and the portions of said outer con 
tainer and inner tubular container that extend below said 
washer together forming an outer chamber, said washer 
and said portion of said inner tubular container extending 
below said washer together forming a liquid impermeable 
barrier, sp that said outer chamber communicates with the 
inner tubular container only at the bottom of the chamber, 
whereby the chamber and the inner tubular container may 

0. 
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contain a solvent which flows freely therebetween but a 
solid crystal forming material included within the solvent 
in said chamber and of a specific gravity less than the 
specific gravity of said solvent is contained within said 
chamber against said washer, a crystal holder for posi 
tioning a seed crystal in contact with the upper surface of 
said solvent in said inner tubular container, and a heating 
coil positioned outside of the outer container for heating 
the solvent in the outer container and inner tubular con 
tainer, whereby the solvent in the chamber is maintained at 
a higher temperature than the solvent in the inner tubular 
container so that the solvent in the chamber is saturated 
with dissolved crystal forming material and the solvent 
in the inner tubular container is supersaturated with dis 
Solved crystal forming material. 
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