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CRYSTAL GROWTH APPARATUS AND
METHOD

nations and subcombinations of several further features dis

CROSS REFERENCE TO RELATED
APPLICATIONS

BRIEF DESCRIPTION OF THE DRAWINGS

closed beloW in the detailed description.

The accompanying draWings, Which constitute a part of
this speci?cation, illustrate various implementations and
aspects of the present invention and, together With the
description, explain the principles of the invention. In the

This application is based upon and claims the bene?t of

priority from the prior Chinese patent application No.
2008100895459, ?led Apr. 7, 2008.

draWings:
FIG. 1 is a cross sectional vieW of an exemplary crystal

BACKGROUND

groWth apparatus 20 consistent With certain aspects related to
the innovations herein;
FIG. 2 illustrates an exemplary crystal ingot With body
lineage consistent With certain aspects related to the innova

1. Field

Systems and methods herein relate generally to the growth
of Group III-V, II-VI and related monocrystalline compounds

tions herein;

and in particular to a method and apparatus for growing such

FIG. 3 illustrates an exemplary method for crystal groWth
using Vertical Gradient FreeZe (VGF) and Vertical Bridgman

compounds With reduced body lineage.
2. Description of Related Information

semiconductor crystals Which, When sliced and polished, pro

(VB) process steps consistent With certain aspects related to
the innovations herein; and
FIG. 4 illustrates an exemplary method for loading the
crystal groWth fumace shoWn in FIG. 1 consistent With cer

vide substrates for microelectronic device production. The

tain aspects related to the innovations herein.

Electronic and opto-electronic device manufacturers rou

20

tinely require commercially groWn, large and uniform single
groWth of a semiconductor crystal involves heating polycrys
talline raW material to its melting point (typically in excess of
1,2000 C.) to create a polycrystalline raW material melt,

25

bringing the melt into contact With a high quality seed crystal,
and alloWing the crystalliZation of the melt When in contact
With the seed crystal. The crystallization of the melt forms an

essentially cylindrical crystal (an ingot) along a vertical axis

Reference Will noW be made in detail to the invention,

examples of Which are illustrated in the accompanying draW
30

a crucible support. The crucible has a loWer, narroW portion,

Drawbacks exist With the conventional crystal groWth pro
cess and crystal groWth equipment. For example, knoWn crys
tal groWth process creates a crystal that has body lineage
defect Which reduces the useful overall length of the crystal
groWn using the conventional crystal groWth process. The
reduction in the overall length of the groWn crystal results in

ings. The implementations set forth in the folloWing descrip
tion do not represent all implementations consistent With the

With the seed crystal beloW the polycrystalline raW materials.
The equipment necessary to form the semiconductor crystal
includes a crystal groWth furnace, an ampoule, a crucible, and
called a seed Well.

DETAILED DESCRIPTION OF ONE OR MORE
EMBODIMENTS

claimed invention. Instead, they are merely some examples
35

consistent With certain aspects related to the invention. Wher
ever possible, the same reference numbers Will be used
throughout the draWings to refer to the same or like parts.
The apparatus and method are particularly applicable to an

apparatus and method for gallium arsenide (GaAs) crystal
40

groWth and it is in this context that the apparatus and method
are described. It Will be appreciated, hoWever, that the appa
ratus and method has greater utility since the apparatus and
method can be used to produce other Group III-V, Group

II-VI and related monocrystalline compounds.

a loWer yield. Accordingly, there is a need for a crystal groWth

FIG. 1 is a cross sectional vieW of an example of a crystal

apparatus and method that overcomes draWbacks such as

groWth apparatus 20. The apparatus may include a crucible

these in knoWn systems.

45

support 22 in a fumace 24, such as a furnace that establishes

a crystalliZing temperature gradient Which may be used in a
SUMMARY

vertical gradient freeZe (VGF) or vertical Bridgman (VB)
crystal groWing and/or, if the furnace is moveable, a vertical

Systems and methods consistent With the invention are

directed to groWth of moncrystalline compounds.

50

control to an ampoule 26 (that in one implementation is made
of quartZ) that contains a crucible 27. The crucible support 22,
When the furnace is in operation, can be moved during the

In one exemplary embodiment, there is provided a method
of bringing an ampoule With raW material Within a furnace

having a heating source, groWing a crystal using a vertical

crystal groWth process. Alternatively, the crucible support is

gradient freeZe process Wherein the crystalliZing temperature
gradient is moved relative to the crystal or furnace to melt the
raW material and reform it as a monocrystalline compound,

Bridgman-Stockbarger process. The crucible support 22 pro
vides physical support for and alloWs for thermal gradient

55

?xed and the fumace, When in operation, can be moved during
the crystal groWth process. The crucible 27 may contain a

and groWing the crystal using a vertical Bridgman process on

seed crystal 28, a groWn monocrystalline crystal/compound

the Wherein the ampoule/heating source are moved relative
each other to continue to melt the raW material and reform it
as a monocrystalline compound.

30 formed on top of the seed crystal and raW melt material 32.
In one embodiment, the crucible 27 may be a pyrolitic boron
60

It is to be understood that both the foregoing general
description and the folloWing detailed description are exem
plary and explanatory only and are not restrictive of the inven
tion, as described. Further features and/or variations may be
provided in addition to those set forth herein. For example,
the present invention may be directed to various combinations
and subcombinations of the disclosed features and/or combi

nitride (pBN) material With a cylindrical crystal groWth por
tion 34, a smaller diameter seed Well cylinder 3 6 and a tapered

transition portion 44. The crystal groWth portion 34 has a
diameter equal to the desired diameter of the crystal product.
The current industry standard crystal diameters are 2 inch, 3
65

inch, 4 inch, 5 inch, 6 inch and 8 inch ingots that can be cut
into Wafers. At the bottom of the crucible 27, the seed Well
cylinder 36, in one implementation, may have a closed bot
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tom and a diameter slightly larger than that of a high quality
seed crystal 28, e.g., about 6-25 mm, and a length on the order
of 30-100 mm. The cylindrical crystal growth portion 34 and
the seed Well cylinder 3 6 may have straight Walls or may taper

removal of the crystal from the crucible 27. The tapered
transition portion 38 betWeen the groWth portion 34 and the
seed Well cylinder 36 has an angled side Wall pitched at, for
example approximately 45-60 degrees, With a larger diameter

another embodiment, the holloW core 52 extends through the
crucible support from the bottom of the seed Well to the
bottom of the furnace apparatus 24. The holloW core 52
provides a cooling path from the center of the crystal. It
contributes to cooling in the seed Well and in the center of the
groWing crystal. With this construction, heat energy can
escape doWn through the center of the solid crystal and seed,
doWn through this holloW core 52 in the insulating material
Within the crystal support 22. Without the holloW core 52, the

outWardly on the order of one to a feW degrees to facilitate the

equal to and connected to the groWth zone Wall and a narroWer

temperature of the center of the cooling ingot Would naturally

diameter equal to and connected to the seed Well Wall. The
angled side Wall may also be at other angles that are more
steep or less steep than 45-60 degrees.
Before insertion in the crystal groWth fumace 24, the cru
cible 27 is loaded With raW materials and inserted into the

be higher than the crystal material nearer to the outer surface.
In this case, the center of the ingot in any horizontal cross

ampoule 26. The ampoule 26 may be made of quartz. The
ampoule 26 has a shape similar to that of the crucible 27. The

core 52 included in the crystal support method, heat energy is
conducted doWn through the bottom of the ampoule 26 and

crucible is cylindrical in a crystal groWth region 40, cylindri

the holloW core 52 from Where it radiates back out of radiation

section Would crystallize later after its perimeter had solidi
?ed. Crystals With uniform electrical properties cannot be
made under these conditions. With the creation of a holloW

cal With a narroWer diameter in its seed Well region 42 and has

a tapered transition region 44 betWeen the tWo regions. The

20

crucible 27 ?ts inside the ampoule 26 With a narroW margin
betWeen them. The ampoule 26 is closed at the bottom of its
seed Well region 42 and, like the crucible, sealed on top after

tal-melt interface alloWs the production of crystals With uni

form electrical and physical properties.
The loW-density insulating material Within the cylinder 50

the crucible and raW materials are loaded. The bottom of the

ampoule 26 has the same funnel shape as the crucible 27.
Since the ampoule-crucible combination has a funnel

shape, the crucible support 22 is required to accommodate
this funnel shape and hold the ampoule 26 stable and upright
inside the fumace 24. In other implementations, the ampoule
crucible combination may retain different shapes, and the
basic structure of the crucible support 22 Would be changed
accordingly to ?t the speci?c different shape. According to an
embodiment, the stability and strength to the ampoule and its
contents are provided through a solid, thin-Walled cylinder 50
of the crucible support 22. The solid, thin-Walled cylinder 50

channels 56. It is important to reduce heat energy from the
center of the groWing crystal so that the isothermal layers are
kept ?at across the crystal diameter. Maintaining a ?at crys

25

obstructs the How of heat radiation from a set of fumace heat

elements 60 to the ampoule 26 in the seed Well region 42, so
this method requires the creation of a plurality of horizontal

radiation channels/openings/tunnels 56 through the insula
30

tion material. The radiation channels 56 penetrate the insu
lating material to provide heat radiation outlets to controlla
bly transfer heat from the fumace heating elements 60 to the

ampoule seed Well 42. The number, shape and diameter of the
35

radiation channels 56 varies depending on speci?c condi
tions. The radiation channels may also be slanted, bent or
Wave-like. The radiation channels also do not necessary have

accommodates the funnel end of the ampoule structure 26. In
one embodiment, the crucible support cylinder 50 is made of

to be continuous, as they may extend only partially through

a heat conducting material, preferably quartz. In other

rents. In one embodiment, the diameter of these channels is
small, on the order of a pencil Width, so that convection

embodiments, silicon carbide and ceramic may also be uti
lized to form the crucible support cylinder 50. The cylinder 50
makes a circle of contact With ampoule 26, Where the upper
rim of the cylinder 50 meets the shoulder of the ampoule’s

the insulating material. This helps minimize convection cur

40

tapered region 38. Such con?guration leads to minimal solid
to-solid contact Which ensures that little or no undesirable,

relatively uncontrollable heat conduction occurs. As a result,

45

processes.

A loW density insulating material, such as ceramic ?ber,
?lls the majority of the inside of the support cylinder 50 With

groWth yield.
50

The furnace 24 as shoWn in FIG. 1 is an example of a

furnace that may be used for both Vertical Gradient Freeze

(VGF) and Vertical Bridgman (VB) or Vertical Bridgman
Stockbarger (VBS) crystal groWth processes. Other fumaces

the ampoule 26. In other embodiments, the loW-density insu
lating material may also comprise alumina ?ber (1,800

degree. C.), alumina-silica ?ber (1,426 degree. C.), and/or
zirconia ?ber (2,200 degree. C.). The insulating material is
carefully placed in the crucible support 22. The Weight of the

ing to other embodiments of the invention. The radiation
channels 56 through the insulating material also Work in
conjunction With the holloW core 52 in the center of the
insulating material to radiate heat energy draWn from the

center of the crystal, and cool the crystal With planar isother
mal temperature gradient layers. The radiation channels 56
enable temperature control and directly relate to crystal

heating is able to be generated by other, more controllable

only a holloW axial core 52 in approximately the center of the
insulating material left empty to receive the seed Well 42 of

air?oW is insigni?cant. Larger holes With cross-sectional area
on the order of a square inch or more can also be used accord

55

may also be used. In the VGF crystal groWth process the
crystallizing temperature gradient Within a heat source,
Which may itself be stationary, is being moved While the

crystal is held stationary. In the VB crystal groWth process,

ampoule 26, as it sits on top of the cylinder 50, pushes the
insulating material doWn and forms the slanted insulating
ensures that little or no undesirable, relatively uncontrollable

the heat source and its ?xed crystallizing temperature gradi
ent are kept stationary While the crystal is moved. In the VBS
crystal groWth process the heat source and its ?xed crystal
lizing temperature gradient are moved While the crystal is

convection How Will take place. Like conduction, convection

kept stationary.

is an uncontrollable heat transfer method that Works to the

FIG. 2 illustrates a crystal ingot 70 With body lineage 72.
As shoWn in FIG. 2, the body lineage is typically formed

material edge 54. Filling the majority of the cylinder interior
With a loW-density insulator reduces the How of air, Which

detriment of the VGF and other crystal groWth process.
The holloW core 52, With a diameter approximately equal
to the ampoule seed Well 42, extends doWnWard to a small
distance beloW the bottom of the ampoule seed Well 42. In

60

65

When crystal groWth occurs in more than one different groWth

plane. When the body lineage occurs, the crystal at, and
above, the body lineage is unusable and must be recycled.

US 8,231,727 B2
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Thus, the body lineage reduces the yield of the crystal growth

material melt, a VGF method Was ?rst used for crystal

process and it is desirable to reduce body lineage. Some
furnaces and processes change the angle of the tapered por
tion of the furnace, but this does not solve the body lineage
problems. A furnace and crystal groWth process that over
comes this body lineage problem results in, for a given fur
nace, a longer length crystal Which thus results in a larger

groWth. The temperature may then be reduced in the loWer
heating zone sloWly to let crystal groWth starting at the seed
part begin and continue through the transition region until the
crystal groWth region cools at the cooling rate 0.3-0.47o
C./hour While maintaining the temperature gradient from 1.2

yield.

According to this exemplary process, When the crystal has
groWn approximately one inch high in the crystal groWth

to 1.80 C./cm.

FIG. 3 illustrates a method 80 for crystal groWth using

Vertical Gradient Freeze (VGF) and Vertical Bridgman (VB)
process steps that reduce the body lineage resulting in longer
crystals and higher yield. In the crystal groWth process, the
furnace is prepared for crystal groWth (82) as described

region, the VB process may be started. In the VB process, the
crucible doWn speed is precisely controlled so as to get a
cooling rate of 0.290 C./hour and a temperature gradient of
from 1.8 to 5.20 C./cm. A resulting crystal of 81 mm length
and high quality may be achieved via such a process, from a

above. For the initial crystal groWth from the seed, the VGF
process (84) is used. At some point in the crystal groWth

105 mm long ingot, Which is a crystal yield of 77%. The single

process, the VB process (86) or the VBS process is used to

crystal substrate from starting groWth portion to end of

complete the crystal groWth. When the VB or VBS process is

groWth portion may have a carrier concentration of 9.02E6/
cm3 to 5.30E6/cm3 andaresistivity of1.33E8 Qcmto 1.64E8
Qcm. Further, the dislocation density may be 3000/ cm2 at the

used, the melt/ solid line is held at a level and then the process

is continued With ?xed conditions since the process changes
typically required for VGF process as the volume decreases

20

starting portion and 5000/cm2 at the end of groWth portion. It

are not needed. In one implementation of the process, the VB

is Well knoWn in the art that one can, by making suitable

process may be used at approximately 12-15 mm (1/2 inch)
above the tapered region 38 as shoWn in FIG. 1. The combi
nation of the VGF and VB processes results in longer crystals
With feWer body lineage. The above method may be used With
the furnace shoWn in FIG. 1, but may also be used With any
other crystal groWth furnace. The method may be used to
groW crystals from 2 inch-6 inch, or larger, in diameter.
As shoWn in FIG. 4, a loading crucible 90 may be located
above the crucible 27 and alloWs the crucible 27 to be loaded

changes to the various system parameters, operate the process
in regimes beyond those demonstrated explicitly in the
25

embodiments.
While the foregoing has been With reference to a particular

embodiment of the invention, it Will be appreciated by those
skilled in the art that changes in this embodiment may be

made Without departing from the principles and spirit of the
invention, the scope of Which is de?ned by the appended
30

claims.

With more raW material. In particular, the raW gallium ars

enide material 92 is solid and therefore cannot be tightly
packed into the crucible 27 to be melted. Thus, the loading

The invention claimed is:

crucible is used to hold extra raW material that can be melted

inserting an ampoule With a crucible having a seed and raW
material into a furnace having a heating source, the

and then drain doWn into the crucible Which results in a larger
Gallium Arsenide charge in the crucible 27 Which in turn
results in a larger length Gallium Arsenide crystal. For
example, about 65% of the raW material may be initially
loaded into the loading crucible 90 and 35% of the raW mate
rial is loaded directly into the crucible 27. As a non-limiting

1. A method for crystal groWth, comprising:
35

crucible having a crystal groWth region, a seed Well
region With a narroWer diameter than that of the crystal

groWth region and a tapered crystal groWth region
betWeen the crystal groWth region and the seed Well
40

example, the above method for loading the crystal groWth
furnace, a 15 kg charge may be loaded into the fumace that
produces a 115 mm ingot With no lineage that results in 115
Wafers.

having a funnel shape matching the tapered crystal
groWth region With sideWalls tapered at an angle of
45-60 degrees, such that the crucible support cylinder

NoW, an example of the groWth of a 6" (150 mm) diameter
Gallium Arsenide groWn using the above crystal groWth fur
nace and method (VGF and VB combined) is described in

makes circular contact With the ampoule via only an
upper rim that meets a shoulder of the tapered crystal
groWth region to minimize solid-to-solid contact

more detail. To groW one exemplary crystal, the dimensions
of the crucible Were 150 mm diameter and 170 mm length

crystal groWth region 40. The diameter of the crucible in the

50

seed Well region 42 Was 7 mm. In the example, 14 kg of GaAs

polycrystalline material Was loaded for un-doped GaAs ingot
groWth use. In operation, at ?rst, the GaAs seed crystal is
inserted in the bottom portion of the pBN crucible 27. Next,
14 kg of GaAs polycrystalline material, 100 g of boron triox
ide as the liquid sealant are added therein. Then, the charge
loaded pBN crucible Was inserted in a quartz ampoule. The
quartz ampoule Was sealed under reduced pressure With a
quartz cap. The quartz ampoule is then loaded in the furnace
and placed on the crucible support.

55

betWeen the crucible support cylinder and the ampoule
and thereby minimize undesired/uncontrollable heating
of the ampoule via conduction heating occurring ther
ebetWeen, such that heat conductivity betWeen the seed
Well region to an outer perimeter of the crucible support
is higher than heat conductivity betWeen an outer perim

eter of the tapered crystal groWth region to the crucible
support, and Wherein the crucible support is ?lled in the
majority of the inside With a loW density insulating mate
rial and has radiation channels penetrate from the cru
60

Once the ampoule is loaded into the furnace, the quartz
ampoule may be heated at the rate of approximately 2700

cible support cylinder to the seed Well region, Which
reduces the How of air in the crucible support and

C./hour. In one exemplary process, When the temperature
reaches 27-280 C. over the melting point of GalliumArsenide

(12380 C.), the temperature point may be held until all of the
polycrystalline Gallium Arsenide material melts (approxi
mately 10 hours). Once the polycrystalline Gallium Arsenide

region, the tapered crystal groWth region having side
Walls tapered at an angle of 45-60 degrees;
positioning the crucible above a crucible support cylinder
that supports the crucible, the a crucible support cylinder

65

thereby minimizes undesired/uncontrollable heating of
the ampoule via convection heating associated With the
crucible support;
groWing a crystal using a vertical gradient freeze (VGF)
process Wherein the crystallizing temperature gradient
Within a heating source is moved relative to the crucible

US 8,231,727 B2
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13. The method of claim 1 further comprises loading, using

Which is stationary to melt the raW material and reform
it as a monocrystalline compound;

controlling the heating source and the crucible support to

a loading crucible, a loading charge of raW Gallium Arsenide
material into the crucible to provide an increased quantity of

perform monocrystalline crystal growth and to transi
tion, at a predetermined crystal groWth length of about

raW Gallium Arsenide material in the crucible under vacuum
seal given as the sum of raW material from both the crucible

12-15 mm above the tapered groWth region, to a crystal

and the loading crucible.
14. The method of claim 1, Wherein groWing the crystal
using the vertical Bridgman process further comprises groW

groWth using a vertical Bridgman process on the cru
cible Wherein the crucible is moved relative to the heat
ing source Which is stationary to continue to melt the raW
material and reform it as a monocrystalline compound;
and

ing the crystal at a cooling rate of about 0.1 to about 10.00
C./hour and a temperature gradient from about 0.5 to about
10.00 C./cm.

groWing, at a predetermined crystal groWth length, the

15. The method of claim 14 further comprising producing

crystal using a vertical Bridgman (VB) process on the
ampoule in the furnace Wherein the ampoule is moved
relative to the heating source Which is stationary to con

15

inserting an ampoule With a crucible having a seed and raW
material into a furnace having a heating source, the

tinue to melt the raW material and reform it as a monoc

rystalline compound;
Wherein, as a function of (1) the controlled heating of the
raW material provided by the heating source and the
controller during the VGF and VB processes combined
With (2) the reduction of conduction heating and con

crucible having a crystal groWth region, a seed Well
region With a narroWer diameter than that of the crystal
20

region, the tapered crystal groWth region having side

and the ampoule, accurate control of crystallizing tem

perature gradients are provided during VGF groWth,
during transition from VGF to VB, and during VB
groWth such that 6" GaAs single-crystal ingots of at least
105 mm length are reproducibly achieved having
reduced body lineage defects characterized via yields of
greater than 75%.

25

2. The method of claim 1 Wherein the heating source is a

30

groWth region With sideWalls tapered at an angle of
45-60 degrees, such that the crucible support cylinder

35

groWing the crystal at a cooling rate of about 0.1 to about
10.00 C./hour and at a temperature gradient of betWeen about
0.5 and about 10.00 C./cm.

eter of the tapered crystal groWth region to the crucible
40

cible support cylinder to the seed Well region, Which
reduces the How of air in the crucible support and
45

crystal ingot having no body lineage.
50

a loading crucible, a loading charge of raW Gallium Arsenide
material into the crucible to provide a larger amount of raW
Gallium Arsenide material to the crucible.

Within the stationary heating source is moved relative to
the crucible Which is stationary to melt the raW material
and reform it as a monocrystalline compound;

perform monocrystalline crystal groWth and to transi
tion, at a predetermined crystal groWth length of about
55

10. The method of claim 1, Wherein groWing the crystal
using the vertical gradient freeze process further comprising

12-15 mm above the tapered groWth region, to a crystal

groWth using a vertical Bridgman-Stockbarger process
on the crucible Wherein the crucible is moved relative to
the heating source Which is stationary to continue to melt
the raW material and reform it as a monocrystalline
60

11. The method of claim 10 further comprising producing

a crystal ingot having no body lineage.
12. The method of claim 10, Wherein groWing the crystal
using the vertical Bridgman process further comprises groW
ing the crystal at a cooling rate of about 0.1 to about 10.00
C./hour and a temperature gradient from about 0.5 to about
10.00 C./cm.

thereby minimizes undesired/uncontrollable heating of
the ampoule via convection heating associated With the
crucible support;
groWing a crystal using a vertical gradient freeze (VGF)
process Wherein the crystallizing temperature gradient

controlling the heating source and the crucible support to

9. The method of claim 8 further comprising producing a

groWing the crystal at a cooling rate of about 0.1 to about
10.00 C./hour and at a temperature gradient of betWeen about
0.5 and about 10.00 C./cm.

support, and Wherein the crucible support is ?lled in the
majority of the inside With a loW density insulating mate
rial and has radiation channels penetrate from the cru

6. The method of claim 2 further comprises loading, using

crystal ingot having no body lineage.

ebetWeen, such that heat conductivity betWeen the seed
Well region to an outer perimeter of the crucible support
is higher than heat conductivity betWeen an outer perim

ing the crystal at a cooling rate of about 0.1 to about 10.00
C./hour and a temperature gradient from about 0.5 to about
10.00 C. /cm.

8. The method of claim 7 further comprises loading, using

makes circular contact With the ampoule via only an
upper rim that meets a shoulder of the tapered crystal
groWth region to minimize solid-to-solid contact

betWeen the crucible support cylinder and the ampoule
and thereby minimize undesired/uncontrollable heating
of the ampoule via conduction heating occurring ther

crystal ingot having no body lineage.

a loading crucible, a loading charge of raW Gallium Arsenide
material into the crucible to provide a larger amount of raW
Gallium Arsenide material to the crucible.
7. The method of claim 1 further comprising producing a

Walls tapered at an angle of 45-60 degrees;
positioning the crucible above a crucible support cylinder
that supports the crucible, the a crucible support cylinder

having a funnel shape matching the tapered crystal

stationary heating source.
3. The method of claim 2 further comprising producing a

5. The method of claim 2, Wherein groWing the crystal
using the vertical Bridgman process further comprises groW

groWth region and a tapered crystal groWth region
betWeen the crystal groWth region and the seed Well

vection heating betWeen the crucible support cylinder

4. The method of claim 2, Wherein groWing the crystal
using the vertical gradient freeze process further comprising

a crystal ingot having no body lineage.
16. A method for crystal groWth, comprising:

compound; and
groWing, at a predetermined crystal groWth length, the
crystal using a vertical Bridgman-Stockbarger (VBS)
process on the ampoule in the furnace Wherein the heat

ing source containing the crystallizing temperature gra
65

dient is moved relative to the ampoule Which is station
ary to continue to melt the raW material and reform it as

a monocrystalline compound;
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19. The method of claim 16, Wherein groWing the crystal
using the vertical gradient freeZe process further comprising

wherein, as a function of (1) the controlled heating of the
raW material provided by the heating source and the
controller during the VGF andVBS processes combined
With (2) the reduction of conduction heating and con

groWing the crystal at a cooling rate of about 0.1 to about
10.00 C./hour and at a temperature gradient of betWeen about

vection heating betWeen the crucible support cylinder

0.5 to about 10.00 C./cm.

and the ampoule, accurate control of crystalliZing tem

20. The method of claim 19, Wherein groWing the crystal
using the vertical Bridgman-Stockbarger process further

perature gradients are provided during VGF groWth,
during transition from VGF to VB, and during VB
groWth such that 6" GaAs single-crystal ingots of at least
105 mm length are reproducibly achieved having
reduced body lineage defects characterized via yields of
greater than 75%.
17. The method of claim 16, Wherein the furnace has a

tapered crystal groWth region and Wherein the predetermined

comprises groWing the crystal at a cooling rate of about 0.1 to
about 10.00 C./hour and a temperature gradient from about
10

0.5 to about 10.00 C./cm.

21. The method of claim 16 further comprises loading,
using a loading crucible, a loading charge of raW Gallium
Arsenide material into the crucible to provide an increased
quantity of raW Gallium Arsenide material in the crucible

crystal groWth length is about 0.25 to about 50 mm above the

under vacuum seal given as the sum of raW material from both

tapered crystal groWth region.

the crucible and the loading crucible.

18. The method of claim 17 further comprising producing

a crystal ingot having no body lineage.
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