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(57) ABSTRACT 

A method of preparing a compound semiconductor crystal is 
able to dope the crystal With carbon With high reproducibil 
ity. The method includes the steps of sealing a carbon oxide 
gas of a predetermined partial pressure and a compound 
semiconductor material in a gas-impermeable airtight 
vessel, increasing the temperature of the vessel to melt the 
compound semiconductor material sealed in the vessel, and 
then decreasing the temperature of the vessel to solidify the 
melted compound semiconductor material to groW a com 
pound semiconductor crystal containing a predetermined 
amount of carbon. With this method, a compound semicon 
ductor crystal With a carbon concentration of 0.1><1015cm_3 
to 20><10l5cm_3 is prepared With high reproducibility. 

10 Claims, 3 Drawing Sheets 
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METHOD OF PREPARING A COMPOUND 
SEMICONDUCTOR CRYSTAL 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[This application is a Continuation of US. application 
Ser. No. 09/274,286 ?led Mar. 22, 1999 now US. Pat. No. 
6,273,947.] Notice: More than one reissue application has 
been ?ledfor the reissue of US. Pat. No. 6,485,563. The 
reissue applications include application Ser. Nos. 12/34], 
876 (the present application) and 10/640,430, ?led on Aug. 
13, 2003, now US. Pat. No. RE 40,662. Thepresent applica 
tion is a continuation of application Ser. No. 10/640,430 
?led on?led on Aug. 13, 2003, now US. Pat. No. RE 40,662. 
The present application is a Reissue ofapplication Ser. No. 
09/765,557?led on Jan. 19, 200], now US. Pat. No. 6,485, 
563, which is a Continuation ofapplication Ser. No. 09/274, 
286?led on Mar 22, 1999, now US. Pat. No. 6,273,947. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to methods of preparing a 
compound semiconductor crystal and to the compound 
semiconductor crystals prepared thereby, and particularly to 
methods of preparing a carbon-containing, compound semi 
conductor crystal and compound semiconductor crystals 
obtained thereby. 

2. Description of the Background Art 
It has been conventionally well known that as for an LEC 

method using a stainless chamber there is a correlation 
between the CO gas concentration provided in the chamber 
and the carbon concentration of a GaAs crystal in a high 
pressure Ar gas ambient. 

FIG. 3 is a graph of carbon concentration in a GaAs crys 
tal versus CO gas concentration in a LEC furnace found in 
Advanced Electronics Series I-4 Bulk Crystal Growth 
Technology, Keigo Hoshikawa, BAIFUKAN, p.184, Fig. 
7.22. FIG. 3 shows that carbon concentration in a GaAs 
crystal and CO gas content in the LEC furnace are correlated 
by a straight line. In the LEC method, the correlation repre 
sented in the graph is applied to the adjustment of carbon 
concentration in a GaAs crystal. The carbon concentration in 
a GaAs crystal can be controlled by adjusting the CO gas 
content in the ambient gas using a CO gas cylinder and anAr 
gas cylinder for dilution connected to the stainless chamber. 

FIG. 4 shows an exemplary GaAs crystal growth equip 
ment for the LEC method disclosed in Japanese Patent 
Laying-Open No. 1-239089. Referring to FIG. 4, Japanese 
Patent Laying-Open No. 1-239089 discloses a method of 
preparing a single crystal of compound semiconductor by 
placing in a predetermined gas ambient a raw-material hous 
ing portion housing a raw-material melt, detecting at least 
the concentration of one of H2, 02, CO2 and CO correspond 
ing to components of the ambient gas, and controlling the 
detected concentration of a component at a predetermined 
value to keep over the entirety of an ingot a predetermined 
concentration of a residual impurity mixed into a resulting 
single crystal. 

This method can, however, not be applied in preparing a 
compound semiconductor crystal in a gas-impermeable air 
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2 
tight vessel incapable of supplying a gas from outside the 
airtight vessel, such as a quartz ampoule. 

Japanese Patent Laying-Open No. 3-122097 discloses a 
method of preparing a GaAs crystal in a quartz ampoule 
wherein a carbon source is arranged internal to the ampoule 
and external to a crucible in ?uid communication with a 
polycrystalline compound provided as a raw material to 
allow the GaAs crystal to be doped with carbon. “Fluid com 
munication” means a free ?ow of vapor and heat between the 
inside and outside of the crucible which allows carbon to be 
transferred into the crucible and thus to a melt. In accor 
dance with the method, a carbon disk is arranged on an 
opening of a cap. It discloses that the ingots of various doped 
levels can be provided by varying the amount of carbon 
arranged external to the opening and/or the crucible. 

With this method, however, a large amount of carbon 
source is placed above the melt. Thus ?ne powder of carbon 
falls thereon and can thus vary the carbon concentration 
thereof. Particularly, the controllability can be poor at a 
slight carbon concentration corresponding to a level of 0.1x 
1015 cm'3 to 2><10l5 cm_3. 

Japanese Patent Laying-Open No. 64-79087 discloses a 
method of preparing a single crystal of GaAs doped with 
carbon to reduce dislocation, using a reactor or a boat for 
crystal growth at least partially formed of carbon. It dis 
closes that when a graphite boat is used, a part of the carbon 
boat changes into a gas (CO or CO2) due to oxygen derived 
from a small amount of As2O3, Ga2O or the like remaining 
in the quartz reactor and the gas is thus added to the single 
crystal of GaAs in synthesis reaction or in single-crystal 
growth. 

In accordance with this method, however, it is dif?cult to 
control the carbon concentration in the crystal due to the 
dif?culty of controlling the amount of As2O3, Ga2O or the 
like remaining in the quartz reactor. In particular, the con 
trollability can be poor at a slight carbon concentration cor 
responding to a level of 0.1><10l5 cm‘3 to 2><10l5 cm_3. 

Japanese Patent Laying-Open No. 2-48496 discloses a 
method of preparing a Cr-doped, semi-insulating GaAs crys 
tal wherein a quartz boat or a quartz crucible is used to grow 
the crystal under the existence of nitrogen oxide or carbon 
oxide. It discloses that when a GaAs crystal is grown under 
the existence of nitrogen oxide or carbon oxide, the oxide 
serves as an oxygen doping source to reduce the Si concen 
tration of the grown crystal so that a semi-insulating crystal 
is reliably provided. 

However, this method contemplates control of oxygen 
concentration and does not describe control of carbon con 
centration. 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide a method 
of preparing a compound semiconductor crystal allowing the 
compound semiconductor crystal to be doped with carbon in 
high reproducibility, and a compound semiconductor crystal 
prepared thereby. 

In one aspect of the present invention, a method of prepar 
ing a compound semiconductor crystal includes the steps of 
sealing carbon oxide gas of a predetermined partial pressure 
and a compound semiconductor provided as a raw material 
in a gas-impermeable airtight vessel, increasing the tempera 
ture of the airtight vessel to melt the compound semiconduc 
tor material sealed in the airtight vessel, and thereafter 
decreasing the temperature of the airtight vessel to solidify 
the melted compound semiconductor material to grow a 
compound semiconductor crystal containing a predeter 
mined amount of carbon. 
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The carbon oxide gas includes at least one type of gas 
selected from the group consisting of CO gas and CO2 gas. 

In groWing the crystal, preferably the melted compound 
semiconductor material is at least partially kept in contact 
With boron oxide (B203). 

In groWing the crystal, more preferably the melted com 
pound semiconductor material has its upper surface entirely 
covered With boron oxide (B203). 

Preferably, the boron oxide (B203) has a Water content of 
no more than 300 ppm, more preferably no more than 100 

ppm. 
Preferably, variation of the Water content of the boron 

oxide (B203) is controlled to fall Within a range from +20% 
to —20%. 

In accordance With the present invention, the carbon oxide 
gas sealed in the airtight vessel preferably has a partial pres 
sure of 0.1 to 100 Torr at 250 C. 

In accordance With the present invention, carbon oxide 
gas is preferably scaled in an airtight vessel according to an 
expression: 

(1), 

Wherein CCARBON (cm_3) represents carbon concentration in 
a compound semiconductor crystal, P (Torr) represents par 
tial pressure of the carbon oxide gas, and 0t represents any 
coe?icient. 

In expression (1) coe?icient 0t preferably ranges from 
0.25><10l5 to 4><10l5 cm_3/TorrO'5, more preferably 0.5><10l5 
to 2><10l5 cm_3/TorrO'5. 

In accordance With the present invention, preferably the 
step of subjecting the airtight vessel to a vacuum heat treat 
ment is also provided before the step of sealing carbon oxide 
gas in the airtight vessel. 

The vacuum heat treatment is preferably provided at a 
temperature of no more than 3500 C. 

In accordance With the present invention, at least the inter 
nal Wall of the airtight vessel and at least the outer surface of 
the contents of the airtight vessel other than the compound 
semiconductor material and the boron oxide are preferably 
formed from a material Which does not contain carbon. 

The material Which does not contain carbon includes at 
least one material selected from the group consisting, e. g., of 
quartz, silicon nitride, boron nitride, pyrolytic boron nitride 
and alumina. 

In accordance With the present invention, the gas 
imper'meable airtight vessel can at least partially be formed 
from quartz. 

Preferably, the portion formed from quartz has a thickness 
ofno less than 1.5 mm. 

In groWing the crystal, preferably the portion formed from 
quartz is controlled to have a temperature of at most 12700 
C. 

In accordance With the present invention, in groWing the 
crystal a space behind a raW-material melt of melted com 
pound preferably has its most heated portion and its least 
heated portion With a temperature difference of no more than 
3000 C. therebetWeen. 

In accordance With the present invention, the space behind 
the raW-material melt is preferably larger, more preferably 
no less than tWice larger in volume than the space on the side 
of the raW-material melt. 
A method of preparing a compound semiconductor crystal 

in accordance With the present invention is applicable to 
preparing a compound semiconductor crystal of GaAs. 

In another aspect, the present invention provides a com 
pound semiconductor crystal prepared in accordance With 

CCARBOAFQXPO'S 
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4 
the above-described method of preparing a compound semi 
conductor crystal, having a carbon concentration of 01x 
1015 cm“3 to 20><10l5 cm_3. 

In accordance With the present invention, the compound 
semiconductor includes GaAs. 
The foregoing and other objects, features, aspects and 

advantages of the present invention Will become more appar 
ent from the folloWing detailed description of the present 
invention When taken in conjunction With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs preparation of a GaAs crystal as one 
example of a method of preparing a compound semiconduc 
tor crystal in accordance With the present invention. 

FIG. 2 shoWs a position of a sample for FTIR measure 
ment in a crystal. 

FIG. 3 is a graph of carbon concentration in a GaAs crys 
tal versus CO gas concentration in a conventional LEC fur 
nace. 

FIG. 4 shoWs one example of conventional GaAs crystal 
groWth equipment for the LEC method. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention is based on a method of preparing a 
compound semiconductor crystal in a sealed system (a sys 
tem incapable of supplying a gas from outside an airtight 
vessel) using a gas-impermeable airtight vessel. 

In accordance With the present invention, carbon oxide 
gas of a predetermined partial pressure as Well as a com 
pound semiconductor provided as a raW material are sealed 
in a gas-impermeable airtight vessel, the temperature of the 
airtight vessel is increased to melt the compound semicon 
ductor material and the temperature of the airtight vessel is 
then decreased to solidify the melted compound semicon 
ductor material to groW a compound semiconductor crystal 
to thereby alloW the compound semiconductor crystal to be 
doped With carbon With high reproducibility. 
As the carbon oxide gas, a stable CO or CO2 gas can be 

used to alloW the crystal to be doped With carbon in particu 
larly high reproducibility. 

In groWing the crystal, preferably at least a portion of the 
melt of the compound semiconductor material can be kept in 
contact With boron oxide (B203) and more preferably the 
upper surface of the melt can be entirely covered With boron 
oxide (B203) to prevent other elements of impurities from 
being introduced into the melt so as to further enhance the 
reproducibility of the carbon concentration of the crystal. 

To reduce an in?uence of the Water contained in BZO3 to 
control the carbon concentration of the crystal in high 
reproducibility, BZO3 preferably has a Water content of no 
more than 300 ppm, more preferably no more than 100 ppm. 
To reduce an in?uence of variation of the Water content of 
BZO3 to control the carbon concentration of the crystal in 
high reproducibility, the variation of the Water content of 
BZO3 is preferably controlled to fall Within a range from 
+20% to —20%. 

To obtain a practical carbon concentration for a com 
pound semiconductor crystal, i.e., 0.1><10l5 cm'3 to 20><10l5 
cm_3, carbon oxide gas requires a partial pressure of 0.1 to 
100 Torr at 250 C., substantially establishing the relation: 
(carbon concentration in a compound semiconductor 
crystal)=0t><(partial pressure of carbon oxide gas)O'5, 
Wherein 0t represents any coe?icient and is preferably 0.25>< 
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1015 to 4><10l5 cm_3/TorrO'5, more preferably 0.5><10l5 to 
2><10l5 cm_3/TorrO'5. 

Conventionally in the prior art, the ambient gas has been 
represented or quanti?ed by its concentration. For example, 
an ambient gas for GaAs crystal growth typically has a pres 
sure of 1 to 30 atm. When an ambient gas of 1 atm and an 
ambient gas of 30 atm Which have the same gas concentra 
tion are converted into terms of partial pressure, the partial 
pressure of the latter is 30 times larger than that of the 
former. 

The inventors of the present invention have found that in a 
method of preparing a compound semiconductor crystal in a 
sealed system (a system incapable of supplying a gas from 
outside an airtight vessel) using a gas-impermeable airtight 
vessel, the carbon concentration in the crystal is correlated to 
the partial pressure of the carbon oxide gas sealed in the 
airtight vessel rather than the concentration of the carbon 
oxide gas sealed in the airtight vessel. 

Herein the carbon oxide gas sealed in the airtight vessel is 
represented in the partial pressure at 25° C., since the partial 
pressure of the carbon oxide gas increases as the temperature 
of the airtight vessel is increased in groWing a crystal. Since 
a GaAs crystal has a melting point of approximately 1238° 
C., the partial pressure of the carbon oxide gas sealed at a 
room temperature (of 25° C.) is considered to be increased 
by approximately ?ve times during the crystal groWth. 

While in accordance With the present invention, carbon 
oxide gas having a predetermined partial pressure is sealed 
in an airtight vessel, carbon oxide gas may be sealed together 
With another gas, Which can include inert gases, such as 
helium, neon, argon, krypton, xenon, and nitrogen gas. 
When only carbon oxide gas is sealed in the vessel, it has a 
concentration of 100%. When carbon oxide gas is sealed, 
e.g., together With any of the above gases of 50%, the carbon 
oxide gas has a concentration of 50%. It should be noted, 
hoWever, that if carbon oxide gas is thus sealed together With 
any of the above gases, the expression: (carbon concentra 
tion in a compound semiconductor crystal)=0t><(partial pres 
sure of carbon oxide gas)o'5 is suf?ciently satis?ed by the 
coel?cient a preferably having the value of 0.25><10l5 to 
4><10l5 cm_3/TorrO'5, more preferably 0.5><10l5 to 2><10l5 
cm_3/TorrO'5. 

Removal of Water absorbed in the airtight vessel further 
enhances the reproducibility of the carbon concentration in 
the crystal. Accordingly it is preferable to apply a vacuum 
heat treatment to the airtight vessel before it is sealed. The 
vacuum heat treatment applied immediately before the ves 
sel is sealed is applied preferably at no more than 350° C., at 
Which temperature B203 does not soften or deform. 

To control the carbon concentration of the crystal in high 
reproducibility, at least the internal Wall of the airtight vessel 
and at least the outer surface of the contents of the vessel 
other than the compound semiconductor as a raW material 
and boron oxide are preferably formed from a material 
Which does not contain carbon, so that further generation of 
carbon oxide gas can be prevented in the vessel. More 
speci?cally, the airtight vessel is preferably formed from a 
material Which does not contain carbon, or the vessel prefer 
ably has its internal Wall coated With a material Which does 
not contain carbon. It is also preferable that the contents of 
the airtight vessel other than the compound semiconductor 
material and boron oxide be formed from a material Which 
does not contain carbon or that the contents have the outer 
surface coated With a material Which does not contain car 
bon. The material Which does not contain carbon is prefer 
ably quartz, silicon nitride, boron nitride, pyrolytic boron 
nitride or alumina. 
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6 
Furthermore, the gas-impermeable airtight vessel of the 

present invention can at least partially be formed from 
quartz, since quartz has superior airtightness and hardly 
reacts With elements forming the compound semiconductor 
or carbon oxide gas. 

In accordance With the present invention, carbon oxide 
gas having a predetermined partial pressure is sealed in a 
gas-impermeable airtight vessel. HoWever, When the airtight 
vessel is deformed and its internal volume is changed, the 
partial pressure of the sealed carbon oxide gas is changed 
and the carbon concentration of the resulting compound 
semiconductor crystal Will deviate from a targeted carbon 
concentration. 
The strength of quartz is reduced at high temperature and 

is signi?cantly reduced at a temperature at Which a GaAs 
crystal is groWn, i.e., 1238° C. If a gas-impermeable airtight 
vessel is at least partially formed from quartz, the difference 
betWeen the pressure internal to the vessel and that external 
to the vessel deforms the quartz portion of the vessel and 
thus changes the internal volume of the vessel. The inventors 
of the present invention have found that as the vessel’s 
quartz portion is increased in thickness, deformation of the 
quartz portion is reduced at high temperatures and variation 
in the vessel’ s internal volume is thus reduced. The inventors 
have also found that the quartz portion of the vessel prefer 
ably has a thickness of no less than 1.5 mm, more preferably 
no less than 2.0 mm, still more preferably no less than 2.5 
mm. 

The inventors have also found that as temperature is 
decreased, deformation of quartz is reduced and variation in 
the vessel’s internal volume is reduced. The inventors have 
also found that the quartz portion of the vessel preferably has 
a temperature of at most 1270° C., more preferably at most 
1260° C., further still more preferably at most 1250° C. 

In accordance With the present invention, carbon oxide 
gas of a predetermined partial pressure is sealed in a gas 
imperrneable airtight vessel. When the temperature of the 
airtight vessel varies, hoWever, the partial pressure of the 
sealed carbon oxide gas changes and the carbon concentra 
tion of the resulting compound semiconductor crystal thus 
deviates from a targeted carbon concentration. 

In particular, the holloW gas-?lled space on the side of the 
raW-material melt, more speci?cally, the space betWeen the 
crucible 5 and the ampoule 8 located beloW the interface 
(labeledA in FIG. 1) of raW-material melt 2 and boron oxide 
4, i.e., the space on the side of the seed crystal has its tem 
perature reduced as crystal groWth proceeds. When this hol 
loW space on the side of the raW-material melt is large in 
volume, the average temperature and hence partial pressure 
of the carbon oxide gas in the airtight vessel are reduced 
signi?cantly. 

In contrast, the temperature of the holloW gas-?lled space 
behind the raW-material melt, i.e., the holloW gas-?lled 
space Within the ampoule 8 located above interface A can be 
controlled regardless of crystal groWth. Thus, controlling the 
temperature of this space behind the raW-material melt, can 
prevent reduction of the average temperature of the carbon 
oxide gas in the airtight vessel and reduce reduction of the 
partial pressure of the carbon oxide gas in the vessel. Reduc 
ing the temperature difference betWeen the most and least 
heated portions of the space behind the raW-material melt 
can reduce reduction of the partial pressure of the carbon 
oxide gas in the vessel. The temperature difference betWeen 
the most and least heated potions of the space behind the 
melt is preferably no more than 300° C., more preferably no 
more than 200° C., still more preferably no more than 100° 
C. 
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When the hollow gas-?lled space behind the raW-material 
melt is larger in volume than the hollow gas-?lled space on 
the side of the raW-material melt, this can further reduce the 
reduction of the partial pressure of the carbon oxide gas in 
the vessel that is caused When the average temperature of the 
gas in the vessel is reduced. The space behind the raW 
material melt is preferably no less than tWice, more prefer 
ably no less than three times, still more preferably no less 
than four times larger in volume than that on the side of the 
raW-material melt. 

Furthermore, the method of the present invention is par 
ticularly applicable to preparation of GaAs crystal. 

Hereinafter, an example of actual preparation of a GaAs 
crystal in accordance With the present invention Will noW be 
described in detail. 

FIG. 1 shoWs an exemplary method of preparing a com 
pound semiconductor crystal in accordance With the present 
invention, using a gas-impermeable airtight vessel formed 
from quartz (referred to as a “quartz ampoule” hereinafter) 
to prepare a GaAs crystal. 

Referring to FIG. 1, a GaAs seed crystal 3 of orientation 
<l00>, 5 kg of GaAs 2 as a raW material, and 50 g of boron 
oxide 4 (referred to as “B203” hereinafter) With a Water 
content of 70 ppm Were initially placed in a crucible 5 
formed from pyrolytic boron nitride (referred to as “pBN” 
hereinafter) and having an inner diameter of 80 mm and also 
having a cylindrical portion of approximately 30 cm in 
length, and crucible 5 Was housed in a quartz ampoule 8 of 
2.5 mm thick. The space behind the raW-material melt 
placed in quartz ampoule 8, i.e., that located above the inter 
face denoted by arroW A in FIG. 1 Was adapted to be four 
times larger in volume than the space on the side of the 
raW-material melt, i.e., that located beloW interface A. 

Quartz ampoule 8 Was vacuumed to 1x10“6 Torr and also 
heated to 3000 C. to remove Water adsorbed on the internal 

Wall of ampoule 8 and the raW material. Then, CO2 gas 7 of 3 
Torr Was introduced and sealed in ampoule 8. Ampoule 8 
Was mounted on a support 9 and thus set internal to a vertical 
heater 6 provided in a chamber 10, and the temperature of 
heater 6 Was increased to melt GaAs material 2 and an upper 
portion of seed crystal 3. 

Then the temperature pro?le of the heater Was adjusted to 
decrease the temperature from the side of the seed crystal 3 
and the entirety of raW-material melt 2 Was thus solidi?ed to 
groW a crystal. In the crystal groWth, the highest temperature 
of ampoule 8 Was also controlled not to exceed l250°. 
Furthermore, the temperature of an upper portion of 
ampoule 8 Was controlled so that the space located behind 
the raW-material melt, i.e., that located above interface A 
shoWn in FIG. 1 had its most heated portion and its least 
heated portion With a temperature difference of no more than 
100° C. therebetWeen. 
The temperature Was reduced to a room temperature and 

quartz ampoule 8 Was then cut and opened to separate a 
GaAs crystal from crucible 5. 

The resulting GaAs crystal had a diameter of 80 mm, and 
the portion having the diameter of 80 mm Was approxi 
mately 18 cm long. A sample of 5 mm thick for measure 
ment of carbon concentration Was cut out at the position of a 
shoulder of the crystal (fraction solidi?ed: g of 0.1). FIG. 2 
shoWs the position of the shoulder of the crystal from Which 
the sample Was cut out. Fourier Transform Infrared Spec 
troscopy (FTIR) Was used to measure the concentration of 
the carbon substituted at an arsenic site (referred to as “C AS” 
hereinafter). The measured concentration Was 2.l><l0l5 
cm 
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8 
The C AS concentration in the crystal groWn under a differ 

ent partial pressure of sealed CO2 Was similarly measured. 
The measured results are provided in Table 1. 

TABLE 1 

Partial pressure of sealed CO2 gas and 
C concentration in GaAs crystal 

Partial pressure of sealed CO2 gas C AS concentration in GaAs crystal 

(Torr) (cm’3) 

0.5 0.8 X 1015 

3.0 (embodiment) 2.1 x 1015 
4.5 2.7 X 1015 
6.0 3.1 X 1015 

10.0 4.0 X 1015 
30.0 6.5 X 1015 
60.0 10.0 ><10l5 

100.0 13.2 ><10l5 

It has been found from the results presented in Table 1 that 
the relation: (carbon concentration in a compound semicon 
ductor crystal)=0t><(partial pressure of carbon oxide gas)O'5 
can be substantially established, Wherein a=l.25><l0l5 cm_3/ 
Torro'5 under the conditions of the ?rst embodiment. 
As a result of experimentally groWing a crystal under vari 

ous conditions, it has been revealed that to obtain a value of a 
practical carbon concentration in a compound semiconduc 
tor crystal, i.e., 0.l><l0l5 to 20><l0l5 cm_3, a preferable par 
tial pressure of carbon oxide gas is 0.1 to 100 Torr at 250 C., 
substantially establishing the relation: (carbon concentration 
in a compound semiconductor crystal)=0t><(partial pressure 
of carbon oxide gas)O'5 and that coef?cient 0t preferably 
ranges from 0.25><l0l5 to 4><l0l5 cm_3/TorrO'5, more prefer 
ably 0.5><l0l5 to 2><l0l5 cm_3/TorrO'5, since the coef?cient 
can vary With the conditions of the experiment carried out. 

It has also been found as a result of an experiment using 
B203 With its Water content varied from 30 to 1000 ppm that 
the carbon concentration in the crystal can be controlled in 
higher reproducibility When the Water content of B203 is 
loWer and has less variation. Satisfactory reproducibility of 
the carbon concentration in crystal is achieved When the 
Water content of B203 is no more than 300 ppm, particularly 
no more than 100 ppm and the variation of the Water content 
of B203 is controlled to fall Within a range from +20% to 
—20%. With CO2 gas replaced With CO gas, a similar result 
has also been obtained in a similar manner. 

Thus, the present invention can provide a method of pre 
paring a compound semiconductor crystal in a sealed system 
(a system incapable of supplying a gas from outside an air 
tight vessel) using a gas-impermeable airtight vessel to alloW 
the compound semiconductor crystal to be doped With car 
bon in high reproducibility. 

Furthermore, carbon oxide gas of a predetermined partial 
pressure sealed in the gas-impermeable airtight vessel 
together With compound semiconductor provided as a raW 
material alloWs a compound semiconductor crystal With a 
desired carbon concentration and hence With a desired elec 
trical characteristic to be prepared in high reproducibility, 
since the electrical characteristic of the compound semicon 
ductor crystal depends on the carbon concentration of the 
crystal. 

Thus the present invention can provide satisfactory crystal 
yield. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is 
by Way of illustration and example only and is not to be 
taken by Way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 
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What is claimed is: 
[1. A method of preparing a compound semiconductor 

crystal containing carbon, comprising the following steps: 
a) selecting a partial pressure of a carbon oxide gas; 
b) sealing said carbon oxide gas having said partial 

pressure, and a semiconductor raW material, in a gas 
imper'meable airtight vessel; 

c) after said step b), increasing a temperature of said air 
tight vessel to melt said raW material in said airtight 
vessel and thereby form a melted material from said 
raW material; and 

d) after said step c), decreasing said temperature of said 
airtight vessel to solidify said melted material and 
thereby groW said compound semiconductor crystal 
containing a resultant content of said carbon, Wherein 
said resultant content of said carbon is dependent on 
said partial pressure of said carbon oxide gas selected 
in said step a).] 

[2. The method according to claim 1, Wherein said carbon 
oxide gas includes at least one of CO gas and CO2 gas.] 

[3. The method according to claim 1, Wherein said steps a) 
and b) are carried out so that said partial pressure of said 
carbon oxide gas is in a range from 0.1 to 100 Torr at 250 C.] 

[4. The method according to claim 1, further comprising a 
preliminary step of selecting a carbon content value, Wherein 
said step a) comprises selecting said partial pressure of said 
carbon oxide gas dependent on said carbon content value, 
and Wherein said resultant content of said carbon in said 
compound semiconductor crystal is equal to said carbon 
content value.] 

[5. The method according to claim 1, 
Wherein said steps b) and c) are carried out so that said 

melted material is located on a ?rst side of a plane 
extending along a melt interface of said melted material 
in said airtight vessel, and a gas-?lled space containing 
at least a portion of said carbon oxide gas is provided 
Within said airtight vessel on a second side of said plane 
opposite said ?rst side, and 

further comprising, during said step d), controlling said 
temperature of said airtight vessel, on said second side 
of said plane, so that a hottest portion of said gas-?lled 
space and a coolest portion of said gas-?lled space have 
a temperature difference of no more than 300° C. ther 

ebetWeen.] 
[6. The method according to claim 1, Wherein said result 

ant content of said carbon in said compound semiconductor 
crystal is a resultant local content of carbon at a location in 
said compound semiconductor crystal de?ned by a fraction 
solidi?ed (g) of 0.1 

[7. The method according to claim 1, further comprising a 
preliminary step of selecting a carbon content value, and 
Wherein said step a) comprises selecting said partial pressure 
dependent on said carbon content value.] 

[8. The method according to claim 1, Wherein said step a) 
comprises selecting said partial pressure according to a for 
mula: 

0.5 
CCARBOAFQXP , 

Wherein CCARBON represents a value of said resultant content 
of said carbon per cm3 of said compound semiconductor 
crystal to be achieved in said step d).] 

[9. The method according to claim 1, Wherein said result 
ant content of said carbon is dependent on said partial pres 
sure of said carbon oxide gas selected in said step a) by a 
formula: 

0.5 
CCARBOAFQXP , 

Wherein CCA ON represents said resultant content of said 
carbon per cm of said compound semiconductor crystal, P 
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10 
represents said partial pressure in Torr, and 0t represents a 
dependence coef?cient] 

[10. The method according to claim 1, further comprising 
a step of subjecting said airtight vessel to a vacuum heat 
treatment before said step of sealing said carbon oxide gas in 
said airtight vessel.] 

[11. The method according to claim 10, Wherein said 
vacuum heat treatment is carried out at an elevated tempera 
ture no more than 3500 C.] 

[12. The method according to claim 1, further comprising 
providing said airtight vessel to have at least an internal 
vessel Wall formed of a material excluding carbon, and fur 
ther ensuring that no additional carbon is introduced into 
said carbon oxide gas during at least one of said steps c) and 

d).] 
[13. The method according to claim 12, Wherein said 

material excluding carbon includes at least one material 
selected from the group consisting of quartz, silicon nitride, 
boron nitride, pyrolytic boron nitride and alumina.] 

[14. The method according to claim 1, further comprising 
a preliminary step of providing said semiconductor raW 
material so that said compound semiconductor crystal con 
tains GaAs] 

[15. The method according to claim 14, Wherein said steps 
are carried out so that said resultant content of said carbon in 
said compound semiconductor crystal is in a range from 
0.l><l0l5cm_3 to 20><l0l5cm_3.] 

[16. The method according to claim 1, Wherein in said 
step c), said melted material occupies a melt volume that is 
bounded along one plane by a melt interface of said melted 
material in said airtight vessel, said melt volume is located 
on a ?rst side of said plane extending along said melt inter 
face in said airtight vessel, said carbon oxide gas occupies a 
?rst gas-?lled volume Within said airtight vessel on said ?rst 
side of said plane and a second gas-?lled volume Within said 
airtight vessel on a second side of said plane opposite said 
?rst side, and said second gas-?lled volume is larger than 
said ?rst gas-?lled volume.] 

[17. The method according to claim 16, Wherein said sec 
ond gas-?lled volume is at least tWice as large as said ?rst 
gas-?lled volume.] 

[18. The method according to claim 1, further comprising 
a preliminary step of selecting a carbon content value, and 
Wherein said step a) comprises selecting said partial pressure 
according to a formula: 

0.5 
CCARBOAFQXP , 

Wherein CCARBON represents said carbon content value in 
atoms of carbon per cm3 of said compound semiconductor 
crystal, P represents said partial pressure in Torr, and a rep 
resents a dependence coef?cient] 

[19. The method according to claim 18, Wherein said 
dependence coe?icient 0t is in a range from 0.25><l0l5cm_3/ 

Torro'5 to 4><l015cm_3/TorrO'5.] 
[20. The method according to claim 18, Wherein said 

dependence coef?cient 0t is in a range from 0.5><l0l5cm_3/ 
Torro'5 to 2><l015cm_3/TorrO'5.] 

[21. The method according to claim 1, further comprising 
providing said airtight vessel to have at least a portion 
thereof formed of quartZ.] 

[22. The method according to claim 21, Wherein said air 
tight vessel is provided to have a Wall thickness of said por 
tion formed of quartZ being at least 1.5 

[23. The method according to claim 21, further compris 
ing controlling said temperature during said steps c) and d) 
so that said portion formed of quartz never exceeds 12700 

C.] 
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[24. The method according to claim 1, wherein said step 
b) further comprises sealing a boron oxide based substance 
together With said carbon oxide gas and said raW material in 
said airtight vessel, said step c) further comprises melting 
said boron oxide based substance to form a melted boron 
oxide based substance, and said melted material is at least 
partially in contact With said melted boron oxide based sub 
stance during said step d).] 

[25. The method according to claim 24, Wherein said 
melted boron oxide based substance forms a continuous 
layer entirely along an interface of said melted material on a 
plane betWeen said melted material and said melted boron 
oxide based substance] 

[26. The method according to claim 24, further compris 
ing selecting said boron oxide based substance to comprise 
boron oxide and a Water content of not more than 300 ppm of 

Water.] 
[27. The method according to claim 24, further compris 

ing selecting said boron oxide based substance to comprise 
boron oxide and a Water content of not more than 100 ppm of 

Water.] 
[28. The method according to claim 24, further compris 

ing selecting said boron oxide based substance to comprise 
boron oxide and a Water content of Water, Wherein said Water 
content has a variation in a range from —20% to +20% rela 
tive to an average of said Water content.] 

[29. The method according to claim 1, further comprising 
providing said airtight vessel to have at least an internal 
vessel Wall thereof formed of a ?rst material excluding 
carbon, and further providing that at least one content of said 
airtight vessel has at least an outer surface formed of a sec 
ond material excluding carbon.] 

[30. The method according to claim 29, Wherein said step 
b) further comprises placing said raW material in a crucible 
and sealing said crucible in said airtight vessel, Wherein said 
step b) additionally comprises sealing a boron oxide based 
substance in said airtight vessel, and Wherein said content 
includes said raW material, said crucible, and said boron 
oxide based substance.] 

[31. The method according to claim 29, Wherein each one 
of said ?rst material and said second material respectively 
comprises at least one respective material selected from the 
group consisting of quartz, silicon nitride, boron nitride, 
pyrolytic boron nitride and alumina.] 

[32. The method according to claim 29, Wherein said ?rst 
material and said second material both consist of the same 

material] 
[33. The method according to claim 29, Wherein said ?rst 

material and said second material consist respectively of tWo 
different materials.] 

[34. The method according claim 1, further comprising: 
a ?rst preliminary step of providing a correlation betWeen 

partial pressure values for said carbon oxide gas and 
carbon content values for said compound semiconduc 
tor crystal; and 

a second preliminary step of selecting a carbon content 
value; 

Wherein said step a) comprises selecting said partial pres 
sure to have a partial pressure value correlated to said 
carbon content value by said correlation.] 

[35. The method according to claim 34, Wherein said 
resultant content of said carbon in said compound semicon 
ductor crystal is equal to said carbon content value that has 
been selected in said second preliminary step 

[36. The method according to claim 34, Wherein said cor 
relation is de?ned by a formula: 

ccAkBorFaxpo's, 

Wherein CCARBON represents said carbon content value, P 
represents said partial pressure value, and a represents a 
dependence coe?icient] 
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[37. The method according to claim 36, Wherein said 

dependence coe?icient 0t is in a range from 0.25><l0l5cm_3/ 
Torro'5 to 4><l015cm _3/Torro'5 for CCARBONbeing in terms of 
atoms of carbon per cm3 and P being in terms of Torr.] 

[38. The method according to claim 1, Wherein said steps 
are carried out so that said resultant content of said carbon in 
said compound semiconductor crystal is in a range from 
0.l><l0l5cm_3 to 20><l0l5cm_3.] 

[39. The method according to claim 38, Wherein said 
resultant content of said carbon in said compound semicon 
ductor crystal is a resultant local content of carbon at a loca 
tion in said compound semiconductor crystal de?ned by a 
fraction solidi?ed (g) of 0.1 

[40. The method according to claim 38, Wherein said 
resultant content of said carbon in said compound semicon 
ductor crystal is a resultant local content of carbon at a loca 
tion in said compound semiconductor crystal.] 

[41. The method according to claim 40, Wherein said loca 
tion is at a shoulder of said compound semiconductor crys 

tal.] 
[42. The method according to claim 40, Wherein said loca 

tion is a location de?ned by a fraction solidi?ed (g) of 0.1 in 
said compound semiconductor crystal.] 

43. A method ofpreparing a compound semiconductor 
crystal containing carbon, comprising: 

making a selected partial pressure of a carbon oxide gas 
coexistent with a melted material of compound semi 
conductor raw material and a melted boron oxide base 
substance in a crucible in a gas-impermeable airtight 
vessel, and then 

decreasing a temperature of the crucible to solidify said 
melted material in the crucible and thereby grow said 
compound semiconductor crystal containing a con 
trolled amount ofcarbon. 

44. A method of preparing a GaAs crystal containing 
carbon, comprising: 

sealing a GaAs raw material and a boron oxide base sub 
stance in a crucible in a gas-impermeable airtight 
vessel, heating said raw material and said boron oxide 
base substance in said airtight vessel to melt them and 
thereby forming a melted material from said raw 
material, and decreasing a temperature of the crucible 
to solidify said melted material in the crucible; 

the method including making a carbon oxide gas having a 
pressure in a range ofO.5 Torr to 500 Torr at the melt 
ingpoint ofthe GaAs, coexistent with the melted mate 
rial and thereby grow said GaAs crystal containing a 
carbon concentration in a range of O.]><]Ol5cm_3 to 
2O><]Ol5cm_3. 

45. A method of preparing a GaAs crystal containing 
carbon, comprising: 

making a carbon oxide gas having apressure in a range of 
0.5 Torr to 500 Torr at the melting point ofthe GaAs, 
coexistent with a melted material of a GaAs raw mate 
rial and a melted boron oxide base substance in a cru 
cible in a gas-impermeable airtight vessel, and then 

decreasing a temperature of the crucible to solidify said 
melted material in the crucible thereby grow said GaAs 
crystal containing a carbon concentration in a range of 
0. 1x] 015cm“3 to 2O><]Ol5cm_3. 

46. A method ofpreparing a compound semiconductor 
crystal containing carbon, comprising the following steps; 

a) selecting a partial pressure of a carbon oxide gas; 
b) sealing said carbon oxide gas having said partial pres 

sure and any gas selected from inert gases and nitrogen 
gas, and a semiconductor raw material, in a gas 
impermeable airtight vessel; 
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c) after said step b), increasing a temperature of said 
airtight vessel to melt said raw material in said airtight 
vessel and thereby form a melted material from said 
raw material; and 

d) after said step c), decreasing said temperature of said 
airtight vessel to solidify said melted material and 
thereby grow said compound semiconductor crystal 
containing a resultant content of said carbon, where 
said resultant content of said carbon is dependent on 
said partial pressure of said carbon oxide gas selected 

making a carbon oxide having a selected partial pressure 
and any gas selected from inert gases and nitrogen gas, 
coexistent with a melted material of a compound semi 
conductor raw material and a melted boron oxide base 
substance in a crucible in a gas-impermeable airtight 
vessel, and then 

14 
decreasing a temperature of said airtight vessel to solidify 

said melted material in the crucible and thereby grow 
said compound crystal containing a controlled amount 
of carbon. 

5 50. A method of preparing a compound semiconductor 
crystal containing carbon, comprising: 

making a carbon oxide gas having a selected partial pres 
sure and any gas selected from inert gases and nitrogen 
gas, coexistent with a melted material of compound 

. . 10 . . . 

in said step a). semiconductor raw material and a melted boron oxide 
47- A method ofpreparmg ‘1 compound Semlconducwr base substance in a crucible in agas-impermeable air 

crystal containing carbon, comprising: light vessel and the” 
Sealmg a semlcondupwr rim/mammal and abémn wade decreasing a temperature of the crucible to solidify said 

based substance in a gas-impermeable airtight vessel _ _ _ _ 
. . . . . 15 melted material in the crucible and thereby grow said 

and increasing a temperature of said airtight vessel to _ _ _ 
melt said raw material and said boron oxide based sub- compound Semlconducwr crystal comammg ‘1 con“ 
stance in said airtight vessel and therebyform a melted [rolled amount ofcarbon 
materialfrom said raw material; and 5]. A method ofpreparing a GaAs crystal containing 

decreasing said temperature of said airtight vessel to 011F190", COMPI’I'SI'HgI 
Solidi/‘j’ Said melted material and [hereby grow Said 20 sealing a GaAs raw material and a boron oxide base sub 

COTPOMZHdZSZZWCZIHduCZOF crystal comammg ‘1 result“ stance in a crucible in a gas-impermeable airtight 
an con en 0 sai car on 

’ vessel, 
the method includin selectin a artial ressure o a car- _ _ _ _ _ 

. g . g P . f heating said raw material and said boron oxide base sub 
bon oxide gas, and making said carbon oxide gas hav- _ _ _ _ 
- - - 25 stance in said airtight vessel to melt them and thereby 
ing said selected partial pressure and any gas selected _ l d _ l _d _ l d 
from inert gases and nitrogen gas coexistent with said formmg a me [e mazerla ?’om Sal raw mazerla ’ an 

semiconductor raw material and boron oxide based decreasing a temperature of the crucible to solidify said 
substance prior to sealing said vessel, so that said melted material in the crucible, 

resultant Willem ofsaid curb?” is dependent 0” Said 30 the method including makinga carbon oxide gas havinga 
selecledhpilrllalpressul’e ofsald Carboy mad? 8”; pressure in a range ofO.5 Torr to 500 Torr at the melt 

cni‘ill‘iorzfiisingoiifopsrgrlfslggmm Semlco” ucwr ing point of the GaAs and any gas selected from inert 
_ _ ’ _ ' _ gases and nitrogen gas, coexistent with the melted 

making a carbon oxide gas having a selectedpartialpres- material and [hereby grow Sal-d GaAs crystal comm-W 
sure and any gas selectedfrom inert gases and nitrogen ing a carbon concentration in a range OfO lxlolscm-s 
gas coexistent with a melted material ofa compound 35 [0 20X]015cm_3 
semiconductor raw material and a melted boron oxide ' . . . 

_ _ _ _ 52. A method ofpreparing a GaAs crystal containing 
base substance in a gas-impermeable airtight vessel, . . 

carbon, comprising: 
and then _ _ _ _ 

decreasing a temperature ofsaid airtight vessel to solidify 40 makmg a carbon wade gas havmg apresslfre m a range of 
said melted material and thereby grow said compound 0'5 To” to 500 T0” at 2h? melzmg Pomz ofzhe GaAs 
semiconductor crystal containing a controlled amount and ‘my gas Selected/[mm me” gases and mlmge” gas! 
ofcarbon coexistent with a melted material of a GaAs raw mate 
A mezhod Ofpreparing a compound Semiconduclor rial and a melted bOl’Ol’l oxide base substance a cru 

crystal containing carbon, comprising; 45 cible in a gas-impermeable airtight vessel, and then 
decreasing a temperature of the crucible to solidify said 

melted material in the crucible thereby grow said GaAs 
crystal containing a carbon concentration of 0.1x 
]Ol5cm_3 to 2O><]Ol5cm_3. 


