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elements, parncularly the. Group . V. element,.
has a compara.ttvely high volatility. Such is
the case when growing a. cxystal from a melt
comprising .galliom and arsenic; arsenic has-
a high volatility at the operating tempera-
In practice, it has been found that

the .vapour pressure of arsenic over the.
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i-- melf at the melting point of the compound -

Theternary compound SEmlconx--
ist of one of the following
element’ groups

V-VI, and Groups H-IV-VL

conduciors are. InSb, InP, GaAs, AlP, PbTe,
-InSe, ‘Tn;Te; AgSbTe,, B13T33,
8y, and; CuFeSe;.

aterials are. well known.
interesting ' and useful Group i~

ligm arsenide and the present invention ‘is

35 .particularly useful in growing galhum ar-

~ ‘senide erystals from, a meit.
The discovery of; these 118 V” seml-_
conductor materials for the ‘manufacture of
crystals to bé used in various electronic de-

40- vices, such as. transxstors, has opened many
‘néw possibil ¢s in the electronic field, but -
Y NEW .

prablems Conyentional crystal-pu ling:pro-

at the same time : has . created

. is;about 0.9 atmospheres.

; woyld be lost to the atmosphere..
. quently, growing a_ galhum arsenide crystal .

Groups I-ITI-V1, Groups 1=
: , Exemplary )
" of two. and, three-gletent compounds semi: -

CuFeTe,, .

-V ¢ompound semlconduc- .
One, of the.

wund. semiconductor materials. s - gal-:: drive and: destroyed the process .or. gas,.

" at the point! of ‘entry into the system. As a

It is obvious.

that prior techniques of sending an inert gas_ 60

e into the chamber above. the melt would not

be satisfactory since the sublimed.arsenic
Conse- - ..
has been accomplished-in a completely 65
sealed chamber using magnetic coupling of
the. pull rod to.the power. drive .to avoid
rigking .breaking the .seal. of the chamber. -
Wheteas' this a.pproach is successful from
the. standpomtof- growing a crystal, never-.70
helk ! eedi gly-sdlﬁicult ‘to . control

‘ agnetic coupling.
t.dnve for

e 75

leaked out of the system vig the drive. The
corrosive nature of arsenic ‘also is a-serious
problem - as- it. fouls-the :drive and its seal %0
result, it was believed that the only success-
ful solution, regardless; of the manipulative.
problems involved and: _the dlﬂiculty of con- ...
trol,-was magpetic.coupling.
Despite the recognized: and admltted dif- 85
ficulties- and problems mvolved in taismg
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chamber for containing a melt mcludmg the.
necessary clements for ‘making said semi-
conductor compound, one of said elements
possessing a volatility in excess of the other
or others, heating apparatus arranged with
said chamber for heating said elements to
form a melt and volatilize said one of said
elements and establish an atmosphere in said
chamber, which atmosphere includes-said
one of said elements and for maintaining all
of the parts of the chamber which contact
the atmosphere above the crucible at a tem-
perature sufficiently high: to prevent solidify-
ing of the vapour on said parts, a crystal
_puller extending into said chamber for pull-
ing said semiconductor compound from the

melt, said chamber being arranged and con- .

structed to permit an amount of said atmo-
sphere including said one of said elements
to leak from the chamber and relieve the

" pressure therein during the establishment of

60

the atmosphere in the chamber and the

pulling of said semiconductor compound

from the melt, and one or more gas fraps

. arranged exbenorly of the chamber for trap-

65

ping the gas permitted to leak therefrom.
The present invention is also a direct

crystal pulling apparatus making 'a semi-

conductor compound comprising a chamber,

mmst:#éatpe

portion 2.~ The top of qua»rtz tube 2 can.

P&lﬁpl where

be a flat. giound seal rather than. tapered' '

A sealing cap or member 3, preferably of
boron nitride, covers the quartz tube. ~A

quartz - drive or. pull rod 4 connected to

105

rotating  and lifting apparatus, designated .
generally by the reference numeral 30, ex: -

tends through a boron nitride sealing cap 3
down into the quartz tube 2 and terminates

10

in chuck 5 to which is attached a crystal seed
6. Graphlte crucible . 8, having .a quartz.
liner 9, contains the charge 7 which is to'be

melted. As in the usual pulling processes,
a seed of semiconductor material of like

115

comiposition to the melt is lowered into the.

‘melt and slowly withdrawn and rotated. -
When the temperature and pull rate are pro- -
perly chosen, the melt will crystallize on to .

the seed to form'a single large crystal. The
crucible 8 is shown suppotted w1th1n the
quartz tube by support 10. -

. Lookmg now at the upper part of the
drawing; it will be seen that the rod.4 passes
through graphite bearing 11 centred in the

_ boron nitride sealing cap3. A boron nitride .
sleeve 12 éxtends upwardly from the cap 3. -
A quartz tube 13 fits within sleeve 12 -

and lies spaced from rod 4. The space.
defined between tube 13 and rod 4 serves -

90
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A direct crystal pulling
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10 ti

‘chdmber is cold

ﬁrgon,

prov1de7agx inert ‘ambient atmosphete. * A

what in excess of ‘that required to give a
pressure of ome atmosphere when heated to
- 607°C. is placed in the bottom of the cham-
ber. - The chamber 2 is then heated, where-.
upon -the arsenic sublimes and flushes out
the argom: alon, ﬂiwﬂh excess arsenic through
the planned leakage space between the boron’
nitride sealing cap 3 and the tapered portion’
2a, the joint of which is purposely made
less than -gastight. An inert gas is main-
tained in cover 15 to prevent air from dif-
fusing into the chamber. Any arsenic leak-
age through the béaring 11 condenses above
the bearing in the cooler regions, particul-
arly in the quartz arsenic trap 13. When all
the arsenic has sublimed, an excess pressure
has been relieved. through the leaky taper,
any further loss of arsenic will be by dif-
fusion through the leaks. This is a relatively
slow process, and in practice a. satisfactory
atmosphere may be maintained in the cham-
ber for several hours. During the procedure
just described and during the crystal pulling
operation, the entire surface which is in con-
tact with the arsenic atmosphere must be
maintained at elevated temperatures (from
about 607°C. to about 800°C.) to prevent
collection of solid arsenic on the chamber
walls. It is to be noted that special resist-
ance heaters 20 and 21, judiciously arranged,
have been provided for this explicit purpose:

Although the foregoing discussion and de-’
scription has been specific to the problems
occuiting in pulling crystals of Group III-V
compound semiconiductor materials and in
particular in obtaining gallium- ‘arsenide’
crystals, it should be appreciated that the
techniques of this invention are in no way
limited to thwe comrpound semloomductor
materials.

The present invention is useful in pulling
crystals of ‘any - compound . seumconductor
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- semiconductor materials may be those
%t:mg an element from each’ group in

e of the serieés of element groupings
i IV-vI, ILII-VI; II-IV-VI, and
I-V-VI_ ‘Moreovet, it should be appreciated
that ‘any of the above emumerated com-
If _seumconductor materials may contain
ous elements in trace 1mpur1ty or

g ” quantities, as is well known in the

“Fig. 3 4 and 5 illustrate gastight sealing
arrangements for the top of a closed system
crystal puller, useful in place of top sealing
cap 3 and tapered section 2a. In this type
ctystal puller, it is extremely important that
the sedl be gastight. Tf air gets into the
system, it will destroy the process. For con-
venience, a top sealing cap 50 and top of
the quartz tube 2 are illustrated only, the
-1od, bearings, traps, heaters, efc., being
for sake of simplicity.

at 2b and ‘the top surface 2c is ground
optlcally flat.
boron mnitride is pressed against the top of
nbe” at surface 2c, a sedl will result.

ig. 4, the tog 2b of tube 2 is likewise
flanged and a wa

material having a melting point above
607°C.;, when arseride is . the smore volatile
t, is positioned on the rim of tube 2.
Cap -50 is pressed. into contact with the
washer: to produce a seal. Fig. 5 is similar
ig. 4, and shows the top of tube 2 as
ved (V sha.pe) An O-ring 54 of soft
cable material, melting above 607°C.,
cated in the groove, and cap 50 presses

Washer 52 and ring 54 may be composed
old sllver, or platmum or alioys there-

- The sealmg arrangements of Figs. 3 to5
can be. tsed in. the puller ‘described in con-
junction’ with Fig 1, the puller to be de-

‘scrxbed in con]uanctxon wwh Flg 6 or other

. In Fig. 3, the top edge of tube 2 is flanged

L the top of tube 2 to form a_seal..
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" steps of placllng said elements in a chamber’

and heating to form a melt and: ‘volatilize 4,
said, one of said elenients and establish an -
atmosphere in said chamber, which atmo-

5 sphete includes said one of said elements,

' maintaining all parts of the chamber’ 'wihlch: ¢

. contact the atmosphere above the. melt at a’

terperature sufficiently “high .- to .prevent. .
solidifying of the vapour on said parts; per- -

50 mitting an-amount of said atmosphere in-

cludm%1 said one. of said elements. fo. Jeak
from

therein durmg said heating step, pulling

said semiconductor compound from “said .

55 milt, while permitting an amount. of said

atmosphere including said one of .said

elements to leak from the ¢ :flber and

trapping the. gas permitied to leak. from the
chamber.
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be ‘obt ai ned. solid arsenic. ThlS last feature is important,

30 since arsenic will deposit on the bushing,
and would cause severe damage to the pull
rod were the bushing mot possessed of this
property.

WHAT WE CLAIM IS:—

35 1. A method of making semiconductor
compound wherein the semiconductor com-
pound is directly pulled from a melt con-
taining the necessary elements and wherein
one of the elements possesses a volatility in

40 excess of the other or others, comprising the
steps of placing said elements in a chamber
and heating to form a melt and volatilize

said one of said elements and establish an -

atmosphere in said chamber, which atmo-
45 sphere includes said one of said elements,

maintaining all parts of the chamber which -

contact the atmosphere above the melt at a
temperature sufficiently high to prevent
solidifying of the vapour on sazd parts, per-

50 mitting an amount of said atmosphere in-
cluding said one of said elements to leak .
from the chamber and relieve the pressure
therein during said heating step, pulling -
said semiconductor compound from said

55 melt, while pérmitting an amount of said
atmosphere including said one of said
elements to leak from the chamber, and
trapping the gas permitted to leak from the
chamber.

60 2. A method according to claim 1, where-
in said semiconductor compound is gallium
arsenide.

3. A direct crystal pulling apparatus for
making_semiconductor cotnpound compris-

65 ing a chamber, a crucible suppcrted within"
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a chamber, a crucible supported within said

chamber for containing the necessary 95

eglements for making said semiconductor
compound, heating apparatus arranged with
said chamber for heating said elements and.
said chamber, a crystal puller extending’

through said chamber for pulling a crystal 100

from the elements in said crucible, said
puller at its point of entry into said chamber
extending through a porous bushing, and a
gas trap arranged exteriorly of said chamber
in’ proximity with said porous bushing.

- 5. An apparatus according to claim 3 or
4, wherein said chamber comprises an open

%per portion engaged by a member through-

ich said crystal puller extends.

6. An apparatus according to claim 4 or.

claim 5, wherein said porous bushing is

“made of graphite,

7. An apparatus according to claim 6,
wherein said crystal puller is made of quartz.

8. A semiconductor compound when pro-
duced by the method of claim 1 or 2.

9. A method of producing a semiconduc-
tor compound as substantially described
herein with reference to the accompanying
drawings. .

10. A direct crystal pulling apparatus for
producing a semiconductor compound sub-
stantially as described herein with reference
to the accompanying drawings.
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