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said chamber for containing the  necessary        Fig.6 illustrates
schematically a puler  elements for making said semiconductor         a
pull mechanism or drive 64 directly   and volatilize said one of said
elements and      coupled to the pull rod 62 and a trap-seal  established
an atmosphere said chamber   10  tight seal 68, such  as teflon, and
structurale             elements and for maintaining all of the parts
means 70 to define with the rod 62 and                of the chamber that
contact the      bushing 66 and seal 68 a trap or chamber    sphere above`
the crucible at a temperature       If the system of Fig. 6 is used
employing a     vapour on said parts, a crystal puller ex-      vapour
pressure control chamber is inter-  semiconductor compound from  the melt,
connected to the closed system, then the  said chamber being arranged and
con-      trap  72 can be eliminated.  The graphite  structed to permit an
amount of said atmo-      busing 66 may be made gastight by apply-
sphere including said one of said element            ing a seal coating 67
(illustrated in dotted    to leak from the chamber and relive the       in
the closed system  60. For example, a  the atmosphere in the chamber and
the pull      nonporous carbon coating can be used for  ing of said
semiconductor compound from      this purpose.  Graphite is the preferred
the melt, and one or more gas traps ar-  25 material for bushing 66 or 11,
since it is    ranged exteriorly of the chamber for trap-
self-lubricating, is operable at temperatures  ping the gas permitted to
leak therefrom.     above 600[err]C, and is soft enough to abrade   4. A
direct crystal pulling apparatus mak-     away and protect the quartz pull
rod from ing a semiconductor compound comprising     solid arsenic. This
last feature is important,  a chamber, a crucible supported within said 



since arsenic will deposit on the bushing,  chamber for  containing  the
necessary 95     and would cause severe damage to the pull  elements for
making  said semiconductor     rod  were the bushing not possessed of this
compound heating  apparatus arrnaged with     property.
said chamber for heating  said elements and WHAT WE CLAIM IS:-     35 1. A
method of making semiconductor  through  said chamber for pulling a crystal
100     compound wherein the semiconductor com-  from the elements in said
crucibe, said     pound is directly pulled from  a melt con-  puller at its
point of entry into said chamber.     taining the necessary elements and
wherein  extending through  a porous bushing, and a     one of the elements
possesses a volatility in  gas trap arranged exteriorly of said chamber  40
excess of the other or others, comprising the  in proximity with said
porous bushing.     steps of placing said elements in a chamber  5. An
apparatus according to claim  3 or     and heating to form  a melt and
volatilize 4 wherein said chamber comprises an open     said one of said
elements and establish an upper portion engaged by a member through
atmosphere in said chamber, which atmo- which said crystal puller extends
45 sphere includes said one of said elements,    6. An apparatus according
to claim 4 or 110     maintaining all parts of the chamber which claim
5,wherein said porous bushing is     contact the atmosphere above the melt
at a  made of graphite.     temperature  sufficiently  high to prevent
7. An apparatus according to claim  6,     solidifying of the vapour on
said parts, per-  wherein said crystal puller is made of quartz.  50
mitting an amount of said atmosphere in-         8. A semiconductor
compound when pro     cluding said one of said elements to leak  duced by
the method of claim 1 or 2     from the chamber and relieve the pressure,
9. A method  of producing a semiconduc-     therein during said heating
step, pulling tar compound as substantially described     said
semiconductor compound from  said  herein  with reference to the
accompanying 55  melt, while permitting an amount of said  drawings.
120    atmosphere including  said  one  of said    10. A direct crystal
pulling apparatus for    elements to leak from  the cha,mber, and
producing a semiconductor compound sub-    trapping the gas permitted to
leak from the  stantially as described herein with reference    chamber.
to the accompanying drawings. 60  2. A method according to claim 1, where 



in said semiconductor compound is  gallium               H.D. FITZPATRICK &
CO    arsenide.                                     Chartered Patent
Agents,      3. A direct crystal pulling  apparatus, for   3, Gray's Inn
Square London, W.C.1    making semiconductor compound compris-
and    65 ing a chamber, a crucible supported within             94, Hope
Street,  Glasgow. Berwick-upon-Tweed: Printed for Her Majesty's Stationery
Office by The Tweeddale Press Ltd.-1965 Published at The Patent Office, 25
Southampton Buildings, London, W.C.2 from which copies may
be obtained              system.                                    said
chamber for containing the necessary       Fig. 6 illustrates schematically
a puller  elements for making said semiconductor     arrangement including
a closed system crys-  compound, one of said elements possessing a     tal
puller identified generally by the refer-  volatility in excess of the
other or others   ence numeral 60, a quartz (non contaminat-  heating
apparatus arranged with said cham- 70     ing) pull rod 62 extending into
the system, ber for heating said elements to form a melt     a pull
mechanism  or drive 64 directly  and volatilize said one of said elements
and     coupled to the pull rod 62 and a trap-seal  establish an atmosphere
in said chamber     consisting of a graphite bushing 66, a gas-  which
atmosphere includes said one of said  10 tight seal 68, such as teflon, and
structural  elements and for maintaining all of the parts 75 means 70 to
define with the rod 62 and           of the chamber which contact the atmo-
bushing 66 and seal 68 a trap or chamber        sphere above the crucible
at a temperature     72.
sufficiently high to prevent solidifying of the 



If the system of Fig. 6 is used employing a  vapour on said parts, a
crystal puller ex-, gastight graphite bushing 66 and an arsenic  tending
into said chamber for pulling said 80     vapour pressure control chamber
is inter-  semiconductor compound from  the melt,     connected to the
closed system, then the  said chamber being  arranged  and  con-     trap
72 can be eliminated. The graphite  structed to permit an amount of said
atmo-     bushing 66 may be made gastight by apply-  sphere including said
one of said elements  20 ing a seal coating 67 (illustrated in dotted  to
leak from the chamber and relieve the 85     lines) where it is exposed to
the atmosphere  pressure therein during the establishment of     in the
closed system 60. For example, a  the atmosphere in the chamber and the
pull-     nonporous carbon coating can be used for  ing of said
semiconductor compound from     this purpose.  Graphite is the preferred
the melt, and one or more gas traps ar-  25 material for bushing 66 or 11,
since it is ranged exteriorly of the chamber for trap- 90
self-lubricating, is operable at temperatures  ping the gas permitted to
leak therefrom.     above 600[err]C, and is soft enough to abrade    4. A
direct crystal pulling apparatus mak-     away and protect the quartz pull
rod from  ing a semiconductor compound comprising     solid arsenic. This
last feature is important, a chamber, a crucible supported within said  30
since arsenic will deposit on the bushing, chamber  for  containing  the
necessary 95     and would cause severe damage to the pull elements for
making said semiconductor      4     rod were the bushing not possessed of
this  compound, heating apparatus arranged with     property.
said chamber for heating said elements and       WHAT WE CLAIM IS:-
said chamber, a crystal puller extending  35   1. A  method of making
semiconductor  through said chamber for pulling a crystal 100     compound
wherein the semiconductor com-    from  the elements in said crucible, said
pound is directly pulled from a melt con-  puller at its point of entry
into said chamber     taining the necessary elements and wherein  extending
through a porous bushing, and a     one of the elements possesses a
volatility in  gas trap arranged exteriorly of said chamber  40 excess of
the other or others, comprising the  in proximity with said porous bushing.
105     steps of placing said elements in a chamber  5. An apparatus
according to claim 3 or     and heating to form a melt and volatilize  4,
wherein said chamber comprises an open     said one of said elements and
establish an  upper portion engaged by a member through     atmosphere in
said chamber, which atmo-  which said crystal puller extends. 



45 sphere includes said one of said elements,   6. An apparatus according
to claim 4 or 110     maintaining all parts of the chamber which  claim 5,
wherein said porous bushing is     contact the atmosphere above the melt at
a  made of graphite.     temperature sufficiently high to prevent   7. An
apparatus according to claim  6,     solidifying of the vapour on said
parts, per-  wherein said crystal puller is made of quartz.  50 mitting an
amount of said atmosphere in-   8. A.semiconductor compound when pro- 115
cluding said one of said elements to leak duced by the method of claim 1 or
2.     from the chamber and relieve the pressure   9. A method of producing
a semiconduc-     therein during said heating step, pulling  tor compound
as substantially described     said semiconductor compound from  said
herein with reference to the accompanying  55 melt, while permitting an
amount of said  drawings.                                  120
atmosphere including said  one of said   10. A direct crystal pulling
apparatus for     elements to leak from  the chamber, and  producing a
semiconductor compound sub-       N     trapping the gas permitted to leak
from the  stantially as described herein with reference     chamber.
to the accompanying drawings.  60   2. A method according to claim 1,
where-     in said semiconductor compound is gallium    H. D. FITZPATRICK &
CO.,     arsenide.                                          Chartered
Patent Agents,       3. A direct crystal pulling apparatus for    3, Gray's
Inn Square, London, W.C.1,     making semiconductor coupound compris-
and  65 ing a chamber, a crucible supported within       94, Hope Street,
Glasgow.  Berwick-upon-Tweed: Printed for Her Majesty's Stationery Office
by The Tweeddale Press Ltd.-1965  Published at The Patent Office, 25
Southampton Buildings, London, W.C.2 from which copies may
be obtained.    


