
4                                           998,825      may be prepared
for the treatment by optical wafers or by the  control   of  the
relocation    65     polishing, or other suitable techniques.      carrier
atmosphere. For instance, if wafer 1
is p-type and wafer 2 is  n-type a junction                      EXAMPLE 2
would result. Also, a p-type impurity can be        The above  procedure
was repeated except  chosen  as  the relocation carrier atmosphere 5  that
the ampoule. length  was 5.75 inches and  when relocating  onto  an  n-type
wafer and  70     the preliminary heat treatment to  clean  up  vice versa.
Furthers, the excess carrier   con-     the surface of one wafer was at
800[err]C  for  centration  in the material deposited on wafer     one hour
and then the cleaned wafer was  2 can  be controlled and/or varied in
accord-     maintained at 727[err]C for 70 hours, while the  ance with any
programme desired merely by 10  second wafer was  maintained  at 792[err]C
for  controlling or varying the amount of  the  75     the same time.
Again, a single crystal layer  carrier  in the tube 10 and its duration.
It     was formed on the colder sample at the  should  also  be  apparent
that the  carrier can     expense of the hotter sample.                 be
changed as desired...        In another aspect of the invention an  inac-
Advantages  offered by the present invention 15  tive (inert carrier)
atmosphere or active (con-  are, inter alia, that it provides means for  80
ductivity affecting) atmosphere plus a carrier  utilizing desirable
propertties of  both Group     gas is provided  in ampoule 10 whereby addi-
IV semiconductor  materials and Group III-     tional results may be
obtained, compared  V  compound  semiconductor materials; it     with the
evacuated procedure where the  im-  enables  control of
conductivity-affecting im- 20  purities in the transferring material  were
the  purities to be readily achieved; it provides a  85      relocation
carriers.                          method for introducing doping impurities
into        Doping is feasible by utilizing a suitable  a  semiconductor
material in a manner which      impurity as the relocation carrier. Thus,
sul-  permits the production  of controllable concen- 



phur,  seleniumi, tellurium, zinc or cadmium  tration gradients in  the
same; it provides 25  may be used as the  atmosphere through which  layered
structures comprised of semiconduc-  90      a compound semiconductor such
as  gallium   tors with different properties, while  permit-      arsenide
is transported from  a hot zone and  ting the material  of  each layer to
retain its      relocated onto a  surface in  a relatively cooler  own
identity and  consequently to retain its      zone. Whether conducted in
this fashion, that  own useful properties;  it provides a  method 30  is,
whether conducted with a suitable carrier  for building  up  single crystal
structures  95      or relocation atmosphere, or in  an inert atmos-
wherein  the  surface of the  substrate  is      phere, it will be  seen
that the procedure refreshed by interchanging the cooler and      permits
controlling the impurity concentration  hotter regions; it provides a
method of form-      by varying or changing the ambient atmos-  ing layered
bodies,  PN junctions and semi- 35  phere.
conductor  bodies  by  methods  permitting 100        To illustrate the
above, the present inven-  greater flexibility and which are adapted to
tion enables a transistor to be fabricated of  the formation    of unique
crystal  structures      germanium for the base and collector  regions,
from  which an almost endless variety of      and a higher. band gap
material (gallium  devices may be fabricated. 40  arsenide) to be vapour
grown  onto the base      region as an emitter region. Thus, a device is
WHAT WE CLAIM  IS:-                       105      produced having a better
emitter. efficiency    1. A method of building up a  crystalline      than
if all regions were composed of germa-  material comprising the steps of
volatilising      nium. Further it is known that gallium   part of a first
semiconductor body to produce 45  arsenide has a short minority carrier
lifetime  a fresh surface, volatilising at least some of      and  this
fact requires transistors made of this  a second semiconductor body, and
allowing  110      material   to  have  extremely  narrow  base  the
constituents of said volatilising second      widths. The procedure of  the
present inven-  body to relocate on the part of said first body      tion
makes it possible to produce. extremely  thereby forming  a crystal
therewith.  50  narrow -base widths to  close tolerances by    2. The
method of claim  1, comprising      suitably controlling the temperatures
and times  carrying out the volatilization in an enclosure. 115      of the
procedures. As a still  further illustra-    3. The method of claim  1 or
2, in which      tion, a plural layer or stacked  solar cell the bodies
are comprised of different semi-      arrangement has recently been
discovered. The  conductor materials. 



55  arrangement requires that the several layers    4. A method of building
up a crystalline      be of different band gap materials and be  material
comprising locating first and second  120      arranged in band gap order.
As is  evident, this  bodies of semiconductor material in spaced      can
be accomplished by the procedure of the  relation in an enclosure, heating
said bodies      invention, and the materials joined together  and
maintaining same  at  sufficiently elevated  60  retain their own identity,
for example  GaAs  temperatures, and with a temperature differ-      can be
relocated onto germanium.              ential therebetween, for a period of
time suffi- 125         It is obvious from the previous description  cient
to first produce a refreshed surface on      that P-N  junctions are
produced merely by  one body, and  then reversing the temperature
appropriate selection of the material  of the  differential to cause
relocation of the semi-            4
998,825      may be prepared for the treatment by optical  wafers or by the
control of the  relocation  65     polishing,  or other suitable
techniques.    carrier atmosphere. For instance, if wafer 1
is p-type and wafer 2 is n-type a junction                      EXAMPLE  2
would result. Also, a p-type impurity can be       The above procedure was
repeated except  chosen as the relocation carrier atmosphere 5  that the
ampoule length was  5.75 inches and  when relocating onto an n-type wafer
and  70     the preliminary heat treatment to clean up  vice versa.
Further, the excess carrier con-     the surface of one wafer was at
800[err]C for  centration in the material deposited on wafer 



one hour and then the cleaned wafer was  2 can be controlled and/or varied
in accord-     maintained at 727[err]C for 70 hours, while the  ance with
any programme desired merely by 10  second wafer was maintained at
792[err]C for  controlling or varying the amount of the  75     the same
time.  Again, a single crystal layer  carrier in  the tube 10 and its
duration. It     was formed on the colder sample at the  should also be
apparent that the carrier can     expense of the hotter sample.
be-changed as desired.       In another aspect of the invention an inac-
Advantages offered by the present invention 15  tive (inert carrier)
atmosphere or active (con-  are, inter alia, that it provides means for  80
ductivity affecting) atmosphere plus a carrier  utilizing desirable
properties of both Group     gas is provided in ampoule 10 whereby addi-
IV  semiconductor materials and Group III-     tional results may  be
obtained, compared  V  compound  semiconductor materials;  it     with the
evacuated procedure where the im-  enables control of
conductivity-affecting  im- 20  purities in the transferring material were
the  purities to be readily achieved; it provides a  85     relocation
carriers.                          method for introducing doping impurities
into       Doping is feasible by utilizing a suitable  a semiconductor
material in a manner which     impurity as the relocation carrier. Thus,
sul-  permits the production of controllable concen-     phur, selenium,
tellurium, zinc or cadmium  tration gradients in the same; it provides 25
may be used as the atmosphere through which  layered structures comprised
of semiconduc-  90     a compound semiconductor such as gallium  tors with
different properties, while permit-     arsenide is transported from a hot
zone and  ting the material of each layer to retain. its     relocated onto
a surface in a relatively cooler  own identity and consequently to retain
its     zone. Whether conducted in this fashion, that  own useful
properties; it provides a method 30  is, whether conducted with a suitable
carrier  for building  up  single crystal structures  95     or relocation
atmosphere, or in an inert atmos-  wherein  the  surface  of the substrate
is     phere, it will be seen that the procedure  refreshed by
interchanging the cooler and     permits controlling the impurity
concentration  hotter regions; it provides a method of form-     by varying
or changing the ambient atmos-  ing layered bodies, PN  junctions and semi-
35  phere.                                        conductor  bodies by
methods  permitting 100       To illustrate the above, the present inven-
greater flexibility and which are adapted to     tion enables a transistor
to be fabricated of  the formation of unique crystal structures
germanium for the base and collector regions,  from  which an almost
endless variety of 



and a higher band gap material (gallium   devices may be fabricated. 40
arsenide) to be vapour grown onto the base     region as an emitter region.
Thus, a device is    WHAT WE CLAIM  IS: -                     105
produced having  a better emitter efficiency   1. A method of building up a
crystalline     than if all regions were composed of germa-  material
comprising the steps of volatilising     nium. Further it is known  that
gallium   part of a first semiconductor body to produce 45  arsenide has a
short minority carrier lifetime  a fresh surface, volatilising at least
some of     and this fact requires transistors made of this  a  second
semiconductor body, and allowing  110     material to  have extremely
narrow  base    the  constituents of said volatilising second     widths.
The procedure of the present inven-  body to relocate on the part of said
first body     tion makes it possible to produce extremely   thereby
forming a crystal therewith. 50  narrow  base widths to close tolerances by
2. The method of claim  1, comprising     suitably controlling the
temperatures and times  carrying out the volatilization in an enclosure.
115     of the procedures. As a still further illustra-    3. The method of
claim 1 or 2, in which     tion, a plural layer or stacked solar cell the
bodies are comprised of different semi-     arrangement has recently been
discovered. The  conductor materials. 55  arrangement requires that the
several layers    4.  A method of building up a crystalline     be of
different   band gap materials and be  material comprising locating first
and second  120     arranged in band gap order. As is evident, this  bodies
of semiconductor material in spaced     can be accomplished by the
procedure of the  relation in an enclosure, heating said bodies
invention, and the materials joined together  and maintaining same at
sufficiently elevated 60  retain their own identity, for example GaAs
temperatures, and with a temperature differ-     can be relocated onto
germanium.              ential therebetween, for a period of time suffi-
125        It is obvious from the previous description  cient to first
produce a refreshed surface on     that P-N  junctions are produced merely
by  one  body, and then reversing the temperature     appropriate selection
of the material of the  differential to cause relocation of the semi-      



998,825                     5        conductor material of the hotter body
onto  ing impurity which is sulphur, selenium  or 20       the cooler body.
tellurium.         5. The method of claim 4, including intro  9. The method
of any preceding claim,       ducing an inactive carrier atmosphere within
wherein said first body exhibits an n-type   5  said enclosure and sealing
said enclosure  conductivity and said second body exhibits a       before
heating said first and said second  p-type conductivity.
25       bodies.                                       10. A single crystal
semiconductor body         6. The method of claim 4, including intro- when
formed by the method of any preceding       ducing an active
conductivity-affecting carrier claim.   10  atmosphere into said enclosure
and maintain-    11. A method of building up a crystalline       ing the
atmosphere in said enclosure during  material,  substantially   as
hereinbefore  30       the relocation of semiconductor material onto
described with reference to the accompanying       the cooler body.
drawing.         7. The method of claim 5 or 6, including   15  the further
step of controlling the carrier     H D. FITZPATRICK & CO.,
atmosphere.                                          Chartered Patent
Agents,         8. The method of claim 6 wherein the hotter  3 Gray's Inn
Square, London, W.C.1.,       body includes gallium arsenide and wherein
and       the atmosphere includes a conductivity-affect-   94 Hope Street,
Glasgow, C.2 Leamington Spa: Printed for Her Majesty's Stationery Office by
the Courier Press.-1965. Published at The Patent Office, 25, Southampton
Buildings, London, W.C.2, from which copies may be obtained    


