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differential temperature across the  deposited thereon. And although only
one 65     substrate in excess of 20[err] C. should be pre-  group of
halide compounds has been utilized     vented.
in describing the invention, it should be under-       Preferably arsenic
or phosphorus-doped sub-  stood that many variations in the details of 5
strates should be avoided since these ele-  the process can be made without
departing     ments have high vapour pressures and high  from the scope of
the invention. For example, 70     diffusion rates. Moreover, the
preferable im-  reactants which thermally decompose within     purifies for
N-type silicon substrates are anti-  the epitaxial temperature range could
be     mony and bismuth.                             utilized instead of
reactants requiring hydro-
gen to promote decomposition. Moreover, al- 10                 EXAMPLE III
though in epitaxial deposition techniques a  75       A germanium substrate
doped N +  with  flow process is more desirable, the advantages
antimony having a 0.015 ohm-cm resistivity  of the invention could be
achieved in batch-     was placed in the reaction tube. The substrate  type
operations.     was heated to about 850[err] C. and then hydro-    It
should be understood that although the 15  gen etched in a similar manner
as in the  invention has been described with respect to  80.     silicon
examples. The hydrogen flow rate was  silicon and germanium multi-layered
devices,     3.5 litres per minute. A liquid of germanium  the features and
advantages of the invention     tetrachloride containing 0.27 parts per
million  are readily adaptable to other epitaxial semi-     by volume of
antimony pentachloride was in- conductor processing techniques and such
pro- 20  jected into the hydrogen stream. The doped  cesses are within the
scope of the invention. 85     germanium tetrachloride flow was 2% by
volume of the hydrogen stream. The above    WHAT WE CLAIM IS:-
procedure epi-taxially deposited a 0.5 ohm-cm.  1. A method of forming P-N
junctions in     N-type continuation layer of germanium hav-
semiconductors by epitaxial deposition, com- 



25  ing a thickness of about 0.3 mils. The re-  prising the steps of
subjecting a semiconductor     actor tube was flushed with hydrogen and the
material substrate of one conductivity to a  90     temperature of the
substrate was then raised to  temperature suitable for promoting the epit-
880 C. Germanium tetrachloride doped with  axial growth thereof, subjecting
said semicon-     0.4%  by volume borontribromide was sub-  ductor
substrate at said temperature to a 30  sequently introduced at 0.6% by
volume into  vapour containing a controlled ratio of a first     the
hydrogen flow, which was 11.2 litres per  volatilized compound of said
semiconductor 95     minute. Different temperatures for the N-  material
and a second volatilized compound of     and P-type layer deposition are
used since in  a like-type conductivity-imparting impurity     the
deposition of the N-type layer, a tem-  for a period of time to deposit
epitaxially a 35  perature can be used whereby the diffusion  like-type
conductivity continuation layer of      of impurities from the substrate
into the N-  said semiconductor material on said substrate, 100      type
layer is faster than the epitaxial growth  and thereafter subjecting said
substrate at      of the N-type layer. This, of course, must be  said
temperature to a second vapour contain-      avoided to prevent
contamination.         ing a controlled ratio of said first volatilized 40
The P-type layer of germanium was 0.080  compound and a third volatilized
compound      ohm-cm. having a thickness of 0.12 mils. This  of an
opposite-type conductivity-imparting  105      thickness of the P-type
layer allows sufficient  impurity for a period of time to deposit epit-
depth for an emitter region to be diffused  axially an opposite-type
conductivity layer of      therein. The minimum thickness of the con-  said
semiconductor material on said con- 45  tinuation layer (N-type layer) that
will allow  tinuation layer.      a P-type layer to be epitaxially grown
thereon    2. A method according to claim 1 wherein 110      without
contamination is about 0.3 mils. The  said semiconductor material is
silicon.      reaction parameters may be varied by all per-   3. A method
according to claim 1 or 2,      mutation within the following limits. The
wherein said substrate is of N-type conduc- 50  temperature of the
substrate may be from  tivity silicon and wherein the layer deposited
about 800[err] C. to 880[err] C. The germanium  upon said continuation
layer is of P-type sili- 115      tetrachloride concentration in the
hydrogen  con.      stream  may vary from  0.2%  to 5.0%  by    4. A method
according to any one of the      volume whereas the H[err] flow may be
varied  preceding claims wherein the substrate is sili-  55  from 2 litres
per minute to 13 litres per  con and is uniformly doped with antimony to
minute.                                       about 5 x 10[err] antimony
atoms per cm[err] and 120 



It should be understood that an important  said like-type
conductivity-imparting impurity      feature of the invention is the
formation of  is antimony pentachloride.      a continuation layer on the
substrate of the    5. A method according to any of claims  60  same-type
conductivity even though the resis-  2, 3 and 4, wherein said opposite-type
con-      tivity of the layer is varied, and that after
ductivity-imparting impurity is boron tri- 125      the continuation layer
has been epitaxially  bromide.      grown on the substrate, additional
epitaxial    6. A method according to any one of the      opposite-type
conductivity layers may then be  preceding claims in which the first
mentioned              4.                                          986,403
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gen to promote decomposition. Moreover, al- 10                 EXAMPLE III
though in epitaxial deposition techniques a  75       A germanium substrate
doped N+  with  flow process is more desirable, the advantages     antimony
having a 0.015 ohm-cm. resistivity  of the invention could be achieved in
batch-     was placed in the reaction tube. The substrate  type operations.
was heated to about 850[err] C and then hydro-    It should be understood
that although the 15  gen etched in a similar manner as in the  invention
has been described with respect to  80     silicon examples. The hydrogen
flow rate was  silicon and germanium multi-layered devices,     3.5 litres
per minute. A liquid of germanium  the features and advantages of the
invention     tetrachloride containing 0.27 parts per million  are readily
adaptable to other epitaxial semi-     by volume of antimony pentachloride
was in-  conductor processing techniques and such pro- 20  jected into the
hydrogen stream. The doped  cesses are within the scope of the invention.
85     germanium  tetrachlozide flow was 2%  by     volume of the hydrogen
stream. The above    WHAT WE CLAIM IS:-     procedure epitaxially deposited
a 0.5 ohm-cm.    1. A method of forming P-N junctions in     N-type
continuation layer of germanium hav-  semiconductors by epitaxial
deposition, com- 25  ing a thickness of about 0.3 mils. The re-  prising
the steps of subjecting a semiconductor     actor tube was flushed with
hydrogen and the  material substrate of one conductivity to a  90
temperature of the substrate was then raised to  temperature suitable for
promoting the epit-     880 C Germanium tetrachloride doped with  axial
growth thereof, subjecting said semicon-     0.4%  by volume
borontribromide was sub-  ductor substrate at said temperature to a 30
sequently introduced at 0.6% by volume into  vapour containing a controlled
ratio of a first     the hydrogen flow, which was 11.2 litres per
volatilized compound of said semiconductor 95     minute. Different
temperatures for the N-  material and a second volatilized compound of
and P-type layer deposition are used since in  a like-type
conductivity-imparting impurity     the deposition of the N-type layer, a
tem-  for a period of time to deposit epitaxially a 35  perature can be
used whereby the diffusion  like-type conductivity continuation layer of
of impurities from the substrate into the N-  said semiconductor material
on said substrate, 100     type layer is faster than the epitaxial growth
and thereafter subjecting said substrate at     of the N-type layer. This,
of course, must be  said temperature to a second vapour contain-
avoided to prevent contamination.         ing a controlled ratio of said
first volatilized 40    The P-type layer of germanium was 0.080  compound
and a third volatilized compound 



ohm-cm. having a thickness of 0.12 mils. This  of an opposite-type
conductivity-imparting 105     thickness of the P-type layer allows
sufficient impurity for a period of time to deposit epit-     depth for an
emitter region to be diffused  axially an opposite-type conductivity layer
of     therein. The minimum thickness of the con-  said semiconductor
material on said con- 45  tinuation layer (N-type layer) that will allow
tinuation layer.     a P-type layer to be epitaxially grown thereon    2. A
method according to claim 1 wherein 110     without contamination is about
0.3 mils. The  said semiconductor material is silicon.     reaction
parameters may be varied by all per-  3. A method according to claim  1 or
2,     mutation within the following limits. The  wherein said substrate is
of N-type conduc- 50  temperature of the substrate may be from  tivity
silicon and wherein the layer deposited     about 800[err] C. to 880[err]
C. The germanium   upon said continuation layer is of P-type sili- 115
tetrachloride concentration in the hydrogen  con.     stream  may vary from
0.2%  to 5.0%  by    4. A method according to any one of the     volume
whereas the H[err]  flow may be varied  preceding claims wherein the
substrate is sili- 55  from  2 litres per minute to 13 litres per  con and
is uniformly doped with antimony to     minute.
about 5 x 10[err] antimony atoms per cm[err] and 120       It should be
understood that an important  said like-type conductivity-imparting
impurity     feature of the invention is the formation of  is antimony
pentachloride.     a continuation layer on the substrate of the   5 A
method according to any of claims 60  same-type conductivity even though
the resis-  2, 3 and 4, wherein said opposite-type con-     tivity of the
layer is varied, and that after  ductivity-imparting impurity is boron tri-
125     the continuation layer has been epitaxially  bromide.     grown on
the substrate, additional epitaxial    6. A method according to any one of
the     opposite-type conductivity layers may then be  preceding claims in
which the first mentioned
986,403                                         5 



controlled ratio and the second mentioned  ployed as a carrier for
conducting the con-       controlled ratio are retained constant during
trolled mixtures of the volatilized compounds the respective vapour
deposition periods.   to said semiconductor substrate and for con-
7. A method according to any one of the  ducting spent vapours away from
said sub- 25   5  preceding claims wherein said temperature  state:
suitable for promoting epitaxial growth is be-    12. A method of forming a
P-N junction in       tween 1150[err] C and 1350[err] C.                a
semiconductor by epitaxial deposition in         8. A method according to
claim 1 wherein  accordance with any of Examples I, II, and       said
semiconductor material is germanium.  III.
30   10    9. A method according to claim 8, wherein    13. A P-N junction
when formed in a semi-       said substrate is of N-type conductivity ger-
conductor by epitaxial deposition by the       manium and wherein the layer
deposited upon  method of any preceding claim.       said continuation
layer is of P-type germa-       nium.   15    10. A method according to
claim 8 or 9,         H. D. FITZPATRICK & CO,       in which the first
mentioned controlled ratio      Chartered Patent Agents,       and the
second mentioned controlled ratio are        3 Gray's Inn Square,
retained constant during the respective vapour           London, W.C.1.
deposition periods.                                            and   20
11. A method according to any of the pre-           94 Hope Street,
ceding claims wherein hydrogen gas is em-                 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.    


