
4                                      1,056,430      growth rate being 0.2
ml/minute. After the  silicon substrates, respectively.      15     desired
thickness has been achieved, the four-   In Table I the germanium
substrates were     way valves 5 and 15 are again manipulated  P-type .002
-  .004 ohm-cm resistivity. All     to provide pure hydrogen gas into the
funnel  substrates were extended under conditions of 5  after cutting off
the heaters to reduce the tem-  0.125 mol/minute He flow to the reactor
perature. Pure hydrogen gas is flowed into the  dome, of 0.031 mol/minute
He flow to purge  20     funnel until the temperature is about 100[err] C
the funnel, and of .007 mol/minute HCl flow     after which the four-way
valves are manipu-  to etch the substrate. The dope was 50 ppm     lated to
provide helium into the funnel.  B[err]H[err] in hydrogen, and H[err] flow
into mixing 10    Having  outlined  the  general operating  chamber was
0.06 mol/minute. In the exam-     procedure for epitaxially depositing or
extend-  ples of Table I, the substrate temperature was 25     ing
semiconductor substrates, Tables I and II  850[err] C. In all examples the
epitaxially ex-     appearing hereinafter set forth specific exam-  tended
substrates were used to make acceptable     ples of epitaxially extending
germanium and  semiconductor devices.
TABLE I                                      GERMANIUM SUBSTRATES
EPITAXIAL LAYER.                 H[err] Flow                 into liq.
Dope Flow       React. Mix      Run     Substrate    React.         Rate
Funnel Flow    Time  Thickness   Resistivity       No.     mol/min.
mol/min.        mol/min.       min.     mil.        [err] - cm.          1
.011         .004              .075       2.0        .250        0.070
2         .011         .0035             .074        2.0       .250
0.080          3         .011         .0006             .0716       2.0
.250        0.24          4         .011         .00044            .0714
2.0       .250        0.26          5         .011         .00022
.0712      2.0        .250        0.50          6         .011
.00009            .0711      2.0      .250        1.20          7
.011         .00006            .07106     2.0        .250        1.30
8         .011         .00003            .071       2.0        .250
2.25          9         .011         .00002            .071       2.0
.250        3.00          10         .005         .0007            .0657
3.0        .100        0.16          11         .007         .0002
.0672       2.0        .100        1.60          12         .007
.0001            .0671       2.0        .100        2.00          13
.009         .004             .073        2.0        .150        0.16
14         .009         .002             .071        2.0        .150
0.20          15         .009         .0017            .0706       2.0
.150        0.22          16         .009         .0003            .0693
2.0        .150        1.25          17         .014         .005
.0745       2.0        .155        0.80          18         .018
.007             .0787       2.0        .300        0.090          19
.018         .005             .0785       2.0        .300        0.13
1,056,430                                        5        The silicon
substrates listed in Table II epi-  chamber was 0.06 mol/minute. During the
taxially extended in accordance with the inven-  funnel purge period the He
purge flow was     tion utilized a 0.07 mol/minute He flow in  0.018
mol/minute and the H[err] purge flow was     the reactor dome, and a 0.09
mol/minute H[err]  0.06 mol/minute. In all examples the substrate  10 5
flow into the liquid reactant bottles. The flow  was heated to a reaction
temperature of     rate of hydrogen dilutent into the mixing  1230[err] C.
TABLE II                                           SILICON SUBSTRATES
React.                                      DOPE                 Mix
EPITAXIAL LAYER               Substrate (1)
Funnel    Run Substrate    Resistivity                 Flow Rate      flow
Time    Thickness  Resistivity    No.         [err] - cm     Type
mol/min.    mol/min.   min.          mils     [err] - cm     1
.009-.020       PH[err]      .002       .152        1.67      .310
0.50                 (N-type)      2         .009-.020
(N-type)       PH[err]       .0007        .151       2.92       .55
1.8      3         .009-.020       PH[err]       .002         .152
1.67        .31         0.65                (N-type)      4
.009-.020       PH[err]      .0001       .150       3.0       .58
4.0                (N-type)      5            8-15         B[err]H[err]
.00007     .150        7.0        1.30     8.0                (N-type)
6         .004-.006       B[err]H[err]        .001        .151       2.75
.450      2.0                (P-type)      ([err]) Conductivity type noted
in parenthesis.         In the invention, the apparatus appertaining
process and apparatus of the invention without 15  thereto affords exact
control necessary and  departing from the scope of the invention as
appropriate to the maintenance of high purity  defined in the appended
claims.     reactants approaching the substrate to be epi-     taxially
extended. Moreover, the apparatus ap-   WHAT WE CLAIM IS:-     pertaining
to the invention cooperatively in-    1. A method of epitaxially extending
a semi-  45 20  terrelates appropriate parts to achieve a close-  conductor
substrate, comprising heating a se-     ly controlled reactant approach
pattern to the  miconductor substrate to be epitaxially extend-
substrate being epitaxially extended, the flow  ed in a reaction chamber to
a temperature     approach pattern being substantially perpen-  which will
promote epitaxial growth thereof,     dicular to the substrate with a
velocity in the  and impinging a gaseous flow of reactants in-  50 25
laminar flow region as opposed to the turbulent  cluding a compound of said
substrate material     flow region.                                   on
said substrate directed in a laminar flow        Briefly, the process in
accordance with the  pattern substantially perpendicular to said sub-
invention provides epitaxially extended single  strate to cause
decomposition of said reactants     crystal semiconductor substrates of
closely con-  and uniform epitaxial growth of said substrate.  55 30
trolled resistivity and thickness of the epitax-    2. A method according
to claim 1, including     ially deposited layers. Such control is afforded
positioning said substrate on a heatable surface     in the process of the
invention inasmuch as  in said chamber, and heating said surface to     the
reactants are supplied at a uniform concen-  effect heating of the
substrate.     tration against a uniformly heated semiconduc-   3. A method
according to claim 1 or 2, in- 60 35  tor substrate through a flow approach
pattern  cluding directing said gaseous flow of reactants     maintained at
a controlled laminar flow rate  through a funnel-shaped member
substantially     and substantially perpendicular to the surface
perpendicular to said substrate and in close     of the substrate being
epitaxially extended.  proximity thereto.        It should  be appreciated
that various    4. A method of epitaxially extending a ger-  65 40
modifications and changes may be made in the  manium  semiconductor
substrate comprising    [err]           6
1,056,430      heating a germanium substrate to be epitaxial-  strate held
by said holder, said funnel being  35     ly extended in a reaction chamber
to a tem-  arranged to supply semiconductor reactants of     perature of
850 to 900 C, and impinging a  the same semiconductor material as said sub-
gaseous flow of germanium-tetrachloride on  strate directed in a laminar
flow  pattern 5  said substrate directed in a laminar flow pat-  against
said substrate substantially perpen-     tern substantially perpendicular
with respect to  dicular thereto  and  uniformly  distributed  40     said
substrate to cause decomposition of said  thereover.
germanium-tetrachloride and uniform epitaxial    10. An epitaxial
deposition reactor or ap-     growth of said germanium substrate.
paratus according to claim 9, wherein at least 10   5. A method according
to claim 4, substan-  part of said enclosure is made of metallic mat-
tially as hereinbefore set forth with reference  erial provided with fluid
cooling channels, and  45     to any of the examples of Table I.
a heatable substrate holder is mounted within       6. A method of
epitaxially extending a sili-  said enclosure and is connected therethrough
con semiconductor substrate comprising, heat-  to an external source of
electrical power. 15 ing a silicon substrate to be epitaxially extend-
11. An epitaxial deposition reactor or ap-     ed in a reaction chamber to
a suitable tempera-  paratus according to claim 9 or 10, including  50
ture, and impinging a gaseous flow of a silicon-  a mixing chamber to
uniformly commingle va-     containing vapour compound on said substrate
pours of semiconductor material, hydrogen and     directed in a laminar
flow pattern substantially  doping agents for said semiconductor material,
20  perpendicular with respect to said substrate to  means to supply the
required material to said     cause decomposition of said silicon compound
mixing chamber, and means to supply the mat-  55     and epitaxial growth
of said silicon substrate.    erial from said mixing chamber to said
funnel.       7. A method according to claim 6, substan-    12. An
epitaxial deposition reactor or ap-     tially as hereinbefore set forth
with reference  paratus substantially as hereinbefore described 25  to any
of the example of Table II.             with reference to Figs. 1 to 3, or
Figs. 1, 2        8. A semiconductor substrate when epitax-  and 4, or
Figs. 1, 2 and 5 of the accompanying  60     ially extended by the method
of any of claims  drawings.     1 to 7.       9. An epitaxial deposition
reactor or appara-   H. D. FITZPATRICK  & CO., 30  tus comprising, an
enclosure, a heatable surface      Chartered Patent Agents,     supported
within said enclosure, and adapted              3 Gray's Inn Square,     to
hold a semiconductor substrate in intimate             London, W.C.1, and
contact, a funnel mounted within said enclo-        94 Hope Street,
Glasgow, C.2.     sure in close proximity to a semiconductor sub-
Leamington Spa: Printed for Her Majesty's Stationery Office, by the Courier
Press             (Leamington) Ltd-1967. Published by The Patent Office, 25
Southampton Buildings,                            London, W.C.2, from which
copies may be obtained.    


