
PATENT SPECIFICATION   (11) 1267329 NO DRAWINGS (21) Application No.
36441/71    (22) Filed 3 March 1969 (62) Divided out of No. 1266002 (31)
Convention Application No. 714577   (32) Filed 20 March 1968 in (33) United
States of America (US) (45) Complete Specification published 15 March 1972
(51) International Classification H 01 1 7/00 (52) Index at acceptance H1K
217 223 22Y 273 287 288 306 312 341 345 34Y 415 41Y 422 42X 611 615 61Y 63Y
654 (54) METHOD OF TREATING SEMICONDUCTOR DEVICES (71)   We, RCA
CORPORATION, a cor-    Prior techniques for overcoming these con- poration
organised under the laws of the State  tamination  problems are  directed
to  (i) of Delaware, United States of America, of methods for preventing
the contaminants from   50 30 Rockefeller Plaza, City and State of New
initially entering the semiconductor device, 5  York, United States of
America, do hereby  and (ii) methods for removing the contamin- the
invention, for which we pray that a  ants as close as possible to the
termination patent may be granted to us, and the method  of the device
manufacturing process. by which it is to be performed, to be particu-
The former, or "clean handling ", methods  55 larly described in and by the
following state-  require careful cleaning of all materials and 10  ment:-
equipment, and manufacturing and assembly This invention relates to a
method for treat-  operations to be carried out in a dust-free ing
semiconductor devices during manufacture  laminar flow atmosphere. These
methods are so as to improve one or more performance  effective, but
cumbersome to employ and ex-  60 parameters thereof.
pensive because of the requirements for con- 15   In manufacture of
semiconductor devices, stant vigilance, contamination measurements it is
common to employ an insulating layer  and personnel indoctrination.
comprising, e.g., silicon dioxide as a protec-    Other impurity removal
processes hereto- tive covering on the semiconductor surface. fore known
involve heat treatment in the pre-  65 In the fabrication of
metal-oxide-semicon-  sence of nickel or nickel alloys. These pro- 20
ductor field effect devices, a thin silicon di-  cesses are believed to
improve minority carrier oxide layer is employed as a dielectric to
life-time by reducing the number of recom- provide capacitive coupling
between a selected  bination centers in the semiconductor material. portion
of the semiconductor surface and an    According to the invention we
provide a  70 overlying metal (gate) control electrode.  process for
manufacturing a semiconductor 25    In such applications, it is important
that  device comprising a pyrolytically depositing the insulating layer be
free of contaminants  an undensified insulating layer on a given which
produce instabilities in behaviour.  surface of a substrate from the vapour
phase, In particular, alkali metals such as sodium, exposing said layer to
an atmosphere compris-  75 potasisum and calcium which find their way  ing
a hydrogen halide, which acts to convert 30  into the silicon dioxide layer
cause develop-  any deleterious metal present to the metal ment of a
residual charge or polarization  halide, whilst simultaneously heating said
sub- which tends to produce severe instability in  strate, and densifying
said layer by heat treat- the operating characteristics of metal-oxide-
ment during or after hydrogen halide treat-  80 semiconductor devices.
These alkali metals, ment. 35  when present in a silicon dioxide layer
over-   In co-pending application no. 11096/69 lying a bipolar
semiconductor device, cause  (Serial No. 1266002) there is described -a the
formation of thin surface "inversion "  process for manufacturing a
semiconductor layers which increase the device leakage char-  device in
which deleterious metals are out-  85 acteristics and adversely affect
other operat-  diffused simultaneously with the  of 40  ing parameters.
the insulating layer. In a particular example Heavy metal impurities, such
as gold, this is achieved by heating a silicon substrate copper and iron,
act as trapping or recom-  and exposing a given surface thereof to an
bination sites which seriously degrade minority  atmosphere containing
steam  and hydrogen  90 carrier lifetime in the semiconductor material.
chloride. 45  This degradation of lifetime results in re-    In the present
invention, rather than therm- duced gain and increased forward current dis-
ally growing the silicon dioxide, or other sipation in the device affected.
insulating layer, the insulating layer is pyro- [Price 25p]    2
1,267,329 lytically deposited. A hydrogen halide heat  employed as the
insulating material, hydrogen treament process is then carried out prior to
bromide and hydrogen iodide may be sub- 



or while the layer is being densified. The  stituted for the hydrogen
chloride. Hydrogen reason for this procedure is that the densified
fluoride cannot be used in this case since it 5   layer is less permeable
to out-diffusion of the  etches silicon dioxide.                   65
metallic comtaminants to be removed than is    In addition to utilizing
silicon dioxide or an undefined layer.                         nitride as
the insulating or dielectric material A particular method of carrying out
the  disposed on the semiconductor wafer surface, invention is as follows:
other insulating materials which may be 10   Silicon nitrite is
pyrolytically deposited on  treated in accordance with the invention are
70 a silicon substrate by vapor phase reaction of  [err] and silane [err]
and ammonia [err] at a tem-  combinations thereof. perature in the range of
[err] to [err].  A     The process described herein, by removing hydrogen
chloride heat treatment is then car-  impurity centers from  the insulating
layer, 15  ried out (in this case preferably in an atmo-  improves the
radiation resistance of the result-  75 sphere free of water vapor) at a
temperature  ant device. of [err] to [err]. After the hydrogen chloride
In addition to silicon, other semiconductor treatment is completed the
silicon nitride layer  materials  such  as  germanium,  gallium may be
densified by heat treatment at a tem-  arsenide, gallium phosphide and
other III-V 20  perature of about [err].                     or II-VI
semiconductor materials may be  80 Instead of densifying the insulating
layer  protected by an insulating layer and treated after the hydrogen
chloride treatment, densi-  with a hydrogen halide in the manner des- fying
may be carried out simultaneously with  cribed herein to improve the
operating charac- the hydrogen chloride operation.           teristics of
the resultant device. 25    It has been found that by applying hydro- gen
chloride in the manner described to a    WHAT WE CLAIM  IS: -
85 silicon dioxide or nitride layer, the stability    1. A process for
manufacturing a semicon- and minority carrier lifetime of the resultant
ductor device comprising pyrolytically deposit- device is substantially
improved.           ing an undensified insulating layer on a given 30
The substantial improvement realized by  surface of a substrate from the
vapour phase, the hydrogen chloride treatment process in  exposing said
layer to an atmosphere com-  90 accordance with the invention is due to
reac-  prising a hydrogen halide which acts to con- tion of the hydrogen
chloride with deleterious  vert any deleterious metal present to the metals
such as sodium, potassium, calcium   metal halide, whilst simultaneously
heating 35 (which causes residual charge or polarization)  said substrate,.
and densifying said layer by and gold, copper and iron (which reduces  heat
treatment during or after hydrogen halide  95 minority  carrier lifetime).
The  hydrogen  treatment chloride reacts with these, and possibly other,
2. A process as claimed in claim 1, wherein metals at the exposed surface
of the silicon  said undensified layer is silicon nitride de- 40  dioxide
or nitride layer to convert them into  posited by vapour phase reaction of
silane and the corresponding metal chlorides.          ammonia.
100 The resulting metal chlorides, being rela-    3. A process as claimed
in claim 2, wherein tively volatile at the processing temperature,  the
reaction takes place at a temperature of leave the silicon dioxide or
nitride surface.  from [err] to [err]. 45  This process establishes a
gradient for out-    4. A process as claimed in claim  1 or 2 diffusion of
the metallic contaminants from   wherein said hydrogen halide is hydrogen
105 the semiconductor wafer through the silicon  chloride and said exposure
is at a tempera- dioxide or nitride layer, and. from the exposed  ture of
from [err] to [err]. surtace of the silicon dioxide or nitride layet  5. A
process as claimed in any one of the 50  into the surrounding atmosphere.
preceding claims, wherein the insulating layer This "out-diffusion"
reaction, i.e. conversion  is densified at a temperature of about [err].
110 of the metal contaminants to the corresponding    6. A process for
manufacturing a semicon- metal chlorides and  volatilization  of the
ductor device substantially as described herein. chlorides at the exposed
surface of the silicon 55  djpxide layer, may be carried out at tempera-
For the Applicants: tures in the range of [err] to [err].
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