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(54) METHOD OF TREATING SEMICONDUCTOR DEVICES               (71)   We, RCA
CORPORATION (formerly  results in reduced gain and increased for-
Radio Corporation of America), a corpor-  ward current dissipation  in  the
device  50            ation organised under the laws of the State
affected.            of Delaware, United States of America, of    Prior
techniques for overcoming these         5  30 Rockefeller Plaza, City and
State of New  contamination problems are directed to  (i)            York,
United States of America, do hereby  methods for preventing the
contaminants            declare the invention, for which we pray  from
initially  entering the  semiconductor 55            that a patent may be
granted to  us, and  device, and (ii) methods for removing the
the method by which it is to be performed,  contaminants as close as
possible to the        10  to be particularly described in and by the
termination of the device manufacturing            following statement: -
process.              This invention relates to a method for    The former,
or "clean handling", methods. 60            treating semiconductor devices
during manu-  require careful cleaning of all materials and
facture so as to improve one  or more  equipment, and manufacturing and
assem-        15 performance parameters thereof.              bly
operations to be  carried out in a dust-              In the manufacture of
semiconductor de-  free  laminar flow  atmosphere.  These            vices,
it is common to employ an insulating  methods are effective, but cumbersome
to  65            layer comprising e.g.   silicon dioxide  as  a  employ
and expensive because of the re-            protective covering on the
semiconductor  quirements for constant vigilance, contami-        20
surface. In the fabrication of metal-oxide-  nation measurements, and
personnel in-            semiconductor field effect devices a thin
doctrination.            silicon. dioxide layer is employed as a di-
Other impurity removal processes hereto- 70            electric to provide
capacitive  coupling be-  fore known involve heat treatment in the
tween a selected portion of the semiconduc-  presence of nickel or nickel
alloys. These        25  tor surface and an overlying metal  (gate)
processes are believed to improve minority            control  electrode.
carrier lifetime by reducing the number  of               In such
applications, it is important that  recombination centers in the
semiconductor 75            the insulating layer be free of contaminants
material.            which produce  instabilities in device be-
According to the invention  we provide        30  haviour.
a process for manufacturing a semiconduc-               In  particular,
alkali metals such  as  tor device comprising providing a substrate
sodium, potassium and calcium  which find   of a semiconductor material,
simultaneously  80            their way into  the  silicon  dioxide layer
cause  converting a given surface of said substrate            development
of a residual charge or polariz-  to an  insulating material layer and
expos-        35  ation which tends to produce severe instabi-  ing the
layer being formed to an atmosphere            lity  in the operating
characteristics of metal-  comprising a hydrogen halide, and heating
oxide-semiconductor devices. These alkali  said substrate to a temperature
sufficient to  85            metals,  when  present in  a silicon dioxide
convert any deleterious metal ingredient            layer overlying a
bipolar semiconductor de-  which may be present to the metal halide
40  vice, cause the formation of thin surface  and to volatilize the halide
thereby establish-             "inversion' layers  which increase the
device  ing a gradient for out-diffusion of said metal             leakage
characteristics and adversely affect toward the surface of said layer.
90             other operating parameters.                   The
accompanying drawing shows appar-               Heavy metal impurities,
such  as gold,   atus useful in  practicing a  preferred em-        45
copper and iron, act as trapping or re  bodiment of the process described
herein.             combination sites  which seriously degrade    The
apparatus shown in the drawing com-             minority carrier lifetime
in the semiconduc-  prises a generally cylindrical resistance furn- 95
tor material. This degradation of lifetime  ace tube 1 provided  with an
inlet port 2 and   
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2      an outlet port 3. A removable end cap  4  the desired hydrogen
chloride/water vapor     permits insertion and removal of the wafer mixture
at a time when ,each wafer 8 is     boat assembly 5.
protected by a thin initial silicon dioxide       The furnace tube 1 may be
heated by  layer.  5 means of a resistance coil 6, the turns of    The
oxidation process may be carried out 70     which are heated by means of a
source of in the manner shown  in the drawing until     electrical voltage
(not shown). The boat the desired thickness of the silicon dioxide
assembly 5 has a quartz surface layer 7. layer 15 has been grown. The
treatment     Disposed on the quartz layer 7 are a num- may be continued,
after the desired mini- 10 ber of semiconductor wafers 8 which may, mum
thickness of silicon dioxide has been 75     e.g., comprise silicon.
attained, by passing the hydrogen chloride/        Gas flow into the inlet
port 2 is controlled  water vapor mixture over the silicon di-     by means
of a nitrogen carrier gas source 9  oxide layer thereafter. Since the rate
of     and a control valve 10. The carrier gas  growth of the oxide layer
15 decreases as 15 from the source 9 passes through the control  the
thickness of the oxide increases, this 80     valve 10 and bubbles through
a liquid solu- additional treatment will have only a small     tion  11
disposed in a suitable flask 12. effect  on oxide layer thickness.
The liquid 11 preferably comprises an    It has been found that by applying
hydro-     azeotropic or constant-boiling aqueous solu- gen chloride in the
manner described to a 20 tion of hydrogen chloride, which is main-  silicon
dioxide  layer during growth of the 85     tained at a temperature of about
110[err]C. layer, the stability and minority carrier life-     For this
substance, the azeotropic concen-  time of the resultant device is
substantially     tration is approximately 20.24%  hydrogen  improved.
chloride by weight. The resultant hydrogen    For example, a silicon wafer
was divided 25  chloride/water vapor/nitrogen mixture  en-  into two
portions, both of  which were 90     ters the furnace tube 1  through the
inlet lightly etched in a 10% sodium hydroxide     port 2. The flow rate of
this mixture is  solution and rinsed in hot distilled water.  controlled by
adjustment  of the valve  10. One portion was exposed  to water vapor
In order to protect the operator from  in the normal manner to grow a
thermal 30 any hydrogen chloride gas which may leave  silicon dioxide layer
to a thickness of ap- 95     the outlet port 3, the outlet port is coupled
proximately 0.12 microns at a temperature     to an aqueous suspension 13
of lime which  of about 1000[err]C. The other portion was     is disposed
in a suitable flask 14. The lime  exposed to the water vapor/hydrogen
chlor-     acts as a trap to remove any hydrogen  ide atmosphere described
above to grow 35 chloride from the gas stream.           a silicon dioxide
layer of the same thickness 100        It is desirable to form a silicon
dioxide      at the same temperature. The wafer por-            It is
desirable to form asilicon dioxide  at the same temperature. The wafer por-
layer 15 on each of the semiconductor  tions were annealed in a'hydrogen
atmos-     wafers 8 simultaneously  with the  hydrogen  phere at elevated
temperatures in the con-     chloride treatment. To  accomplish this, the
ventional manner.  An aluminum layer was 40  furnace  tube 1 is heated  to
an oxidizing  subsequently evaporated onto -each silicon 105
temperature in the range of 800[err] to 1300[err]C. dioxide layer and
capacitance-voltage meas-     The particular temperature employed will
urements were made before and after ex-     be determined primarily by the
total thick-  posure of each sample to a 10 volt bias     ness of the
silicon dioxide layer desired. (between the aluminum layer and the semi- 45
Oxidation of each wafer 8 is commenced by  conductor layer) at 300[err]C
for about one 110      opening the valve  10 so that the gas mixture
minute.      containing hydrogen chloride and water    Each sample was then
allowed to cool vapor enters the inlet port 2 and passes over  and the
resultant shift in the capacitance-      the exposed surface of each wafer
8      voltage characteristic was measured. The 50   The water vapor in the
gas stream rapidly  sample which was oxidized in the normal 115      reacts
with the silicon surface of each wafer  manner showed a shift of greater
than      8 to thermally form the silicon dioxide layer  -22.5 volt, while
the sample treated with      15 thereon. Initially,  some slight etching of
hydrogen chloride according to the  process      the silicon surface by the
hydrogen chloride  described  above showed a shift of less than 55 gas may
occur, but etching will stop as soon  -0.2 volt.
120      as a thin initial silicon dioxide layer has   Other  samples
subjected to normal oxi-      been formed to protect the  underlying sili-
dation and oxidation in the presense of      con material.
hydrogen chloride according to the process      If desired, the
possibility'of  etching may  described above, showed a minority carrier  60
be completely precluded by initially forming  lifetime improvement (as
measured by the 125      a thin silicon dioxide layer by passing' oxy-
storage time technique) of a factor of 3 to 7 



gen or water vapor into the inlet port 2 by  for the hydrogen chloride
treated samples.      means of a path independent of the liquid   The
substantial improvement realized by      11. The nitrogen carrier gas 9
may then  the hydrogen chloride treatment process  65 be bubbled through
the liquid 11 to provide  according to the preferred embodiment of 130
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3                     the invention is due to the reaction of the  bodiment
of the invention, a silicon wafer                     hydrogen chloride
with deleterious metals  is subjected to a mixture of steam  and
such as sodium, potassium, calcium (which  hydrogen chloride to
simultaneously oxidize 55                     causes residual charge or
polarization) and  and remeove deleterious metal ingredients
5 gold, copper and iron (which reduce minor-  from  the semiconductor
wafer, the ratio                     ity carrier lifetime). The hydrogen
chloride  of steam flow rate to hydrogen chloride flow
reacts with these, and possibly other, metals  rate is determined by the
composition of                     at the exposed surface of the silicon
dioxide  the constant boiling or azeotropic hydrogen  60
layer to convert them into the correspond-  chloride aqueous solution.
10  ing metal chlorides.                        The resulting metal
chlorides, being rela-    WHAT WE CLAIM IS: -                     tively
volatile at the processing temperature,   1. A process for manufacturing a
semi-                     leave the silicon dioxide surface. This pro-
conductor device comprising providing a                     cess
establishes a gradient for outdiffusion  substrate  of a  semiconductor
material, 65                 15  of the metallic contaminants from the
semi-  simultaneously converting a given surface
conductor wafer through the silicon dioxide  of said substrate to an
insulating material                     layer, and from  the exposed
surface of the  layer and exposing the layer being formed silicon dioxide
layer into the surrounding  to an atmosphere comprising a hydrogen
atmosphere.                                halide, and heating said
substrate to a tem- 70                 20    This "out-diffusion" reaction,
i.e. conver-  perature sufficient to convert any deleterious
sion of the metal contaminants to the cor- metal ingredient which may be
present to                     responding metal chlorides and
volatilization  the metal halide and volatilize the halide
of the chlorides at the exposed surface of  thereby establishing a gradient
for out-  the silicon dioxide layer, may be carried  diffusion of said
metal toward the surface 75  25  out at temperatures in the range of
600[err] to  of said layer.                      1200[err]C.
2. A  process as claimed in claim  1.                        Since the
other halides of the metal con-  wherein said layer comprises silicon
dioxide                      taminants are also volatile, other hydrogen
and said atmosphere comprises hydrogen                      halides may be
used instead of hydrogen  chloride, hydrogen bromide or hydrogen  80
30  chloride. In the case where silicon dioxide  iodide.
is employed as the insulating material,   3. A  process as claimed in claim
2,                      hydrogen bromide and hydrogen iodide may  wherein
at least a part of said silicon di-                      be substituted for
the hydrogen chloride. oxide layer is formed by passing an atmos-
Hydrogen fluoride cannot be used in this  phere comprising  steam  and
hydrogen  85                  35  case since it etches silicon dioxide.
chloride over said given surface.                        In addition to
utilizing silicon dioxide as    4. A process as claimed in claim 1, 2
the insulating or dielectric material disposed  or 3, wherein said
temperature is in the                      on the semiconductor wafer
surface, other  range of 600 to 1200[err]C.                      insulating
materials which may be treated in   5. A process as claimed in any one of
90                 40  accordance with the invention are [err] claims 1 to
4, wherein said layer is formed                      SiO, and combinations
thereof.             by thermal oxidation of said semiconductor
The process described herein, by remov-  material.                      ing
impurity centers from  the insulating    6. A process for manufacturing a
semi-                      layer, improves the radiation resistance of
conductor device substantially as disclosed 95                 45  the
resulting device.                      herein.                        In
addition to silicon, other semiconduc-                      tor materials
may be protected by an insu-           For the Applicants:
lating layer and treated with a hydrogen     MATTHEWS, HADDAN & CO.,
halide in the manner described herein to         Chartered Patent Agents,
50  improve the operating characteristics of the        33 Elmfield Road,
resultant device.                                     Bromley BR1 lSU.
Where, according to the preferred em-                               Printed
for Her Majesty's Stationery Office by Burgess & Son (Abingdon), Ltd.-1972.
Published at The Patent Office, 25 Southampton Buildings, London, WC2A 1AY 



from which copies may be obtained.        3
1,266,002                                         3     the invention is
due to the reaction of the  bodiment of the invention, a silicon wafer
hydrogen chloride with deleterious metals  is subjected. to a mixture of
steam  and     such as sodium, potassium, calcium (which  hydrogen chloride
to simultaneously oxidize 55     causes residual charge or polarization)
and  and remeove deleterious metal ingredients  5 gold, copper and iron
(which reduce minor-  from  the semiconductor wafer, the ratio     ity
carrier lifetime). The hydrogen chloride  of steam flow rate to hydrogen
chloride flow     reacts with these, and possibly other, metals  rate is
determined by the composition of     at the exposed surface of the silicon
dioxide  the constant boiling or azeotropic hydrogen 60     layer to
convert them into the correspond-  chloride aqueous solution. 10 ing metal
chlorides.       The resulting metal chlorides, being rela-    WHAT WE
CLAIM IS: -     tively volatile at the processing temperature,   1. A
process for manufacturing a semi-     leave the silicon dioxide surface.
This pro-  conductor device comprising providing a     cess establishes a
gradient for outdiffusion  substrate  of a  semiconductor material, 65 15
of the metallic contaminants from the semi-  simultaneously converting a
given surface     conductor wafer through the silicon dioxide  of said
substrate to an insulating material     layer, and from  the exposed
surface of the  layer and exposing the layer being formed     silicon
dioxide layer into the surrounding  to an atmosphere comprising a hydrogen
atmosphere.                                 halide, and heating said
substrate to a tem- 70 20    This "out-diffusion" reaction, i.e. conver-
perature sufficient to convert any deleterious     sion of the metal
contaminants to the cor-  metal ingredient which may be present to
responding metal chlorides and volatilization  the metal halide and
volatilize the halide     of the chlorides at the exposed surface of
thereby establishing a gradient for out-     the silicon dioxide layer, may
be carried  diffusion of said metal toward the surface 75 25 out at
temperatures in the range of 600[err] to  of said layer.     1200[err]C.
2. A  process as claimed in claim  1.       Since the other halides of the
metal con-  wherein said layer comprises silicon dioxide     taminants are
also volatile, other hydrogen  and said atmosphere comprises hydrogen
halides may be used instead of hydrogen  chloride, hydrogen bromide or
hydrogen  80 30 chloride. In the case where silicon dioxide  iodide.     is
employed as the insulating material,   3. A  process as claimed in claim
2,     hydrogen bromide and hydrogen iodide may  wherein at least a part of
said silicon di-     be substituted for the hydrogen chloride. oxide layer
is formed by passing an atmos-     Hydrogen fluoride cannot be used in this
phere  comprising  steam  and  hydrogen  85 35 case since it etches silicon
dioxide.    chloride over said given surface.       In addition to
utilizing silicon dioxide as    4. A process as claimed in claim 1, 2
the insulating or dielectric material disposed  or 3, wherein said
temperature is in the     on the semiconductor wafer surface, other  range
of 600[err] to 1200[err]C.     insulating materials which may be treated in
5. A process as claimed in any one of 90 40  accordance with the invention
are [err] claims 1 to 4, wherein said layer is formed     SiO, and
combinations thereof.          by thermal oxidation of said semiconductor
The process described herein, by remov-  material.     ing impurity centers
from  the insulating    6. A process for manufacturing a semi-     layer,
improves the radiation resistance of  conductor device substantially as
disclosed 95 45  the resulting device.                       herein.
In addition to silicon, other semiconduc-     tor materials may be
protected by an insu-        For the Applicants:     lating layer and
treated with a hydrogen    MATTHEWS, HADDAN & CO.,     halide in the manner
described herein to         Chartered Patent Agents, 50 improve the
operating characteristics of the         33 Elmfield Road,     resultant
device.                                      Bromley BR1 1SU.       Where,
according to the preferred em-              Printed for Her Majesty's
Stationery Office by Burgess & Son (Abingdon), Ltd.-1972.
Published at The Patent Office, 25 Southampton Buildings, London, WC2A 1AY
from which copies may be obtained.    


