
4                                          1,062,968      the prior art,
the operating temperature for                 EXAMPLE 1     the above
process was maintained at essentially    The prior art process hereinbefore
des-     a constant value.                            cribed was conducted
at the gas flow rate       A better appreciation of this invention will of
forty litres per minute and a crystal growth 5  be obtained by considering
an application of surface temperature of 1300[err] C. The sub-     the
prior art technique of the epitaxial process. strate was a silicon P+ type
having a thick-  70     The deposition of a silicon layer upon a silicon
ness of about five mils. It was generally cylin-     substrate will now be
described as such an  drical in cross section and had a diameter
application.                                 of about 1 inch. It contained
approximately 10    The graphite heater 17, bearing the series  one part
per million of boron dopant. The     of substrates 27, is heated for about
ten  feed gas through the reactor was a mixture  75     minutes to
1300[err] C while passing pure hydro-  of  about 99 percent hydrogen and 1
percent     gen through the reactor to remove oxide and  silicon
tetrachloride. It contained about 0.05     surface contaminants.
Thereafter, feed gas, parts per million diborane as dopant. After 15 at
ambient temperature, consisting of 99 per-  15 minutes of deposition run
time, the flow     cent by volume hydrogen, one percent by  of feed gas was
stopped and pure hydrogen  80     volume silicon tetrachloride, and a
controlled  run through for about 30 seconds to flush     trace  of  dopant
is  introduced  at  a  the system. Thereafter, the graphite heater     flow
rate  of  forty  litres  per  minute  was shut off and, after the system
cooled, 20  and   allowed  to  flow   at  this  rate  the hydrogen gas flow
was stopped.  The     through the reactor, which has an internal substrate,
with its newly acquired epitaxial 85     diameter of 2[err] inches, until
the total desired  layers (the new unit being sometimes referred
thickness of epitaxial crystal layer is deposited. to herein as an
"epitaxial unit") was removed     If the substrate is of an N + type, then
the  from the reactor for inspection. Considerable 25  dopant gas may be,
for example, phosphorous  diffusion was found to have occurred from
trichloride gas, in orderto produce an N type  the substrate into the
epitaxial layer. Also, 90     layer by deposit of phosphorous. If the sub-
the effects of contamination were noted to be     strate is of the P+
type, the dopant gas substantial. Infrared reflectance measurements
might be, for example, diborane in order  gave poor resolution.  The
epitaxial crystal 30  to produce a P type layer by deposit of boron. layer
was, however, of a relatively high quality,      Various dopant
concentrations may be used  considered from  a crystal defect standpoint.
95      depending upon the desired characteristics  It had about 65,000
dislocations per square      of the crystalline layer, but concentration
will centimetre and about 100,000 stacking faults      be, for example, of
the order of 0.05 parts per square centimetre. 35  per million. Such a
minute quantity of the      dopant may be accurately provided by the
EXAMPLE 2      well-known method of successive dilution.   In an  effort to
cut down contamination and 100
diffusion the epitaxial deposition process of        Pressure in the
reactor is approximately  Example 1  was repeated, using the same
atmospheric throughout the process. During   apparatus, technique,
materials and conditions 40 deposition, according to the prior art
technique, except for temperature, which was maintained      crystal growth
surface temperature in the  throughout the process at 1250[err] C instead
of 105 



reactor was maintained at a desired constant 1300[err] C. Improvement was
noted in the      value.  For the silicon  deposition  system  amount of
diffusion that occurred and the      and technique described, this
temperature was contamination level; also, better resolution  45  a
constant value lying between about 1250[err]  was obtained in infrared
reflectance measur-      C and 1360[err] C.                           ing
technique. However, although the crystal 110        The epitaxial units
obtained by the fore-  was still within what is normally considered
going prior art process will vary in resistivity, acceptable quality
limits, the number of dis-      as would be expected, according to the
thick- locations and stacking faults in the epitaxial  50  ness of the
epitaxial layer deposited. In any  layer increased  considerably  as result
of      event, the epitaxial layer of the resulting unit the 50[err] C
lower temperature employed The 115      invariably contains a substantial
amount of product of the 1250[err] C run had about 130,000      P, or N, as
the case may be, dopant which  dislocations per square centimetre and about
has diffused from the dopant-rich substrate  180,000 stacking faults per
square centimetre,  55  into the epitaxial layer. Moreover, consider- as
compared to  65,000 and 100,000 in the      able contamination is evidenced
from a close  1300[err] C run (Example 1).                120
inspection of the resulting product. Attempts      to measure the thickness
of the dopsited layer               EXAMPLE 3      by infra-red reflectance
techniques often pro-   The process of Example 1 was repeated,  60  duces
inexact  results  because  of  poor but at a temperature of 1200[err] C,
other con-      resolution.                                  ditions
remaining the same. The stacking        For purposes of comparison, a
series of fault count had risen to around 300,000 and 125      five
specific examples of the prior are technique  the dislocation count around
200,000  per      are now presented.                           square
centimetre.  The quality  of the crystal
1,062,968      at this time was considered unacceptable for  diffusion into
the epitaxial layer was on the     many applications as a result of the
high  order of approximately one-fifth of that which     number of
imperfections. It is therefore seen  was experienced when the complete
epitoxial 65     that a temperature in the vicinity of 1250[err]  process
was conducted at the high temperature 5  C (Example 2) is the minimum
continuous  of 1300[err] C, and the amount of contamination     deposition
temperature at which quality crystal was substantially reduced.  Moreover,
the     may be obtained.                            distance of migration
of substantial quantities
of dopant into the epitaxial layer was only  70                     EXAMPLE
4                    about one-fifth as far as in a product of       The
product obtained from repeating the  comparable layer thickness obtained by
a 10  process of Example   1 at 1100  C had a  constant 1300[err] C
temperature     dislocation count of about 350,000 per square
centimetre and a stacking fault count of over               EXAMPLE 7
700,000 per square centimetre.                 The process of Example 6 was
repeated in  75                                                  al
particulars except the temperature shift                     EXAMPLE    5
was conducted after about 6 seconds instead 15    The product  obtained
from  running the  of 30 seconds, the thickness of the epitaxial 



process of Example 1 at 1050[err] C had a  layer at that time being around
one-tenth     dislocation count of  around 400,000 and a  of a micron. The
total deposition run time  80     stacking fault count of in excess of
1,000,000. of about 15 minutes was then completed at     This is a product
of exceptionally low quality  the lower 1100 C temperature.   As in 20  and
is unacceptable for nearly all  purposes Example 1, it was found that a
high quality     in constructing semiconductor devices.     crystal was
obtained, having about the same       Referring to the foregoing EXAMPLES
number of stacking faults and dislocations per 85     1-5, it was noted
that there was a reduction  square centimetre as if  the entire run had
in the amount of diffusion and less evidence  been conducted at 1300[err]
C. An even greater 25  of  contamination in the product obtained at
reduction in the amount of diffusion and con-     lower temperatures. The
value of such reduc- tamination was noted in the product of this     tion
was more than offset as a result of the  example than was observed in the
Example  90     poor crystal structure of the epitaxial unit.   6 product.
The following examples 6, 7 and 9 to 15                   EXAMPLE 8 30
illustrate how diffusion and contamination are    The procedure of Example
7 was repeated,     substantially suppressed in  accordance with  except
the temperature was shifted after only     the present invention, while at
the same time  2 seconds of deposition run time had passed. 95     a high
quality crystal is obtained, whereas  The product was found to be
unacceptable     Example 8 is given for comparison purposes. for
practically all applications because of a
very poor quality epitaxial crystalline layer 35                  EXAMPLE 6
which had a generally polycrystalline structure.       A substrate of the
type of Examples 1-5    From reference to Example 8, it appears 100     was
heated to 1300[err] C and a feed gas of the  evident that a certain minimum
thickness must     composition of the prior examples was intro- be present
in the initial layer before the     duced at the same flow rate therein
employed, temperature may be shifted substantially to 40  After a short
interval of reaction time had  low values. In the case of Example 8, the
passed, about 30  seconds, at which  time a  thickness when the temperature
was lowered 105     monocrystalline layer of approximately one- was about
three or four hundredths of a half micron thickness had been deposited upon
micron, which was not sufficient. The precise     the substrate, the
temperature was shifted by  thickness and times being quite small and 45
changing the temperature control device to  rather difficult to measure
with great accuracy,     a setting of 1100[err] C, and thereby reducing
the exact point where the layer becomes thick 110     the temperature of
the heater strip so that enough for the  temperature shift technique
the temperature of the exposed  surface of to work effectively could not be
located with     the growing epitaxial layer was 1100[err] C The  great
certainty, but it lies somewhere in the 50  run was continued an additional
14[err] minutes, neighbourhood of one-tenth of a micron, being     that is,
until a total of  15 minutes run time  greater than four-hundredths of a
micron. In 115     had passed.  The epitaxial layer obtained  any event,
initial nucleation must occur at the     was found to have stacking faults
and dis- higher temperature and a properly oriented     locations of about
100,000 and 65,000 counts  monocrystalline lattice started prior to the
time 55  per square centimetre, respectively. There- that the shift is made
of a satisfactory pro-     fore, although a large part of the total run
duct is to be obtained.                    120     was conducted at a
temperature far below 1300[err] C, still the  crystal layer produced had
EXAMPLE   9     a quality substantially the same as  if the    Example 6
was repeated in all respects 60  entire layer had been deposited at
1300[err] C. except the initial operating temperature was     On the other
hand, a decrease in diffusion  1250 C instead of 1300[err] C   The product
and contamination had occurred. The total was found to be comparable in
quality to a 125  



6                                         1,062,968      product obtained
by running at 1250[err] C for  the temperature to which the crystal growth
the entire deposition. On the other hand, a  surface was shifted was
67S5[err]C.   The shift     substantial reduction in diffusion and con-
was made after about  one-half  micron  of     tamination was observed in
the end product material had  been deposited  on the  substrate; 65 5
compared  to a  product obtained by running  which occured after about  30
seconds,  and     at 1250 C for the entire period.         the run  was
continued at  this   temperature
until a total run time of 15   minutes had                     EXAMPLE 10
passed. The crystal structure of the epitaxial       Eight runs were
conducted in the manner  layer of germanium  on  the  epitaxial unit so  70
of Example 6, all-conditions being the same  produced was of high  quality,
comparable to 10  except the initial temperature was 1330[err] C  the
quality of a layer deposited at a constant     in all cases and the
temperature to which the  normal operating temperature of 850[err]C.Total
substrate was shifted after 30 seconds was as  diffusion  of dopant into
the epitaxial layer  follows for each respective run:  1295[err] C; was
much less  for  the  epitaxial  unit  of this  75     1280[err] C; 1230 C;
1172 C; 1076[err]  C;  Example than for one produced at the con- 15
1110[err]  C; 1052[err] C; and 1026 C   A high  stant normal operating
temperature of 850     quality crystal was obtained on all runs. The  C;
likewise , less evidence  of   contamination     greater the temperature
shift, i.e., the lower was observed  in  the unit of this Example     the
second temperature, the less the diffusion As was the case in the epitaxial
units of  silicon 80     and contamination  in the epitaxial unit  ob-
produced in Examples 6-11, the dopant 20  tained. Total thickness of the
epitaxial crystal gradient was much  steeper in the unit of     layer in
the epitaxial units made in this  this Example  than in a constant
operating     example varied from  16.95  microns, in the  temperature
produced unit. A second ger-     case of the 1295[err]  C shift
temperature, to 9.83  manimum  run, conducted the same as above  85
microns in the case of the 1026[err]  C shift except at a shift temperature
of 600[err] C, pro- 25  temperature.                                 duced
an epitaxial  unit of satisfactory crystal
quality that had even less dopant diffused into                     EXAMPLE
11                   the epitaxial layer and that showed even less
The procedure of Example 6 was repeated  evidence of contamination.
90     except the temperature to which the shift was     made after 30
seconds lapsed time was                        EXAMPLE 14 30  approximately
900 C. The final product was    The process of Example 6 was repeated
found to be of an unacceptable quality for except that an N+  slice of
monocrystalline     most purposes since it had a polycrystalline  silicon
containing about one part per million     structure.
of phosphorous as dopant was utilized as a  95
substrate and 0.05 parts per million of phos-                     EXAMPLE
12                   phorous trichloride were substituted in the 35
Example 6 was repeated following the same feed gas in the place of the
diborane therein     procedure in all respects except that the tem
employed. A high quality N on N+ epi-     perature to which the system  was
shifted  taxial unit with low  total diffusion, a steep 100     was 1000 C.
A satisfactory product  was diffusion gradient, and showing little evidence



obtained having a quality far in excess of that of contamination, when
compared to a device 40  which would be normally expected at a 1000[err]
produced at the normal constant operating     run, in fact, having a
quality almost as high  temperaturer was obtained from this process.     as
if the run had been conducted at 1300[err] C     throughout. The epitaxial
unit obtained was                 EXAMPLE 15                    105
superior to those obtained from constant tem-    The process of Example 6
was repeated, 45  perature runs, in that the amount of diffusion  except
that the base or substrate employed     that occurred was found to be quite
small was the product obtained in Example 14, i.e.,     relative to that
experienced in constant tem- a generally cylindrical monocrystalline N on
perature runs at normal operating ranges. N+ epitaxialunitwiththeN+ portion
having 110     Little contamination was evidenced.       a thickness of
about 5 mils and the N epitaxial
layer having a thickness of about 15 microns. 50                EXAMPLE 13
The N on N+ unit was oriented on graphite       The process of Example 6
was adapted to  strips 17 of Fig. 1 with the exposed N face     deposit a
layer of germanium or a germanium  pointing upwardly. The silicon from the
feed 115     substrate. The feed gas contained 99 percent gas, together
with boron from the trace of     by volume hydrogen, 1 percent by volume
diborane in the feed gas, is   deposited  upon 55  germanium tetrachloride,
and 0.05 parts per the N layer to form a high quality epitaxially
million of diborane as dopant.  The sub-  produced P-N device having little
total dopant     strate was germanium of the P+  type, con- diffused either
into  the  N  or P layer and 120     taining approximately 1 part  per
million  of having a sharper P-N junction, i.e., a junction     boron
dopant. Operations were conducted as with very steep dopant concentration
gradients 60 in Example 6 except that the initial operating from the point
of juncture, than was possible     crystal surface temperature was
825[err]C and  by prior art techniques.
1,062,968                                          7               This
invention has been found to be applic-  While Example 15 was directed to
the. appli-    able generally to semiconductor-type com-  cation of this
invention to deposit a P layer            pounds as  well as elements.  For
example,  on  an N layer, an  N layer may be deposited  gallium phosphide
may be grown epitaxially  upon a P layer instead. In turn, additional
5  on a gallium arsenide substrate by the tech-  layers may be applied as
desired. Epitaxial  70            niques previously described, the feed gas
con-  devices so produced have quite sharp  junctions            taining
about one volume  each of gallium   with little diffused dopant material on
either            trichloride and phosphorous trichloride per 100  side of
the junction.  This characteristic is            volumes of hydrogen gas. A
control trace of  most valuable in some semiconductor devices.        10
conventional dopant, barium for example, is    The present technique may
be varied in  75             present in feed gas. For best results, a tem-
order to control the. amount of diffusion to             perature is
shifted  after a layer of about  4  certain desired values. For example, it
may             microns has formed, however, the shift may  be preferred to
make the temperature shift             be made any time after initial
nucleation has  after  a  longer period or short period.of time,         15
been completed and a stabilizing layer of  depending on the amount  of
diffusion desired. 80             gallium phosphide crystal has been
deposited.  Likewise, the number  of degrees selected  for 



Quite  obviously, varied temperatures will  a drop in temperature may be
more  or  less,             be involved for the different semiconductor
depending upon desired results. Even though             materials,  each
temperature  series  being  considerable control can be realized by such
20  characteristic of the particular material. How-  selection of
variables, diffusion will be less  85             ever, the technique is
the same.  Any time  in  all instances than would have been ex-
after a  small period of initial operation and  perienced by running at the
constant initial             a thin,   stabilizing layer  of crystal
material operating temperature throughout the growth             has been
deposited, temperature is shifted  process.         25  substantially
downward to greatly reduce the    As is well known in the art, a variety of
90             amount of diffusion occurring and to reduce  dopants may be
used in the epitaxial process             contamination.  A  temperature
shift of  as  These same dopants maybe used in practicing             much
as  20[err] gives noticably  improved results, this invention
contamination  and diffusion  being substantially         30  contamination
and diffusion being substantially   The temperature shift characteristic of
the           lowered; however,  a temperature shift  of at
least 50[err] C is preferred.  In the case of  silicon, present invention
may be accompanied by a  95             it is seen that the temperature
may be dropped  shift in certain other conditions, if desired. For
as much as from between two to three hundred  example, flow rate and/or
concentration of degrees centigrade below the minimum normal the
semiconductor carrying compound of the         35  operating temperature
and a high quality unit gaseous feed may be increased. This may be
or device still obtained which has a radically  desired in some instances
to overcome the 100             decreased quantity of dopant diffused into
the  slightly reduced rate of deposition which will             epitaxial
layer and  shows less evidence of  occur at the lower temperature selected
and             contamination.                                thus decrease
total reaction time in laying a         40    For various semiconductor
materials, the  film of desired thickness. It is pointed out,
temperature may be shifted to a  greater or  however, that this reduction
in deposition rate 105             lesser extent depending upon the
material. In  is not very significant since the tendency to-
the case  of silicon, the lower limit results  ward additional diffusion
during the somewhat             when  polycrtystalline structure begins to
form longer period of exposure required to deposit         45  in the
epitaxial layer, in the vicinity of 900[err]  a layer of the same thickness
is much more              C to 1000[err] C.   While  minimum  limits for
than offset by the reduction in diffusion rate 110              the
temperature shift  for all semiconductor  at the lower temperatures.  This
is readily              materials cannot be generalized in degrees, this
appreciated since diffusion rates vary exponen-              minimum
referred to as the polycrystalline  tially with absolute temperature.
50  formation temperature may be generalized as    Throughout  this
specification,  including              that temperature where
polycrystalline struc-  the claims, the term  "minimum normal con- 115
tures, i.e., structures   with grain boundaries, tinuous deposition
temperature" refers to  that              begin  to form  in the epitaxial
layer  and  temperature below which the crystal structure,              is
this readily ascertainable for  a given  after growth, includes a  number
of dislocations         55  material.
and  stacking faults  in  excess  of   that which is                It
should be noted that polycrystalline struc-  normally found when the
epitaxial process  is 120              ture may begin to form above  the
polycrystal-  conducted at a  single deposition. temperature
line deposition temperature (as  hereinafter  and the number of
dislocations and faults              defined) if a minimum thickness of
epitaxial  are greater than  acceptable for a usable crystal.         60
growth is not achieved before the tempera-  Typical examples for silicon
are described  in              ture is shifted  below  the  initial
starting  the examples. The term "polycrystalline de- 125
temperature.                                  position temperature" refers
to that tempera-                As. shown in  Example 15, the above tem-
ture at which polycrysalline structure com-              perature  shift
may be applied to the  growth  mences  to form during the epitaxial process



65  of a second  epitaxial layer on a first layer. Hence,  it is important
that temperature   be        8                                  1,062,968
shifted no lower than the polycrystalline de- position of material is
continued after the  65      position temperature.
temperature is lowered until the epitaxial layer        It is preferred,
but by no means essential,  formed is at least twice as thick as when
that the temperature shift characteristic of  the temperature was lowered
5  this invention be made at such a time during    3. The process according
to claim 1 or 2,      the process that at least as much material
being deposited  70      will be epitaxially deposited after the shift is
silicon, the normal minimum  continuous      as was deposited prior to the
shift.         deposition temperature is above 1250[err] C, and        It
is seen that this invention provides an  the polycrystalline formation
temperature is  10  important improvement in the process of epi-  no lower
than 1000[err]C      taxially growing crystals by first nucleating    4.
The process according to claim 1 or 2, 75      at a temperature as high or
higher than the  wherein the epitaxial material being deposited
minimum  normal continuous operating tem-  is germanium, the normal minimum
continuous      perature, and, at a desired time after orderly  deposition
temperature is above 725[err] C, and  15  nucleation is complete and a
stabiling layer  the temperature is lowered to no less than     of
epitaxially deposited crystal has formed, 600[err] C.
80     substantially shifting operating temperature   5. A process for
epitaxial crystal growth     downwardly.
comprising:        Specifically, a process has been described   (a) passing
a gaseous mixture comprising 20  for  limiting diffusion in epitaxial
growth by   a silicon halide and hydrogen over the     depositing a layer
of a minimum  thickness        surface of a semiconductor crystal base  85
of about 0.1 micron at a temperature at least    containing dopant while
heating said sur-     as high as the minimum normal continuous
face to a temperature of at least 1250[err]     operating temperature and
at anytime there-      C to nucleate silicon on said surface and 25  after,
but well prior to completion of deposi-   grow an epitaxial monocrystalline
layer     tion, shifting the temperature substantially     of silicon
thereon,                      90     downwardly to a value below the
minimum        (b) lowering the temperature of the exposed     normal
continuous operating temperature but       epitaxial crystal growth
surface at least     above the polycrystalline deposition tempera-    50 C
but to a temperature no lower 30  ture.
than 1000[err] C  after  the thickness of       This invention has been
shown to be applic-    crystal growth on said base is at least 95     able
generally to the epitaxial growth of        one-tenth micron, and
semiconductor crytlas, including, for example,   (c) continuing to pass
said gaseous mixture     silicon, germanium, and gallium  phosphide,
over the crystal growth surface at said 35  the latter being exemplary of
compounds of       lowered temperature to deposit a com-     elements from
Groups III and V  of  the          paratively thick  additional crystal
layer 100     periodic table, for example gallium arsenide.    compared to
the thickness of the epi-
taxially deposited layer at the time when       WHAT WE CLAIM  IS:  -
the temperature was lowered in step 



1. A process for epitaxial crystal growth       (b). 40  wherein a solid
epitaxial layer of mono-    6. A process according to claim  5, wherein
105     crystalline structure is grown upon a crystal the dopant in the
crystal base is of P or N     base at an elevated temperature by decomposi-
type and the gaseous mixture contains the     tion or reduction of a
semiconductor material same dopant, the ratio of dopant to silicon     in
the gaseous phase upon a surface of the  contained in the gaseous mixture
passed above 45  crystal base followed by continued growth of   the crystal
growth surface is at least less 110     said epitaxial layer by the
deposition by reduc-  than the ratio of dopant to silicon in  the     tion
or decomposition of additional semicon-  base, and the temperature is
shifted to at     ductor material in the gaseous phase upon  least
1150[err] C but no lower than 1050[err] C     the exposed surface of the
growing epitaxial   7. A process according to claim 6, wherein 50  layer,
comprising lowering the temperature of the temperature is not shifted
until a crystal 115     the crystal growth surface of said  epitaxial layer
of at least one-half micron in thickness     layer below the normal minimum
continuous  has  grown.     deposition temperature of said semiconductor
8. A process for manufacture of an epitaxial     material to a temperature
above the  poly-  unit comprising: 55  crystalline formation temperature of
said semi-   (a) passing a gaseous mixture  consisting 120     conductor
material at any selected time after    essentially of a relatively small
quantity     a layer of the epitaxial material not less than  of silicon
tetrachloride, a relatively large     about one-tenth micron in thickness
has grown,   quantity of hydrogen, and a controlled     and thereafter
continuing the growth process     trace of N or P dopant over the surface
60  at the lower temperature                           of a semiconductor
crystal base contain- 125       2. The process according  to Claim   1,
ing the same dopant while heating said     wherein the temperature is
lowered at least      surface to a temperature of between     50[err] C
below the normal minimum continuous      1250[err] C and 1360[err] C to
nucleate silicon     deposition temperature and wherein the de-        on
said surface and initiate growth of                          8
1,062,968                     shifted no lower than the polycrystalline de-
position of material is continued after the  65                    position
temperature.                       temperature is lowered until the
epitaxial layer                      It is preferred, but by no means
essential, formed is at least twice as thick as when
that the temperature shift characteristic of the temperature was lowered.
5  this invention be made at such a time during   3. The process according
to claim 1 or 2,                    the process that at least as much
material wherein the epitaxial material being deposited  70
will be epitaxially deposited after the shift is silicon, the normal
minimum  continuous                    as was deposited prior to the shift.
deposition temperature is above 1250 C, and                      It is seen
that this invention provides an  the polycrystalline formation temperature
is                10 important improvement in the process of epi-  no lower
than 1000[err] C.                    taxially growing crystals by first
nucleating    4. The process according to claim 1 or 2, 75 



at a temperature as high or higher than the  wherein the epitaxial material
being deposited                    minimum normal continuous operating tem-
is germanium, the normal minimum continuous                    perature,
and, at a desired time after orderly  deposition temperature is above
725[err] C, and         15 nucleation is complete and a stabilizing layer
the temperature is lowered to no less than  of epitaxially deposited
crystal has formed, 600[err] C.                                 80
substantially shifting operating temperature    5. A process for epitaxial
crystal growth      downwardly.                           comprising:
Specifically, a process has been described    (a) passing a gaseous mixture
comprising                20  for limiting diffusion in epitaxial growth by
a silicon halide and hydrogen over the                    depositing a
layer of a minimum  thickness       surface of a semiconductor crystal base
85                    of about 0.1 micron at a temperature at least
containing dopant while heating said sur-                    as high as the
minimum normal continuous         face to a temperature of at least
1250[err]                    operating temperature and at anytime there-
C to nucleate silicon on said surface and                25  after, but
well prior to completion of deposi-  grow an epitaxial monocrystalline
layer                    tion, shifting the temperature substantially    of
silicon thereon,                     90                    downwardly to a
value below the minimum    (b) lowering the temperature of the exposed
normal continuous operating temperature but     epitaxial crystal growth
surface at least                    above the polycrystalline deposition
tempera-   50[err] C but to a temperature no lower                30 ture.
than 1000[err] C after the thickness of                      This invention
has been shown to be applic-   crystal growth on said base is at least 95
able generally to the epitaxial growth of        one-tenth micron, and
semiconductor crystals, including, for example,   (c) continuing to pass
said gaseous mixture                    silicon, germanium, and gallium
phosphide,     over the crystal growth surface at said                35
the latter being exemplary of compounds of       lowered temperature to
deposit a com-                    elements from  Groups III and V  of the
paratively thick additional crystal layer 100                    periodic
table, for example gallium arsenide.   compared to the thickness of the
epi-
taxially deposited layer at the time when                      WHAT WE
CLAIM  IS: -                           the temperature was lowered in step
1. A process for epitaxial crystal growth     (b).                40
wherein a solid epitaxial layer of mono-    6. A process according to
claim. 5, wherein 105                    crystalline structure is grown
upon a crystal the dopant in the crystal base is of P or N
base at an elevated temperature by decomposi- type and the gaseous mixture
contains the                    tion or reduction of a semiconductor
material same dopent, the ratio of  dopant to silicon in the gaseous phase
upon a surface of the  contained in the gaseous mixture passed above 45
crystal base followed by continued growth of the crystal growth surface is
at least less 110                    said epitaxial layer by the deposition
by reduc-  than the ratio of dopant to silicon in  the tion or
decomposition of additional semicon-  base, and the temperature is shifted
to at                    ductor material in the gaseous phase upon  least
1150[err] C but no lower than 1050[err] C.                    the exposed
surface of the growing epitaxial  7. A process according to claim 6,
wherein                50 layer, comprising lowering the temperature of the
temperature is not shifted until a crystal 115                    the
crystal growth surface of said epitaxial layer of at least one-half micron
in thickness                    layer below the normal minimum continuous
has  grown.                    deposition temperature of said semiconductor
8. A process for manufacture of an epitaxial                    material to
a temperature above the poly- unit comprising:                55
crystalline formation temperature of said semi-   (a) passing a gaseous
mixture consisting 120                    conductor material at any
selected time after   essentially of a relatively small quantity
a layer of the epitaxial material not less than  of silicon tetrachloride,
a relatively large                    about one-tenth micron in thickness
has grown,  quantity of hydrogen, and a controlled                    and
thereafter continuing the growth process    trace of N or P dopant over the
surface 



60  at the lower temperature.                        of a semiconductor
crystal base contain- 125                      2. The process according to
Claim   1,         ing the same dopant while heating said
wherein the temperature is lowered at least     surface to a temperature of
between                    50 C below the normal minimum continuous
1250[err] C and 1360[err] C to nucleate silicon
deposition temperature and wherein the de-       on said surface and
initiate growth of
1,062,968                                          9              an
epitaxial monocrystalline layer of  polycrystalline formation temperature
of said             silicon thereon,                        semiconductor
material at any selected time          (b) lowering the temperature of the
exposed  after a stabilizing moncrystalline layer of the
epitaxial crystal growth surface at least  epitaxial material has grown,
and thereafter    5        50 C but to a temperature no lower  continuing
the growth process at the lower  35             than 1000[err] C  after the
thickness of  temperature.             crystal growth on said base is at
least   10. A process according to claim 9, wherein             one-tenth
micron, and                   the semiconductor material is silicon and the
(c) continuing to pass said gaseous mixture  temperature is lowered at
least 100[err] C.   10       over the crystal growth surface at said    11.
A process according to claim 9, wherein  40             lowered temperature
to deposit a com-  the semiconductor material is germanium and
paratively thick additional crystal layer  the temperature is lowered at
least 50 C.             compared to the thickness of the epi-   12. The
product comprising a crystal base             taxially deposited layer at
the time when  on which is grown a solid epitaxial layer of   15       the
temperature was lowered in step  monocrystalline  structure  by  the
process  45             (b).                                    claimed in
any preceding claim.         9. A process for epitaxial crystal growth
13. A process for growing a solid epitaxial       wherein a solid epitaxial
layer of monocrystal-  layer upon a crystal base according to Example
line structure is grown upon a crystal base  6, or Example 7, or Example 9,
or any of   20  at an elevated temperature  by the reduction  those of
Example 10, or Example 12, either  50       or decomposition of a
semiconductor material  of those of Example 13, or Example 14, or       in
the gaseous phase upon a surface of the  Example 15 hereinbefore described.
crystal base followed by continued growth    14. The product of any of the
processes       of said epitaxial layer by the deposition by  of claim 13.
30 reduction or decomposition of additional semi-       conductor material
in the gaseous phase upon      H. D. FITZPATRICK  & CO,       the exposed
surface of the growing epitaxial           Chartered Patent Agents,
layer, comprising substantially lowering the    3, Gray's Inn Square,
London, W.C.1,       temperature of the crystal growth surface of
and   25  said epitaxial layer to a temperature above the   94 Hope Street,
Glasgow, C.2 Leamington Spa: Printed for Her Majesty's Stationery Office by
the Courier Press.-1967. Published at The Patent Office, 25, Southampton
Buildings, London, W.C.2, from which copies may be obtained.    


