
COMPLETE SPECIFICATION                               Integrated Circuit
Fabrication        We, TEXAS INSTRUMENTS INCORPORATED,  semiconductor
material at each of said nuclea-      a Corporation organised according to
the laws  tion sites,      of the State of Delaware, United States of
(c) depositing a layer of dielectric material 45      America, of 13500
North Central Expressway,  upon said single crystallites, 5  Dallas, Texas,
United States of America, do    (d) depositing a substrate upon said layer
hereby declare the invention, for which we  of dielectric material,
pray that a patent may be granted to us, and   (e) removing said supporting
body to expose     the method by which it is to be performed,  said layer
of insulating material, thereby to  50     to be particularly described in
and by the fol-  leave said single crystallites on said substrate 10
lowing statement: -                            electrically isolated from
one another and said        This invention relates to integrated circuits,
substrate by said layer of dielectric material,     and more particularly
to techniques for pro-  and     ducing single crystallites of semiconductor
(f) forming individual circuit components  55     material in a single
substrate from which indi-  within each of said single crystallites. 15
vidual circuit components of an integrated cir-    By a single crystallite
is meant a region of     cuit may be fabricated.
semiconductor material monocrystalline in        Recent developments in the
integrated cir-  nature. Each of these crystallites may be of     cuit
field have placed increased demand upon  a different crystalline
orientation with respect 60     individual components of an integrated
circuit  to one another, but the process is so controlled 20  being in very
close physical proximity to one  so that crystallites of various
orientations do     another on a single substrate as well as being  not
"grow" together to form polycrystalline     electrically insulated from one
another through  material. In an embodiment of the invention     the
substrate. In addition, the increased de-  a layer of dielectric material
is deposited over  65     mands for faster switching circuits of the inte-
the single crystallite regions followed by a 25  grated circuit type place
the additional re-  thicker layer of polycrystalline semi-conductor
quirement that the distance between compo-  material, and the material of
the original wafer     nents be held to a minimum to avoid the use  is then
removed leaving the crystallite regions     of relatively long leads or
interconnections  electrically isolated from one another and from   70
between components which contribute stray ca-  the substrate. Individual
circuit components 30  pacitance due to their length, this additional  are
then fabricated in or on these single crys-     capacitance placing severe
limitations on the  tallites of semiconductor material. In accord-
speed of circuit operation.                    ance with described
embodiments of the inven-        The invention provides a method for pro-
tion, the single crystallites may be selectively  75     ducing an
integrated circuit structure having  deposited upon the insulating layer or
may be 35  a plurality of single crystallites on a single sub-  randomly
distributed, scanning and computer     strate electrically isolated from
said substrate  techniques thereafter being utilized to locate     and from
one another by a layer of dielectric  each of the single crystallites for
the subse-     material, comprising the steps of:         quent formation
of circuit components.     80        (a) forming a layer of insulating
material    By way of example only, certain embodi- 40  upon a support body
having a plurality of epi-  ments of the invention will now be described
taxial nucleation sites thereon,           with reference to the
accompanying drawings       (b) epitaxially forming single crystallites of
wherein: 
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2        FIGURES 1-7 are elevational views, in  to create slight
indentations at the selective     section, taken at various stages of the
fabrica-  sites 10. This selective damage of the silic     tion of a
segment of a semiconductor wafer  dioxide layer cerates sites at which the
probabi-     having epitaxially deposited single crystallites  lity of
crystal growth is increased. Alternately, 5  of semiconductor material at
preselected nu-  the selective damage may be accomplished by  70
cleation sites.                                selectively  directing a
beam  of concentrated        FIGURES 8-13 are elevational views, in
energy, as an electron  beam, upon the surface     section, taken at
various stages of the fabrica-  5. Desirably, the diameters of the
nucleation     tion of a segment of a substrate having the  sites should be
much smaller than the cross- 10  semiconductor  crystallites  randomly
dis-  sectional areas of the crystallites to be formed,  75     tributed
thereon.                              preferably in the tenth of a micron
range.        Referring now to the drawings, FIGURE 1        As the next
step in the  embodiment, the     represents a wafer or slice 1 of
semiconductor  single crystallites 7 of silicon, for example, are
material having polished surfaces 2 and 3 and  formed at the pre-selected
sites 10 on the sur- 15  a thickness of about 10-15 mils by way of  face 5
of the silicon dioxide layer. This forma-  80     example. Neither the
thickness chosen nor the  tion may be accomplished by placing the struc-
material of the body 1 is critical in as much  ture of FIGURE 3 with the
nucleation sites     as the wafer 1 forms no part of  the final pro-
formed thereon in an epitaxial reactor contain-     duct, serving only as a
supporting substrate  ing the appropriate reactor components. For 20
during the fabrication in accordance with the  example, the structure may
be placed in a  85     invention, after which it is removed by lapping
reactor containing hydrogen and a silicon ha-     or etching. Accordingly,
the substrate 1 could  lide compound, for example SiCI[err] or SiHCl[err],
be of single crystalline semiconductor material,  the temperature of the
reactor being main-     polycrystalline  semiconductor material, or  tained
at from 1000[err]C to 1300[err]C, the hydro- 25  some other type of
material that has a similar  gen gas  and the halide compounds then react-
90     coefficient of thermal expansion as that of layer  ing with each
other at this temperature and     9, and is easily etched or lapped. In the
par- despositing or growing the single crystallites     ticular example,
monocrystalline  silicon was  7. By introducing into the reactor N or P
type     chosen as the material of the wafer 1.        impurities in
suitable form, the conductivity 30    A thin layer 4 of insulating
material, formed  type and/or concentration level may be con-  95     of
silicon dioxide (SiO[err]) for example, to a  trolled so as to produce the
regions 7 of de-     thickness of approximately 15,000 [err] is depos-
sired conductivity type and concentration level.     ited upon the wafer or
substrate  surface 2 as  The ultimate size or dimensions of the crystals
illustrated in FIGURE 2. The material of the  may be controlled by
carefully controlling the 35  layer 4 may be formed of various dielectric
time of deposition, the temperature at which  100     media besides silicon
oxide, for example silicon  the reaction is carried out, and the varying
nitride. When the layer 4 is of silicon dioxide,  concentrations of the
reactor component. Using     it may be formed by the thermal oxidation
this process, single crystallites 7 have been ob-     of the wafer 1 or
alternatively may be depos-  tained ranging in diameter from between one 40
ited to the desired thickness in a vapor deposi-  micron to several mils.
The growth process can  105     tion reactor of the type well known in the
art.   be observed through a microscope and thereby        As the next step
in the embodiment being  monitored.     described, nucleation sites for the
subsequent    Thereafter, as illustrated in FIGURE 5, a     growth or
formation of the single crystallites  second layer 8 of insulating
material, is depos- 45  are selectively formed at the sites 10 on the  ited
upon the surface 5 of the layer 4 and  110      surface 5 of the silicon
dioxide layer 4, as illus-  over the single crystal regions 7. This layer
trated in FIGURE 3. This selective formation   may also be formed in a
vapor deposition reac-      of the nucleation sites favorable for crystal
tor similar to that used in the  formation  of      growth is accomplished
by bringing into con-  the layer 4. Thereafter, a substrate 9 of poly- 50
tact with the surface 5 a plurality of tips 6,  crystalline semiconductor
material is deposited  115     arranged in a pattern corresponding to the
de-  over the layer 8. Since this layer acts simply     sired pattern of
crystal sites, and having there-  as a substrate in the final product, its
thickness     on a suitable nucleating agent which, when im-  and material
type are not critical but are  to     printed on the surface 5, leaves
portions of  be compatible with the entire process and to 55  the
nucleating agent on the surface. Examples  provide a suitable handle. It
has been conven- 120      of some nucleating agents which may be selec-
ient to deposit polycrystalline silicon to a      tively imprinted on the
surface 5 are various  thickness of approximately 8 or 9 mils. The
organic compounds, inorganic salts, bases and  resulting structure is
illustrated in FIGURE 



acids,  diluted photosensitive resist composition   6. 60  such as KMER
(Kodak Metal Etch Resist)    Thereafter the material of the original single
125      (Kodak is a registered Trade Mark) being one  crystalline silicon
slice 1 is removed by etching      such suitable nucleating agent. An
alternate  or lapping so  that the interface 2 between it      approach to
the selective provision of sites on  and the first layer of insulating
material 4 is      the surface 5 of the oxide layer 4 involves  exposed. If
an etching solution is utilized 65  a technique whereby the tips 6 may be
used   which removes silicon semiconductor material, 130
but substantially unaffects silicon dioxide, for  single crystallizes 16 is
electrically isolated                             sample  amine-catechol,
the silicon dioxide  from the others and from a polycrystalline sub-
layer 4 will then serve as an etch stop to limit  strate 19 by a dielectric
layer 17 of silicon               the extent of the etching. The entire
body is  dioxide or silicon nitride, for example, the in-
5  then inverted 180 to result in the structure  sulating layer 4 overlying
each of the single  70                       illlstrated in FIGURE 7. The
single crystal-  crystallite regions 16. Thereafter the locations
lites 7 then form regions into which or upon  or positions of the
crystallite regions 16 may                       which circuit components
may be formed and  be determined and recorded by scanning the
thereafter interconnected to provide the de-  crystallites with a light
beam and recording                  10  sired circuit function of an
integrated circuit.  the reflections of the various points scanned, 75
This component formation may be accom-  the information received from this
recording   plished by ion implantation of appropriate im-  being stored in
a computer for future use.                       purities into the regions
7 or alternatively by  Circuit components may then be formed
the selective removal of the oxide layer 4 to  from or in each of the
crystallite regions 16                  15  provide windows or apertures
over the single  as before. For example, a mask may be utilized  80
crystallite regions and thereafter diffusing op-  in conjunction with
conventional photographic                       posite conductivity type
impurities into each  masking and etching techniques for selectively
of these regions to form  the desired circuit  removing portions of the
oxide layer 4 to ex-                       component; or alternatively,
selectively etching  pose corresponding portions of the single crys-
20  and redepositing semiconductor material to  tallite 16. Diffusions may
then be selectively  85                       form epitaxially deposited
circuit components.  made through these exposed portions to create
Referring now to FIGURES 8-13, there  the desired conductivity types in
each of the is described another embodiment of the inven-  crystallites,
thereby forming the active or pas-                       tion whereby the
regions or crystallites of se-  sive circuit components. The mask used for
25  miconductor material are ramdomly located on  selectively exposing the
crystallites may be  go                       the surface of the insulating
film rather than  generated by garnering from the computer the
being formed at preselected nucleation sites.  stored information with
respect to the location                       The initial steps of the
process are identical  of each of the crystallites (this information ac-
to that described with reference to Figures  cumulated during the scanning
step above de-                  30  1-7 and consequently FIGURES 8 and 9
scribed), this  garnered  information  then  95
correspond identically to FIGURES 1 and 2,  "drawing" or producing the
mask.                       respectively.
While particular embodiments of the inven-                         The
structure of FIGURE 9 is then placed  tion have been illustrated, it will
be understood                       in an epitaxial reactor containing the
proper  that various other modifications are within the                  35
ratios of the reactive components hydrogen gas  scope of the invention as
defined by the ap- 100                       (H[err]) and a silicon halide
compound such as  pended claims.                       silicon
tatrachloride (SiCl[err]), or trichlorosilane  WHAT WE CLAIM IS: -
(SiHCl[err]) for a time sufficient to provide only    1. A method for
producing an integrated                       the single crystallites 16.
The ultimate size  circuit structure having a plurality of single
40  or dimensions of each of the crystallites, as well  crystallites on a
single substrate electrically  105                       as the distance
between crystallites (packing  isolated from said substrate and from one
an-                       density) is a function of the deposition condi-
other by a layer of dielectric material, com-                       tions
(that is concentration of reactants, tem-  prising the steps of:
peratures, flow rates, etc.), and care may there-    (a) forming a layer of
insulating material                  45  by be exercised to obtain the
desired number  upon a support body having a plurality of epi- 110
of nucleation sites for crystallite growth.  taxial nucleation sites
thereon,                         The distance between crystallites can also
(b) epitaxially forming single crystallites of                       be
affected by the ratio of silicon dioxide  semiconductor material at each of
said nuclea-                       (SiO[err]) to exposed silicon (Si). It
has been  tion sites,                  50  found that the lower the
Si0[err]/Si ratio, the    (c) depositing a layer of dielectric material 115
lesser the number of crystallite growths on the  upon said single
crystallites, 



surface of the oxide layer 4. Consequently, by   (d) depositing a substrate
upon said layer                       etching windows through the SiO[err]
layer of  of dielectric material,                       varying widths and
locations on the surface    (e) removing said supporting body to expose
55  of the substrate 1 thereby exposing a corre-  said layer of insulating
material, thereby to  120                       sponding portion of
semiconductor material  leave said single crystallites on said substrate
beneath these windows, the ratio of silicon  electrically isolated from one
another and said                       dioxide to exposed silicon (and
consequently  substrate by said layer of dielectric material,
the packing density of the crystallites 16) may  and                  60
be controlled.                                   (f) forming individual
circuit components 125                         Thereafter the identical
fabrication steps are  within each of said single crystallites.
carried out with reference to  FIGURES           2. A method as described
in Claim 1 where-                       11-13 as were performed with
reference to  in said nucleation sites are provided by selec-
FIGURES 5-7  resulting in the structure  tively imprinting nucleating
agents on said                  65  shown in FIGURE 13 whereby each of the
layer of insulating material.                        130             but
substantially unaffects silicon dioxide, for  single crystallites 16 is
electrically isolated    sample amine-catechol, the silicon dioxide  from
the others and from a polycrystalline sub-    layer 4 will then serve as an
etch stop to limit  strate 19 by a dielectric layer 17 of silicon    the
extent of the etching. The entire body is  dioxide or silicon nitride, for
example, the in- 5   then inverted 180[err] to result in the structure
sulating layer 4 overlying each of the single  70     illistrated in FIGURE
7. The single crystal-  crystallite regions 16. Thereafter the locations
lites 7 then form regions into which or upon   or positions of the
crystallite regions 16 may     which circuit components may be formed and
be determined and recorded by scanning the     thereafter interconnected to
provide the de-  crystallites with a light beam  and recording 10  sired
circuit function of an integrated circuit.  the reflections of the various
points scanned,  75     This component formation may be accom-  the
information received from this recording     plished by ion implantation of
appropriate im-  being stored in a computer for future use.     purities
into the regions 7 or alternatively by  Circuit components may then be
formed     the selective removal of the oxide layer 4 to  from or in each
of the crystallite regions 16 15  provide windows or apertures over the
single  as before. For example, a mask may be utilized  80     crystallite
regions and thereafter diffusing op-  in conjunction with conventional
photographic     posite conductivity type impurities into each  masking and
etching techniques for selectively     of these regions to form  the
desired circuit  removing portions of the oxide layer 4 to ex-
component; or alternatively, selectively etching  pose corresponding
portions of the single crys- 20  and redepositing semiconductor material to
tallite 16. Diffusions may then be selectively  85     form epitaxially
deposited circuit components.  made through these exposed portions to
create        Referring now to FIGURES 8-13, there  the desired
conductivity types in each of the     is described another embodiment of
the inven-  crystallites, thereby forming the active or pas-     tion
whereby the regions or crystallites of se-  sive circuit components. The
mask used for 25  miconductor material are ramdomly located on  selectively
exposing the crystallites may be  90     the surface of the insulating film
rather than   generated by garnering from the computer the     being formed
at preselected nucleation sites.  stored information with respect to the
location     The initial steps of the process are identical  of each of the
crystallites (this information ac-     to that described with reference to
Figures  cumulated during the scanning step above de- 30  1-7 and
consequently FIGURES 8 and 9   scribed), this  garnered  information  then
95     correspond identically to FIGURES 1 and 2,  "drawing" or producing
the mask.     respectively.                                     While
particular embodiments of the inven-        The structure of FIGURE 9 is
then placed  tion have been illustrated, it will be understood     in an
epitaxial reactor containing the proper  that various other modifications
are within the 35  ratios of the reactive components hydrogen gas  scope of
the invention as defined by the ap- 100     (H[err]) and a silicon halide
compound such as  pended claims.     silicon tatrachloride (SiCI[err], or
trichlorosilane  WHAT WE CLAIM IS:-     (SiHCI[err]) for a time sufficient
to provide only    1. A method for producing an integrated     the single
crystallites 16. The ultimate size  circuit structure having a plurality of
single 40  or dimensions of each of the crystallites, as well  crystallites
on a single substrate electrically  105     as the distance between
crystallites (packing  isolated from said substrate and from one an-
density) is a function of the deposition condi-  other by a layer of
dielectric material, com -     tions (that is concentration of reactants,
tem-  prising the steps of:     peratures, flow rates, etc.), and care may
there-    (a) forming a layer of insulating material 



45  by be exercised to obtain the desired number  upon a support body
having a plurality of epi- 110     of nucleation sites for crystallite
growth.   taxial nucleation sites thereon,        The distance between
crystallites can also    (b) epitaxially forming single crystallites of
be affected by the ratio of silicon dioxide  semiconductor material at each
of said nuclea-     (SiO[err]) to exposed silicon (Si). It has been  tion
sites, 50  found that the  lower the SiO[err]/Si ratio, the    (c)
depositing a layer of dielectric material 115     lesser the number of
crystallite growths on the  upon said single crystallites,     surface of
the oxide layer 4. Consequently, by  (d) depositing a substrate upon said
layer     etching windows through the SiO[err] layer of  of dielectric
material,     varying widths and locations on the surface    (e) removing
said supporting body to expose 55  of the substrate 1 thereby exposing a
corre-  said layer of insulating material, thereby to  120     sponding
portion of semiconductor material  leave said single crystallites on said
substrate     beneath these windows, the ratio of silicon  electrically
isolated from one another and said     dioxide to exposed silicon (and
consequently  substrate by said layer of dielectric material,     the
packing density of the crystallites 16) may   and 60  be controlled.
(f) forming individual circuit components 125        Thereafter the
identical fabrication steps are  within each of said single crystallites.
carried  out with  reference to FIGURES           2. A method as described
in Claim 1 where-     11-13 as were performed with reference to  in said
nucleation sites are provided by selec-     FIGURES  5-7  resulting in the
structure  tively imprinting nucleating agents on said 65  shown in FIGURE
13 whereby each of the  layer of insulating material.
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4         3. A method as described  in Claim 1 where  (b) epitaxially
forming single crystallites of     in said nucleation sites are provided by
selec-  silicon semiconductor material at each of said     tive damaging of
the said layer of insulating  nucleation sites,
30     material.                                        (c) depositing a
layer of dielectric material 5     4. A method as described in Claim 3
where-  upon said single crystallites,     in said selective  damaging is
by an electron    (d) depositing a substrate of polycrystalline     beam.
semiconductor material upon said layer of di-       5. A method as
described in Claim 1 where-  electric material,
35     in said epitaxial nucleation sites are randomly    (e) etching said
supporting body to expose 10. located on said insulating layer, and
including  said layer of silicon dioxide, thereby to leave     the
additional steps of scanning the said single  said single crystallites on
said substrate elec-     crystallites with a light beam, recording the
trically isolated from  one another and said     information received from
reflections of the  substrate by said layer of dielectric material, 40
said light beam in a computer, producing a  and 15  photographic mask from
said stored informa-    (f) forming individual circuit components     tion,
and using said mask to enable the selec-  within each of said single
crystallites.     tive removal of parts of said insulating layer   7. A
method for producing an  integrated     to expose the crystallites.
circuit substantially as described herein with  45        6. A method as
claimed in any preceding  reference to the accompanying drawings. 20  claim
for producing an integrated circuit struc-    8. An integrated circuit
produced by a     ture  having a plurality of single crystallites on
method according to any preceding claim.     a single substrate
electrically isolated from said     substrate and from one another by a
layer of               ABEL & IMRAY,     dielectric material, comprising
the steps of:       Chartered Patent Agents, 25    (a) forming a. layer of
silicon dioxide insu-       Northumberland House,     lating material upon
a support body having               303-306 High Holborn,     a. plurality
of epitaxial nucleation sites thereon,       London, W.C.1.
Printed for Her Majesty's Stationery Office by the Courier Press,
Leamington Spa, 1970.            Published by the Patent Office, 25
Southampton Buildings, London, W.C.2, from which
copies may be obtained.    


