
-1-          TITLE: SOI/BULK HYBRID SUBSTRATE AND METHOD OF FORMING THE
SAME                     BACKGROUND OF THE INVENTION   1.  TECHNICAL FIELD
The present invention relates generally to semiconductor  devices and, more
specifically, to a semiconductor substrate  having both bulk chip areas and
areas of silicon on insulator in  which selected areas of silicon on
insulator are electrically  connected to the wafer so as to reduce floating
body problems and  methods of forming the same.    2. RELEVANT ART
Conventional or bulk semiconductor devices are formed in  semiconductive
material by implanting a well of either P-type or  N-type material in a
wafer of either type material. Gates and  source/drain diffusions are then
manufactured using commonly  known processes. These form devices known as
metal-oxide-  semiconductor (MOS) field effect transistors or FETs.  When a
given chip uses both P-type and N-type, it is known as a  complementary
metal oxide semiconductor ("CMOS"). Each of these  devices must be
electrically isolated from the others in order to  avoid shorting of the
circuits. A relatively large amount of  surface area is needed for the
electrical isolation of the  



various FETs, which is undesirable in the current trends of size
-2-        reduction and greater integration.  Additionally, parasitic
paths  and junction capacitance problems may also occur because of the
source/drain diffusions' physical proximity to other FET' s and  the bulk
substrate. These problems also result in difficulties  when trying to scale
down to the sizes necessary for greater  integration. Furthermore,
sub-threshold slope and substrate  sensitivity result in difficulties in
scaling bulk CMOS  technology to low-voltage applications.       In order
to deal with these problems, silicon on insulator  ("SOI") has been gaining
popularity. However, SOI suffers from  the problems of self-heating,
electrostatic discharge  susceptibility, low breakdown voltage, and dynamic
floating body  effects which present problems for passgate devices and
devices  requiring tight threshold voltage control. Floating body effect
occurs when the body of the device is not connected to a fixed  potential
and, therefore, the device takes on charge based on the  history of the
device. Specifically, in dynamic random access  memory ("DRAM") the
floating body effect can be especially  detrimental because it is critical
that the pass transistor  stays in the "off" condition to prevent charge
leakage from the  storage capacitor. Another problem that is specific to
SOI is  that the formation of large value capacitors (i.e., for 



decoupling applications) is very difficult because a specific  purpose of
SOI is to reduce junction capacitance. Additionally,
-3-         the thin layer of semiconductor makes it difficult to create
low  resistance discharge paths for electrostatic discharge ("ESD")
devices.       Because of these drawbacks, it has been suggested that the
best scenario would be to combine areas of SOI for high  performance
support devices, with adjacent bulk devices for low  leakage memory arrays.
However, forming both the SOI areas and  the bulk areas is difficult at
best.                             SUMMARY OF THE INVENTION       The
present invention provides an SOI/bulk hybrid  semiconductor substrate
comprising a single crystalline substrate  having an upper surface, a first
surface area on the upper  surface comprising an SOI region, a second
surface area on the  upper surface comprising a single crystalline region
having  substantially the same crystal structure as the substrate, and a
conductive electrode formed only at a portion of the perimeter of  the SOI
region electrically connecting the semiconductor of the 



SOI to the substrate, the resistivity of the electrode being  substantially
less than that of any of the semiconductor regions  to which it makes
contact. Another alternative is provided in  which the conductive electrode
is electrically isolated from the
-4-         bulk region by first forming the conductive spacers and then
forming an overlying dielectric spacer on the surface of the  conductive
electrode.       The hybrid semiconductor substrate may be manufactured by
initially providing a standard SOI wafer comprising a bulk  semiconductor
substrate, a layer of an oxide on an upper surface  of the substrate, and a
thin layer of single crystal  semiconductor material on an upper surface of
the oxide layer. A  thin layer of a polish stop material, such as silicon
nitride is  deposited (5-10nm) followed by a layer of sacrificial material
that may be etched selective to the polish stop, such as silicon  dioxide
(100nm).  Openings are patterned in the oxide layer and  etched through the
nitride, SOI, and back oxide, stopping on the  surface of the substrate.
Spacer material is deposited on the  entire surface and then reactive ion
etched back to form spacers  on the sidewalls of the openings. Single
crystalline silicon is  then epitaxially grown. The surface of the entire
structure is  



then planarized by chemical mechanical polishing. The areas of  single
crystal epitaxial silicon and SOI may then be processed to  form the
appropriate devices on the planar surface.       Accordingly, it is an
advantage of the present invention  that the bulk devices and the SOI
devices may be formed on a  planar surface in order to form bulk/SOI
hybrids without having  topology problems resulting from photolithographic
depth of focus                                              -5-
problems.        It is a further advantage that the method provides the
ability to selectively form areas that will allow for isolation  or
connection depending upon the device requirements.        Yet another
advantage is that the SOI devices may be  electrically connected to the
substrate or ground in order to  eliminate floating body effects and, also,
to increase the  effectiveness of electrostatic discharge devices.
Numerous other advantages and features of the present invention  will
become readily apparent from the following detailed description of the
invention, the drawings and the appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS        For an understanding of the nature
and advantages of the present  invention, reference should be made to the
following detailed description  taken in connection with the accompanying
drawings wherein: 



FIG. 1 is a cross-sectional schematic of a first step in practicing  the
method of the present invention;        FIG. 2 is a cross-sectional
schematic of a second step in practicing  the method of the present
invention;        FIG. 3 is a cross-sectional schematic of a third step in
practicing the  method of the present invention;        FIG. 4 is a
cross-sectional schematic of a fourth step in practicing  the method of the
present invention;                                                 -6-
FIG. 5 is a top down schematic of the present invention; and         FIG. 6
is a cross-sectional schematic of an alternative final product  in
accordance with the present invention.                   DETAILED
DESCRIPTION OF PREFERRED EMBODIMENTS        As shown in FIG. 1, a standard
silicon on insulator ( SOI )"substrate is  provided. The standard SOI is a
single crystalline semiconductor having a  substantially planar surface and
includes an insulative layer 14 and a thin  semi-conductive layer 16 in a
first surface area on the planar surface and  a bulk area 12 in a second
surface area of the planar surface. The bulk  area 12 is a single
crystalline region having substantially the same  crystalline structure as
the planar surface. The insulative layer 14 is  typically a silicon oxide
and the single crystalline semiconductor materials  are usually silicon.
The substrate may be manufactured in a number of  



different ways including: silicon implanted with oxide ( SIMOX ) in which
the  bulk wafer is high energy implanted with a large dose of oxygen; bond
and  etch back ("BE-SOI") in which two bulk wafers have an oxide grown on a
surface and a dopant profile is incorporated in one of the wafers to act as
a marker layer, the two oxide surfaces are bonded together and then one of
the wafers is etched back to the marker dopant layer; or a method known as
"smart cut "in which one of the wafers is hydrogen implanted before the
first wafer is bonded to the second wafer, the two are bonded together and
then the excess silicon of one of the wafers is cracked off using the
hydrogen in the silicon structure to cause the cracking in the proper
level,                                                    -7-         or by
any other suitable means of making SOI. Once the SOI substrate has  been
formed, a thin polish stop layer 18 (see Fig. 2), typically in the range
of from about 5 nm to about 10 nm, of silicon nitride is deposited on the
thin  layer of silicon. A sacrificial layer, in this case an oxide layer
20,  typically about 100 nm thick, is then deposited on the thin nitride
layer 18,  as shown in FIG. 2. The oxide layer 20 serves to provide a
buffer region  for subsequently grown epitaxial ( epi ) silicon. The buffer
region avoids  epi overgrowth on the nitride layer, thus improving the
crystal quality at  the edges of the array block, as will be explained
further hereinafter.        As shown in FIG. 3, openings 22 are formed in
the oxide layer by the  usual methods, typically by photolithographically
defining the area using a  photoresist material and then etching the
defined area. The materials are  



etched through the oxide 20, nitride 18, SOI and back oxide layers 14 and
16,  stopping on the top of the bulk substrate 12. These openings will form
the  array blocks in a DRAM product or the like. Electrically insulating
spacers,  such as nitride, or electrically conducting spacers, such as
polysilicon 24  may then be formed in chosen locations around portions of
the perimeter of  the semiconductor on insulator region. If a conductive
spacer 24 is used,  it will serve to electrically connect the semiconductor
16 of the SOI region  to the substrate, because the resistivity of the
spacer is substantially  lower than that of any of the semiconductor
regions to which it makes  contact. Typically materials for conductive
spacers include, but are not  limited to, doped polysilicon; intrinsic
polysilicon; copper; aluminum-copper;  titanium; titanium silicide; nickel
silicide; and cobalt silicide. The spacers
-8-         24 are formed using known methods, by depositing a layer of the
desired  spacer material and then directionally etching the material back
to form  the spacers. If spacers 24 are desired on one side but not the
other, a  block mask may be used to protect the desired spacer and the
other spacers  are etched away.        In the case of SIMOX SOI, it may be
desirable to etch into the top  region of the silicon substrate to remove
the transition region, between  the back insulator and single crystal
silicon region damaged by the high  dose oxygen implantation, to provide a
good base for the subsequent epi  growth. A P-type epi layer 30 is then
grown up from the substrate surface.  



The epi layer 30 may be grown either selectively or non-selectively. If
growth is non-selective, the silicon that grows on the surface of the pad
oxide layer may be removed by polishing the entire surface. Non-selective
growth may be chosen for the easily controllable reaction conditions and
the time savings. Growth conditions are adjusted so that the top surface
of the epi is at least as high as the upper surface of the thin polish stop
18. The substrate prior to polishing is shown in FIG. 3.        The entire
substrate is then polished to result in the structure  shown in FIG. 4.
Polishing the epitaxially grown silicon regions requires  the use of a
polishing slurry that is selective to the oxide and the nitride  polish
stops. The polishing pad is preferably rigid to avoid excessive  recessing
of the epi with respect to the polish stop surface. When the epi  extends
above the top oxide layer, the polishing process would involve two
polishing steps. The first step will polish the epi using the oxide layer
as                                                -9-         the polish
stop. This will typically recess the surface of the epi 30 below  the oxide
surface. If epi growth is controlled well enough to stop before  the top of
the oxide layer, this first step is unnecessary. After the first  polish,
the second epi polish will use the nitride as the polish stop. The  same
pad and slurry may be used in the second step as was used for the  first
polish. This step planarizes the epi 30 to the top of the nitride 18.  The
polish times will be determined by the amount of epi growth. The closer
the height of the epi 18 is to the height of the nitride stop 18, the less



polishing is required. An ideal deposition target, accounting for
uniformity  and some overgrowth for defects, might be the midpoint of the
oxide stop.  Since the top surface of the epi should be within a few
hundred angstroms  of the top of the nitride layer, any dishing that may
occur should be minor  and not result in depth of focus concerns for the
array area relative to  the SOI area.        As depicted in FIG. 5, an area
100 of SOI is completely surrounded by a  bulk area 102, which is in turn
completely surrounded by areas of SOI 104.  First or conductive spacers 105
are provided along two edges or a first  portion of the perimeter of the
interior SOI 100. A second or insulative  spacer 107 is provided along one
edge or a second portion of the perimeter  of the bulk area 102. In the
remaining portions of the perimeters, the  epitaxially grown silicon is
directly in contact with the SOI region. This  figure serves to show the
flexibility of the present invention because  each of these options is
available for any of the edges. Various  combinations of spacer type may be
employed to meet the specific body
-10-        contact, isolation and thermal sink requirements of the
application. For  example, the epi may be grown in the opening contacting
all the adjacent SOI  regions. This provides a body contact to the SOI
regions adjacent the  opening. This would be used with critical circuitry
that would suffer from  floating body effects such as passgate metal oxide
semiconductor field  effect transistors (MOSFET s)' or devices requiring
close matching such as  sense amplifiers or static random access memory
(SRAM) cells. The totally 



contacted epi allows for the creation of fully depleted SOI devices with
contacted body and a substrate for bulk devices such as DRAM arrays or
applications requiring very low noise.        Insulative spacers on all
sides of the SOI allow non-contacted body  SOI devices to be constructed
adjacent the bulk devices. This provides the  maximum performance
advantages of SOI when the detrimental floating body  effects are not
severe enough to result in a loss of device stability, i.e.,  with grounded
source devices that operate with low voltage power supplies,  typically
less than 1.5V.        Insulative spacers may be used on one edge of the
SOI without  spacers on any of the other edges. This arrangement provides
layout  flexibility for forming combinations of contacted body SOI, bulk,
and  floating body SOI devices near each other.        Conductive spacers
(which may be metallic) may be provided on all  sides of the SOI region.
This arrangement provides very low electrical  resistance and thermal paths
from the body of the SOI to the substrate.  This is useful for providing
stability for higher voltage applications where                     body
current may be relatively large. This also provides improved power
dissipation capability for SOI as compared to the arrangement in which the
epi is grown contacting the SOI regions.        Another alternative
arrangement is depicted in FIG. 6. A conductive  spacer 124 is formed to
first provide the very low resistance path from SOI 



region 120 to the substrate, and an insulative spacer 126 is formed on the
conductive spacer 124 to provide dielectric isolation between the SOI
region 120 and the adjacent bulk device region 122. The insulative spacer
126 may also be created in the same step in selected portions of the
perimeter where the conductive spacer 124 is not present, and may not be in
selected portions of the perimeter where the conductive spacer 124 is
present, depending on the desired structure and function of the various
parametrial devices.   The ability to include portions that are both
electrically contacted to the substrate while being dielectrically isolated
from the epi region is useful and important for low-noise and mixed
analog/digital applications.        While the invention has been
particularly shown and described with  reference to preferred exemplary
embodiments thereof, it will be  understood by those skilled in the art
that the foregoing and other changes  in form and details may be made
therein without departing from the spirit  and scope of the invention.
-12-                                               CLAIMS  Accordingly,
what is claimed is:    1. A semiconductor apparatus comprising:        (a)
a single crystalline substrate having a substantially planar  surface; 



(b) a first surface area on the planar surface having a  semiconductor on
insulator region;        (c) a second surface area on the planar surface
being a single  crystalline region; and        (d) a conductive spacer
formed only at a first portion of the  perimeter of the semiconductor on
insulator region connecting the  semiconductor of the semiconductor on
insulator region to the substrate,  the resistivity of the spacer being
substantially lower than that of any of  the semiconductor regions to which
it makes contact.    2. The semiconductor apparatus of claim 1, wherein the
single crystalline  substrate is a silicon wafer.    3. The semiconductor
apparatus of claim 1, wherein the conductive spacer  is a material selected
from the group consisting of: aluminum; tungsten;  doped polysilicon;
intrinsic polysilicon; copper; aluminum-copper; titanium;  titanium
silicide; nickel silicide; and cobalt silicide.
-13-         4. The semiconductor apparatus of claim 1, wherein the second
surface  area is an epitaxially grown silicon material.    5. The
semiconductor apparatus of claim 1, further comprising a plurality  of
devices on the first surface area and the second surface area, and 



wherein the conductive spacer is formed at the entire perimeter of the
semiconductor on insulator region for higher voltage applications of the
plurality of devices on the first surface area.    6. The semiconductor
apparatus of claim 1, further comprising an insulative  spacer formed only
at a second portion of the perimeter of the  semiconductor on insulator
region dielectrically isolating the first  surface area from the second
surface area in the second portions of the  perimeter.    7. The
semiconductor apparatus of claim 6, wherein the first surface area
directly contacts the second surface area in the remainder of the
perimeter not in the first portion or the second portion.    8. The
semiconductor apparatus of claim 1, wherein the first portion of the
perimeter is the entire perimeter.    9. The semiconductor apparatus of
claim 1, wherein the first portion of the  perimeter is a portion of the
perimeter and wherein the first surface area
-14-         directly contacts the second surface area in the remainder of
the  perimeter.   



10. The semiconductor apparatus of claim 1, wherein the second surface
area has substantially the same crystalline structure as the planar
surface.                                                   -15-         11.
A semiconductor apparatus comprising:        (a) a single crystalline
substrate having a substantially planar  surface;        (b) a first
surface area on the planar surface having a semiconductor  on insulator
region;        (c) a second surface area on the planar surface being a
single  crystalline region having substantially the same crystalline
structure as  the planar surface;        (d) a conductive spacer formed
only at a first portion of the  perimeter of the semiconductor on insulator
region connecting the  semiconductor of the semiconductor on insulator
region to the substrate,  the resistivity of the spacer being substantially
lower than that of any of  the semiconductor regions to which it makes
contact; and        (e) an insulative spacer formed at selected portions of
the perimeter  of the semiconductor, on the conductive spacer, thereby
electrically  isolating the semiconductor on insulator region from the
second surface  area single crystalline region.   



12. The semiconductor apparatus of claim 11, wherein the single crystalline
substrate is a silicon wafer.    13. The semiconductor apparatus of claim
11, wherein the conductive spacer  is a material selected from the group
consisting of: aluminum; tungsten;  doped polysilicon; intrinsic
polysllcon; copper; aluminum-copper; titanium;
-16-         titanium silicide; nickel silicide; and cobalt silicide.
14. The semiconductor apparatus of claim 11, wherein the second surface
area is an epitaxially grown silicon material.    15. The semiconductor
apparatus of claim 11, further comprising a plurality  of devices on the
first surface area and the second surface area, and  wherein the first
portion of the perimeter is the entire perimeter of the  semiconductor on
insulator region for higher voltage applications of the  plurality of
devices on the first surface area.    16. The semiconductor apparatus of
claim 11, further comprising an  insulative spacer formed only at a second
portion of the perimeter of the  semiconductor on insulator region
dielectrically isolating the first 



surface area from the second surface area in the second portions of the
perimeter.    17. The semiconductor apparatus of claim 16, wherein the
first surface  area directly contacts the second surface area in the
remainder of the  perimeter not in the first portion or the second portion.
18. The semiconductor apparatus of claim 11, wherein the first portion of
-17-         the perimeter is the entire perimeter.    19. The
semiconductor apparatus of claim 11, wherein the first portion of  the
perimeter is a portion of the perimeter and wherein the first surface  area
directly contacts the second surface area in the remainder of the
perimeter.                                                    -18-       



20. A method of forming a semiconductor device comprising the.steps of:
(a) providing a single crystalline substrate having a substantially  planar
surface;        (b) forming a first surface area in the single crystalline
substrate,  the first surface area being a semiconductor on insulator
region having a  perimeter;        (c) depositing a thin polish stop layer;
(d) depositing a sacrificial layer;        (e) forming openings in the
sacrificial layer, thereby exposing  portions of the thin polish stop
layer;        (f) etching the openings to a top of a bulk substrate;
(g) growing single crystalline semiconductor material at least to the
level of the thin polish stop layer; and        (h) polishing the single
crystalline semiconductor material to the thin  polish stop layer.    21.
The method of claim 20, wherein the first surface area is formed by  high
energy implantation of a large dose of oxygen, and further comprising  the
step, after step (f) and before step (g) of:        etching into the top of
the bulk substrate to remove a transition  region.    22. The method of
claim 20, wherein the growing of the single crystalline  semiconductor is
done in a non-selective manner.
-19-   



23. The method of claim 22, wherein the polishing of the single crystalline
semiconductor material includes a first polish step to the sacrificial
layer  and a second polish step to the thin polish stop layer.    24. The
method of claim 20, wherein the single crystalline semiconductor  material
is grown to the midpoint of the sacrificial layer.    25. The method of
claim 20, further comprising, after step (f) and before  step (g), the step
of:        selectively forming a first spacer at a first portion of the
perimeter  of the semiconductor on insulator region.    26. The method of
claim 25, wherein the spacer material is selected from  the group
consisting of:        conductive spacer material; insulative spacer
material; and a  conductive spacer material having an insulative spacer
material on an  upper surface thereof.    27. The method of claim 26,
further comprising, after the formation of a  spacer at a first portion of
the perimeter, the step of:        selectively forming a second spacer at a
second portion of the  perimeter.    


