
WO 2004/017398 PCT/US2003/024105  SEMICONDUCTOR ON INSULATOR APPARATUS AND
METHOD  FIELD  [0001] Integrated circuits, and, more specifically,
semiconductor on insulator structures  and methods of fabrication.
BACKGROUND  [0002] Transistors and other devices are connected together to
form circuits, such as very  large scale integrated circuits, ultra large
scale integrated circuits, memory, and other types  of circuits. When the
size of transistors is reduced and device compaction is increased,
problems may arise concerning parasitic capacitance, off state leakage,
power  consumption, and other characteristics of the device. Silicon on
insulator (SOI) structures  have been proposed in an attempt to overcome
some of these problems. However, SOI  structures have a high rate of
defects, as it is difficult to produce thin, uniform  semiconductor layers
in fabrication. Defect problems in SOI structures include defects  within a
single wafer (e.g., the thickness of the wafer differs at various points on
the wafer)  and defects from wafer to wafer (e.g., an inconsistent mean Si
layer thickness among SOI  wafers). [0003] Semiconductor devices include
separate p-type and n-type regions. In each region,  current conducts by
majority carriers of a first conductive type. Minority carriers in the
same region, which carry a charge of a conductive type that is opposite of
the first  conductive type, have a thermal equilibrium concentration that
is much lower than that of  majority carriers. In a p-type region, holes
are majority carriers. In a n-type region,  electrons are majority
carriers. When a p-type region meets with a n-type region to form a  pn
junction, a depletion region is formed with a built in potential barrier
that prevents the  majority carrier of each side from crossing the pn
junction. With a reverse bias applied to  the two ends of the p and n
regions, the potential barrier is further raised to prevent current  flow
via majority carriers. Minority carriers in each side of the pn junction
can move  across the junction freely and constitute reverse leakage
currents, as they carry charges of a  conductive type that is opposite of
the first conductive type. Reverse leakage current is  more pronounced in a
narrow band gap semiconductor, because for the same majority  



carrier concentration, a narrow band gap semiconductor has a greater
minority carrier  concentration, and, hence a higher reverse leakage
current. The pn junctions exist between 1 WO 2004/017398 PCTIUS2003/024105
the source/substrate regions and the drain/substrate regions (e.g.,
horizontally orientated)  and between the source/channel, drain/channel
regions (e.g., vertically orientated). By  using a SOI structure, there are
no source/substrate or drain/substrate regions, and the  reverse leakage
across the horizontal pn junction is eliminated. However, the source to
channel, and the drain to channel leakage due to minority carriers crossing
the vertical  junction still exists, and, this channel leakage problem is
worse for a narrower band gap  semiconductor (e.g., in some embodiments,
less than 1.leV) semiconductor. [0004] As stated above, as devices are made
smaller and smaller, channel length is  generally reduced. Reductions in
the channel length generally result in increased device  speed, as gate
delay typically decreases. However, a number of negative side effects may
arise when channel length is reduced. Such negative side effects may
include, among  others, increased off-state leakage current due the
threshold voltage roll-off (e.g., short  channel effects). [0005] Another
way of increasing device speed is to use higher carrier mobility
semiconductor materials to form the channel. Carrier mobility is generally
a measure of the  velocity at which charge carrier flows in a semiconductor
under an external unit electric  field. In a transistor device, carrier
mobility is a measure of the velocity at which carriers  (e.g., electrons
and holes) flow through or across the device channel in the inversion
layer.  For example, higher carrier mobility has been found in narrow band
gap materials that  include Germanium (Ge). Germanium (Ge) has bulk
electron and hole mobility of 3900  cm2Nsec and 1900 cm2Nsec, respectively,
which are much higher that that of bulk  electron and hole mobility of
Silicon (Si), which are 1500 cm2Nsec and 450 cm2Nsec,  respectively. [0006]
The band gap associated with a semiconductor material is generally based on
the  difference between the conduction band edge and the valence band edge.
In general, a  higher mobility semiconductor has narrower band gap. In
Germanium, the band gap is  approximately 0.67eV, which is relatively small
compared to that of Silicon (Si), which is  



approximately 1.1 eV. BRIEF DESCRIPTION OF THE DRAWINGS [0007] The claimed
subject matter is illustrated by way of example and not limitation in  the
figures and accompanying drawings, in which references indicate similar
elements, and  in which: 2 WO 2004/017398 PCT/US2003/024105  [0008] FIG.1
is an illustration of a cross-sectional view of an embodiment of a
semiconductor substrate with an insulator layer formed thereon. [0009] FIG.
2 is an illustration of a cross-sectional view of an embodiment of the
structure  of FIG. 1 with a semiconductor layer formed thereon. [00010]
FIG. 3 is an illustration of a cross-sectional view of an embodiment of the
structure of FIG. 2 with a gate formed thereon. [00011] FIG. 4 is an
illustration of a cross-sectional view of an embodiment of  dopant being
introduced into a seed semiconductor substrate. [00012] FIG. 5 is an
illustration of a cross-sectional view of an embodiment of the  structure
of FIG. 1 with a seed semiconductor substrate bonded thereon. [00013] FIG.
6 is an illustration of a cross-sectional view of an embodiment of the
structure of FIG. 5 following the removal of a portion of a seed
semiconductor layer,  leaving a semiconductor layer bonded to an insulator
layer. [00014] FIG. 7 is an illustration of a flow chart of an embodiment
of a method to  form an apparatus. [00015] FIG. 8 is an illustration of a
flow chart of an embodiment of a method to  form an apparatus. [00016] FIG.
9 is an illustration of a flow chart of an embodiment of a method to
extract minority carriers. DETAILED DESCRIPTION [00017] A SOI apparatus and
its method of fabrication are described. Exemplary  embodiments are
described with reference to specific configurations. Those of ordinary
skill in the art will appreciate that various changes and modifications may
be made while  remaining within the scope of that appended claims.
Additionally, a number of well  



known elements, devices, components, circuits, process steps and the like
may not be set  forth in detail in order to avoid obscuring the claimed
subject matter. [00018] FIG. 1 is a cross-sectional illustration of an
embodiment of semiconductor  substrate 110. Insulator layer 210 is formed
on semiconductor substrate 110. In one  embodiment, insulator layer 210 may
be formed on semiconductor substrate 110 by an  epitaxial growth process,
such as molecular beam epitaxy, metal organic chemical vapor  deposition,
atomic layer deposition/growth, or by other methods practiced in the art.
Epitaxial growth allows for unit by unit growth of the layer, thereby
providing a high 3 WO 2004/017395 PCT/US2003/024105  degree of accuracy in
growing the layer to a particular thickness. In an embodiment,
semiconductor substrate 110 may function as a base layer to grow other
layers, such as, for  example, an insulator layer. [00019] In an
embodiment, insulator layer 210 includes a material that is lattice
matched to a material found in semiconductor substrate 110. Lattice refers
to the  arrangement of atoms in three-dimensional periodic array of a
crystal. If the in-plane  atomic distance of two crystal planes of two
different materials are substantially close to  one another, the materials
maybe considered lattice matched. For example, the in-plane  atomic
distance of Germanium (Ge) in a (200) plane is 4.0 A, and the atomic
distance of  barium titanate (BaTiO3) in a (100) plane is also 4.0 A. As
such, Germanium (Ge) in a  (200) plane may be considered lattice matched to
barium titanate (BaTiO3) in a (100)  plane. The above-mentioned materials
are representative examples of lattice matched  materials, and are not to
be considered as limiting the scope of the subject matter disclosed  herein
in regard to the selection of materials. Those skilled in the art will
recognize that  other materials may be considered lattice matched, and also
fall within the scope of the  subject matter disclosed herein. For example,
strontium titanate (SrTiO3) and silicon (Si)  may be used as lattice
matched materials. [00020] Insulator layer 210, in one embodiment, may be a
crystalline dielectric and  may have a high dielectric constant (e.g., high
K) such as a dielectric constant on the order  of, for example, 7.5 or
greater, in one embodiment. Additionally, the characteristics of  insulator
layer 210, as well as the characteristics of the device as a whole, may be
selected  



so as to match the band edges to those of the semiconductor 110. For
example, as  discussed below, the characteristics of insulator layer 210
may work to facilitate the  extraction of minority carriers. Insulator
layer 210 may also serve as a base layer for  growing a semiconductor layer
above it. In an embodiment, a suitable high k dielectric will have a large
enough band gap to serve  as an insulator between the gate and the
substrate channel regions, and will have a higher  dielectric constant
(e.g., greater than 7.5) to provide equivalence gate oxide capacitance at
a thicker physical gate oxide thickness. The thicker physical
thickness(e.g., greater than  10A, in an embodiment) is required to avoid
quantum mechanical tunneling of electrons  through the ultra thin gate
oxide, and to reduce the gate oxide defects. [00021] FIG. 2 is a
cross-section illustration of an embodiment of the structure of  FIG. 1,
with semiconductor layer 310 formed thereon. In one embodiment, at least a
4 WO 2004/017398 PCT/US2003/024105  portion of semiconductor layer 310 is
lattice matched to at least a portion of insulator layer  210. For example,
insulator layer 210 may include, barium titanate (BaTiO3) having a  (100)
plane, and semiconductor layer 310 may include germanium (Ge) having a
(200)  plane, as these two materials are lattice matched. In an embodiment,
insulator layer 210  serves as a base layer and allows semiconductor layer
310 to be formed by epitaxial  growth as a layer that may be characterized
as being relatively thin, having improved  uniformity, being a
single-crystal layer, and as having a lower degree of defects or being
defect-free. [000221 Semiconductor layer 310 may be made of various
materials,  Representatively, a material used to form semiconductor layer
310 and a material used to  form insulator layer 210 are lattice matched.
Semiconductor layer 310 maybe epitaxially  grown on insulator layer 210 by
various methods, including atomic layer epitaxy,  molecular beam epitaxy,
metal organic chemical vapor deposition, atomic layer chemical  deposition,
or other methods. Using such methods, semiconductor layer 310 may be
uniformly formed. Additionally, the thickness of semiconductor layer 310
maybe  controlled. In an embodiment, the thickness of semiconductor layer
310 may be controlled  to a thickness ranging from approximately l0A to
3000 A. More particularly, in an  



embodiment, semiconductor layer 310 may be formed with a thickness on the
order of 10- 30A or less. If such growth methods are not used, and
semiconductor layer 310 is bonded  to semiconductor substrate 110 according
to the prior art methods, it may be difficult to  make uniform
semiconductor layer 310 with a thickness of less than 2000A. Moreover, it
may be difficult to control the thickness of semiconductor layer 310, and
semiconductor  layer 310 will not have a uniform thickness. Additionally,
in regard to certain materials, it  is difficult to obtain wafers of
certain sizes, and, therefore, it would be difficult to obtain a
wafer(seed substrate) of suitable size to bond to the insulator layer
[000231 By growing relatively thin semiconductor layer 310 on insulator
layer 210,  it may not be necessary to thin down, polish or etch back
semiconductor layer 310. When  thinning down is performed, it is generally
difficult to control the thickness of a  semiconductor layer to an
acceptable degree. Accordingly, having to thin down a device  layer by
conventional techniques (e.g., polish, etch) might introduce defects into
devices  fabricated, such as non-uniformity of thickness of a layer within
a single wafer on a single  device, or from wafer to wafer among separate
devices. 5 WO 2004/017398 PCT/US2003/024105  [00024] In an embodiment,
semiconductor layer 310 may undergo processes such as  polishing, cleaning,
rinsing and/or annealing. Those skilled in the art will recognize that
polishing, cleaning, rinsing and/or annealing, if performed, may be
performed in various  different manners and sequences, which may include
all of these processes, may omit  certain of these processes, and may also
include other processes practiced in the art.  Additionally, in an
embodiment, semiconductor layer 310 may be used as a base layer to  grow
further layers. [000251 As stated above, in an embodiment, semiconductor
layer 310 includes a  material that is lattice matched to a different
material found in insulator layer 210. In an  embodiment, the
lattice-matched material found in semiconductor layer 310 is also found  in
semiconductor substrate 110. However, in an embodiment, semiconductor
substrate  110, insulator layer 210 and semiconductor layer 310 may each
include different types of  material that are lattice matched.
Additionally, in an embodiment, at least a portion of  semiconductor layer
310 and at least a portion of insulator layer 210 are lattice matched,  



but semiconductor substrate 110 and insulator layer 210 may or may not be
lattice  matched. 100026] Those skilled in the art will recognize that the
principles stated above may  be used to form an apparatus having multiple
semiconductor layers. For example, on top  of semiconductor layer 310, a
second insulator layer may be formed, and another semiconductor layer may
be formed on top of the second insulator layer. As such, the  disclosed
method can be used to form an apparatus having any number of relatively
thin,  relatively uniform semiconductor layers. [00027] Devices maybe
formed on semiconductor layer 310. FIG. 3 is a cross- sectional
illustration of an embodiment of the structure of FIG. 2, with gate 410
formed  thereon. Gate 410 is separated from the surface of semiconductor
layer 310 by gate  dielectric 440. Gate terminal 415 is associated with
gate 410. Semiconductor seed layer  310 includes well active region 320,
source region 330 and drain region 360. Source  region terminal 335 is
associated with source region 330. Drain region terminal 365 is  associated
with drain region 360. Representatively, channel region 380 runs from
source  region 330 to drain region 360. Semiconductor substrate terminal
115 is associated with  semiconductor substrate 110. [00028] The materials
used to form the various layers of an embodiment may be  selected based on
conduction band and/or valence band characteristics. In an embodiment,  6
WO 2004/017398 PCT/US2003/024105  (a pMOS transistor formed in layer 310 on
an insulator 210 is built upon an n type  semiconductor substrate 110), if
semiconductor layer 310, the insulator 210, and the  semiconductor
substrate 110, have conduction bands that are substantially aligned, while
a  large valence band barrier exist between the insulator 210 and
semiconductor 310, or  between the insulator 210 and the semiconductor
substrate 110. The minority carriers in  the well region 320(holes, in this
case) may be extracted through source region terminal  335 by applying a
positive bias to the substrate contact 115 and grounding the source
contact 335. Equal amount of electrons can flow through the substrate
contact 115, since  the conduction band edges across the semiconductor310
/insulator 210 and the insulator  210/semiconductor 110 interfaces are
substantially aligned. At the mean time, the minority  



carrier in the substrate 110 can't flow into the well region of
semiconductor 310, due to the  large valence band barriers at the
interfaces. By extracting minority carriers, the junction  leakage will be
reduced. For example, in an embodiment, a mechanism for extracting
minority carriers can be established by forming an insulator layer 210
including barium  titanate (BaTiO3) on semiconductor substrate 110
including germanium (Ge). In this  example, an electron affinity for the
conduction band edge of barium titanate (BaTiO3) is  4.15eV and an electron
affinity of the conduction band edge for germanium (Ge) is 4.18  eV. While
the valence band edge of BaTiO3 and Ge are located at 7.46eV and 4.5eV,
respectively. The conduction band edges of these materials may be
considered  substantially aligned, and a very low conduction band barrier
exists across insulator layer  210, while, at the same time, the valence
bend barrier is much higher (e.g., a difference of  approximately 3eV,
given the respective values of 7,46eV and 4.5eV). The particular bend  edge
alignment between BaTiO3 and Ge allow the extraction of minority carriers
of the Ge  well region in semiconductor seed layer 310, when the device is
properly biased. This  example provides a representative selection of
materials having substantially aligned  conduction band edge, and should
not be considered as limiting which materials may be  considered
substantially aligned, or which range of conduction band edge values may be
considered substantially aligned. The minority carrier extraction can also
be applied in a  case where the valence band are substantially aligned and
there is a large conduction band  barrier across semiconductor seed layer
310 and insulator layer 210. [00029] As discussed above, if semiconductor
seed layer 310 and insulator layer  210 include materials with
substantially aligned conduction band edges, minority carriers  may be
extracted through source region terminal 335. In this regard, whether the
minority  7 WO 2004/017398 PCT/US2003/024105  carriers are holes or
electrons will depend on the type of the device. The biasing can be
altered by applying various voltage bias and/or grounds to semiconductor
substrate  terminal 115, and the source region terminal 335, In an
embodiment, conduction band  and/or valence band characteristics may
facilitate the extraction of minority carriers, as  discussed above.
[00030] Additionally, in an embodiment, a large valence barrier height is
created  



between substrate 110 and insulator layer 210, or between the insulator 210
and  semiconductor layer 310. This barrier reduces or prevents minority
carriers from flowing  from semiconductor substrate 110 through insulator
layer 210 and into well-active region  320. The barrier is illustrated in
an embodiment in which substrate 110 includes  germanium (Ge) and insulator
layer 210 includes barium titanate (BaTiO3). The valence  band edge value
for barium titanate (BaTi03) is 7.46eV , and the valence band edge value
for germanium is 4.5eV. This difference in valence band edge value may
result in a large  hole barrier height, which prevents minority carriers in
substrate 110, e.g., holes, in this  case, from flowing through insulator
layer 210 and into semiconductor layer 310.  Therefore, due to the relative
conduction and valence band edge positions, carriers having  a first type
of charge may flow in one direction, but oppositely charged carriers are
prevented from flowing in the opposite direction. [000311 Insulator layer
210 may also be used as a bonding interface for bonding  semiconductor seed
substrate 312 in an embodiment. In one embodiment, dopant is  introduced
into semiconductor seed substrate 312 prior to bonding. FIG. 4 shows dopant
317 introduced into semiconductor seed layer 312. Dopant 317 may be
introduced by  various methods, such as, for example, ion implantation,
diffusion, or other methods. In  one embodiment, ion implantation using
species such as hydrogen (H) or oxygen (0) is  employed. However, those
skilled in the art will recognize that other implant species may  be used.
Likewise, those skilled in the art will recognize that other methods of
introducing  dopant that are practiced in the art will also be effective,
and fall within the scope of the  subject matter disclosed herein. [00032]
FIG. 5 is a cross-sectional illustration of an embodiment of the implanted
side of the semiconductor seed substrate 312 is bonded to a carrier
substrate 110.  Semiconductor seed substrate 312 can be bonded by a various
processes, such as, for  example, in one embodiment, by direct bonding
through a hydrophilic bond at the  interface. In this embodiment,
hydrophilic surfaces such as an oxide layer, are required on 8 WO
2004/017398 PCT/US2003/024105  at least one of the semiconductor seed
substrate 312 or the carrier substrate bonding  surface. In this
embodiment, a deposited oxide layer 210, which include a epitaxially  



grown high dielectric constant insulator, on the carrier substrate is used
as the hydrophilic  surface for the wafer bonding. [00033] FIG. 6 is a
cross-sectional illustration of an embodiment of the structure of  FIG. 5
after a portion of semiconductor seed substrate 312 has been removed to
form  semiconductor layer 310, which remains bonded to insulator layer 210.
A portion of  semiconductor seed substrate 312 may be removed by various
processes, such as, in one  embodiment, thermal cleavage. Those skilled in
the art will recognize that other  processes, such as, for example, etch
back, may also be employed to remove a portion of  semiconductor seed layer
312. The type of process employed may depend on the type of  implantation
used. For example, for hydrogen (H) implantation, thermal cleavage is often
used. For oxygen (0) implantation, etch back is often used. [000341 In an
embodiment, after a portion of semiconductor seed substrate 312 has  been
removed, the surface of the remaining portion of semiconductor seed
substrate 312  may also undergo processes such as polishing, cleaning,
rinsing and/or annealing to form  semiconductor layer 310. Those skilled in
the art will recognize that polishing, cleaning,  rinsing and/or annealing,
if performed, may be performed in various different manners and  sequences,
which may include all of these processes, may omit certain processes, and
may  also include other processes practiced in the art. [00035] In an
embodiment, for a PMOS arrangement, when a device is formed on  top (as
viewed) of the embodiment illustrated in FIG. 6, such embodiment may
function  similar to the embodiment illustrated in FIG. 3. That is, in one
embodiment, matching  conduction bands are formed across the interfaces
between insulator layer 210, and  semiconductor layer 310 and semiconductor
substrate 110, where minority carriers can be  extracted from well-active
region 320 through the source contact (335). For NMOS  arrangements, a
matching valence band is formed, and facilitates the well region minority
carrier(electrons, in this NMOS case) extraction. In this embodiment, for
NMOS  arrangements, a high conduction band barrier is formed across
insulator layer 210 and  substrate 110 and reduces or prevents minority
carriers (electrons) from flowing from  semiconductor substrate 110 through
insulator layer 210 and into well-active region 320.  [000361 FIG. 7 is a
flow chart illustrating an embodiment of a method to form an  apparatus. At
process block 500, an insulator layer is formed on a semiconductor 



9 WO 2004/017398 PCT/US2003/024105  substrate. The semiconductor substrate
includes a portion that is lattice matched to a  portion of the insulator
layer. At process block 520, a semiconductor layer is formed on  the
insulator layer. In an embodiment, the semiconductor layer includes a
portion that is  lattice matched to a portion of the insulator layer.
[00037] FIG. 8 is a flow chart illustrating an embodiment of a method to
form an  apparatus. At process block 600, an insulator layer is formed on a
semiconductor  substrate. The semiconductor carrier substrate includes a
portion that is lattice matched to  a portion of insulator layer. At
process block 620, a semiconductor seed substrate is  doped. In an
embodiment, at process block 640, the doped semiconductor seed substrate is
bonded to the insulator layer. A portion of the semiconductor seed
substrate is removed at  process block 660, in an embodiment. Process
blocks 670, 680 and 690 relate,  respectively, to polishing, cleaning and
annealing the portion of the seed semiconductor  substrate remaining on the
insulator layer, which may also be performed in an  embodiment. Those
skilled in the art will recognize that, if performed, polishing, cleaning,
rinsing and/or annealing may be performed in various different manners and
sequences,  which may include all of these processes, may omit certain
processes, and also may  include other processes practiced in the art.
[00038] FIG. 9 is a flow chart illustrating an embodiment of a method to
reduce pn  junction leakage in a high mobility semiconductor having high
minority carrier  concentration. In this method, at process block 700,
minority carriers are extracted from a  well active region through a source
region terminal. Additionally, in an embodiment, at  process block 720,
carriers having the same conductive type are prevented from passing  from
the semiconductor substrate through the insulator layer into the well
active region. 10 CLAIMS  What is claimed is: 1. An apparatus comprising: a
semiconductor substrate comprising a first material; and an insulator layer
formed on the semiconductor substrate, wherein the  



insulator layer comprises a second material, the second material
lattice-matched with  the first material, wherein the semiconductor
substrate comprises a crystalline surface,  and wherein the insulator layer
comprises an epitaxial insulator layer comprising one  of crystalline
varium titanate (BaTiO3) and crystalline strontium titanate (SrTiO3) in
direct physical contact with the surface; and wherein the surface consists
of the first material, and were in the insulator  layer comprises a
different second material. 2. The apparatus of claim 1, wherein the first
material and the second material  constitute a first material/second
material pair selected from a group consisting of  silicon (Si)/strontium
titanate (SrTiO3) and germanium (Ge)/barium titanate (BaTiO3).  3. The
apparatus of claim 1, wherein a semiconductor layer is formed on the
insulator layer, the semiconductor layer comprising one of the first
material and a  third material that is lattice matched with the second
material. 4. The apparatus of claim 3, wherein the second material and the
one of the first  material and a third material constitute a pair selected
from a group consisting of  strontium titanate (SrTi03)/silicon (Si) and
barium titanate (BaTi03)/germanium (Ge).  5. The apparatus of claim 1,
further comprising: a plurality of semiconductor layers formed on the
insulator layer, wherein an intermediate insulator layer is formed between
each semiconductor  layer, and wherein at least one of the intermediate
insulator layers is lattice matched with  at least one of the semiconductor
layers adjacent to the at least one of the intermediate  11 insulator
layers. 6. The apparatus of claim 3, wherein at least one device is formed
on the  semiconductor layer. 7. The apparatus of claim 3, wherein the
semiconductor layer is bonded to the  insulator layer. 8. The apparatus of
claim 7, wherein a portion of the semiconductor layer is  removed to reduce
a thickness of the semiconductor layer. 9. The apparatus of claim 7,
wherein the semiconductor layer is doped.  



10. An apparatus comprising: a semiconductor substrate comprising a first
material; an insulator layer formed on the substrate, the insulator layer
comprising a  second material having a conduction band and a valence band,
wherein the second  material is lattice matched to the first material; a
semiconductor layer formed on the insulator layer, the semiconductor layer
comprising one of the first material and a third material lattice matched
to the second  material, the one of the first material and a third material
lattice matched to the second  material having a conduction band and a
valence band; wherein one of the conduction band and the valence band of
the second  material is substantially aligned with the same band of the one
of the first material and  a third material lattice matched to the second
material, wherein the semiconductor  substrate comprises a crystalline
surface, and wherein the insulator layer comprises an  epitaxial insulator
layer comprising one of crystalline varium titanate (BaTiO3) and
crystalline strontium titanate (SrTiO3) in direct physical contact with the
surface; and wherein the surface consists of the first material, and were
in the insulator  layer comprises a different second material. 11. The
apparatus of claim 10, wherein the first material has a conduction band
and a valence band, one of the conduction band and the valence band of the
first 12 material being substantially aligned with a same band of the
second material.  12. The apparatus of claim 11, wherein the other of the
valence band and  conduction band of the first material is not
substantially aligned with a same band of the second material. 13. The
apparatus of claim 10, wherein the first material is germanium (Ge) and
the second material is barium titanate (BaTiO3). 14. The apparatus of claim
10, wherein the second material is barium titanate  (BaTiO3) and the one of
the first material and a third material is germanium (Ge).  15. The
apparatus of claim 10, further comprising: a plurality of semiconductor
layers formed on the insulator layer, wherein an intermediate insulator
layer is formed between each semiconductor  



layer, and wherein at least one of the intermediate insulator layers is
lattice matched with  at least one of the semiconductor layers adjacent to
the at least one of the intermediate  insulator layers. 16. The apparatus
of claim 10, wherein the semiconductor layer is bonded to the  insulator
layer. 17. The apparatus of claim 16, wherein a portion of the
semiconductor layer is  removed to reduce a thickness of the semiconductor
layer. 18. The apparatus of claim 10, further comprising: a second
insulator layer formed on the semiconductor layer; and a gate formed on the
second insulator layer, the gate comprising a contact,  wherein the
semiconductor substrate is doped and comprises a contact,  wherein the
doped semiconductor substrate is of a first conductive type, wherein the
semiconductor layer is doped and comprises a source region of the  second
conductive type, a drain region of the second conductive type, and a well
13 active region of the first conduction type, the source region comprising
a contact and  the drain region comprising a contact, wherein a portion of
the well active region  between the source region and the drain region
defines a channel region extending  from the source region to the drain
region, wherein the doped substrate is biased such that when during device
operation,  minority carriers in the well region will flow through the
source region to the source  region contact. 19. The apparatus of claim 18,
wherein the level of minority carrier concentration  in the doped
semiconductor substrate is greater than the level of minority carrier
concentration in the semiconductor layer due to the minority carrier
extraction from  the well region of the semiconductor layer. 20. The
apparatus of claim 18, wherein the insulator layer has a thickness
establishing one of a valence barrier height and conduction barrier height
sufficient to  prevent minority carriers in the substrate from flowing
through the insulator layer, and  into the well active region in the
semiconductor layer. 



21. An apparatus comprising: a semiconductor substrate comprising a first
material; an insulator layer formed on the substrate, the insulator layer
comprising a  second material having a conduction band and a valence band,
wherein the second  material is lattice matched to the first material; a
semiconductor layer formed on the insulator layer, the semiconductor layer
comprising one of the first material and a third material lattice matched
to the second  material, the one of the first material and a third material
lattice matched to the second  material having a conduction band and a
valence band; wherein one of the conduction band and the valence band of
the second  material is substantially aligned with the same band of the one
of the first material and  a third material lattice matched to the second
material, wherein the semiconductor substrate is doped and comprises a
contact,  wherein the doped semiconductor substrate is of a first
conductive type; 14 wherein the semiconductor layer is doped and comprises
a source region of the  second conductive type, a drain region of the
second conductive type, and a well  active region of the first conduction
type, the source region comprising a contact and  the drain region
comprising a contact; wherein the doped substrate is biased such that when
during device operation,  minority carriers in the well region will flow
through the source region to the source  region contact. 15 


