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ELECTRONIC DEVICE INCLUDING A
TRANSISTOR STRUCTURE HAVING
DIFFERENT SEMICONDUCTOR BASE
MATERIALS AND A PROCESS OF FORMING
THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C. §
119(e) to U.S. Patent Application No. 62/540,336 entitled
“Electronic Device Including a Transistor Structure Having
Different Semiconductor Base Materials and a Process of
Forming the Same,” by Moens et al., filed Aug. 2, 2017,
which is assigned to the current assignee hereof and incor-
porated herein by reference in its entirety.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to electronic devices
and processes of forming electronic devices, and more
particularly to, electronic devices including a transistor
structure having different semiconductor base materials and
processes of forming the same.

RELATED ART

[0003] Different semiconductor materials can be used for
transistor structures; however, for each transistor structure,
the current-carrying portions of the transistor structure are
typically made of the same semiconductor base material,
such as Si. Each of the materials that is used for the channel
and drift regions has problems that limit device perfor-
mance, particularly for power transistors. For example, Si
has relatively low drift mobility, SiC has a relatively low
inversion layer mobility, and GaN has gate quality issues
and is commonly implemented as a depletion-mode transis-
tor. Further improvement for power transistors is desired.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Embodiments are illustrated by way of example
and are not limited in the accompanying figures.

[0005] FIG. 1 includes a diagram illustrating conduction
and valance bands at Si—GaAs junctions within a transistor
structure in accordance with an embodiment described and
illustrated herein

[0006] FIG. 2 includes an enlarged portion of FIG. 1 to
illustrate better the conduction band transition between
GaAs and Si.

[0007] FIG. 3 includes an illustration of a portion of a
workpiece including a buried doped region, a semiconductor
layer, a lower doped region, and a body region.

[0008] FIG. 4 includes an illustration of the workpiece of
FIG. 3 after forming gate structures.

[0009] FIG. 5 includes illustrations of the workpiece of
FIG. 4 after patterning the body region, lower doped region,
and semiconductor layer to define a trench.

[0010] FIG. 6 includes an illustration of the workpiece of
FIG. 5 after forming a drift layer, a compensation layer, and
an insulator within the trench.

[0011] FIG. 7 includes an illustration of the workpiece of
FIG. 6 after body contact and source regions.

[0012] FIG. 8 includes an illustration of the workpiece of
FIG. 7 after forming substantially completed transistor
structures.
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[0013] FIG. 9 includes a plot of a simulation of on-state
resistance as a function of drain-to-source breakdown volt-
age for Si and GaAs.

[0014] Skilled artisans appreciate that elements in the
figures are illustrated for simplicity and clarity and have not
necessarily been drawn to scale. For example, the dimen-
sions of some of the elements in the figures may be exag-
gerated relative to other elements to help to improve under-
standing of embodiments of the invention.

DETAILED DESCRIPTION

[0015] The following description in combination with the
figures is provided to assist in understanding the teachings
disclosed herein. The following discussion will focus on
specific implementations and embodiments of the teachings.
This focus is provided to assist in describing the teachings
and should not be interpreted as a limitation on the scope or
applicability of the teachings. However, other embodiments
can be used based on the teachings as disclosed in this
application.

[0016] The term “compound semiconductor” intended to
mean a semiconductor material that includes at least two
different elements. Examples include SiC, SiGe, GaN, InP,
AlLGa, N, In Al, N where O=x<I, InxAl( 1y Ga N
where O=x<1 and O=<y<l, CdTe, and the like. A III-V
semiconductor material is intended to mean a semiconductor
material that includes at least one trivalent metal element
and at least one Group 15 element. A III-N semiconductor
material is intended to mean a semiconductor material that
includes at least one trivalent metal element and nitrogen. A
Group 13-Group 15 semiconductor material is intended to
mean a semiconductor material that includes at least one
Group 13 element and at least one Group 15 element. AII-VI
semiconductor material is intended to mean a semiconductor
material that includes at least one divalent metal element and
at least one Group 16 element.

[0017] The term “drift structure” intended to mean a
portion of a transistor structure between the transistor struc-
ture’s channel region or a base region and a relatively
heavily doped portion of a drain region or a collector region.
The drift structure has a relatively high resistivity as com-
pared to the relatively heavily doped portion of the drain
region or the collector region.

[0018] The term “power transistor” is intended to mean a
transistor that is designed to normally operate with at least
a 50 V difference maintained between the source and drain
of the transistor or emitter and collector of the transistor
when the transistor is in an off-state. For example, when the
transistor is in an off-state, a 50 V may be maintained
between the source and drain without a junction breakdown
or other undesired condition occurring.

[0019] The term “semiconductor base material” refers to
the principal material within a semiconductor substrate,
region, or layer, and does not refer to any dopant within the
semiconductor substrate, region, or layer. A boron-doped Si
layer has Si as the semiconductor base material, and a
C-doped GaN layer has GaN as the semiconductor base
material.

[0020] As used herein, all energies associated with con-
duction bands, valence bands, and bandgaps are at 300 K
unless explicitly stated otherwise. Further, carrier mobilities
are at 300 K unless explicitly stated otherwise.

[0021] The terms “comprises,” “comprising,” “includes,”
“including,” “has,” “having” or any other variation thereof,
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are intended to cover a non-exclusive inclusion. For
example, a method, article, or apparatus that comprises a list
of features is not necessarily limited only to those features
but may include other features not expressly listed or
inherent to such method, article, or apparatus. Further,
unless expressly stated to the contrary, “or” refers to an
inclusive-or and not to an exclusive-or. For example, a
condition A or B is satisfied by any one of the following: A
is true (or present) and B is false (or not present), A is false
(or not present) and B is true (or present), and both A and B
are true (or present).

[0022] Also, the use of “a” or “an” is employed to describe
elements and components described herein. This is done
merely for convenience and to give a general sense of the
scope of the invention. This description should be read to
include one, at least one, or the singular as also including the
plural, or vice versa, unless it is clear that it is meant
otherwise. For example, when a single item is described
herein, more than one item may be used in place of a single
item. Similarly, where more than one item is described
herein, a single item may be substituted for that more than
one item.

[0023] Group numbers corresponding to columns within
the Periodic Table of Elements based on the IUPAC Periodic
Table of Elements, version dated Nov. 28, 2016.

[0024] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. The materials, methods, and examples
are illustrative only and not intended to be limiting. To the
extent not described herein, many details regarding specific
materials and processing acts are conventional and may be
found in textbooks and other sources within the semicon-
ductor and electronic arts.

[0025] Different semiconductor base materials within a
transistor structure can be used to provide unusually good
transistor performance. For example, a transistor structure
may have a source region or a channel region that includes
a semiconductor base material, and a drift structure that
includes another semiconductor base material to provide
improved device performance. In an aspect, the semicon-
ductor base material for the source and channel regions of
the transistor can be used with a gate structure to provide
good on-state and off-state device characteristics, and the
other semiconductor base material for the drift structure can
help to increase carrier mobility as compared to the semi-
conductor base material used for the source and channel
regions. The higher carrier mobility provides for lower
on-state resistance.

[0026] The selection of semiconductor base materials may
depend on the particular application. When charge carriers
are electrons, the different semiconductor base materials can
have conduction bands at energies that are relatively close to
each other. For example, the conduction bands for the
different semiconductor base materials may be within 0.2 eV
of each other. When the charge carriers are holes, the
different semiconductor base materials can have valence
bands at energies that are relatively close to each other. For
example, the valence bands for the different semiconductor
base materials may be within 0.2 eV of each other.

[0027] In a particular embodiment, the charge carriers are
electrons, Si is the semiconductor base material for the
source and channel regions, and GaAs is the semiconductor
base material used in the drift structure. The conduction
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bands for Si and GaAs are 0.11 eV apart from each other.
Other semiconductor base materials may be selected for
different applications, and therefore, the scope of the present
disclosure is not limited to Si and GaAs for semiconductor
base materials.

[0028] In another embodiment, a superjunction structure
can be used to allow good on-state resistance and still
provide good drain-to-source breakdown voltage. In a par-
ticular embodiment, a drift layer of the drift structure can
have a different semiconductor base material as compared to
a compensation layer within the superjunction structure to
allow the drift layer to be strained.

[0029] A power transistor structure can be designed where
the source region, the channel region, and the heavily doped
portion of the drain region include Si as the semiconductor
base material. The drift structure can include a compound
semiconductor as the semiconductor base material. Thus, the
transistor structure will have one transition between Si and
the compound semiconductor near the channel region, and
another transistor between the compound semiconductor
and Si near the heavily doped portion of the drain region.
The transition between the energy levels of the conduction
bands is more significant when the energy level increases at
the transition, as compared to the energy level decreasing at
the transition.

[0030] FIG. 1 includes a plot of the energies of the
conduction and valance bands as a function of distance from
the source region to the heavily doped of the drain region
when the source region and heavily doped portion of drain
region of the transistor structure are at 0 V. The semicon-
ductor base material for the source and channel regions is Si
and has a bandgap energy of 1.12 eV. A semiconductor base
material in the drift structure includes GaAs and has a
bandgap energy of 1.42 eV. The energy levels of both the
conduction and valance bands decrease when transitioning
from Si to GaAs. Thus, electrons can freely flow from the Si
to the GaAs. The semiconductor base material for the
heavily doped portion of the drain region is Si, and the
energy levels of both the conduction and valance bands
increase when transitioning from GaAs to Si. Because the
energy level increases, the electrons can flow from the Si to
the GaAs if the electrons have sufficient energy. FIG. 2
includes a portion of the plot in FIG. 1 to illustrate better the
transition from GaAs to Si. The difference in energy between
the conduction bands of GaAs and Si is less than 0.20 eV,
and more particularly is 0.11 eV. The difference in energy
also depends on the doping concentrations in the GaAs and
Si layers. A heavily n-type doped Si substrate is beneficial
for lowering the energy difference between the GaAs and Si
as well as the substrate resistance. If the carriers would be
holes, the energy difference between the valance bands is
approximately 0.41 eV. The selection of Si and GaAs is good
when the carriers are electrons, but not as good when the
carriers are holes.

[0031] Although many details have been described with
respect to Si and GaAs, other pairs of may be used. For
example, in another transistor structure, other electrical
properties may be significant, and the selection of semicon-
ductor base materials can be tailored for such electrical
properties.

[0032] FIG. 3 includes an illustration of a cross-sectional
view of a portion of a workpiece 300 a substrate region or
buried doped region 302, a monocrystalline semiconductor
layer 304, a lower doped region 306, and an upper doped
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region, which is referred to herein as a body region 308. The
buried doped region 302 can be a heavily doped semicon-
ductor substrate or may be a portion of semiconductor
substrate that is heavily doped. The buried doped region 302
can have a dopant concentration of at least 1x10'° atoms/
cm’. In a particular embodiment, the buried doped region
302 includes Si as the semiconductor base material and is
n-type doped.

[0033] The monocrystalline semiconductor layer 304 can
be formed by epitaxially growing a semiconductor layer
from the buried doped region 302. The semiconductor base
material of the monocrystalline semiconductor layer 304 can
be the same as the buried doped region 302. The thickness
and doping of the monocrystalline semiconductor layer 304
can depend at least in part on the nominal operating voltage
of the transistor structure. For a nominal operating voltage
of 100 V, the monocrystalline semiconductor layer 304 may
be relatively thinner and have a relatively higher dopant
concentration as compared to the monocrystalline semicon-
ductor layer 304 when the nominal operating voltage is at
least 400 V. In a particular embodiment, the monocrystalline
semiconductor layer 304 has a thickness in a range of 4
microns to 90 microns and is undoped. As used herein,
undoped or an intrinsic semiconductor layer or region has a
dopant concentration of at most 5x10'* atoms/cm®.

[0034] The lower doped region 306 will be part of a drift
structure for the transistor structure being formed and helps
charge carriers to migrate from the channel region of the
transistor structure to another portion of the drift structure
that includes a different semiconductor base material as
compared to the channel region. The lower doped region 306
has the same semiconductor base material, the same con-
ductivity type, and a significantly lower dopant concentra-
tion as compared to buried doped region 302. In a particular
embodiment, the lower doped region 306 is n-type doped.
The peak dopant concentration of the lower doped region
306 can be in a range of 1x10'® atoms/cm® to 1x10"7
atoms/cm?. The lower doped region 306 can have a thick-
ness in a range of 0.2 micron to 2.0 microns or in a range of
0.2% to 9.0% of the thickness of the monocrystalline
semiconductor layer 304 in the finished device. The lower
doped region 306 may be formed by using a dopant gas (e.g.,
PH; or AsH;) during an epitaxial growth after forming the
monocrystalline semiconductor layer 304 or may be formed
by ion implantation of P*, As*, or Sb* ions into the monoc-
rystalline semiconductor layer 304.

[0035] The body region 308 can have a thickness that in
part determines the channel length of the transistor structure
being formed. In an embodiment, the body region 308 has a
thickness in a range of 0.05 micron to 2.0 microns. The body
region 308 has a conductivity opposite that of the buried and
lower doped regions 302 and 306. The body region 308 can
include the same semiconductor base material as the lower
doped region 306. The peak dopant concentration of the
body region 308 can be in a range of 5x10'* atoms/cm’ to
1x10'® atoms/cm®. The body region 308 can be doped
during the epitaxial growth or may be doped after the
epitaxial growth. The primary surface 310 provides a refer-
ence plane when describing depths of openings and trenches
as described later in this specification. If the lower doped
and body regions 306 and 308 are formed by ion implan-
tation, the primary surface 310 corresponds to the surface of
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the monocrystalline semiconductor layer 304 as formed and
before doping to form the lower and body doped regions 306
and 308.

[0036] The workpiece can be patterned to define gate
openings 402 for gate structures. The gate openings extend
from the primary surface 310 through the body region 308
and into the lower doped region 306. A gate dielectric layer
422 and a conductive layer are formed over the primary
surface and within the gate openings 402. The gate dielectric
layer 422 can include an oxide or an oxynitride. The
thickness of the gate dielectric layer 422 can depend on the
nominal operating voltage of the transistor structure. In an
embodiment, the thickness is in a range of 20 nm to 100 nm.
The gate dielectric layer 422 can be thermally grown from
the exposed portions of the lower doped and body regions
306 and 308, can be deposited, or a combination thereof. The
conductive layer can be deposited over the gate dielectric
layer 422 and fill remaining portions of the gate openings
402. The conductive layer can include a material commonly
used in forming a gate electrode and, in a particular embodi-
ment, includes heavily doped polysilicon. Portions of the
conductive layer overlying the primary surface are removed
leaving the gate electrodes 424 within the gate openings 402.
[0037] FIG. 5 includes a cross-sectional view of the work-
piece after defining a trench 500 having sidewalls 502. A
portion of the drift structure and a superjunction structure
will be subsequently formed within the trench 500. The
trench 500 extends from the primary surface 310 toward the
buried doped region 302. In an embodiment, the trench 500
extends completely through the body region 308 and the
lower doped region 306 and through at least a majority of the
thickness of the monocrystalline semiconductor layer 304.
In a particular embodiment, the trench 500 extends to the
buried doped region 302. In another particular embodiment,
the trench 500 does not extend to the buried doped region
302; however dopant of the same conductivity type as the
buried doped region 302 may be introduced along the
bottom of the trench 500, so that dopant extends from the
buried doped region 302 to the bottom of the trench 500. The
trench 500 can be formed by anisotropically etching the
body region 308, lower doped region 306, and the monoc-
rystalline semiconductor layer 304. The etch may be per-
formed as a timed etch or using endpoint detection with or
without a timed overetch. The trench 500 may be tapered if
needed or desired for a particular application.

[0038] FIG. 6 includes the workpiece after forming a drift
layer 622, a compensation layer 624, and an insulator 626.
The drift layer 622 provides a primary, vertical, low-resis-
tance current path from the lower doped region 306 to the
buried doped region 302 when transistor structure is in an on
state. When transistor structure is an off state, the drift layer
622 and compensation layer 624 compensate each other to
form a superjunction structure and provide improved drain-
to-source breakdown voltage. Additional n-type and p-type
layers may be used if needed or desired.

[0039] Referring to FIG. 6, a drift layer 622 is part of the
drift structure for the transistor structures and is along the
sidewalls 502 of the trench 500. The lower doped region 306
makes up the remaining portion of the drift structure. The
drift layer 622 includes a semiconductor base material that
is different from the semiconductor base material of any one
or more of the buried doped region 302, the monocrystalline
semiconductor layer 304, the lower doped region 306, or the
body region 308. In a particular embodiment, an n-channel
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transistor is being formed, and therefore, the selection of the
semiconductor base material for the drift layer 622 has an
energy of its conduction band relatively close to the con-
duction band of the semiconductor base material of the
buried doped region 302, the monocrystalline semiconduc-
tor layer 304, the lower doped region 306, the body region
308, or any combination thereof. The carrier mobility of the
drift layer 622 is greater than 1410 cm®/V s, and even greater
than 6000 cm?/V s. When the semiconductor base material
for the drift layer 622 is GaAs, the electron mobility is
approximately 8500 ¢cm®N s.

[0040] In a particular embodiment, the semiconductor
base material for the buried doped region 302, the monoc-
rystalline semiconductor layer 304, the lower doped region
306, and the body region 308 is Si, and the semiconductor
base material for the drift layer 622 is GaAs. The drift layer
622 has the same conductivity type as the buried doped
region 302 and the lower doped region 306, and the opposite
conductivity type as compared to the body region 308. When
the charge carriers are electrons, the drift layer 622 is n-type
doped. The average dopant concentration of the drift layer
622 is selected to reduce the electric field near the gate
electrodes 424 and subsequently-formed source region and
still provide sufficiently low on-state resistance. In an
embodiment, the average dopant concentration is in a range
of 1x10% atoms/cm® to 1x10'7 atoms/cm?. The thickness of
the drift layer 622 is in a range of 0.2 micron to 0.7 micron.
[0041] The drift layer 622 is epitaxially grown from the
exposed material within the trench 500. In an embodiment,
the drift layer 622 can be formed using chemical vapor
deposition (CVD), and in a particular embodiment is meta-
lorganic CVD. The pressure during deposition is selected so
that the mean free path of gas molecules is at least the same
as the depth of the trench 500. In an embodiment, the
pressure can be in a range of 1 millitorr to 500 millitorr. In
a particular embodiment, the pressure is at most 100 milli-
torr. The deposition temperature can be in a range of 450° C.
to 750° C.

[0042] The drift layer 622 can include a III-V semicon-
ductor material, such as GaAs, Al Ga,, N where 0=x<I,
InAl, oN where 0=x<I, In Al ., GaN where 0=x<1
and O<y<1, InP, InSb, or any mixture thereof. The drift layer
can be formed from a reaction between a Group 13 source
gas and a Group 15 source gas. The Group 13 source gas can
include trimethyl gallium (Ga(CH,),), triethyl gallium (Ga
(CH,CHs;);), trimethyl indium (In(CH,);), triethyl indium
(In(CH,CHy3;)5), or the like, trimethyl aluminum (Al(CH;),),
triethyl aluminum (Al(CH,CH,);), or the like. The Group 15
gas can include trimethylarsine ((CH;);As), tertiarybutylar-
sine ((CH;);CAsH,), phosphine (PH,), trimethyl phosphine
(P(CH,;);), ammonium (NH;), hydrazine (N,H,), stibine
(SbH,), trimethyl stibine (Sb(CH,);) or the like.

[0043] The gas flow ratio of the Group 13 (e.g., Ga, In, Al)
source gas to the Group 15 (e.g., As, P, N, Sb) source gas is
in a range of 0.2 to 1.5. In an embodiment, the ratio is at
most 0.95 to avoid forming a layer having an excess of
metal. A diluent gas, such as H, or HCl may be added. When
depositing, the Group 13 source gas may be turned on before
the Group 15 source gas is turned on, and the Group 13
source gas may be turned off before the Group 15 source gas
is turned off.

[0044] In another embodiment, a first portion of the drift
layer 622 can be formed using atomic layer deposition
(ALD). The ALD layer will serve as a seed layer for
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subsequent growth of layer 622. The thickness of the seed
layer can be between 0.5 nm and 20 nm. The seed layer is
undoped. Typical source gasses are GaCl; and AsHj.
Growth can be selective and non-selective. In an embodi-
ment, the first portion is undoped and has a thickness in a
range of 1 nm to 20 nm. This first portion can help with
replicating the crystal lattice into a remaining portion of the
drift layer 622. The remaining portion of the drift layer 622
can be formed using a CVD process as previously described.
The CVD process is performed until the desired thickness of
the drift layer 622 is achieved.

[0045] The drift layer 622 can be doped in-situ when
forming the remaining portion of the drift layer, where C
substitutes for some of the Ga and acts as an n-type dopant.
In another embodiment, a dopant gas, such as disilane
(Si,Hg), dimethyl selenium (Se(CH,),), diethyl selenium
(Se(CH,CHj;),) dimethyl tellurium (Te(CHs),), diethyl tel-
lurium (Te(CH,CH,),), or the like can be used. Alterna-
tively, the drift layer 622 can be ion implanted with Si, Ge,
O, Se, Te, or the like. In one embodiment, Si* ions are
implanted to a total dose in a range of 1.0x10"* jons/cm? to
4.0x10" ions/cm? at an energy in a range of 10 to 100 keV
with a tilt angle to allow the dopant to implanted to the
proper depth within the trench 500. In a particular embodi-
ment, the total dose can be introduced as four implants at 4
of the total dose with a 90° rotation of the workpiece
between the implants. Because of the small angle between
the ion implant and the trench sidewall, the ion implant
along the sidewall would be equivalent to an ion implant
perpendicular to the surface with an effective dose in the
drift layer 622 along the sidewalls 502 of the trench 500 in
arange of 3.0x10'? ions/cm? to 7.0x10'? ions/cm?. For other
ions, the energy may be adjusted to achieve substantially the
same projected range as for Sit and all other parameters
would be the same as described for Si* ions. In subsequent
thermal diffusion steps, the dopant will diffuse into the first
portion of the drift layer 622.

[0046] The compensation layer 624 includes a doped
semiconductor layer having an opposite conductivity type as
compared to the drift layer 622. The dopant concentration of
the compensation layer 624 is selected so that the charge of
the drift and compensation layers 622 and 624 are relatively
balanced. In an embodiment, charge can be integrated over
the width of a cell at a location through the monocrystalline
semiconductor layer 304 and midway between the buried
doped region 302 and the lower doped region 306. In an
embodiment in which the monocrystalline semiconductor
layer 304 is undoped, the n-type charge is a product of the
dopant concentration of the drift layer 622 times the cell
width, and the p-type charge is a product of the dopant
concentration of the compensation layer 624 times the cell
width. Ideally, the difference between the n-type charge and
the p-type charge is zero (1Q,_,,.1-1Q,_,,,./=0). In practice,
the difference can be non-zero and may be no greater than
1x10'?/cm?. If the monocrystalline semiconductor layer 304
would include a dopant, the doping concentration of the
compensation layer 624 may be adjusted to keep the charge
relatively balanced.

[0047] The compensation layer 624 is monocrystalline
and epitaxially grown from the drift layer 622. In an
embodiment where the monocrystalline semiconductor layer
304 is undoped, the compensation layer 624 can have any of
the average dopant concentrations and thickness as
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described with respect to the drift layer 622, provided that
the difference in charge, as previously described, is met.
[0048] The compensation layer 624 can include the same
or different semiconductor base material as the drift layer
622. When the compensation layer 624 has the same semi-
conductor base material as the drift layer 622, the compen-
sation layer 624 can be deposited using MOCVD. When the
compensation layer 624 includes GaAs, the compensation
layer 624 can be deposited as previously described. How-
ever, the growth conditions may be performed at a lower
pressure to ensure less C from the Ga source gas is incor-
porated into the compensation layer 624. Alternatively, the
compensation layer 624 can have a semiconductor base
material that is Si. The silicon can reduce the depletion gap
within the drift layer 622 adjacent to the compensation layer
624 due to the difference in energies between the valence
bands of Si and GaAs. Furthermore, the drift layer 622 can
be strained when the compensation layer 624 has Si as the
semiconductor base material, further helping with carrier
mobility. In an embodiment, a first portion of the compen-
sation layer 624 may be grown using ALD or CVD at a
relatively slower rate to help with replicating the crystal
lattice into a remaining portion of the compensation layer
624. The remaining portion of the compensation layer 624
may be performed at a relatively higher rate.

[0049] The compensation layer 624 can be doped in-situ
when forming the compensation layer 624 or doped using
ion implantation. When the compensation layer 624 includes
a Group 14 element (e.g., Si or Ge), a zinc-source gas (e.g.,
dimethyl zinc (Zn(CH,),) or diethyl zinc (Zn(CH,CHj;),)
can be used during deposition, or the compensation layer
624 can be ion implanted with ions of Zn*, Mg*, or the like.
When the compensation layer 624 includes a Group 14
element (e.g., Si or Ge), a boron-source gas can be used
during deposition, or the compensation layer 624 can be ion
implanted with ions of B* or BF,*, or the like. In one
embodiment, B* ions are implanted to a total dose in a range
of 1.0x10" ions/cm? to 4.0x10"3 ions/cm? at an energy in a
range of 25 to 40 keV with a tilt angle to allow the dopant
to implanted to the proper depth within the trench 500. In a
particular embodiment, the total dose can be introduced as
four implants at %4 of the total dose with a 90° rotation of the
workpiece between the implants. Because of the small angle
between the ion implant and the trench sidewall, the ion
implant along the sidewall would be equivalent to an ion
implant perpendicular to the surface with an effective dose
in the compensation layer 624 along the sidewalls 502 of the
trench 500 in a range of 3.0x10'? ions/cm® to 7.0x10'2
ions/cm® ions/cm?. For other ions or when implanting into
GaAs, the energy may be adjusted to achieve substantially
the same projected range as for B* in silicon, and all other
parameters would be the same as described for B* ions. If
needed or desired, an undoped semiconductor layer may be
further grown from the compensation layer 624.

[0050] The drift and compensation layers 622 and 624 can
be etched to provide the structure as illustrated in FIG. 6.
Alternatively, one or both of the layers 622 and 624 may
remain along the bottom of the trench 500. For either
embodiment, layers 622 and 624 are not grown over the
primary surface 310, or if portions of the layers 622 and 624
are grown over the primary surface, such portions are
removed.

[0051] An insulator 626 is formed within a remaining part
of the trench 500. A trench fill material is deposited and can
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completely fill the trench 500 or deposited to seal off the
trench 500 and form a void within the trench 500. In an
embodiment, the trench fill material can be an insulator and
include an oxide, a nitride, or an oxynitride, and may include
a single film or a plurality of films. A planarization operation
is performed to remove the trench fill material outside the
trench 500.

[0052] FIG. 7 includes a cross-sectional view of the work-
piece after forming body contact regions 708 and source
regions 722. The body contact regions 708 allow ohmic
contacts to be formed for the body region 308. In an
embodiment, the body contact regions 708 can be formed by
ion implantation with B* or BF,* ions. The source regions
722 have the same conductivity type as the lower doped
region 306, the drift layer 622, and the buried doped region
302 and the opposite conductivity type as compared to the
body region 308. In an embodiment, source regions 722 can
be formed by ion implantation with As* or P* ions. Each of
the body contact regions 708 and the source regions 722 has
a peak dopant concentration of at least 1x10'° atoms/cm?
and has a depth in a range of 0.05 micron to 0.5 micron.
[0053] FIG. 8 includes a cross-sectional view of the work-
piece after forming substantially completed transistor struc-
tures. An interlevel dielectric (ILD) layer 822 is deposited
over the primary surface 310. The ILD layer 822 can include
an oxide, a nitride, an oxynitride, an organic dielectric, or
any combination thereof. The ILD layer 822 can include a
single film having a substantially constant or changing
composition (e.g., a high phosphorus content further from
the primary surface 310) or a plurality of discrete films. An
etch-stop film, an antireflective film, or a combination may
be used within or over the ILD layer 822 to help with
processing. The ILD layer 822 can be deposited to a
thickness in a range of approximately 0.5 micron to approxi-
mately 2.0 microns. The ILD layer 822 may be planarized to
improve process margin during subsequent processing
operations (for example, lithography, subsequent polishing,
or the like).

[0054] The ILD layer 822 is patterned to define contact
openings that exposed the body contact regions 708, the
source regions 722, the gate electrodes 424, and the com-
pensation layer 624. The openings to the gate electrodes 424
and the compensation layer 622 are not illustrated in FIG. 8.
Interconnects, including interconnect 842, are formed that
extend into the contact openings within the ILD layer 822.
The interconnect 842 contacts the body contact regions 708
and source regions 722. The interconnect 842 also contacts
the compensation layer 624 at locations not illustrated in
FIG. 8. The interconnect 842 can be part of the source
terminal for the electronic device. Another interconnect (not
illustrated in FIG. 8) can be formed at the same interconnect
level as the interconnect 842 and is electrically connected to
the gate electrodes 424. The workpiece can be thinned
during a back lapping operation, and metallization 846 can
be applied to the backside of the thinned workpiece to form
a drain terminal that contacts the buried doped region 302.
[0055] Embodiments as described herein provide transis-
tor structures that have good channel properties and charge
carrier mobility that are particularly well suited for high-
voltage applications, such at 400 V and higher. A superjunc-
tion includes a drift layer and a compensation layer, so that
the drift layer is charge balanced and has high carrier
mobility. As compared to a similar transistor structure that
includes only Si as the semiconductor base material, the
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transistors structures as described herein can have signifi-
cantly lower on-state resistance (R,55) as compared to the
similar transistor structure (Si is the sole semiconductor base
material). FIG. 9 includes a simulation of R,y versus
drain-to-source breakdown voltage (BV ) for transistor
structures having the same cell size and same process flow,
other that the substitution of materials for the superjunction).
R pson for the Si/GaAs transistor structures is approximately
an order of magnitude lower that R, for the Si transistor
structures at least for any particular BV ¢ within a range of
70 V to 5000 V.

[0056] Many different aspects and embodiments are pos-
sible. Some of those aspects and embodiments are described
below. After reading this specification, skilled artisans will
appreciate that those aspects and embodiments are only
illustrative and do not limit the scope of the present inven-
tion. Embodiments may be in accordance with any one or
more of the items as listed below.

Embodiment 1

[0057] An electronic device can include a transistor struc-
ture, the transistor structure including a channel region
including a first semiconductor base material; and a drift
structure including a second semiconductor base material
that is different from the first semiconductor base material.

Embodiment 2

[0058] The electronic device of Embodiment 1, wherein
the first and second semiconductor base materials have
conduction bands that have corresponding energies at 300°
K that are within 0.20 eV of each other.

Embodiment 3

[0059] The electronic device of Embodiment 1, further
including a first semiconductor layer having a first conduc-
tivity type, wherein the drift structure includes a second
semiconductor layer adjacent to the first semiconductor
layer and having a second conductivity type opposite the
first conductivity type; and a first product of a first dopant
concentration times of a volume of the first semiconductor
layer is within 50% of a second product of a second dopant
concentration times a volume of the second semiconductor
layer.

Embodiment 4

[0060] The electronic device of Embodiment 1, wherein
the first semiconductor base material is Si, and the second
semiconductor base material is GaAs, Al,Ga, ,,N where
0=x<1, In Al N where 0sx<1, In Al _, Ga N where
0=x<1 and O=<y<1, InP, InSb, or any mixture thereof.

Embodiment 5

[0061] An electronic device can include a first transistor
structure, the first transistor structure including a source
region including a first semiconductor base material and
having a first conductivity type; and a drain structure includ-
ing a first region that includes a second semiconductor base
material different from the first semiconductor base material
and has the first conductivity type.
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Embodiment 6

[0062] The electronic device of Embodiment 5, wherein
the second semiconductor base material includes a com-
pound semiconductor material.

Embodiment 7

[0063] The electronic device of Embodiment 6, wherein
the first semiconductor base material is Si.

Embodiment 8

[0064] The electronic device of Embodiment 6, wherein
the compound semiconductor material is a III-V semicon-
ductor material.

Embodiment 9

[0065] The electronic device of Embodiment 5, further
including a buried doped region underlying the source
region and having the first conductivity type.

Embodiment 10

[0066] The electronic device of Embodiment 9, further
including a doped region adjacent to the first region of the
drain structure, wherein the doped region has the second
conductivity type and extends a majority of the distance
from a primary surface of the first semiconductor base
material to the buried doped region.

Embodiment 11

[0067] The electronic device of Embodiment 10, wherein
the doped region of the second conductivity type adjacent to
the first region of the drain structure includes the first
semiconductor base material.

Embodiment 12

[0068] The electronic device of Embodiment 10 wherein
the doped region of the second conductivity type adjacent to
the first region of the drain structure includes the second
semiconductor base material.

Embodiment 13

[0069] The electronic device of Embodiment 5, wherein
the drain structure further includes a second region including
the first semiconductor base material and having the first
conductivity type.

Embodiment 14

[0070] The electronic device of Embodiment 13, further
including a body region disposed between the source region
and the second region of the drain structure, including the
first semiconductor base material, and having a second
conductivity type opposite the first conductivity type; and a
gate electrode extending through the source region and the
body region and only partly, not completely, through the
second region of the drain structure.

Embodiment 15

[0071] The electronic device of Embodiment 13, wherein
the first region of the drain structure has a carrier mobility
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of greater than 1410 cm®/V s, and the second region of the
drain structure has a carrier mobility of at most 1410 cm*/V
s.

Embodiment 16

[0072] The electronic device of Embodiment 13, further
including: a buried doped region including the first semi-
conductor base material and having the first conductivity
type; a semiconductor layer disposed between the buried
doped region and the second region of the drain structure,
and including the first semiconductor base material; a com-
pensation layer adjacent to the first region of the drain
structure, wherein a combination of the compensation layer
and the first region are parts of a superjunction; a body
region disposed between the source region and the second
region of the drain structure, including the first semicon-
ductor base material, and having a second conductivity type
opposite the first conductivity type; and a gate electrode
extending through the source region and the body region,
wherein the first region of the drain structure lies along a
sidewall of the semiconductor layer and along a conduction
path between the buried doped region and the second region
of the drain structure.

Embodiment 17

[0073] The electronic device of Embodiment 16, wherein
the first semiconductor base material is Si, and the second
semiconductor base material is GaAs.

Embodiment 18

[0074] A process of forming an electronic device can
include: forming a semiconductor layer over a buried doped
region having a first conductivity type; forming a body
region along a primary surface of the semiconductor layer,
wherein the body region includes a first semiconductor base
material and has a second conductivity type opposite the first
conductivity type; patterning the body region and the semi-
conductor layer to define a trench extending toward the
buried doped region and having a sidewall; and forming a
first region of a drain structure along the sidewall of the
trench, wherein the first region includes a second semicon-
ductor base material different from the first semiconductor
base material and has the first conductivity type, wherein a
transistor structure includes the body region and the first
region of the drain structure.

Embodiment 19

[0075] The process of Embodiment 18, further including:
forming a second region of the drain structure, wherein the
second region is disposed between the body region and the
buried doped region, includes the first semiconductor base
material, and has the first conductivity type; patterning the
body region and the second region of the drain structure to
define an opening extending completely through the body
region and only partly, not completely, through the second
region of the drain structure; forming a gate electrode within
the opening; forming a compensation layer within the trench
and adjacent to the first region of the drain structure; and
forming a source region adjacent to the body region and the
gate electrode, wherein the source region includes the first
semiconductor base material and has the first conductivity

type.
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Embodiment 20

[0076] The process of Embodiment 18, wherein the first
semiconductor base material is Si, and the second semicon-
ductor base material is GaAs, AlGa, N where 0=x<I,
In,Al;, N where 0=x<I, In Al , , GaN where 0=x<I1
and O<y<1, InP, InSb, or any mixture thereof.

[0077] Note that not all of the activities described above in
the general description or the examples are required, that a
portion of a specific activity may not be required, and that
one or more further activities may be performed in addition
to those described. Still further, the order in which activities
are listed is not necessarily the order in which they are
performed.

[0078] Benefits, other advantages, and solutions to prob-
lems have been described above with regard to specific
embodiments. However, the benefits, advantages, solutions
to problems, and any feature(s) that may cause any benefit,
advantage, or solution to occur or become more pronounced
are not to be construed as a critical, required, or essential
feature of any or all the claims.

[0079] The specification and illustrations of the embodi-
ments described herein are intended to provide a general
understanding of the structure of the various embodiments.
The specification and illustrations are not intended to serve
as an exhaustive and comprehensive description of all of the
elements and features of apparatus and systems that use the
structures or methods described herein. Separate embodi-
ments may also be provided in combination in a single
embodiment, and conversely, various features that are, for
brevity, described in the context of a single embodiment,
may also be provided separately or in any subcombination.
Further, reference to values stated in ranges includes each
and every value within that range. Many other embodiments
may be apparent to skilled artisans only after reading this
specification. Other embodiments may be used and derived
from the disclosure, such that a structural substitution,
logical substitution, or another change may be made without
departing from the scope of the disclosure. Accordingly, the
disclosure is to be regarded as illustrative rather than restric-
tive.

What is claimed is:

1. An electronic device including a transistor structure, the
transistor structure comprising:

a channel region including a first semiconductor base

material; and

a drift structure including a second semiconductor base

material that is different from the first semiconductor
base material.

2. The electronic device of claim 1, wherein the first and
second semiconductor base materials have conduction bands
that have corresponding energies at 300° K that are within
0.20 eV of each other.

3. The electronic device of claim 1, further comprising a
first semiconductor layer having a first conductivity type,
wherein:

the drift structure comprises a second semiconductor layer

adjacent to the first semiconductor layer and having a
second conductivity type opposite the first conductivity
type; and

a first product of a first dopant concentration times of a

volume of the first semiconductor layer is within 50%
of a second product of a second dopant concentration
times a volume of the second semiconductor layer.
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4. The electronic device of claim 1, wherein the first
semiconductor base material is Si, and the second semicon-
ductor base material is GaAs, Al,Ga, N where 0=x<I,
In Al N where 0=x<1, In Al ,_, GaN where 0=x<1
and O<y<l, InP, InSb, or any mixture thereof.

5. An electronic device including a first transistor struc-
ture, the first transistor structure comprising:

a source region including a first semiconductor base

material and having a first conductivity type; and

a drain structure including a first region that includes a

second semiconductor base material different from the
first semiconductor base material and has the first
conductivity type.

6. The electronic device of claim 5, wherein the second
semiconductor base material includes a compound semicon-
ductor material.

7. The electronic device of claim 6, wherein the first
semiconductor base material is Si.

8. The electronic device of claim 6, wherein the com-
pound semiconductor material is a III-V semiconductor
material.

9. The electronic device of claim 5, further comprising a
buried doped region underlying the source region and hav-
ing the first conductivity type.

10. The electronic device of claim 9, further comprising
a doped region adjacent to the first region of the drain
structure, wherein the doped region has the second conduc-
tivity type and extends a majority of the distance from a
primary surface of the first semiconductor base material to
the buried doped region.

11. The electronic device of claim 10, wherein the doped
region of the second conductivity type adjacent to the first
region of the drain structure includes the first semiconductor
base material.

12. The electronic device of claim 10, wherein the doped
region of the second conductivity type adjacent to the first
region of the drain structure includes the second semicon-
ductor base material.

13. The electronic device of claim 5, wherein the drain
structure further comprises a second region including the
first semiconductor base material and having the first con-
ductivity type.

14. The electronic device of claim 13, further comprising:

a body region disposed between the source region and the

second region of the drain structure, including the first
semiconductor base material, and having a second
conductivity type opposite the first conductivity type;
and

a gate electrode extending through the source region and

the body region and only partly, not completely,
through the second region of the drain structure.

15. The electronic device of claim 13, wherein the first
region of the drain structure has a carrier mobility of greater
than 1410 cm®V's, and the second region of the drain
structure has a carrier mobility of at most 1410 cm?/V-s.

16. The electronic device of claim 13, further comprising:

a buried doped region including the first semiconductor

base material and having the first conductivity type;

a semiconductor layer disposed between the buried doped

region and the second region of the drain structure, and
including the first semiconductor base material;
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a compensation layer adjacent to the first region of the
drain structure, wherein a combination of the compen-
sation layer and the first region are parts of a super-
junction;

a body region disposed between the source region and the
second region of the drain structure, including the first
semiconductor base material, and having a second
conductivity type opposite the first conductivity type;
and

a gate electrode extending through the source region and
the body region,

wherein the first region of the drain structure lies along a
sidewall of the semiconductor layer and along a con-
duction path between the buried doped region and the
second region of the drain structure.

17. The electronic device of claim 16, wherein the first
semiconductor base material is Si, and the second semicon-
ductor base material is GaAs.

18. A process of forming an electronic device comprising:

forming a semiconductor layer over a buried doped region
having a first conductivity type;

forming a body region along a primary surface of the
semiconductor layer, wherein the body region includes
a first semiconductor base material and has a second
conductivity type opposite the first conductivity type;

patterning the body region and the semiconductor layer to
define a trench extending toward the buried doped
region and having a sidewall; and

forming a first region of a drain structure along the
sidewall of the trench, wherein the first region includes
a second semiconductor base material different from
the first semiconductor base material and has the first
conductivity type,

wherein a transistor structure includes the body region
and the first region of the drain structure.

19. The process of claim 18, further comprising:

forming a second region of the drain structure, wherein
the second region is disposed between the body region
and the buried doped region, includes the first semi-
conductor base material, and has the first conductivity
type;

patterning the body region and the second region of the
drain structure to define an opening extending com-
pletely through the body region and only partly, not
completely, through the second region of the drain
structure;

forming a gate electrode within the opening;

forming a compensation layer within the trench and
adjacent to the first region of the drain structure; and

forming a source region adjacent to the body region and
the gate electrode, wherein the source region includes
the first semiconductor base material and has the first
conductivity type.

20. The process of claim 18, wherein the first semicon-
ductor base material is Si, and the second semiconductor
base material is GaAs, Al,Ga;, N where O0=x<l, In, Al
»N where 0sx<1, In Al,,  , GaN where 0=x<l1 and
O<y<1, InP, InSh, or any mixture thereof.
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