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(57) ABSTRACT

An electrical device comprising a base semiconductor layer
of a silicon including material; a dielectric layer present on
the base semiconductor layer; a first I1II-V semiconductor
material area present 1 a trench in the dielectric layer,
wherein a via of the III-V semiconductor material extends
from the trench through the dielectric layer into contact with
the base semiconductor layer; a second semiconductor mate-
rial area present in the trench in the dielectric layer wherein
the second I1I-V semiconductor material area does not have
a via extending through the dielectric layer into contact with
the base semiconductor layer; and a semiconductor device
present on the second III-V semiconductor material area,
wherein the first III-V semiconductor material area and the
second III-V semiconductor material area are separated by a
low aspect ratio trench extending to the dielectric layer.
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III-V FIELD EFFECT TRANSISTOR ON A
DIELECTRIC LAYER

BACKGROUND

[0001] For more than three decades, the continued minia-
turization of silicon metal oxide semiconductor field effect
transistors (MOSFETs) has driven the worldwide semicon-
ductor industry. Various hurdles to continued scaling have
been predicted for decades, but a history of innovation has
sustained Moore’s Law 1n spite of many challenges. How-
ever, there are growing signs today that metal oxide semi-
conductor transistors are beginning to reach their traditional
scaling limits. Since 1t has become increasingly diflicult to
improve MOSFETs and therefore complementary metal
oxide semiconductor (CMOS) performance through contin-
ued scaling, methods for improving performance without
scaling have gained increasing importance.

SUMMARY

[0002] Described herein 1s a method of forming a semi-
conductor device comprising: forming a trench 1n a dielec-
tric layer, the dielectric layer being present on a semicon-
ductor substrate; forming a via within the trench, wherein
the via extending from a base of the trench present at a depth
within the dielectric layer to an exposed upper surface of the
semiconductor substrate; epitaxially forming a I1I-V semi-
conductor material extending from the exposed upper sur-
tace of the semiconductor substrate filling at least a portion
of the trench; forming a low aspect ratio trench in the
epitaxially formed III-V semiconductor to result in a first
I1I-V semiconductor area comprising the via and a second
I1I-V semiconductor area free of the via; and forming the

semiconductor device on the second III-V semiconductor
area.

[0003] Described herein 1s a method of forming a semi-
conductor substrate comprising: forming a trench 1n a
dielectric layer, the dielectric layer being present on a
semiconductor substrate; forming a via within the trench,
wherein the via extending from a base of the trench present
at a depth within the dielectric layer to an exposed upper
surface of the semiconductor substrate; epitaxially forming
a I1I-V semiconductor material extending from the exposed
upper surface of the semiconductor substrate filling at least
a portion of the trench; and forming a low aspect ratio trench
in the epitaxially formed I1I-V semiconductor.

[0004] Also described herein 1s an electrical device com-
prising: a base semiconductor layer of a silicon including
material; a dielectric layer present on the base semiconduc-
tor layer; a first I1I-V semiconductor material area present in
a trench 1n the dielectric layer, wherein a via of the III-V
semiconductor material extends from the trench through the
dielectric layer into contact with the base semiconductor
layer; a second III-V semiconductor material area present 1n
the trench 1n the dielectric layer wherein the second III-V
semiconductor material area does not have a via extending
through the dielectric layer into contact with the base
semiconductor layer; and a semiconductor device present on
the second III-V semiconductor material area, wherein the
first I1I-V semiconductor material area and the second III-V
semiconductor material area are separated by a low aspect
ratio trench extending to the dielectric layer.

[0005] Additional features are realized through the tech-
niques of the present invention. Other embodiments are
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described 1n detail herein and are considered a part of the
claimed invention. For a better understanding of the inven-
tion with the features, refer to the description and to the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The subject matter which 1s regarded as the inven-
tion 1s particularly pointed out and distinctly claimed 1n the
claims at the conclusion of the specification. The foregoing
features are apparent from the following detailed description

taken 1n conjunction with the accompanying drawings in
which:

[0007] FIG. 1 shows a starting substrate.

[0008] FIG. 2 shows the substrate 1f FIG. 1 after formation
ol a via.

[0009] FIG. 3 1s a top view of the structure of FIG. 2.
[0010] FIG. 4 shows the structure of FIG. 2 after epitaxial

growth of 1II-V semiconductor material and a formation of
a trench 1n the III-V materal.

[0011] FIG. 5 1s a top view of FIG. 4.

[0012] FIG. 6 shows a completed semiconductor device
using the structure of FIG. 4.

[0013] FIG. 7 shows an alternate itermediate structure
between FIG. 4 and FIG. 6.

[0014] FIG. 8 shows a completed semiconductor device
using the structure of FIG. 7.

[0015] FIG. 9 shows a hybnid substrate.

[0016] FIG. 10 shows an alternate embodiment to FIG. 4
using a hybrid substrate.

[0017] FIG. 11 shows completed semiconductor devices
using the structure of FIG. 10.

DETAILED DESCRIPTION

[0018] Described herein 1s method for making a semicon-
ductor substrate which results 1n a semiconductor device that
1s 1solated and has little or no ability for leakage within
source and drain, or with another device through the silicon
substrate. Current solutions to the issues of leakage, par-
ticularly with nFET devices, employ high aspect ratio
trenches which require deep-gap fill with a dielectric. Deep-
gap f1ll can be problematic with the presence of voids or
gaps due to uneven filling. The method described herein
overcomes these 1ssues by providing a way to 1solate the
semiconductor device without employing a high aspect ratio
trench. A low aspect ratio trench 1s made in the III-V
semiconductor material between the device and the via to
the substrate. The low aspect ratio trench 1solates the device
from the via. The low aspect ratio trench can be filled with
a specific dielectric 1 a specific step or at least partially
filled with a dielectric as a result of other steps required for
making the device.

[0019] As used herein, the terms “invention” or “present
invention” are non-limiting terms and not intended to refer
to any single aspect of the particular invention but encom-
pass all possible aspects as described 1n the specification and
the claims.

[0020] As used herein, the term “about” modifying the
quantity of an ingredient, component, or reactant of the
invention employed refers to variation in the numerical
quantity that can occur, for example, through typical mea-
suring and liquid handling procedures used for making
concentrates or solutions. Furthermore, variation can occur
from 1nadvertent error in measuring procedures, diflerences
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in the manufacture, source, or purity ol the ingredients
employed to make the compositions or carry out the meth-
ods, and the like. In one aspect, the term “about” means
within 10% of the reported numerical value. In another
aspect, the term “about” means within 5% of the reported
numerical value. Yet, in another aspect, the term ““about™
means within 10, 9, 8,7, 6, 5, 4, 3, 2, or 1% of the reported
numerical value.

[0021] In some embodiments, the methods and structures
disclosed herein are related to forming semiconductor
devices on type III-V semiconductor materials. As used
herein, the term “semiconductor device” refers to an 1ntrin-
si¢c semiconductor material that has been doped, that 1s, into
which a doping agent has been introduced, giving it diflerent
clectrical properties than the 1ntrinsic semiconductor. Dop-
ing involves adding dopant atoms to an intrinsic semicon-
ductor, which changes the electron and hole carrier concen-
trations of the intrinsic semiconductor at thermal
equilibrium. Dominant carrier concentration in an extrinsic
semiconductor determines the conductivity type of the semi-
conductor. For example, when the dominant carrier concen-
tration 1s electrons, the semiconductor device 1s referred to
as being an n-type semiconductor device; and when the
dominant carrier concentration 1s holes, the semiconductor
device 1s referred to as being a p-type semiconductor device.

[0022] In some embodiments, the semiconductor devices
suitable for use with methods and structures disclosed herein
are field eflect transistors (FETs). A field effect transistor
(FE'T) 1s a semiconductor device in which output current,
1.€., source-drain current, 1s controlled by the voltage applied
to a gate structure to the semiconductor device. A field effect
transistor has three terminals, 1.e., gate structure, source
region and drain region. As used herein, the term “drain”™
means a doped region 1n semiconductor device located at the
end of the channel region, in which carriers are tlowing out
of the transistor through the drain. The term “source™ is a
doped region i the semiconductor device, 1n which majority
carriers are flowing into the channel region. The channel
region 1s the region underlying the gate structure and
between the source and drain of a semiconductor device that
becomes conductive when the semiconductor device 1is
turned on.

[0023] It 1s noted that the semiconductor devices for use
with the methods and structures disclosed herein are not
limited to only field effect transistors. Any planar semicon-
ductor device 1s suitable for use with the methods and
structures that are disclosed herein. The term “planar™ as
used to describe a semiconductor device orientation denotes
that the direction of charge carriers from the source region
to the drain region of the semiconductor device 1s along a
plane that 1s parallel to the upper surface of the substrate,
wherein a gate structure 1s present on the upper surface of
the substrate. For example, the planar semiconductor device
that 1s suitable for use with the present application icludes
junction field effect transistors (JFET), Schottky barrier
devices, bipolar junction transistors having the appropriate
planar orientation, flash memory devices, high-electron-
mobility-transistor (HEMT), and combinations thereof

[0024] A type “III-V” semiconductor material denotes a
semiconductor material that includes at least one element
from Group IIIA (group 13 under the modem International
Union of Pure and Applied Chemistry (IUPAC)) and at least
one element from Group VA (group 15 under the modem
International Umion of Pure and Applied Chemistry (IU-
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PAC)) of the Periodic Table of Elements. Typically, the I1I-V
compound semiconductors are binary, ternary or quaternary
alloys including IIIN elements.

[0025] It has been determined that forming planar semi-
conductor devices on type III-V semiconductor materials
sitting on top of the low-k dielectrics reduces short channel
ellects. The short channel effect 1s the decrease of threshold
voltage as the channel length 1s reduced. The low-k layer
right below the MOSFET can impede the crosstalk of
clectric field between the source region and the drain region,
and therefore mitigate short channel eflect. Low defect
density and single crystalline II1I-V semiconductor materials
can not be directly formed on dielectric matenials. Further
direct water bonding techniques are complicated, and are
expensive for mass production of complementary metal
oxide semiconductor (CMOS) devices.

[0026] FIG. 1 depicts one embodiment of forming a trench
100 in a dielectric layer 110 that 1s present on a semicon-
ductor substrate 115. In one embodiment, the semiconductor
substrate 115 1s a bulk semiconductor substrate. A “bulk
semiconductor substrate” 1s a substrate that 1s composed of
a single semiconductor material. The semiconductor mate-
rial that provides the bulk semiconductor substrate may be
a semiconducting material including, but not limited to
s1licon, strained silicon, a silicon carbon alloy (S1C), silicon
germanium (S1Ge), a silicon germanium and carbon alloy
(S1GeC), silicon alloys, germanium, germanium alloys, gal-
llum arsenic, indium arsenic, indium phosphide, as well as
other III-V and II-VI compound semiconductors. In other
embodiments, the semiconductor substrate 115 may be a
semiconductor on insulator (SOI) substrate. An SOI sub-
strate includes a first semiconductor layer (also referred to as
SOI layer) on a buried dielectric layer, wherein the burnied
dielectric layer 1s present on a second semiconductor layer
(also referred to as base semiconductor layer).

[0027] In some embodiments, the upper surface of the
semiconductor substrate 113 1s a crystalline material, such as
a single crystal material. The term “crystalline” includes
nanocrystalline, polycrystalline or microcrystalline. The
term “‘single crystalline” denotes a crystalline solid, 1n which
the crystal lattice of the entire sample 1s substantially
continuous and substantially unbroken to the edges of the
sample, with substantially no grain boundaries.

[0028] The dielectric layer 110 may be formed on the
upper surface ol the semiconductor substrate 115. The
dielectric layer 110 may be composed of an oxide, nitride or
oxynitride material layer. In one example, when the dielec-
tric layer 110 1s composed of an oxide, the dielectric layer
110 may be composed of silicon oxide (S102). In some
embodiments, the dielectric layer 110 may be composed of
a low-k dielectric material. As used herein, the term “low-k”
denotes a dielectric constant of 4.0 or less measured from a
dielectric at room temperature, e.g., 20° C. to 25° C., and at
atmospheric pressure, e.g., 1 atm. In some embodiments, a
dielectric layer 110 having a low-k dielectric has a dielectric
constant ranging from 1.0 to 3.0. In some embodiments, a
low-k dielectric layer 110 comprises S1ICOH or an aromatic
hydrocarbon polymer composition, such as SILK™., In other
embodiments, the low-k dielectric layer 110 comprises
carbon-doped oxides. In other embodiments, the low-k
dielectric layer 110 comprises an undoped silica glass. In
other embodiments, the low-k dielectric layer 110 1s com-
posed of diamond-like carbon (DLC). In other embodi-
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ments, the low-k dielectric layer i1s non-porous. In other
embodiments, the low-k dielectric layer 110 1s porous.

[0029] The deposition process for forming the dielectric
layer 110 can comprise chemical vapor deposition (CVD),
plasma enhanced chemical vapor deposition (PECVD),
physical vapor deposition (PVD), high-density plasma CVD
or spin-on glass process. The dielectric layer can have a
thickness 11 of 10 nanometers (nm) to 1000 nm, or 100 nm
to 500 nm.

[0030] FIG. 1 turther depicts a trench 100 in the dielectric
layer 115. The trench 100 may be formed by deposition,
photolithography and a selective etching process. Specifi-
cally, a first photoresist etch mask (not shown) 1s produced
on the dielectric layer 110 by depositing a photoresist
material layer onto the surface to be etched, exposing the
photoresist material layer to a pattern of radiation, and then
developing the patterned material 1into a first photoresist etch
mask utilizing a resist developer. Once the patterning of the
photoresist material 1s completed, the sections covered by
the first photoresist etch mask are protected, while the
exposed regions are removed using a selective etching
process that removes the unprotected regions of the dielec-
tric layer 110 to provide the trench 100. The etch process
may be an anisotropic etch process, such as reactive 1on etch
(RIE). The etch process for forming the trench 100 recesses
the dielectric layer 110, but does not remove the entirety of
the dielectric layer 110 to expose the semiconductor sub-
strate 115. Followmg ctching, the first photoresist etch mask
may be removed using selective etching, chemaical stripping
or oxygen ashing.

[0031] The trench 100 may have a depth D1 of 1 nm to
1000 nm or, 5 nm to 30 nm. The trench 100 may have a
width W1 of 10 nm to 10000 nm, or, 30 nm to 100 nm.

[0032] FIG. 2 and FIG. 3 depict forming a via 200 within
the trench 100 extending from a base of the trench 100 to an
exposed upper surface of the semiconductor substrate 115.
In some embodiments, the via 200 may be formed using
photolithography and etch processes similar to the method
of forming the trench 1135 that 1s described above. For
example, a second photoresist etch mask (not shown) is
produced on the dielectric layer 110 and the trench 100 by
depositing a photoresist material layer onto the surface to be
etched, exposing the photoresist material layer to a pattern
of radiation, and then developing the patterned material into
a second photoresist etch mask utilizing a resist developer.
Once the patterning of the photoresist material 1s completed,
the sections of the trench 100 and dielectric layer 110
covered by the second photoresist etch mask are protected,
while the exposed portion of the dielectric layer 110 that
provides a portion of the base surface of the trench 100 1s
removed using a selective etch process.

[0033] The selective etch process for forming the via 200
1s an etch process that removes the unprotected regions of
the dielectric layer 110 selectively to the second photoresist
etch mask and the semiconductor substrate 115. As used
herein, the term ‘‘selective” 1n reference to a materal
removal process denotes that the rate of material removal for
a first material 1s greater than the rate of removal for at least
another material of the structure to which the material
removal process 1s being applied. For example, in one
embodiment, a selective etch may include an etch chemistry
that removes a first material selectively to a second material
by a ratio of 100:1 or greater, e.g., 1000:1.
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[0034] The etch process for forming the via 200 may be an
anisotropic etch process. As used herein, an “anisotropic
etch process” denotes a material removal process 1n which
the etch rate 1n the direction normal to the surface to be
ctched 1s greater than 1n the direction parallel to the surface
to be etched. The anisotropic etch may include reactive-ion
ctching (ME). Other examples of anisotropic etching that
can be used include ion beam etching, plasma etching or
laser ablation. The etch process may also be timed and/or
employ end point detection methods to determine when the
etch process has reached and exposed a surface of the
semiconductor substrate 115. Following etching to form the
via 200, the second photoresist etch mask may be removed
using selective etching, chemical stripping or oxygen ash-
ing.

[0035] The via 200 may have a depth D2 of 1 nm to 300
nm, or, 10 nm to 50 nm. The via 200 may have a width W2
of 1 nm to 1000 nm, or, 5 nm to 50 nm. The via 200 1s
positioned exterior of a drain region or source region of the
subsequently formed semiconductor device. FIG. 3 1s a top
down view depicting a via 200 having a multi-sided shape.
It 1s noted that the wvia 200 1s not limited to only this
geometry. For example, the via 200 may have a circular or
oblong shape when view from the top down perspective.

[0036] FIG. 4 depicts epitaxially forming a type III-V
semiconductor material 400 extending from the exposed
upper surface of the semiconductor substrate 113 filling the
via 200 and filling at least a portion of the trench 100. In one
embodiment, the III-V semiconductor material 400 may be
composed of at least one material selected from the group
consisting of from the group consisting of aluminum anti-
monide (AlSb), aluminum arsenide (AlAs), aluminum
nitride (AIN), aluminum phosphide (AIP), gallium arsenide
(GaAs), galllum phosphide (GaP), indium antimomde
(InSb), indium arsenic (InAs), indium nitride (InN), indium
phosphide (InP), aluminum gallium arsemde (AlGaAs),
indium gallium phosphide (InGaP), aluminum indium arse-
nic (AllnAs), aluminum indium antimonide (AllnSb), gal-
lium arsenide nitride (GaAsN), gallium arsenide antimonide
(GaAsSb), aluminum gallium nitride (AlGaN), aluminum
gallium phosphide (AlGaP), indium gallium nitride (In-
GaN), indium arsenide antimonide (InAsSb), mndium gal-
ltum antimonide (InGaSh), aluminum gallium 1ndium phos-
phide (AlGalnP), aluminum gallium arsenide phosphide
(AlGaAsP), indium gallium arsenide phosphide (InGaAsP),
indium arsenide antimonide phosphide (InArSbP), alumi-
num indium arsenide phosphide (AllnAsP), aluminum gal-
lium arsenide nitride (AlGaAsN), indium gallium arsenide
nitride (InGaAsN), indium aluminum arsenide nitride (InAl-
AsN), gallium arsenide antimomde nitride (GaAsSbN), gal-
lium 1ndium nitride arsenide aluminum antimonide (Galn-

NAsSb), gallium indium arsenide antimonide phosphide
(GalnAsSbP), and combinations thereof

[0037] The terms “‘epitaxially growing, epitaxial growth
and/or deposition” mean the growth of a semiconductor
material on a deposition surface of a semiconductor mate-
rial, in which the semiconductor material being grown has
the same crystalline characteristics as the semiconductor
material of the deposition surface. When the chemical
reactants are controlled and the system parameters set cor-
rectly, the depositing atoms arrive at the deposition surface
with suflicient energy to move around on the surface and
orient themselves to the crystal arrangement of the atoms of
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the deposition surface. Thus, an epitaxial film deposited on
a {100} crystal surface will take on a {100} orientation.

[0038] The exposed upper surface of the semiconductor
substrate 1135 provides the seed surface for epitaxial growth
of the III-V semiconductor material 400. More specifically,
epitaxially growth of the III-V semiconductor material 400
starts at the exposed upper surface of the semiconductor
substrate 115 filling the via 200 as the deposition process
continues, wherein once the via 200 1s filled the epitaxially
I1I-V semiconductor material 400 grows from the via 200
into the trench 100. As the epitaxially growth process
continues, the II1I-V semiconductor material 400 may fill the
trench 100, wherein epitaxial I1I-V semiconductor material
400 1s 1n direct contact with the base surface and the sidewall
surfaces of the trench 100. In some embodiments, the
epitaxial growth may continue after the trench 100 1is
entirely filled and until a portion of the epitaxial III-V
semiconductor material 400 extends from the trench 100
onto the upper surface of the dielectric layer 110 at the
exterior of the trench 100. In such an instance, the excess
epitaxial I1I-V semiconductor material 400 can be removed
by, for example, a suitable etching process or chemical
mechanical polishing (CMP).

[0039] A number of different sources may be used for the
deposition of epitaxial III-V semiconductor material 400. In
some embodiments, the sources for epitaxial growth of type
[1I-V semiconductor material 400 include solid sources
contaiming In, Ga, N, P elements and combinations thereof
and/or a gas precursor selected from the group consisting of
trimethylgallium (TMG), trimethylindium (TMI), tertiary-
butylphosphine (TBP), phosphine (PH,), ammonia (NH,),
and combinations thereol. The temperature for epitaxial
deposition of type III-V semiconductor materials typically
ranges from 550° C. to 900° C. Although higher temperature
typically results 1n faster deposition, the faster deposition
may result 1n crystal defects and film cracking. The depo-
sition chamber for the epitaxial growth process may be
provided by a chemical vapor deposition apparatus, such as
a plasma enhanced chemical vapor deposition apparatus or
a metal organic chemical vapor deposition apparatus.

[0040] The type I1I-V semiconductor material 400 that 1s
epitaxially grown from the exposed upper surface of the
semiconductor substrate 115 1s typically a crystalline mate-
rial, such as a single crystalline material. In some embodi-
ments, the portion of the epitaxial III-V semiconductor
material 400 that 1s present within the via 200 and in direct
contact with the exposed surface of the semiconductor
substrate 115 may have a concentration, 1.e., surface density,
of crystalline defects that is greater than 1x10” defects/cm”.
The crystalline defects may be dislocation defects, point
defects, stacking faults and combinations thereof. In one
embodiment, the concentration, 1.e., surface density, of
crystalline defects that are present may range from 1x10'°
defects/cm” to 1x107 defects/cm”.

[0041] As the type III-V semiconductor material 400
grows from the seed surface, 1.e., exposed upper surface of
the semiconductor substrate 115, through the via 200 1nto the
trench 100, the defect density 1s reduced. The concentration
of defects 1n the type I11I-V semiconductor material 400 that
is present in the trench 100 may equal to 1x10° defects/cm?
or less, and may be referred to as having a low defect
density. In one embodiment, the defect density within the
type 11I-V semiconductor material 400 that 1s present in the
trench 100 may be 1x10° defects/cm” to 1x10” defects/cm”
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.or, 1x10° defects/cm” to 1x10’ defects/cm®. It is noted that
the above description of defect densities 1s provided for
illustrative purposes only, and 1s not intended to limait the
disclosure to only the disclosed ranges.

[0042] The upper surface of the type 11I-V semiconductor
material 400 may be planarized so that the upper surface of
the type I1I-V semiconductor material 400 1s coplanar with
the upper surface of the dielectric layer 110. The upper
surface may be planarized using a mechanical method such
as chemical mechanical planarization (CMP) or grinding.

[0043] The low aspect ratio trench 410 1s formed 1n the
semiconductor material 400 using photolithography and
etch processes similar to the method of forming the trench
115 and via 200 that 1s described above. For example, a third
photoresist etch mask (not shown) 1s produced on the
semiconductor material 400 and dielectric material 110 by
depositing a photoresist material layer onto the surface to be
etched, exposing the photoresist material layer to a pattern
of radiation, and then developing the patterned material into
a second photoresist etch mask utilizing a resist developer.
Once the patterning of the photoresist material 1s completed,
the sections of the semiconductor material 400 and dielectric
layer 110 covered by the second photoresist etch mask are
protected, while the exposed portion of the semiconductor
material 400 1s removed using a selective etch process.

[0044] The etch process for forming the low aspect ratio
trench 410 may be an anisotropic etch process. As used
herein, an “anisotropic etch process” denotes a material
removal process in which the etch rate i the direction
normal to the surface to be etched 1s greater than in the
direction parallel to the surface to be etched. The amisotropic
etch may 1nclude reactive-1on etching (ME). Other examples
of anisotropic etching that can be used include 10n beam
ctching, plasma etching or laser ablation. The etch process
may also be timed and/or employ end point detection
methods to determine when the etch process has reached and
exposed a surface of the dielectric layer 110. Following
etching to form the low aspect ratio trench 420, the third
photoresist etch mask may be removed using selective
ctching, chemical stripping or oxygen ashing.

[0045] The low aspect ratio trench 410 may have a depth
D3 of 1 nm to 100 nm, or, 10 nm to 50 nm. The low aspect
ratio trench 410 may have a width W3 of 5 nm to 1000 nm,
or, 10 nm to 100 nm. The aspect ratio (ID3/W3) of the low
aspect ratio trench 410 can be less than or equal to 2. The
trench 1s located so as to form two III-V semiconductor
material areas, 420 and 430. The first 1I1I-V semiconductor
maternial area 420 comprises the via 200 filled with III-V
semiconductor material and 1s positioned exterior of a drain
region or source region of the subsequently formed semi-
conductor device. The second III-V semiconductor material
area 430 does not comprise a via and 1s positioned under the
drain region, source region or both the source and drain of
the subsequently formed semiconductor device.

[0046] FIG. 5 1s a top view of the structure of FIG. 4

showing the low aspect ratio trench 410, the first III-V
semiconductor material area 420 and the second semicon-
ductor material area 430.

[0047] The semiconductor device 600 may be a field effect
transistor including a gate structure that 1s positioned on a
channel region portion of the type III-V semiconductor
material 400 with source and drain regions 610, 620 on
opposing sides of the channel region portion. As used herein,
the term “draimn™ means a doped region 1n semiconductor




US 2017/0179238 Al

device located at the end of the channel region, 1n which
carriers are flowing out of the device through the drain. The
term “‘source’ 1s a doped region in the semiconductor device,
in which majority carriers are flowing into the channel
region. The channel region 1s the region underlying the gate
structure and between the source and drain regions 610, 620
ol a semiconductor device that becomes conductive when
the semiconductor device i1s turned on. The term “gate
structure” means a structure used to control output current
(1.e., flow of carriers 1n the channel) of a semiconducting
device through electrical or magnetic fields.

[0048] Each of the gate structures for semiconductor
devices of the field eflect transistor type include at least one
gate dielectric 630 that 1s present on the channel portion of
the semiconductor device and at least one gate conductor
640 that 1s present on the at least one gate dielectric 630. The
gate dielectric 630 may be composed of a dielectric material,
such as an oxide, nitride or oxynitride material. For example,
the at least one gate dielectric 630 may be composed of
silicon oxide. The gate dielectrics 630 may include high-k
materials that may include, but are not limited to hatnium
oxides, hafnium silicates, zirconium oxides, lanthanum
oxides, titanium oxides, bartum-stronttum-titantates (BSTs)
and lead-zirconate-titanates (PZTs). The low aspect ratio
trench 410 can be at least partially filled with the gate
dielectric 630 and may show some surface features as a
result of the deposition of the dielectric matenial. The gate
conductor 640 may be composed of an electrically conduc-
tive material, such as a doped semiconductor or a metal. For
example, the gate conductor 640 may be composed of n-type
doped polysilicon. In other examples, the gate conductor
may be composed of a metal having a work function suitable
for enhancing the electrical properties of n-type or p-type
semiconductor devices. The gate structures may be formed
using deposition, photolithography and etch processes. For
example, a gate layer stack may be formed using by depos-
iting at least one gate dielectric matenial layer on III-V
semiconductor material 400, and then depositing at least one
gate conductor material layer on the at least one gate
dielectric material layer. The gate layer stack 1s then pat-
terned and etched to provide the gate structure.

[0049] In some embodiments, a gate sidewall spacer 650
may be formed on the sidewall of the gate structure. The gate
sidewall spacer 650 may be composed of a dielectric, such
as an oxide, nitride or oxynitride material. The gate sidewall
spacer 650 may be formed by deposition and etch back
Processes.

[0050] The source region 610 and drain region 620 may
then be formed 1n the III-V semiconductor material 400. The
source region 610 and the drain region 620 may be formed
by doping portions of the type I1I-V semiconductor material
400 using 10n implantation. The effect of the dopant atom 1n
the type I1I-V semiconductor material 400, 1.e., whether 1t 1s
a p-type or n-type dopant, depends upon the site occupied by
the dopant atom on the lattice of the base material. In a I1I-V
semiconductor, atoms from group II act as acceptors, 1.€.,
p-type, when occupying the site of a group III atom, while
atoms 1n group VI act as donors, 1.e., n-type, when they
replace atoms from group V. Dopant atoms from group 1V,
such a silicon (S1), have the property that they can act as
acceptors or donor depending on whether they occupy the
site of group III or group V atoms respectively. Such
impurities are known as amphoteric impurities.
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[0051] In some embodiments, metal semiconductor alloy
contacts 660 may be formed on the upper surface of the
source region 610 and the drain region 620. In some
embodiments, the formation of the metal semiconductor
alloy contacts 660 typically requires depositing a refractory
metal such as N1 or 11 onto the surface of a semiconductor
containing material or wafer. Following deposition, the
structure 1s then subjected to an annealing step using con-
ventional processes such as, but not limited to, rapid thermal
annealing. During thermal annealing, the deposited metal
reacts with the semiconductor material forming a metal
semiconductor.

[0052] FIG. 7 1s another embodiment in which the low
aspect ratio trench as shown in FIG. 4 1s filled with a
dielectric material 710. To fill the low aspect ratio trench the
I11-V semiconductor material 400 and the dielectric 110 can
be masked and the dielectric material deposited. After the
dielectric material 1s deposited the mask 1s removed and the
structure can be planarized. The dielectric material 710 can
comprise an oxide, nitride or oxynitride material. For
example, the dielectric 710 may be composed of silicon
oxide. The dielectrics 710 may include high-k materials such
as hafnium oxides, hafnium silicates, zirconium oxides,
lanthanum oxides, titantum oxides, barium-strontium-titan-
tates (BSTs) and lead-zirconate-titanates (PZTs).

[0053] A semiconductor device as described above can be
formed, as described above, on the structure of FIG. 7. The
semiconductor structure 1s shown in FIG. 8.

[0054] FIG. 9 depicts an embodiment of a semiconductor
on 1nsulator (SOI) substrate 900 for use 1n the methods and
articles described herein. The semiconductor on insulator
(SOI) substrate 900 may include at least a first semiconduc-
tor layer 930 (also referred to as a semiconductor on
isulator (SOI) layer) overlying a dielectric layer 920, 1n
which a base semiconductor layer 910 may be present
underlying the dielectric layer 920. The semiconductor
material that provides the semiconductor on insulator layer
930 may be any semiconducting material including, but not
limited to Si1, strained Si, S1C, S1Ge, S1GeC, Si alloys, Ge,
Ge alloys, GaAs, InAs, and InP, or any combination thereof.
In one example, the semiconductor on insulator layer 930 1s
composed of silicon. The semiconductor on 1nsulator layer
930 can have a thickness of 5.0 nm to 15.0 nm, or, 7.5 nm
to 12.5 nm. The base semiconductor layer 910 may be a
semiconducting material including, but not limited to Si,
strained S1, S1C, S1Ge, S1GeC, S1 alloys, Ge, Ge alloys,
GaAs, InAs, InP as well as other 11I-V and II-VI compound
semiconductors. The base semiconductor layer 910 may
have the same or a diflerent composition than the semicon-
ductor on insulator layer 930.

[0055] FIG. 10 depicts patterning the SOI layer 930 of the
SOI substrate depicted 1n FIG. 8 to provide an active region
of a type IV semiconductor device 1000, and forming an
1solation region 1100 adjacent to the active region. The
1solation region 1100 may be composed of any dielectric,
such as an oxide, mitride or oxynitride maternial. For example,
the 1solation region 1100 when composed of an oxide may
be silicon oxide (5102) and the 1solation region 1100 when
composed ol a nitride may be silicon nitride. In some
embodiments, the i1solation region 1100 may be formed
using photolithography, etch and deposition processes. For
example, an etch mask may be formed protecting the portion
of the SOI layer 930 that provides the active region for the
type IV semiconductor device 1000, and expose the portion
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of the SOI layer 930 that 1s removed to provide a trench for
forming the 1solation region 1100. The exposed portion of
the SOI layer 930 may be removed by an etch process, which
may be selective to the etch mask and the dielectric layer
920 of the SOI substrate. Following formation of the
trenches, the etch mask may be removed and the trenches
may be filled to provide the dielectric material of the
isolation regions 1100. The dielectric material may be
deposited using chemical vapor deposition (CVD) or other
deposition methods. The material suitable for the material of
the 1solation regions 1100 may be the list of materials
described above for the dielectric layer 110 that 1s described
above with reference to FIG. 1. Following deposition, the
dielectric material within the 1solation regions 1100 may be
planarized so that an upper surface of the dielectric material
1s coplanar with an upper surface of the SOI layer 930 of the
SOI substrate.

[0056] FIG. 10 further shows III-V semiconductor mate-
rial 30 within a trench 100 that 1s positioned in the 1solation
region 1100. The III-V semiconductor material 400 that 1s
depicted 1n FIG. 10 1s similar to the III-V semiconductor
material 400 that 1s described above. For example, in the
embodiment that 1s depicted in FIG. 10, after forming the
trench 100, a via 200 1s formed 1n a portion of the trench 100
through the entire depth of the isolation region 1100 to
expose an upper surface of the base semiconductor layer
910. Sumilar to the semiconductor substrate 115 the exposed
portion of the base semiconductor layer 910 provides a seed
surface for the growth of the III-V semiconductor material
400. A low aspect ratio trench 1s then formed in the III-V
semiconductor material.

[0057] FIG. 12 1s a simplified depiction of two semicon-
ductor devices as described above built of the structure of
FIG. 10. As discussed above the low aspect ratio trench can
be at least partially filled with dielectric as part of the gate
building process or the low aspect ratio trench can be
separately and specifically filled with a dielectric material.

[0058] The descriptions of the various embodiments of the
present invention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.

[0059] The corresponding structures, materials, acts, and
equivalents of all means or step plus function elements 1n the
claims below are intended to include any structure, material,
or act for performing the function in combination with other
claimed elements as specifically claimed. The description of
the present mvention has been presented for purposes of
illustration and description, but 1s not intended to be exhaus-
tive or limited to the mnvention in the form disclosed. Many
modifications and variations will be apparent to those of
ordinary skill in the art without departing from the scope and
spirit of the mmvention. The embodiment was chosen and
described 1n order to best explain the principles of the
inventive teachings and the practical application, and to
enable others of ordinary skill in the art to understand the
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invention for various embodiments with various modifica-
tions as are suited to the particular use contemplated.
[0060] The diagrams depicted herein are exemplary. There
may be many variations to the diagrams or the operations
described therein without departing from the spirit of the
invention. For instance, the operations may be performed 1n
a differing order or operations may be added, deleted or
modified. All of these variations are considered a part of the
claimed 1nvention.

[0061] While various embodiments have been described,
it will be understood that those skilled in the art, both now
and 1n the future, may make various modifications which fall
within the scope of the claims which follow. These claims
should be construed to maintain the proper protection for the
invention first described.

1. A method of forming a semiconductor device, the
method comprising:

forming a trench 1n a dielectric layer, the dielectric layer

being present on a semiconductor substrate;

forming a via within the trench, wherein the via extending,

from a base of the trench present at a depth within the
dielectric layer to an exposed upper surface of the
semiconductor substrate:

epitaxially forming a III-V semiconductor material

extending from the exposed upper surface of the semi-
conductor substrate filling at least a portion of the
trench;

forming a trench 1n the epitaxially formed III-V semicon-

ductor to result 1n a first III-V semiconductor area
comprising the via and a second III-V semiconductor
area Iree of the via. wherein the trench 1n the epitaxially
formed III-V semiconductor extends from a top surface
through a bottom surface of the epitaxially formed
ITI-V semiconductor; and

forming the semiconductor device on the second III-V

semiconductor area.

2. The method of claim 1, further comprising filling the
trench 1n the epitaxially formed III-V semiconductor with a
dielectric material prior to forming the semiconductor
device.

3. The method of claim 1, wherein the trench in the
epitaxially formed III-V semiconductor 1s at least partially

filled with a dielectric material during the formation of the
semiconductor device.

4. The method of claim 1, wherein the I1I-V semiconduc-
tor material comprises aluminum antimonide (AlSb), alu-
minum arsenide (AlAs), aluminum nitride (AIN), aluminum
phosphide (AlP), gallium arsenide (GaAs), galllum phos-
phide (GaP), indium antimonide (InSb), indium arsenic
(InAs), indium nitride (InN), mndium phosphide (InP), alu-
minum gallium arsenide (AlGaAs), indium gallium phos-
phide (InGaP), aluminum indium arsenic (AllnAs), alumi-
num indium antimonide (AllnSb), gallium arsenide nitride
(GaAsN), gallium arsenide antimonide (GaAsSb), alumi-
num gallium nitride (AlGaN), aluminum gallium phosphide
(AlGaP), mndium gallium nitride (InGalN), indium arsemde
antimonide (InAsSb), indium gallium antimonide (InGaSbh),
aluminum gallium indium phosphide (AlGainP), aluminum
gallium arsenide phosphide (AlGaAsP), mndium gallium
arsenide phosphide (InGaAsP), indium arsemide antimonide
phosphide (InArSbP), aluminum indium arsenide phosphide
(AllnAsP), aluminum gallium arsenide nitride (AlGaAsN),
indium gallium arsenide nitride (InGaAsN), indium alumi-
num arsenide nitride (InAlAsN), galllum arsenide anti-
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monide nitride (GaAsSbN), gallium indium nitride arsenide
aluminum antimonide (GaimnNAsSb), galllum 1ndium
arsenide antimonide phosphide (GainAsSbP), or a combi-
nation thereof.
5. The method of claim 1, wherein epitaxially forming the
I1I-V semiconductor material comprises at least one of a
solid epitaxial growth sources comprising In, Ga, N, P
clements or a combination thereof, and a gas precursor
comprising trimethylgalllum (1TMG), trimethylindium
(TMI), tertiary-butylphosphine (1TBP), phosphine (PH,),
ammonia (NH,), or a combination thereof.
6. The method of claim 1, wherein the forming of the
semiconductor device on the III-V semiconductor material
that 1s present in the trench comprises forming a gate
structure on a channel region portion of the III-V semicon-
ductor maternial; and forming a source region and a drain
region on opposing sides of the channel region portion.
7. The method of claim 1, wherein the III-V semiconduc-
tor material 1s 1n direct contact with the base of the trench
provided by the dielectric layer.
8. The method of claim 1, wherein the semiconductor
substrate comprises silicon, strained silicon, a silicon carbon
alloy (51C), silicon germanium (Si1Ge), a silicon germanium
and carbon alloy (S1GeC), silicon alloys, germanium, ger-
manium alloys, galllum arsenic, indium arsenic, or indium
phosphide.
9. A method of forming a semiconductor substrate, the
method comprising:
forming a trench in a dielectric layer, the dielectric layer
being present on the semiconductor substrate;

forming a via within the trench, wherein the via extending
from a base of the trench present at a depth within the
dielectric layer to an exposed upper surface of the
semiconductor substrate;
epitaxially forming a semiconductor material extending,
from the exposed upper surface of the semiconductor
substrate filling at least a portion of the trench; and

forming a low aspect ratio trench 1n the epitaxially formed
I1I-V semiconductor material, wherein the low aspect
ratio trench in the epitaxially formed III-V semicon-
ductor material extends from a top surface through a
bottom surface of the epitaxially formed III-V semi-
conductor matenal.

10. The method of claim 9, wherein the dielectric layer 1s
comprised of an oxide, nitride or oxynitride matenal.

11. The method of claam 9, wherein the semiconductor
substrate 1s comprised of a silicon including materal.

12. The method of claim 9, wherein the III-V semicon-
ductor material comprises aluminum antimonide (AlISb),
aluminum arsenide (AlAs), aluminum nitride (AIN), alumi-
num phosphide (AIP), gallium arsenide (GaAs), galllum
phosphide (GaP), indium antimomde (InSb), indium arsenic
(InAs), mndium nitride (InN), indium phosphide (InP), alu-
minum gallium arsenide (AlGaAs), indium gallium phos-
phide (InGaP), aluminum indium arsenic (AlinAs), alumi-
num indium antimonide (AlinSb), galllum arsenide nitride
(GaAsN), gallium arsenide antimonide (GaAsSb), alumi-
num gallium nitride (AlGaN), aluminum gallium phosphide
(AlGaP), mndium gallium nitride (InGalN), indium arsenide
antimonide (InAsSb), indium gallium antimonide (InGaSb),
aluminum gallium indium phosphide (AlGainP), aluminum
gallium arsenide phosphide (AlGaAsP), indium gallium
arsenide phosphide (InGaAsP), indium arsemide antimonide
phosphide (InArSbP), aluminum indium arsenide phosphide
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(AlinAsP), aluminum gallium arsenide nitride (AlGaAsN),
indium gallium arsenide nitride (InGaAsN), indium alumi-
num arsenide mitride (InAlAsN), galllum arsenide anti-
monide nitride (GaAsSbN), gallium indium nitride arsenide
aluminum antimonide (GainNAsSb), gallilum 1ndium
arsenide antimonide phosphide (GainAsSbP), or a combi-
nation thereof.

13. The method of claim 9, wherein the trench 1n the
dielectric layer has a width that 1s greater than a width of the
via.

14. The method of claim 9, wherein the epitaxially
forming of the III-V semiconductor material comprises a
solid epitaxial growth sources comprising In, Ga, N, P
clements or a combination thereof, and a gas precursor
comprising trimethylgalllum (ITMG), trimethylindium
(TMI), tertiary-butylphosphine (TBP), phosphine (PH,),
ammonia (NH;), or a combination thereof.

15. The method of claim 9, wherein the semiconductor
substrate comprises silicon, strained silicon, a silicon carbon
alloy (51C), silicon germanium (S1Ge), a silicon germanium
and carbon alloy (51GeC), silicon alloys, germanium, ger-
mamum alloys, gallium arsenic, indium arsenic, or indium
phosphide.

16. An electrical device comprising:

a base semiconductor layer of a silicon including material;

a dielectric layer present on the base semiconductor layer;

a first III-V semiconductor material area present 1n a
trench 1n the dielectric layer, wherein the I1I-V semi-
conductor material 1s 1n direct contact with at least the
dielectric layer at a base of the trench, wherein a via of
the III-V semiconductor material extends from the
trench through the dielectric layer into contact with the
base semiconductor layer;

a second III-V semiconductor material area present 1n the
trench 1n the dielectric layer wherein the III-V semi-
conductor material 1s in direct contact with at least the
dielectric layer at a base of the trench and the second
II1I-V semiconductor material area does not have a via
extending through the dielectric layer into contact with
the base semiconductor layer; and

a semiconductor device present on the second III-V
semiconductor material area, wherein the first II1I-V
semiconductor material area and the second I1I-V semi-
conductor material area are separated by a low aspect
ratio trench extending to the dielectric layer.

17. The device of claim 16, wherein the trench separating
the first III-V semiconductor material area and the second
I1I-V semiconductor material area 1s at least partially filled
with a dielectric material.

18. The device of claam 16, wherein the first III-V
semiconductor material area and the second III-V semicon-
ductor material area comprise the same I1I-V semiconductor.

19. The device of claam 16, wherein the first III-V
semiconductor material area and the second III-V semicon-
ductor material area comprise aluminum antimonide (AlISb),
aluminum arsenide (AlAs), aluminum nitride (AIN), alumi-
num phosphide (AlP), gallium arsenide (GaAs), galllum
phosphide (GaP), indium antimomde (InSb), indium arsenic
(InAs), indium nitride (InN), indium phosphide (InP), alu-
minum gallium arsenide (AlGaAs), mdium gallium phos-
phide (InGaP), aluminum indium arsenic (AlinAs), alumi-
num indium antimonide (AlinSb), galllum arsenide nitride
(GaAsN), gallium arsenide antimonide (GaAsSb), alumi-
num gallium nitride (AlGaN), aluminum gallium phosphide




US 2017/0179238 Al

(AlGaP), mndium gallium nitride (InGalN), indium arsenide
antimonide (InAsSb), indium gallium antimonide (InGaSb),
aluminum gallium indium phosphide (AlGainP), aluminum
gallium arsenide phosphide (AlGaAsP), indium gallium
arsenide phosphide (InGaAsP), indium arsemide antimonide
phosphide (InArSbP), aluminum indium arsenide phosphide
(AlinAsP), aluminum gallium arsenide nitride (AlGaAsN),
indium gallium arsenide nitride (InGaAsN), indium alumi-
num arsenide nitride (InAlAsN), gallium arsenide anti-
monide nitride (GaAsSbN), gallium indium nitride arsenide
aluminum antimonide (GainNAsSb), gallium 1ndium
arsenide antimonide phosphide (GalnAsSbP), or a combi-
nation thereof.

20. The device of claim 16, wherein the low aspect ratio
trench has a depth to width ratio of 2.
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