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(57) ABSTRACT

A method for forming fin field effect transistors includes
forming a dielectric layer on a silicon substrate, forming high
aspect ratio trenches in the dielectric layer down to the sub-
strate, the high aspect ratio including a height to width ratio of
greater than about 1:1 and epitaxially growing a non-silicon
containing semiconductor material in the trenches using an
aspect ratio trapping process to form fins. The one or more
dielectric layers are etched to expose a portion of the fins. A
barrier layer is epitaxially grown on the portion of the fins,
and a gate stack is formed over the fins. A spacer is formed
around the portion of the fins and the gate stack. Dopants are
implanted into the portion of the fins. Source and drain
regions are grown over the fins using a non-silicon containing
semiconductor material.
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III-V FINFETS ON SILICON SUBSTRATE

BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to semiconductor pro-

cessing and devices, and more particularly to forming fin field
effect transistors with III-V materials on silicon.

[0003] 2. Description of the Related Art

[0004] Processing of silicon wafers is the most frequently
employed type of wafer processing. The maturity and popu-
larity of silicon wafer processing results in cost savings for its
use, and only silicon substrates are suitable for mass manu-
facture due at least in part to their mechanical and electrical
properties. However, many applications can benefit from
mass-produced, higher-performance I1I-V materials.

[0005] Fin field effect transistors (finFETs) are becoming
more widely used for scaling down transistors on semicon-
ductor devices. However, no bottom-up approach is currently
available that employs mass-production substrates with I1I-V
materials for finFETs.

SUMMARY

[0006] A method for forming fin field effect transistors
includes forming a dielectric layer on a silicon substrate,
forming high aspect ratio trenches in the dielectric layer down
to the substrate, the high aspect ratio including a height to
width ratio of greater than about 1:1 and epitaxially growing
a non-silicon containing semiconductor material in the
trenches using an aspect ratio trapping process to form fins.
The one or more dielectric layers are etched to expose a
portion of the fins. A barrier layer is epitaxially grown on the
portion of the fins, and a gate stack is formed over the fins. A
spacer is formed around the portion of the fins and the gate
stack. Dopants are implanted into the portion of the fins.
Source and drain regions are grown over the fins using a
non-silicon containing semiconductor material.

[0007] Another method for forming fin field effect transis-
tors includes forming one or more dielectric layers on a sili-
con substrate; forming high aspect ratio trenches in the one or
more dielectric layers down to the substrate, the high aspect
ratio including a height to width ratio of greater than about
1:1; epitaxially growing a non-silicon containing semicon-
ductor material in the trenches using an aspect ratio trapping
process to form fins; etching the one or more dielectric layers
to expose a portion of the fins; epitaxially growing a barrier
layer on the portion of the fins; forming a gate stack over the
fins in a transverse orientation relative to a longitudinal direc-
tion of the fins; forming a spacer around the portion of the fins
and the gate stack; etching the fins below at least a portion of
the spacers; and growing source and drain regions over a
remaining portion of the fins using a non-silicon containing
semiconductor material.

[0008] A fin field effect transistor includes a substrate
formed from a monocrystalline silicon or germanium mate-
rial. A dielectric layer has trenches formed therein. A plurality
of'parallel fins is formed from a III-V material in the trenches
and is in contact with the substrate. The trenches are initially
dimensioned and configured to have a high aspect ratio
including a height to width ratio of greater than about 1:1 to
enable non-lattice-matched crystalline 1II-V material to be
formed on the substrate. A gate stack includes a barrier layer,
a gate dielectric and a gate conductor formed transversely to
the plurality of parallel fins. Raised source and drain regions
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are formed from a I1I-V material and are in contact with the
fins on opposite sides of the gate stack.

[0009] These and other features and advantages will
become apparent from the following detailed description of
illustrative embodiments thereof, which is to be read in con-
nection with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0010] The disclosure will provide details in the following
description of preferred embodiments with reference to the
following figures wherein:

[0011] FIG.1is across-sectional view of a device having a
substrate, preferably silicon, with three dielectric layers
formed thereon in accordance with the present principles;
[0012] FIG. 2is across-sectional view of the device of FIG.
1 having high aspect ratio trenches formed down to the sub-
strate in accordance with the present principles;

[0013] FIG. 3 is atop view showing the trenches formed in
the dielectric layers and showing a guard-ring area in accor-
dance with the present principles;

[0014] FIG. 4is across-sectional view of the device of FIG.
2 having the high aspect ratio trenches filled with epitaxially
grown non-silicon material (e.g., III-V material) formed
using aspect ratio trapping in accordance with the present
principles;

[0015] FIG. 5is across-sectional view of the device of FIG.
4 after planarization of the epitaxially grown non-silicon
material in accordance with the present principles;

[0016] FIG. 6 is a cross-sectional view of the device of FIG.
5 after recessing a first dielectric layer to expose the fins in
accordance with the present principles;

[0017] FIG. 7 is across-sectional view of the device of FIG.
6 after forming a barrier layer over the exposed portion of the
fins in accordance with the present principles;

[0018] FIG. 8is a cross-sectional view taken at section line
8-8 of FIG. 9 showing a gate stack formed over the fins in
accordance with the present principles;

[0019] FIG. 9 is a top view showing the gate stack formed
over the fins in accordance with the present principles;
[0020] FIG. 10 is a top view showing a spacer formed
around the gate stack and the fins in accordance with the
present principles;

[0021] FIG. 11 is a cross-sectional view taken at section
line 11-11 of FIG. 10 after forming the spacer over the device
of FIG. 7 in accordance with the present principles;

[0022] FIG. 12 is a cross-sectional view of the device of
FIG. 11 after dopant implantation of a top portion of the fins
in accordance with the present principles;

[0023] FIG. 13 is a cross-sectional view taken at section
line 13-13 of FIG. 14 showing the device of FIG. 12 after
growing raised source and drain regions over the fins in accor-
dance with the present principles;

[0024] FIG. 14 is a top view showing the raised source and
drain regions in accordance with the present principles;
[0025] FIG. 15 is a cross-sectional view of the device of
FIG. 13 after forming a metal layer over the raised source and
drain regions in accordance with the present principles;
[0026] FIG. 16 is a top view showing a gate dielectric
opening formed to access the gate conductor in accordance
with the present principles;

[0027] FIG. 17 is a top view showing the etching away of a
portion of the fins (fin chopping) in accordance with the
present principles;
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[0028] FIG. 18 is a cross-sectional view taken at section
line 18-18 of FIG. 17 and showing the device of FIG. 11 after
etching away a portion of the fins (fin chopping) in accor-
dance with the present principles;

[0029] FIG. 19 is a cross-sectional view of the device of
FIG. 18 after growing raised source and drain regions over the
fins in accordance with the present principles;

[0030] FIG. 20 is a cross-sectional view of the device of
FIG. 19 after forming a metal layer over the raised source and
drain regions in accordance with the present principles; and

[0031] FIG. 21 is ablock/flow diagram showing method for
forming finFET devices in accordance with illustrative
embodiments.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0032] In accordance with the present principles, non-sili-
con material (e.g., III-V) fin field effect transistors (finFETs)
are provided on silicon substrates. The present embodiments
provide a number of variations for the finFET integration
process. For example, while the present embodiments
describe gate first, self-aligned, finFETs, the finFETs may
also be formed using a gate last self-aligned, I1I-V finFET, a
non-self-aligned, I1I-V finFET or these with other finFET
materials. In addition, embodiments described herein may
include implanted finFET extension regions or include fin
chopping embodiments. In accordance with the present prin-
ciples, silicon and non-silicon semiconductor materials can
be combined on a same chip. For example, a I1I-V material,
such as, indium phosphide and a group IV material, such as
germanium can be integrated on a same device, which can
provide structures for both the emission and detection of
light, on silicon. In this way, manufacturers could combine
the light handling and electronic functionalities of photonic
devices in one chip. This reduces a cost of packaging multiple
chips in a module and of module-level integration and chip
interconnection. While many combinations of materials are
possible in accordance with the present principles, particu-
larly useful embodiments will describe the use of a silicon
substrate with 1II-V materials for forming finFETs.

[0033] Itis to be understood that the present invention will
be described in terms of a given illustrative architecture hav-
ing a silicon wafer; however, other architectures, structures,
substrate materials and process features and steps may be
varied within the scope of the present invention.

[0034] Itwill also be understood that when an element such
as a layer, region or substrate is referred to as being “on” or
“over” another element, it can be directly on the other element
or intervening elements may also be present. In contrast,
when an element is referred to as being “directly on” or
“directly over” another element, there are no intervening
elements present. It will also be understood that when an
element is referred to as being “connected” or “coupled” to
another element, it can be directly connected or coupled to the
other element or intervening elements may be present. In
contrast, when an element is referred to as being “directly
connected” or “directly coupled” to another element, there
are no intervening elements present.

[0035] The present embodiments may include a design for
an integrated circuit chip. A design for an integrated circuit
chip may be created in a graphical computer programming
language, and stored in a computer storage medium (such as
a disk, tape, physical hard drive, or virtual hard drive such as
in a storage access network). [f the designer does not fabricate
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chips or the photolithographic masks used to fabricate chips,
the designer may transmit the resulting design by physical
means (e.g., by providing a copy of the storage medium
storing the design) or electronically (e.g., through the Inter-
net) to such entities, directly or indirectly. The stored design
is then converted into the appropriate format (e.g., GDSII) for
the fabrication of photolithographic masks, which typically
include multiple copies of the chip design in question that are
to be formed on a wafer. The photolithographic masks are
utilized to define areas of the wafer (and/or the layers thereon)
to be etched or otherwise processed.

[0036] Methods as described herein may be used in the
fabrication of integrated circuit chips. The resulting inte-
grated circuit chips can be distributed by the fabricator in raw
wafer form (that is, as a single wafer that has multiple unpack-
aged chips), as a bare die, or in a packaged form. In the latter
case the chip is mounted in a single chip package (such as a
plastic carrier, with leads that are affixed to a motherboard or
other higher level carrier) or in a multichip package (such as
a ceramic carrier that has either or both surface interconnec-
tions or buried interconnections). In any case the chip is then
integrated with other chips, discrete circuit elements, and/or
other signal processing devices as part of either (a) an inter-
mediate product, such as a motherboard, or (b) an end prod-
uct. The end product can be any product that includes inte-
grated circuit chips, ranging from toys and other low-end
applications to advanced computer products having a display,
a keyboard or other input device, and a central processor.
[0037] It should also be understood that material com-
pounds will be described in terms of listed compounds with
listed elements, e.g., I1I-V elements, such as, e.g., InGaAs,
InP, GaAs or GaP. These compounds include different pro-
portions of the elements within the compound, e.g., InGaAs
includes In,,Ga, As, ,_,, wherex, y are less than or equal to 1,
or GaAs includes Ga, As,_, where x is less than or equal to 1,
etc. In addition, other elements may be included in the com-
pound, such as, e.g., AllnGaAs, and still function in accor-
dance with the present principles. The compounds with addi-
tional elements will be referred to herein as alloys.

[0038] Reference in the specification to “one embodiment”
or “an embodiment” of the present principles, as well as other
variations thereof, means that a particular feature, structure,
characteristic, and so forth described in connection with the
embodiment is included in at least one embodiment of the
present principles. Thus, the appearances of the phrase “in
one embodiment” or “in an embodiment”, as well any other
variations, appearing in various places throughout the speci-
fication are not necessarily all referring to the same embodi-
ment.

[0039] It is to be appreciated that the use of any of the
following “/”, “and/or”, and “at least one of”, for example, in
the cases of “A/B”, “A and/or B” and “at least one of Aand B”,
is intended to encompass the selection of the first listed option
(A) only, or the selection of the second listed option (B) only,
or the selection of both options (A and B). As a further
example, in the cases of “A, B, and/or C” and “at least one of
A, B, and C”, such phrasing is intended to encompass the
selection of the first listed option (A) only, or the selection of
the second listed option (B) only, or the selection of the third
listed option (C) only, or the selection of the first and the
second listed options (A and B) only, or the selection of the
first and third listed options (A and C) only, or the selection of
the second and third listed options (B and C) only, or the
selection of all three options (A and B and C). This may be
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extended, as readily apparent by one of ordinary skill in this
and related arts, for as many items listed.

[0040] Referring now to the drawings in which like numer-
als represent the same or similar elements and initially to FIG.
1, a cross-sectional view of a semiconductor device 10 having
a silicon-containing substrate 12 with dielectric layers 14, 16
and 18 formed thereon is shown in accordance with the
present principles. While the substrate 12 preferably includes
monocrystalline silicon, it should be understood that SiGe,
SiC, Ge, etc. may be employed. The substrate 12 should be
cleaned, e.g., by an RCA process or the like priorto formation
of any layers thereon.

[0041] Dielectric layer 14 may include an oxide or a nitride.
Examples of oxides include SiO,, Al,O;, etc., and examples
of nitrides include SiN, SiON, etc. Dielectric layer 16 may be
considered an etch stop layer, and includes a material that is
selectively etchable relative to the layers 18 and 14. In par-
ticular, a high etching selectivity is needed between layers 16
and 18. In one example, layer 16 may include SiN while layer
18 may include SiO, (or vice versa). The dielectric layers 14,
16 and 18 may be formed by known processes, which may
include chemical vapor deposition, although others methods
are also contemplated.

[0042] Referring to FIG. 2, trenches 20 are formed in the
dielectric layers 14, 16 and 18 down to the substrate 12. The
trenches 20 are preferably high in aspect ratio, e.g., 1:1 (depth
to width) or greater. The trenches 20 are formed by patterning
a mask and performing a reactive ion etch process. FIG. 2 is
a cross-section taken at section line 2-2 of FIG. 3. FIG. 3
shows a top view ofthe device 10 with the trenches patterned
(etched) into the dielectric layers 14, 16 and 18. In addition,
an optional guard-ring or ring 22 may be formed around and
edge of the device 10. The guard-ring 22 is provided to avoid
loading effects during epitaxial growth in later steps. The
guard-ring 22 is formed by removing the dielectric layers 14,
16 and 18 to expose the underlying silicon of the substrate 12.
The guard-ring 22 may take on many different patterns or
shapes that may depend upon the layout of the components
formed on the device 10.

[0043] Referring to FIG. 4, I1I-V material 26 is epitaxially
grown in the trenches 20. The epitaxial growth starts on the
silicon substrate 12 and fills the trenches 20 and grows on the
silicon substrate 12 in the guard-ring 22 area. In one embodi-
ment, a high-aspect ratio trapping (ART) technique is
employed to grow the I1I-V material. ART is employed to
create a relatively defect free monocrystalline structure for a
semiconductor compound (e.g., III-V materials 26). Defects
are suppressed in the lattice of materials 26 at the non-crys-
talline sidewalls of the dielectric layer 14, 16, and 18, espe-
cially where the sidewalls are relatively high with respect to
the growth area (e.g., 1:1 aspect ratio or greater). The ART
technique takes advantage of the geometry of the confined
spaces. The growth ofthe materials 26 is permitted directly on
the substrate 12 even though a lattice-mismatch would nor-
mally be present between Si and III-V materials (or other
materials). The III-V material may include GaAs, InGaAs,
AllnGaAs, AlGaAs, GaP, InGaP, InP, InAs, GaN, GaSb,
InSh, etc., combinations of these and alloys thereof. It should
beunderstood that other materials may also be formed instead
of II-V compounds for material 26, e.g., I[I-VI compounds,
such as ZnO, ZnSe, etc.

[0044] Referring to FIG. 5, a planarization step is per-
formed to planarize a top surface 28. The planarization step
planarizes the epitaxial material 26 in the trenches 20 and in
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the guard-ring region 22 (FIG. 3). The planarization may
include a chemical mechanical polish (CMP). The epitaxial
material 26 now forms fins 30, which will be employed in
forming finFETs in later steps.

[0045] Referring to FIG. 6, diclectric layer 18 is selectively
removed relative to dielectric layer 16 and the fins 30. The
selective removal of dielectric layer 18 may include a reactive
ion etch although other etching processes may be employed.
[0046] Referring to FIG. 7, a barrier layer 32 is grown on a
top portion of the fins 30. The barrier layer 32 provides
passivation to the sidewalls of the fins 30. The barrier layer 32
includes a high bandgap material, preferably a doped semi-
conductor material that can be easily grown by epitaxial
growth. The barrier layer 32 may include a thickness of 1-5
nm depending on the size of the fins 30. In one embodiment,
the fins include a I1I-V material and the barrier layer 32 may
include InP, InAlAs or the like.

[0047] Referring to FIG. 8, gate formationis provided. This
may include surface passivation of the barrier layer 32 by
subjecting the barrier layer 32 to a passivation material, such
as, e.g., amorphous silicon. Next, a gate dielectric 34 is
formed. The gate dielectric 34 may include a high-dielectric
constant (hi-K) material, such as SiO,, SiON, HfO,, etc.
deposited over the barrier layer 32 of the fins 30 and dielectric
layer 16. A gate conductor 36 is deposited over the gate
dielectric 34. The gate conductor 36 may include a metal or
metal compound, such as Cu, Al, W, TiN, etc. or alloys
thereof. In one embodiment, a doped semiconductor material
may be employed. An optional gate conductor planarization
step may be performed. A gate dielectric cap 38 is formed
over the gate conductor 36. The gate cap 38 may include SiN
or other dielectric material.

[0048] Referring to FIG. 9, a gate stack 40 includes the gate
dielectric 34, the gate conductor 36 and the gate cap 38. The
gate stack 40 is patterned using lithographic masking and
etching to expose the fins 30 or the barrier layer 34 on the fins
30. The etching may include a reactive ion etch process. The
section shown in FIG. 8 is taken at section line 8-8 in FIG. 9.
This is a gate first design, which refers to the gate being
formed before source and drain regions. Gate last refers to
forming the gate after the source and drain regions, which
may be provided by changing the gate stack to include a
dummy gate, which would be removed and replaced by the
gate conductor later in the process.

[0049] Referring to FIG. 10, a spacer deposition and etch is
performed to form spacers 42 around fins 30 and the gate
stack 40. In one embodiment, a silicon nitride is deposited
followed by a reactive ion etch process to form the sidewall
spacers 42. FIG. 11 shows a cross-sectional view taken at
section line 11-11 of FIG. 10 showing the spacers 42 as thick
lines formed on sidewalls of the fins 30.

[0050] Referring to FIG. 12, extension implants are per-
formed. An optional block mask (not shown) may be formed
to protect the guard-ring area 22 and selected fins 30 from ion
implantation. The fins 30 are subject to dopant (ion) implan-
tation to form doped regions 44. The ion implantation may
employ Si, or other dopants S, Se, etc. depending on the
desired conductivity and function of the fins 30. Then, if a
block mask is employed, it is stripped. The block mask may
include a resist material. Next, a thermal activation process
(e.g., an anneal) is performed to diffuse/activate the dopants
within the fins 30. It should be noted that in many embodi-
ments, less than the entire depth of the fin 30 is doped by the
extension dopant process.
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[0051] Referring to FIG. 13, an epitaxial growth process is
performed to grow raised source and drain (RSD) regions 48.
The RSD regions 48 are grown on barrier layer 32 or directly
on doped portions 44 of fins 30. The RSD regions 48 are
self-aligned to the fins 30. The RSD regions 48 may include a
material compatible with the material of the barrier layer 32
and/or the fins 30. For example, if the fins 30 and/or the barrier
layer 32 include III-V material then the RSD regions 48
include a I1I-V material. In one embodiment, the RSD regions
48 include InGaAs although other materials may be
employed. The RSD regions 48 are preferably doped in-situ
with the appropriate concentration, type and conductivity. In
other embodiments, the RSD regions 48 may not be self-
aligned and may need to be aligned with the fins 30.

[0052] Referring to FIG. 14, the RSD regions 48 are formed
on sides of the gate stack 40. The RSD region 48 on one side
of'the gate stack 40 is a source region while the RSD region 48
on the other side of the gate stack 40 is the drain region. The
RSD regions 48 merge multiple fins 30 together. The fins 30,
and in particular the doped portions 44 of the fins 30, act to
conduct across a channel below the gate stack 40 between the
source and drain regions when the device is active. A block
mask 50 may be formed and patterned over the guard-ring
area 22 to prevent metal deposition over the guard ring area 22
in the next step.

[0053] Referring to FIG. 15, a metal 52 is deposited over
the device. The metal 52 may include, e.g., Ni, Co, Pt,
although other metals may be employed. A strip resist process
is employed to remove the block mask 50 (FIG. 14), which in
turn, removes any metal in the guard-ring area 22. A rapid
thermal anneal process is employed to cause mixing between
the metal 52 and the material of the RSD regions 48, e.g.,
metal-III-V mixing, and in particular, Ni—InGaAs. A selec-
tive etch may be employed to remove unreacted metal 52.
[0054] Referring to FIG. 16, a gate pad open process is
performed to gain access to the gate conductor 36 (FIG. 8). A
resist is deposited (not shown) and lithographically patterned
to open a window or windows at a position or positions on the
gate stack 40. A reactive ion etch is performed to open up the
gate cap 38 to form a gate pad opening 54. The resist is then
stripped off. Processing then continues as is known in the art
to form upper metallizations and other back-end processing.
The fins 30 form finFETs from, e.g., III-V material on a
silicon substrate. The fins 30 and the RSD regions 48 include
1I1-V materials and therefore enjoy the benefits of the perfor-
mance enhancement provided when these materials are
employed. In addition, the cost is reduced and the manufac-
turing is easier by employing the silicon substrate and the
well-developed and less expensive silicon wafer fabrication
processing.

[0055] Referring to FIG. 17, an alternate embodiment
employs the same process as described above with reference
to FIGS. 1-11 in growing non-silicon semiconductor material
on a silicon substrate. The spacer 42 and barrier layer 32 are
formed as before. FIG. 17 shows a section line 18-18 for a
cross-section as shown in FIG. 18. FIG. 17 shows the spacer
42 formed, as before around the gate stack 40 and the fins 30.
[0056] Referring to FIG. 18, a fin chopping process is car-
ried out to remove a portion of the fins 30. An etch process is
performed which is selective to the dielectric layer 16, spacer
42 and the gate cap material 38 of the gate stack 40. The etch
may etch a top surface 58 of the fins 30 below the spacers 42
and remove the barrier layer 32 in the fin area (the barrier
layer 32 remains under the area of the gate stack 40, FIG. 17).
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While it is advantageous to stop the etch within layer 16 (due
to the selective etch chemistry), the etch may be adjusted
(timed) to etch deeper as needed or desired.

[0057] Referring to FIG. 19, an epitaxial growth process is
performed to grow raised source and drain (RSD) regions 60.
The RSD regions 60 are grown on the fins 30 and over the
spacers 42. The RSD regions 60 are self-aligned to the fins 30.
The RSD regions 60 may include a material compatible with
the material of the fins 30. For example, if the fins 30 include
1I1-V material then the RSD regions 60 include a I1I-V mate-
rial. The RSD regions 60 are preferably doped in-situ with the
appropriate concentration, type and conductivity.

[0058] In one embodiment, the RSD regions 60 include
InGaAs although other materials may be employed. The RSD
regions 60 are formed on sides of the gate stack 40. The RSD
region 60 on one side of the gate stack 40 is a source region
while the RSD region 60 on the other side of the gate stack 40
is the drain region (as in FIG. 14). The RSD regions 60 merge
multiple fins 30 together. The fins 30 act to conduct across a
channel below the gate stack 40 between the source and drain
regions when the device is active. The block mask 50 is
formed and patterned over the guard-ring area 22 to prevent
metal deposition over the guard ring area 22 in the next step
(see FIG. 14).

[0059] Referring to FIG. 20, a metal 62 is deposited over
the device. The metal 62 may include, e.g., Ni, Co, Pt,
although other metals may be employed. A strip resist process
is employed to remove the block mask 50 (FIG. 14), which in
turn, removes any metal in the guard-ring area 22. A rapid
thermal anneal process is employed to cause mixing between
the metal 62 and the material of the RSD regions 60, e.g.,
metal-III-V mixing, and in particular, Ni—InGaAs. A selec-
tive etch may be employed to remove unreacted metal 62. A
gate pad open process as in FIG. 16 is performed followed by
conventional back-end processing. The fins 30 form finFETs
from, e.g., I1I-V material on a silicon substrate. The fins 30
and the RSD regions 60 include I1I-V materials and therefore
enjoy the benefits of the performance enhancement provided
when these materials are employed. In addition, the cost is
reduced and the manufacturing is easier by employing the
silicon substrate and the well-developed and less expensive
silicon wafer fabrication processing.

[0060] Referring to FIG. 21, methods for forming fin field
effect transistors are illustratively shown. It should be noted
that, in some alternative implementations, the functions noted
in the blocks may occur out of the order noted in the figures.
For example, two blocks shown in succession may, in fact, be
executed substantially concurrently, or the blocks may some-
times be executed in the reverse order, depending upon the
functionality involved. It will also be noted that each block of
the block diagrams and/or flowchart illustration, and combi-
nations of blocks in the block diagrams and/or flowchart
illustration, can be implemented by special purpose hard-
ware-based systems that perform the specified functions or
acts, or combinations of special purpose hardware and com-
puter instructions.

[0061] In block 102, one or more dielectric layers are
formed on a silicon substrate. The substrate may also include
silicon compounds or Ge. In block 104, high aspect ratio
trenches are formed in the one or more dielectric layers down
to the substrate. The high aspect ratio includes a height to
width ratio of greater than about 1:1. In block 106, a non-
silicon containing semiconductor material is epitaxially
grown in the trenches using an aspect ratio trapping process to
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form fins. The non-silicon containing semiconductor material
includes at least one of a I1I-V material and a II-V1. In block
107, the one or more dielectric layers may be etched in a
guard-ring area down to the substrate, and the non-silicon
containing semiconductor material is grown in the guard-ring
area.
[0062] In one embodiment, epitaxially growing the non-
silicon containing semiconductor material includes growing
the non-silicon containing semiconductor material above a
height of the trench and planarizing the non-silicon contain-
ing semiconductor material to form the fins in block 108. In
block 109, the one or more dielectric layers are etched to
expose a portion of the fins.
[0063] Inblock 110, a barrier layer is epitaxially grown on
the portion of the fins. In one embodiment, the fins include a
111V semiconductor material, and the barrier layer includes a
1I1-V semiconductor material.
[0064] Inblock 112, a gate stack is formed over the fins in
a transverse orientation relative to a longitudinal direction of
the fins. The gate stack may include a conductor or a dummy
gate structure. In block 114, a spacer is formed around the
portion of the fins and the gate stack. In block 116, the fins are
further processed by extension implants or fin chopping. In
block 118, dopants are implanted into the portion of the fins.
In block 120, the fins are etched (chopped) below at least a
portion of the spacers.
[0065] In block 122, source and drain regions are formed
over the fins using a non-silicon containing semiconductor
material. The source and drain regions are formed over the
fins by epitaxial growth and in-situ doping. In block 124, a
metal is deposited over the source and drain regions and
annealed to mix the metal and the non-silicon containing
semiconductor material of the source and drain regions. In
block 126 processing continues.
[0066] Having described preferred embodiments for 111-V
finFETS on a silicon substrate (which are intended to be
illustrative and not limiting), it is noted that modifications and
variations can be made by persons skilled in the art in light of
the above teachings. It is therefore to be understood that
changes may be made in the particular embodiments dis-
closed which are within the scope of the invention as outlined
by the appended claims. Having thus described aspects of the
invention, with the details and particularity required by the
patent laws, what is claimed and desired protected by Letters
Patent is set forth in the appended claims.
1. A method for forming fin field effect transistors, com-
prising:
forming one or more dielectric layers on a silicon substrate;
forming high aspect ratio trenches in the one or more
dielectric layers down to the substrate, the high aspect
ratio including a height to width ratio of greater than
about 1:1;
epitaxially growing a non-silicon containing semiconduc-
tor material in the trenches using an aspect ratio trapping
process to form fins;
etching the one or more dielectric layers to expose a portion
of the fins;
epitaxially growing a barrier layer on the portion of the
fins;
forming a gate stack over the fins in a transverse orientation
relative to a longitudinal direction of the fins;
forming a spacer around the portion of the fins and the gate
stack;
implanting dopants into the portion of the fins; and
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growing source and drain regions over the fins using a

non-silicon containing semiconductor material.

2. The method as recited in claim 1, wherein the non-
silicon containing semiconductor material includes at least
one of a [II-V material and a II-VI material.

3. The method as recited in claim 1, wherein epitaxially
growing a non-silicon containing semiconductor material
includes:

growing the non-silicon containing semiconductor mate-

rial above a height of the trench; and

planarizing the non-silicon containing semiconductor

material to form the fins.
4. The method as recited in claim 1, wherein etching the
one or more dielectric layers to expose a portion of the fins
includes etching the one or more dielectric layers in a guard-
ring area down to the substrate.
5. The method as recited in claim 4, wherein epitaxially
growing a non-silicon containing semiconductor material
includes growing the non-silicon containing semiconductor
material in the guard-ring area.
6. The method as recited in claim 1, wherein the fins
include a I1I-V semiconductor material and the barrier layer
includes a I1I-V semiconductor material.
7. The method as recited in claim 1, wherein growing
source and drain regions over the fins includes forming the
source and drain regions over the fins by epitaxial growth and
in-situ doping.
8. The method as recited in claim 1, further comprising
depositing a metal over the source and drain regions and
annealing to mix the metal and the non-silicon containing
semiconductor material of the source and drain regions.
9. A method for forming fin field effect transistors, com-
prising:
forming one or more dielectric layers on a silicon substrate;
forming high aspect ratio trenches in the one or more
dielectric layers down to the substrate, the high aspect
ratio including a height to width ratio of greater than
about 1:1;

epitaxially growing a non-silicon containing semiconduc-
tor material in the trenches using an aspect ratio trapping
process to form fins;

etching the one or more dielectric layers to expose a portion

of the fins;

epitaxially growing a barrier layer on the portion of the

fins;

forming a gate stack over the fins in a transverse orientation

relative to a longitudinal direction of the fins;

forming a spacer around the portion of the fins and the gate

stack;

etching the fins below at least a portion of the spacers; and

growing source and drain regions over a remaining portion

of the fins using a non-silicon containing semiconductor
material.

10. The method as recited in claim 9, wherein the non-
silicon containing semiconductor material includes at least
one of a [II-V material and a II-VI material.

11. The method as recited in claim 9, wherein epitaxially
growing a non-silicon containing semiconductor material
includes:

growing the non-silicon containing semiconductor mate-

rial above a height of the trench; and

planarizing the non-silicon containing semiconductor

material to form the fins.
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12. The method as recited in claim 9, wherein etching the
one or more dielectric layers to expose a portion of the fins
includes etching the one or more dielectric layers in a guard-
ring area down to the substrate.

13. The method as recited in claim 12, wherein epitaxially
growing a non-silicon containing semiconductor material
includes growing the non-silicon containing semiconductor
material in the guard-ring area.

14. The method as recited in claim 9, wherein the fins
include a I1I-V semiconductor material and the barrier layer
includes a III-V semiconductor material.

15. The method as recited in claim 9, wherein growing
source and drain regions over the remaining portion of the fins
includes forming the source and drain regions over the
remaining portion of the fins by epitaxial growth and in-situ
doping.

16. The method as recited in claim 9, further comprising
depositing a metal over the source and drain regions and
annealing to mix the metal and the non-silicon containing
semiconductor material of the source and drain regions.

17.-20. (canceled)
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