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(57) ABSTRACT

Embodiments herein provide device isolation in a compli-
mentary metal-oxide fin field effect transistor. Specifically, a
semiconductor device is formed with a retrograde doped layer
over a substrate to minimize a source to drain punch-through
leakage. A set ofhigh mobility channel fins is formed over the
retrograde doped layer, each of the set of high mobility chan-
nel fins comprising a high mobility channel material (e.g.,
silicon or silicon-germanium). The retrograde doped layer
may be formed using an in situ doping process or a counter
dopant retrograde implant. The device may further include a
carbon liner positioned between the retrograde doped layer
and the set of high mobility channel fins to prevent carrier
spill-out to the high mobility channel fins.
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RETROGRADE DOPED LAYER FOR DEVICE

ISOLATION
BACKGROUND
[0001] 1. Technical Field
[0002] This invention relates generally to the field of semi-

conductors, and more particularly, to approaches used to form
a complementary metal-oxide field effect transistor.

[0003] 2. Related Art

[0004] A typical integrated circuit (IC) chip includes a
stack of several levels or sequentially formed layers of
shapes. Each layer is stacked or overlaid on a prior layer and
patterned to form the shapes that define devices (e.g., fin field
effect transistors (FINFETs)) and connect the devices into
circuits. In a typical state of the art complementary insulated
gate FINFET process, such as what is normally referred to as
CMOS, layers are formed on a wafer to form the devices on a
surface of the wafer. Further, the surface may be the surface of
a silicon layer on a silicon on insulator (SOI) wafer. A simple
FINFET is formed by the intersection of two shapes, i.c., a
gate layer rectangle on a silicon island formed from the sili-
con surface layer. Each of these layers of shapes, also known
as mask levels or layers, may be created or printed optically
through well known photolithographic masking, developing
and level definition, e.g., etching, implanting, deposition and
etc.

[0005] Silicon based FinFETs have been successfully fab-
ricated using conventional MOSFET technology. A typical
FinFET is fabricated on a substrate with an overlying insu-
lating layer with a thin ‘fin’ extending from the substrate, for
example, etched into a silicon layer of the substrate. The
channel of the FET is formed in this vertical fin. A gate is
provided over the fin(s). A double gate is beneficial in that
there is a gate on both sides of the channel allowing gate
control of the channel from both sides. Further advantages of
FinFETs include reducing the short channel effect and higher
current flow. Other FinFET architectures may include three or
more effective gates.

[0006] Itis currently known that performance improvement
in a bulk finFET can be increased by adding high mobility
channel materials. Germanium based devices (Ge-FinFET)
include a fin formed at least in part, of germanium (as opposed
to silicon fin). Typical Ge-FinFET fabrication includes pat-
terning a germanium layer on a substrate to form a narrow
Ge-fin. However, even high mobility channel materials like
Ge have aggravated junction leakage if the device interface is
not properly engineered. As shown by the prior art device 10
of FIG. 1, the bulk FinFET suffers from punch-through leak-
age along the fin channel, which significantly contributes to
overall device leakage. Furthermore, prior art device 10 is
highly susceptible to damage during punch-through implant,
and suffers from carrier spill-out to the undoped fin channel,
which lowers the carrier mobility. Accordingly, what is
needed is a solution to at least one of these deficiencies.

SUMMARY

[0007] In general, embodiments herein provide device iso-
lation in a complimentary metal-oxide-semiconductor
(CMOS) fin field effect transistor (finFET). Specifically, a
semiconductor device is formed with a retrograde doped layer
over a substrate to minimize a source to drain punch-through
leakage. A set of high mobility channel fins is formed over the
retrograde doped layer, each of the set of high mobility chan-
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nel fins comprising a high mobility channel material (e.g., Si
or silicon-germanium). The retrograde doped layer may be
formed using an in situ doping process or a counter dopant
retrograde implant. The device may further include a carbon
liner formed over the retrograde doped layer to prevent carrier
spill-out to the high mobility channel fins.

[0008] One aspect of the present invention includes a
method for forming a device, the method comprising: form-
ing a retrograde doped layer over a substrate, the retrograde
doped layer comprising one of: doped silicon (Si), and doped
silicon-germanium (Si—Ge); forming a set of high mobility
channel fins over the retrograde doped layer, each of the set of
high mobility channel fins comprising at least one of: Si, and
Si—Ge; and forming a set of silicon fins adjacent the set of
high mobility channel fins.

[0009] Another aspect of the present invention includes a
method for providing device isolation in a complementary
metal-oxide-semiconductor fin field effect transistor, the
method comprising: forming a retrograde doped layer over a
substrate, the retrograde doped layer comprising one of:
doped silicon (Si), and doped silicon-germanium (Si—Ge);
forming a set of high mobility channel fins over the retrograde
doped layer, each of the set of high mobility channel fins
comprising at least one of: Si, and Si—Ge; and forming a set
of'silicon fins adjacent the set of high mobility channel fins.
[0010] Another aspect of the present invention includes a
semiconductor device comprising: a retrograde doped layer
formed over a substrate, the retrograde doped layer compris-
ing one of: doped silicon (Si), and doped silicon-germanium
(Si—Ge); a set of high mobility channel fins formed over the
retrograde doped layer, each of the set of high mobility chan-
nel fins comprising at least one of: Si, and Si—Ge; and a set
of'silicon fins formed adjacent the set of high mobility chan-
nel fins.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These and other features of this invention will be
more readily understood from the following detailed descrip-
tion of the various aspects of the invention taken in conjunc-
tion with the accompanying drawings in which:

[0012] FIG. 1 shows a cross-sectional view of a prior art
semiconductor device;

[0013] FIG. 2 shows a cross-sectional view of an opening
formed in a substrate according to illustrative embodiments;
[0014] FIG. 3 shows a cross-sectional view of formation of
a retrograde doped layer in the opening formed in the sub-
strate according to illustrative embodiments;

[0015] FIG. 4 shows a cross-sectional view of formation of
a carbon liner over the retrograde doped layer according to
illustrative embodiments;

[0016] FIG. 5 shows a cross-sectional view of formation of
a high mobility channel material according to illustrative
embodiments;

[0017] FIG. 6 shows a cross-sectional view of removal of a
hardmask according to illustrative embodiments;

[0018] FIG. 7 shows a cross-sectional view of a set of high
mobility channel fins formed over the retrograde doped layer
and the carbon liner according to illustrative embodiments;
[0019] FIG. 8 shows a cross-sectional view of an opening
formed in the substrate according to illustrative embodi-
ments;

[0020] FIG. 9 shows a cross-sectional view of formation of
a high mobility channel material according to illustrative
embodiments;



US 2016/0035728 Al

[0021] FIG. 10 shows a cross-sectional view of formation
of a retrograde doped layer according to illustrative embodi-
ments;

[0022] FIG. 11 shows a cross-sectional view of formation
of a carbon liner according to illustrative embodiments;
[0023] FIG. 12 shows a cross-sectional view of formation
of a retrograde doped layer according to illustrative embodi-
ments;

[0024] FIG. 13 shows a cross-sectional view of formation
of a carbon liner according to illustrative embodiments;
[0025] FIG. 14 shows a cross-sectional view of formation
of a retrograde doped layer according to illustrative embodi-
ments;

[0026] FIG. 15 shows a cross-sectional view of formation
of a carbon liner according to illustrative embodiments;
[0027] FIG. 16 shows a cross-sectional view of formation
of an opening in the substrate according to illustrative
embodiments;

[0028] FIG. 17 shows a cross-sectional view of formation
of formation of a high mobility channel material according to
illustrative embodiments;

[0029] FIG. 18 shows a cross-sectional shows removal of
the hardmask according to illustrative embodiments;

[0030] FIG. 19 shows a cross-sectional view shows forma-
tion of a set of high mobility channel fins over the substrate
according to illustrative embodiments;

[0031] FIG. 20 shows a cross-sectional view of an opening
formed in the substrate according to illustrative embodi-
ments;

[0032] FIG. 21 shows a cross-sectional view of formation
of'the high mobility channel material according to illustrative
embodiments;

[0033] FIG. 22 shows a cross-sectional view of the forma-
tion retrograde doped layer according to illustrative embodi-
ments; and

[0034] FIG. 23 shows a cross-sectional view of formation
of'the carbon layer over the retrograde doped layer according
to illustrative embodiments;

[0035] The drawings are not necessarily to scale. The draw-
ings are merely representations, not intended to portray spe-
cific parameters of the invention. The drawings are intended
to depict only typical embodiments of the invention, and
therefore should not be considered as limiting in scope. In the
drawings, like numbering represents like elements.

DETAILED DESCRIPTION

[0036] Exemplary embodiments will now be described
more fully herein with reference to the accompanying draw-
ings, in which exemplary embodiments are shown. Described
are approaches for device isolation in a complementary
metal-oxide finFET (e.g., a bulk finFET). Specifically, a
semiconductor device is formed with a retrograde doped layer
over a substrate to minimize a source to drain punch-through
leakage. A set of high mobility channel fins is formed over the
retrograde doped layer, each of the set of high mobility chan-
nel fins comprising a high mobility channel material (e.g.,
silicon or silicon-germanium). The retrograde doped layer
may be formed using an in situ doping process or a counter
dopant retrograde implant. The device may further include a
carbon liner positioned between the retrograde doped layer
and the set of high mobility channel fins to prevent carrier
spill-out to the high mobility channel fins.

[0037] It will be appreciated that this disclosure may be
embodied in many different forms and should not be con-

Feb. 4, 2016

strued as limited to the exemplary embodiments set forth
herein. Rather, these exemplary embodiments are provided so
that this disclosure will be thorough and complete and will
fully convey the scope of this disclosure to those skilled in the
art. The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of this disclosure. For example, as used herein, the
singular forms “a”, “an”, and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. Furthermore, the use of the terms “a”, “an”, etc., do
not denote a limitation of quantity, but rather denote the
presence of at least one of the referenced items. It will be
further understood that the terms “comprises” and/or “com-
prising”, or “includes” and/or “including”, when used in this
specification, specify the presence of stated features, regions,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, regions, integers, steps, operations, elements, com-
ponents, and/or groups thereof.

[0038] Reference throughout this specification to “one
embodiment,” “an embodiment,” “embodiments,” “exem-
plary embodiments,” or similar language means that a par-
ticular feature, structure, or characteristic described in con-
nection with the embodiment is included in at least one
embodiment of the present invention. Thus, appearances of
the phrases “in one embodiment,” “in an embodiment,” “in
embodiments” and similar language throughout this specifi-

cation may, but do not necessarily, all refer to the same

embodiment.
[0039] The terms “overlying” or “atop”, “positioned on” or
“positioned atop”, “underlying”, “beneath” or “below” mean
that a first element, such as a first structure, e.g., a first layer,
is present on a second element, such as a second structure, e.g.
a second layer, wherein intervening elements, such as an
interface structure, e.g. interface layer, may be present

between the first element and the second element.

[0040] As used herein, “depositing” may include any now
known or later developed techniques appropriate for the
material to be deposited including but not limited to, for
example: chemical vapor deposition (CVD), low-pressure
CVD (LPCVD), plasma-enhanced CVD (PECVD), semi-
atmosphere CVD (SACVD) and high density plasma CVD
(HDPCVD), rapid thermal CVD (RTCVD), ultra-high
vacuum CVD (UHVCVD), limited reaction processing CVD
(LRPCVD), metal-organic CVD (MOCVD), sputtering
deposition, ion beam deposition, electron beam deposition,
laser assisted deposition, thermal oxidation, thermal nitrida-
tion, spin-on methods, physical vapor deposition (PVD),
atomic layer deposition (ALD), chemical oxidation, molecu-
lar beam epitaxy (MBE), plating, evaporation.

[0041] With reference again to the figures, FIG. 2 shows a
cross sectional view of a device 100 according to an embodi-
ment of the invention. Device 100 comprises a substrate 102
and a hard mask 104 formed over substrate 102. As shown, an
opening 106 is formed in substrate 102. Opening 106 is
patterned, for example, using a photo-lithography processes
orother lithographic process (e.g., electron beam lithography,
imprint lithography, etc.), and removed by a suitable etching
process including a wet etch, dry etch, plasma etch, and the
like. In one embodiment, hard mask 104 comprises SiN or
Si02, and substrate 102 includes a silicon substrate (e.g.,
wafer). Substrate 102 may be silicon in a crystalline structure
(e.g., a bulk silicon substrate).
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[0042] Next, as shown in FIG. 3, a retrograde doped layer
108 is formed within opening 106 of substrate 102. In one
embodiment, retrograde doped layer 108 is grown within
opening 106 and doped using an in situ doping process.
Retrograde doped layer 108 comprises Si or Si—Ge, and is
grown by a CMOS compatible process, e.g., CVD. Retro-
grade doped layer 108 is doped using an in-situ doping tech-
nique wherein dopants are introduced to the Si/Si—Ge at the
same time the Si/Si—Ge is being deposited. In one embodi-
ment, the Si/Si—Ge of retrograde doped layer 108 is counter
doped, e.g., with arsenic, antimony, or phosphorous, to ensure
proper isolation. In alternative embodiments, retrograde
doped layer 108 comprises doped N+Silicon/SiC Silicon lay-
ers (for PMOS), doped P+Silicon/SiC silicon layers (for
NMOS), doped N+SiGe/SiGeC layers (for PMOS), or doped
P+SiGe/SiGeC (for NMOS). In these embodiments, the Sili-
con NMOS may be strained as well.

[0043] As shown in FIG. 4, device 100 further comprises a
carbon liner 110 formed over the retrograde doped layer 108
within opening 106. In one embodiment, carbon liner 110
comprises Silicon Germanium:Carbon (SiGe:C), which is
grown over retrograde doped layer 108. A high mobility
channel material 112 is then formed over carbon liner 110, as
shown in FIG. 5. In one embodiment, high mobility channel
material 112 (i.e., Si or Si—Ge) is grown over carbon liner
110 within opening 106 using CVD. Next, hardmask 104 is
then removed, resulting in device 100 shown in FIG. 6.

[0044] As shown in FIG. 7, a set of fins 114 (i.e., silicon
fins) and a set of high mobility channel fins 116 are then
patterned and formed over substrate 102. Fins 114 and high
mobility channel fins 116 may be fabricated using any suit-
able process including one or more photolithography and etch
processes. The photolithography process may include form-
ing a photoresist layer (not shown) overlying substrate 102
(e.g., on a silicon layer), exposing the resist to a pattern,
performing post-exposure bake processes, and developing
the resist to form a masking element including the resist. The
masking element may then be used to etch fins 114 into the
silicon layer, e.g., using reactive ion etch (RIE) and/or other
suitable processes, and etch high mobility channel fins 116
into high mobility channel material 112. In one embodiment,
fins 114 and high mobility channel fins 116 are formed using
a sidewall image transfer technique. In another embodiment,
fins 114 are formed by a double-patterning lithography (DPL)
process. DPL is a method of constructing a pattern on a
substrate by dividing the pattern into two interleaved patterns.
DPL allows enhanced feature (e.g., fin) density. Various DPL
methodologies may used including, double exposure (e.g.,
using two mask sets), forming spacers adjacent features and
removing the features to provide a pattern of spacers, resist
freezing, and/or other suitable processes.

[0045] Referring now to FIG. 8, a cross sectional view of a
device 200 according to an embodiment of the invention is
shown. Device 200 comprises a substrate 202 and a hard mask
204 formed over substrate 202. As shown, an opening 206 is
formed in substrate 202. Opening 206 is patterned, for
example, using a photo-lithography processes or other litho-
graphic process (e.g., electron beam lithography, imprint
lithography, etc.), and removed by a suitable etching process
including a wet etch, dry etch, plasma etch, and the like. In
one embodiment, hard mask 104 comprises SiN or SiO2, and
substrate 202 includes a silicon substrate (e.g., wafer). Sub-
strate 202 may be silicon in a crystalline structure (e.g., a bulk
silicon substrate).
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[0046] Next, as shown in FIG. 9, a high mobility channel
material 212 is formed over substrate 202 within opening
206. In this embodiment, high mobility channel material 212
is grown within opening 206 using an in situ process. A
retrograde doped layer 208 is then formed over substrate 202,
as shown in FIG. 10. In this embodiment, retrograde doped
layer 208 is formed along a bottom edge/surface of high
mobility channel material 212 and over substrate 202, e.g.,
via a counter dopant retrograde implant 214. Retrograde
doped layer 208 comprises Si or Si—Ge, which is counter
doped with N-type dopants (e.g., arsenic, antimony, or phos-
phorus) to ensure proper isolation.

[0047] Next, as shown in FIG. 11, carbon liner 210 is
formed over retrograde doped layer 208 within substrate 202
using a retrograde carbon implant 218. The processing steps
described and shown by FIGS. 6-7 are then repeated to
remove hardmask 204 and form the silicon fins and high
mobility channel fins over substrate 102.

[0048] Turning now to FIG. 12, a cross sectional view of a
device 300 according to an embodiment of the invention is
shown. Device 300 comprises a substrate 302 and a hard mask
304 formed over substrate 302. As shown, retrograde doped
layer 308 is formed within substrate 302, e.g., via a counter
dopant retrograde implant process 314. In this embodiment,
retrograde doped layer 308 comprises Si or Si—Ge, which is
counter doped (e.g., with arsenic, antimony, or phosphorus)
to ensure proper isolation. To accomplish this, hardmask 304
is formed and patterned over substrate 302, and dopant
implantation process 314 is performed.

[0049] Next, as shown in FIG. 13, carbon liner 310 is
formed over retrograde doped layer 308 within substrate 302
using a retrograde carbon implant 318. Although not shown
for the sake of brevity, a high mobility channel material is
then formed within an opening patterned over carbon liner
310, and the processing steps described and shown by FIGS.
6-7 are repeated to remove hardmask 304 and form the silicon
fins and high mobility channel fins over substrate 302.
[0050] Turning now to FIG. 14, a cross sectional view of a
device 400 according to an embodiment of the invention is
shown. Device 400 comprises a substrate 402 with retrograde
doped layer 408 formed therein, e.g., via dopant implantation
process 414. In this embodiment, retrograde doped layer 408
comprises Si or Si—Ge, which is counter doped (e.g., with
arsenic, antimony, or phosphorus) to ensure proper isolation.
As shown, no hardmask is present during this processing step.
Dopant implantation process 414 therefore impacts all of
substrate 402 and results in retrograde doped layer 408 being
formed along the entire width of substrate 402. Carbon liner
410 is then formed over the retrograde doped layer 408 within
substrate 402 using a retrograde carbon implant 418, as
shown in FIG. 15. Similarly, carbon liner 410 is also formed
along the entire width of substrate 402.

[0051] Next, opening 406 is formed in substrate 402. Open-
ing 406 is patterned, for example, using a photo-lithography
processes or other lithographic process (e.g., electron beam
lithography, imprint lithography, etc.), and removed by a
suitable etching process including a wet etch, dry etch,
plasma etch, and the like. As shown, substrate 402 is removed
to a top surface of carbon liner 410. High mobility channel
material 412 is then formed over carbon liner 410 within
opening 406, as shown in FIG. 17. In this embodiment, high
mobility channel material 412 is grown within opening 406
using an in situ process. Hardmask 404 is then removed,
resulting in the structure shown in FIG.
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[0052] As shown in FIG. 19, a set of fins 414 (i.e., silicon
fins) and a set of high mobility channel fins 416 are then
patterned and formed over substrate 402. As a result, device
400 comprises a set of silicon fins 414 adjacent high mobility
channel fins 416, wherein silicon fins 414 are also formed
atop retrograde doped layer 408 and carbon liner 410. In this
embodiment, the same retrograde well is used for both Silicon
PFETS and SiGe PFETS. Each is formed on the same sub-
strate 402 with the same retrograde well implants.

[0053] Turning now to FIG. 20, a cross sectional view of a
device 500 according to an embodiment of the invention is
shown. Device 500 comprises a substrate 502 with opening
506 formed therein. High mobility channel material 512 is
then formed over substrate 502 within opening 506, as shown
in FIG. 21. In this embodiment, high mobility channel mate-
rial 512 is grown within opening 506 using an in situ process.

[0054] Next, hardmask 504 is removed and retrograde
doped layer 508 is formed over substrate 502, as shown in
FIG. 22. In this embodiment, retrograde doped layer 508 is
formed along a bottom edge of high mobility channel mate-
rial 512 and within substrate 502, e.g., via a counter dopant
retrograde implant 514. As shown, no hardmask is present
during this processing step. Dopant implantation process 514
therefore impacts both high mobility channel material 512
and substrate 502, resulting in retrograde doped layer 508
being formed along the entire width of substrate 502. Retro-
grade doped layer 508 comprises Si or Si—Ge, which is
counter doped with N-type dopants (e.g., arsenic, antimony,
or phosphorus) to ensure proper isolation.

[0055] Next, as shown in FIG. 23, carbon liner 510 is
formed over retrograde doped layer 508 within substrate 502
using a retrograde carbon implant 518. Retrograde carbon
implant 518 impacts both high mobility channel material 512
and substrate 502, resulting in retrograde carbon implant
being formed along the entire width of substrate 502. The
processing steps described and shown in FIG. 19 are then
repeated to form the silicon fins and high mobility channel
fins over substrate 502.

[0056] Although not shown, it will be appreciated that a set
of gate structures are then formed atop each device, i.e.,
devices 100, 200, 300, 400, and 500. In one embodiment, the
gate structure includes a gate dielectric layer and a gate elec-
trode. Numerous other layers may also be present, for
example, capping layers, interface layers, spacer elements,
and/or other suitable features. The gate dielectric layer may
include dielectric material such as, silicon oxide, silicon
nitride, silicon oxinitride, dielectric with a high dielectric
constant (high k), and/or combinations thereof. Examples of
high k materials include hafnium silicate, hafnium oxide,
zirconium oxide, aluminum oxide, hafnium dioxide-alumina
(Hf,,-A;505) alloy, and/or combinations thereof. The gate
dielectric layer may be formed using processes such as, pho-
tolithography patterning, oxidation, deposition, etching, and/
or other suitable processes. The gate electrode may include
polysilicon, silicon-germanium, a metal including metal
compounds such as, Mo, Cu, W, Ti, Ta, TiN, TaN, NiSi, CoSi,
and/or other suitable conductive materials known in the art.
The gate electrode may be formed using processes such as,
physical vapor deposition (PVD), CVD, plasma-enhanced
chemical vapor deposition (PECVD), atmospheric pressure
chemical vapor deposition (APCVD), low-pressure CVD
(LPCVD), high density plasma CVD (HD CVD), atomic
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layer CVD (ALCVD), and/or other suitable processes which
may be followed, for example, by photolithography and/or
etching processes.

[0057] Furthermore, in various embodiments, design tools
can be provided and configured to create the datasets used to
pattern the semiconductor layers as described herein. For
example data sets can be created to generate photomasks used
during lithography operations to pattern the layers for struc-
tures as described herein. Such design tools can include a
collection of one or more modules and can also be comprised
of hardware, software or a combination thereof. Thus, for
example, a tool can be a collection of one or more software
modules, hardware modules, software/hardware modules or
any combination or permutation thereof. As another example,
atool can be a computing device or other appliance on which
software runs or in which hardware is implemented. As used
herein, a module might be implemented utilizing any form of
hardware, software, or a combination thereof. For example,
one or more processors, controllers, ASICs, PL.As, logical
components, software routines or other mechanisms might be
implemented to make up a module. In implementation, the
various modules described herein might be implemented as
discrete modules or the functions and features described can
be shared in part or in total among one or more modules. In
other words, as would be apparent to one of ordinary skill in
the art after reading this description, the various features and
functionality described herein may be implemented in any
given application and can be implemented in one or more
separate or shared modules in various combinations and per-
mutations. Even though various features or elements of func-
tionality may be individually described or claimed as separate
modules, one of ordinary skill in the art will understand that
these features and functionality can be shared among one or
more common software and hardware elements, and such
description shall not require or imply that separate hardware
or software components are used to implement such features
or functionality.

[0058] It is apparent that there has been provided device
isolation in a complimentary metal-oxide fin field effect tran-
sistor. While the invention has been particularly shown and
described in conjunction with exemplary embodiments, it
will be appreciated that variations and modifications will
occur to those skilled in the art. For example, although the
illustrative embodiments are described herein as a series of
acts or events, it will be appreciated that the present invention
is not limited by the illustrated ordering of such acts or events
unless specifically stated. Some acts may occur in different
orders and/or concurrently with other acts or events apart
from those illustrated and/or described herein, in accordance
with the invention. In addition, not all illustrated steps may be
required to implement a methodology in accordance with the
present invention. Furthermore, the methods according to the
present invention may be implemented in association with the
formation and/or processing of structures illustrated and
described herein as well as in association with other struc-
tures not illustrated. Therefore, it is to be understood that the
appended claims are intended to cover all such modifications
and changes that fall within the true spirit of the invention.

1. A method for forming a device, the method comprising:

forming a retrograde doped layer over a substrate, the
retrograde doped layer comprising one of:

doped silicon (Si), and doped silicon-germanium (Si—
Ge);
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forming a set of high mobility channel fins over the retro-
grade doped layer, wherein each of the set of high mobil-
ity channel fins comprises at least one of: Si, and
Si—Ge, and a retrograde doped layer comprising one of:
doped silicon (Si), and doped silicon-germanium (Si—
Ge); and

forming a set of silicon fins adjacent the set of high mobil-

ity channel fins.

2. The method according to claim 1, further comprising
forming a carbon liner over the retrograde doped layer.

3. The method according to claim 1, the forming the retro-
grade doped layer comprising performing an in situ doping
process.

4. The method according to claim 3, the forming the set of
high mobility channel fins comprising:

depositing the a high mobility channel material over the

retrograde doped layer;

patterning the high mobility channel material, the retro-

grade doped layer, and the a substrate; and

etching the high mobility channel material, the retrograde

doped layer, and the substrate.

5. The method according to claim 4, the depositing com-
prising growing the high mobility channel material using a
chemical vapor deposition of at least one of: Si, and Si—Ge.

6. The method according to claim 2, the forming the retro-
grade doped layer comprising:

forming an opening in the a substrate;

depositing the a high mobility channel material in the

opening; and

performing a counter dopant retrograde implant to form the

retrograde doped layer over the substrate in the opening.

7. The method according to claim 6, further comprising
performing a retrograde carbon implant to form the carbon
liner over the retrograde doped layer.

8. The method according to claim 1, the forming the retro-
grade doped layer comprising performing a counter dopant
retrograde implant to form the retrograde doped layer within
the a substrate.

9. The method according to claim 8, further comprising:

patterning an opening in a hardmask formed over the sub-

strate prior to formation of the retrograde doped layer;
and

performing a retrograde carbon implant to form the a car-

bon liner over the retrograde doped layer.

10. A method for providing device isolation in a comple-
mentary metal-oxide semiconductor fin field effect transistor,
the method comprising:

forming a retrograde doped layer over a substrate, the

retrograde doped layer comprising one of:
doped silicon (Si), and doped silicon-germanium (Si—
Ge);

forming a set of high mobility channel fins over the retro-
grade doped layer, wherein each of the set of high mobil-
ity channel fins comprises at least one of: Si, and
Si—Ge, and the retrograde doped layer comprising one
of: doped silicon (Si), and doped silicon-germanium
(Si—Ge); and

forming a set of silicon fins adjacent the set of high mobil-

ity channel fins.
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11. The method according to claim 10, further comprising
forming a carbon liner over the retrograde doped layer.

12. The method according to claim 10, the forming the
retrograde doped layer comprising performing an in situ dop-
ing process.

13. The method according to claim 12, the forming the set
ot high mobility channel fins comprising:

depositing the a high mobility channel material over the

retrograde doped layer;

patterning the high mobility channel material, the retro-

grade doped layer, and the a substrate; and

etching the high mobility channel material, the retrograde

doped layer, and the substrate.

14. The method according to claim 13, the depositing com-
prising growing the high mobility channel material using a
chemical vapor deposition of at least one of: Si, and Si—Ge.

15. The method according to claim 11, the forming the
retrograde doped layer comprising:

forming an opening in the a substrate;

depositing the a high mobility channel material in the

opening; and

performing a counter dopant retrograde implant to form the

retrograde doped layer over the substrate in the opening.

16. The method according to claim 15, further comprising
performing a retrograde carbon implant to form the carbon
liner over the retrograde doped layer.

17. The method according to claim 10, the forming the
retrograde doped layer comprising performing a counter
dopant retrograde implant to form the retrograde doped layer
within the a substrate.

18. The method according to claim 17, further comprising:

patterning an opening in a hardmask formed over the sub-
strate prior to formation of the retrograde doped layer;
and

performing a retrograde carbon implant to form the carbon
liner over the retrograde doped layer.

19. A semiconductor device comprising:

a retrograde doped layer formed over a substrate, the ret-
rograde doped layer comprising one of:

doped silicon (Si), and doped silicon-germanium (Si—
Ge);

a set of high mobility channel fins formed over the retro-
grade doped layer, wherein each of the set of high mobil-
ity channel fins comprises at least one of: Si, and
Si—Ge, and a retrograde doped layer comprising one of:
doped silicon (Si), and doped silicon-germanium (Si—
Ge); and

a set of'silicon fins adjacent the set of high mobility channel
fins.

20. The semiconductor device according to claim 19, fur-
ther comprising a carbon liner formed over the retrograde
doped layer, wherein the set of high mobility channel fins and
the set of silicon fins are formed over the carbon liner.
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