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(57) Abstract: A transistor having an ultra thin fin profile and its method of fabrication is described. The transistor comprises a
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TRANSISTORS HAVING ULTRA THIN FIN PROFILES AND THEIR METHODS OF

FABRICATION
BACKGROUND
1. FIELD
[0001] Embodiments of the present invention are directed to field effect transistors

(FETs) having ultra thin active fin profiles and their methods of fabrication.

2. DISCUSSION OF RELATED ART

[0002] For the past several decades, the scaling of features in integrated circuits has been
a driving force behind an ever-growing semiconductor industry. Scaling to smaller and smaller
features enables increased densities of functional units on the limited real estate of
semiconductor chips. For example, shrinking transistor size allows for the incorporation of an
increased number of memory devices on a chip, lending to the fabrication of products with
increased capacity. The drive for ever-more capacity, however, is not without issue. The
necessity to optimize the performance of each device becomes increasingly significant.

[0003] Semiconductor devices formed from germanium-based material systems offer
exceptionally high hole mobility in the transistor channels due to low effective mass along with
reduced impurity scattering. Such devices provide high drive current performance and appear
promising for future low power, high speed logic applications. However, significant
improvements are still needed in the area of germanium-based devices.

[0004] Additionally, in the manufacture of integrated circuit devices, multi-gate
transistors, such as tri-gate transistors, or gate-all-around devices, such as nanowires, have
become more prevalent as device dimensions continue to scale down. Many different techniques
have been attempted to reduce channel or external resistance of such transistors. However,
significant improvements are still needed in the area of channel or external resistance
suppression. Also, many different techniques have been attempted to manufacture devices with
non-Si channel materials such as SiGe, Ge, and I1I-V materials. However, significant process

improvements are still needed to integrate these materials on Si wafers.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Figure 1A is an angled view illustration of a field effect transistor in accordance

with embodiments of the present invention.

[0006] Figure 1B is a cross-sectional illustration of the field effect transistor of Figure
1 A taken through the gate electrode and channel region of the field effect transistor of Figure
1A

[0007] Figure 1C is a cross-sectional illustration of a field effect transistor having a
subfin extending above an insulation layer in accordance with embodiments of the present

invention.

[0008] Figure 1D is a cross-sectional illustration of a field effect transistor having a
bottom portion of a subfin located within an insulation layer in accordance with embodiments of

the present invention.

[0009] Figure 2 is a cross-sectional illustration of a CMOS device having an N-type
field effect transistor and a P-type field effect transistor in accordance with embodiments of the

present invention.

[0010] Figure 3 is a cross-sectional illustration of a planar field effect transistor in

accordance with embodiments of the present invention.

[0011] Figure 4 is a cross-sectional illustration of a nanowire device in accordance with

embodiments of the present invention.

[0012] Figures SA-5SL are cross-sectional illustrations of various operations in a method

of fabricating field effect transistors in accordance with embodiments of the present invention.

[0013] Figure 6 illustrates a computing device in accordance with one implementation of

an embodiment of the invention.

[0014] Figure 7 is an interposer implementing one or more embodiments of the

invention.
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DESCRIPTION OF THE EMBODIMENTS

[0015] Embodiments of the present invention are directed to field effect transistors
having ultra thin fin profiles and their methods of fabrication. In the following description,
numerous specific details are set forth in order to provide a thorough understanding of
embodiments of the present invention. In other instances, well-known semiconductor device
concepts and techniques have not been described in detail in order to not unnecessarily obscure
embodiments of the present invention.

[0016] Embodiments of the present invention are directed to field effect transistors
having ultra thin fin profiles. The transistors of embodiments of the present invention may
include a fin having a subfin portion and an active fin portion. The subfin portion is disposed in
an insulation layer, such as a shallow trench isolation layer, formed on a substrate. The active
fin portion is disposed on the subfin portion and extends above a top surface of the insulation
layer. A gate stack is formed over the active fin portion, and source and drain regions are
disposed on opposite sides of the gate stack. The active fin portion is thinner than the subfin
portion in order to create a transistor with improved electrostatics. In an embodiment of the
present invention, the active fin portion has a thin active fin portion having a width which is less
than the minimal width or critical dimension (CD) which can be lithographically defined for the
processing node used to fabricate the integrated circuit in which the transistor is included. In a
specific embodiment of the present invention, the active fin portion is a group IV semiconductor,
such as germanium, and the subfin portion is a [1I-V semiconductor, such as a gallium arsenide
(GaAs) formed on a single crystalline silicon substrate. In an embodiment of the present
invention, the transistor is a P-type transistor. The transistors of embodiments of the present
invention may be planar transistors, multi-gate transistors, such as trigate transistors and double
gate transistors, or gate all around transistors, such as nanowires.

[0017] In embodiments of the present invention, transistors may be fabricated by forming
atrench in an insulation layer, such as in a shallow trench isolation layer, disposed on a
semiconductor substrate, such a silicon substrate. The trench has a high aspect ratio
(depth:width), such as at least 2:1, to provide an aspect ratio trapping (ART) trench. A subfin
semiconductor material, such as GaAs, may then be grown in the ART trench. In an
embodiment of the present invention, the III-V semiconductor material is grown until it
completely fills the trench and extends above the top surface of the insulation layer. The portion
of the III-V semiconductor material extending above the insulation layer can then be removed
by, for example, chemical mechanical polishing (CMP). Since the I1I-V semiconductor material
is grown in an ART trench, defects, such as threading dislocations, due the lattice mismatch

between the semiconductor substrate and the III-V semiconductor material terminate on the
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sidewalls of the insulation layer, within the ART trench. In this way, a subfin portion may be
grown that has an uppermost portion which is pristine and defect free. Next, the top portion of
the subfin may be recessed below the top surface of the insulation layer. The active fin
semiconductor material is then grown on the top surface of the subfin, within the ART trench. In
an embodiment of the present invention, the active fin semiconductor material is grown until it
extends above the top surface of the insulation layer. In one embodiment, the active fin
semiconductor material is a group IV semiconductor, such as germanium. In an embodiment of
the present invention, the active fin semiconductor material is lattice matched with the subfin
semiconductor material. The portion of the active semiconductor material which extends above
the insulation layer can then be removed by, for example, CMP. Next, the insulation layer may
be recessed by, for example, etching to reveal sidewalls of the active fin portion. The resulting
exposed active fin portion may then laterally etched by, for example, wet etching in order
decrease the lateral width of the exposed active fin portion. A gate stack can then be formed
over the thinned active fin portion, and source and drain regions may be formed on opposite
sides of the gate electrode in order to complete fabrication of the transistor.

[0018] Overall, in an embodiment, a subfin portion is first formed in an ART trench to
provide a substantially defect free surface of the subfin portion. An active fin may then be
grown on the substantially defect free surface of the subfin portion, within the ART trench. The
insulation layer of the ART trench may then be recessed to reveal a height quality, substantially
defect free active fin portion. The revealed active fin portion may then be thinned to provide an
ultrathin fin profile. Since the active fin portion has been grown on a pristine defect free surface
of the subfin, the active fin portion is a high quality defect free semiconductor material.
Additionally, by laterally wet etching the active fin portion any defects or damage on the
sidewalls of the active fin portion due to processing are removed. Additionally, embodiments of
the present invention enable ultrathin active fin portions having widths which are less than the
minimum dimension or critical dimension (CD) that can be photolithographically defined for the
process node used to fabricate the integrated circuit in which transistors having the ultrathin
active fin portions are included.

[0019] Figure 1A is an angled view illustration of a field effect transistor 100 in
accordance with an embodiment of the present invention. Figure 1B is a cross-sectional view of
transistor 100 taken through the gate electrode and the channel region of the transistor.
Transistor 100 includes a fin 102 extending from a substrate 104. Fin 102 has a subfin portion
106 and an active fin portion 108. A gate stack 110 is formed on active portion 108. A source
region 112 and a drain region 114 are disposed on opposite sides of gate stack 110. As
illustrated in Figure 1B, fin 102 has a channel region 113 located beneath gate stack 110 and

between source region 112 and drain region 114. Current flows from the source region 112
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through the channel region 113 to the drain region 114 when the transistor is “ON”. Fin 102 has
a width (W) which is perpendicular to the direction of current flow, and length (L) which parallel
to the direction of current flow and a height (H) which is measured from the bottom of the subfin
portion 106 to the top of active fin portion 108.

[0020] In an embodiment of the present invention, the subfin 106 has a trench portion
115 and substrate portion 117. The trench portion 115 is disposed in an ART trench in an
insulation layer 116, such as in a shallow trench isolation (STI), disposed on substrate 104. The
substrate portion 117 is disposed in the substrate 104, beneath the insulation layer 116. In an
embodiment, subfin portion 106 may have a top surface 118 which is substantially coplanar with
a top surface 120 of insulation layer 116, as illustrated in Figures 1A and 1B.

[0021] In another embodiment, as shown in Figure 1C, subfin 106 may have a portion
107 which slightly extends above the top surface of insulation layer 116, such as extending
approximately 3 nanometers above the top surface of insulation layer 116. Such an arrangement
ensures full exposure of the active fin portion to gate control.

[0022] In an embodiment, trench portion 115 has a bottom 122 which is substantially
coplanar with an interface 124 formed by the bottom of insulation layer 116 and the top of
substrate 104. In an embodiment, the bottom 122 of trench portion 115 in the insulation layer
116 is wider than the top 118 of the subfin portion 106. A wider bottom 122 makes the fin 102
more stable and more manufacturable. In an embodiment, the bottom 122 of substrate insulation
portion 115 is between 10-50% wider than the top surface 118 of subfin 106. In an embodiment,
the sidewalls 126 of trench portion 106 are gradually and continually tapered inward from the
bottom 122 to the top 118. In an embodiment, the trench portion 115 of subfin 106 has an aspect
ratio (height:width) of at least 2:1, and in other embodiments of at least 3:1, where the width is
taken at the mid-point between the bottom 122 and the top 118.

[0023] In an embodiment of the present invention, substrate portion 117 of subfin 106 is
disposed in a faceted trench formed in substrate 104. In an embodiment, the faceted trench has a
“V” shape along the width of the fin 102, such that the sidewalls 127 taper inwardly from the
interface 124 to a vertex 128 deeper into the substrate 104. In an embodiment of the present
invention, faceted sidewalls 127 are the <111> planes of a (100) monocrystalline silicon
substrate or wafer. The resulting subfin 106 has a lower portion 117 that takes the form of the
faceted trench and tapers to a bottommost point at vertex 128. In an embodiment, the vertical
distance from the interface 124 to the vertex 128 is no less than approximately 25% of the total
subfin 106 height, but no more than approximately 50% of the total subfin 106 height. In
another embodiment, the vertical distance from the interface 124 to the vertex 128 is less than
25% of the total subfin 106 height.
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[0024] In an embodiment of the present invention, as illustrated in Figure 1D, the subfin
106 may have only a trench portion 115 and not a substrate portion 117. In an embodiment of
the present invention, trench portion 115 of subfin 106 may be formed in a faceted trench or “V”
shaped trench formed in a substrate portion 129 of substrate 104 located between the insulation
layer 116. In another embodiment, the bottom 128 of the faceted trench is substantially coplanar
with interface 124, as shown in Figure 1D. In an embodiment, bottom 128 may be slightly
higher than interface 124. Remaining portions of the substrate 129 located between the
insulation layer 116, above the interface 124, have a profile that flares outward as it approaches
the bottom of the insulation layer 116 and that is faceted along the V-shaped trench.

[0025] In an embodiment, subfin 106 is fabricated from a different semiconductor
material than substrate 104. In an embodiment, the entire subfin 106 is a homogeneous body
formed from a single semiconductor material. In another alternative embodiment, substrate 104
may be composed of different semiconductor materials in order to provide, for example, buffer
layers, grading, or desired electrical characteristics. In another alternative embodiment, the
subfin 106 is formed from a III-V semiconductor material, such as but not limited to GaAs,
AlAs, GaAsP, and GalnP. In a specific embodiment, the subfin semiconductor material is GaAs.
[0026] Active fin portion 108 has a top 130 and a bottom 132 formed directly on a top
surface 118 of subfin 106, and a pair of laterally opposite sidewalls 136 parallel to the length (L)
direction of fin 102. In an embodiment, the bottom 132 of active fin portion 108 has a smaller
width than the top 118 of subfin 106. In an embodiment, the bottom 132 of active fin portion
108 is between 10-50% narrower than the top 118 of subfin 106. In an embodiment, the height
of the active fin portion 108 is approximately 40 — 80 nanometers, and the width at the mid-point
of the height is approximately in the range of 5-15 nanometers. In an embodiment, the bottom
132 of active fin portion 108 is wider than the top 130 of active fin portion 108 and sidewalls
136 taper inwardly from the bottom 132 to the top 130 of active fin portion 108. In an
embodiment, active fin portion 108 has a substantially rounded top 130 as shown in Figures 1A
and 1B. However, in other embodiments, the top 130 of active fin 108 may be substantially
planar. In still other embodiments, the top 130 of active fin 108 may have a planar surface with
rounded comers. Itis to be appreciated that the ultrathin fin profile described above for active
fin portion 108 of fin 102 may, in some embodiments, be limited to the channel region 113, i.e.,
the region under gate stack 110. For example, as will be discussed below, source and drain
regions of the active fin portion 108 of fin 102 may be engineered or altogether replaced to
fabricate source and drain structures coupled to channel region 113.

[0027] In an embodiment of the present invention, the active fin portion 108 is formed
from a semiconductor material that has a smaller bandgap than the semiconductor material at the

top 118 of subfin 106 (e.g., the active fin portion 108 has a bandgap of at least 0.3 eV less than
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the bandgap of the semiconductor material at the top 118 of subfin 106). In an embodiment, the
active fin semiconductor material is a semiconductor material which is lattice matched to the
semiconductor material at the top 118 of subfin 106. In an embodiment of the present invention,
the active fin semiconductor material is a group IV semiconductor material, such as Ge and
SiGe. In a specific embodiment, the active fin semiconductor material is germanium. As used
throughout, the terms germanium, pure germanium or essentially pure germanium may be used
to describe a germanium material composed of a very substantial amount of, if not all,
germanium. However, it is to be appreciated that, practically, 100% pure Ge may be difficult to
form and, hence, could include a tiny percentage of Si. The Si may be included as an
unavoidable impurity or component during deposition of Ge or may “contaminate” the Ge upon
diffusion during post deposition processing. As such, embodiments described herein directed to
a Ge channel may include Ge channels that contain a relatively small amount, e.g., “impurity”
level, non-Ge atoms or species, such as Si. In an embodiment of the present invention, the active
fin portion 108 is formed from SiGe having at least 80 atomic percent Ge.

[0028] In embodiments of the invention may be formed or carried out on a substrate,
such as a semiconductor substrate. In one implementation, the semiconductor substrate may be a
crystalline substrate formed using a bulk silicon or a silicon-on-insulator substructure. In other
implementations, the semiconductor substrate may be formed using alternate materials, which
may or may not be combined with silicon, that include but are not limited to germanium, indium
antimonide, lead telluride, indium arsenide, indium phosphide, gallium arsenide, indium gallium
arsenide, gallium antimonide, or other combinations of group III-V or group IV materials.
Although a few examples of materials from which the substrate may be formed are described
here, any material that may serve as a foundation upon which a semiconductor device may be
built falls within the spirit and scope of the present invention.

[0029] As is well known in the art, source 112 and drain 114 regions are formed adjacent
to, and on opposing sides of, the gate stack 110 of each field effect transistor. The source 112
and drain 114 regions are generally formed using either an implantation/diffusion process (e.g.,
where N-type dopants are implanted/diffused for an N-type device or where P-type dopants are
implanted/diffused for a P-type device) or an etching/deposition process. In the former process,
dopants such as boron, aluminum, antimony, phosphorous, or arsenic may be ion-implanted into
the fin 102 to form the source 112 and drain 114 regions. An annealing process that activates the
dopants and causes them to diffuse further into the fin 102 typically follows the ion implantation
process. In the latter process, the fin 102 may first be etched to form recesses at the locations of
the source 112 and drain 114 regions. An epitaxial deposition process may then be carried out to
fill the recesses with material that is used to fabricate the source 112 and drain 114 regions. In

some implementations, the source 112 and drain 114 regions may be fabricated using a silicon
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alloy such as silicon germanium or silicon carbide. In some implementations the epitaxially
deposited silicon alloy may be doped in situ with dopants such as boron, arsenic, or
phosphorous. In further embodiments, the source 112 and drain 114 regions may be formed
using one or more alternative semiconductor materials such as germanium or a group III-V
material or alloy. And in further embodiments, one or more layers of metal and/or metal alloys
may be used to form the source 112 and drain 114 regions.

[0030] In an embodiment of the present invention, source region 112 may include the
active portion 108 of fin 102 located on the source side of gate stack 110, and drain region 114
may include the active portion 108 of fin 102 located on the drain side of the gate stack 110. In
an embodiment of the present invention, a semiconductor material 136 may be grown on the
source and drain portions of the active fin portion 108, in order to enlarge the source 112 and
drain 114 portion and thereby reduce contact resistance. In one such embodiment, the
semiconductor material 136 may be the same semiconductor material used to form the active fin,
e.g., germanium. In an embodiment present invention, the additional semiconductor 136 is
epitaxially grown and has faceted surfaces as shown in Figure 1A. In yet other embodiments,
the active fin portion in the source 112 and drain 114 regions may be slightly recessed or even
completely removed in order to grow source and drain regions of a different semiconductor
material than the active fin portion 108 in order to tailor the electrical characteristics of the
transistor or to create a mechanical stress through the channel region 113 of the device. In an
embodiment, the active fin portions in the source 112 and drain 114 regions are partially
removed or completely removed and then regrown with a semiconductor that creates a
compressive stress on the channel region 113 for a P-type device or a tensile stress in the channel
region for a N-type device. In an exemplary embodiment, the resulting device is a P-type device
having a germanium channel region 113 and uniaxially compressively stressing InGaAs source
112 and drain 114 regions.

[0031] In an embodiment, transistor 100 includes gate stack 110 formed on the top 130
and along the sidewalls 134 of the channel region 113 of the active fin portion 108. In an
embodiment, the gate stack 110 is formed of at least two layers, a gate electrode layer 140 and a
gate dielectric layer 142.

[0032] The gate dielectric layer 142 may include one layer or a stack of layers. The one
or more layers may include silicon oxide, silicon dioxide (Si0;) and/or a high-k dielectric
material. The high-k dielectric material may include elements such as hafnium, silicon, oxygen,
titanium, tantalum, lanthanum, aluminum, zirconium, barium, strontium, yttrium, lead,
scandium, niobium, and zinc. Examples of high-k materials that may be used in the gate
dielectric layer include, but are not limited to, hafnium oxide, hafnium silicon oxide, lanthanum

oxide, lanthanum aluminum oxide, zirconium oxide, zirconium silicon oxide, tantalum oxide,
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titanium oxide, barium strontium titanium oxide, barium titanium oxide, strontium titanium
oxide, yttrium oxide, aluminum oxide, lead scandium tantalum oxide, and lead zinc niobate. In
some embodiments, an annealing process may be carried out on the gate dielectric layer to
improve its quality when a high-k material is used.

[0033] The gate electrode layer 140 is formed on the gate dielectric layer 142 and may
include at least one P-type workfunction metal or N-type workfunction metal, depending on
whether the transistor is to be a P-type or an N-type transistor. In some implementations, the
gate electrode layer may consist of a stack of two or more metal layers, where one or more metal
layers are workfunction metal layers 144 and at least one metal layer is a fill metal layer 146.
[0034] For a P-type transistor, metals that may be used for the gate electrode include, but
are not limited to, ruthenium, palladium, platinum, cobalt, nickel, and conductive metal oxides,
e.g., ruthenium oxide. A P-type metal layer will enable the formation of a P-type gate electrode
with a workfunction that is between about 4.9 eV and about 5.2 eV. For an N-type transistor,
metals that may be used for the gate electrode include, but are not limited to, hafnium,
zirconium, titanium, tantalum, aluminum, alloys of these metals, and carbides of these metals
such as hafnium carbide, zirconium carbide, titanium carbide, tantalum carbide, and aluminum
carbide. An N-type metal layer will enable the formation of an N-type gate electrode with a
workfunction that is between about 3.9 eV and about 4.2 eV.

[0035] In some implementations, the gate electrode may consist of a “U”-shaped
structure that includes a bottom portion substantially parallel to the surface of the substrate and
two sidewall portions that are substantially perpendicular to the top surface of the substrate. In
another implementation, at least one of the metal layers that form the gate electrode may simply
be a planar layer that is substantially parallel to the top surface of the substrate and does not
include sidewall portions substantially perpendicular to the top surface of the substrate. In
further implementations of the invention, the gate electrode may consist of a combination of U-
shaped structures and planar, non-U-shaped structures. For example, the gate electrode may
consist of one or more U-shaped metal layers formed atop one or more planar, non-U-shaped
layers.

[0036] In some implementations of the invention, a pair of sidewall spacers may be
formed on opposing sides of the gate stack 110 that bracket the gate stack 110. The sidewall
spacers may be formed from a material such as silicon nitride, silicon oxide, silicon carbide,
silicon nitride doped with carbon, and silicon oxynitride. Processes for forming sidewall spacers
are well known in the art and generally include deposition and etching process steps. In an
alternate implementation, a plurality of spacer pairs may be used, for instance, two pairs, three

pairs, or four pairs of sidewall spacers may be formed on opposing sides of the gate stack.
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[0037] One or more interlayer dielectrics (ILD) are deposited over the field effect
transistors. The ILD layers may be formed using dielectric materials known for their
applicability in integrated circuit structures, such as low-k dielectric materials. Examples of
dielectric materials that may be used include, but are not limited to, silicon dioxide (Si0,),
carbon doped oxide (CDO), silicon nitride, organic polymers such as perfluorocyclobutane or
polytetrafluoroethylene, fluorosilicate glass (FSG), and organosilicates such as silsesquioxane,
siloxane, or organosilicate glass. The ILD layers may include pores or air gaps to further reduce
their dielectric constant. Metal layers formed in the ILD may be used to electrically interconnect
various transistors 100 formed on substrate 104 into functional integrated circuits, such as but
not limited to, microprocessors and memories.

[0038] Figure 2 is a cross-sectional illustration of a CMOS integrated circuit device 200
including a P-type field effect transistor 202 and an N-type field effect transistor 204 in
accordance with embodiments of the present invention. The CMOS device 200 includes a
substrate 206 and a first subfin 208 and a second subfin 210 formed in an insulation layer 212 as
described above. P-type field effect transistor 202 includes an active fin portion 214 formed
from a group IV semiconductor material. N-type field effect transistor 204 includes an active fin
216 formed from a I11-V semiconductor material. P-type field effect transistor 202 includes a
gate stack 220 and N-type field effect transistor includes a gate stack 230. In an embodiment of
the present invention, gate stack 220 includes a gate dielectric layer 222, a P-type work function
metal 224 and a gate fill material 226. In an embodiment of the present invention, N-type gate
stack 230 includes gate dielectric layer 232 and an N-type work function metal 234 and a gate
fill material 236. In an embodiment of the present invention, the gate dielectric layer 222 and
the gate dielectric layer 232 may be formed from the same gate dielectric material, such as a
high-k material. Alternatively, gate dielectric layer 222 and gate dielectric 232 may differ in
composition and/or thickness may be formed from different dielectric materials. In an
embodiment of the present invention, subfin 208 and subfin 210 are formed from the same III-V
semiconductor material. As represented by the dotted line in Figure 2, the gate stack 220 and the
gate stack 230 may be in direct contact with one another. In an embodiment, as depicted in
Figure 2, a vertical or substantially vertical interface 250 is formed where the N-type work
function metal 234 of gate stack 230 and the P-type work function metal 224 of gate stack 220
meet over the insulation layer 212. In one such embodiment, a P/N junction is formed at the
interface 250.

[0039] Figure 3 is a cross-sectional illustration of a planar field effect transistor in
accordance with embodiments of the present invention. Planar transistor 300 includes a fin 102
including a subfin portion 106 formed in an insulation layer 116 formed on a substrate 104 as

described above. Additionally, fin 102 includes an active fin portion 108 formed on subfin
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portion 106. A second insulation layer 310 is formed around and directly adjacent active fin 108
and has a top surface 320 which is planar with a top surface 330 of active fins 108. A gate stack
110 1s formed on the top surface 330 of active fin 108 as well as on second insulation layer 310
as shown in Figure 3. A source region and drain region are formed on opposite sides of gate
stack 110 as described above.

[0040] Figure 4 is a cross-sectional illustration of a nanowire device 400 in accordance
with embodiments of the present invention. Nanowire device 400 includes subfin portion 106
formed in insulation layer 116 formed on substrate 104 as described above. Nanowire device
400 may include a remainder 410 of an active fin portion and a discrete fin portion 412 above the
remainder 410 of the active fin portion. Lower active fin portion 410 is disposed directly on the
top surface of subfin 106 as shown in Figure 4. Discrete active fin portion 412 is completely
surrounded by a gate stack 420. Discrete active fin portion 412 provides a channel nanowire for
nanowire device 400. The gate stack 420 may include a gate dielectric layer 422 in directed
contact with the discrete portion of active fin 412 and a work function metal 424 in direct contact
with the gate dielectric 422. Gate stack 420 may further include a fill material 426. An
insulation layer 430 may be disposed between remainder 410 of the active fin portion and gate
stack 420. Source and drain regions may be formed on opposite sides of gate stack 420 and in
direct contact with discrete active fin portion 412. In an embodiment, the discrete active fin
portion 412 is a nanowire having a diameter approximately in the range of 2-10 nanometers.
[0041] Methods of forming transistors, devices, and integrated circuits in accordance
with an embodiment of the present invention are illustrated in Figures SA-5L. In embodiments
of the present invention, the method begins by providing a substrate 500. In an embodiment, the
substrate 500 is a semiconductor substrate, such as described above. In a specific embodiment,
the semiconductor substrate is a monocrystalline silicon substrate. A patterned mask 502 is
formed on the substrate. Patterned mask 502 defines locations where sacrificial fins will be
formed from substrate 500. In an embodiment, patterned mask 502 is formed from a hard mask
material, such as silicon nitride. A patterned hard mask 502 can be formed by any well-known
technique.

[0042] Next, as shown in Figure 5B, at least one but generally a plurality of sacrificial
fins 504 are formed in substrate 500. Fins 504 have a height (H) and a width (W) where the
width is the average width of the fin typically taken at the mid-point of height of the fin. In an
embodiment, fins 504 have an aspect ratio (H: W) of at least 2:1, generally at least 3:1, and
ideally at least 4:1. Sacrificial fins 504 will subsequently be used to define aspect ratio trapping
(ART) trenches for the subsequent deposition of semiconductor materials for the formation of
regrown semiconductor fins. In an embodiment, as illustrated in Figure 5B, the bottom or base

of fins 504 have a wider width than the top of the fins 504. This enables the subsequent
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formation of fins having a subfin with a wider base thereby increasing the stability of the fins.
Any well-known process can be utilized to form sacrificial fins 504, such as dry etching
substrate 500 in alignment with hard mask 502 to create fins 504. When substrate 500 is a
silicon substrate, sacrificial fins 504 may be etched utilizing an etch chemistry comprising, e.g.,
HB1/Cl or NF;.

[0043] Next, as illustrated in Figure 5C, an insulation layer 508, such as a shallow trench
isolation layer, is blanket deposited over substrate 500 over sacrificial fins 504 and in the gaps
506 between fins 504. The top surface of the insulation layer 508 may then be planarized so that
the top surface of sacrificial fins 504 are coplanar with the top surface of insulation layer 508.
Insulation layer 508 may be planarized by, for example, chemical mechanical polishing (CMP)
or plasma etch back. In an embodiment, a chemical mechanical polishing process is used to
planarize insulation layer 508 to remove hard mask 502 so that the top surface of sacrificial fins
504 are planar with the top surface of insulation layer 508. In an alternative embodiment,
insulation layer 508 may be planarized to be coplanar with the top surface of hard mask 502.
[0044] Next, as shown in Figure 5D, sacrificial fins 504 are removed to create aspect
ratio trapping (ART) trenches 510 in insulation layer 508. ART trenches 510 have an aspect
ratio (depth (D):width (W)) in the insulation layer sufficient to provide aspect ratio trapping of
dislocations or defects, such as threading dislocations, created during the subsequent deposition
of a subfin semiconductor material or materials. In an embodiment of the present invention,
ART trenches 510 have an aspect ratio of at least 2:1, generally at least 3:1, and ideally greater
than 4:1.

[0045] In an embodiment of the present invention, a portion of the semiconductor
substrate 500 beneath each ART trench 510 is removed to create a substrate trench 512 in the
substrate 500, below the interface 514 between the bottom of insulation layer 508 and the top of
substrate 500. In an embodiment, substrate trenches 512 have a “V” shaped profile with the
widest part of the trench at the interface 514 and a vertex 516 deeper into the substrate. In an
embodiment, the sidewalls 518 of the substrate trench are facets or planes of a monocrystalline
semiconductor substrate. In a specific embodiment, they are the <111> planes of a (100) silicon
monocrystalline substrate or wafer. In an embodiment, the bottom 516 of substrate trench 512 is
between 10 and 30 nanometers below interface 514. Any well-known etching techniques, such
as as plasma etching or wet etching, may be utilized to remove sacrificial fin 504 and a portion
of the substrate to create a substrate trench 512. In an embodiment of the present invention, a
dry etch is utilized to remove sacrificial fin 510 and a portion of substrate 500 and then a wet
etch, such as tetramethyl ammonium hydroxide (TMAH), is utilized to create faceted sidewalls
518 in substrate 500.
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[0046] Next, as shown in Figure 5E, a subfin semiconductor material 520 is formed in
the ART trenches 510 and substrate trench 518 (if utilized). In an embodiment, subfin
semiconductor material 520 is deposited until it completely fills trenches 510 and has portions
522 which extend above the top surface of insulation layer 508 as shown in Figure 5E. In an
embodiment, the subfin semiconductor material 520 is epitaxially grown by any well-known
process, such as metal organic chemical vapor deposition (MOCVD) or molecular beam epitaxy
(MBE). As the epitaxial semiconductor material grows from the bottom of the trench upward,
defects substantially terminate, or completely terminate at a termination height 524 on the
sidewalls of the trench. Accordingly, any portion of the subfin semiconductor material 520
above the termination height 524 is defect free or essentially defect free. In an embodiment of
the present invention, subfin semiconductor material is a semiconductor material different than
the semiconductor material from which the semiconductor substrate 500 is formed. In an
embodiment of the present invention, the subfin semiconductor material 520 is a III-V
semiconductor material, such as but not limited to GaAs, AlAs, GaAsP or GalnP. In an
embodiment of the present invention, the subfin semiconductor material 520 may be a composite
material including multiple layers of different semiconductor materials in order to provide buffer
layers, grading or specific electrical characteristics, such as insulation.

[0047] The portion 522 of subfin semiconductor material 520 extending above the top
surface of insulation layer 508 may be removed. In an embodiment of the present invention, the
portion 522 of the subfin semiconductor material 520 is removed by the planarization process,
such as chemical mechanical polishing. The planarization process results in the subfin
semiconductor material 520 having a top surface which is substantially coplanar with the top
surface of insulation layer 508, as illustrated in Figure SF.

[0048] Next, as illustrated in Figure 5G, subfin semiconductor material 520 is recessed
down below the top surface of insulation layer 508. In an embodiment, subfin semiconductor
material 520 is recessed to a level so that the top surface 526 is above the height 524 at which
the dislocations in semiconductor material 520 have been substantially or completely eliminated.
In this way, the top surface 526 of recessed semiconductor material 524 is pristine and
substantially or completely defect free. In an embodiment, the extent of the recess of subfin
semiconductor material 520 determines the ultimate height of an active fin portion, which may
be formed according to the processing described below in association with Figures SH and 5SI.
[0049] Next, as illustrated in Figure SH, an active fin semiconductor material 530 is
grown in the recesses 528. In an embodiment, the active fin semiconductor material 530 is
epitaxially grown by, for example, MOCVD or MBE from the pristine top surface 526 of subfin
semiconductor material 520. In an embodiment of the present invention, active fin

semiconductor material is epitaxially grown to have a portion 532 which extends above the top
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surface of insulation layer 508. In an embodiment, the portion of active fin semiconductor
material 532 above the surface of insulation layer 508 is faceted. In an embodiment of the
present invention, active fin semiconductor material 530 is lattice matched with the top surface
526 of subfin semiconductor material 524 so that active fin semiconductor material 530 is
substantially or completely defect free. In an embodiment of the present invention, the active fin
semiconductor material 530 is a group IV semiconductor, such as Ge or SiGe.

[0050] The portion 532 of active fin semiconductor material 530 extending above the top
surface of insulation layer 508 may be removed. In an embodiment of the present invention, the
portion 532 of the active fin semiconductor material 530 is removed by the planarization
process, such as chemical mechanical polishing. The planarization process results in the active
fin semiconductor material 530 having a top surface which is substantially coplanar with the top
surface of insulation layer 508, as illustrated in Figure 51. It is to be appreciated that a height of
the active fin portion may be reduced if the planarization process is continued below the top
surface of insulation layer 508.

[0051] Next, as illustrated in Figure 5J, the top surface of insulation layer 508 is recessed
to reveal the sidewalls of active fin semiconductor material 530. In an embodiment of the
present invention, the top of insulation layer 508 is recessed to a level that is substantially
coplanar with the top surface 526 of subfin semiconductor material 520. In an embodiment of
the present invention, the top of insulation layer 508 may be slightly recessed further than the top
surface 526 of the subfin semiconductor material 520, if desired, in order to create a fin that has
a slightly exposed subfin material as shown in Figure 1C.

[0052] Next, as shown in Figure 5K, the active fin semiconductor material 530 is
laterally etched to create a thinned active fin semiconductor material 532. In an embodiment of
the present invention, the active fin semiconductor material 530 is laterally etched using an
etchant. In an embodiment, the active fin semiconductor material is isotropically etched utilizing
a wet etchant, e.g., a wet etchant including HO,/HCl is used to etch germanium. In an
embodiment, the active fin semiconductor is laterally etched to form a thinned active fin
semiconductor 532 having a mid-point width of about 10-70% of the mid-point width of the
active fin 530 prior to etching. In an embodiment of the present invention, the active fin
semiconductor material 530 has a mid-point width between 10-30 nanometers while the thinned
active semiconductor material 532 has a mid-point width of about 5-15 nanometers. In an
embodiment, laterally etching the active fin 530 semiconductor creates a thinned active fin
semiconductor material 532 which has a maximum width which is less than the width of the top
surface of subfin semiconductor material 520.

[0053] Next, as illustrated in Figure 5L, a gate stack 540 is formed on the sidewalls 534

and the top 536 of thinned active fin semiconductor material 532. In an embodiment, the gate
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stack 540 includes a gate dielectric layer 542, such a high-k gate dielectric, and a gate electrode
544. The gate dielectric 542 is formed between the gate electrode 544 and thinned active fin
semiconductor 532. In an embodiment, the gate electrode 544 includes one or more work
function metals 546 and a fill metal 548. Source and drain regions (not shown) are formed on
either side of the gate stack 540. In an embodiment of the present invention, the gate stack 540
is formed after creating the source and drain region and is formed utilizing a replacement gate
process. In a replacement gate process, a sacrificial gate is first formed over the active fin
semiconductors 532, spacers are then formed along the laterally opposite sidewalls of the
sacrificial gate electrode and then an insulation layer formed adjacent to the spacers. The
sacrificial gate electrode is then removed to expose the channel region of the active fin
semiconductor 532, and the gate dielectric and gate electrode are then formed in the opening.
[0054] As an alternative to Figure 5L, in an embodiment, prior to gate 540 formation an
interlayer dielectric material may first be formed over thinned active fin semiconductor material
532. The interlayer dielectric material may then be planarized to reveal only the tops of the
thinned active fin semiconductor material 532, which may be used for planar device fabrication,
as described above in association with Figure 3. As another alternative to Figure 5L, prior to
gate stack 540 formation, an upper portion of the active fin portion is made to be discrete from
the remainder of the underlying fin, thus providing a nanowire channel region. The gate
electrode may then be formed to surround the nanowire channel region, as described above in
association with Figure 4.

[0055] In another embodiment, the operations described in association with Figures 5G
and 5H may be performed to first recess only some regions of the subfin semiconductor material
520 and not others, and then to regrow a first semiconductor material in the recessed regions.
Next, the other regions of the subfin semiconductor material 520 are recessed and a second,
different, semiconductor material is grown in order to provide differentiated devices having
different active fin semiconductor materials, such as P-type and N-type devices formed on a
same substrate, as was described in association with Figure 2.

[0056] It is to be appreciated that further fabrication operations may include contact
formation to source, drain, and gate structures, and interconnection of the resulting transistors
into back end of line metallization layers. It is also to be appreciated that a single device may be
fabricated from a single ultra thin fin or from a plurality of ultra thin fins. That is, a gate
electrode may be formed over one or more than one of the ultra thin fins.

[0057] Figure 6 illustrates a computing device 600 in accordance with one
implementation of the invention. The computing device 600 houses a board 602. The board 602
may include a number of components, including but not limited to a processor 604 and at least

one communication chip 606. The processor 604 is physically and electrically coupled to the
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board 602. In some implementations the at least one communication chip 606 is also physically
and electrically coupled to the board 602. In further implementations, the communication chip
606 1s part of the processor 604.

[0058] Depending on its applications, computing device 600 may include other
components that may or may not be physically and electrically coupled to the board 602. These
other components include, but are not limited to, volatile memory (e.g., DRAM), non-volatile
memory (e.g., ROM), flash memory, a graphics processor, a digital signal processor, a crypto
processor, a chipset, an antenna, a display, a touchscreen display, a touchscreen controller, a
battery, an audio codec, a video codec, a power amplifier, a global positioning system (GPS)
device, a compass, an accelerometer, a gyroscope, a speaker, a camera, and a mass storage
device (such as hard disk drive, compact disk (CD), digital versatile disk (DVD), and so forth).
[0059] The communication chip 606 enables wireless communications for the transfer of
data to and from the computing device 600. The term “wireless™ and its derivatives may be used
to describe circuits, devices, systems, methods, techniques, communications channels, etc., that
may communicate data through the use of modulated electromagnetic radiation through a non-
solid medium. The term does not imply that the associated devices do not contain any wires,
although in some embodiments they might not. The communication chip 606 may implement
any of a number of wireless standards or protocols, including but not limited to Wi-Fi (IEEE
802.11 family), WiMAX (IEEE 802.16 family), IEEE 802.20, long term evolution (LTE), Ev-
DO, HSPA+, HSDPA+, HSUPA+, EDGE, GSM, GPRS, CDMA, TDMA, DECT, Bluetooth,
derivatives thereof, as well as any other wireless protocols that are designated as 3G, 4G, 5G,
and beyond. The computing device 600 may include a plurality of communication chips 606.
For instance, a first communication chip 606 may be dedicated to shorter range wireless
communications such as Wi-Fi and Bluetooth and a second communication chip 606 may be
dedicated to longer range wireless communications such as GPS, EDGE, GPRS, CDMA,
WiMAX, LTE, Ev-DO, and others.

[0060] The processor 604 of the computing device 600 includes an integrated circuit die
packaged within the processor 604. In some implementations of the invention, the integrated
circuit die of the processor includes one or more devices, such as field effect transistors built in
accordance with implementations of the invention. The term “processor” may refer to any
device or portion of a device that processes electronic data from registers and/or memory to
transform that electronic data into other electronic data that may be stored in registers and/or
memory.

[0061] The communication chip 606 also includes an integrated circuit die packaged

within the communication chip 606. In accordance with another implementation of the
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invention, the integrated circuit die of the communication chip includes one or more devices,
such as FET transistors built in accordance with implementations of the invention.

[0062] In further implementations, another component housed within the computing
device 300 may contain an integrated circuit die that includes one or more devices, such as FET
transistors built in accordance with implementations of the invention.

[0063] In various implementations, the computing device 600 may be a laptop, a
netbook, a notebook, an ultrabook, a smartphone, a tablet, a personal digital assistant (PDA), an
ultra mobile PC, a mobile phone, a desktop computer, a server, a printer, a scanner, a monitor, a
set-top box, an entertainment control unit, a digital camera, a portable music player, or a digital
video recorder. In further implementations, the computing device 600 may be any other
electronic device that processes data.

[0064] Figure 7 illustrates an interposer 700 that includes one or more embodiments of
the invention. The interposer 700 is an intervening substrate used to bridge a first substrate 702
to a second substrate 704. The first substrate 702 may be, for instance, an integrated circuit die.
The second substrate 704 may be, for instance, a memory module, a computer motherboard, or
another integrated circuit die. Generally, the purpose of an interposer 700 is to spread a
connection to a wider pitch or to reroute a connection to a different connection. For example, an
interposer 700 may couple an integrated circuit die to a ball grid array (BGA) 706 that can
subsequently be coupled to the second substrate 704. In some embodiments, the first and second
substrates 702/704 are attached to opposing sides of the interposer 700. In other embodiments,
the first and second substrates 702/704 are attached to the same side of the interposer 700. And
in further embodiments, three or more substrates are interconnected by way of the interposer
700.

[0065] The interposer 700 may be formed of an epoxy resin, a fiberglass-reinforced
epoxy resin, a ceramic material, or a polymer material such as polyimide. In further
implementations, the interposer may be formed of alternate rigid or flexible materials that may
include the same materials described above for use in a semiconductor substrate, such as silicon,
germanium, and other group I1I-V and group I'V materials.

[0066] The interposer may include metal interconnects 708 and vias 710, including but
not limited to through-silicon vias (TSVs) 712. The interposer 700 may further include
embedded devices 714, including both passive and active devices. Such devices include, but are
not limited to, capacitors, decoupling capacitors, resistors, inductors, fuses, diodes, transformers,
sensors, and electrostatic discharge (ESD) devices. More complex devices such as radio-
frequency (RF) devices, power amplifiers, power management devices, antennas, arrays, Sensors,

and MEMS devices may also be formed on the interposer 700. In accordance with embodiments
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of the invention, apparatuses or processes disclosed herein may be used in the fabrication of
interposer 700.

[0067] Embodiments of the present invention are directed to field effect transistors
having ultra thin fin profiles and their methods of fabrication.

[0068] In an embodiment, an integrated circuit includes a semiconductor substrate. An
insulation layer is formed on the semiconductor substrate. A fin extends from the semiconductor
substrate, the fin having a subfin portion on the semiconductor substrate and an active fin portion
on the subfin portion, the subfin portion disposed in a trench formed in the insulation layer, the
subfin portion comprising a I1I-V semiconductor material and the active fin portion comprising a
group IV semiconductor material.

[0069] In one embodiment, the I1I-V semiconductor material is GaAs and wherein the

group IV semiconductor material is germanium.

[0070] In one embodiment, the semiconductor substrate is a monocrystalline silicon
substrate.
[0071] In one embodiment, the active fin portion has a top and sidewalls extending above

the insulation layer.

[0072] In one embodiment, the active fin portion has a top active fin portion and a
bottom active fin portion and wherein the subfin portion has a top subfin portion and a bottom
subfin portion in the trench in the insulation layer wherein the bottom of the active fin portion is
disposed directly on the top of a subfin portion and wherein the bottom of the active fin portion

has a smaller width than the top of the subfin portion.

[0073] In one embodiment, the width of the bottom of the subfin is greater than the width
of the top of the subfin.
[0074] In one embodiment, the subfin further includes a “V” shaped portion extending

into the semiconductor substrate and below the insulation layer.

[0075] In one embodiment, the integrated circuit further includes a gate structure formed
on the active fin portion, and a source region and a drain region disposed on opposite sides of the
gate structure.

[0076] In one embodiment, the gate structure comprises a gate dielectric layer formed on
the active fin portion and a gate electrode formed on the gate dielectric layer.

[0077] In one embodiment, the integrated circuit further includes a second fin extending
from the semiconductor substrate, the second fin having a second subfin portion on the
semiconductor substrate and a second active fin portion on the second subfin portion, the second
subfin portion disposed in a second trench disposed in the insulation layer, the second trench

having an aspect ratio (depth to width) of at least 2:1, the second subfin portion comprising the
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IIT-V semiconductor material, the second active fin portion comprising a second I1I-V
semiconductor material different than the III-V semiconductor material.

[0078] In an embodiment, a method of forming an integrated circuit includes forming a
trench in an insulation layer disposed on a semiconductor substrate, the trench having an aspect
ratio of at least 2:1 at the largest width of the trench. A III-V semiconductor material is formed
in the trench and above a top surface of the insulation layer. The III-V semiconductor material
that extends over the trench is planarized to a level generally coplanar with the top surface of the
insulation layer. The III-V semiconductor material is recessed in the trench so that the III-V
semiconductor material has a top surface lower than the top surface of the insulation layer. A
group IV semiconductor material is formed on the I1I-V semiconductor material in the trench
and extending above the top surface of the insulation layer. The portion of a group IV
semiconductor material that extends over the trench is planarized to a level generally coplanar
with the top surface of the shallow trench insulation. The shallow trench insulation is recessed
so that the group I'V semiconductor has a top and sidewalls extending above the recessed top
surface of the insulation layer to form an active fin portion. The sidewalls of the active fin
portion are thinned to create a thinned active fin portion.

[0079] In one embodiment, the maximum width between the sidewalls of the thinned
active fin portion is between 5-50% of the maximum width between the sidewalls of the active
fin portion prior to thinning.

[0080] In one embodiment, forming the trench in the insulation layer includes forming a
sacrificial fin from the semiconductor substrate, forming the insulation layer over and around the
sacrificial fin, polishing the insulation layer so that is it substantially planar with the sacrificial
fin and removing the sacrificial fin to create the trench in the insulation layer.

[0081] In one embodiment, forming the fin comprises etching the semiconductor fin from
the semiconductor fin from the semiconductor substrate such that the fin has a top and a bottom
wherein the bottom is wider than the top.

[0082] In one embodiment, the method further includes forming a gate stack on the top
and sidewalls of the thinned active fin portion.

[0083] In one embodiment, forming the gate stack comprises forming a gate dielectric on
the top and sidewalls on the thinned active fin region and forming a gate electrode on the gate
dielectric layer.

[0084] In one embodiment, the method further includes, after forming the trench in the
insulation layer, etching the semiconductor substrate to form a “V” shaped opening in the
semiconductor substrate located below the insulation layer.

[0085] In an embodiment, a device includes a semiconductor substrate. An insulation

layer is disposed on the semiconductor substrate. A trench is disposed in the insulation layer. A
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fin having an active fin portion is disposed on a subfin portion, the subfin portion having a lower
portion formed in a faceted notch in the substrate below the insulation layer and an upper portion
disposed in the trench in the insulation layer wherein the width the upper portion of the subfin
portion at the bottom of the trench is wider than the width of the upper portion of the subfin at
the top of the insulation layer. The subfin portion comprises a III-V semiconductor material.
The active fin portion comprises a semiconductor material different from the I11-V
semiconductor material of the subfin portion.

[0086] In one embodiment, the I11-V semiconductor material of the subfin portion is
selected from the group consisting of GaAs and GaAsP, and the semiconductor material of the

active fin portion is selected from the group consisting of germanium and SiGe.

[0087] In one embodiment, the active fin portion comprises a [1I-V semiconductor
material.
[0088] In one embodiment, the active fin portion has a top and sidewalls which extend

above the top surface of the insulation layer.
[0089] In one embodiment, the device further includes a gate stack formed on the active

fin portion.
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IN THE CLAIMS

We claim:

1. An integrated circuit comprising;

a semiconductor substrate;

an insulation layer formed on the semiconductor substrate; and

a fin extending from the semiconductor substrate, the fin having a subfin portion on the
semiconductor substrate and an active fin portion on the subfin portion, the subfin portion
disposed in a trench formed in the insulation layer, the subfin portion comprising a I1I-V
semiconductor material and the active fin portion comprising a group IV semiconductor

material.

2. The integrated circuit of claim 1 wherein the III-V semiconductor material is GaAs and

wherein the group I'V semiconductor material is germanium.

3. The integrated circuit of claim 2 wherein the semiconductor substrate is a

monocrystalline silicon substrate.

4, The integrated circuit of claim 1 wherein the active fin portion has a top and sidewalls

extending above the insulation layer.

5. The integrated circuit of claim 4 wherein the active fin portion has a top active fin portion
and a bottom active fin portion and wherein the subfin portion has a top subfin portion and a

bottom subfin portion in the trench in the insulation layer wherein the bottom of the active fin
portion is disposed directly on the top of a subfin portion and wherein the bottom of the active

fin portion has a smaller width than the top of the subfin portion.

6. The integrated circuit of claim 5 wherein the width of the bottom of the subfin is greater

than the width of the top of the subfin.

7. The integrated circuit of claim 1 wherein the subfin further comprises a “V” shaped

portion extending into the semiconductor substrate and below the insulation layer.

8. The integrated circuit of claim 1 further comprising a gate structure formed on the active

fin portion; and
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a source region and a drain region disposed on opposite sides of the gate structure.

9. The integrated circuit of claim 8 wherein the gate structure comprises a gate dielectric

layer formed on the active fin portion and a gate electrode formed on the gate dielectric layer.

10.  The integrated circuit of claim 1 further comprising a second fin extending from the
semiconductor substrate, the second fin having a second subfin portion on the semiconductor
substrate and a second active fin portion on the second subfin portion, the second subfin portion
disposed in a second trench disposed in the insulation layer, the second trench having an aspect
ratio (depth to width) of at least 2:1, the second subfin portion comprising the II11-V
semiconductor material, the second active fin portion comprising a second I1I-V semiconductor

material different than the I1I-V semiconductor material.

11. A method of forming an integrated circuit comprising:

forming a trench in an insulation layer disposed on a semiconductor substrate, the trench
having an aspect ratio of at least 2:1 at the largest width of the trench;

forming a III-V semiconductor material in the trench and above a top surface of the
insulation layer;

planarizing the III-V semiconductor material that extends over the trench to a level
generally coplanar with the top surface of the insulation layer;

recessing the III-V semiconductor material in the trench so that the III-V semiconductor
material has a top surface lower than the top surface of the insulation layer;

forming a group IV semiconductor material on the III-V semiconductor material in the
trench and extending above the top surface of the insulation layer;

planarizing the portion of a group IV semiconductor material that extends over the trench
to a level generally coplanar with the top surface of the shallow trench insulation;

recessing the shallow trench insulation so that the group IV semiconductor has a top and
sidewalls extending above the recessed top surface of the insulation layer to form an active fin
portion; and

thinning the sidewalls of the active fin portion to create a thinned active fin portion.
12. The method of forming an integrated circuit of claim 11 wherein the maximum width

between the sidewalls of the thinned active fin portion is between 5-50% of the maximum width

between the sidewalls of the active fin portion prior to thinning.
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13. The method of forming an integrated circuit of claim 11 wherein forming the trench in
the insulation layer comprises:

forming a sacrificial fin from the semiconductor substrate;

forming the insulation layer over and around the sacrificial fin;

polishing the insulation layer so that is it substantially planar with the sacrificial fin; and

removing the sacrificial fin to create the trench in the insulation layer.

14. The method of forming an integrated circuit of claim 13 wherein forming the fin
comprises etching the semiconductor fin from the semiconductor fin from the semiconductor

substrate such that the fin has a top and a bottom wherein the bottom is wider than the top.

15.  The method of forming an integrated circuit of claim 11 further comprising forming a

gate stack on the top and sidewalls of the thinned active fin portion.

16.  The method of forming an integrated circuit of claim 15 wherein forming the gate stack
comprises forming a gate dielectric on the top and sidewalls on the thinned active fin region and

forming a gate electrode on the gate dielectric layer.

17. The method of forming an integrated circuit of claim 11 further comprising:
after forming the trench in the insulation layer, etching the semiconductor substrate to

form a “V” shaped opening in the semiconductor substrate located below the insulation layer.

18. A device comprising:

a semiconductor substrate:

an insulation layer disposed on the semiconductor substrate;

a trench disposed in the insulation layer;

a fin having an active fin portion disposed on a subfin portion, the subfin portion having
a lower portion formed in a faceted notch in the substrate below the insulation layer and an upper
portion disposed in the trench in the insulation layer wherein the width the upper portion of the
subfin portion at the bottom of the trench is wider than the width of the upper portion of the
subfin at the top of the insulation layer, wherein the subfin portion comprises a III-V
semiconductor material and wherein the active fin portion comprises a semiconductor material

different from the IT11-V semiconductor material of the subfin portion.
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19. The device of claim 18 wherein the I1I-V semiconductor material of the subfin portion is
selected from the group consisting of GaAs and GaAsP, and the semiconductor material of the

active fin portion is selected from the group consisting of germanium and SiGe.

20. The device of claim 18 wherein the active fin portion comprises a III-V semiconductor
material.
21. The device of claim 18 wherein the active fin portion has a top and sidewalls which

extend above the top surface of the insulation layer.

22. The device of claim 18 further comprising a gate stack formed on the active fin portion.
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