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(57) Abstract: Embodiments of the present invention are directed to formation of fins with different active channel heights in a tri-
gate or a Fin-FET device. In an embodiment, at least two fins are formed on a front side of the substrate. A gate structure extends
over a top surface and a pair of sidewalls of at least a portion of the fins. In an embodiment, the substrate is thinned to expose the

o bottom surface of the fins. Next, backside etching may be performed on each tin to form active channel regions. The fins may be re-

=

cessed to different depths, forming active channel regions with differing heights.
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BACKSIDE Fiv RucEss CONTROL WiTH MuLi-HS1 OrrioN

1) FIELD OF THE INVENTION

{0001 ] Embodiments of this invention relate to the field of semiconductor devices

and more particularly to multi-gate devices.

Ut

2} BACKGROUND OF THE INVENTION
[3802] For the past several decades, the scaling of features 1n integrated circuits has
been a driving force behind an ever-growing semiconduoctor industry. Scaling to
smaller and smaller features enables increased densities of functional units on the
Hmited real estate of semiconductor chips. For example, shrinking transistor size
10 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 (o optimize the
performance of cach device becomes increasingly significant.
{3083] The further reduction in scale of integrated civeuit devices has called for the
15 increased usage of non-planar transistors such as tri-gate transistors, FmPFETSs,
TFETS, omega-FETS, and double-gate transistors. Despite improved performance,
drive capability of tri-gate transistors are conventionally sized by the integer number
of fing which are placed under the controlling gate. Such a limitation in scalability
of tri-gate transistors resulis in usage of unnecessary larger iransistors and increase
20 1o power consuraption. Thercfore, there exists a need for a semiconductor structure

1

and a manufacturing process that enhances the scalability of the tri-gate transistors.

BRIEF DESCRIPTION OF THE DRAWINGS

108064] HEmbodiments of the present disclosure are illustrated by way of exanple,
25 and not by way of limitation, in the figures of the accompanying drawings. Various

operations in a method of fabricating FmFET devices with multiple active chanmel

heights are illustrated, in accordance with an embodiment of the present invention,

where:
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{0805 Figure | illustrates a semiconductor structure having a phurality of fins with
different active channel heights, in accordance with an embodiment of the

invention.

[0806] Figure 2A illustrates a perspective view of the semiconductor structure

o3}

including a substrate and a plurality of fins formed on the front side of the structure,

in accordance with an embodunent of the invention.

00071 Figure 2B ilhustrates a cross-sectional view of the semiconductor structure
ithastrated 1o figure 2A along the line a-2°, in accordance with an embodiment of the
nvention.

10 (0608 Figure 2C illusirates a perspective view of the semiconductor structure
meluding fing with otch stop layers, in accordance with an cobodiment of the
myention,

10009] Figure 2D iHustrates a cross-sectional view of the semiconductor structure

Hustrated in figure 2C along the line a-a’, in accordance with an embodiment of the

[y
|92

invention.

L&)

H08310] Figure 3A ilusirates a perspective view of the sermiconductor structur
mehuding a diclectric layer formed over the front side of the substrate, in accordance

with an embodiment of the invention.

{0011} Figure 3B illustrates a cross-sectional view of the semiconductor structure
20 illustrated in figure 3A along the hne a-2°, in accordance with an embodiment of the

invention.

{0812 Figure 3C iHustrates a perspective view of the semiconductor structure
mchuding a first etch stop layer formed within the fin structures, in accordance with
an embodiment of the invention,

25 [0813] Figure 3D illustrates a cross-sectional view of the semiconductor structure
flustrated i figure 3C along the line a-a’, in accordance with an embodiment of the

mvention.

3
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[3814] Figure 3L 1llustrates a perspective view of the semiconductor structure
mcluding a second etch stop layer, in accordance with an embodiment of the

invention.

{0015] Figure 3F ilhustrates a cross-sectional view of the semiconductor structure
iltustrated in figure 3E along the line a-3°, in accordance with an embodiment of the

mvention.

[0816] Figure 4A illustrates a perspective view of the semiconductor structure
meluding a gate structure formed over the fns and the dieleciric layer, in

accordance with an embodiment of the mmvention.

{0017} Figure 4B illustrates a cross-sectional view of the semiconductor structure
thstrated in figure 44 along the line a-a’, in accordance with an embodiment of the

mvention.

[0818] Figure SA illustrates a perspective view of the semiconductor structure
following the flipping of the structure and connecting the structure to a carrier, in

accordance with an embodiment of the invention.

{3019 Figure 5B illustrates a cross-sectional view of the semiconductor structure
ilustrated mn figure SA along the line a-a’, in accordance with an embodiment of the

mvention.

10820] Figure 6A illustrates a perspective view of the semmiconductor structure
following the removal of the substrate, in accordance with an ernbodiment of the

invention.

{00211 Figure 68 itlustrates a cross-sectional view of the semiconductor structure
ittustrated in figure 6A along the line a-a°, in accordance with an embodiment of the
mvention,

{6622 Figure 6C illusirates a perspective view of the semiconductor structure
including a eich stop layer, in accordance with an embeodiment of the imvention.
{00231 Figure 613 iHlusirates a cross-sectional view of the semiconductor stracture
ittustrated in figure 6C along the line a-2°, in accordance with an erbodiment of the

mvention,

on)
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[0824] Figure 7A illustrates a perspective view of the semiconductor structure
following the formation of the sub-channel region and the active channel region of 8

first fin, n accordance with an embodiment of the invention,

{0025] Figure 7B illustrates a cross-sectional view of the semiconductor structure
iltustrated in figure 7A along the hine a-a", in accordance with an embodiment of the

mvention.

[0826] Figure 8A illustrates a perspective view of the semiconductor structure
following the formation of the sub-channel region and the active channel region of &

second fin, n accordance with an embodiment of the invention.

{00271 Figure B illustrates a cross-sectional view of the semiconductor structure
thstrated in figure 8A along the line a-a’, in accordance with an embodiment of the

mvention.

{0828 Figure 8C illustrates a perspective view of the semiconductor structare
following the formation of active channel regions below the eteh stop lavers of fins,

in accordance with an embodiment of the invention.

{0029 Figure 8D illusirates a cross-sectional view of the semiconductor structure
tlustrated m figure 8C along the line a-a’, in accordance with an ermmbodiment of the
mvention.

{0038] Figure 9A illustrates a perspective view of the semiconductor structure
following the formation of multiple active channel regions with different heights m

a device, in aceordance with an embodiment of the invention.

{0831 Figure 98 illustrates a perspective view of the sermiconductor structure
following the formation of muoliiple active channel regions with different heights
using etch stop layers in a device, in accordance with an embodiment of the
ovention,

{0032] Figure 9C illustrates a cross-sectional view of the semiconductor structures
thastrated in figures 9A and 98 along the hoe a-a’, in accordance with an

emmbodiment of the invention.
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[3833] Figure 10 18 a cross-sectional llustration of an inlerposer implementing one

or more embodiments of the invention.

[3634] Figure 11 is a schematic of a computing device built in accordance with an

embodiment of the invention.
DETAILED DESCRIPTION

{68357 Embodiments of the present invention are directed to formation of fins
with different active chaonel heights fn a tri-gate or a Fin-FET device. In the
following description, numerous details are set forth in order to provide a thorough
mnderstanding of the present invention. It will be apparent, however, to one skilled
in the art, that the present invention may be practiced without these specific details.
In other instances, well-known semiconductor processes and manufacturing
techniques have not been described in detai! to avoid obscuring the present
mvention. Reference throughout this specification to “an embodiment” means that a
particular feature, structure, function, or characteristic described in conngction with
the embodiment is mcluded m at least one embodiment of the invention. Thus, the
appearances of the phrase “m an embodiment” in various places throughout this
specification are not necessarily referring to the same embodiment of the invention.
Furthermore, the particular features, structures, functions, or characteristics may be
combined in any suitable manner 10 one or more embodiments. For example, a first
embodiment may be combined with a second embodiment anywhere the two

embodiments are not mutually exclusive,

{0436] Embodiments of the present invention relate to a method of fabricating a
FiFET device including at least two fins. Each {in includes an active channel
region and a sub-channel region. The current path through each fin is approximately
proportional to twice the height plus the width of the active channel region. In an
embodiment, the active channel regions of the fins have different heights. Such
emboediments facilitate a beiter control over the current flow rate of the device. In an
embodiment, the desired height of each fin is formed using backside reveal and

backside etching process.

{38371 In an embodiment, at Ieast two fins are formed on a front side of a

substrate. A gate structure extends over a top surface and a pair of sidewalls of at

T

3
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least a portion of the fins. In an embodiment, the substrate is thinned to expose the
bottom surface of the fins. Backside etching may be performed on each fin to form
the active channel region of the fin. The fins maay be recessed to different depths,

forming active channel regions with differmg heights in a tri-gate or a FinFET
£ & 5 =

device.

|91

{3838 In an embodiment, a timed otch is performed to achieve the desired
heights for active channel regions. In other embodiments, etch-stop layers are
formed within the fin structures 1o conirol precise etching of the fins. In an
embodiment, the etch-stop layers are epitaxially grown during the formation of the
10 fins on the substrate. fn other embodiments, 1on fropurities are infroduced into the

fin to form the etch-stop layers.

039 Referring to figure 1, a perspective view of a FinFET device including a
plurality of fins with different active channel heights is ilustrated. In an
embodiment, the device 100 inclodes a plurality of fins 110, Bach fin includes an
15 active channel region 110b and a sub-channel region 110a. The height of the fins
110 are defined by the distance between the bottom surface of the sub-channe
region 110a to the top surface of the active channel region 110b. In an embodiment,
the fins 110 have a same height. An active channel height is defined by the distance

o,

between a top surface of the sub-channel region 110a to the top surface of the active

20 channel region 110b. In an embodiment, the fins 110 have differmg active channel
heights.
{5648 In an embodiment, the sub-channel region 110a 18 composed of dielectric

material such as sihcon dioxide or a tow k dielectric. In an alternative embodiment,
the sub-channel region 110a is an air gap. In an embodiment, the active channel

25 regions 110k are composed of semiconductor material such as, but not himited to,
sthicon, germanium, S1Ge, GaAs, InSh, GaP, GaSb, InAlAs, InGaAs, GaSbP,

GaAsSh, and InP.

{00411 In an embodiment, a dielectric layer 130 is disposed between the {ins

110 such that at least a portion of the fins 110 are exposed. In an embodiment, the

(9%
o~
)

top surface of the sub-channel region 110a 1s aligned with the top surface of the
dielectric layer 130, In an erobodiment, a gate structure 140 is formed over the

6
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diclectric Jayer 130 and the fins 110 in a channel region 450 of the device between
the source/drain regions 451, In onc embodiment, the gate structure extends over a
top surface and a pair of sidewalls of the portion of the fins 110 that are disposed

above the dieleciric layer 130, In an erobodiment, the gate siruchure covers at least

the active channel regions of the fins.

[pa42) In an embodiment, an eich stop layer 110c¢ is disposed between the active
channel region 110b and the sub-chamnel region 110a of the fins 110, For example,
the etch stop layer 161 is disposed between the active channel region 111b and the
sub-channel region 111a. In other embodiments, the active channel region 110b may
melude eteh stop layers. For example, the active channel region 111b ofthe fin 111
includes an etch stop layer 162, In an embodiment, some of the active channel
regions of the device may include no eich stop layer while some of the active

channel regions may include one or a plurality of etch stop lavers.

{30431 In an embodiment, the eich stop layer 110c may be composed of a
raterial that tHusirates strong etch selectivity with respect to the semiconductor
material of the active channel region 111b. In an erobodiment, the eteh stop laver
11 18 an epitaxial layer. In an alternative ermnbodiment, the etch stop layer 110c
may be composed of ion tmpurities. In an embodiment, ion tmpurities may be
selected from the group including, but not limited to, phosphorous (P, arsenic (As),

~

antimony {Sb), boron (B), oxygen {0}, carbon () and the combinations thereof.

{0044] Figures 2ZA-9C itlustrate methods for forming fins with different active
channel heights in a tri-gate or a Fio-FET device. Referring to figure 2A, a
perspective view of the structure 200 including a substrate 201 and a phurahity of
fins 210 formed on a front side of the structure 200 is ithustrated. Figure ZB is a
cross-sectional view of the structure 200 taken along the hine a-a’” of figure 2A. The
number of fins 210 formed on the substrate 201 can be adjusted to an appropriate
number, as il is understood to those skilled in the art. In an embodiment, at least two
fins are forrmed on the substrate 201, In an embodiment, the fins 210 are formed
using an ciching process. A patierning ctch roask is placed on the substrate 201,
Thereafter, the substrate 201 1s etched and the portions of the substrate protected by
the mask form the fing 210 The etch masks are then removed.

7
/
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{B045] In an embodiment, the substrate 201 may be composed of any suitable
material for semiconductor device fabrication. In an embodiment, the substrate 201
may be a crystalline substrate formed using a bulk silicon. In an emboediment, the

fins 210 are formed from the same material as the sgbstrate 201, In other

|91

emboediments, the semiconductor substrate 201 may be formed from different

material as the fins 210, In an embodiment, the fins 210 are made from silicon. In an

erobodiment, the substrate 201 may be formed using alternative materials. Such
maierials may inchude, but are not limited to, germaniom, silicon germanium,
mdiom antimonide, lead telhuride, indivm arsenide, indium phosphide, galhom

10 arsenide, indium gallium arsenide, galiium antimonide, or other combinations of
group -V or group [V materials. Although a fow examples of materials from
which the substrate 201 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 mvention.

15 [0046] In an embodiment, the fins 210 are high aspect ratio fins. fn an
embodiment, the high aspect ratio fins may have a height to width ratio that is 2:1,
ot greater. An additional erobodiment may include the fing 210 that have a beight to
width ratio that is 1001, or greater. By way of example the width of the fins 210 may
be between 10-20 nm. A representative length range of the fins 210 is on the order

20 of 10 nanometers (nn) to | milliroeter (mum), and a representative height range is on

the order of 5 nm t0 200 nm. As illustrated, the fins 210 are three-dimensional

body extending on the front surface of the device. It is appreciated that in
processing of such bodies, a true rectangular form may not be achievable with
available fooling, and other shapes may resull. Representative shapes fnclude, but

25 are not limited to, a trapezoidal shape {e.g., base wider than top) and an arch shape.

{38471 In an embodiment of the mvention, the devices are formed without the
formation of etch stop layers. Figures 2A and 2B explain the method of forming fin

structures without eich stop Iayers. In other embodiments, etch stop layers are
formed within the fin structurcs. The cich stop layers may be formed at different
30 stages of the process. In an embodiment, the eich stop layers are formed during the

formation of the fins as explained with respect to figures 2C and 2D. The eich stop
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layers can be used to reduce undesirable over-etching of the fing in the subsequent
steps. In such an embodiment, the sub-channel region of the fins may be selectively
ctched with respect to the eich stop layers. The remaining unciched portion of the

fin, above the etch stop layer, forms the active channel region of the fin structure.

[0848] Referring to figure 2C, a perspective view of the structure 200 including
the fins 210 with etch stop layers 220 s tHustrated. Figure 21 is a cross-sectional
view of the structure 300 taken along the line a-a” of figure 2C. Elements that are
the same as or stivular to the components described above n conjunction with the
previous embodiment are designated with the same reference numerals., Also, for
the sake of clarity and brevity, a detailed discussion of such components and the
method of thetr formation will not be repeated. In one embeodiment, the fins 210
include a single ctch stop layer. In an alternative embodiment, the fins 210 are
formed having a plurality of alteroating layers of semiconductor material 230 and
eteh stop material 220. The plurality of eteh stop layers {acilitates formation of the

fins with different channel height in a tri-gate or FinFET device.

{3349] In an embodiment of the invention, the fus 210 are formed by first
blanket depositing an alternating layers of senuconductor material 230 and etch stop
material 220 on the fop surface of the substrate Z01. The alternating layers may be
deposited using conventional epitaxial chemical vapor deposition methods or via
other deposition process {e.g., ALD, PECVD, PV, HDP assisted CV, and low
temp CVD). Next, the blanket layers of semconductor material 230 and etch stop
material 220 are patierned using conventional photolithography and eiching

methods to define the fins 210,

0850 In an embodiment, the etch stop material 220 may be chosen based on
their eteh selectivity to the semiconductor material 230. The etch stop layers 220
may also induce lattice stress on the semiconductor layers 230 by having lattice
constant mismatched with respect to the semiconductor layers 230, In an
embodiment, the semiconductor layers 230 and the etch stop layers 220 are formed
from a single crystalline semiconductor raaterial such as, but not himited to 84, Ge,

RiGe, GaAs, Indb, GaP, GalSh, InAlAs, InGaAs, GalbP, GaAsSb and InP. For

O
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example, the semiconductor layers 230 may be silicon and the ctch stop layers 220

may be silicon germanium.

651 Referring to figure 34, a perspective view of the structure 300 mcluding
a dieleciric layer 301 formed over the front sarface of the substrate 201 s
iltustrated. Figure 3B is a cross-sectional view of the structure 300 taken along the
Hoe a-a” of figure 3A. In an cobodiment, the diclectric layer 301 is disposed over
the front surface of the substrate 201 and between the fins 210 such that at least a

portion of the fins 21{ are exposed.

[652] The diclectric laver 301 may be deposited by a chemical vapor
g, ALD, PECVD, PVD, HDP

ped

deposition (CVD} or other deposition process {e.
assisted CVD, low temp CVD). The dielectric layer 301 may be deposited to a
height above a top surface of the fins 210. Then, the dielectric layer 301 is
planarized to expose the top surface of the fins 101, For example, diclectric layer
301 may be planarized with a chemical-mechanical polishing (CMP} operation.
Subsequently, the dielectric layer 301 is recessed to expose protruding portions of
the fins 2190, The recessing of the dielectric layer 361 yoay be performed by a
plasma, vapor or wet etch process. In one embodiment, conventional processes may
be used to recess or etch the dielectric layer 301, including but not himited to, wet
ctching processes using hvdrogen fluoride (HF) or dry efching processes using
CHF3, CH3F, or CF4. In {urther implementations, other wet or dry etching
processes may be used. In one embodiment, an etching process that is selective to

silicon fins is used.

{0053] In an embodiment, the diclectric layer 301 may be formed from any
appropriate insulating material. For example, the diclectric layer 301 may be an
oxide, such as a silicon oxide. According to an additional embodiment, the diclectric
layer 301 may mclude a plorakity of dielectric materials. For example, a first
diclectric material may be a conformal material and a second dielectric material may
bie a fill material.

[3654] In an alternative embodiment, etch stop lavers are formed within the fins
at this siage of the process. Formation of the etch stop layers at this stage of the
process are explained with respect to figure 3C-3F. Elements that are the sarge as or

16
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stivilar to the components described above in conjunction with the previous
embodiment are designated with the same reference numerals, Also, for the sake of
clarity and brevity, a detailed discussion of such corponents and the meothod of

their formation will not be repeated.

o3}

[855] Referring to figure 3C, a perspective view of the structure 300 is shown
meluding a first etch stop layer 321 formed within the fns 210, Figure 3D s a
cross-sectional view of the structure 300 taken along the Hne a-a” of figure 3C. In an
embodiment, the dielectric layer 301 is recessed to an witial depth of Hy according
to the depositing and recessing roethods describe in details with respect to figures
10 3A and 3B. Height H; defines the height of the exposed portion of the fins 210 and
subsequently the first height of the active chamnel region of the fin structures. In an
erabodiment, the first cteh stop layer 321 may be formed by intreducing an abrupt
wrapurity profile to the portion of the fin that is adjacent to the top surface of the

dicleetric Jayer 301,

i [0856] In an embodiment of the invention, the top surface of dielectric layer 301
1s implanted with ion mmpurities. The front side ion implantation of the device forms
an impurity region 311 on the top surface of the dielectric layer 361, Upon contact
with the top surface of the dielectric layer 301, ion imopuritics may spread laterally
mito the adjacent portion of the fins 210. As such, an abrupt impurity profile s

20 introduced into the fins to form the first etch stop layver 321 within the fin structure.

In an embodiment, the introduction of 1on tmpurities to the [in resulls in an etch

selectivity of the first etch stop layer 321 with respect to the rest of the fin structure.

in an embodiment, the thickness, ion type, and ion concentration of the impurity

region 311 is selected to form a suitable etch stop layer within the fins 210,

25 [o8sTy In an embodiment of the mvention, impurity ions may be selected from
the group meluding, but not imited to, phosphorous, arsenic, antimony, boron and
the combinations thercof. In a specific embodiment, the fins may be silicon and the
impurity ion may be germanium, boron, carbon, arsenie, phosphorus or oxygen. In
an embodiraent, the first eteh stop layer 321 has a thickoess of 5-100nm. The

30 impurity ions are implanted mito front surface of the device as mdicated by arrows in

figures 3C and 30. In an embodiment, a vertical implantation is performed by

11



WO 2017/052604 PCT/US2015/052288

mjecting ions to enter the surface of the dielectric layer 301, such that the angle of
incidence is substantially orthogonal to the front surface of the device. Inan
embodiment, the vertical implantation of impurtty ions prevents miroduction of

mpurities nto the active channel region of the fins. In an embodiment, a hardmask

|91

350 is formed on the top surface of the fin to further prevent entering of ion
irapurities to the active channel region of the fins. In an embodiment, the ion energy
used for 1on mmplantation is a very fow ion energy level, for exarple ion energy
level may be within a range of 2 — 30 KeV. The ion energy may depend on ion mass
of the impurity materials. For example, lighter jons such as boron may be implanted
10 atlower cnergies and heavier ions such as arsenic may be tmplanied at higher

CNETgIes,

[H058] In an embodiment of the invention, a single ¢tch stop layer is created
within the fin structure. The single etch stop layer facilitates formation of one active
channel region above the ctch stop layver. Subsequently, a gate structure may be

13 formed on top of the dieleciric layer as described below with respect to figures 4A
and 4B. In such an embodiment, ion implantation of the top surface of the diclectric
fayer facilitates formation of a self-aligned active chamnel region with respect to the
gaie structure. o an alternative embodiments, multiple etch stop layers may be
formed to create fins with different active channel heights in a tri-gate or a FinFET

20  device,

{059 Referring to figure 3E, a perspective view of the structure 300 including
a second etch stop layer 322 is shown. Figure 3F is a cross-sectional view of the
structure 300 taken along the Hne a-a" of figure 3E. Elements that are the same as or
similar (o the components described above in conpunction with the previous

25  ecmobodiment are designated with the same reference numerals. Also, for the sake of
clarity and brevity, a detatled discussion of such conmponents and the method of
their formation will not be repeated.
{0060} Tn an embodiment of the invention, the diclectric layer 301 is recessed
further to expose a lower region of the {ins below the first etch stop layer 321,

30 Height Ho defines the height of the exposed portion of the fins 210 and subsequently

a second height of the active channel region of the fin structures. In an embodiment,

12
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the top surface of dielectric laver 301 is implanted by ion impurities to form the
cond etch stop layer 322 below the first etch stop layer 321, The process of
fornvng an etch stop layer within the fins by ion implantation s explained 1o details

with respect to figures 3C and 3D above and hence is not discussed again to avoid

|91

repetition.

{0061 It is appreciated that additional eich stop layers may be formed within
the fin structure below the second etch stop layer 322 by repeating the recessing
diclectric Jayer and ton implantation process explained above with respect to figures
3C-3F. Formation of the phlurality of eteh stop Jayers within the fins facilitates

10 creation of fins with different channel heights n a tri-gate or a FinFET device as
explained further below, in accordance with an embodiment of the invention,
Subsequently, a gate structure may be formed on top of the dielectric layer as
described below with respect to figures 44 and 4B. In such an embodiment, ion
troplantation of the top surface of the recessed diclectric layer facilitates formation

13 of a self-aligned active channel region with respect to the gate structure.

{0062] Referring to figure 44, a perspective view of the structure 400 mcluding
a gate structure 410 formed over the {ins 210 and the diclectric layer 301 is
ithistrated. Figure 4B is a cross-sectional view of the structure 480 taken along the
Hue a-a’ of figure 4A. In one embodiment, the gate structure 410 surrounds at least a

20 top surface and a pair of sidewalls of the portion of the fins 210 that are above the
diclectric Jayer 301, The gate structure 410 includes the gate electrode 411 and the
gate dielectric layer 412. {n an embodiment, the gate structure 410 may further

foclude a pair of sidewall spacers 413 on cither sides of the gate structure 410,

[(863] The gate structure 410 may be composed of a gate electrode stack, which
25 includes the gate dicleciric layer 412 and the gate electrode layer 411, Inan
erobodiment, the gate electrode layer 411 of the gaie elecirode stack is composed of
a metal gate and the gate dielectric layer 412 is composed of a high-K material. For
exampie, in one embodiment, the gate diclectric layer 412 is composed of a material
such as, but not timited to, hafnivm oxide, hafnivm oxy-nitride, bafnivm silicate,
3¢ lanthamum oxide, zwconium oxide, zirconiuwy silicate, tantalum oxide, barium

strontium titanate, barivm titanate, strontium titanate, yitrium oxide, alominam

13
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oxide, lead scandivm tantahun oxide, lead zinc niobate, or a combination thereof.
In an embodiment, the gate dielectric layer is composed of a top high-k portion and
a lower portion composed of an oxide of a semiconductor materal. Inone
embodiment, the gate dielectric layer is composed of a top portion of hafhium oxide

and a bottom portion of silicon dioxide or silicon oxy-nitride.

{00641 In one embodiment, the gate electrode fayer 411 18 composed of a metal
laver such as, but not limited fo, metal nitrides, metal carbides, metal silicides, metal
aluminides, hafnium, zirconium, Gtanium, tantalum, alomimum, rathentom,
palladiom, platinum, cobalt, nickel or conductive metal oxides. Ina specific
embodiment, the gate electrode layer 411 is composed of a non-workfunction-

setting §ill material formed above a metal workfunction-seiting layer.

0865] Furthermore, the gate structure 410 may be fabricated by a replacement
gate process. nsuch a scheme, dummy gate material such as polysilicon ot silicon
nitride pillar material, may be removed and replaced with permanent gate clectrode
material. In one such embodiment, a permanent gate dielectric layer is also formed
in this process, as opposed to being carried through from earlier processing. Inan
embodiment, dommy gates are removed by a dry etch or wet etch process. Inone
erabodiment, dumay gates are composed of polyerystalhine silicon or amorphous
silicon and are removed with a dry etch process mmcluding use of 8F¢. To another
erobodiment, dumroy gates are composed of polyerystalline silicon or amorphous
stlicon and are removed with a wet elch process including use of aqueous NH4CH
or tetramethylammonium hydroxide (TMAH). In one embodiment, dummy gates
are composed of silicon nitride and are removed with a wet cich including aqueous
phosphoric acid.

{08661 In an embodiment, after the formation of the gate structure 410, an inter-
layer dielectric (L.D) layer 501 1s blanket deposited over the exposed surfaces on
front side of the device. The ILD layer 501 may be deposited using a conventional
fechniguoe, such as CVD. In an embodiment, the 1D layer 581 may be any
dielectric material such as, but not Hmited 1o undoped silicon oxide, doped silicon
oxide (e.g., BPSG, PSG), silicon nitride, and silicon oxyniinde. After the ILD layer

501 1s deposited, any overburden may then be polished back using a conventional
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chemical mechanical planarization method to expose a top surface of the gate

structure 410.

[B867] Referring to figure SA, a perspective view of the structure 500 following
the mverting or {Hipping of the structure and connecting the structure o a carrier 502
is tllustrated. Figure 5B is a cross-sectional view of the structure 400 taken along the
Hoe a-a’ of figure SA. 1o an embodiment, after the formation of the gate structure
410 and the LD laver 501, the structure 1s connected to the carrier 502 and flipped.
In an embodiment, the structure 500 1s inverted such that the front side of the
structure 500 faces down and the backside of the structure 500 faces up. The
structure is then connected to the carmier 502, The carrier 502 1s the base that
provides support to the device while it is processed. For example, the carrier 502
may be a semiconductor wafer. The structure 500 may be connected o the carrier

302 through an adhesive or other bonding technigues.

{3068 Referring to figure 6A, a perspective view of the structure 600 following
the removal of the substrate is illustrated. Figure 6B is a cross-sectional view of the
structure 600 taken along the line a-a” of figure 6A. The structure 600 is thinned
from the backside to expose the bottom surface of fins 210. The thinning step can be
performed using a mechanical planarization apparatus {¢.g., a grinder). fn an
erabodiment, the thinning step can alse be performed using a chemical mechanical
planarization (CMP) apparatus. In aliermative embodiments, the thinning step may
be performed using a back etch process, such as a wet etch process, a dry etch

process or a plasma etching process.

[(669] Referring to figure 6C, a perspective view of the structure 600 including
an etch stop fayer 620 is shown. Figure 602 is a cross-sectional view of the structure
600 taken along the hine a-a" of figure 6C. Elements that are the same as or similar
to the components deseribed above in conjunction with the previous embodiment
are designated with the same reference numerals. Also, for the sake of clarity and
brevity, a detatled discussion of such components and the method of their formation
witi not be repeated.

[6670] In an embodiment of the invention, an eich stop layer i1s formed
folowing the reraoval of the substrate 201, In an emboediment, the eich stop layer
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620 1s formed by a backside ion fmplantation process. In an embodiment, ion
impurities may be introduced into the device to form an impurity region 620 within

the device. The tropurity region 620 may be formed across the gate structure 410

{(including gate electrode 411 and gate dielectric 412}, the ILD layer 501, and the

|91

fins 210, The portion of the fmpurity region 620 formed within the fins 210 defines
the cich stop layer 621. The depth at which the impurity region 620 is formed may
depend on the ion type, troplantation energy (acceleration voltage), composition of
target material, erystal orientation of substrate, prior crystal damage to the substrate,
temperature of ion fmplant, and angle of implantation. In an embodiment, the height
10 H ofthe active channcl region of each fin is defined by the distance between the top

surface of the etch stop layver 620 and the top surface of the fins 211,

{878 In an embodiment of the invention, the impurity ions may be selected
from the group tocluding, but not hmited to, phosphorous (P), arsenic (As),
antimony (Sb), boron (B) and the combmations thercof. In a specific embodiment,

13 the fins may be silicon and the 1mpurity ion may be germanium, boron, carbon,
arsenic, phosphorus or oxygen. The impurity ions are implanied into the back
surface of the device as indicated by arrows in figures 6C and 613, In an
embodiment, a vertical implantation is performed by injecting ions to enter the back
surface of the diclectric layer 301 and the fins 210, such that the angle of incidence

20 s substantially orthogonal to the back surface of the device. In an embodiment, the
on energy for ion implantation is a very low ion energy level, for example ina

range of 10 - 30 KeV.

106721 Referring to figure 7A, a perspective view of the structure 700 is shown
following the formation of the sub-channel region and the active channel region of
25  fin 211, Figure 7B is a cross-sectional view of the structure 708 taken along the hne
a-a’ of figure 7A. In an embodiment, a sub-channel region 211a is formed by
e

recessing the fin from backside. In an embodiment, the reraining portion of the fin

after the recess forms the active channel region 21 1b of the fin 21 1.

{06731 In an embodiment, a first bard mask layer 711 is blanket deposited over
30 the exposed backside surfaces of the dielectric layer 301 and the fins 210 (ncluding

fin 211, fin 212, and fin 213). In an embodiment, the first hard mask layer 71l is a
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material resistant to the etch process used to etch the seb-chammel region 21 1a of the
fin 211 In some embodiments, the first hard mask layer 711 has an eich rate slower
than the dielectric layer 301 with respect to selected etchant. In an embodiment, the
first hard mask layer 711 is siicon dioxide or a high k metal oxide dielectric, such
as titanium oxide, hathivim oxide, or aluminum oxide. In an embodiment, the first
hard mask layer 711 may comprise a silicon nitride material with varicus amounts
of oxvgen and/or carbon present to modulate the eteh rate. The first hard mask layer

~r

711 may be | to 10 nm thick. The first

1

hard mask layer 711 may be formed by any
suitable process, such as chemical vapor deposition (CVD), physical vapor

deposition (PVD)} or atomic laver deposition (ALD).

8874 In an embodiment, the first hard mask layer 711 is then patterned as
3 B

iltustrated in figures 7A and 7B to form a mask covering the fins 212 and 213 while

exposing the botiom surface of the fin 211, In an embodiment, the frst hard mask

H 3
i

I protects the underlymng fins 212 and 213 from the etching to come. The

.

layer 7
{irst hard mask layer 711 may be patterned using any suitable technigues such as

photolithography, as is well known in the art.

{067 5] Next, the exposed backside surface of the fin 211 is etched to remove
the sub-channel region 211a of the fin structure. The depth of the recess corresponds
to height H; of the active channel region 21 1h of the fin 211, In an embodiment, at
least a portion of the fin that is not swrrounded by the gate structure 410 15 removed.
In other embodiments, the eiching process removes a portion of the fin 21| that is

surrounded by the gate structure 410.

{0076] In an embodiment, backside etching may be a timed-eich process. The

time duration of backside etching corresponds with the consumption amount of the
sub-channel region 211a. In an embodiment, the time duration 18 selected such that
the backside etching is stopped when the desired height H, of active chamnel region

211bis reached.

{06771 In an embodiment, different etchants are used, selected based on the et

selectivity to etch sub-channel region 21 la of fin 211 while leaving dielectric layer

2

301 substantially intact. In an embodiment where first hard mask Iayer 711 incluade

e

a silicon nitride material, the diclectric fayver 301 includes a silicon oxide material,
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and the sub-channel region 21 1a inchudes silicon, the etching may use gasses like
1, HBr, and SF¢ for dry eich, a wet gich with TMAH, or a vapor etch with TMAH,

Other combinations may alse be used.

{BG78] Subsequently, the first hard mask layer 71 1 may be removed by any

o3}

suitable technique, such as a resist strip.

{00791 Referrmg to figure 8A, a perspective view of the structure 800 15 shown
following the formation of a sub-chamnel region 212a and an active channel region
212b of a second fin 212, Figure 8B is a cross-sectional view of the structure 800
taken along the line a-a’” of figure AL Tn an embodiment, the sub-channel region

10 21i2ais formed by recessing the fin 212 from the backside. In an embodiment, the
remaining portion of the fin structure afier the recess forms the active channel
region 212b of the sccond fin 212, In an embodiment, the height H» of the active
channel region 212b is different than the height H; of the active channel region
211h.

15 (60808 In an embodiment, second hard mask layer 811 is blanket deposited over
the exposed backside surface of the dicleciric laver 301 and the fins 210. In an
erabodiment, the sccond hard mask layer 811 is then patierned as illusirated in
figures 8A and 88 to form a mask covering the fins 211 and 213 while exposing the

bottom surface of the fin 212, In an embodiment, the second hard mask layer 811

20 protects the underlying fins 211 and 213 from the etching to come. In an

emboediment, the second hard mask layer 811 does not coverthe fin 211, as
subsequent ciching may be caleulated in the overall desired height of the active
channel region 21 1b. The process of depositing and patierning hard mask layer is
explained in details with respect to figures 7A and 7B above and hence is not

25 discussed again to avoid repetition.

{0681 Next, the exposed backside surface of the fin 212 is etched to remove the
sub-chamnel region 212a. The depth of the recess corresponds to height H; of active

channel region 212b of fin 211, In an emobodiment, at least the portion of the fin that

1s not surrounded by the gate structure 410 is removed. In other embodiments, the

(9%
o~
]

ciching process removes a portion of the fin 212 that is sarrounded by the gate
structure 410.
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{0082} In an embodiment, backside ctching may be a timed-etch process. The
time duration of backside etching corresponds with the consumption amount of the
sub-chanuel region 212a. in an embodiment, the tirae duration is selected such that
the backside eiching is stopped when the desired height H; of the active chamne
region 212b is reached. Subsequently, the second hard mask layer 811 may be
removed by any suitable technigue, such as a resist strip. The process of ciching the
sub-channel region is explained in details with respect to figures 7A and 78 above

and hence s not discussed again to aveid repetition.

10883] o an embodiment, the process of backside etching explained above with
respect to figures 7A-8B may be repeated for other fins to form mudtipie active

channel regions with differing heights in a FmPET or a tri-gate device.

{33841 In an embodiment of the mveuntion, timed etching is used 1o recess the
sub-chamel region of the fin to an appropriate depth. Figures 7A-88 describe the
formation of active channel regions without usage of elch stop layers. In other
embediments, cich stop layers are formed within the fins according to the
previously disclosed methods. A fin may include a single or multiple etch stop
layers formed at different heights withm the fin. The etch stop layers may facilitate
a more precise contro] over the backside etching process of the device. The cich
stop layers can be used to reduce undesirable over-ctehing of the fins. Figures 8C

and 8 describe the formation of the active channel regions using etch stop layers,

{0885 Referring to figure &C, a perspective view of the structure 800 is shown
following the formation of active channel regions below the etch stop layers of fins
210, Figure 8D 18 a cross-sectional view of the structure 800 taken along the line a-

of figure 8C. In an cmbodiment, the eich stop layers may be formed prior {o
backside ctching in accordance with one of the previcusly disclosed methods. In an
ernbodiment, each fin may include only one eteh stop layer. In other embodiments, a
plurality of etch stop layers are formed within each fin. Referring to figures 8C and
813, a phurality of cich stop layers 821 and 822 are formed within the fins 211, 212,
and 213. The first ctch stop layers (821a, 821b, and 821c¢) arc formed at the beight
H; with respect to the top surface of the fin siructure. The second etch stop layers

(8224, 822b, 822¢} are formed at the height H, with respect to the top surface of the
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fin structure. The height Hy of the first etch stop layer 821 is different than the
height H; of the second ctch stop layer 822.

1

{B086] The process of etching sub-channel region of the fins using hardmasks

are explained in details with respect o figures 7A-8B above and henee is not

o3}

discussed again to avoid repetition. In an embodiment, the fin 211 is etched to the
first etch stop layer 821a, forming an active channel region 21 1b with the height Hy.
In an embodiment, the fin 212 18 imtially etched to the first etch stop layer §21b.

The etch stop tayer 8211 is then removed either by using a different etchant or
fonger ctehing time. Subsequently, the fin 212 is eiched to the second etch stop layer
10 822b, forming an active chanmel region 212b with the height Hy within the fin
structure. In an embodiment, the fin 213 may be etched to the first or second etch
stop layers 821c or 822¢. As such, fins with multiple active channel heights are

formed i a FinFET or a tri-gate devicse.

{BORT] Referring to figure 94, a perspective view of the structure 900 is shown

15 following the formation of multiple active channel regions with different heights in
a tri-gate ot a FinFET device. In an embodiment, the sub-chaonel region of fins 210
may be filled with dielectric material. In one embodiment, dielectric malerial is
siticon dioxide or a low k diclectric material deposited as a blanket and then
polished so that the bottom surface of the fins 210 are at the same level as the

20 bottom swrface of dielectric layer 301, In other embodiments, the sub-channel
regions of the fins 210 are not filled, forming an atrgap in sub-channel regions. In an
embediment, the structure 900 may be placed on top of a base 901 to provide the

necessary support for further processes.

[HB88] Figure 98 is a perspective view of the structure 960 following the
25 formation of nudtiple active channel regions with differing heights using etch stop
layers in the device. In an embeodiment, the active channel regions are separated
from the sub-channel regions by an etch stop layer. For example, the active chanmel
region 21ib of the fin 211 is separated from the sub-channel region 21 ia by the ctch
stop layer 922a. ¥o other embodiments, the etch stop layer between the sub-chaonel
30 regions and active chanmel regions may be removed during the etching process. In

an embodiment of invention, the active channel regions may include a single or a
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plurality of etch stop layers. For example, the active channel layer 211b of the fin
211 includes the cich stop layer 921a. The ctch stop layers may be epitaxial layers
disposed between semiconductor material of the fins. In other erobodiments, the

cich stop Iayers may be ion impurities oplanted mto the fins.

|91

HEH Y Figure 9C is a top plan view of figures 9A and 98, following the
formation of multiple active channel regions with different heights in a tri-gate or a
FFET device. Source and drain regions 451 and the channel region 450 of the fin
210 can be seen from this perspective. In one embodiment, the original material of
the fing 210 in the source and drain regions 451 are doped to form the source and
i0  dramn of the device. In another embodiment, the material of fins 210 are removed
and replaced with another senuconductor material, e.g., by epitaxial deposition. o
cither case, the sowrce and drain may exiend below the height of dielectric layer
301, ie., mto the sub-channel regions,
{362 In an embodiment, the sentconducior structure or device 900 is a
13 non-planar device such as, but not limited to, a Fin-FET or a iri-gate device. In such
an embodiment, a corresponding semiconducting channel region is composed of or
is formed in a three-dimensional body. In one such embodiment, the gate electrode
stacks of gate structure 410 surround at least a fop surface and a pair of sidewalls of

the active channel regions of fins 210,

20 [0889%) Figure 10 illustrates an interposer 1000 that includes one or more
ernbodiments of the invention. The nterposer 1000 1s an intervening substrate used
io bridge a {irst substrate 1002 to a second substrate 1604, The first substrate 1402
may be, for instance, an integrated circuit die. The second substrate 1004 may be,
for fnstance, a memory mwodule, a computer rootherboard, or another integrated

25 circuit die. Generally, the purpose of an interposer 1000 1s to spread a connection to
a wider pitch or to reroute a connection to a different connection. For example, an
mterposer 1000 may couple an integrated cirenit die to a ball grid array (BGA) 1006
that can subsequently be coupled to the second substrate 1004, In some
embodiments, the {irst and second substrates 1002/1004 are attached to opposing

30 sides of the inierposer 1000, In other embodiments, the first and second substrates

1002/1004 are attached to the same side of the inferposer 1000, And in further
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embodiments, three or more subsirates are intercomnected by way of the interposer

1080,

{0090] The interposer 1000 may be formed of an epoxy resin, a fiberglass-
reinforeed 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 foruse ina

;

semiconductor substrate, such as silicon, germanium, and other group HI-V and

group 1V materials.

[6691] The interposer may include metal interconnects 1008 and vias 1018,
including but not limited to through-silicon vias (TSVs) 1012, The interposer 1000
may further inchide embedded devices 1014, inchiding both passive and active
devices. Such devices include, but are not lumited 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, anicnnas, arrays, SCnsors,

and MEMS devices may also be formed on the mterposer 1000,

[p802] In accordance with embediments of the invention, apparatuses or
processes disclosed herein may be used 1 the {abrication of interposer 1000 or more

specifically, the devices 1014 or any other structure that includes a transistor within

the interposer.

10693] Figure 11 illustrates a computing device 1100 in accordance with one
embodiment of the invention. The computing device 1100 may tnclude a number of
components. In one embodiment, these components are attached to one or more
motherboards. In an aliemate embodiment, these components are fabricated onto a

single system-on-a-chip (SoC) dic rather than a motherboard. The components in

1
i

the computing device 1100 include, but are not limited to, an mtegrated circuit die
1102 and at least one commmnication chip 1108, In some iroplementations the
communication chip 1108 is fabricated as part of the integrated circuit die 1102,
The mtegrated cireuit die 1102 may include a CPU 1104 as well as on-die memory

1106, often used as cache memory, that can be provided by technologies such as
5 . A £
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embedded DRAM (eDRAM) or spin-transfer torgue memory (STTM or STTM-
RAM).
{0094] Computing device 1130 roay include other components that may or may

not be physically and electrically coupled o the motherboard or fabricated within an

o3}

SoC die. These other components include, but are not Himited to, volatile memory
1110 {e.g., DRAM), non-volatile memory 1112 {e.g., ROM or flash memory), 2
graphics processing unit 1114 {GPL), a digital signal processor 1116, 4 crypio
processor 1142 (a specialized processor that executes cryptographic algorithms
within hardware), a chipset 1120, an antenna 1122, a display or a touchscreen
10 display 1124, a touchscreen controller 1126, a battery 1128 or other power source, a
power amplifier (not shown), a global positioning system (GPS) device 1128, a
corapass 1134, a motion coprocessor or sensors 1132 (that may include an
accelerometer, a gyroscope, and a compass), a speaker 1134, a camera 1136, user
mput devices 1138 (such as a keyboard, mouse, stylus, and touchpad), and a mass
13 storage device 1140 (such as hard disk drive, compact disk (CD), digital versatile

disk (BVD), and so forth).

[0895] The communications chip [ 108 enables wireless communications for the
transfer of data to and from the computing device 1100, The term “wireless”™ and its
derivatives may be used to describe circuits, devices, systems, methods, techoigues,

20 communications channels, ete., that may communicate data through the use of
modudated clectromagnetic 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 conununication chip 1108 may ioplement any of
a number of wireless standards or protocols, inclading but not hmited to Wi-Fi

25  (IEEE 80211 family), WiMAX (IEEE 802.16 family), IEEE 802.20, fong term
evolution (LTE), Bv-DO, HSPA-+, HSDPA+, HSUPA-+, EDGE, GSM, GPRS,
CDMA, TDMA, BECT, Bluetooth, dertvatives thereof, as well as any other wireless
protocols that are designated as 3G, 4G, 5, and beyond. The computing device
1160 may include a plurality of communication chips 1108, For instance, a first

30 communication chip 110¥ may be dedicated to shorter range wireless

communications such as Wi-Fi and Bluetooth and a second communication chip
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1108 may be dedicated to longer range wireless communications such as GPS,
EDGE, GPRS, CDMA, WiMAX, LTE, Ev-DO, and others.
[(96] The processor 1104 of the computing deviee 1100 includes one or more

devices, such as non-planar devices disclosed, that are formed in accordance with

o3}

erabodiments of the invention. The term “processor” may refer (o 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.

{00971 The communication chip 1108 may also include one or more devices,
10 such as non-planar devices disclosed in the disclosure.

{0698] In further embodiments, another component housed within the

computing device 1100 may contain one or more devices, such as non-planar

devices disclose 1n this disclosure.

{0099] In varicus embodiments, the computing device 1100 may be a lapiop

[y
|92

compuler, a netbook computer, a notebook computer, an ultrabook compulter, a
smartphone, a tablet, a personal digital assistant (PDA}, an ultra mobile PC, a
mobile phone, a deskiop computer, a server, a printer, a scannet, a mountior, a set-top
box, an entertainment control unit, a digital camera, a portable nussic player, or a
digital video recorder. In further implementations, the computing device 1100 may

20 be any other clectronic device that processes data.

[36108]  The above description of fHlustrated implementations of the invention,
including what is described in the Abstract, is not intended to be exhaustive or o
limit the tnvention fo the precise forms disciosed. While specific implementations
of, and examples for, the invention are described herein for illustrative purposes,
25 various equivalent modifications are possible within the scope of the mvention, as
those skilied in the relevant art will recognize.
{38101} These modifications may be made to the invention m Hght of the above
detailed description. The terms used in the folowing claims should not be
construed fo Himit the invention to the specific implermentations disclosed inthe

30 specification and the claims. Rather, the scope of the invention 1s 1o be determmed
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entively by the following claims, which are to be construed in accordance with

established doctrines of clatm interpretation.

I00102]  In an embodiment of the invention a semiconductor device meludes a
first fin and a second {in. The first fin nchides a first active channel region on a top
portion of the first fin, a first sub-channel region underncath the first active channel
region, and a first active channel height from a top surface of the first active channel
region {0 a top surface of the first sub-channel region. The second fin fncludes a
second active channel region on a top portion of the second fin, a second sub-
channel region underneath the second active chanuel region of the second fin, and a
second active channel height from a top surface of the second active channel region
to a top surface of the second sub-chamnel region. In an embodiment, the first and
second fins have a same height. In an embodiment, the first active channel height is

substantiaily different from the second active channel height.

[00563]  In an embodiment, the semiconductor device inchudes eich stop layers
between the active channel regions and the sub-channel regions. In an embodiment,
the etch stop layers include epitaxial material. In an emnbodiment, etch stop layers
include ion impurities. In an embodiment, the ion mmpuritics compose of a material
selected from the group consisting of phosphorous (P}, arsenic {As), antimony (5b),

and boron (B},
{08104}  In an embodiment, the sab-channel regions include an air-gap.
{00185] o an embodiment, the sub-channel regions melude oxide material,

[001686] Embodimenis of the invention include a method for fabricating a
semiconductor device. The method inciudes providing a semiconductor substrate
having a front surface and a back surface, forming a plarality of fins on the front
surface of the substrate, depositing an isolation layer between the plurality of fins
such that at least a top portion of the fins are above a top surface of the isolation
layer, forming a gate structure in a channel region over the top portion of the fins
and over the isolation layer between the {ins, exposing the fins from the back

surface of the substrate, and etching the fins from the back surface of the substrate

to differcnt depths to form active channel regions with differing heights.
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[00:07]  In an embodiment, the semiconductor substrate includes a phurality of

alternating layers of semiconductor materials and etch stop materials.

[B8108]  In an embodiment, the etch stop materials is epitaxially grown on the

semiconductor materials.

5  [08109  Inan embodiment, prior to forming the gate structure, the method
meludes fornung a first eteh stop layer within the fins by implanting impurity ions
nto the isolation layer from the front surface of the device.

{00118 In one embodiment, prior to {orming the gate structure the method
further involves, forming a first etch stop layer within the fins by implanting

10 imopurity ions into the isolation layer from the front surface of the device.

[B0118]  In an embodiment, the method further involves recessing the selation
layer to expose a region below the top portion of the fins, and forming a second eich
stop layer within the fins by iroplanting impurity ions into the isolation layer from

the front surface of the device.

15 [e8112) In an embodiment, prior to implanting irapurity ions, the method

meludes forming hardmasks on a top surface of the fius,

[08113] In an embodiment, the method includes forming active channel regions
with differing heights by controliing an etch time duration of cach fin.
{00114] Embodiments of the invention inchude a method for fabricating a
20 semiconductor device. The method mcludes providing a semiconductor substrate
having a front surface and a back surface, formng at least one fin on the front
surface of the substrate, depositing an isolation layer on the front surface of the
substrate surrounding the fin such that at least a top portion of the fin 1s above 4 top
surface of the isolation layer, forming a gate siructure in a channel region over the
25 iop portion of the {in and over the isolation layer, exposing the fin from the back
surface of the substrate, and etching at least a portion of the fin from the back
surface of the substrate to form an active channel region on the top portion of the
fin.
{80115]  In an embodiment, the fin includes an cteh stop layer sandwiched

30 between semiconductor materials of the fin.
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[08116] In an embodiment, the etch stop layer is epitaxially grown over the
semiconductor materials.

{00117]  In an embodiment, the cich stop layer includes ion impurities,

[B8118]  In an embodiment, prior to etching at least a portion of the fin from the
back surface of the substrate, the method involves implanting ion impurities from

the back surface to form an etch stop layer within the fin.



WO 2017/052604 PCT/US2015/052288

Claims
What is claimed is:
1. A semiconductor device, comprising:

a first fin comprising:

|91

a first active channel region on a top portion of the first fin;
a first sub-channel region undemeath the first active channel region;
and
a first active channel height from a top surface of the first active
channe] region to a top surface of the first sub-channel region; and
i0 a second fin comprising:
a second active channel region on a top portion of the second fin;
a second sub-channel region underneath the second active channel
region of the second fin; and
a second active channel height from a top surface of the sccond
i35 active channel region to a top surface of the second sub-channel region,
wherein the first and second {ins have a same height and the first active
channe] height is substantially different from the second active channel height.
2. The semiconductor device of claim | further comprises etch stop layers between
the active channel regions and the sub-channel regions.
20 3. The semiconductor of elaim 2, wherein the etch stop layers include epitaxial
material.
4. The semiconductor of claim 2, wherein the etch stop layers include ion
Tmpuritics.
5. The semiconductor of claim 4, wherein the ion impurities coraprise a material
25 sclected from the group counsisting of phosphorous (P), arsenic (As), antimony
{Sb), and boron (B).
6. The semiconductor device of claim 1, wherein the first active chanuel region

meludes an eteh stop layer.
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10

~3

i1

12.

13.

The semiconductor device of claim 1, wherein the sub-chanmel regions comprise

an air-gap.

The semiconductor device of claim |, wherein the sub-channel regions comprise

oxide material.

A method for fabricating a semiconductor device, comprising:

providing a semiconductor substrate having a front surface and a back
surface;

forming a plurality of fins on the front surface of the substrate;

depositing an isolation layer between the plurality of fins such that at least a
top portion of the fins are above a top surface of the isolation fayer;

forming a gate structure in a chaune! region over the top portion of the fins
and over the isolation layer between the {ing;

exposing the fins from the back surface of the substrate; and

ctehing the fins from the back surface of the substrate to different depths to

form active channel regions with differing heighis.
& 5

3. The methed of ¢laim 9, wherein the semiconductor substrate mcludes a plurality

of alternating layers of semiconductor materials and efch stop materials.

The method of claim 10, wherein the otch stop materials is epitaxially grown on

the semiconductor materials.

The method of claim 9, wherein prior to forming the gate structure, the method
comprises forming a first etch stop laver within the fins by imoplanting impurity

iouns tato the isolation layer from the front surface of the device.

The method of claim 12, further comprises;

recessing the isolation layer to expose a region below the top portion of the
fins;

forming a second eteh stop layer within the fins by mmplanting impurity ions

into the isolation layer from the front surface of the device,
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15

20

30

14.

16,

18.

19.

20.

The method of claim 13, wherein prior to implanting tmpurity ions, the method

o o~

coraprises forming hardmoasks on a top surface of the fins.

. The method of claim 9, wherein forming active channel resions with differing
5 2] 5

heights by controliing an eich time duration of cach fin.

A method for fabricating a semiconductor device, comprising:

providing a semiconductor subsirate having a front surface and a back
surface;

forming at least one fin on the front surface of the substrate;

depositing an isolation layer on the front surface of the substrate surrounding
the fin such that at least a top portion of the fin is above a top surface of the
isolation laver;

forming a gate structure 1n a channel region over the top portion of the fin
and over the isolation layer;

exposing the fin from the back surface of the substrate; and

ctehing at least a portion of the fin from the back surface of the substrate to

form an active channel region on the top portion of the fin.

. The method of claim 16, wherem the fin includes an etch stop layer sandwiched

between semiconductor matenals of the fin,
The method of claim 17, wherein the etch stop layer is epitaxially grown over

the semiconductor materials.

The method of claim 17, wherein the etch stop laver comprises ion impurities.
) P 1ay P P

The method of claim 16, wherem prior to eiching at least a portion of the fin

~

from the back surface of the substrate, the method comprises implanting ion

impuritics from the back surface to form an etch stop layer within the fin.
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