CHANNEL SURFACE TECHNI QUE FOR FABRI CATI ON OF Fi nFET DEVI CES TECHNI CAL FI ELD
(0001] The present disclosure relates generally to the manufacture of
sem conduct or devices, and nore particularly, to the fabrication and
manufacture of. a novel Fin field-effect transistor (Fi nFET). BACKGROUND
(0002] Fin field-effect transistors (FinFET) are nulti-gate transistors
where the conducting channel is wapped around a thin piece of silicon:
often referred to and configured as a "fin." The dinensions of the fin
structure determ ne the effective channel width of the transistor.
Typically, the source, drain and gate are forned extendi ng above the
substrate, and the FinFET is viewed as a MOSFET device with a fol ded gate
feature. FinFETs provide a pronmising candidate for small |line width
t echnol ogy berames. furracEr TexERtJEntroR ehbBrEOATIGN @&f FAGFECODEVOEES
scalability and higher current drive per unit wdth,
TECHNICAL FIELD
fo001] The present disclosure relates generally to the
manufacture of semiconductor devices, and more particularly, to the
fabrication and manufacture of a novel Fin field-effect transistor

(FinFET) .

BACKGROUND

[0002] Fin field-effect transistors (FinFET) are multi-gate
transistors where the conducting channel is wrapped around a thin
piece of silicon, often referred to and configured as a “fin.” The
dimensions of the fin structure determine the effective channel
width of the transistor. Typically, the source, drain and gate are
formed extending above the substrate, and the FinFET is viewed as a
MOSFET device with a folded gate feature. FinFETs provide a
promising candidate for small line width technology because of
their excellent short channel effect control, scalability and
higher current drive per unit width.

[0003] Turning to FIGURES 1A and 1B, there is illustrated a

conventional prior art FinFET device 100 in FIGURE 1A. FIGURE 1B
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[0003] Turning to FIGURES I A and 1B, there is illustrated a. conventi onal
prior art FinFET device 100 in FIGURE 1A, FIGURE IS illustrates the

rel evant cross-section of the prior art FinFET device 100 along |ine 1B-1B.
The device 100 includes a first source/drain (S/D) region 102, a second Sin
region 104 a fin structure 106 and a gate el ectrode 108, all disposed on a
substrate 120. The fin structure 106 includes a first fin portionlO6a, a
second fin portion 106b, a channel portion 106c and vertical sidewa is 107.
D wosed between the channel portion 106c and the gate el ectrode 108 is a
gate (insulator) 110 (shown in FI GURE 1E), [0004] As w Il be

appreci ated, a portion of the gate electrode 108 that normally overlies the

ek T T e

1B) to faci I'ng O e present disclosure.
upcer st oty ale UM Al L1, 2OrALAN 1080, BLUCE3Lbe o LIEASY B B D 102
2l 10 SSI0MaL0 TR 16,08 sptel el st slaghy ) aver a2 15
106 and U1 93L5.h RELLR0S 0By caonsk000%I0d | ) by s benupesstond,
the exposed, por tions.of the L0, sfddicki6a1062 (1080 AOF wnder thgegate)
second fin portion 106b, a channel portion 106c and vertical
sidewalls 107. Disposed between the channel portion 106c and the
gate electrode 108 is a gate (insulator) 110 (shown in FIGURE 1B).
[0004] As will be appreciated, a portion of the gate electrode
108 that normally overlies the channel portion 106c has been
omitted in FIGURE 1A (but is shown in FIGURE 1B) to facilitate an
understanding of the present disclosure. It will be understood
that the first fin portion 106a forms part of the S/D fegion 102
while the second fin portion 106b forms part of the S/D region 104.
In addition, as shown in FIGURE 1B, a relatively thick dielectric
layer 112 is disposed on top of the channel portion 106c between
the channel portion 106c and the gate electrode 108.
[0005] It will also be understood that, depending on the type of

FET desired, the S/D regions 102, 104 (and the exposed portions of

the fin structure 106a, 106b not under the gate) will be doped with



either n-type or p-type inpurities, while the channel portion 106c beneath
the gate, electrode 103 will be doped with the opposite type - either
p-type O n-type, respectively (usually doped as part of the initial
starting substrate material). (0006] Conventional NOS fabrication
typically utilizes a silicon substrate having (100) surface orientation
(such as in the FinFET device 100). Uilization of the (100) surface
orientation is preferred due to the |arge application of nFETs and the

hi gher election nobility the nFETs resulting fromthe (100) surface
orientation. However, the (100) surface orientation limts hole nobility
and t hus degrades pPET perfornmance. [ 0007] Accordingly, there is a need
for new p-channel Fi nFET device and structure (and net hods of

manuf act ueethabri-eatdeon)y bheypd ncieas esehplwhimebichist ¥handtk enbances T
performance. SUMVARY [ 0008] In accordance wi th one advant ageous

enmbodi NenbenéiEl ecHes gpEeVE T ddEl Nod iwl1d- ekf @sped RARS ShOToddsAEET)yHevi ce
i ncluding a substrate and first and second source/drain (S/D) regions of a
first condueltNét)pithpe dirSROSEEe ONrddiRcsuhstzat@sudy Iy RicpRangel psid wat ure
of sem conductor material is disposed on the substrate and extends between
the firsttagdigseennd SaRrriagl an6st e fakechanpel structure includes a
first fin portion, a second fin portion, and a channel portion, where the

channel portifofoés @nvansesid veRNdusticddivint ¥PSicd) 198181 1 FdiC UL {Son
di sposed over the channel portion, and the gate structure includes a gate

di el ectri guBBera: HatLri@besibodesudd idrieRannebn St&iat Wee ihnehydes,dfe7 st
and second angl ed si dewal | s.
device 100). Utilization of the (100) surface orientation is
preferred due to the large application of nFETs and the higher
electron mobility in the nFETs resulting from the (100) surface
Qrientation. However, the (100) surface orientation limitg hole
mobility and thus degrades pFET performance.
[0007] Accordingly, there is a need for new p-channel FinFET

device and structure (and methods of manufacture/fabrication) that

increases hole mobility and enhances pFET performance.



(00091 In accordance with one anot her advantageous enbodi ment, there is
provided a p-channel Fin field-effect transistor (FinFET) device that

i ncl udes a substrate and first and second source/ drain (S/D) regions of
p-type conductivity disposed on the substrate. A fin channel structure of
sem conductor material is disposed on the substrate extends between the
first and second Sit' regions, and includes a first fin portion, a second
fin portion, and a channel portion of n-type conductivity. The fin
structure further includes a top surface and two sidewalls each having a
sidewal | surface. A gate structure disposed over the top surface of the
channel portion includes a gate dielectric and a gate el ectrode. The two
sidewal | surfaces of the channel portgﬁﬁmﬁaye a (111) surface orientation
and the top surface of the channel portion has a different surface
orientation % ther nbodlnE %n?there S @l aﬂ?dt nethod of

manuf act uri nbo or i ca 9 ng gepw%: armel SESRULN S rarisi stor (Ein

FET). A subst f d it f
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channel structure includes a first fin portion, a second fin
portion, and a channel portion, where the channel portion is of a
second conductivity type. A gate structure is disposed over the
channel portion, and the gate structure includes a gate dielectric
and a gate electrode. The fin channel structure ineludes first and
second angled sidewalls.

[0008] In accordance with one another advantageous embodiment,
there is provided a p-channel Fin field-effect transistor (FinFET)
device that includes a substrate and first and second source/drain
(S/D) regions of p-type conductivity disposed on the substrate. A
fin channel structure of semiconductor material is disposed on the
substrate, extends between the first and second S/D regiong, and

includes a first fin portion, a second fin portion, and a channel



that follows. Additional features and advantages of the present disclosure
w Il be described hereinafter that formthe subject of the clains. Those
skilled in the art should appreciate that they nmay readily use the concept
anc the specific enbodi nent(s) disclosed as a basis for nodifying or
designing other structures for carrying out the sanme or simlar purposes of
the present disclosure. Those skilled in the art should also realize that
equi val ent constructions do not depart fromthe spirit and scope of the
clainmed invention in its broadest form [00121 Before 1. dertaKthe Detailed
Description below, it be advantageous to set forth definitions of certain
wor ds and phrases used throughout this patent docunent: the terns "include"
and "conprise,"” as well as d thereof, nean inclusion wthout limitation;
the term pgrefod S RCLYSLE VEnIRAR NG, ANAAQN £ 1 Ne RIEBSESF ' 1@R30¢haT &L Wi t h”
and "associated therewith,” as well ‘as derivatives thereof, may nean to
i ncl ude, Becbpchudatanbhl fuo | A RONECCLaidbinGOR! Bldkydld GOBEALOCA 5
wi thin, connect to or wwth, couple to or wth, bé& conmuni cable w th,
cooper at ek & Ny Ui @irkeYSood diXH3ROSEne REPLAXELEL &t 01 Doy Hotund
W th, navg, have a proper%@oof, or t?ﬁfli fe; aﬁ%ﬂ%he te?rn"contrgﬁpt_él(rgrl
means any,devise, stem of ; reo l's least .
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those of grdinary. skill in the art should understand that in many, if not
nost instances, such definitions apply to prior uses, as well as future

uses, of Suq%OQ%Einﬁp'aHggﬁgiE%%%J%Tﬁ%%%%'there is provided a method of

manufacturing or fabricating a p-channel Fin field-effect
transistor (Fin FET). A substrate of semiconductor material having
a (100) surface orientation is provided, and a mask layer is formed
on the substrate to expose portions of the substrate. Portions of
the substrate are selectively removed to form a £fin channel
structure having sloped sidewalls, the sloped sidewalls having a
(111) surface orientation. A gate dielectric layer if formed over
at least a portion of the fin channel structure, and a gate
electrode layer is formed over the gate dielectric layer.

[0011]] The foregoing has outlined rather broadly the features
and technical advantages of the present disclosure so that those

skilled in the art may better understand the detailed description



BRI EF DESCRI PTI ON OF THE DRAW NGS [0013] For a nore conplete
under st andi ng of the present disclosure, and the advantages thereof,
reference is now made to the followi ng descriptions taken in conjunction
wi th the accompanyi ng draw ngs, wherein |ike nunbers designate |ike
objects, and in which: 0014] FIGURES | A and 1B are di agrans
illustrating a three di nensional rendering of the relevant portions of a
conventional prior art FinFET and a. cross-section of the channel al ong
lines A- A 10015] FI GURES 2A and 2S are diagrans illustrating a.

t hr ee- di nensi onal rendering, and cross sectional side view, respectively,
of a p-channel FinFET in accordance with the present disclosure;

that follows. Additional features and advantages of the present
digsclosure will be described hereinafter that form the subject of
the claims. Those skilled in the art should appreciate that they
may readily use the concept and the specific embodiment(s)
disclosed as a basis for modifving or designing other structures
for carrying out the same or similar purposes of the present
disclosure. Those skilled in the art should also realize that such
equivalent constructions do not depart from the spirit and scope of
the claimed invention in its broadest form.

[0012] Before undertaking the Detailed Description below, it may
be advantageous to set forth definitions of certain words and
phrases used throughout this patent document: the terms “include”
and “comprise,” as well as derivatives thereof, mean inclusion
without limitation; the term “or,” is inclusive, meaning and/or;
the phrases “associated with” and “associated therewith,” as well
as derivatives thereof, may mean to include, be included within,
interconnect with, contain, be contained within, connect to or
with, couple to or with, be communicable with, cooperate with,
interleave, juxtapose, be proximate to, be bound to or with, have,

have a property of, or the like; and the term “controller” means



(0016] FIGURE 3 includes two diagranms illustrating electron and hol e
mobility for three different surface orientations of sem conductor
substrate material; (00173 FIGURES 4-6 are diagrans that illustrate a
series of steps of one enbodi ment of a nmethod or process for manufacturing
t he Fi nFET devi ce shown in FI GURE 2A; and (0018] FIGUREs 7-10 are diagrans
that illustrate a series of another ent)odizient simlar to the
met hod or process shown in FIGURES 4-6 tot mnufarturing the Fi nFET device
shown in FIGURE 2A, but with the inclusion of an a cent n-channel Fi nFET,

any device, system or part thereof that controls at least one
operation, such a device may be implemented in hardware, firmware
or software, or some combination of at least two of the same. It
should be noted that the functionality associated with any
particular controller may be centralized or distributed, whether
locally or remotely. Definitions for certain words and phrases are
provided throughout this patent document, those of ordinary skill
in the art should understand that in many, if not most instances,
such definitions apply to prior uses, as well as future uses, of

such defined words and phrases.



DETAI LED DESCRI PTI ON (00191 The present disclosure describes a novel
channel and gate structure for use in a 0-channel FinFET device, and a

met hod of manufacturing FinFET devices to formthis structure and device.
The nethod fornms a channel having a pyram dal or trapezoidal cross-
section.In one enbodi ment, this nethod converts the surface orientation of
t he channel sidewallsa (100) surface oneto a (111) surface orientation.This
channel trans-tort eases hole nobility for a p-channel FinFET, and in one
enbodi ment, increases hole nobility by about 40 percent. This nethod and
gate structure increases performance of p-channel Fi nFETs. This provides a
transistor inversion channel on a surface having a (111) surface

orientation which is mor %ﬁﬁ@%bﬁﬁ’?foﬁ%ﬁr e bﬁm@grf nobility across

t he channel of the t.
[0013] For a more complete understanding of the present

disclosure, and the advantages thereof, reference is now made to
the following descriptions taken in conjunction with the
accompanying drawings, wherein like numbers designate like objects,
and in which:

[0014] FIGURES 1A and 1B are diagrams illustrating a three
dimensional rendering of the relevant portions of a conventional
prior art FinFET and a cross-section of the channel along lines A-
A;

[0015] FIGURES 2A and 2B are diagrams illustrating a three-
dimensional rendering, and cross sectional side view, respectively,
of a p-channel FinFET in accordance with the present disclosure;

[0016] FIGURE 3 includes two diagramg illustrating electron and
hole mobility for three different surface orientations of
semiconductor substrate material;

[0017] FIGURES 4-6 are diagrams that illustrate a series of
steps of one embodiment of a method or process for manufacturing
the FinFET device shown in FIGURE 2A; and

[0018] FIGUREs 7-10 are diagrame that illustrate a series of



[0020] FIGURES 1 through 10 and the various enbodi ments used to describe
the principles of the present disclosure in this patent docunent are by way
of illustration only and should not be construed in any way to limt its
scope. Those skilled in the art will understand that the principles
described herein may be inplenmented in any type of suitably arranged PET
devi ce. 300211 To sinple.fy the drawi ngs, reference nunerals from
previ ous drawings will sonetines not be repeated for structures that have
al ready been identified. [ 00223 Turning to FIGURES 21\ and 2B, these.
are diagrans illustrating athree-dinensional rendering, and cross sectional
view along |ine 2E-2B, respectively, of a FinEET device 200 with a channel
structure and gate structure according to one enbodi nent of the present

di scl osur gceps d€ldndi@c2npiesh tlat OBk Yatlhe, nelevarho®Ud iPBse0t &okl NFET
devi ce 200 are shown, and the source and drain contacts (and actual gate

contact) aperfotrid laust Eékeﬁanufact[u%%él clder el devd 8,000, hnptigas a

substrate 300, a fin channel structure 206 di sposed above the substrate
300, a gabg ebectide @ i60nLach) 08 dispased: around,R1peihigp of the fin
channel structure 206. The fin channel structure 206 includes a first fin
portion 206a, a second fin. portion 206b and a channel portion 206c. The
substrate 300 nay be fornmed of any suitable dielectric or Lnom ateng
material, and in one enbodi nent, the substrate 300 is formed of silicon
oxide, and is sonetines referred to as a. buried oxide |layer (BOX). [00241
The Fi nFET devi ce 200 includes first and second



source/drain. (S/D) regions 202, 204 - shown in dotted lines. It wll be
understood that the first fin portion 206a forns part of the S/ D region 202
while the second fin portion 206b forns part of the S/ D region 204.

Di sposed between the fin channel portion 206c and the gate el ectrode 208 is
a gate insulator or dielectric 210 (shown in FIGURE 28). As wll be

appreci ated, a portion of the gate electrode 208 that normally overlies the
fin channel portion 206c has been omtted in FIGURE 2A. (but is shown in
FIGURE 28) to further facilitate an understanding of the present

di sclosure. In addition, as shown in FIGURE 28, a relatively thick
dielectric layer 212 is disposed on top of the channel 206 between the
channel 206 and the gate el ectr %f O%i g% t his_Fi nFET device 200, the gate
el ectrode 208 nay be forned of ﬁ §€#§ & CBFPEﬁ&Nphous silicon, or sone

ot her suitablf cquugtive naterlalfs , sach as netal or. netal alloys.

[0025] 1t wiliO%elulberRtsssadtt Aides %%rﬁén PG 5FSt AenPYTle HANPET adesBRER,
the 9/ D reqi ons 202, 204 (and the exposed portions of the fin structure
206a, 206 ‘ﬁﬁﬁﬁeﬁofhgséaﬁﬁ)awPFFh B pe BT K8 ChRer 2RY- ByPetrd (R ype
inpurities (ca ductlvitg%%¥%e), whil e the channel portion 206¢c beneath the
gat e el ect 2S5 WY | oPBECSA (R FREN IS PEEUG e 2ndi 491Ecco- T¥De or
n-type, respectively (usually cloned as part of the initial starting
substrate“f%@m dOorms’ a chepR6l REVIRBWA PRIENEIRESD A wHRezopdal neressr
channel structure 206 has a pyram dal or_trapezoidal shape, and includes a
top surfacESrPorti oh ?EG,GQ%BGEP6H¥SUF?h%emSFhﬁ%rFPBHeQW?,t%%dsﬁﬁﬁﬁce
sidewal | s 244. As shown, the wi dth di nension of the base portion 242 is
greater t A SNEEHPRt Ot Hditsi GRagReLheStdyaldEt | 6KOR402 rEHMti AYTTFce
slanted or sloped (angled) sidewalls 244. As illustrated in FIGURE 23, the
si dewal | s 4AMEFA%Rn Bhgle AllAdgl UATHES riGEtRESAR bet WEBY S aBbafnal

degrees to about 70 degrees, from about 40 degrees to about 65 degrees, or
fron]abouttqﬁyquamégéoq(}ncreases hole mobility for a p-channel FinFET, and

in one embodiment, increases hole mobility by about 40 percent.
This method and gate structure increases performance of p-channel
FinFETs. This provides a transistor inversion channel on a surface
having a (111) surface orientation which is more favorable for
carrier transport mobility across the channel of the transistor.
[0020] FIGURES 1 through 10 and the various embédiments used to
describe the principles of the present disclosure in this patent
document are by way of illustration only and should not be
construed in any way to limit ite scope. Thoge skilled in the art
will understand that the principles described herein may be

implemented in any type of suitably arranged FET device.
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about 60 degrees,|In one enbodinment, the angle A is about 55 degrees. The
angle A will depend at least in part on etch chem stry (described bel ow).
[0027] In one enbodi nent, the fin channel structure 206 and S/ D regi ons
202, 204 are forned froma sem conductor substrate material, such as
silicon, having a surface orientation of (100). Through sem conduct or
fabrication processing - as wll be described further below - the surface
orientation of the sidewalls 244 is transformed or converted from (100) to
(111). Notably, the surface of the top portion 240 remains with the (100)
surface orientation. By converting or transform ng the surface orientation
of the sidewalls 244 to the (all) surface orientation, hole nobility

i ncreases significantly. Thus, this particular channel and gate structure

206, 208 is gesiriable f ofmysery N theCharm@indd NFEdSerence numerals from
previous drawings will sometimes not be repeated for structures
that have already been identified.

[0022] Turning to FIGURES 2A and 2B, these are diagrams
illustrating a three-dimensional rendering, and cross sectional
view along line 2B-2B, respectively, of a FinFET device 200 with a
channel structure and gate structure according to one embodiment of
the present disclosure. As will be appreciated, only the relevant
portions of a FinFET device 200 are shown, and the source and drain
contacts (and actual gate contact) are not illustrated.

[0023] The FinFET device 200 includes a substrate 300, a fin
channel structure 206 disposed above the substrate 300, a gate
electrode (or contact) 208 disposed around a portion of the fin
channel structure 206. The fin channel structure 206 includes a
first fin portion 206a, a second fin portion 206b and a channel
portion 206c. The substrate 300 may be formed of any suitable
dielectric or insulating material, and in one embodiment, the
substrate 300 is formed of silicon oxide, and is scmetimes referred
to as a buried oxide layer (BOX).

[0024] The FinFET device 200 includes first and second

-11-



(0028] In one enbodinent, the gate dielectric 208 is formed of hafnium
oxide (Hf02), and may optionally include a thin interfacial |ayer (e.g.,
silicon oxide, silicon nitride). Turning to FIGURE there are shown two
graphs illustrating electron nmobility and hole nobilitysubstrate materi al
having (100),and (110) surface orientation (using Hf02).These graphs and
additional information may be found in Leland Chang, "CMOS G rcuit

Per f ormance Enhancenent by Surface Orientation Optim zation", |EEE TRANS.
ON ELECTRON DEVI CES, No. 10, OCt Qober, 2004, which is incorporated herein by
reference-As illustrated, the (1 1)

source/drain (8/D) regions 202, 204 - shown in dotted lines. It
will be understood that the first fin portion 206a forms part of
the S/D region 202 while the second fin portion 206b forms part of
the S/D region 204. Disposed between the fin channel portion 206c
and the gate electrode 208 is a gate insulator or dielectric 210
(shown in FIGURE 2B). As will be appreciated, a portion of the
gate electrode 208 that normally overlies the fin channel portion
206c has been omitted in FIGURE 2A (but is shown in FIGURE 2B) to
further facilitate an understanding of the present disclosure. In
addition, as shown in FIGURE 2B, a relatively thick dielectric
layer 212 is disposed on top of the channel 206 between the channel
206 and the gate electrode 208. In this FinFET device 200, the
gate electrode 208 may be formed of polysilicon or amorphous
gilicon, or some other suitable conductive material(s), such as
metal or metal allovys.

[0025] It will be understood that, depending on the type of FET
desired, the S/D regions 202, 204 (and the exposed portions of the
fin structure 206a, 206b not under the gate) will be doped with
either n-type or p-type impurities (conductivity type), while the

channel portion 206c beneath the gate electrode 208 will be doped

-12-



surface orientation has about a 40 percent increase in hole nmobility

conpared to the (100) surface orientation. Notably, the surface
orientation decreases electron nobility as conpared to the (100) surface
orientation. (0029] FIGURES 4 through. 6 are diagranms that illustrate a

series of relevant steps of one enbodi nent of a nethod or process for
manuf acturing the Pi nFET device 200 (shown in FI GURES 2A and 2B)

with the opposite type - either p-type or n-type, respectively
(usually doped as part of the initial starting substrate material).

[0026] As shown in FIGURES 2A and 2B, the fin channel structure
206 has a pyramidal or trapezoidal shape, and includes a top
surface or portion 240, a bottom surface or portion 242, and two
sidewalls 244. As shown, the width dimension of the base portion
242 is greater than the width dimension of the top portion 240,
resulting in slanted or sloped (angled) sidewalls 244. As
illustrated in FIGURE 2B, the sidewalls 244 have an angle A. Angle
A may range from between about 30 degrees to about 70 degrees, from
about 40 degrees to about 65 degrees, or from about 50 degrees to
about 60 degrees. In one embodiment, the angle A is about 55
degrees. The angle A will depend at least in part on etch
chemistry (described below) .

[0027] In one embodiment, the fin channel structure 206 and S/D
regions 202, 204 are formed from a semiconductor substrate
material, such as silicon, having a surface orientation of (100).
Through semiconductor fabrication processing - as will be described
further below - the surface orientation of the sidewalls 244 is

transformed or converted from (100) to (111). Notably, the surface
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(00301 Now turning to FIGURE 4, a silicon-on-insulator (SOU or bulk

sem conductor material substrate 400 is provided. The substrate 400 has a
(100) surface orientation. In one enbodi nent, the substrate 400 includes an
under | yi ng substrate, such as a buried oxide (BOX) |ayer 300, and the

foll owi ng description of the fabrication process wll be described and
illustrated using a SOT substrate (with BOX 300). A hardmask 402 is forned
on the substrate 400 for eventual etching/formation of the fin channel
structure 206. Any suitable mask material may be used, and for exanple, the
hard mask material may be silicon oxide or silicon '"nitride or a |ayer

i ncl udi ng both where one will act as an etchstop of the other, 00317
Now turning. to FIGURE 5,, the sdbstrate 400 with the hardmask 402 under goes
a "groovi ncgf('t ERPPPOEESYE ifPc heRatRt (s Fhe e RS SHEERFR R isntaRdon.
substrate material 400 to formthe fin channel structure 206. This process
is a highl§Y sEPRERTN T atkt ithgrefermbra t hBesubiifiegte AUFENLSHEPRADICE etleth
chemical (s), or solutions are those that will result in the desi red.g'roove
et chi ng pr%@@%@llﬁhi?{% i /21 GBes (A% nFuatrew Grigshptiero Beth mabelbhy
(111) facets and a high etch rate on (loog‘facets; Uilizing this etching
process, tHETSPIERaFtE24Ucantd-or MY Sas tBABWRAL Bty ¢dseRpbedand gate
previously). This may be acconplished by using solutions of

t et r anet hﬁ“arM%HFﬁrr?ﬁ?dr%% dé CPRAFRL SR EomicuAnhy delesanidl FARFETFor

exanpl e, neasured etch rates for a 25% solution is about 0.272 (0.51

um mi nut e norl@8RR2ed’® el FOPodineriee)thcopake (dbBhecturifades ok deraefont and
about 0.009 (0.02 um m nute nornmalized to (110) orientation) for a (111)
surface orlEdhtdR| gride (HfOpD3 ARG mayi pptirnalddeisebote thabin HatRrCaREb
illustrates the substrate 400 prior to conpletion of the grooving etch
process. ASYSHoWA; It hesifliigenseidoesidicomaisuhdel at Codneein FACHRE he,
original (100) surface orientation, while the sloped sidewalls 244 of the
fin channdheser aEe usROvDEWar eraphmsildussdabing arhastred nohildtygendrhels a
(111) surface orientation. The grooving etch process proceeds until the BOX
substr at e WHALiEYr €pchegilbstrate material having (100), (111) and (110)

surface orientation (using HfO,). These graphs and additional
information may be found in Leland Chang, “CMOS Circuit Performance
Enhancement by Surface Orientation Optimization”, IEEE TRANS. ON
ELECTRON DEVICES, Vol. 51, No. 10, October, 2004, which is
incorporated herein by reference. Ag illustrated, the (111)
surface orientation has about a 40 percent increase in hole
mobility compared to the (100) surface orientation. Notably, the
(111) surface orientation decreases electron mobility as compared
to the (100) surface orientation.

[0029] FIGURES 4 through 6 are diagrams that illustrate a series
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[0033] Wth reference to FIGURE 6, a dielectric material is formed over the
surfaces of the sidewalls 244 (and may be fornmed over the hardmask 402)
which fornms the 'gate dielectric 210. Thereafter, the gate el ectrode 208 is
formed over the gate dielectric 210 as shown. In one enbodi ment, the gate
dielectric material is a high-K material, such as Hf02. In this

enbodi nent:, the gate el ectrode may be fornmed of any suitable conductive
mat erial, such as anorphous silicon, polysilicon, nmetal or netal alloys. In
anot her enbodi nent, the gate dielectric 220 may be forned using a nore
conventional date oxide, and the gate el ectrode 208 may be fornmed of

poi ysilicon (doped or undoped), [0034] After the gate stack of -the

Fi nFET device 200 is forned as shown in FIGURE 6 a. conventional or typical

Fi nFET fabki catLoanpr 0€8ss 89”8&@' binbelhans cﬁf‘hécrﬂeﬂlﬁad"cgr detor
herein, and is unnecessary for the understanding of the teachings herein).

0031 F1 CGHERS: Zo ik ol n10raheadi A0F I HRAYShLIAISH AhrAnseshesndlos,)

rel evant stens at one enbodi nent anot her or process for

fact t FinFET d 200
FIGLRES 2a ag 28 MG AR e B I D e aena r! PR (Ohh e

sare substiae -semcoggggéa,m i .90 46, FLGUEE Jooa .81 |60 onr i nsubal or

(Sar) or sem conduct or materi a Sstrate (sim o th
bstrate I r
substat .00} 15, v ded, The, Subsiual e 700, es g (100) AUELBES:on

the substrate 400 includes an underlying substrate, such as a
buried oxide (BOX) layer 300, and the following description of the
fabrication process will be described and illustrated using a SOI
substrate (with BOX 300). A hardmask 402 ig formed on the
substrate 400 for eventual etching/formation of the £fin channel
structure 206. Any suitable mask material may be used, and for
example, the hard mask material may be gilicon oxide or silicon

"nitride or a layer including both where one will act as an etchstop
of the other.

[0031] Now turning to FIGURE 5, the substrate 400 with the
hardmask 402 undergoes a “grooving” etch process which selectively
removes portions of the substrate material 400 to form the fin
channel structure 206. This process is a highly selective faceting
etch of the substrate 400. Suitable etch chemical(s) or solutions

are those that will result in the desired groove etching process
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under | yi ng substrate, such as the buried oxide (BOX) |ayer 300, and the
follow ng description of the fabrication process will be described and
illustrated using a SO substrate (with BOX). A hardmask 702a, 702b is
formed on the substrate 700 for eventual etching/formation of a fin channel
structure for the n-channel FinFET and the fin channel structure 206 for

t he p-channel Fi nFET 200, (0037i Now turning to FIGURE 8, a suitable etch
resistant |layer (mask) 802 is forned above that portion of the substrate
700 that will include the n-channel FinFET - as shown. Two exanpl es of
suitable etch resistant materials include photoresist and oxide. After
formation of the etch resistant |layer 802, the grooving etch cess
descri bed above with respect to FIGURE 5.is perforned As 4 Rg

appr eci at efighdnetefes e@"‘l"’ﬁn&nﬁ‘ Lay T SESTWEPTO it Gy b6 Pabl e inaf 87 P
resistant to the etch chemstry utilized in the groqgving etch process that
forms the ¥ hBhvlel eseRuEhtp. en2d608f £RESpTchaMidlipipg TEhis ef

Turning nowto FIGURE 9, after the grooved fin structure 206 ofchannel

Ft nNFET 2003 SF6r nédie ghdeRtls A4amre Eoenefedr s?%f?ﬂnl%%}"é]r aErHERTT Ypd

formed above t hat . . . .
previously) . This may be accomplished by using solutions of

tetramethylammonium hydroxide (TMAH) or ammonium hydroxide (AH).
For example, measured etch rates for a 25% solution is about 0.272
(0.51 um/minute normalized to (110) surface) for a (100) surface
orientation and about 0.009 (0.02 um/minute normalized to (110)
orientation) for a (111) surface orientation.

[0032] It will be understood that the FIGURE 5 illustrates the
substrate 400 prior to completion of the grooving etch process. As
shown, the flat surfaces of the substrate 400 maintain the original
(100) surface orientation, while the sloped sidewalls 244 of the
fin channel structure 206 are transformed or converted to, or
generate, a (111) surface orientation. The grooving etch process
proceeds until the BOX substrate 300 is reached.

[0033] With reference to FIGURE 6, a dielectric material is
formed over the surfaces of the sidewalls 244 (and may be formed
over the hardmask 402) which forms the gate dielectric 210.

Thereafter, the gate electrode 208 is formed over the gate
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portion of the substrate 700 that will include the p-channel FinFET as
shown, Two exanples of suitable etch resistant materials include

phot oresi st and oxide. After formation of the etch resistant |ayer 902, the
fin channel structure (having ver ical sidewalls) underlying the hardmask
702a is formed by renpve etching of selected portions of the substrate 700.
I n one enbodi nent, the etching process may a reactive ion etching (RBI)
nrocess, Any suitable technique maybe utilized to formthe fin channel
structure having vertical (non-sloping) sidewalls, As will be appreciated,
the etch resistant layer 902 will be any stitable neter- sistant to the

et ching wooers perfornmed to formthe fin channel structure of the n-channel

PinFET. it will be understood that renoval of the er.ch resistant |ayer 302
may occur gekl Betrhefore Lr sablar f ehnBhe oBnsiatdhietet ¢her gatst antidayar.
902. (0039i Wth reference to FIGURE 10, a dielectric material is

formed onphbhersst faces gnt Rengt deval | s1244 akandonay e chosmedsQyakedche
har dmask 702h) of the p-channel FinFET 200 and on the surfaces of the

si dewal | sthandydry be=dirdmrd Qyer dehechagdimsk 702a) s@f cdhie NeGhaiislye
FinFET to formthe gate dielectric 210. Thereafter, the gate el ectrode 208

is formedygveriihe gate A ehebhbbs2191 880 8NP ysi1kiBoANCnEMPOdL MR 4 1t he
gate dielectric material is a high-K material, such as 1-tf02. In this

embodi Menky 1608, 93k ehBehepdenB08: fB: Do OrgRG odi ferilict ahloe wgnauct i ve
mat eri al, such as anorphous silicon, polysilicon, netal or netal alloys. In

anot her erRogl MMt De gal Szcﬁlzh%h%%ﬁéf &+ BRYsde Jfar Eﬁg é‘{éeﬂglgc@c(aee
conventional gate oXide, and the gate el’ectrode 208 may be formed o
pol ysilicgpg(gdopad o AHAHOBA) 1511 icon (doped or undoped) .

[0034] After the gate stack of the FinFET device 200 is formed
as shown in FIGURE 6, a conventional or typical FinFET fabrication
process generally follows (which is not described herein, and is
unnecessary for the understanding of the teachings herein).

[0035] FIGURES 7 through 10 are diagrams that illustrate a
gseries of relevant steps of one embodiment of another method or
process for manufacturing the gate stack of the p-channel FinFET
device 200 (shown in FIGURES 2A and 2B) and a gate stack of an n-
channel FinFET device on the same substrate.

[0036] Now turning to FIGURE 7, a silicon-on-insulator (SOI) or
bulk semiconductor material substrate 700 (similar to the substrate

400) 1is provided. The substrate 700 has a (100) surface

orientation. In one embodiment, the substrate 700 includes an
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(0040] It wll be understood that the gate dielectric 210 of the p-channel
Fi nFET and the gate dielectric of the n-channel Fi nFET may be the sane or
different material and/or may be forned in a single or multiple steps.
[0041] After the gate stacks of the p-channel FinFET device 200 and the

n- channel Fi nFET device are, fornmed as shown in FIGURE 10, a conventi onal
or typical FinFET fabrication process generally follows (which is not

descri bed herein, and is unnecessary for the understandi ng of the teachings
herein). Though not shown in FIGURES 7-10, both the n-channel Fi nFET device
and the p-channel Fi nFET device 200 resulting fromthe overall process wll
include S/IDregions as illustrated in FIGURES 1A/ 1B and 2A/ 2B,

respectivel y.

. 004 As will b i.ated,.th -ch | .Ei.nFET.
partial | y Forme 13§[Sess(%r FBSUWW%% areseggg(r:}fe&%%dle:?ﬁﬁ@gB&-Xio?%]% 3@'826%4 e,
d incl th ct f ., the Fi nFET. devi .100, sh in FIGQURES .| A and
2B Thus. e FoRtomind " ERactPIan oo wibE 1A 5Ar 100y SEqFPaRe Brtertat on
th i I, f its . fi h | st t ile th --¢ch | FinFET
o1 have SRR 1508l ahits 10 B ERRPET T wBLAN E hEOL Bbarat: Rt MG charnel
t t o t hi f fabri ti t.h -ch | _Ei.nEET )
subst r at e Ay dORRGh /7R LT oF FRE |94 yERGEE THESp7ORaRREI SEFHEERs
ill h hi gh haol bjlit .[0043] Additi | b fit d ad t
My o obERCHaRNgSERECHET b ReSdri BRABELnSRAOr CET TR ABUP o8- SROTIIG {he
nethod of f.abrjcation. In the con entional -phagnel FinEE devhc?,as _homn
'n I GURES IR, 404 PR i (FOaRERoP CEPT GHBE0on EOF e H1GPaBrrh el HREFT o
(110). In _the novel FinFET device 200 shown in FIGURES 2A and 2B, the fin

channel ori%ntation. of the fin structure is (100) - which is nore

favorable for p-cEannel Pi nFET devi ces. Though,akfhysical increase_in the
wi dth of the [OR3ANeNOY deirinddP bR it RS Seofpat S SEgBVFRE HAREng2Yer

vertical sidewalls. This ace in size allows a larger drive current in the
devi ce. Aslmgsk) 802 is formed above that portion of "the substrate 700 that

will include the n-channel FinFET - as shown. Two examples of
suitable etch resistant materials include photoresist and oxide.
After formation of the etch resistant layer 802, the grooving etch
process described above with respect to FIGURE 5 is performed. As
will be appreciated, the etch resistant layer 802 will be any
suitable material resistant to the etch chemistry utilized in the
grooving etch process that forms the fin channel structure 206 of
the p-channel FinFET.

[0038] Turning now to FIGURE 9, after the grooved fin channel
structure 206 of the p-channel FinFET 200 is formed, another

suitable etch resistant layer (mask) 902 is formed above that

-18-



result, the devices can be nade snmaller but still have about the sane
anmount of current drive Capability. By having a sloping channel sidewall
surfaces, if the footprint area does not change, there exists a much w der
area for current flow fromthe source to the drain_ Alternatively, this
al l ows achi evenent of the sanme current flow but with a smaller transistor

footprint. [0044] It will be understood that well known processes have
not been described in detail and have been onmitted for brevity Al though
specific steps, structures and materials may have been ri bed, the

present disclosure may not limted to these specifics, and others may
substituted as is well understood by those skilled in the art, and vari ous
steps may not necessarily be performed in the sequences shown. [ 0045]

vhile thi sodl sl osiine hasydesard bed cert alneaborigents and.gensr allyer

associ at e terations anda pernutations o i ment's and

met hods wi_| !asb?sh%%a:r enf,, Oe%a%@%gslgfl lseudidcla%lteheet%ét : eég(s:grr% ngggérfaq% .
above description of exanpl e emodi ment’'s 'does not “define constrain this

di scl osure, r _changes ubst.i tuti ons, %ﬁg alteratians ar SO0 possi bl e
wi t hout déﬁggtlﬁq%g p?‘ro %r%gfs ﬁfésépiaﬁdt Ahic es'cope of~ "t hlgosrmltslc nos%fe,%lhgs e?%l ned

by the registant layer 902, the fin channel structure (having vertical

sidewalls) underlying the  hardmask 702a 1is formed by
removal/etching of selected portions of the substrate 700. In one
embodiment, the etching process may a reactive ion etching (REI)
process. Any suitable technigue maybe utilized to form the fin
channel structure having vertical (non-sloping) sidewalls. As will
be appreciated, the etch resistant layer 902 will be any suitable
material resistant to the etching process performed to form the fin
channel structure of the n-channel FinFET. It will be understood
that removal of the etch resistant layer 802 may occur either
before or after formation of the etch resistant layerxr 902.

[0039] With reference to FIGURE 10, a dielectric material is
formed on the surfaces of the sidewalls 244 (and may be formed over
the hardmask 702b) of the p-channel FinFET 200 and on the surfaces
of the sidewalls (and may be formed over the hardmask 702a) of the
n-channel FinFET to form the gate dielectric 210. Thereafter, the

gate electrode 208 is formed over the gate dielectric 210 as shown.

-19-



f:0.11.0csPitic4d C. 11 B.:1.EBS WHAT IS CLAIMED IS: 1.A Fin field-effect
transi stor (Fi nFET) device conprising: a substrate; first and second
source/drain (S/D) regions of a first conductivity type disposed on the
substrat e;

In one embodiment, the gate dielectric material is a high-K
material, such as HfO,. In this embodiment, the gate electrode 208
may be formed of any suitable conductive material, such as
amorphous silicon, polysilicon, metal or metal alloys. In another
embodiment, the gate dielectric 210 may be formed using a more
conventional gate oxide, and the gate electrode 208 may be formed
of polysilicon (doped or undoped) .

[0040] It will be understood that the gate dielectric 210 of the
p-channel FinFET and the gate dielectric of the n-channel FinFET
may be the same or different material and/or may be formed in a
single or multiple steps.

[0041] After the gate stacks of the p-channel FinFET device 200
and the n-channel FinFET device are formed as shown in FIGURE 10, a
conventional or typical FinFET fabrication process generally
follows (which is not described herein, and is unnecessary for the
understanding of the teachings herein). Though not shown in
FIGURES 7-10, both the n-channel FinFET device and the p-channel
FinFET device 200 resulting from the overall process will include
S/D regions as illustrated in FIGURES 1A/1B and 2A/2B,

respectively.
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a fin channel structure of sem conductor material disposed on the substrate
and extendi ng between the first and second S/ D regions, the fin channel
structure including a first fmm. portion, a second fin portion, and a

channel portion, the channel portion of second conductivity type; a
gate structure di sposed over the channel portion, the gate structure
including a gate dielectric and a gate el ectrode; and wherein the fin

channel structure conprises first and second angl ed sidewal | s.

The Fi nFET device in accordance with Caim1l wherein the fin channel
structure has a trapezoidal cross-section shape. The Fi nFET device in
accordance with Caim1l wherein

[0042] As will be appreciated, the n-channel FinFET partially
formed as described with respect to FIGURES 7-10 will resemble, and
include the structures of, the FinFET device 100 shown in FIGURES
1A and 1B. Thus, the n-channel FinFET device will have a (100)
surface orientation on the sidewalls of its fin channel structure,
while the p-channel FinFET will have a (111) surface orientation on
the sidewalls of its fin channel structure. In this manner of
fabrication, the n-channel FinFETs on a substrate will have high
electron mobility, while the p-channel FinFETs will have high hole
mobility.

[0043] Additional benefits and advantages may be obtained by the
herein described p-channel FinFET device 200 and the method of
fabrication. In the conventional p-channel FinFET device as shown
in FIGURES 1A and 1B, the fin channel orientation of the fin
structure is (110). In the novel FinFET device 200 shown in
FIGURES 2A and 2B, the fin channel orientation of the fin structure
is (100) - which is more favorable for p-channel FinFET devices.
Though a physical increase in the width of the channel (device)
occurs as compared to a device having vertical sidewalls. This

increase in size allows a larger drive current in the device. 2s a
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-24- surfaces of the first and cecond angl ed sidewalls have (111) surface
orientatio 4, The Fi nFET device in accordance wwth Caim3 wherein a top
surface of the fin channel structure has a (100) surface orientation. 5.The
Fi nFET device in accordance with Claim3 wherein he .

result, the devices can be made smaller but still have about the
same amount of current drive capability. By having a sloping
channel sidewall surfaces, i1f the footprint area does not change,
there exists a much wider area for current flow from the source to
the drain. Alternatively, this allows achievement of the same
current flow but with a smaller transistor footprint.

[0044] It will be understood that well known processes have not
been described in detail and have been omitted for brevity.
Although specific steps, structures and materials may have been
described, the present disclosure may not 1limited to these
specifics, and others may substituted as is well understood by
those skilled in the art, and various steps may not necessarily be
performed in the sequences shown.

[0045] While this disclosure has described certain embodiments
and generally associated methods, alterations and permutations of
these embodiments and methods will be apparent to those skilled in
the art. Accordingly, the above description of example embodiments
does not define or constrain this disclosure. Other changes,
gubstitutions, and alterations are also possible without departing

from the spirit and scope of this disclosure, as defined by the
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channel portion has a (100) channel orientation. 6, The Fi nFET device in
accordance with Claim3 wherein the first and second angl ed ai dewal | a each
have an angl e between about 50 degrees and 40 degrees. The

Fi nFET device in accordance with Claim 3 wherein the gate dielectric
conprises high-K dielectric material* S. The Fi nFET device in accordance
with Caiml wherein the first and second angled side ils each have an
angl e between about 40 degrees and 65 degrees,

following claims.
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first and second angl ed sidewal | s each have an angl e between about SO
degrees and 60 degrees. 10. A p-channel Fin field-effect transistor
(Fi nFET) device conprising: a substrate; first. and second
source/drain (VD) regions of p-type conductivity di sposed on the substrate;

WHAT IS CLAIMED IS:

1. A Fin field-effect transistor (FinFET) device comprising:

a substrate;

first and second source/drain (3/D) regions of a first
conductivity type disposed on the substrate;

a fin channel structure of semiconductor material disposed on
the substrate and extending between the first and second S/D
regions, the fin channel structure including a first fin portion, a
second fin portion, and a channel portion, the channel portion of a
second conductivity type;

a gate structure disposed over the channel portion, the gate
structure including a gate dielectric and a gate electrode; and

wherein the fin channel structure comprises first and second

angled sidewalls.

2. The FinFET device in accordance with Claim 1 wherein the

fin channel structure has a trapezoidal crogs-section shape.

3. The FinFET device 1in accordance with Claim 1 wherein
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a fin channel structure of sem conductor material disposed on the substrate
and extendi ng between the first and second. S/D regions, the fin channel
structure including a first fin portion, a second fin portion, and a
channel portion of n-type conductivity, and having a top surface and two

sidewal | s each having a sidewall surface; a gate structure disposed
over the top surface of the channel portion, the gate structure including a
gate dielectric and a gate el ectrode; and wherein the two sidewal |

surfaces of the channel portion have a (111) surface orientation and the
top surface of the channel portion has a different surface orientation.

11. The Fi nFET device in accordance with Caim 10 wherein the fin channel
structure has a trapezoi dal cross-section shape. 12, The Fi nFET

device |ngageordanee Wid Halin 124 Mhelely glg@peaf 0810 S HIRNR! |11

surfaces ﬁave an angle o ees an egrees.

surface orientation.

4. The FinFET device in accordance with Claim 3 wherein a
top surface of the fin channel structure has a (100) surface

orientation.

5. The FinFET device in accordance with Claim 3 wherein the

channel portion has a (100) channel orientation.

6. The FinFET device in accordance with Claim 3 wherein the
first and second angled sidewalls each have an angle between about

50 degrees and 60 degrees.

7. The FinFET device in accordance with Claim 3 wherein the

gate dielectric comprises high-K dielectric material.

8. The FinFET device in accordance with Claim 1 wherein the
first and second angled sidewalls each have an angle between about

40 degrees and 65 degrees.
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13, The Fi nFET device in accordance with Caim 12 wherein each of the two
sidewal | surfaces have an angl e between about 50 degrees and 60 degrees?
14. The Fi nFET device in accordance with C aim 13 wherein the gate

di el ectric conprises hafni um oxi de. 15, The Fi nFET device in
accordance with Caim12 wherein the top surface of the fin channe
structure has a (100) .surface orientation. 16. A nethod of
fabricating a p-cha..,,el Fin field-effect transistor (Fin FET), the method
conpri si ng: providin' a substrate of sem conductor material having a

(100) surface orientation;

9. The FinFET device in accordance with Claim 1 wherein the
first and second angled sidewalls each have an angle between about

50 degrees and 60 degrees.
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form ng a mask | ayer on the substrate and exposing portions of the

substrat e; sel ectively renoving exposed portions of the substrate to
forma fin channel structure having sloped sidewalls, the sloped sidewalls
having a (111) surface orientation; formng a gaze dielectric |ayer over at
| east a portionthe fin channel structure; and form ng a gate el ectrode

| ayer over the gate dielectric |ayer. 17. The nmethod in accordance
with Claim15 wherein selectively renoving further conprises etching using
at | east one of a TMAN sol uti on or amoni um hydr oxi de.

10. A p-channel Fin field-effect transistor (FinFET) device
comprising:

a substrate;

first and second source/drain (S/D) regions of p-type
conductivity disposed on the substrate;

a fin channel structure of semiconductor material disposed on
the substrate and extending between the first and second S/D
regions, the fin channel structure including a first fin portion, a
second fin portion, and a channel portion of n-type conductivity,
and having a top surface and two sidewalls each having a sidewall
surface; |

a gate structure disposed over the top surface of the channel
portion, the gate structure including a gate dielectric and a gate
electrode; and

wherein the two sidewall surfaces of the channel portion have
a (111) surface orientation and the top surface of the channel

portion has a different surface orientation.

11. The FiInFET device in accordance with Claim 10 wherein the

fin channel structure has a trapezoidal cross-section shape.
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18. The nmethod in accordance with Caim 17 wherein sel ectively renoving
further conprises formng each of the sloped sidewalls having an angle

bet ween about 40 and 65 degrees. 19. The method in accordance with
Claim 16 wherein the fin channel etructare has a trapezoidal cross-section
shape with a top surface having a (100) surface orientation. The

met hod in accordance with Caim 19 wherein selectively renoving further
conprises form ng each of the sloped sidewalls haying an angl e between
about 50 and GO degrees.

12. The FinFET device in accordance with Claim 12 wherein
each of the two sidewall surfaces have an angle of between about 40

degrees and 65 degrees.

13. The FinFET device in accordance with Claim 12 wherein
each of the two sidewall surfaces have an angle between about 50

degrees and 60 degrees.

14. The FinFET device in accordance with Claim 12 wherein the

gate dielectric comprises hafnium oxide.

15. The FinPFET device in accordance with Claim 12 wherein the

top surface of the fin channel structure has a (100) . surface

orientation.
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16. A method of fabricating a p-channel Fin field-effect
transistor (Fin FET), the method comprising:

providing a substrate of semiconductor material having a (100)
surface orientation;

forming a mask layer on the substrate and exposing portions of
the substrate;

selectively removing exposed portions of the substrate to form
a fin channel structure having sloped sidewalls, the sloped
gidewalls having a (111) surface orientation;

forming a gate dielectric layer over at least a portion of the
fin channel structure; and

forming a gate electrode layer over the gate dielectric layer.

17. The method 1in accordance with Claim 16 wherein
gelectively removing further comprises etching using at least one

of a TMAH solution or ammonium hydroxide.

18. The method in accordance with Claim 17 wherein
selectively removing further comprises forming each of the sloped

sidewalls having an angle between about 40 and 65 degrees.
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19. The method in accordance with Claim 16 wherein the fin
channel structure has a trapezoidal cross-section shape with a top

surface having a (100) surface orientation.

20. The method in accordance with Claim 19 wherein

selectively removing further comprises forming each of the sloped

sidewalls having an angle between about 50 and 60 degrees.
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