FIN FI ELD EFFECT TRANSI STORS AND METHODS FOR FABRI CATI NG THE SAME FI ELD OF
THE I NVENTION [0001] This disclosure relates to integrated circuit
fabrication, and nore particularly to a fin field effect transistor.
BACKGROUND [ 0002] As the sem conductor industry has progressed into
nanonet er technol ogy process nodes in pursuit of higher device density,

hi gher performance, and | ower costs, challenges fromboth fabrication and
design issues have resulted in the devel opnment of three-di nensional

designs, such as a fin field effect transistor (FinFET). A typical FinFET
is fabricated with a thin vertical fin" (or fin structure) extending froma
subst r at e, FINOFIFERRPFECT SRANSISTORS AN METHODE 3y FRBRIOEIrBubshirat e. The
channel of the FinFET is formed in this vertical fin. A gate is provided
over three sides (e.g., wapping) th&MEn. Having a gate on both sides of

t he channel allows gate control of the channel fromboth sides. In
addition, strained nmateri al I} = *q% X drain (S/D) portions of the
Fi nFET utilizing selectivel e nium (Si Ge) may be used to
enhance carrier nobility. [0003] However, there are challenges to inplenent
such fedlW¥ies allds piscddersgdsies o integrated circuit fabrication, and more particularly to a fin

field effect transistor,

BACKGROUND

[0602] As the semiconductor industry has progressed into nanometer technology process
nodes in pursuit of higher device density, higher performance, and lower costs, challenges from
both fabrication and design issues have resulted in the development of three-dimensional designs,
such as a fin ficld effect transistor (FinFET). A typical FinFET is fabricated with a thin vertical
fin” {or fin structure) extending from a substrate, for example, etched into a silicon layer of the
substrate. The channel of the FinFET is formed in this vertical fin, A gate is provided over three
sides (e.g., wrapping) the fin. Having a gate on both sides of the channel allows gate control of
the channel from both sides. In addition, strained materials in recessed source/drain (S/D)
portions of the FinFET utilizing selectively grown silicon germanium (SiGe) may be used to
enhance carrier mobility.

{0003] However, there are challenges to implement such features and processes in
complementary metal-oxide-semiconductor {CMOS) fabrication. For example, it is difficult to
achieve a flexible circuit design using a FInFET because the FInFET is forimed of a plurality of
identical fins for feasible FinFET fabrication,

[0004]} Accordingly, what are needed are an improved FinFET structure and a method of

fabricating the FinFET.



conpl ement ary net al - oxi de-sem conductor (CMOS) fabrication. For exanple, it
is difficult to achieve a flexible circuit design using a FinFET because
the FinFET is forned of a plurality of identical fins for feasible FinFET
fabrication. [0004] Accordingly, what are needed are an inproved Fi nFET
structure and a nethod of fabricating the FinFET. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 0005] The present disclosure is best understood fromthe follow ng
detail ed description when read with the acconpanying figures. It is

enphasi zed that, in accordance with the standard practice in the industry,

various features are ngh <B . I%)QT re._used for illustration
purposes only. In facts . . features may be .
arbitrarily increased or reduced for clarity of discussion. [0006]Fig. | is

a 1 owchii0p! of Taermetshgdliwfosfiabs ibeatundgsteod itk Ele &dlodirgdi digrilbd dv@fipims
enbodi nents of the present disclosure; and
when read with the accompanying figures. It is emphasized that, in accordance with the standard
practice in the industry, various features are not drawn to scale and are used for illustration
purposes only. In fact, the dimensions of the various features may be arbitrarily increased or
reduced for clarity of discussion.
[0006] Fig. 1 is a flowchart of a method of fabricating a FinFET according to various
embodiments of the present disclosure; and

[0007] Figs. 2-10B are schematic cross-sectional views of a FinFET at various stages of

fabrication according to various embodiments of the present disclosure.

DESCRIPTION

[0008] It is understood that the following disclosure provides many different embodiments,
or examples, for implementing different features of the invention. Specific examples of
components and arrangements are described below to simplify the present disclosure. These are,
of course, merely examples and are not intended to be Hmiting, For example, the formation of 4
first feature over or on a second feature in the description that follows may include embodiments
in which the first and second features are formed in direct contact, and may also include
embodiments in which additional features may be formed between the first and second features,
such that the first and second features may are not in direct contact. In addition, the present
disclosure may repeat reference numerals and/or letters in the various examples.

[0009] Referring to Fig. 1, illustrated is a flowchart of a method 100 of fabricating a Fin
field effect transistor (FinFET) according to various embodiments of the present disclosure. The

method 100 begins with step 102 in which a substrate having a first fin and a second fin



[0007] Figs. 2-10B are schematic cross-sectional views of a FinFET at
various stages of fabrication according to various enbodi nents of the
present disclosure. DESCRIPTION [0008]It is understood that the follow ng
di scl osure provides many different enbodi ments, or exanples, for
inplenenting different features of the invention. Specific exanples of
components and arrangenments are described below to sinplify the present

di scl osure. These are, of course, nerely exanples and are not intended to
be limting. For exanple, the formation of a first feature over or on a

second tgakdiiLatoe b RELsHRS QJ]J RELQNs bRRteh, %He@é{\f? C’{Eﬁx)f Wach a8 grhodh %nt sin
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substrate having a first fin and secon
the photo-sensitive layer is patterned to expose the portion of the first fin above the insulation

fayer while maintaining coverage of the second fin. The method 100 continues with step 110 in
which a first gate dielectric having a first thickness is formed covering the top surface and
sidewalls (i.e. wraps) of the first fin using a plasma doping process. The method 100 continues
with step 112 in which the photo-sensitive layer is removed. The method 100 continues with step
114 in which a second gate diclectric is formed covering the top surface and sidewalls (i.e. wraps)
of the second fin having a second thickness less than the first thickness. The method 100
continues with step 116 in which a conductive gate strip is formed traversing over both the first
gate dielectric and second gate dielectric. The discussion that follows illustrates an embodiment
ol a method in accordance with Fig. 1.

[0010] Figs. 2-10B are schematic cross-sectional views of a FInFET 200 at various stages of
fabrication according to various embodiments of the present disclosure. As employed in the
present disclosure, the FinFET 200 refers to any fin-based, multi-gate transistor. The FinFET
200 may be included in a microprocessor, memory cell, and/or other integrated circuit (IC). 1t is
noted that the method of Fig. 1 does not produce a completed FinFET 200. A completed FinFET
200 may be fabricated using complementary metal-oxide-semiconductor (CMOS) technolagy
processing. Accordingly, it is understood that additional processes may be provided before,

during, and after the method 100 of Fig. 1, and that some other processes may only be briefly



extendi ng above a substrate top surface is provided, wherein each of the
fins has a top surface and sidewalls. The nmethod 100 continues with step
104 in which an insulation layer is formed between the first and second
fins extending part way up the fins fromthe substrate top surface. The

met hod 100 continues with step 106 in which a photo-sensitive |layer is
formed over three surfaces (i.e. waps) the first and second fins. The

nmet hod 100 continues with step 108 in which the photo-sensitive |ayer is
patterned to expose the portion of the first fin above the insulation |ayer
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substrate 202, wherein each of the fins has a top surface and sidewalls. In
sone enbodi nents, a pad |ayer 204a and a nmask | ayer 204b are forned on the
sem conductor substrate 202. The pad |l ayer 204a may be a thin film
conprising silicon oxide formed, for exanple, using a thermal oxidation
process. The pad | ayer 204a nmay act as an adhesion | ayer between the

sem conduct or substrate 202 and mask | ayer 204b. The pad | ayer 204a may

al so act as an etch stop |ayer for etching the nask |ayer 204b. In sone
enbodi nents, the mask |ayer 204b is forned of silicon nitride, for exanple,
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{0015] Depth D of the trenches 210 may be between about 2100A and about 2500A, while
width W of the trenches 210 is between about 300A and about 1500A. In an some embodiments,

the aspect ratio (D/W) of the trenches 210 is greater than about 7.0. In other embodiments, the

[#3]



[0017] I n sone enbodi nents, the trenches 210 are then filled with a
dielectric material 216. Fig. 4 shows the resulting structure after the
deposition of the dielectric material 216. The dielectric naterial 216 may
conprise silicon oxide, although other dielectric materials, such as
silicon nitride, silicon oxynitride, fluoride-doped silicate glass (FSG,

or alowKdielectric material, may al so be used. In sone enbodi nents, the
dielectric material 216 may be forned using a high-density-plasm (HDP) CVD
process, using sline (Sil-14) and oxygen (02) as reacting precursors. In

ot her emhedi aRNiGy bt Rea@l el8Ghl s MBlREIR ih2 1B eBY iR B IMRE RGna
sub- at nospheric CvD (SACVD) process or hlgh aspect-ratio process (HARP),

wher ei N afdu@ Gas Sor GREAS MAY 16O iGiR i@tduamt My | O tPSdaliLE HoGelet EQR) n@nd ozone
(03). In yet other enbodinents, the dielectric material 216 may be formed
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process using hot H3PO4, while pad ayer 204a may be renoved using dil uted
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ext endi 1@&:11&9 pnecmsé{ s YR otthm cm‘aoc?mcn][s -tll ¢ dielectric material 216 may be formed using a
sub-atmospheric CVD (SACVD) process or high aspect-ratio process (HARP), wherein process
gases may comprise tetraethylorthosilicate (TEOS) and ozone (Os). In yet other embodiments,
the dielectric material 216 may be formed using a spin-on-dielectric (SOD) process, such as

hydrogen silsesquioxane (HSQ) or methy! silsesquioxane (MSQ).



212 2 fromthe substrate top surface 202s. The renmaining insulation |ayer
217 2 between the first fin 212 1 and the third fin 212_3 extending part
way up the fins 212 1, 212 3 fromthe substrate top surface 202s. In the
sonme enbodi nents, each of the plurality of the upper portions of the
plurality of the sem conductor fins conprise a top surface (denoted as
22211, 222t 2, and 222t3) and sidewalls (denoted as 222s 1, 222s 2, and
222s _3). Fblght H of the upper portions of the semiconductor fins may be
between 15 nan and about 50 nm al though the height may also be greater or
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provi ded the substrate 202 having the first fin 212 1 and second fin 212 2
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212 1, 212 2'to forma FinFET. I't shoul d be noted that the FinFET forned of
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provi de excessive on-current if Fi nEET conprises nore fins than needed,
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[ 0022] Accordi ngly, the processing discussed be ow with referente to Figs.

7-10B mayuf@nmsRr 3 1, @B%Bl&&k%ﬁq{eﬁlsgﬁ5&lh f I%E%a selected fin to enable
channel regions of f he sel ect &d NEET, but forma thicker gate

di el ect fgpgoon AR sRhdg &%FEC(; g uﬁéuﬁm&?la éi%?llsqe&:hQP %glan LG g’”é {z%u‘itnﬁr
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associ afg.cWel @!46‘{5(?&%1521 ﬁxaﬁ@ o?géfze i@l (@eugfcﬁ't > T—'I o h%/f’ﬁbXnd' %% %%% |9 Fi nFET

circuit design flexibil Referrin sensitive
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fin 212_1 and the second fin 212_2 and a second insulation layer 217_2 to isolate the first fin
212_1 and the third fin 212_3. In some embodiments, the etching step may be performed using a
wel etching process, for example, by dipping the FInFET 200 in hydrofluoric acid (HF). In other
embodiments, the eiching step may be performed using a dry ctching process, for example, the

dry etching process may be performed using CHF; or BF; as etching gases.

[0026] In some embodiments, the remaining insulation layer 217 comprises {lat top surfaces
217t. In other embodiments, the remaining insulation layer 217 comprises curved top surfaces
{(nor shown). Further, the plurality of the upper portions of the plurality of semiconductor fins
protruding over the flat top surfaces 217t of the remaining insulation layer 217 are used to form
channel regions of the FinFETs 200. In other words, the remaining insulation layer 217 _1

between the first fin 212_1 and the second fin 212_2 extending part way up the fins 212_1,



[ 00241Fi gs. 8A shows the FinFET 200 of Fig. 7 after a first gate dielectric
224a is fornmed covering the top surface 222t | x and sidewal | s 222s | x of
the first fin 212 1. The step of formng the first gate dielectric 224a is
performed using a plasnma doping process 220, so as to avoid damage of the
phot o-sensitive |ayer 218. Figs. 8B shows the FinFET 200 of Fig. 7 after a
first gate dielectric 224b is formed covering the top surface 22211 y of
the first fin 212 1. The step of formng the first gate dielectric 224b is
performed using a plasnma dopi ng process 220, so as to avoid danage of the

phot 0- sensiztirate tHeayBirakdl8p siifhcs Q0B eAPRAMBN Ssullildg 1RSI 20QRIBY RN OCess
220 conprises an oxygen-containi ng plasma doplng process. For exanple t he

step of fkhenpliasmmddepinng mf 92es$xRahnd émp\%ﬁ oF MRGjnder; a;PawRfy, ff about
260 to 2500W a bias voltage of about 00V to -20kV, and a pressure of

about | iR 1dpnT@ick 2088 iM@ie %me Q3bodRhents: dakR oﬁt“hcqﬂmlpg oB@e EFper J(Qﬁ ,s the
photo-sensitive layer 218 is renoved. [002511t shoul d be noted at a bias

vol t age ope Blukdlityt §ren Pl AR TRIARR AT PEES B 220 a@aawm bl gw bet ter
controloof guthﬁiknésg of fhe #lr%t[g%te 8|e‘§gﬁ¥TC Ziha or %4b to achi eve

desi r ed2pt; ofyih@Siad il %ct&ﬁot@d‘ﬁsdﬁ% qQnosf; 4 hﬁd 52.5°) ltiél it gf—r?l 1| %I (ﬁ%cﬁiﬁpl e, the
Fi

pl asma dopi ng process directly uses the plasna |on PRt o t he

reactiopr ﬁ%@@ém@dndﬁ@o; rfﬁ'x@ﬁ{'ly pobakely: sfar Mangod S'E)%ﬂf:tlﬁg)up Qfﬁ%qaglﬁt nhagylgg on the

exposed surface of fin, and the boundary Tayér wi
accordaB@gCMk@ﬁg&mglvarlatlon of the dopant concentration. [0026] On the
contrary, the concept for pul sed plasnma doping is using the gas flowinto

the reagjobpn ChATRES cnfioliflichfil @1@?0&:&@ stte%s \340156}91? Ot Faod p oqmteﬁ 9}% sgl%tr?tx

add/ non-add voltage, so as to epar at sitive 10ns

the posbid NRid.QRS AAPNE ’)i?ri%[i%cgﬂdq F%Ii;. '2nex§c Ehn@ gm%qhé Du%slpaq og%{u dc!e ayer s

uni form and steady state.” Accordingly force ¢ ontrol |l ed

Lo keepyeanshath ed(RAd il HATE ﬁgbpmqqﬁenﬁoﬁ’smtf&@ 25‘)tr?t229?‘tz andsGLEGL T C 2248

or 224b 1s annealed a
222s 1, 222s_2, wherein the insulation layer 217 between the first and second fins 212_1,212_2

extending part way up the fins 212_1, 212_2 from the substrate top surface 202s. Then, a
conductive gate strip is formed to cover the top surfaces 222t_1, 222t_2 and sidewalls 222s_1,
2225 2 of the plurality of fins 212_1, 212_2 1o establish an electrical connection between the fing
2121, 212 2 tw form a FinFET. It should be noted that the FinFET formed of a plurality of
identical fins is feasible for FInFET manufacturing, but may provide excessive on-current if the
FinFET comprises more fins than needed, thereby decreasing a flexible circuit design while
using the FinFET.

10022] Accordingly, the processing discussed below with reference to Figs. 7-10B may form
a thinner gate dielectric on a selected fin to enable channel regions of the selected fin of a
FinFET, but form a thicker gate dielectric on an un-selected fin to disable channel regions of the
un-selected fin of the FinFET. The processing helps avoid problems associated with excessive

on-current of a FinFET, thereby increasing FInFET circuit design flexibility.



pl asma dopi ng process 220. In alternative enbodinents, the first gate
dielectric 224a or 224b is annealed after formation of a second gate
dielectric 234 (shown in Figs. 9A and 9B). In other word, the first gate
dielectric 224a or 224b and the second gate dielectric 234 may be

si mul t aneously anneal ed after form ng the second gate dielectric 234.
[0028] If the plasma doping drives the oxygen too close to the surface of
the first fin 212 1, an outer portion of the upper portion of the first
fin 212 _1 is partially consuned due to reaction with the plasma ions to
forma fooest Ogatcfr@hibatd 17l £pdddansitht heer bEisURRRH o ROl 108 2f2 15 he, jecond
fin 212 2 is protected by the photo-sensitive |ayer 218 (shown Tn Fig. 8A).

Thus, the sbiongtingab e sl ekeebkiptocdd4aick QY §lis o cd@Re IHESAC EmsRhediX pRND
sidewal I s 222s_| x of the remaining upper portion %22 1 x of the first fin

212 1. bisamgiies s MmNk Sandhgl tofpsi 18668 2% ulXiiQf g Be fii fiste fHen 212_1
is lower than the top surface 222t_£ of the second fin 212 2. In other

embodi mMeREIBiontINR: b ORI WEIRER bRk riRh14 Be insulation |ayer 217 is lower than
the top surface 222t Ix of the first fin212_1. In still other enbodi nents,

t he uppgyozor t iR, 22 2u0k% Rf FhbET hbo 5 Fbl Nael 2k SXE %Yk@’éc{}g BRO¥G LR

insulation |ayer 217 is thinner than the upper pértion of the second fin

212_2 extendl 16 @HANR.ct ool e uhALkARk s 12f-nd ARZRL It NGypl AR dopi Ng

drives the oxygen too close to the center of the first f materi a

of the F()'H{]ﬁ%;ljllflél ﬁs?éﬂ?@&@@ggy 924&?1% p&@(ﬂm%élj ﬁgiﬁ"p gpﬁ;ng:i]d(%ﬁqgl lg}gcelggnﬁ(ﬁl ?Ot jlsotn l ayer

217 may be y consuned due reaction W e plfasma 1ons'to forma

first gakg éﬂin%!g@% fk 9[1&3#&5;&1%9% 318, ﬂg 8B%ﬁ3w.«-bth@ FRERS 2pif A5, 7 JQg .t op

surface 217t of the insulation éyer 217°1's 'subst ant I al y copl anar with

the to pﬁn%“ézftcagi@legtl?ig bdais q%m#cﬁ %O\teiri%x ? trtlhefztl_;[[g i‘%ﬁa.g"gé%z&l,@ of @ﬁgnﬁﬁﬁgﬂ'zw nlth% , the

top surface 222t |y of the tirst r n top surface

222t _2 gf, B ﬁg@ggmg LN il Redic 2~£H“£$F[n(§?~ﬁl%§g§&%‘? @Iﬁmfuh@g@g i gss%&%onot .

on the first fin un-sel ect ed a Ial cofisunpti on

g{ | gc\g‘bzltsiat? Shoill id&nggje%ﬁ%lle%gﬁ)[seaﬁtpvcslw’et‘ 3t€ ﬁfm%@%mib&ﬁ[lf{!nﬁ&i{l%nplflxs%ec{oplzn]g'? Is
process 220 comprises an oxygen-containing plasma doping process. For example, the step of
the plasma doping process 220 is performed under a power of about 260 to 2500W, a bias
voltage of about -200V to -20kV, and a pressure of about [ to 50 mTorr, using O,, O3, or H,0 as
doping gases. Then, the photo-sensitive layer 218 is removed.

[00235] It should be noted that a bias voltage used in the plasma doping process 220 may be
tuned o allow better control of a thickness of the first gate dielectric 224a or 224b to achicve
desired profiles for the oxidation of the first fin 212_1. For example, the plasma doping process
directly uses the plasma ions that flow into the reaction chamber to react, whereby forming a
reacted boundary layer on the exposed surface of the fin, and the boundary layer will be changed
in accordance with the variation of the dopant concentration.

[0026] On the contrary, the concept for pulsed plasma doping is using the gas flow into the

reaction chamber with intermittent voltage method controlled by add/non-add voltage, so as to



[0030] In sone enbodinents, a ratio of a wdth W of a portion of the first
fin 212 1 extendi ng above the insulation |ayer 217 to a wwdth W2 of a
portion of the second fin 212 2 extendi ng above the insulation |ayer 217 is
fromO to 0.95. In sone enbodi nents, a ratio of a height hi of the first
fin 212_1 above the insulation layer 217 to a height h2 of the second fin
212 2 above the insulation layer 217 is fromO to 0.95. [0031]Referring to
Figs. 9A and 9B, after the first gate dielectric 224a or 224b formation
process and renopval of the photo sensitive [ayer 218, a second gate

di el ect képaraldpbsitise fors MR 1EOMEr TG dlehRsili AP oS UhERABwARRh 1R @Gl dEWR! | S
222s 2 of the second fin 212 2 and the first gate dielectric 224a or 224b.

| n sone beildedi 1aRASunitbhe at&ﬁ\ﬁ&l@@sg@t Rec@hBE R &1@%f&&mﬁ ips @Sudlibd GON

oxide, silicon nitride, silicon oxy-nitride, or high-k dielectrics. High-k
di el ect kk@sog@mpri se netal oxides. Exanples of netal oxides used for high-k
dielectrics include oxides of Li, Be, My, Ca, Sr, Sc, Y, Zr, H, A, La,

Ce, Pr, (0¥d7] SMinBYme GhbodlRentMne Rt ofk dieldBiic P4, IOP ’?Wmmrﬁﬁ 4 e?rleF nﬁr eof .
The second gate dielectric 234 may ée formed using a suitable process such

as at oNMpRshaN@finAeBRSd 1400M £BkRve éﬁhﬁm&ﬁﬂs HEBRY oHeRRRLL: c%§4a(&\69lb isphysi cal

vapor deposition (PVD), thermal oxidation, UV-ozdne oxi dati on,

conbi nathRmsd bh@re@faiod PEa 5&61@(9 a1l @ﬂ:@clﬂb @b@ ?sIhBévE i gés gy dﬁou )h ﬁ’lr ofg@mpr i se
an interfacial layer (not shown) to reduce danage bétween t € second gate

di el ect Gk, 234 1@-@%&6‘" GieREEONDAf I 2UE_Zu dhe-iih ef!:afctjpa(ale?elctli r mef nprises

silicon oxide [0032] In sone enbodi ments, the secon gate ecttic 234 is

a hi gh- kil 8le86d ¥ iGedi@Y.8%: W hRe & b in the range of about
10 Ato abéuf 36rA eStruc%ufé ?yC%&%gygFégbﬁggggﬁL di el ectric 224a or 224b

and a pEpbson of i BRSE&PNE LRLE) 19!))§Jg§19t 5'(:&%8%4 hEQVEL &Qhetihgt n'figtl gate

dielectric 224a or 224b are conbi n hereaf er referre

conbi neﬁla &ﬁ&lq)omo‘ﬁlo@%rd gm %%ﬁro;}-ghﬂ{ceﬁlgrf f218 1]c S tp%tmlil h&%(ﬂ%esdsdute o 10 ]]:wt{oﬁg first

conbi ned gate dielectri I'S sunmation 0 ness tx O

gate di @ltﬁ?ﬁcgi Emggo%@m%ngﬂm Adaikd @8 %4‘3{’\9111 eqhgéﬂ)g?[zm{ 7O leﬁ:tzsgg)ng?cond gat e

dielectric 2 I'n other words, a co I'ned gate ric érlng t he

top surjpce 12%@1&%&&{ 1g%§fﬁeel>sé{lsggztlpg Ef&rﬁﬁmﬂ]m ﬁ(%p Sbhﬁm alh(tzlﬁlr?% tbé%.'gl ckness

b and a second gate ctric overi
si dewal $3 C f 2 h t ess b less than
t he flfi@kﬁﬁgéﬁﬁgg%%n ?ﬁ‘%g%g %%%é ngscﬁ@m% iﬁ%?%‘%ﬁp¥hganT%fUW%|ckness

b o hysarendLL B ARSS, 52 Sy 5519@(:1%?0%% ém fis o Raprea o o ekl 9

10A and after e second gate die TFie a

COnauCt b 81831 L IRy RR3u] kA8l OTIREL LR Sp 000 A Sns 2N B Gyl "

gate dielectric 4a or and seco

cem confusPariE SNG4 l'n%%i%‘%“‘dw? HEE O%%ﬁ e e i %%CCF% FET 0506 "Bbmpr i ses
nore t hﬁ&lgn[e Ir LLPI 01,1(?l em%o 1menls q‘:{)@t Edlg?lhg’lczt_gdﬁ%% :L[l\[/sigﬂgtlmt I 226

conpri ses fhts, the
conduct{\ég(3 i con. nductlve

gat e ﬁrlp% lmﬁﬂ%pW%p@qmmmmHW% ﬁ\ﬁ?h@%@dﬁ#%ﬁﬁ%ﬁVb%unﬁorm

dopi ng ern ctive gate strip 226 conprises an N-work
functlocﬁ(tani éa VCle%ﬁMl?ﬁ@ iﬁ5|stor is an n-type Fi nFET, wherein the

N—work tiop t.a npri.ses nmet al se ecte rom roup of Ti, Ag,
POTAPURRL LR R SORRE RS f T Qﬂa% oty taral dery g 1 A
d t t t wh th

f?QnS.Cs' Y5idgh e Bt BT AR S Sl ﬁ"o’él%“&aéq‘iﬁ@?q‘?a% B Bompr | Ses

anmalsee sone enbodi nent s,

the cond LWT@&“%Qt%“%W}Wa %ﬁgmgﬁhﬁP?@é@nﬁl¥% %WHE@%“?%°%%€5WEWQ% ‘i6f about

30 nmt The
893)811?1 0'1101 woxd nP]C top sur qcc: lult of thc msu auon layer 217 is substantially coplanar with
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strip 226 nmay be formed using a suitable process such as ALD, CVD, PVD,
plating, or conbinations thereof. [0034]1n some enbodiments, a Fin field
effect transistor (FinFET) 200 conprises a substrate 202 conprising a top
surface 202s; a first fin 2123 and a second fin 212_2 extendi ng above the
substrate top surface 202s, wherein each of the fins 212 1, 212 2 has a top
surface and sidewalls; an insulation |ayer 217 between the first fine 212 1
and second fin 212 2 extending part way up the fins 212 1, 212 2 fromthe
substrate top surface 202s; a conbined gate dielectric 224 covering the top
sur f acem@ et sukpiceannd: $i @E%'(:hs@ 18228 _1l X0 Qmeldi®olilbst, thd Bp 2beacd 2hRViNG a first

t hi ckness t1 and a second gate dielectric 234 covering the top surface 2220

and si dgwadds 4223 _12is @fwek Ron 9RANGuFLN2212 & havkhd R 58C0RM L b%c?hf&ﬁss t2
| ess than the first thickness ti; and a conductive gate strip

t raver shinghcOMBFEDQLE thewdd Latmgate gi QHQC;t fdncscl%gl@'(@ 9y, gAfpnand.Sggond gate
dielectric 234. Accordingly, Applicant's nethod of fabricating a Fi nFET 200

may fabgdngabRios oFinARET ieper @tuﬁ%%v duSradell me@:g,uﬂﬁoﬁ 1Q S8 i@clf[@\g bid N (the

second fin) with thinner gate dielectric and not nlng on t e unsel ected
En (thergbsgist i Uamé’vbarngbd'ixﬁétﬁskezrmg@to? 2 RULGE, Tdr Gy %&Jflﬁr §O%e i r_[ é@_?_ﬂfng
flexible circuit design. [0035]It is under st ood t hat t he 00 ma

under gocﬁtéhﬂrn@eﬂbo@\{%@n{lmﬁﬁﬁ BSS 419 f or MaMAk, Qe pB{%%B YEER 3 N @212 2

source/drain, contacts/vias, Interconnect fnetal |ayers, ectrlé | ayers,

passi Vaé)dt&lﬂlnlvaﬂlf@\fcsth@ﬂl‘éul%cﬂelﬁycﬁ gy W ﬁ“ém I'(") %5' th stoplg eHbbdimeh @038 ?i:l nFET)

accordance with sone enbodi nents, a |e d ct tranS|stor

CoONPr i SEgor@ ns HPSE ik §inCARPS 1b§§v@ghca1n£t9910ﬁlf§)jcf"§%” toh chliﬂrll?E Bi'tﬁ @%lglt]cﬂh?econd

fin extendi ng above the substrate top surface, wherein fins has
a top subl 2660 isldeyphls 21 AR doisulaton ayer betveen the first and

second fins extending part way up the fins fromthe substrate top surface;

a firstonsihe dpebfbhb & C eI R b8 YAk 998! Sufliof Ne 1Tt

fin haV|ng a first thicknes
process and removal of the photo sensitive layer 218, a second gate diclectric 234 is formed

covering the top surface 222t_2 and sidewalls 222s_2 of the second fin 212_2 and the firs¢ gate
dielectric 224a or 224b. In some embodiments, the second gate dielectric 234 comprises silicon
oxide, silicon nitride, silicon oxy-nitride, or high-k dielectrics. High-k dielectrics comprise metal
oxides. Examples of metal oxides used for high-k dielectrics include oxides of Li, Be, Mg, Ca, Sr,
Sc, Y, Zr, Hf, Al, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, T, Yb, Lu and mixtures thereof,
The second gate dielectric 234 may be formed using a suitable process such as atomic layer
deposition (ALD), chemical vapor deposition (CVD), physical vapor deposition (PVD), thermal
oxidation, UV-ozone oxidation, or combinations thereof. The second gate dielectric 234 may
further comprise an interfacial layer (not shown) to reduce damage between the second gate
diclectric 234 and the second fin 212_2. The interfacial layer comprises silicon oxide.

[0032] In some embodiments, the second gate dielectric 234 is a high-k diclectric layer with

a second thickness t in the range of about 10 A to about 30 A. Structurally, the first gate
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and a second gate dielectric covering the top surface and sidewalls of the
second fin having a second thickness I ess than the first thickness; and a
conductive gate strip traversing over both the first gate dielectric and
the second gate dielectric. [0037]1n accordance with other enbodi nents, a
Fin field effect transistor (FinFET) conprises a substrate conprising a top
surface; a first fin and a second fin extending above the substrate top
surface, wherein the first fin has a top surface and the second fin has a
top surface and sidewalls; an insulation |ayer between the first and second

fins extpndia@2pact 2:@YantR foifonf dinse {Lom éahﬁdt@l@&ﬁ& had EoeAR: §férif1@tcﬁt’c wher ei n
a top surface of the insulation region is substantially coplanar Wth the

top surfreenieh2ah@ 2hiE st chhBine®anliingShtted &G edii@h LIl binB QY B tPBs t op
surface of the first fin having a first thickness and a“second gate

di el ect rh&eeRY £lilsDGidkh&s |, AP uBUbHBIE& @ndsgtdavdlslisqdfmdilde oﬁﬁgﬁﬂ%ms's p having
a second thi ckness | ess than the first thickness; and a conductive ‘gate

Strip toAMeES: REle QMRLHROLI, §h246 LESlhe 9&5&1 @lmﬁ&%rdi %ea,@&mtﬂ?;,%%%@e%{‘fé gate

dielectric. [6 038] In accordance with yet other enbodi nent’s, hod of
fabri cabifgh &né wbedid Qk&nﬁfﬁcﬁfﬁﬁc &1519&%! ﬁz%%ve( ;%Lr %’-:1'8-[) stﬁﬁ@ﬁ22§Q§ OPBQZYl Ig' ng a
substrate having a first fin and a second fin extendi ng above a substrate

top surfage ,mmﬁr;qam %GJ”'mQI idRBest | i Qas&cﬁdtg‘%t@ SHLEACS4 a%%wlﬁmh' S;

formng an insulation |ayer between the first and second fins “exte dlng

part way,tpe b9e o [nASidet iZB@ 2%"9 Q%ts'é@h@ hap Sﬂgts ?Q&omﬁ RF L0 tRess th

phot o-sensitive | ayer over the first an secon I ns patter ni ng t

phot o- sgpsi Li verhayer mqo%r&%%dmﬁmp!?flmooa ek ﬁt&emiakpag i Ld% (do%dt he

insul ation |ayer and cover the second formng a el ectric
havi ng %lkhgghlgp&ﬁﬁqggézcoverlng the top surface and S|demalls of the
first fin using a plasm doplng process; renoving the photosensitive |ayer;

for mi ngy @meco@fegﬂ%oemd Agaw@%emcm?t&@m{dgg (SHdaae 2ndeangenal | s of

the second fin aV|ﬁg a econ ness | ess i'ckness; and

[ nIpBoRONAARINE: GAL 648154 R 1 a%%e%urhgc@}{g%g% ) %f{;gatétd,e aie

I'LC
dlelect ic an ate ectrlc nvenElon has

been d f to b
undor st oGd © %2%*???2@.*%@@1?%%%9%@6 200 1 Pl EIP BB P IR B el o s

To the %néovar Xﬂm!:ttha} d)n%”én%@&%@cig ﬁ[?%y y%rbo hatd[ﬂr!: fu!:sﬁ ttng z‘nn?‘f‘?'rﬁﬂm mlar

arrangenent's (as wou é appar ent ’hbse &k} erefore,

h | d
the scope )% N&.apRended £ s%;n@%m%o@,mas qﬁe cfm% a,tl 5%’ %ﬁgoglg?ﬁer A,

i nterpret tl on sO as tO enco
arr angeﬂ?ﬁé ?ziyer \Qp%ululgyel sﬂ'um:ﬁg. El some embodiments, the conductive gate strip 226

comprises poly-silicon. Further, the conductive gate strip 226 may be doped poly-silicon with the
uniform or non-uniform doping. Alternatively, the conductive gate strip 226 comprises an N-
work function metal, wherein the transistor is an n-type FinFET, wherein the N-work-function
metal comprises a metal selected from a group of Ti, Ag, Al, TiAl, TiAIN, TaC, TaCN, TaSiN,
Mn, and Zr. Alternatively, the conductive gate strip 226 comprises a P-work function metal,
wherein the transistor is a p-type FInFET, wherein the P-work-function metal comprises a metal
selected from a group of TiN, WN, TaN, and Ru. In some embodiments, the conductive gate

strip 226 comprises a thickness in the range of about 30 nm to about 60 nm. The conductive gate
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|.AFin field effect transistor (FinFET) conprising: a substrate conprising
a top surface; a first fin and a second fin extending above the
substrate top surface, wherein the first fin has a top surface and
sidewal I s and the second fin has a top surface and si dewal | s; an
insulation | ayer between the first and second fins extending part way up
the fins fromthe substrate top surface; a first gate dielectric
covering the top surface and sidewalls of the first fin having a first
thickness t 1 and a second gate dielectric covering the top surface and

si dewal kigipafostihey seqemedl ishehaviin®iap®e&onded bi aimessyd 2pYgssatifan, t he
first thickness; and a conductive gate strip traversing over both the
first gadshigiiehegékdc and the second gate dielectric. 2. The Fi nFET
of claim1, wherein a portion of the first fin extending above the

i nsul at {@Bq]l ayer sbife ERLADRELS, NARi2HPRr EQP Pk @ﬁﬁ@@? 2hd @on\ﬁl\ﬁﬁs@sngi ng

above the insul ation |ayer. 3. The FinFET of claliml, erein a

ratio Ogubé‘tréﬁé %ﬁ:ompri?ing QE&pi s‘aﬂaé%fzoﬁb% 1’Ir.j;trf§1t2lf21_panci a second fin 212_2 extending
above the substrate top surface 2025, wherein each of the fins 212_[, 212_2 has a top surface and
sidewalls; an insulation layer 217 between the first fine 212_1 and second fin 212_2 extending
part way up the fins 212_1, 212_2 from the substrate top surface 202s; a combined gate
dielectric 224 covering the top surface 222t_1x and sidewalls 222s_1x of the first fin 212_1
having a first thickness t; and a second gate diclectric 234 covering the top surface 222t_2 and
sidewalls 222s_2 of the second fin 212_2 having a second thickness t; less than the first
thickness t); and a conductive gate strip 226 traversing over both the first gate dielectric 224a or
224b and second gate diefectric 234. Accordingly, Applicant’s method of fabricating a FinFET
200 may fabricate a FinFET operated while turning on the selected fin (the second fin) with
thinner gate dielectric and not turning on the un-selected fin (the first fin) with thicker gate
dielectric, thereby increasing a flexible circuit design.
[6035] It is understood that the FinFET 200 may undergo further CMOS processes o form
various features such as source/drain, contacts/vias, interconnect metal layers, dielectric layers,
passivation layers and other features known in the art .
[0036] In accordance with some embodiments, a Fin field effect transistor (FinFET)
comprises a substrate comprising a top surface; a first fin and a second fin extending above the
substrate top surface, wherein each of the fins has a top surface and sidewalls; an insulation layer
between the first and second fins extending part way up the fins from the substrate top surface: a

first gate dielectric covering the top surface and sidewalls of the first fin having a first thickness
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extendi ng above the insulation layer to a wdth of a portion of the second

fin extendi ng above the insulation layer is fromO to 0.95. 4. The
FinFET of claim 1, wherein the top surface of the first finis |ower than
the top surface of the second fin. 5. The FinFET of claiml, wherein
aratio of a height of the first fin above the insulation |ayer to a height
of the second fin above the insulation layer is fromO to 0.95. 6.
The FinFET of claiml, wherein a top surface of the insulation |ayer is

| ower than the top surface of the first fin. 7. The FinFET of claim

1, wher gidla Secold Qe @feldhR bidiBl dibs kNGRS oh@ siliba18 8¢ M Aecond fin having a
second thickness less than the first thickness; and a conductive gate strip traversing over both the
first gate dielectric and the second gate dielectric.

[0037] In accordance with other embodiments, a Fin field effect transistor (FinFET)
comprises a substrate comprising a top surface; a first fin and a second fin extending above the
substrate top surface, wherein the first fin has a top surface and the second fin has a top surface
and sidewalls; an insulation layer between the first and second fins extending part way up the
fins from the substrate top surface, wherein a top surface of the insulation region is substantially
coplanar with the top surface of the first fin; a first gate diclectric covering the top surface of the
first fin having a first thickness and a second gate dielectric covering the top surface and
sidewalls of the second fin having a second thickness less than the first thickness: and a
conductive gate strip traversing over both the first gate dielectric and the second gate diclectric.

[0038] In accordance with yet other embodiments, a method of fabricating a Fin field effect
transistor (FinFET) comprises providing a substrate having a first fin and a second fin
extending above a substrate top surface, wherein each of the fins has a top surface and sidewalls;
forming an insulation layer between the [irst and second fins extending part way up the fins from
the substrate top surface; forming a photo-sensitive layer over the first and second fins;
patterning the photo-sensitive layer to expose the portion of the first fin above the insulation
layer and cover the second fin; forming a first gate dielectric having a first thickness covering the
top surface and sidewalls of the first fin using a plasma doping process; removing the photo-
sensitive layer; forming a second gate dielectric covering the top surface and sidewalls of the
second fin having a second thickness less than the first thickness; and forming a conductive gate

strip traversing over both the first gate dielectric and the second gate dielectric.
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thickness is from1.05 to 2. 8. The FinFET of claiml, wherein the
conductive gate strip conprises an NNwork function netal, wherein the
transistor is an n-type FinFET. 9. The FinFET of claim8, wherein
the N-work-function netal conprises a netal selected froma group
consisting of Ti, Ag, A, TiAl, TiAIN, TaC, TaCN, TaSiN, M, and Zr.

10. The Fi nFET of claim9, wherein the FinFET is operated while turning on
the second fin and not turning on the first fin. 11. The Fi nFET of
claim1l1, wherein the conductive gate strip conprises a P-work function

netal , yépsoei N WhR theansdnsib@hal Sedh RedoBQ b NEETof example and in terms of
embodiments, it is to be understood that the invention is not limited to the disclosed
embodiments. To the contrary, it is intended to cover various modifications and similar
arrangernents {as would be apparent to those skilled in the art). Therefore, the scope of the
appended claims should be accorded the broadest interpretation so as to encompass all such

modifications and similar arrangements,
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CLAIMS

1. AFinfield effect transistor (FinNFET) comprising:

a substrate comprising a top surface;

a first fin and a second fin extending above the substrate top surface,
wherein the first fin has atop surface and sidewalls and the second fin has a
top surface and sidewalls;

an insulation layer between the first and second fins extending part way
up the fins from the substrate top surface;

afirst gate dielectric covering the top surface and sidewalls of the first
fin having a first thickness t1, wherein the first gate dielectric is in direct
contact with thefirst fin;

a second gate dielectric covering the top surface and sidewalls of the
second fin having a second thickness t2 less than the first thickness, wherein
the second gate dielectric isin direct contact with the second fin; and

a conductive gate strip traversing over both the first gate dielectric and
the second gate dielectric.

2. The FinFET of clam 1, wherein a portion of the first fin extending
above the insulation layer is thinner than a portion of the second fin
extending above the insulation layer.

3. The FnFET of claim 1, wherein a ratio of a width of a portion of the
first fin extending above the insulation layer to a width of a portion of the
second fin extending above the insulation layer isfrom 0 to 0.95.

4. The FinFET of claim 1, wherein the top surface of the first fin is lower
than the top surface of the second fin.

5. TheFinFET of claim 1, wherein aratio of a height of the first fin above
the insulation layer to a height of the second fin above the insulation layer is
from O to 0.95.

6. The FINFET of claim 1, wherein atop surface of the insulation layer is
lower than the top surface of thefirst fin.

7. The FnFET of clam 1, wherein a ratio of the first thickness to the
second thicknessisfrom 1.05 to 2.
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8. The FnFET of claim 1, wherein the conductive gate strip comprises an
N-work function metal, wherein the transistor is an n-type FinFET.

9. TheFnFET of claim 8, wherein the N-work-function metal comprises a
metal selected from a group consisting of Ti, Ag, Al, TiAl, TiAIN, TaC,
TaCN, TaSiN, Mn, and Zr.

10. The FnFET of claim 9, wherein the FinFET is operated while turning
on the second fin and not turning on the first fin.

11. The FnFET of claim 1, wherein the conductive gate strip comprises a
P-work function metal, wherein the transistor is a p-type FINFET.

12. The FInFET of claim 11, wherein the P-work-function metal comprises
ametal selected from a group consisting of TiN, WN, TaN, and Ru.

13. The FInFET of claim 1, wherein the top surface of the first fin is lower
than the top surface of the second fin.

14. A Finfield effect transistor (FinFET) comprising:

a substrate comprising a top surface;

a first fin and a second fin extending above the substrate top surface,
wherein the first fin has a top surface and the second fin has a top surface
and sidewalls;

an insulation layer between the first and second fins extending part way
up the fins from the substrate top surface, wherein a top surface of the
insulation layer is substantially coplanar with the top surface of the first fin,
and the second fin protrudes from the insulation layer;

a first gate dielectric covering the top surface of the first fin having a
first thickness;

a second gate dielectric covering the top surface and sidewalls of the
second fin having a second thickness less than the first thickness; and

a conductive gate strip traversing over both the first gate dielectric and
the second gate dielectric.

15. A Finfield effect transistor (FinFET) comprising:
a substrate comprising a top surface;
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afirst fin extending above the top surface of the substrate, wherein the
first fin has atop surface and sidewalls;

a second fin extending above the top surface of the substrate, wherein
the second fin has atop surface and sidewalls;

an insulation layer between the first fin and the second fin, the
insulation layer covering a portion of the first fin and a portion of the second
fin, wherein a portion of the first fin below a top surface of the insulation
layer has a width substantially equal to a width of the second fin, and a
portion of the first fin above the top surface of the insulation layer has a
width less than the width of the second fin;

a first gate dielectric over the top surface of the first fin, the first gate
dielectric having afirst thickness over the top surface of the first fin;

a second gate dielectric over the top surface and sidewalls of the second
fin, the second gate dielectric having a second thickness less than the first
thickness; and

a conductive gate strip traversing over both the first gate dielectric and
the second gate dielectric.

16. The FInFET of claim 15, wherein the second gate dielectric is between
the first gate dielectric and the conductive gate strip.

17. The FnFET of claim 15, wherein the first gate dielectric covers the
sidewalls of thefirst fin.

18. The FinFET of claim 15, wherein the top surface of the first fin is level
with atop surface of the insulation layer.

19. The FInFET of clam 15, wherein a width of the first fin above the
insulation layer is less than a width of the second fin above the insulation

layer.

20. The FInFET of claim 15, wherein a height of the first fin is less than a
height of the second fin.
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