Met hods and Structures for Planar and Miltiple-Gate Transistors Forned on
SO [0001] This application claims the benefit of U S Provisional
Application No. 60/540,680 filed on January 30, 2004, entitled Methods and
. Structures for Planar and Miltiple-Gate Transistors Formed on SO, which
application is hereby incorporated her ein by reference. TECHNI CAL FI ELD

[0002] The present inveR{[i n energ: relates to fabrication of
semi conductor devi ces. "If uctures torcBlanateand, ticularly to

mul tipl e-gate and pl anMultrlﬂnsGateﬂ‘sarfsmtmsl Kormed on SOI
sem conductor on-insulator (SO ) substrate structure. BACKGROUND [0003] A
uctor layer

current t |s t he t hi ckness,of, th sefn]'c in i cal
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transisto t echnol og generatl ons change 130 run to 90 nm
to 65 ri n&?@%@ﬁ@] 3&391 Q%Hé?% 8 2 Oohﬁm@ﬁéll‘ﬂethp&% atl@f;ﬁgt@atur@qurkﬂm wid t he
active region for a planar transistor fabricated using an SO structutre
i s about lldﬁéiﬂtﬂr"ﬁﬁﬁnSIStamchrsleé»peS@IeWhtoh dpplicatiendsrhérely iricorfordted Berein

t echnol ogy generations. [0004] As shown in FIG 1, a nultiple-gate

transi st oby 2fferfmeg., Fi nFET) typically has a verti cal sem conductor fin

22. The vertical sem conductor fin 22 is also known as the active region.
The gate dielectric 24 and gate el ectrode 26 cover a |large portion or a

majority r of the active region 22 at the channel region
because r‘r’ﬁé?hgﬁcgwré Iﬁiﬁ
[0002] The present invention generally relates to fabrication of semiconductor

devices. In one aspect it relates more particularly to multiple-gate and planar transistors

formed on a semiconductor-on-insulator (SOI) substrate structure,

BACKGROUND

[0003] A current trend is that the thickness of the semiconductor layer in typical
'.semiconductor—on—insulator (SOI) substrates is decreasing for planar transistors as the
“ technology generations lchange (e.g., 130 nm to 90 nm ;o 65 nm technology generation).
Currently, the typical thickness of the active region for a planar transistor fat;ricated using
an SOI structutre is about 400 angstroms, and is expected to become smaller in future

technology generations.

[0004] As shown in FIG. 1, a multiple-gate transistor 20 (e.g., FinFET) typically has a
-vertical semiconductor fin 22. The vertical semiconductor fin 22 is also known as the
active region. The gate dielectric 24 and gate electrode 26 cover a large portion or a
majprity of the surface of the active region 22 at the channel region because most of thé

current is conducted along the sidewalls. Thus, generally, a taller fin 22 is better for
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current is conducted along the sidewalls. Thus, generally, a taller fin 22
is better for -1 conducting |arger currents, and the vertical fin structure
allows for nore gate electrode area for better control of the |arger
currents. The fin height hf in a nmultiple-gate transistor 20 is preferably
greater than the fin width wf. Wien a sem conductor fin 22 is fabricated
from an SO, structure, the fin height hf is typically approxinately equal
Lo the. t nRSHEEE Breer Firends and Brecksetcas fin stpastugstallows fanorstgatrceleqteode gesa
e.g., FIG 1). [0005] It is desired to have Fi nFET transi stor co-existing
on a sanmefketergentrelnfrbniargsn aurresitsinBae fin heightsh:on 8 nfdtiple @ateatansistor 20 is
applications. But such desire to have planar transistors and nultiple-gate

transi st opsferable gicater tigmahe fin sadi ve:h iWhdir £spribendubiod BiR 227§ pbHesEd hegause
the active regions for the planar transistors are decreasing and the active

regi ons (dd $9) stheturk e = j ' aller.
Thus " hang e epurtlife I Heleht B0 Bipfoally ARplcR LBk El Mol dE Bl Eiflichits o8 ol

transi st ofes,; a0 j.Sstors sanme chip, e.g., on SO
substrateeg%lr uctu%}eisal.y -‘gﬁgﬁmﬁ@i@eﬁﬁﬁ \ I1 [ 00061 The probl ens and

needs outlined above may be addressed by enbodi nents of the present

i nventi on0005] accibistiusived t lidve GiFETS@aRstorl doesxEsting cRfahdediasseni conduct or
device conprising: an insulator |ayer, a planar transistor fornmed on the

first pordonoentidhaPplasl HaaANSKCbPEerlRY Splichiibns’ IHut ek
sem conductor | aylc?r overlies the ins u?ﬂa{)t or and u?%%%qe%fg‘?{bplgirvfa%g%a{)f t he
sem condyelQistor SNkl mBfpId) gatétr];ﬁﬁs%rstcgle%li(s%%g oh a%alie lcinlpprlargs-eg%tu%ique
problems because the active regions for the planar transistors are decreasing and the active
regions (fins) for the multiple-gate transistors are desired to be taller. Thus, a need exists

for methods and structures of providing planar transistors and multiple-gate transistors on a

same chip, e.g., on SOI substrate structures.



transistor is forned on the second portion of the sem conductor |ayer, the
second portion of the sem conductor |ayer overlying the insulator |ayer,

t he second portion of the sem conductor |ayer has a second thickness, and
the second thickness is larger than the first thickness; and the planar
transistor conprising: a planar channel formed fromthe first portion of
the sem conductor |ayer; a gate dielectric having vertical portions on
opposite sidewalls of the planar channel and a horizontal portion on a top
surface oPUMMABYRETHEREENTION gate el ectrode overlying the gate

di el ectri er gi oLVl t rtiaons.on. t
verti cal @gPWongﬂlgP I'(itﬂ)ﬁee gatﬂ fé@g&gg@g iatg@‘zen%g)gﬁ%%dﬁ?éf%%ﬁa 3l enbgrﬁfnll%lﬁs %ﬁ t he
hor i zont athe prastitarvenfion.hin agadrdamgtie atithaineiaspech titkre Byreddaincseti@ndudt@gi ons

formed in,tk first porti of the senm conductor | ayer positely adjacent
the gate (IE‘C%tCP ggél?lnﬁoﬁﬁ?i“q%o‘éléygs%ﬁlsa?%r g @m&%eﬁﬂ ‘ﬁ'gt\ﬂo&témi H& udes an
i nsul at or sehdiyemiductar faiers the fétipoftion oFtheseiRdtndRSUGTR ovedi¥eihe iRuhfiT ARG
portion Otlfhetﬁhe sem conductor | ayer, a first transistor, and a second

~ transi st of?® I @ofong thisemicoRdetonlper baving 8 fiavi shigknepupapulanleghices t he
i nsul at or ransikRR i fohfitd HPiHelsOdn o}tﬁﬁ ot H{¥ S%ﬁ%gﬁﬁé?&r 1h o 8he Ee%ﬁncf'?gr{i&? H.'

t hi ckness. The second portion o t he sem conductor 1ayer overtTies e

i nsul at orthe Ryaicerdusing layer eveshyingfthe nsulgieniayen thectomd poayeroftias a second

t hi ckness thick l.s | arger.,than e first. thickness. The
fi Irst tfasr?gn;[%?lg?&ﬁrg[gg% h?{s%g?c%ﬁ@{lxll@%l%se%r%tﬁe F%?Pﬁéﬂu‘fl?%?ﬁ 1§ Wégef&f‘”gﬁﬁeport ion of
the semi climdhickoess; dndyibe pladdreransisonebnigrang: 8 pRhahdsnil 5REeAGACHE igst ' €gi on

formed from.t he. second rtion of the sem conductor |ayer. [00081
Di scl os equrgo%Of&Eﬁ?%ﬁ%‘E@F@F Pﬂéf%f\‘y P sateidirdectiuphaving Yortdeal ROTEPNS Qryenposite f i r st
portion  gfdevalls 8fihe PREAIFEEIInd @%@ hoBzontal portion on a top surface of the planar

channel; a gate electrode overlying the gate dielectric, wherein the gate electrode has
vertical portions on the vertical portions of the gate dielectric and a horizontal portion on
the horizontal portion of the gate dielectric; and source and drain regions formed in the
first portion of the semiconductor layer oppositely adjacent the gate electrode.
[0007] Disclosed is a semiconductor device includes an insulator layer, a first portion
of a semiconductor layer, a second portion of the‘semiconductor layer, a first transistor,
and a second transistor. The first portion of the semiconductor layer overlies the insulator,
The first portion of the semiconductor layer has a first thickness. The second portion of
the semiconductor layer overlies the insulator. The second portion of the semiconductor
layer has a second thickness. The second thickness is larger than the first thickness. The
first transistor has a first active region formed from the first portion of the semiconductor
layer. The second transistor has a second active region formed from the second portion of
the semiconductor layer. | '

. [0008] Disclosed is a semiconductor device includes an insulator layer, a first portion

of a semiconductor layer, a




3 second portion of the sem conductor layer, a first transistor, and a
second transistor. The first portion of the sem conductor |ayer overlies
the insulator. The first portion of the sem conductor |ayer has a first
t hi ckness of | ess than about 400 angstrons. The second portion of the
sem conductor | ayer overlies the insulator. The second portion of the
sem conduct or | ayer has a second thickness of greater than about 100
angstroms, but the second thickness is larger than the first thickness.
The firstsecprhrorgenel theseraicendusior kayet, wdirstitragsisinr, hud asgtohd asister. flhe st

portion o : } The cond trapsistor .havi a second
active reg{%ﬁ&flcé)fr? ﬁ%g\gg %%1&? ug{oggas)é%%veglg?sﬁ ﬁ%lrr]l S@?tof‘ﬁ’ghestzrlsﬁ P@&‘Hh%fttﬁ?g | ayer.
[ 00091 Di swiiogeldctoslagentet hdulstcfickreby dfdedsiting oseriocapdteisomhedexioae i S

provi ded. This thod includes the.foll ow ng steps described in this

par agr ap hl.)orgﬂ%ogi_rﬂgé?mﬁ?m{]‘ﬁ‘i{?r gﬁyébgveﬁﬁﬁh%‘&f‘y?t frelhgsscadqesinn ofjthe may

overl ap, seicdiRlubior RgErctak @lseconll hiGlORE dTokd A ShdnMBHRA00 anBdMotnsObutdnd 1 T St
portion of a sem conductor layer is renoved to provide a first thickness of

the firstSoRd hiskness ilacgsr thap thefirstahiskiess-hThdkfistsansistag heee Grstiagioet | on of

t he sem ' . ' t ji Th

sem cond ﬁ%? %?q?%eg rfklfh}s{ ﬂ%vfg?l H}? ﬁ(gle(gﬁﬁ%]%gl J%nglt(agétblr l?g?/ré lrfhg g&g ﬁ? tsrfm Sésg?ri ve region
for a firkavingasesomt astive egiarfored framthidrecdidrsitiqrosfithosentéondbetor layer.

sem condu | ayer., A, seco ctive region for a secqnd transistor is
f or med fr@hﬁ]he bﬁ%&?ﬁ%”ﬁ&?‘%ﬁ%‘ﬁoﬁb’?%@ &ﬁff&ﬁﬂ%t?foaﬁe‘rla%Prow%éiﬁ%%t e
that al t hoegbd tdetndeethefoll @yiag StepSdescreibd il fRdSHSIHpH. N DRRS bF ieatdpen and in
the clains, the resulting features formed using the "layer" should not be

i nt er pr etBEY VABgBENRT scaucniiab gy erdars ay b prralleluasdsambinationsehersef. wi 1 | be
C.| ear fr er@ﬂpﬁ&l of a semiconductor layer is removed to provide a first thickness of

the first portion, and so that a second thickness of a second portion of the semiconductor
layer is larger than the first thickness. The semiconductor layer is overlying an insulator
layer. A first active region for a first transistor is formed from the first portion of the
semiconductor layer. A second active region for a second transistor is formed from the
second portion of the semiconductor layer.

[0010]  Note that although the term “layer” is used throughout the specification and in
the claims, the resulting features formed using the “layer” should not be interpreted
together as a continuous or uninterrupted feature. As will be clear from reading the
specification, the semiconductor layer will be separated into distinct and isolated features

(e.g., active regions), some or all of which comprise portions of the semiconductor layer.
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specification, the sem conductor |layer will be separated into distinct and
isolated features (e.g., active regions), sone or all of which conprise
portions of the sem conductor layer. -4 [0011] The foregoing has outlined
rat her broadly features of the present invention in order that the
detail ed description of the invention that foll ows nmay be better
understood. Additional features and advantages of the invention will be
descri bed hereinafter which formthe subject of the clains of the

i nvent i on[0011] shdt forigimips eailiate thily biduaserfestsids betheipfesehtifventibn fhat t he
conception and specific enbodi nent disclosed nmay be readily utilized as a

basi s f orort@xdthatithe\@etailed @0Scri@bMEF BE MfienSdd el B116Fs Ahy BE Qa%faﬁéer&géd.caf rying
out the sane purposes of the present invention. It Should also be realized

by those gditibed fdafirdsdaibankd}Re of I?LE" <BoH Wil Mes&%ﬁ%g}é&%hgﬁhﬂﬂ not
depart fromthe spirit and scope of the Invention as set or i'n the

ded i - i R THE W NGS 12] The,. fol | ow
e e br i oS sR, A S Sl B e Lk B g e

nbodi t i ' d ip,which: 013], . FIG. 1 i

per spect 102+ 1l 18 BHERF arHFOH: PRneRasl adtld e AT e o o
perspective.¥iem1 Bgmﬁng art of an SO chip having a planar transistor
and a mulBaFS I He! ?%%{@FI&IBS OfhSF HBIFIIRS HOUOREEH & SATYIRE QU the stmenbodi nent

of the present jnvention; [0015] FIGs. 3-8 illustrate sone steps of a
met hod ofPHREISES ?fg}h? Pissent inyentiony dbshelsk also be realized by those skilled in the art that

such equivalent constructions do not depart from the spirit and scope of the invention as set

forth in the appended claims.




structure shown in FIG 2; [0016] FIG 9 is a side viewillustrating a
second enbodi nent of the present invention; [0017] FIG 10 is a
perspective view showing part of an SO chip having a planar transistor
and a nultiple-gate transistor forned in accordance with a third enbodi nent
of the present invention using nesa isolation; and [0018] FIGS. 11A-11D
illustrate sone steps of a nethod of form ng an enbodi nent of the present

i nventiong.- SCRILPTI ON OF | LLUSTRATI VE EMBODI MENTS [ 0019]

Ref erri ngB%@:BEEﬁﬁFﬁAQFggﬁE\%WQWKe ref erence nunbers are used
herein to designate |like or simlar elenents throughout the various views,
i |1 ustrat jopoga; eMdeRd ABIRLS Pk 4t i tion are.shown and described.
The fi gur[es a]re not nece%&ﬁ%fgﬁ%mﬂé%og%g{aﬁ%mgﬁ%"Yerﬂajsﬁmtr‘%ﬁg?ﬂ?@ﬁg t he
dr awi ngs -hbeen aggerated .and/ar. sinplified in places for

i |l ustrat %ﬁgdﬁﬁpg%giﬂwgﬁwm Byt d%lﬁ"é?r@“ski Il inthe art will

appreci ate the many possi ble applications and variations of the present

| nvent i onfoo3ed PIC. UfTeabelshaulvasidk bulifiakiaik GFSRA TRplao the present
or

i nvention. [0020] FIG IS a perspective view a portion of a

sem conductor structure incorporating a first enbodi nent of the present
i nvent i onl001H FI G1Q: 2 ina pempentivervaevs sleivang art ofmdSAI ohipthiaplng-agaer
transi stor 20 are shown formed on a sem conductor-on-insulator (SA)

subst r at eratsistortand e rddtiplEpatetranitortfoand intaesordhcB dstta filst siba&ikichEof €9i On
31 with a generally

the present invention;

[0015] FIGs. 3-8 illustrate some steps of a method of forming the first embodiment

structure shown in FIG. 2;

[0016} FIG. 9 is a side view illustrating a second embodiment of the present

invention;

- [0017] FIG. 10 is a perspective view showing part of an SOI chip having a planar
transistor and a multiple-gate transistor formed in accordance with a third embodiment of

the present invention using mesa isolation; and

[0018] FIGS. 11A-11D illustrate some steps of a method of forming an embodiment

of the present invention.




thin, planar shape. The nultiple-gate transistor 20 has a second active
region 22 with a generally tall, fmshape. The first and second active
regions 31, 22 are forned froma sanme sem conductor |ayer of the SO
structure 40. The first active region 31 has a first thickness tl1l. The
second active region 22 has a second thickness t2. The second thickness
Is larger than the first thickness t1. [0021] The first thickness t7 is
pr ef er abl t 400 _angstrons, and even nore preferably |ess
Phan: apo b ESGECER SR B o L ERS TRV SMBOTRENES | hoe than bal |
the gate length I g for the planar transistor 30, and nore preferably the

first thi [‘Dbi‘ﬂss tﬁeﬁﬁﬁngln%ﬁo}tg@gﬁa%ﬁ%ss %’Flér%ianke:rrgger&%éﬁlgb%g ta}r%%{l%g&llél%ﬁn

exanple, if the gate ngt h anar ansi

t2

of

angstro ~the.first, thickness t1 may be | ess than 150 -7 angstrons
or nor e”&? ((531% glg'gag% g}kff UMYl glemngpys g‘ﬁﬁ%@?"b‘ﬁ@e ‘%ﬂ%‘t‘? Y‘ﬁ\gs’f‘jll"ﬂantvﬁi ckness t1 is

|l ess than half or one third of the gate length 1g, the planar transistor

30 maybe FRRoSHRENs pithg present inyentign ar showadnd CesrBped.r The figurss aremoki r st gat e

dielectric 34 is overlying a first channel region in the first active
regi on 3mecgrsirily sravgntoescelecmtdrindomdanstancey i ldydwiggs heve bioes exgaemied

dielectric 34. Source and drain regions 37, 38 of the planar transistor 30

are for matdion sinipdifietliin placéClor UBrstrREV OSUrpdscOBRYS OrRlof od@thAGARLN ke £ 1 St

gate electrode 36. [00221 Still referring to FIG 2, the Second thickness

t2 (i.e. willfappicefated thE niah 88&5%!8% eaflbns 488 SEGHRDb AL ﬁ%@er{t?@e%ﬂm%z 'S

preferably greater than about 100 angstrons, and noré “preféra

y greater

than ab L for lg. The fin widih w | fer abl
ar eat or PR Sh AR RTEARE bR RO Bnenar e BRuPKEIIE 24 1 o ovellyi ng

a second
[0020] FIG. 2 is a perspective view for a portion of a semiconductor structure

incorporating a first embodiment of the present invention. In FIG. 2, a planar transistor 30
and a multiple-gate transistor 20 are shown formed on a semiconductor-on-insulator (SOI)
substrate structure 40. The planar transistor 30 has a first active region 31 with a generally
thin, planar shape. The multiple-gate transistor 20 has a second active region 22 with a
generally tall, fin shape. The first and second active regions 31, 22 are formed from a
'same semiconductor layer of the SOI structure 40. The first active region 31 has a first
thickness t;. The second active region 22 has a second thickness t. The second thickness

t5 is larger than the first thickness t;.

[0021] The first thickness t; is preferably less than about 400 angstroms, and even
‘more preferably less than about 200 angstroms. The first thickness t; may be less than half
of the gate length 1, for the planar transistor 30, and more preferably the first thickness t; is
less than one third of the gate length 1,. For example, if the gate length 1, of the planar

transistor 30 is 300 angstroms (30 nm), the first thickness t; may be less than 150




channel region in the second active region 22. The second gate dielectric
24 at least partially waps around the second channel region of the fin
22. A second gate electrode 26 1is overlying the second gate dielectric 24.
The second gate dielectric 24 electrically insulates the second gate

el ectrode 26 fromthe fin of the second active region 22. The

mul tipl e- | star 20 sho in FIG 2 is a triple-gate transistor
because t%@ésgrg%%%gﬂ%%?reet‘%rﬁ%lg ?S\émal@ngl@oﬁg%tﬁﬁg&a‘v@ﬁ@ therfiratthigkgess t(igllesag at
| east parﬁwﬁf &_he tvv%l.si dewal I s and along the top surface of the fin 22)
of the selBRGaEREARSS itht2aie langth lgithe pRnaSansistor 3G dnaydbeaieferredgo anian 27,
28 of the multiple-gate transistor 20 are forned in the second active
regi on 22ulbbis hodlyf UZE) dxmsistor. ha fstomatodighteiceldds bratiin26 firBeRAMSE @
substantial fraction of the drive current flowng fromthe source 27 to

the drai nreg®nfihdhvsiisnadtive régidedal A fistdideRetrodd 34 13 o@éﬂﬁﬁég%\ﬁg@\%geeous to
abo

have a tall fin 22 (see e.g., exanple dinmensions descri for the
mul ti pl e- gdleBtricr3aN Nowt in SediSiiZ3 14 t sho t | anar
transi stor 30 and/ or tér%reanﬁu%ﬁl}]g?éel-gaté?’ Pgﬁ%ig%}‘oa?%%QS%%%??@% SO
have spac sidewal | s of .the gate el ectrodes 26, 36. Such
spacers WE{/S?%%RIEEE ?}?9}%Bﬁ%s&eﬁ’gﬂl\ﬁfaﬁgntstﬁgﬁgséggt%@&qﬁrg%?»@.egi ons 27, 28, 37,

38, for exanple. Also, the planar transistor 30 and/or the nmultiple-gate

transi st oj002Z] of Sxill referbiagiteBIG. 27ehe faMRi ﬁﬁ&ﬁ@ésngiﬁeg,‘ﬂé)%r &{éfhrfjsfﬁ Bl 681 ONS,

or raised source and drain regions (not shown). ource an rain

r egi oNs NBY s@oR® sBfveeEBRRARAds Pick L rial such.as a

silicide. I'n such case,él%t he Ssgtgce?@y%?%\géef%&c%ﬁgm PESUPIS AN Gt eri al on
h i i f Ki | i cal ith th

Eal gc f?g(rj , o1V ERL 1881805 40 %ilngsq%nllsr,]?oreexgﬁl%ié. “fhe f(i:noxggdatﬁgvf\i,ggrefe%ab?y gate

greater than about 500 angstroms. A second gate dielectric 24 is overlying a second
channel region in the second active region 22. The second gate dielectric 24 at least
partially wraps around the second channel region of the fin 22. A second gate clectrode 26
is overlying the second gate dielectric 24. The second gate dielectric 24 electrically
insulates the second gate electrode 26 from the fin of the second active region 22. The
multiple-gate transistor 20 shown in FIG. 2 isa triple-gate transistor because the second
gate electrode 26 extends along three sides (along at least part of the two sidewalls and
along the top surface of the fin 22) of the second channel region of the fin 22. Source and
drain regions 27, 28 of the multiple-gate transistor 20 are formed in the second active
‘region 22 oppositely adjacent the second gate electrode 26. Because a substantial fraction
~of the drive current flowing from the source 27 to the drain 28 flows on the sidewall
surfaces, it is often advantageous to have a tall fin 22 (see e.g., example dimensions

de'scribed above) for the multiple-gate transistor 20.




whi ch woul d | ead to undesirable shorting of the source or drain regions to
the gate electrode. [0024] FIGs. 3-8 illustrate a nethod of fabricating
the structure of the first enbodinment shown in FIG 2. Referring to FIG
3, the SO substrate structure 40 in this exanple has a substrate 42, an
I nsul ator |ayer 44, and a sem conductor |ayer 46. The insulator |ayer 44
I's overlyi he strate 42, and the sem conductor |ayer 46 is overlying
t he insul gﬂg?} 44 3#8“31}1%%83?% the pmantzansisior 36 andipr she maltiple-ghitetrasistorc,
such as si]i gon oxide (Si @), alum numoxide, or silicon nitride, for
exanpl e. THeTEKxi2dnwvlee bave wpeers f8mertam thesidewallsgifahd gate geostis RaYRy, or a

conposite layer (e.g., strained silicon structure), for exanple. The

sem condu8edr spacaremay ®e mmyful modopiies thi kbeoSand@ATRREEE 20 &, Bl 0N forger mani um
compound, gal lium arseni de, indium phosphate, or conbi nations thereof, for

exanpl e. txuniple £K8NBEBl@hr trh@ididd Ff arRiRQ ﬂﬁp@g%@&ﬁ&a\l{e}@g@ %ﬂf aé]rrgo dt he SO

structure 40 is a silicon-on-insulator struc i ment

of the pr - ' li,ed.to silicon:-germniu n-i nsul at or
(sc0l ononestimeAARR} bk iediBuRRRR B fgfons, Graiodd Sotre il o

substrate ture 4 .g., as own in FIG 3) may be nmade by a -9

manuf act urreg}rc'lil%J glg’kl Isﬁoavfrgn %%QHW@B H{?é‘i 8o yayealen bopdrapped withseondwtisect or
device incor.porating an, enbodi nent of the present invention, or the

‘manuf act ﬁ@‘iﬁnﬁlawg]bﬁ% afifcide. hn syph o863, theadpereropreSaDl condiictivefsilivideanstetiar

manuf acturer, for exanple. [0025] In FIG 3, a patterned nmask 50 is shown
over | yi ngPrthe sqwe¢ ashdrat sgionafiem méking EleetriRal émtae hiflBaK ¢ 20 clestrgREN Over a
first portion 51 of the sem conductor |ayer 46 and

which would lead to undesirable shorting of the source or drain regions to the gate

electrode.

[0024] FIGs. 3-8 illustrate a method of fabricating the structure of the first
‘embodiment shown in FIG. 2. Referring to FIG. 3, the SOI substrate structure 40 in this
example has a substrate 42, an insulator layer 44, and a semiconductor layer 46. The
insulator layer 44 is overlying the substrate 42, and the semiconductor layer 46 is overlying
the insulator 44. The insulator layer 44 may be any suitable dielectric, such as silicon
oxide (8i0,), aluminum oxide, or silicon nitride, for example. The semiconductor layer 46
may be a single homogenous layer or a composite layer (e.g., strained silicon structure), for
example. The semiconductor layer 46 may include silicon, germanium, a silicon
germanium compound, gallium arsenide, indium phosphate, or combinations thereof, for
example. In the example of the first embodiment shown in FIGs. 2-8, the SOI structure 40
is a silicon-on-insulator structure. However, an embodiment of the present invention may
be applied to silicon-germanium-on-insulator (SGOI) chips as well, for example. All or

part of the initial SOI substrate structure 40 (e.g., as shown in FIG. 3) may be made by a




covers a second portion 52 of the sem conductor |ayer 46. The sem conduct or
| ayer 46 has an initial thickness t0, which is equal to or greater than
the resulting second thickness t2 for the fin height hf of the

mul tiple-gate transistor 20 (see FIG 2). If the initial thickness to is
greater than the desired second thickness t2, the thickness of the second
portion 5 e em conduct or | ayer 46 may be reduced at any stage in
the met hoﬁjagirlfa%&feorrfg?%g P2 sgmicogduciondeynesr Ppe @F 8 sermisendyginrdissiori r st
portion 51 of the sem conductor layer 46 is thinned.” Part of the first
porti on SPCBPOIHEEABFARRodHUE Of theapresentBiviestions npthedndrnm faptwren wey diiginfd r st
thickness t1 in the first portion 51, as shown in FIG 4. If the

seni condublesk SOdyeferas SGOIswaferfrom msthes manbRchaGef@kxidpe. exanpl e

enbodi nent, the first portion 51 may be thinned by a silicon thinning
process. a sily t hi nni ng process_may include the steps of oxidizing
a top po@t‘5 ?gln ofh#ﬁ%ﬁ@@%ﬁn Rgo) sshownpyeryiag Sid seodepndustdelayetd. owed
by a renoyal of the silicon oxide at the first portion 51. In such case,
the patt eFRRRALPERAd 1a5kA%)ib epemener farfirsh poationas Bof thk sereicgnductér lag@@oninr i de,
that is able to wthstand the high tenperatures enployed in silicon

oxi dat i oneoverse: ysaondportidn TR oK tHeGemioonldactar e 46, | PSerni®sHiuctBr Byer 46 has
conprising a silicon nitride |layer on silicon oxide |layer, for exanple.

The r enova initfal faknesd t,! Wich REHuEPR G Qer TRYEhE "i‘%]suﬁggfsr QJHdttpl%kﬁésE g{f .
portion 51 may be an etch process (e.g., wet etching, 3ry pl asma 8ﬁ|ng

| oyi I ' ) | j hi o f.-10 etchi i
Dsed, "t e o ar e B e B o s TAEHLISE D P 002 b s il R hher ol

e.g., ph | that s able.to withstand or sufficiently block the
ot ghi ng %fg%glitgi%glgrc{%{ﬂﬁeed secon t?uctlmess 12, the %wkness of the second ppr¥ion 52 of the

semiconductor layer 46 may be reduced at any stage in the method or prior to FIG. 3, for

example.

[0026] The exposed ﬁrst portion 51 of the semiconductor layer 46 is thinned. Part of
the first portion 51 of the semiconductor layer 46 is removed to provide the first thickness
ty in the first portion 51, as shown in FIG. 4. If the semiconductor layer 46 is silicon, as is
the case of this example embodiment, the first portion 51 may be thinned by a silicon
thinning process. Such a silicon thinning process may include the steps of oxidizing a top
ponion of the exposed silicon 51 to form a silicon oxide, followed by a removal of the
silicon oxide at the first portion 51. In such case, the patterned mask 50 may be made from
a material, e.g., silicon nitride, that is able to withstand the hi gh temperatures employed in
silicon oxidation. The patterned mask 50 may be a multi-layer mask, e.g., comprising a
silicon nitride layer on silicon oxide layer, for example. The removal of part of the
semiconductor material 46 from the first portion 51 may be an etch process (e.g., wet

etching, dry plasma etching employing a fluorine chemistry, reactive ion etching). If
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second portion 52. After the thinning of the sem conductor |layer 46 in the
first portion 51, the patterned mask 50 is renoved, as shown in FIG 4.
[0027] To formthe first and second active regions 31, 22, a patterned
active region mask 60 is provided over the first and second portions 51,
52 of the sem conductor |layer 46. Material of the sem conductor |ayer 46

IS renoveg.j.: ' n Lth,th tive region, mask 60, as _shown in FIG
50 to tor artRe PR ebt e Aok Bp B sHEbat: comman @askioFab t he
sem conductor, materi for formng the active regions 31, 22 may be

per f or med®By PRAHOSIShithay isshle swithstangd or spficientstiloek the eichpiggsoeeseovdriting
enploying a fluorine chem stry, reactive ion etching)-preferably a dry

pl asma et ¥RPRGPYPHOE 885 Aflgp theebinning dftlenendsomiRicx isfer b6 inmme firdt hortidn it
active regions 31 (thinned and patterned sem conductor |ayer regions in

t he firstthpoatiéroed mhjk Shtremened, hesipapmdriactyi ve regions 22 (vertical fin
shaped sem conductor |ayer regions in the second portion 52), and/or

bet ween @hi t an §econd active regi ons 31, 22. Adielectric material 64
may be us o fiI9iqmethe fise @pd seqond epléee BRions 31 c¥Amipstitratd antiveeegioms or

i solation structures between and/or around the active regions 31, 22, as
shown i n ek 606is providesheyep te. firftmdaetdndepartiehss1, SR oK i Geinscontii@sr lagaoved,
as also shown in FIG 6. The dielectric material 64 formng the isolation

regi ons mﬁefMataﬁhyoﬂthssmmmcnmm@eab@wrehﬁee@mm&h@a@%@%&%@g&??S tt

for the first active region 31 of the planar transistor - I n
i1 eront Chan & haor o e enl toe (18, ool sEr LAl PG 2l T2l 6o
om0 AR o T B e ol
performed by an etching process (e.g., wet etching, dry plasma etching employing a
fluorine chemistry, reactive ion etching)—preferably a dry plasma etching process. Spaces
or trenches 62 exist between the first active regions 31 (thinned and patterned
semiconductor layer regions in the first portion 51), between the second active regions 22
(vertical fin shaped semiconductor layer regions in the second portion 52), and/or between
first and second active regions 31, 22. A dielectric material 64 may be used to fill the
spaces/trenches 62 to form isolation regions or isolation structures between and/or around
| the active regions 31, 22, as shown in FIG. 6, for example. The active region mask 60 is
then removed, as also shown in FIG. 6. The dielectric material 64 forming the isolation
regions preferably has a thickness about the same as the first thickness t; for the first active
| region 31 of the planar transistor 30, However, in other embodiments, the thickness of the

dielectric material 64 may be different than the first thickness t;.

[0028] Gate dielectric material 66 is formed over a active regions 31, 22, as shown in

FIG. 7. The first and second gate dielectrics 34, 24 for the first and second active
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-11 regions 31, 22 nmay be the sane material and fornmed fromthe sanme | ayer
66, as shown in FIG 7. In other enbodinents (not shown), however, the
first gate dielectric 34 may be different (e.g., different material (s),
di fferent physical thickness, and/or different equivalent silicon oxide
t hi ckness, etc.) than the second gate dielectric 24. The gate dielectrics

34, 24 ma fQr usi any currently kno or, future devel oped gate

3 el eot i Ens 30 15%%’%?’8@2%33{%&8%“@@%%%%& ihessemsaysyiooy @Scﬁé’PW@gl;l
sputter dg Ys7i L@og,ﬁ_ cheni cal vapor deposition, nasked and etched, or
conbi nat i oNE t S embglimspisfapeshormy, hostayet, éhel firshgatk diskestrof 34 mey bat e
dielectrics 34, 24 may be between about 5 angstroms and about 100

angst r onsdiffeesnt s ngifisrentmateyiai(e), difédrenttphiysisal Wickmds, may/dpdiffeeg f rom any
suitable gate dielectric material, including (but not limted to): silicon
oxi de, si¢quicaentailigon bridd ehickries) che. Piheh Bl dhdBlCHiERrcY4, C@IEHINAT i ONs
thereof, for exanple. A high-k dielectric material preferably "has a

rel ative gieleBirich By, 44y ] i ' but. not , limted to):

al um num oxiede (A1203r§1;g§ ﬁi?‘ﬁ@ﬁﬁmﬁg Igélejyf %@E)ﬂﬁé’% ni &Hﬁ‘&%‘i‘?ﬁ%‘%@a@m aN) ,
hafiiium §hikeRtEm i zi recontum oxide . (Zr O2),, .zirconi um oxynitride
(ZroN), @FIF %‘gi%i um Jsﬁlfo ip(g)g‘%egs’ EW&?@@W%FH‘?SH’W tonyspafier depasititlinum oxi de
(La203) czlrﬁi uméoxi dlePé}hCeOZ), i fani um oxi de (Ti Q2), tantal um oxide
(Ta206), ARG CONN on, maskest ands dehed eqrgombinations thepedt for pxamplab®hie nent |
t he second gate dielectric 24 has an equivalent silicon oxide thickness

| ar ger t PAWSIcRlthickress gé thei gats digleetwics B4) 2cmay be BétweEnnb@ snplstrothdind i r St
gate dielectric 34 may have an equi val ent silicon oxide thickness of about

12 angst rabaet 100rrhgstiems daonuiugpid. €Tl gltedleldctiod 444 mAP be nitlile T ¥ ent
silicon oxide thickness of about

suitable gate dielectric material, including (but not limited to): silicon oxide, silicon

oxynitride, high-k dielectric material, or combinations thereof, for example. A high-k
dielectric material preferably has a felative permittivity greater than 7, including (but not
limited to): aluminum oxide (Al,Os), hafhium oxide (HfO,), hafnium oxynitride (HON),
hafnium silicate (HfSiO4), zirconium oxide (ZrQy), zirconivm oxynitride (ZrON),
zirconium silicate (ZrSi0,), yttrium oxide (Y203), lanthanum oxide (La,O3) cerium oxide
(Ce0y), titanium oxide (TiO,), tantalum oxide (Ta;0s), and combinations thereof, for
example. In a preferred embodiment, the second gate dielectric 24 has an equivalent
silicon oxide thickness larger than that of the first gate dielectric 34. For example, the first
| gate dielectric 34 may have an equivalent silicon oxide thickness of about 12 angstroms
and the second gate dielectric 24 may have an equivalent silicon oxide thickness of about
16 angstroms. Any of a variety of currently known or future developed techniques for
forming gate dielectrics with different physical thicknesses and/or different equivalent

rsilicon oxide thicknesses and/or different materials and/or different material combinations
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16 angstrons. Any of a variety of currently known or future devel oped
techniques for formng gate dielectrics with different physical

t hi cknesses and/or different equivalent silicon oxide thicknesses and/or
different materials and/or different material conbinations -12 over the
first and second active regions 31, 22 may be inplenented in an enbodi nent

of the p ' i e _way i ich gate dielectrics of different
physi cal ?ﬁ‘?ﬁgﬁigﬁ%x‘ﬁﬁ%ﬁg eacg]gF ﬁ%%x?%%ggﬁqyﬁ@dmgﬁ%ﬁnﬁﬁdniapleﬁ&qd&?@ﬂ of n
FIGs. 11 -hllD ftar exanple. A second gate dielectric material 24 of a
second t hi'EPRESR KSR, Qe SRYi I VHaeth 24t didlcirias of diffarers physicalriblickudsi ve
regions 31, 22. A mask 48 is fornmed that covers the second gate dielectric
mat eri al a3y B¢ fennedsedesndbedchare end dhjisoated 20 BiGs. #XAAIES féﬂw{aﬁ?f@ﬂd s€Rhe
dielectric material 24 at the first active region 31 (see FIG 11B). The

second gagate dieddctit materiaetMesfiadec@l Micknbhds ﬁwﬁﬁe@ﬁtﬂoﬂ?ﬂqu%@di e then
renoved. This is followed by renoval of the mask 48 (see 117Q A

L1 ot Sal@etidhaRi giofi100.ah sl RER IO B Aol PEAL dliBld ST,

active region 31 to formthe first gate dielectricC
first gatga.diigl £k {al 34 emai n or may be renoved fromthe
second gatg di el ecttﬂlrlé:scecgn@ aee‘cﬁllklgfegﬁl.l EB%’B{)‘?@Pseﬁftﬁ%‘?ecPﬁg?tF diglecipgmatesighd gat e

di el ectri 4 are for t first and second gate el ectrodes 36, 26
are deposil:faetié%%%t?)c VF@?%@B@%F@%&@V\HE‘% Thegecand gptreditiepiic matadalddaond gat e
el ectrodgfl 6, 26 for the first and second active regions 31, 22 may be the
sane nat eff 4IStafVergeinRés thewrmoneds dinis s dglbrwed by retribeal withegiasiens geé not
shown), however, the first gate electrode 36 may be different (e.g.,

di f f er entFlvad £€). ok firstighteatielntiric nititerial éSthen Gbgosited B at RIS ART 28RIE
el ectrode 26. The gate electrode material for the fi

first :
region 31 to form the first gate dielectric 34 (see FIG. 11D). The first gate dielectric

material 34 may remain or may be removed from the second gate dielectric material 24.

[0029] After the .ﬁrst and second gate dielectrics 34, 24 are formed, the first and
second gate electrodes 36, 26 are deposited and patterned, as shown in FIG. 8. The first
and second gate electrodes 36, 26 for the first and second active regions 31, 22 may be the
same material and formed from the same layer. In other embodiments (not shown),
however, the first gate electrode 36 may be different (e.g., different material, different
thickness, etc.) than the second gate electrode 26. The gate electrode material for the first
and second gate electrodes 36, 26 may be any suitable gate electrode material, including
(but not limited to): poly-crystalline silicon, poly-crystaltine silicon germanium, metals,
metallic silicides, metallic nitrides, conducﬁve metallic oxides, or combinations thereof,
for example. In a preferred embodiment, the gate electrodes 36, 26 comprise poly-
crystalline silicon, for example. Metals such as molybdenum, tungsten, titanium, platinum,

>

- and hafnium may be used as the top electrode portion, for example. Metallic nitrides may

-13-




and second gate el ectrodes 36, 26 nmay be any suitable gate el ectrode
material, including (but not limted to): poly-crystalline silicon,
poly-crystalline silicon germanium netals, netallic silicides, netallic
nitrides, conductive netallic oxides, or conbinations thereof, for
exanple. In a preferred enbodi ment, the gate el ectrodes 36, 26 conprise
poly- cry i N . for e | e. al. s such_as nol ybdenur

t ungst en, ﬁ%ﬂdg rﬂgﬁt rfal§ ¢ %ﬁ)@ﬁfﬁ%@ﬁoﬁ I'Ilgﬁ’gﬁﬁlgfql Bfl\{g‘h‘?’ﬁ%gsf?é‘ ni&ig, aniumenfryls, and
electrode5§9rti%ﬂg f&r exampl e. Metal]ic nitrides may -13 include (but are
not | i ni t SEAET THEAGHAEARNS-t Metpdic silicides may mclude deut ar¢ petrinitadrin) nickid, and
tantalumnitride, for exanple. Metallic silicides may include (but are not
limted t5‘}1‘31:4P(:t!é§$5t‘3nsﬁlll¢ld¢,@ebalt sihgide ditarsivmi silicide, tandiamtsilididd, piagi@umt i t ani um
silicide, tantalumsilicide, platinum silicide, and erbiumsilicide, for
exanpl e. #ifididecudduisnimsiliciid, dbd dxample. J95d, BBNUCHGE HERLE @ﬂaeﬁhﬁyrﬁefudla imted
to) ruthenium oxide and indiumtin oxide, for exanple. [0030] The gate

el ect 1 odegublie ndfliffitud b rd@eABhY Gdd M AR if BlGE Tl dthgen Of  future

devel oped gate el ectrodé formation process, suc vapor
deposition, for exanple. The gate el ectrodes 36, 26 al so maybe forned by
the deposit0B@in of The gate electaortts 36e2tinay bedbmwéied byingBnypoantaklyl@ofaom a net al
silicide gate electrode material, for exanple. A patterned gate mask (not
shown) nefptire déaloped cote dléveroga fismtikion brardss, SRNOLsIcBbmital Mpor dERRTIdN R and
phot ol i t hogr aphy techni ques, for exanple. The gate mask y I'ncor pdrate
comonl y ¢xa8hleTeRe aBdtRIdeak s .2 [ { tn%. to) silico

oxi de, silicon oxygnhﬁ ride, or ’si@cﬁt}gﬁ% ?ﬁee?%&éfrlég% é’s 1108.0}“7’%80%3@;

| ectrod ' t chi f th tt d t
o o A A R R L LT P

el ectrodes 36, 26, a

A patterned gate mask (not shown) may be formed on the gate electrode material using

deposition and photolithography techniques, for example. The gate mask may incorporate
commonly used masking materials, such as (but not limited to) silicon oxide, silicon

oxynitride, or silicon nitride, for example; The gate electrode may be etched using plasma
etching to form the patterned gate electrodes 36, 26, as shown in FIG. 8, for example. The
gate dielectric material not covered by the gate electrode is usually etched away during the

gate electrode etching. The result of this example method provides the structure of the first

embodiment shown in FIG. 2.

[0031] Although not shown in the first embodiment example, a source and drain
ex_tension implant may be performed. In such case, spacers (not shown) will typically be
formed by deposition of a spacer dielectric material (e.g., silicon nitride) followed by
anisotropic etching, for example. The spacers may be formed from multiple layers of
different dielectrics, such as silicon nitride and silicon oxide, for example. Formation of

the spacers will typically be followed by a second and deeper source and/or drain implant.
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gate dielectric material not covered by the gate electrode is usually
etched away during the gate electrode etching. The result of this exanple
nmet hod provides the structure of the first enbodiment shown in FIG 2.

[ 0031] Although not shown in the first enbodi nent exanple, a source and
drain extension inplant nmay be perforned. In such case, spacers (not

shown) w | be forped by, deposition of a spacer dielectric

mat eri al ?‘iel? g%g{ag‘?% !l)%ltgﬁ SAERi %‘P"F%Waé cipfle in gitppsisiopmaydeaeducgd by or
exanpl e. The E@gﬁers mH be formed fromnultiple layers of different

di el ect r | NEPPUGIe spures/framysgions Mt silbicide (d.4.conmpa sl aligred sdicidep e.
Formation of . the spacers will typically be followed by a second and deeper
sour ce antridFidemupqess, eppther moted defidvitioremovsdsay € erbmble source, drain, and
gate electrode in a transistor may be reduced by strapping the

sour ce/ dr ginR,y €gi ,th a silicide (e.g., using a self-aligned silicide
(salici de?i”g%]oces@?fg\r,\SA“B‘t"’ﬁérS"ﬁE’ﬂaﬁm%P@HB%I%Mf the prpssabiwpntign  Indheseobml [ 0032]
FIG 9 shomg @ second enbodi nent of the present invention. In the second

enbodi nenf™ Ry cormers 3P of Hee agtive vegionsgironsimded  Tloaiowtacks 70meaydaroeided 70
may be rounded after the step shown in FIG 5, for exanple, by performng

a corner 2fisathtistep shownds FIGThdor eamnss, Sy RridBHinES dREAI8EndYe AocARNERLT NY

process using a tenperature between about 700 degrees Cel sius and about

1000 degraeserCa) siaybe rourded Hytag aﬁhém%grpr@éemgiﬂgga %‘%@m{?a‘ge%w%‘}r%%ﬁh Such

an anneal i ng process may enploy an anbient of & gas, suc
At 8 proseur e o a1 038 BBt BT MRl S SRuizslinentorng
anbi ?nt | xaRpRl &uakhy afihealing process may employ an ambient of a gas, such as hydrogen,
nitrogen, helium, neon, argon, xenon, or combinations thereof, for example, at a pressure
between about 1 and 1000 Torr, for example. The annealing ambient is preferably a
hydrogen-containing ambient with a pressure between about 10 and 1000 Torr and a
temperature between about 700 and 950 degrees Celsius, for example. As another
example, the corner rounding process may include an anneal in a hydrogen-containing
ambient with a pressure between about 5 and about 20 Torr, for a duration of between
‘about 15 and about 35 seconds, at a temperature between about 800 and about 1000
degrees Celsius. Other process conditions outside of these example ranges may also be

feasible. The rounded corners 70 may have a radius of curvature between about

10 angstroms and about 200 angstroms, for example.

[0033] FIG. 10 shows a third embodiment of the present invention. In the third
embodiment, the trenches or spaces 62 between active regions 31, 22 are not filled with a

dielectric material (e.g., deleting step of forming dielectric material 64 at FIG. 6). Thus, in
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hydr ogen- cont ai ni ng anbient with a pressure between about 10 and 1000 Tort

and a tenperature between about 700 and 950 degrees Cel sius,

As anot her exanple, the corner rounding process may include an anneal
hydr ogen-containing amnbient with a pressure between about 5 and about 20

Ton, for

a duration of between about 15 and about 35 seconds, at a

t enper at 800 t 1000 grees Cel sius. O her
process (L:%IE art o g‘t%? &ﬁ%szgéﬁ%ﬁﬁ%ﬂ?fé%@e%‘) #raplestrically dsolatediom)
The roundedh%}%grs 70. . have a radius of curvature between about 10

angst r oms"%

UISHHOEHG.t rons, for exanple. [0033] FIG 10 shows a

for exanple.

in a

e.

third enbodi ment of the present inventi on In the third enbodinent, the

31 t filled with
e a7 S ARl AL, oA (RRRYS Shbedipefl S BRbrrenibicalonl o4

trenches
di el ectr
at FI G

transi st
i solatio
the pres
renovi ng
shapes/p

T h | h FIG 10, th
o%tsPSfB*f??%n%Fg S e té@%@%&éﬁh‘é&%ﬂ?@%tﬁ‘mmuma ’

gm(é 0034%?%@6 arl ation on a nethod of form ng an enbodi nent of
P

repy shapgsirediles of the aativd regionedi (12 (sesk gSBIGIH)
portions of the sem conductor |ayer 46 to formthe plan-view

By beperfirmed dofure thestape oif tormisd thedttéed neisk 50 afrd emdving pavotoe

performed before the steps of formng the patterned mask 50 and renovi ng

part of

Al t hough

thé rst portion $arofitiasebdic@idut-foe Ié/@fﬂ&ﬁﬂﬁﬁ%@rﬁrét?%ﬂfo ttonhé?} sp the

first portion 51 to the first thickness tl1 (see e.g.,

t_hjhﬁléshh%éd’@.gl’ Fﬁ}segngpll nments shown and descri bed above have a

[0035] Although the illustrative embodiments shown and described above have a
planar transistor 30 in the first portion 51 and a multiple-gate transistor 20 in the second
portion 52, other types and/or configurations of transistors may be formed in the first
and/or second portions 51, 52 in other embodiments. Although the embodiments shown
herein and described above are discussed in terms of forming one transistor 30 in the first
portion 51 and one transistor 20 in the second portion 52 to simplify the discussion and

figures, it is understood that there will typically be numerous transistors in each portion 51

>

~ 52 and that there may be numerous first and/or second portions 51, 52 that may or may not

be contiguous with each other.

[0036] Although embodiments of the present invention and at least some of its
advantages have been described in detail, it should be understood that various changes,
substitutions and alterations can be made herein without departing from the spirit and
scope of the invention as defined by the appended cléims. Moreover, the scope of the
present application is not intended to be limited to the particular embodiments of the

process, machine, manufacture, composition of matter, means, methods, and steps

-16-
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pl anar transistor 30 in the first portion 51 and a nultiple-gate transistor
20 in the second portion 52, other types and/or configurations of
transistors may be fornmed in the first and/or second portions 51, 52 in
ot her enbodi nents. Al though the enbodi nents shown herein and descri bed
above are discussed in ternms of formng one transistor 30 in the first

portion 5 { Sl i he. secgng.pgrtion. 52 to sinplify the
di scussi o%esglﬁge&p ?%‘%J%Igeg,ﬁic?tl&ls'sggﬁgg?é r§8’8r3f ﬁ%\ﬁ “F A Wil rFa‘i‘ APEEECIA be
nuner ous #‘r&%qgéﬁitﬁrs in ﬁ%ch %O”i on, 51, 52 and that there may be numerous
first and/'oF SelSHISHEPE csept IngentioRaprogespes mnaphinendranufstusont i guous Wit h
each other. [0036] Although enbodi nents of the present invention and at

| east son¥PTHHOSIIORS of makar, fass, matkodscerstepsspresdinly dxistidgbalater to be shoul d be
understood that various changes, substitutions and alterations can be nade
her ei'n wi ddvelopeddhaiperfogn fsniostarttially s saivde fanetionSeORRiePE stbRRANtNKLME sARe S
defined by the appended cl ai ns. Mreover, the scope of the present

appl i cat i @sult & thetorrépendiag chdobndnty Aes&ihddhdrdif eitLﬁfé'ilrzgti atBRA @%S o

the process, machi ne, manufacture, conposition of “ma neans, ods,

and st epsSpredtfit #ESSdP E-doai I £ jon. As one of .ordinary skill in
the art vsg 'l readily a%%drogdcllhg@’eﬁlgg ﬁ%énl%dg %éiagfli gqedg@ptiedgtp l?ﬂ‘é&ep‘mg‘@ﬁﬁm
inventio e machi.nes, manufacture,  conpositions of matter,
means, n&cﬂggcfg‘,%ﬁg’%%?%&s@m@éew agiyies FoHpoTionspfapatiep mgans,qasthodmer

t hat perfssgqrm substantially the same function or achieve substantially the
same result as the correspondi ng enbodi ments described herein may be
utilized according to the present invention. Accordingly, the appended
clainms are intended to include within their
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scope such processes, nmachi nes, nmanufacture, conpositions of matter, neans,
nmet hods, or steps. -17 WHAT IS CLAIMED | S: 1. A sem conductor device
conprising: an insulator layer; a planar transistor forned on a first
portion of a sem conductor |ayer, the first portion of the sem conductor
| ayer overlying the insulator |ayer, and the first portion of the
sem conduct or | ayer having a first thickness; a nmultiple-gate transistor
formed on a second portion of the sem conductor |ayer, the second portion
of the sem conductor layer overlying the insulator |ayer, the second
portion WHATRE cbAdMERISct or | ayer having a second thickness, and the
second thickness being larger than the first thickness and the pl anar
transistof coq¥E&§%&gﬁm€“§Ianar channel formed fromthe first portion of
ctor '

t he seni céndu ayer,ra gat @ We et ri ¢ having vertical portions on

opposite sidewal.ls flthe.planar channel and a horizontal portion on a top
surface of t hé'nd?séll‘ﬂag?r B¥nnel; a gate el ectrode overlying the gate
dielectric, wherein the gate el ectrode has vertical portions on the
vertical porti2dHaapirapsigiorfaraedngg st poriompfi sentegridpein layerpthe firsspogiont he
hori zontal portion of the gate dielectric; and source and drain regions
formed i refiiesemicondugion leyespverying thedemataniayert and thefist portion of the

semiconductor layer having a first thickness;

a multiple-gate transistor formed on a second portion of the semiconductor layer, the
second portion of the semiconductor layer overlying the insulator layer, the second portion

of the semiconductor layer having a second thickness, and the second thickness being larger

than the first thickness and
the planar transistor comprising:
a planar channel formed from the first portion of the semiconductor layer;

a gate diclectric having vertical portions on opposite sidewalls of the planar channel

and a horizontal portion on a top surface of the planar channel;

a gate electrode overlying the gate dielectric, wherein the gate electrode has vertical
portions on the vertical portions of the gate dielectric and a horizontal portion on the

horizontal portion of the gate dielectric; and

source and drain regions formed in the first portion of the semiconductor layer

oppositely adjacent the gate electrode.
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oppositely adjacent the gate el ectrode. 18 2. The sem conductor device of
claim1, wherein the first thickness is |ess than about a half of a gate

“length of the planar transistor. 3. The sem conductor device of claim 2,

wherein the first thickness is |less than about one-third of a gate |ength
of the planar transistor. 4. The sem conductor device of claim1l1, wherein
the first thickness is | ess than about 400 angstrons. 5. The sem conduct or
device of claim1l, wherein the second thickness is greater than about 100
angstronsZ. 6. Tisesdwndanaukyioe oflduinc & wliereih ahatfirdt, thivkesse isledshiBangdbet a
dielectric of the planar transistor conprises a material selected froma
group cornsifsdfian@teibngh bf theplaxt esistir] | con  oxynitride, high-k dielectric
material, a dielectric with a relative permttivity larger than about 5,
and conbi nations thereof. 19 7. The sem conductor device of claim1,
wherein the gate el ectrode of. the planar. transistqr conprises a materi al
sel ected From e&Flﬂﬂfﬁn@'&g@i(@ﬂCﬁaﬁﬂg% m¥hefen the FEst thigkngss 15 |ops thamg aboyt

metal lic sui cjéie pol y-crystalline silicon, and conbinations thereof. 8.
The seni BUE] eFa grle fepaths the plandr ransifiel ei n a gate diel ectric of the

mul tiple-gate transistor conprises a material selected froma group
consisting of silicon oxide, silicon oxynitride, high-k dielectric

material 4 a dimle@emidofidwidrfledict 6F @hiky £ Rkt tile b thick A RMeds MBI about

400 angstroms.

5. The semiconductor device of claim I, wherein the second thickness is greater than

about 100 angstroms.

6. The semiconductor device of claim 1, wherein the gate dielectric of the planar
transistor comprises a material selected from a group consisting of silicon oxide, silicon
oxynitride, high-k dielectric material, a dielectric with a relative permittivity larger than -

about 5, and combinations thereof,
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about 5,

mat eri al

a netallic suicide, poly-crystalline silicon, and conbi nations thereof.

The sem conductor device of claiml1l, wherein corners of the sem conductor

and conbi nations thereof. 9. The sem conductor device of claiml,
wherein a gate el ectrode of the nultiple-gate transistor conprises a
selected froma group consisting of a netal, a netallic nitride,

| ayer are rounded at edges of active regions of the planar and
mul ti ple-gate transistors. 20

7. The semiconductor device of claim 1, wherein the gate electrode of the planar
transistor comprises a material selected from a group consisting of a metal, a metallic

nitride, a metallic suicide, poly-crystalline silicon, and combinations thereof.

8. The semiconductor device of claim 1, wherein a gate dielectric of the multiple-gate
transistor comprises a material selected from a group consisting of silicon oxide, silicon
oxynitride, high-k dielectric material, a dielectric with a relative permittivity larger than

about 5, and combinations thereof.

9. The semiconductor device of claim 1, wherein a gate electrode of the multiple-gate
transistor comprises a material selected from a group consisting of a metal, a metallic

nitride, a metallic suicide, poly-crystalline silicon, and combinations thereof.

10.  The semiconductor device of claim 1, wherein corners of the semiconductor layer are

rounded at edges of active regions of the planar and multiple-gate transistors.

20
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