Met hods and Structures for Planar and Miltiple-Gate Transistors Forned on
SO [0001] This application clainms 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 Fornmed on SO, which
application is hereby incorporated herein by reference. TECHNI CAL FI ELD
10002] The present invention generally relates to fabrication of

semi conduct or devi ces. Methods mbSttuchreslforéﬂamramrt icularly to

mul tiple-gate and pl aﬁulfli!?élg?eol‘ganﬁ@ 6Pofed on

sem conduct or - on-i nsul at or strate structure. Sé%\{:l(GRGJND [0003] A

current trend is that the thickness of the sem conductor |ayer in typical
senm condUu@P®tl- on-This uapatieation SATmss s thenefgs of JU.8e drevisiong ApplipitmnalNo.
transistors as the technology generations change (e.g., 130 nmto 90 nmto

65 nm t ecddiBIOERY filedesmiimmagy. 30,2004 rhlitted Meghdd¢ pinda$tridtireX 1es Plaahr btk
active region for a planar transistor fabricated using an SO structutre

i s about MURiPAENGETTGEBsIsteE FohfieEHPSON, %&Pa@ﬁﬁgﬁ& SMRkb rmddi'pcfr%t‘tteﬁ h€rein
t echnol ogy generatlons [0004] As shown in 1, a nu |'e-gate

transi st qgf, 2 , FINFET) typically has a vertical sem conduct or fm 22.
The verti gal sem conduct or fin 22 is also known as the active region. The
gate dielectric 24 and gate el ectrode 26 cover a large portion or a

TECHNICAL FIELD

[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 change (e.g., 130 nm to 90 nm to 65 nm technology generation).
Currently, the typical thickness of the active region for a planar transistor fabricated 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
majority of the surface of the active region 22 at the channel region because most of the

current is conducted along the sidewalls. Thus, generally, a taller fin 22 is better for
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majority of the surface of the active region 22 at the channel region
because nost of the «current is conducted along the sidewalls. Thus,
generally, a taller fin 22 is better for -1 conducting larger currents, and
the vertical fin structure allows for nore gate electrode area for better
control of the larger currents. The fin height hf in a nultiple-gate
transistor 20 is preferably greater than the fin wdth wf. Wen a

sem condunguctingdarzer ¢usrentshbandthe varticeldin starctisorllews for more gate klectrode dred ght

hf is typically approxi mtely equal to the thickness of the sem conductor

| ayer of fohbetiPcostolwe therlergesaarentsy. TheFirCheidht he (ld0NADItipld-gdts td@sdtoezd 50 have
Fi nFET transi stor co-existing on a sane chip as conventional planar

transi st qirsfefly SRElAAN AR GRith MRSWHRHE sSHiddnd&Sdr n ﬁ?ishﬁy&a@dﬁ%

transistors and nmultiple-gate transistors co-existing on a sane
presents } I j 0, I

Franat st o OGBS EMR RAEATH bR B Bl 8y e HioRe e

mul tipl e-gate transjstor esired to b aller. Thus, a need exists
for neth g“%ﬁﬂ“@??%X?U#zggéﬁl%F59F88ﬁ666$§ﬂé}k}ransistors and

mul tiple-gate transistors on a sane chip, e.g., on SO substrate

st uct ur epeOSUMMARY deirdHE HaDYENFE@Y-:9RR8 Lo ThRtiRg Bk &ife 8ty ageeds out | i ned

above may be "addressed by enbodi nents of the preSent 1 nvention. In

Gevi co 1 <onvabionaRad Rk bR ALERENk Y OB 800 BinBRETPRHE o of &

sem conductor, | aye econ ortion of .the sem conductor | ayer, a planar
transi st oFans [ %uf rhul?ipfe—ga eg'aIPSIStOIS co-existing on a same cl?lp presents unique P

problems because the active regions for the planar transistors are decreasing and the active
regtons (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.



mul tiple-gate transistor. The planar transistor is forned on the first
portion of the sem conductor |ayer. The first portion of the sem conductor
| ayer overlies the insulator. The first portion of the sem conductor |ayer
has a first thickness. The multiple-gate transistor is fornmed on the
second portion of the sem conductor |ayer. The second portion of the

sem conductor |ayer overlies the insulator. The second portion of the

sem conductor |layer has a second thickness. The second thickness is |arger
than the % i @RASHEINYBYGTPN| n accordance with anot her aspect of the
present invention, a sem conductor device includes an insulator |ayer, a

first porggi of sem r,.| ayer second rtio of, t he

sem cond P g@ I ayrgi}e,pergblﬁ I?‘rgg#&%l%élﬁ&u%sfpg? ?g%vr?dn@’ & ?fsff‘i]%yn?f%?d&fn?m?ﬁg first
portion 3L t he sem conductor | ayer, overlies the insulator, The first
portion dfe PHETHE dryeREAR it asFordagcswitlhare aspegtod theipseriigeatiopng second
portion of the sem conductor |ayer overlies the insulator. The second
portion cemi¢pudyetay deyirnie pevidedywhicharclades ap drslatdrileyenes st firéios efand
thickness is larger than the first thickness. The first transistor has a
first actsemécondgetonlayéroa sednd poriohiod tHd seaticopduétoolnyer a phaasemsiaradt=0r

| ayer. The second transistor has a second active region forned fromthe

second parhltioR-gite friveishaTITHe PIhGE RhinsisBas forl@@ B8 knhd ﬁksﬂgﬁﬁaﬁaﬁﬁﬁ W th yet
anot her aspect of the present invention, a sem conductor device includes

_ : ; \ . : g
an i nsul akpficdn@y &by lager](;I :}2%21;&%‘6&&&%& ¢ ?en?i%%cﬁlgﬁg I&”hgf,%ngé\{ek@én'sgﬁea mgté%%)ﬁ.z econ

portion of the sem con I*ayer, "a f1rst trans

transi st e 1,‘{jirs ortion OE he sem conductor |.ayer qverlies the

i nsul at O?I_thali‘:f.]\r‘gt Rortion o %E fmiconduciar layer Ras 4 firdt. gnc oss. Thb multiple-gate
transistor is formed on the second portion of the semiconductor layer. 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.

[0007] In accordance with another aspect of the present invention, 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] In accordance with yet another aspect of the present invention, a

semiconductor device includes an insulator layer, a first portion of a semiconductor layer, a



sem conductor | ayer has a first thickness of |ess than about 400 angstrons.
The second portion of the sem conductor |ayer overlies the insulator. The
second portion of the semnm conductor |ayer has a second thickness of
greater than about 100 angstrons, but the second thickness is |arger than
the first thickness. The first transistor has a first active region forned
fromthe first portion of the sem conductor |ayer. The second transistor
havi ng a sseeushepriien pi/he segicomduictor e, fa finst trévsistercanich spoond wansistort fhe

sem conductor |ayer. [0009] In accordance with still another aspect of the
present ifirsepdriiomof the samitonduztor iyh by erlitd e itsuftsi qRBARGIPREIHEMEE | S
provided. This nethod includes the following steps described in this

par agr aphseml@dastelayet has AFirStRRBndERYT M& than TEYat B60 SEAHBRLT Fhe sEB%d
overlap, may be in parallel, and conbinations thereof. Part orf a ftirst

ortion I ' V. to-provide a fir t hi ckness
gf t he ficgrogf';ilo Ib?)r | gﬁﬂfégﬁ@%{% I%gé Vérge%tglggnﬁgﬂf% gﬁﬁggcgngp oglogeoi‘ d portion
of the sem conductor |gyer is larger than the first _thickness. The

sem condGEPBOTRUGIET layer 135 & sropp hitiknoss efgrag ey them gt 100 RgsEomacRLite 1 egi on
for a first transistor is formed fromthe first portion of the

seni condutYKd thiglmess islargst ian thesfnst thicknessi diheffinst tepnsistonhas 4 firshadtiveor i s
formed fromthe second portion of the sem conductor |ayer. [0010] Note

t hat al t hegigh foredtfemmihe faytgottitrsofifbe derhicondghw dyer. nEhspeond iraadsien and in
the clai'ns, the resulting features formed using the "layer" should not be

i nt er pr etlaglingtaxgedribdctios repiciOih Bl RUH tE sdbbhd bftioH B 8t sbeRddutetof By | | be
clear fromreading the specification, the senm conductor |ayer wl ?’ be

separated into distinct and isol ated features )
[0009] In accordance with still another aspect of the present invention, a method of

fabricating a semiconductor device is provided. This method includes the following steps
described in this paragraph. The order of the steps may vary, may be sequential, may
overlap, may bt;J in parallel, and combinations thereof. Part of a first portion 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.



(e.g., active regions), sonme or all of which conprise portions of the

sem conductor |ayer. -4 [0011] The foregoing has outlined rather broadly
features of the present invention in order that the detail ed description
of the invention that follows maybe better understood. Additional features
and advantages of the invention will be described hereinafter which form
the subject of the clains of the invention. It should be appreciated by

t hose skill0PEH i n Theheregoingthasputlined mather dpradiynfeatutessy ¢ freseneimyentionsint

di scl osed may be readily utilized as a basis for nodifying or designing

ot her st rardénthatshodetpilicdsaisioh@f tieanvatitiog tis folldves maBe béter peE&RSoed. t he
present invention. It should also be realized by those skilled in the art

that sucha@gshay a0k ' - SBLfkii-and scope
of the invention a@ﬁszﬁﬂ%ﬂgwﬁéés??ﬁégﬁg%}gfgﬁ%g%%}dg%cfnrfgz @31 %%I%EEHEDIE%%&?PTI ON OF

THE DRAW 4 .NQ. | rq cription,pf .t he .draw ngs,
ah e Rk sk x‘é%ﬁ%?@“é%otg?#evﬁ?gmgf& °é1?€ Shateifify By iosS NGt tnn

whi ch: [0013] . FlI 1 is a perspective view a. nultiple-gate. transistor
structur et,lQle f%(51?5,%%O@eWOP@éS%@PMQ%GWM%F@%W &g geadily gfihzgd 23@  chi p
having a planar transistor and a nultiple-gate transistor formed in

accor dancisigifermadifying er dasigmingather sgucturgser prasseses farsemyingont theeansl FI Gs.

3-8 illustrate some steps of a method of forming the first enbodi nent
st r uct ur epuspasanof the pre@ent2nvention. It should 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.



[00161 FIG 9 is a side viewillustrating a second enbodi nent of the
present invention; [00171 FIG 10 is a perspective view show ng part of an
SO chip having a planar transistor and a nmultiple-gate transistor forned
in accordance with a third enbodi nrent of the present invention using nmesa
isolation; and 10018] FIGS. | IA- 11D illustrate sone steps of a nethod of
form ng an enbodi nent of the present invention. DETAILED DESCRI PTI ON OF

| LLUSTRATI VE _EMBCDI MENTS [ 0019] Referring now to the draw ngs, wherein |like
r ef er enc BRIFADHBRESCRIBIINE OFHHB DRAWENGSsi gnate |i ke or simlar el ements

t hroughout the various views, illustrative enbodinents of the present

i nventio sh scribe The. figures are not. cessarily, drawn
to scal e?[og% i nogﬂ(}n@ﬂgvﬁg%é%%ggef%egcn P‘%%"&é‘ée %%’glgﬁ’e‘g]ﬁc%@ﬁﬁg@?ﬁ‘ga la@’nd/ or
sinplified,i n.places . for illustrative, purposes only. One of ordinary skill
in the aﬁmbc{%i“ﬁ?mﬁﬁgﬁhéé’ﬁ?@ IRYRUARAY Bo¥RiEk] e appl i cations and vari ati ons

of the present invention based on the following illustrative enbodi nents

of the prooes)t | ment ionperk A% viehG malip®e Sl RLARESI LW TOr @ portion

of a sem conductor structure incorporating a first e I fent of the
present invention. In FIG 2, a planar transistor 30 and a nultiple-gate
transi st d0ORY] ar FlEhdwna paspeetveonicw showingyradiuaftanrSQirchipnisivigt oplagH0 )
substrate structure 40. The planar transistor 30 has a first active region

31 with argeRRiahd ¥ multiple-gae!tAangistos hiRRd il itofidhéd WitB adRétenitoaiednt bpr 20
has a second active region 22 with a

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 1s 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.



generally tall, fin shape. The first and second active regions 31, 22 are
formed froma sane sem conductor |ayer of the SO structure 40. The first
active region 31 has a first thickness tj. The second active region 22 has
a second thickness t2. The second thickness t2 is larger than the first
thickness t1. [00211 The first thickness tl is preferably | ess than about
400 angstrons, and even nore preferably |ess than about 200 angstrons. The
first thickness t1 nay be less than half of the gate length 1g for the

pl anar t AAREAHE]Y DESCRIFFION QF BldiErRATIVE RMBOPIVENTScCkness t1 is |ess
than one third of the gate | engt h 1g For exanple, if the gate length 1g of
the pl an ran f or |s 30 stro the first thickness t1l
mybe. | edl0ilan TetRhe By 1F e PR o RETERARE riftepod tuberh iy vibferth
angstrons. Wen the flrst thlckne ti is less than half or one third of
the gate Péﬁﬁglr?tqgke MR flerpenty fiw%%trthsaamw Visvs, BlusHaee to as an
ultra-thin body (UTB) transistor. A first gate dielectric 34 is overlying a
first chambedimentgpighe presertiénvention argshpwe anddésoribahl . Th figurstargacte el ect r ode
36 is overlying the first gate dielectric 34. Source and drain regions 37,
38 of t heepdsaarily dtavansisstleyandin asme igtanesh the diahéngsitiays bedcdxaygeratedi on 31
oppositely adjacent the first gate electrode 36. [0022] Still referring to
FIG 2, tah@/oss&) iﬁeﬂhﬂgfﬁf?@ﬁﬁr fiRstchtive purg¥ses 6y, OAE of bidirdity MG BeQft the

second active region 22 is pref erably greater” than about 100 angstrons, and
nore pr r , I he fin

W dth f TR %P*%@?%@?‘rﬁ%&) i %ﬁ@%@%@%&@%‘%aﬁ& AR Eioh® o

di el ectri

base%i on the ?ol?ong Hﬂlsgat?v%cem%odlments of the present invention.

[0020] FIG. 2 1s 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

1y 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 ;. 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
multiple-gate transistor 20 shown in FIG 2 is a triple-gate transistor
because t#ngsEanpeimogarefemblitiessdtian P¥) agseonds Whonghe finsethickingsd) (déssng at

| east part of the two sidewalls and along the top surface of the fin 22)
of the sehaenhalfbesmeahird efiihemateflengelf ihe pRiar Gansister Xnday bk Rifdirgdagiaons 27,
28 of the nultiple-gate transistor 20 are fornmed in the second active

regi on 22;19ppaabbey {UPE) RaRRtor! REngesabdidlrhi R ROVERHR: 2 GirstBREAEE 2
substantial fraction of the drive current flowng fronithe source 27 to

t he drai f: : | I | 44§ : eous to
nave a t Aeoph S FuRle PErcRl AN A £ MRk Road Jo IS RO SR B0NET T or < e
nultiple;)(ﬁt transistor ..40023 ﬁle,}h h not shawn, _the pl anar

r anst st dHelsgria Al Sp iR and st BROTS A s S ANp B angtoh A0 Bredbretahe so
have spacers fornmed on the sidewalls of the gate el ectrodes 26, 36. Such
spacers rgyt adve el 31 eprysitely gdieernt s fitsiatarlediodedor egi ons 27, 28, 37,
38, for exanple. Also, the planar transistor 30 and/or the nmultiple-gate
transi st of ' V. . n rain_regions,
or rai sed? L2t} ce SLreRRHRENE, 2R BKE LSS 6% SN BT oAy AR s o

" regions al s e str.a dwth condugti v erial such as a

si i oi de. B¢ secepd ﬁ‘gb‘%%%mﬁﬁz lssiff&%"éﬁ}biy %‘F@R‘?&ﬁ‘@ﬂ ahons0b e, Ereomat or i al

on the source _and drain regions frommaking electrical contact with the
gate el edreigeably greater than about 400 angstroms, for example. The fin width wr is preferably

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 electrode 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 is a 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 1s often advantageous to have a tall fin 22 (see e.g., example dimensions

described 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 enbodinent 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
Is overlying the substrate 42, and the sem conductor |ayer 46 is overlying
t he insul 8083] 44. Alfhenghmetistwmay, tHegplarar fransistgr HMeamshy tbaintittiple gate ehesistor c,
such as silicon oxide (SiQ2), alum num oxide, or silicon nitride, for

exanpl e. Fhef HGr2awaydiial inive lspyoers fBfmed@ythegidewallngf the BgRURTONS Joay@r or a
conposite layer (e.g., strained silicon structure), for exanple. The

sem condugiBrsph@YEhadt Be HRYull iR Abbide 1 d hf&%nd%i‘x’i‘?%ﬁ" 27381371 §9oy 9€r mani um
conpound, gal i um arge?li de, ; ndilﬂugn phgsphat e, or - Conbi nét?’on’s ther eof, for

exanpl e. - i t..sh in F 2-8, the SO
structur eé]%ﬂ‘&)tpele’slé?lggl’sr{lR + ﬁlcag;nr%%glisgr?g 3??@&%@@?@? &?Pe\ll—\%%\?teof ?%ﬁménbodi ment
of the prese i nvent.i on be appljed. to silicon-gernani unton-insul ator
(se) c h‘?‘%‘%"%@e‘\‘;}éﬁ‘x hapg e [ea st Spusce B digin regiaps, of FatgeR ofiGe and irasiy
substrate structure 40 (e.g., as shown in FIG 3) naybe made by a -9
nmanuf act UiEgons gt skaindhe sewrs enshdrain regionemiay else be ghianped with asenmiduetinguct or
device incorporating an enbodi nent of the present invention, or the
manuf act unaterialepclohe asiticide. bl sk c8@| theaparersyreGGOontat Bve filicde matiiabr
manuf acturer, for exanple. [0025] In FIG 3, a patterned mask 50 is shown
over | yi ngor the see6¢ Sangemtregiohaftem 4king electrical contact with the gate electrode,

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



The patterned mask 50 is open over a first portion 51 of the sem conductor

| ayer 46 and covers a second portion 52 of the sem conductor |ayer 46. The
sem conductor |ayer 46 has an initial thickness t0O, which is equal to or
greater than the resulting second thickness t2 for the fin height h 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
porti on SRawffagthrer faboimitogreadkeoticmductpedevd® orpartlad asenliroaducadr demicest age i n
the nethod or prior to FIG 3, for exanple. [0026]- The exposed first

portion Shc@potatifg 8@ Binbedigieat efthé Bieednt 46vehtior, b faHanufdthirePhay bb@infd I St
portion 51 of the sem conductor |layer 46 is renoved to provide the first

t hi cknessplayt SOPW&R?OE 8GO v rtﬂ‘dﬁ'i‘alﬁflther%an% e, orfe #(Qnﬂ IT the

sem conductor layer 46 is silicon, as Is e cade o I's exanpl e

enbodi nent, the first portion 51 may be thlnned by a silicon thinning
process. [802% a sinlRIGod, 4 peitteried gngsk 6 ésshomanyovierigingdie tenecatdapior tifyendd. di zi ng
a top portion of the exposed silicon 51 to forma silicon oxide, followed

by a renmopal pavbrietienask b0 icaen@vedefiat pédien 5i bf theRemidontuddr 1alét 44U6A case,
the patterned mask 50 may be made from a material, e.g., silicon nitride,

that is staGeddddl 53 SEHOLGich ?Jr"’}&n\ﬁf #6. ?H@ééf%@&du@tor fdaJef £8Tas

oxi dati on. The patterned mask 50 nay ayer

R T T s
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greater than the desired second thickness tp, the thickness of the second portion 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
{1 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
portion 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 high 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

-10-



etching is used, the patterned mask 50 may be any suitable or common
masking material, e.g., photoresist, that is able to withstand or
sufficiently block the etching process over the 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 nmask 60 is
provi ded etehang ishged, ithespattamctd swash 10 muegrts aoysuidble 60camimommasiang oatediabt or

| ayer 46. Material of the sem conductor |layer 46 is renoved in alignnment

with the @glphotoresig hat isaBlko 6dihs@ad shavificiemn]Fbiock e dichidg®protdshovérthst and
second active regions 31, 22. The renoval of the sem conductor nateri al

for T or M sdBord orfiit 5 CARGAE Hmrthe oftho NN RBna R 18YRE iR thoist bl ),

process (e.g., wet etching y plasma etching enploying a ori ne

chem stry, |ve ] et chi ng) - - prefer y, a dry plasma etching process.
Spaces otpeF@%ﬁ%@e@@éﬂ%@‘%ﬁt?/\Seszlﬁwpﬁ%ﬁﬁ'r%t active regions 31 (thinned
and patterned sem conductor |ayer regions in the first portion 51),

bet ween tfpe2’Heconth feghithefifsedagorPactiv sdidmed1, D2, faeird as@yd regioguct or
| ayer regions in the second portion 52), and/or between first and second

active reghfrd igérov?d%d Rethhe kﬁ?taﬁﬁ Sccdhl Bhitidhs 51 930F REsenbchdubiof 1dvbr T he

spaces/trenches 62 to formisolation regions or i1solation structures

bet ween / o) the active. regions 31...22.. as sho in FlG .6, for
ovamn 0. B RRGHG sclfordbinY By £ Nmiven if Seftenl et s 1o
6. The dielectric nmaterl 4 formng the isolation regions preferably has
a thi cknd8® oa%slloﬁ@lgﬁé- §§0€9¥gﬂbr= 53t apg, peoRpd adtiveregigns $he2s ilh§t acti ve

region 31 of the planar transistor 30. However, in other enbodinents, the
t hi cknesdJewpvalipd the semiconductor material for forming the active regions 31, 22 may be

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 1solation
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 1s 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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dielectric material 64 may be different than the first thickness ti. [0028]
Gate dielectric material 66 is forned 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 -11 regions 31, 22 may be the sane material and forned
fromthe same |ayer 66, as showmn in FIG 7. In other enbodi ments (not
shown), however, the first gate dielectric 34 may be different (e.g.,

di f f er entregmate?l, 22 (nsdy, bedhé f@nematephlmidcfatmedirohnibs ssmealagérdt, s shbement

equi val ent silicon oxide thickness, etc.) than the second gate dielectric

24. The gaGe7. th sthecdmboitmedts (A shewn)DBoweNBE: st Bt diYeckit 3EMmaY Ye KNOWN or
future devel oped gate dielectric formati on process, such as thernal

oxi dat i on; 2 hon ML ) AEROShE hfiBical GREALS AndARRfrerdifPOST i on,

Frl¥eht (e !
masked and etecthé3 , Or conbi nat| ere for exanple. The physi cal

t hi ckness_of the.gate dielectric may._be bet n t 5 angstrons
and” abodeunBl CrERUT R EhEisy nd fien W SR BN ERR P e g2 Ohe
made fro alné/ . Suitabl e ggtle dd' electric material, including (hut not
limited tHB§IeCtEPs 34 oA maY Redormasd painganysienily Kepywn o HHUR deyelorsdisptec
material, or conbinations thereof, for exanple. A high-k dielectric

mat eri al delestae Kymatipa progessesuchiag Ehopaalxuddtipns yitriglation.eputt¢ralepasitiomc| udi ng
(but not limted to): alum num oxide (A1203), hafnium oxide (Hf02),

haf ni um ahygmidai vaper déficsiilon, mhsifediaudethed, oatembinbGdr3thereat, for@rampicoqhee
(Zr@2), zirconiumoxynitride (ZrON), zirconiumsilicate (ZrSi™), yttrium

oxi de ( Y3f3iicalltRiokias Bihe xhdelidlb@nd 8334, 28 iy Bebetwigen AR P ingsirbhaghdim oxi de
(Ti @), tantalum oxide (Ta205), and conbi nations thereof, for

about 100 angstroms, for example. The gate dielectrics 34, 24 may be made from any
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 relative permittivity greater than 7, including (but not
limited to): aluminum oxide (Al;O;), hafnium oxide (HfO,), hafnium oxynitride (HfON),
hafhium silicate (HfSi0,), zirconium oxide (ZrQ,), zirconium oxynitride (ZrON),
zirconium silicate (ZrS10,), yttrium oxide (Y203), lanthanum oxide (La,0;) cerium oxide
(Ce0,), titanium oxide (Ti0y), 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

silicon oxide thicknesses and/or different materials and/or different material combinations
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exanple. In a preferred enbodi nent, the second gate dielectric 24 has an
equi valent silicon oxide thickness larger than that of the first gate
dielectric 34. For exanple, the first gate dielectric 34 may have an

equi val ent silicon oxide thickness of about 12 angstrons and the second
gate dielectric 24 may have an equival ent silicon oxide thickness of about
16 angstrons. Any of a variety of currently known or future devel oped

t echni quewef the firftandisempnd atvediegioas B 1,i22smay beningiilérhentedin aphepshodahent of

t hi cknesses and/or different equivalent silicon oxide thicknesses and/or

di f f er enttheiegdrit adventieyd/ Ohe @hd frWwhith gmt@aé@ﬁcmﬂ@ﬁmﬁﬂ physicalkBicRy&E t he
first and second active regions 31, 22 may be inplenented in an enbodi nent

Lrst . . . B |l Lhan e t
0 e H?ﬁf%ﬂfonh%’%%}‘s{ gd?gfe r%\@mllg& ik hg@@ 1@A-mi,%§} ég){a«@éét? A@é{?klsr en

physi cal ness escri bed here @n rate n

FI G. 11A.11 for exa . +A_secand ate dielectr] terial 24 of a
second 1 ee e o 2 pLA TR DAL b BT IR Gl BaRdct v
regions 31, 22. A mask 48 is forned that covers the second gate dielectric
mat eri al S99endiactiperegions qd. 2 4 mask 48 ivtemmod fiat coxepdhe secopd ede distertdat e
dielectric material 24 at the first active region 31 (see FIG 11B). The
second ganeedil@dat theisecondtastivategion 2 but exposts thesecondigats didgitdamateriahen
renoved. This is followed by renoval of the nask 48 (see FIG 1 10). A
first gatX alitled fst adtive ragier 3 bise¢ BIG.HaB).dThe sicord gate diclatrid maktial Jeatf i r st
active region 31 to formthe first gate dielectric 34 (see FIG 11D). The

first gattge Hiseh@flerbgion IRhed tetlovad. MR id RMBWRG Y réfYvADBf heiéRdsfgem t he
second gate dielectric material 24. [0029] After the first and second gate

diel ectriggg ‘igflC) 24 13k %a{e%éf@&ric fA&rfat fsstﬁenaﬂ‘é%osited over at least the first active

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-crystalline silicon germanium, metals,
metallic silicides, metallic nitrides, conductive 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
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second gate el ectrodes 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 sane material and formed fromthe sane

| ayer. In other enbodi nents (not shown), however, the first gate el ectrode
36 may be different (e.g., different material, different thickness, etc.)
than the second gate el ectrode 26. The gate el ectrode material for the
first andcledethutl agatoelimited to)onmgbBAnmatiridaytubgstamnyitriie] titahiven giadde, eddct r ode
material, including (but not limted to): poly-crystalline silicon,

pol y- cry stftalunGitiédd, For @RafISleMBMGtAI sTHRIdRk fay 1BREd (blCars hbi 1%@&151-,0; ARkal | i c
nitrides, conductive netallic oxides, or conbinations thereof

exanpl e. difide. ﬁﬁ@ﬁféi(ﬁ”@dﬂlt@ﬁﬁﬁde fﬂ‘ﬁlﬂ%@&ﬁfﬁl&‘ QG ﬁﬂ'ﬁsihgl? yg%ﬁmwp“ Se

poly- crysta 't con, for exanp S suc as no > I ;
d ;haf t t ectrode
portion, %ﬂeﬁ)&a”' ﬁi'rs"ffbélﬁn R s oIRGB Ry TERhy B R o ¥t it

limted t enu itride, tungsten nitrid titaniumnitride, and
t ant al umcg{“t"’i'rFB%t hrf‘%?‘{n*é‘g f’ém%%délapfléndé‘ilmlt’élﬁ%&e fpxampleude (but are not
limted to) nickel SI|ICIde tungsten silicide, cobalt SI|ICIde titani um

I d I : ide, f
cxanpl e, ROaN 2o Tt At %??%Eﬁ%?ﬁ *yl%?#éﬁ%}“?r R )| 1 e
h d The
6l ot r odduBuSlRg 3R i liov aﬁwrﬂaéswc% o PR vRReArbaT & Hur e
devel oped %g&)fﬁ el ect rode fqQrmation process, such as chem.cal vap

deposi ti g IrRlestroges3¢; 20 @lsemaat befgmacdiy ﬂ}g@leaq@gpqﬁffﬂy@nfagd med by

t he deposition of S|I|con and
metal, followed by an anneal to form a metal silicide gate electrode material, for example.

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
extension 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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netal, followed by an anneal to forma netal silicide gate el ectrode
material, for exanple. A patterned gate mask (not shown) may be fornmed on
the gate electrode material using deposition and photolithography

techni ques, for exanple. The gate nask may incorporate commonly used
masking materials, such as (but not limted to) silicon oxide, silicon
oxynitride, or silicon nitride, for exanple. The gate el ectrode nay be

et ched usThegpegistasemof the sdvrery dtain, fand gete kieciradd mrantethsigadrensi eatdiedd by36, 26,
as shown in FIG 8, for exanple. The gate dielectric material not covered

by the gaittappingahd ﬂﬁﬁ:eﬂﬁraﬁﬁé‘g’ibﬂl@’wﬁlﬁﬁ@ﬂi@icﬁg@g.,ﬂbﬁhgﬁgeﬁfﬂﬁ@%ﬁcié‘é ectrode
etching. The result of this exanple nethod provides the structure of the

first e I | e tPUgh. Jjot shown in the first
enbodi rre%%ﬁ%ﬁ%@%%ﬁ%c@bgg%gﬁﬁaﬁyt]e%%@é’n@{l)on |drjr(fp)'l ant may be perforned.
In such case, spacers (not shown) will typically be formed by deposition
of a spaci032]i el efi(¥. Ochows esécahd embgdiment bf the presedtinwiajion.old theestohy

ani sotropi c etching, for exanple. The spacers may be forned fromnultiple

layers of emblidifenteedméts 60 8¢ tHel fetive @Ems af r5lihd @0 Theichinefte70Ansly Bd tduf@
oxi de, for exanple. Formation of the spacers will typically be followed by

Cource, i MeEERhoR Al 2@-@?@‘8%“9‘?%2{’ P?%é?ﬁ%% ib#i‘&; RS E’i%“%g%ifhﬁ e
. drar ate el ectrode TR a YPansT'ster Ty’ be"reh
a1 1 onba Sty 42 HiapBafoficka S B dricelnd BrcteBmeiint bt bRl i Cocs) |

for exanmple. . [0032]. FIG .9 shows a second .enbodi nent _of the present
i nvent i gﬁ’:_’Oﬁ q;:[gqugcjglég{gﬁad about 1000 degrees Celsius to promote silicon atom 1%1grat10n, for

example. Such an annealing 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 comer 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 comers 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

-15-



enbodi ment, corners 70 of the active regions are rounded. The corners 70
may be rounded after the step shown in FIG 5, for exanple, by performng
a corner rounding process. The corners 70 may be rounded by an anneal i ng
process using a tenperature between about 700 degrees Cel sius and about
1000 degrees Celsius to pronote silicon atommgration, for exanple. Such
an anneal i ng process may enploy an anbient of a gas, such as hydrogen,

ni t r ogen, thhggshifing stieginre shownm Fieddnthedransistots 2(a 80 erescledidcadiyfisolited fremanpl e,
at a pressure between about 1 and 1000 Torr, for exanple. The annealing
anbi ent iachoikeebphleya dolatigidr ogen- cont ai ni ng anbient with a pressure

bet ween about 10 and 1000 Torr and a tenperature between about 700 and 950
degr ees @I; us, for exanple. As_another exanple, the corner rounding
process n§34Incl vt seraligRena methed pllarBingrncaodimsm §f themsesent inygntiena
pressure between about 5 and about 20 Torr, for a duration of between
about 15 siens od funtingthe eeitmégionanask 60 engh eeraevingpdrtivweetithe bonito8dOtoand about
1000 degrees Celsius. O her process conditions outside of these exanple
ranges nyyaldsao fem the phinbliew sHipes/prayidelad tROIHOE SegdbhsBly 2 aée e, Fadi &5 Of
curvature between about 10 angstrons and about 200 angstrons, for exanple.

[0033] Fligay 8dpahpmed Befold thd sRBPELiorRMg tRE %zlt{'é?ndarrﬁ&%@o a{nﬁ\f%ﬂg)@iﬁg Ballt grthe

third enbodinment, the trenches or spaces 62 between active regrons 31, 22

y . : o ol | oti ¢t :
i ol ect ri15° EEFpIef oF prBlcSpfidrtfic BERFE & o tnhe SRFDELITY R BE i ire
shown in tﬁc eS:SLg,(Séehgg‘E£@3§5§45_0rs 20, 30 are electrically isolated from

[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 claims. 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
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each other by nesa isolation. [0034] As a variation on a nethod of formng
an enbodi nent of the present invention, steps of formng the active region
mask 60 and renoving portions of the sem conductor |ayer 46 to formthe

pl an-vi ew shapes/profiles of the active regions 31, 22 (see e.g., FIG 5)
may be perforned before the steps of formng the patterned mask 50 and
renmoving part of the first portion 51 of the sem conductor |ayer 46 to

t hi n t he desergted o theispecifidation. tsentiof stdinarpslddne de art willsreadiky: appreckté&Ss. 3-4) .
[ 0035] Although the illustrative enbodi mrents shown and descri bed above have
a pl anarfrdrh ﬂ[lﬁli&il@’ur@&'th@piebﬁltfiﬁxfeﬁﬁorﬁ%Eédeéﬁés,%a@;ﬂfés,&nmﬂfﬁdt@%,e' gate
transistor 20 in the second portion 52, other types and/or configurations
of transi " r i ' rtypons 51, 52 in
ot her enﬁ% |§§ﬁ?§¥ﬁ%ﬁ?%%hg fﬁgmgﬁﬁ%g%ﬁé&%Bﬁgﬂg§ﬁﬂ%ﬁ§g§?%ﬂggghgescribed
above are, discussed in terns of .formn ne.transistor .30 i.n.the first

por ¢+ o SEVERAA B pplnbT aPSiRay h R BREA GRS ikt B shmpy | he

di scussion and _figures, it is understood that there will typically_ be
numer ous TEFHRsithe ereespending embrsdimprts describedshergingnanb utilized acqordms B Haner ous
first and/ or second portions 51, 52 that nmay or may not be contiguous with
each ot haresepinsditionl Avsorginglyriseriappendes aldimsiaee iptendedito ingludawithin theid at

| east some of its advantages have been described in detail, it should be
under st oadojidsakch paoceses nidthings nanusadhst, dodtpositisnaolimattdr Sfedrispmsthoas) obe nmade
herein wi thout departing fromthe spirit and scope of the invention as
defi ned qukhe appended cl ai ns. Mreover, the scope of the
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present application is not intended to be limted to the particul ar

enbodi nents of the process, nachine, manufacture, conposition of matter,
means, nethods, and steps -16 described in the specification. As one of
ordinary skill in the art will readily appreciate fromthe disclosure of
the present invention, processes, machi nes, manufacture, conpositions of
matter, nmeans, nethods, or steps, presently existing or later to be

devel oped, that perform substantially the same function or achieve

subst ant i WHAT IheL43MED ISesul t as the correspondi ng embodi ments descri bed
herein may be utilized according to the present invention. Accordingly,

t he appenlded clains are intended to.include wthin their scope such
processes, nm P8 ?n%ﬁoﬁgiﬁgfzﬁ?@?p%%ﬂ%ositions of matter, means, nethods,
or steps. WHAT IS CLAIMED I'S: 1. A sem conductor device conprising: an

i nsul ator | ay e DSUHPHIANET t r ansi stor formed on a first portion of a

sem conductor |ayer, the first portion of the sem conductor |ayer

over | yi ng t he aplsngr &tansistbrfpemed amd firstgoftiansif apemidonduaér laper, the dmitportthmct or
| ayer having a first thickness; and a nultiple-gate transistor forned on a

second pasfithosentéoridnetos Biyecordyiticahe indyiator 14yeE and GROM6: efid éMnthef t he
sem conduct or | ayer overlying the insulator |ayer, the second portion of

the sem cepfumERtol BY&habmgiaBls@hRRRQEDHaN ckness, and the second thickness
bei ng | arger
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.

2. The semiconductor device of claim 1, wherein the semiconductor layer comprises a
material selected from a group consisting of silicon, germanium, silicon germanium, and

combinations thereof,

3. The semiconductor device of claim 1, wherein the insulator layer comprises silicon

oxide.

4. The semiconductor device of claim 1, wherein the first thickness is less than about

400 angstroms.

5. The semiconductor device of claim 1, wherein the second thickness is greater than

about 100 angstroms.
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than the first thickness. 2. The sem conductor device of claim1, wherein
the sem conductor |ayer conprises a material selected froma group
consisting of silicon, germanium silicon germanium and conbi nations

t hereof 3. The sem conductor device of claim1l, wherein the insulator |ayer
conprises silicon oxide. 4. The sem conductor device of claiml1, wherein
the first thickness is | ess than about 400 angstrons. 5. The sem conduct or
devi ce of6.cl aiThesemidoadedtor daveesdchurd 1t wheleneths plapagiramistor comarisabout 100
angstroms. 6. The sem conductor device of claim1l, wherein the planar

transi st or conpslimeshanndl Pnasdroabe fAedt pbaiored te emiddhduétor Bleporti on of
the sem conductor |layer; a gate dielectric overlying at |east a portion of

the planar chaarga@édlele@uﬁ%%ﬂﬁh %fle%%g%i‘tﬁﬁﬂé@tﬂ@ Lbhs Baifdi el ectric; and

source and drain regions formed in the first po tiron o the seni conduct or
l'ayer oppositely e 7. The sem conductor device
of claim®6, Wneé ag‘#ﬁb@%%g?%ﬂﬁg ﬂ%e%%%erélgl%é%‘%b |dses a mat er | al selected from
a group consistin si.licon aoxid on 0 ride, h k dielectric
material, a d.S@P@gﬁPﬁfl AT R1CRS Fosmedl i ﬂwpirﬁtrﬁoe‘wriy/?fi@e P%{P’ﬁ%‘i‘ Wisiesbout S,
and conblnaplons_thereof.

oppositely adjacent the gate electrode.

7. The semiconductor device of claim 6, wherein the gate dielectric 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.

8. The semiconductor device of claim 6, wherein the gate electrode comprises a
material selected from a group consisting of a metal, a metallic nitride, a metallic silicide,

poly-crystalline silicon, and combinations thereof.

9. The semiconductor device of claim 1, wherein the multiple-gate transistor comprises:
a vertical semiconductor fin formed from the second portion of the semiconductor
layer;
a gate dielectric at least partially wrapping around a channel portion of the fin;
a gate electrode overlying the gate dielectric; and
source and drain regions formed in the second portion of the semiconductor layer

oppositely adjacent the gate electrode.
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8. The sem conductor device of claim®6, wherein the gate el ectrode
conprises a material selected froma group consisting of a netal, a
netallic nitride, a netallic silicide, poly-crystalline silicon, and
conbi nations thereof. 9. The sem conductor device of claim1, wherein the
mul tiple-gate transistor conprises: a vertical sem conductor fin forned
fromthe second portion of the sem conductor |layer; a gate dielectric at

| east parlQ al I'Ehevwempondectar devive of chaiva dnwhepor the gatedlfelediiie Edmpriseaagat e

el ectrode overlying the gate dielectric; and source and drain regions
formed i mitbgalseleand fioai 4 beap 0bnsidtiag HE BilicOn 0xiak,ilidod YR ynitiap Bightie! ¥

adj acent the gate electrode. 10. The sem conductor device of claim9,
wherein t j - LG € QPR i r a group
Consi st radefR el GXhdl e YA SRR Cper iRy et 5 40 7, O
naterialkmﬁgggﬁ]egﬁ%kg with arelative permttivity larger than about 5,
and conbi ARt oNns %Pgof. 11. The sem conductor device of claim9, wherein
the gate electrode conprises a naterial selected froma group consisting
of a netal, a nmetallic nitride, a netallic silicide, poly-crystalline
silicon, Hdnd cuiERemndondnsort dewicel claid 9, Whereietit gadletode eepries of claim 1,
wherein corners of the sem conductor |ayer are rounded at edges of active

regions Ghatbha sPkaR@ o Weddh bR S8 midtANS hdtaM Snitri3; a MBI SHRAMLICE O
devi ce conpri sing:

poly-crystalline silicon, and combinations thereof.

12. 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.
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~an insulator layer; a first portion of a semiconductor |ayer having a first
t hi ckness, the first portion of the sem conductor |ayer overlying the

i nsul ator layer; a second portion of the sem conductor |ayer having a
second thickness, the second portion of the sem conductor |ayer overlying
the insulator layer, and the second thickness being larger than the first
thickness; a first transistor having a first active region forned fromthe
first porldi on Hferitendistmidevine oahprisih@yer; and a second transi stor having a
second active region fornmed fromthe second portion of the sem conductor

| ayer. 14. ThensSgdilaerndugt or device of claim 13, wherein the first
thickness is | ess than about 400 angstroms, and the second thickness of

greater than abgut,100, W%l%ﬁigcﬂ) laXIPSa ﬁﬁ?ﬁﬁ'&&ggsdﬂ'lt%h er&i;m?tflorg&f”" m 14,

t
wherein the flrst I:‘t’ranS|stor 'S pl anar trahsistor, an econ

transi st qp ; lﬂiﬁ%’E g% n5| stag 16. The sem conductor device of
claim 13 érllg? cOF HEFS ‘anrsg Oér@'eg’econd active regions are
rounded. 17. A sem conductor devjce_ conpri sing an insul ator |ayer;

first portion 3ECRUsPoEEch efghe a%ﬂlls?wu&%rlambmag as¢oopd thiekess thesssoend | ess

than about 400 angstrons, the first portion of the semi conductor |ayer
over | yi ngortian ¢fribe sgmg«pnduagpe tayer overlying the insulator layer, and the second thickness

being larger than the first thickness;

a first transistor having a first active region formed from the first portion of the
semiconductor layer; and

a second transistor having a second active region formed from the second portion of

the semiconductor layer.

14.  The semiconductor device of claim 13, wherein the first thickness is less than about

400 angstroms, and the second thickness of greater than about 100 angstroms.

15.  The semiconductor device of claim 14, wherein the first transistor is a planar

transistor, and the second fransistor is a multiple-gate transistor.

16.  The semiconductor device of claim 13, wherein corners of the first and second active

regions are rounded.
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a second portion of the sem conductor |ayer having a second thickness of
greater than about 100 angstrons, the second portion of the sem conductor

| ayer overlying the insulator |ayer, and the second thickness being |arger
than the first thickness; a first transistor having a first active region
formed fromthe first portion of the sem conductor |ayer; and a second
transi stor having a second active region forned fromthe second portion of
t he sem ddnduch esmicagdictor figvicT bempasmgonduct or devi ce of claim 17, wherein
the first transistor is a planar transistor, and the second transistor is a
mul ti pl e- gat e doripsigdtstlayer; 19. A nethod of fabricating a sem conductor
device conprising: formng a first thickness of a first portion of a

sem conduct or g @elortifer e §&ﬁf&3§ducﬁ?il%? ﬁ?ﬁ}'i%& st SRERNLs HORLS tﬁﬁhe Sout he

sem conductor |ayer larger than the first ness, ereint

sem cond i verl vi I r.layer: . formn first active
regi on fc;lh(rb b;&ﬂx’gélnfoéfs'; Flrezﬁr{gtl pg? (1# %%fonﬁlggﬁur%@? 1%1; Y%W%gft ﬁrésglag(gr‘lr?}f:e&nduct or

| ayer; and formn seco&d active e?i n fgr .a secog& transistor fromthe
second port i orft BFORAROTIALE] e AmCPRAUC 053@@ 2008 §ACORE {THeness ofgreatsh 19,
wherein the formng of the first and second active regions conprises:

provi di nghan #eut hagsaems. fke sesoibprrias R Bpsemideadurser laymevedvng theyer ; and

insulator layer, and the second thickness being larger than the first thickness;
a first transistor having a first active region formed from the first portion of the

semiconductor layer; and

a second transistor having a second active region formed from the second portion of

the semiconductor layer.

18.  The semiconductor device of claim 17, wherein the first transistor is a planar

transistor, and the second transistor is a multiple-gate transistor.
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renoving material fromthe sem conductor layer in alignnment with the active
region mask to formthe first active region in the first portion and to
formthe second active region in the second portion. 21. The method of
claim19, wherein the first transistor is a planar transistor and wherein
the second transistor is a multiple-gate transistor. 22. The net hod of
claim19, further conprising: formng a first gate dielectric over a first
channel rl&gi oA ofethddefifabrsating ¢ semeicomdyictnm devitecompusing:f i r st gate el ectrode
over the first gate dielectric; doping portions of the first active region

to form sour ceonnidgdrfkithick@sobsa tiest pbhRnfof b Stmidoh@RSorSh@dt; andy s¥tard a
second gate dielectric over a second channel region of the second active

- 23 1 egi QRickh&E BF A8ecdnd B613H ogﬁ{ees]?ﬁl{i«ﬁﬁﬁﬁ&gxelagéﬁﬁrgﬁm&%%}gttﬂﬂ: ess

dielectric; and doping portions o e second active region to form source

and drai | Qns t on ansistar,.23. The nethod of claim22,
wher ei n g?rﬁﬁ?%ggt?esﬁggéongp&%gﬁ olf)lgﬁéfliy&?g?rhgls‘fllla%?aygﬁd second active regions
i s perforned affte_r tgiez formng.of the first an secofqd gate el ectrodes. 24.
The net hod of ETAPAAZES AGHKS BEIPnAPT # B frapsistpr BemheigbpotHgn 8f thene fir st

and second active regions is perfornmed before the formng of the first and
second gaemiwndueteilgrer; and

forming a second active region for a second transistor from the second portion of the

semiconductor layer.

20.  The method of claim 19, wherein the forming of the first and second active regions
comprises:
providing a patterned active region mask over the semiconductor layer; and
removing material from the semiconductor layer in alignment with the active region
mask to form the first active region in the first portion and to form the second active region

in the second portion.

21.  The method of claim 19, wherein the first transistor is a planar transistor and wherein

the second transistor is a multiple-gate transistor.

22.  The method of claim 19, further comprising:
forming a first gate dielectric over a first channel region of the first active region;
forming a first gate electrode over the first gate dielectric;
doping portions of the first active region to form source and drain regions for the first
transistor;

forming a second gate dielectric over a second channel region of the second active
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25. The nethod of claim 22, wherein the first and second gate dielectrics
are formed froma sanme material. 26. The nethod of claim 22, wherein the
first and second gate el ectrodes are fornmed froma sanme nmaterial. 27. The
met hod of claim 19, wherein the sem conductor |ayer conprises silicon, and
wherein the formng of the first thickness of the first portion of the

sem conductor layer conprises: providing a patterned mask that covers at

| east parmegiofi; t he second portion and is open over at |east part of the
first portion; oxidizing an exposed top portion of the first portion to
formsilicon distiihg a seesridVgaiOelédi@ds ol érthe s@shd gate didectrédyamid ng t he mask. -24
28. The nethod of claim 19, wherein the formng of the first and second

active regi ONSigpng REAGRIITREL &E&ﬁa&ik}@rég?mtq]fe QurbdsndP@hin Iegiggé%%ﬂeé st

portion to provide the first thickness o e first portion.
met hod ofseg&gdtp%n%gmv\herei n the formng of the first and second active

regions is ertornmed before the renoving of the part of the first portion

to provide the first thickness of the first portion. 30. The method of
claim 19, wherein the second active regionis afin with a fin height of
23.  The method of claim 22, wherein at least part of the doping of the first and second

active regions is performed after the forming of the first and second gate electrodes.

24.  The method of claim 22, wherein at least part of the doping of the first and second

active regions is performed before the forming of the first and second gate electrodes.

25.  The method of claim 22, wherein the first and second gate dielectrics are formed

from a same material.

26.  The method of claim 22, wherein the first and second gate electrodes are formed

from a same material.

27.  The method of claim 19, wherein the semiconductor layer comprises silicon, and
wherein the forming of the first thickness of the first portion of the semiconductor layer
comprises:

providing a patterned mask that covers at [east part of the second portion and is open
over at least part of the first portion;

oxidizing an exposed top portion of the first portion to form silicon oxide;

removing the silicon oxide; and

removing the mask.
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nore than about 100 angstrons and a fin width of |ess than about 500
angstrons. 31. The nethod of claim 19, wherein the second active region is
afinwth afin height of nore than about 400 angstrons and a fin w dth of
| ess than about 500 angstrons. 32. The nmethod of claim 19, wherein the
formng of the first and second active regions conprises: formng an
active region mask to expose selected regions of the first and second

porti ons;28%nd Fhermethed of daioh by wherdih éhesfoleimged thediystoans secordedciineragivms fis r st
and second active regions. 33. The nmethod of claim 32, further conprising:
filling tgeefoimehshashaventovingdifehepirt bthe st pbalon t@Eﬁbvide&ﬁ'@ﬁm thitliRssett | ve
regi on mask. 34. The nethod of claim 19, wherein the sem conductor |ayer
conpri sesh@fifRp6ioal selected froma group consisting of silicon
germani um silicon germanium and conbinations thereof. 35. The net hod of
claim19, further conprising: formng rounded corners on the first and
second active regions. 36. The nethod of claim 35, wherein at |east sone of
the round®d codFheanethodioeclain biwheren theuforming of thedinand sebmdtactife vgiyss i Ms
and about 200 angstroms. 37. The nethod of claim 35, wherein the formng of
t he r oundesfornedibefore the pedving@tthe psit bfthe firgpoein tb Prévidytie dgenhichitsabNi Ng
anbient with a pressure between about 5 and

the first portion.

30.  The method of claim 19, wherein the second active region is a fin with a fin height of

more than about 100 angstroms and a fin width of less than about 500 angstroms.

31.  The method of claim 19, wherein the second active region is a fin with a fin height of

more than about 400 angstroms and a fin width of less than about 500 angstroms.

32.  The method of claim 19, wherein the forming of the first and second active regions
comprises:

forming an active region mask to expose selected regions of the first and second
portions; and

forming trenches in the selected regions to define the first and second active regions.

33.  The method of claim 32, further comprising:
filling the trenches with a dielectric material; and

removing the active region mask.
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about 20 Torr, for a duration of between about 15 and about 35 seconds, at
a tenperature between about 800 and about 1000 degrees Cel si us.

34.  The method of claim 19, wherein the semiconductor layer comprises a material
selected from a group consisting of silicon, germanium, silicon germanium, and

combinations thereof.

35.  The methed of claim 19, further comprising:

forming rounded corners on the first and second active regions.

36. The method of claim 35, wherein at least some of the rounded comers have a radius

of curvature between about 10 angstroms and about 200 angstroms.

37.  The method of claim 35, wherein the forming of the rounded corners is performed
using 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.
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