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TRI - GATE TRANSI STORS AND METHODS TO FABRI CATE SAME

FI ELD [ 0001] Enbodi nents of the invention relate
wa@emnshad7By to the field of integrated circuit BPEWUSE5/000947

fabrication and nore specifically to tri-gate

transi stor fabrication. BACKGROUND [ 0002] The trend

toward increasing the n I QNS 9f

| RRegr ATEBANSISTONS ASD Firl oS 1P FaBsAT sape

As the size of transistors decreases, serious

drawbacks in current transistor fabrication processes
FIELpecone evident. For exanple, typical

silicon-oninsulator (SA) transistors are fabricated
[00013Y CPAbbBEnchtSARE [iveRtion fethtagericraly tattios fi¢ld of integhtad sircuit

or silicon oxide) layer. A second silicon wafer is

devic%j I?@t?lcgg&?%?% Bré %@(Zl;ﬁegw ﬁgﬁfgalteaﬁ‘fﬁ{s,is%lqaﬁﬁ@aﬁﬂﬁ.d to a

esire kKness ., as determ ned by the
BACK r dinmensions). This thinning process is very
to control with great accuracy. [0003]

FigureéIA- IDillustrate a porti.on of the . N
[0002] abr Thafrenhiqise dteasie the BERPHS! M%Pﬁ%?ﬂa@&egmd cirouit
transistor in accordance with the prior art. As shown .
devicefIGrienice i$ dontmugr rAsshe siae of trampistons Werteagepyserous frawhpcks in
substrate, has an insulator layer 102, typically
curresi trafs@fordhridation IpﬁHc$$$e§B<€bonmviddnt. Farexarghgp kbypicad silicon-on-
silicon dioxide [ayer may be grown on a silicon
insulAYPEO nsibBR04L £ABicHBOWR chatinpl LBHbStrdtBwith doriansiter (e.g.,
st m?gi I%% |fls .tlhen bonded‘ﬁ?o tr?? i nsul ator | ayer 102(, &
[ nay. ilit 1 I, Rg.; i
glass:?ﬁiﬁﬁcﬁ? o&@e@faysrod@%eiwﬁﬁEIQ@QI?%’P A e
u a _heat - [
SR e S R
approxi mately 600 m crons thick. ’ ’
thinning process is very difficult to control with great accuracy.

[0003] Figures 1A — 1D illustrate a portion of the fabrication process for creating a tri-
gate SOI transistor in accordance with the prior art. As shown in Figure 1A, a carrier
wafer 101, typically a silicon substrate, has an insulator layer 102, typically silicon
dioxide, disposed upon it. For example, a silicon dioxide layer may be grown on a silicon
substrate.

[0004] As shown in Figure 1B, a transfer wafer 103 is then bonded to the insulator
layer 102, which may facilitate the bonding. The bonding of the carrier wafer to the
insulator layer may be effected though a heat-induced hydrogen bonding process. The
transfer wafer, which may be, for example, silicon, is approximately 600 microns thick.
[0005] The transfer wafer is then thinned to a desired thickness based upon the
transistor dimensions. Typically, this thickness is approximately 50 — 100 nm. The
thinning of the transfer wafer may be accomplished through one of several typical
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[0005] The transfer wafer is then thinned to a desired

t hi ckness based upon the transistor di mensions.
way@soal7By, this thickness is approxi mately 50PET/LOM05/000947

nm The thinning of the transfer wafer may be

acconpl i shed through one of several typical processes.

For exanple, a wet etch an ol i sh process, na S
processes. ghanRARITRLS: AR SFB LA AEGEh B 58 Rt Al e L3t
An alternative nethod for.thinning t he transfer wafer
waferitotHeutbeisechipihkngesn Amplfeamatiae inesihast for Hunping g tsansfes yeter
to create a weak section of the transfer wafer. The

includl9 Bgl@d g@ainiplastatitreot the atadert loyarftd erhtesn Weajhsection of the
tenperature cl eave of the hydrogen-doped interface.

ransfSARSEAUERS bhdeli Bgirts MBS hedtedf dfectalhfghaemberapet tlshnerof the
or treated 1n other ways to planarize the surface or

further,.red ' i
ol BSR BN R p T TRt popi

_ several hundred angstrons..As sh 1, Fi

in other WA erP T EF EGB RSSO DR Hhage oGl olhemetidts
dinmension for the silicon body of the transistor

providesanitiol nfjthierthicknass fayihin poRroxTRgelFergALREdsed gngsipms. As
layer 104 is determined by the desired height of the

showS i Figare hodiie (rhiSifyr wakiel G3 hambleery thinied 4o pglegiFrshdimension for the
sel ectively etched to create silicon bodies for the

silicoh 'B@E? bR Ensilor SBQMIng @ fiduye 108, Theltbickieseb§film layer 104
etching the filmlayer 104, using |ithography

. t echni gues, ;I Sy He: ' i

oo ST MR GRUMBA Beerandn sy o
—or. typi cal transistor,desi |t

selectigly pﬁgpétopqrgi}g 'sﬁlic%g?d1?sots()l %’ t?%%{%hor%é%b’ élgol}g?ﬂlt 15(;“1g1£1 eola)t,
one-third ofgate length. For typical .tr [ |

selectenty elchingithe Bim Tayisp | s viiag 12@0%551&6‘%{515&”%%} 23S Shikhn
Hsi is greater than approximtely 20 nm_ Using the

bodies 06 davinfahtesitat baly widithGHls:) 4nd hadydwight bile)-t o creat e
adequate filmlayers. However, as the gate |ength, and

[0008]€NC ®or fypRealfahdifer ddsigndechiteanes gateldengtints fraportionalito Hlsi,

met hods “exhi bit serious disadvantages.
with Hs;  equal to about one-third of gate length. For typical transistors with gate
lengths of approximately 20 — 100 nm, the desired Hsg; is greater than approximately 20
nm. Using the current fabrication method, it is possible to create adequate film layers.
However, as the gate length, and hence, the desired Hs; decreases, current fabrication
methods exhibit serious disadvantages.
[0007] The Hs; value must be uniform across a wafer in order to produce transistors
with uniform characteristics. For example, the transistor threshold voltage, which is
directly proportional to Hs;, should not vary by more than approximately 10%. Therefore,
the film layer thickness that determines Hg;, should not vary by more than 10%.

[0008] The methods of thinning the transfer layer to obtain the film layer are capable

of producing a film layer of approximately 20 nm thickness that does not vary by more
2
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[0007] The Hsi val ue nust be uniformacross a wafer in
order to produce transistors with uniform

w@hb@satt7ar i stics. For exanple, the transistor paT/ESv0H/aH0947
vol tage, which is directly proportional to Hsi, should
not vary by nore than approxi mately 10% Therefore,

the film/l r .t hi ckness t hat t.er m nes L..S X .
than SEGFOUERYF B Ui MO 004D AT W OB e oQptey b formity
thinning the transfer layer to obtain the filmlayer
for thamner cflprlayers o fThpieggescurgREmethpds ?fafﬁbrfwaémga%ﬂrtmﬁﬁﬁ%w
20 nmthickness that does not vary by norethan
incapaplerafyieiding linandiStoss witweate igngthisssmllaethho dgprosiniately 50 nm.
produce the required uniformty for thinner film

[0009]2Y € \NBored 2] BE PFRessCafMboRding s duatler wifef alif frasfdr v f&Chnd the
transistors are incapable of yielding transistors with

proc%gg?tﬂiﬁﬂﬂ SRtk G fer Bithe RBF QI IRh8dsY are Qo addifiRult to
reover, the process of bonding the carrier wafer and
Cmﬁgiansfer waf er, and the process of thinning the
Pransfer wafer to the desired thickness, are costly
ult to control . BRI DESCRI PTI ON OF THE
DESCRIPEIONOFTHE BRAWINGS py he best under st ood
y referring to the follow ng description and .
[001@]c c o rfhariyvangoul mmyibedrssttunderstaod bygeferting fol the feljoxting description
enbodi ments of the invention. In the draw ngs: [0011]
and doc@mp@syihPdrawhitpsithdtusd uisstieo dluptrate estbotioments efthe mg/eation. In
tri-gate SO transistor in accordance with the prior
the d%{,i'ng;.IOOlZ] Figure 2 illustrates a process for
provrdi ng increased unifornmity in silicon body height,

i, J4.n _aceerd i ' f . :
wmfﬁgerﬁwgﬁ? PR Bt A iRt ER 3T el O} transstorin
abrication of a tri-gate t i st [ d
accorganee BHE RBRRIHeNt of the fnvention.

[0012] Figure 2 illustrates a process for providing increased uniformity in silicon body

AN I

height, Hg;, in accordance with one embodiment of the invention; and
[0013] Figures 3A — 3G illustrate the fabrication of a tri-gate transistor in accordance
with one embodiment of the invention.

DETAILED DESCRIPTION

[0014] In the following description, numerous specific details are set forth. However,
it is understood that embodiments of the invention may be practiced without these specific
details. In other instances, well-known circuit‘s, structures and techniques have not been
shown in detail in order not to obscure the understanding of this description.

[0015] Reference throughout the specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the present

invention. Thus, the appearance of the phrases “in one embodiment” or “in an
3
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DETAI LED DESCRI PTI ON [0014] In the follow ng

description, nunmerous specific details are set forth.
wolowewer730 it is understood that enbodi ments of PETIES2005/000947

i nvention may be practiced wi thout these specific

details. In other instances, well-known circuits,

e PSS 0 B O
e Sy S L RS S SRS (e, o

means that a particular feature, structure, or
charadteistiss ataydei combinsgrin Byl suitebleonamnsr imenamhoretembodiments.

enmbodi nent is included in at | east one enbodi nent of
[0016he pMeEeﬂvér, linveative aspectd h'e|$a let;sh‘ﬁaﬁ pl deataes ef wﬁing]eeiisclosed

phrases "in one embodinent” or "in anenbodi ment” in

emb¥&ikicat smhsa%sclélﬂl% PHURAHE tﬁefmetaﬂ&pbéécﬁ@hb@ are%eemxpresﬂy

necessari | referring to the sanme enbodi nent
I
mCOE;#)[rﬁtgg dg??@ D%&ﬁe&’fbfe%d oﬁ{)wf;’%lg gééﬁ;&a;iﬁn sthd dﬁgéaﬁ §§ ?Tvavﬂ asa

errbodl nents. [0016 I\/br eover, inventive
Sepaéag‘f)@‘?ﬁg‘%meg@ Pﬁthfselg‘éenl“ﬂﬁn al | [feat Lr es of a single

di scl osed enbodi nent. Thus, the clains follow ng. the

[001ft aj Figurerdeidluptraies aprogess fmreb@wperég@ﬂymifﬁ%mm silieqn body
into this Detailed Description, with each claim

height, &g imacoordantswiimonasmbhodiamat of the énvzotiomeProceds 208j shown in
invention. [0017] Figure 2 illustrates a process for

Flgu@é Q"Be%iﬂ%gmltl{]@ﬁé?ﬁﬁﬁ@(ﬂﬂh fn¥i¢H 4 dedh l§yér|1§@1'§p&@d Yip&€h Sliistrate
, I'n accordance vvlth one enbodi nent of

layet. n]y%e%ﬂ‘lbfggﬁ lgch lﬁ{fé}‘gﬁayhﬁﬁ &b yl%réef@ ggodn @1@ Q{l 2% faller

operation spos upo

. bstrate I e _enbodinent ren
usin 3 chiiical vaper 05&03350@%@9%38 E%rs%ﬁa%bﬁ ef B swptugte
chem cal vapor deposition g pr ocess. one
layepissdifiore For aligraatisigisathoginaen %)ﬂé?r qu§tr%tp ﬂaysway bganother
al ternative enbodi nents, the substrate |ayer may be
semignoduréor material such as germanium (Ge) or gallium arsenide (GaAs). For one

embodiment, the trench layer thickness is determined based upon the specification of the
transistor’s gate length. That is, the trench layer thickness is selected to be equal to a
desired Hg; value.

[0018] At operation 210, selected portions of the trench layer are removed, thus
forming trenches. For one embodiment, the trench layer is a material that can be
selectively etched using conventional etching processes. For various alternative
embodiments, the trench layer may be multiple layers of different materials with each
material. In one such embodiment, the multiple layers of the trench layer are susceptible
to different etching processes.

[0019] At operation 215, the trenches formed by ‘operation 210, are filled with a

semiconductor material (e.g., silicon). For one embodiment, the trenches are filled with
4
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sem conductor material such as germanium (Ge) or
gal lium arseni de (GAs). For one enbodi nent, the
wa e@so7Bayer thickness is determ ned based upP@I/URm®05/000947
specification of the transistor's gate I ength. That
Is, the trench layer thickness is selected to be equa

toadeswed i val ue. ratlon 2
epitaxia] BHEQUIHRE § SIFRLIVEEPHAAL tnr%fr%ﬁ 197 gbogient, the
thus formng trenches. For one enbodlnent the tren
trenchesyare fillsd én sranceothey mamngr. Eoirxgmpie F@C‘F‘?‘\?b?%/mél’ ke g’gl SWIth
usi ng conventional etching processes. For various
polysili¢c@rsiig &/ lasldy depovitivingrotdse trench | ayer may be
mul tiple layers of different materials wth each

[ooz(ﬁat erqt@perakibn 92@ thsSftegRadbdRINtor hateriillstrepbeed. aiert ds,
of the trench | ayer are susceptible to different

semi¢q ncdlac e(%?a? ﬁgﬁ'ﬁ%}h& {013 thﬁtexgerﬂ § ghdveihe g*ﬁfac% ke the remamder

renc eration are filled wt
semn onductor t.e

C
of - S, Qb S e %af??xf"%le%?%h%ﬁfcg} i
silicon using a selective epjtaxial oCess. an
(CMB) isemmdeyeddo phnadraiba ﬁurf%qﬁ%@fﬁheeweﬁ%%nd&f:@r mat ff
sonme ot her manner. For exanple, the trenches nay be

[0021] | | et opietattiop QR§ sthb renorindss iof ghectranich iyt istepoEed Pesing

process. [0020] At operation 220, the excess

semiSEHHuC 7§16 (1., thB b@hicahductor medterya dillinghthe tieaches). For one
sem conductor material filling the trench that extends

emb@cﬁﬁl\éﬁt hen, Cﬁé’i"&o?% s%fm&ﬁﬁuétsffﬁhﬁg %ﬂﬁ‘ﬁn tWithindBS&thha YR

refove r one enbodi nent, a chem cal - nechani cal

B ST BT A 4R 0 s

the remai nder of the trench i S renove n
With S8 eEGRIIRRG P e egion, TiebiA S IeeR oA B DL & muli-
filling the trenches). For one enbodi ment, the height

layentiertchdayeis digprod b hefsiliconisybsfrats 30 1m The tignchilayer es@mprlsed
t han 5%

of a first oxide (e.g., SiOy) layer 302, a nitride (e.g., SisNy) layer 303, and a second oxide
(e.g., SiOy) layer 304. Eventually the tri-gate body thickness, Hg;, will be determined by
the thickness of the second oxide layer, which is a very controllable thickness.

[0023] Figure 3B illustrates the application of a photoresist mask layer 305 to define
the transistor bodies. The patterning of the photoresist mask layer 305 determines the
width of the silicon body, Wis;.

[0024] Figure 3C illustrates the etching of the trench layer to define trenches 306a and
306b. For one embodiment, a series of three distinct dry etch processes are employed. In
such an embodiment, the second oxide layer 304 is etched using a selective dry etch
process in which the nitride layer 303 acts as an etch stop. Then the nitride layer 303 is

etched using a different selective dry etch process in which the first oxide layer 302 acts as
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[0022] Figures 3A - 3Gillustrate the fabrication of a
tri-gate transistor in accordance with one enbodi nent
w@booshz7Bnvent i on. Figure 3A shows a silicon SPUBUSBEDE000947
301. A nmulti layer trench layer is disposed on the
silicon substrate 301. The trench layer is conprised

¢ fi , . I ’ htL .
an ciplesGp; FibKEe Fay BRIy er 41 s S aan e dra et that s

Si2) layer 304. Eventually the tri-gate body
sufficinnidksedestive Kes5top o the syefaerbfthpsiliean BYositRE XM ckness of

the second oxide layer, which is a very controllable
[0025hi cRtigss 3D ill02BiesHiltng GeBes BOgesand30sb withesilicon 307 after the

application of a photoresist nask |ayer 305 to define
phot&R8ist 1,305 HaE b&AdSsped By Pl ihaicied g A9otddabove, the trenches

phot oresi st mask | ayer 305 determ nes the width of the

Llsieq % ' QYA Holl R Eepitakfl growth

“mV§FE%@%g“@ggwﬁ%w@?gﬁﬁg8%§§§5£?%ﬁ§%§§%8 trenché§a§06a i

and 306b. . For. one..enbodi nent, a series of three
Orblaﬁﬂgﬁtﬁwltwfé’f’g'ﬁlhﬁ%’cesses are enployed. In such an

enbodi nent, the second oxide |layer 304 is etched usi .
10026 S oITHBF 8 Hsyrodesdhe pHOAL FRARFERRP B devH of figecond bride
| ayer 303 acts as an etch stop. Then the nitride |ayer
layei3R(Bt. i Forene kmblodisienty tlze pladrization isséfeeted ivgmg@ryMErprpcess. For

process in which the first oxide |ayer 302 acts asan
one @hBMigkep thefjonighihy prdcss if k&l to@umaee thayerond@Ridedayer 304 and
etched using a dry etch process that is sufficiently

' Irf RGP &Bodiinkhts B polish h
the @S{(}g? %jg%lgo%%lggfgsogg?ﬁ%%ﬁe 3D ?I Inust rates fil I%Onla e
. ,trench 06a and 306b. w t L] 307 h
ot SRS EPER, Ok 000U o LA AIAS el e eeond
_indicated. As.noted apove, th re e be.filled.
oxidger 304 1oBleRTRbEGHEL R ToBLIGY PR SEORAPRBYG the Firide
including epitaxial growth or blanket depositiaqn of
layep®3yisietahed nsing 0 0w6 ptchipgeness wing, (for pxemple phespboss peidodhe first
307 planarized to the | evel of the second oxide |ayer
oxidd der BOX a@as 8s Andicidstop idr, suthe ppdcassar i zation is effected
using a CWP process. For

[0027] Figure 3F illustrates the silicon bodies for the tri-gate transistors exposed with
the removal of the trench layer (e.g., second oxide layer 304 and the nitride layer 303). As

shown in Figure 3F, a portion of the trench layer (e.g., first oxide layer 302) may be

| retained to effect beneficial properties of the transistor as explained below. The silicon

307 forming the gate bodies has a uniform height to within a specified tolerance. For one
embodiment, the height, Hg;, of silicon 307 is approximately 10 nm and is uniform within
5%.

[0028] Figure 3G illustrates the tri-gate transistor fabricated by forming a gate 308
surrounding the silicon 307. The gate 308 may be, for example, metal or another suitable
material as known in the art.

GENERAL MATTERS
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one enbodi nent, the polishing process is used to
renove the second oxide |ayer 304 and the nitride

wo 20080073808 i s used as a polish stop. For such BEI/US2005/000947
enbodi nent, the polish has a high selectivity between
oxide and nitride. For an alternative enbodi nent, the

co xi.de |ayer 304 is selectively etched to th
0038 7 B pdiepls T She ExpuishBrius vaidis arefipie Miykeliss
Is etched using a wet etch process using, for exanple,
metlyls gphéaspidbagdn ghelméStfhaﬁ@tfomihﬂlé opepléens3en bgaddedity aadeleted
etch stop for such a process. [0027] Figure 3F
from diiyustithatethodbevitholi departingdias tedrasiclseoper of-thaimyention. For
transi stors exposed with the renoval of the trench

exathgl¢Ethe (@néh Lay&?déﬁdﬁbéd(ind%eka%ﬁbﬁQOS%Fﬁgﬁ% 2 hBaybé ﬂisﬁ@sed on the
| ayer 303). As shown in Figure 3F, a portion of the

substfafiih RatiBySHitefBuide ngftﬂefsse{ndﬁlgg[ﬂ%r %o%é?fse&g Qtzpno%ta%lgﬁ one layer as

retained to effect benefic ties of

. ransi st or xpl. al ned bel ow. The silicon 307, formn

itus B3 Pl TR FERLEHES e oEhE RERCLR Al b Riddtho
specified tol erance. Far one enbodinment, the height, .

effegidienciife. &pshewh mbigures SER9ASH, A@ouIan ofshe,Frsh auide dayet is
uniformw thin 5% [0028] Figure 3G illustrates the

retained tquztiece frings canaoitarfcatim ihedtamdistoy. f or mi ng a gate 308
surroundi ng the silicon 307. The gate 308 may be, for

[0038% anpAedestEibed atwve ahe tdfches Worinaddlie theetkeich ddyea snayrbeviilled with
in the art. GENERAL MATTERS[ 0029] Enbodi nents of the

silicbA Y hinBBer! TG E Enctdlih® Ysr SREA, beR%ket dPBYILiBH of PSlysilicon. For
thods are desScribed in their nost basic form but

nme
rations dto or L et. I h

I e N A
. invention. For exanple, the trench | ayer, described in
is era@@v«zc{ ¥ doppsitign tpjagpral the silican 110 4ingle sbE@n t he

substrate in various alternative matters and nmay be
[003dbnpr Wahdld tlf inwentiontliag heamndestriliasiin dgyms of several embodiments, those
skilled in the art will recognize that the invention is not limited to the embodiments
described, but can be practiced with modification and alteration within the spirit and scope

of the appended claims. The description is thus to be regarded as illustrative instead of

limiting.
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illustrated in Figure 3A. Furthernore, a portion of
the trench layer nay be retained to effect benefits.
Wg00slooms0 | N Fi gures 3F and 3G, a portion of tPerT/D5208%/000947
oxi de layer is retained to reduce fringe capacitance
in the transistor. [0030] As described above, the
trenches forned in the trench layer may be filled with
con in a nunber of ways including, for exanple,
bl anket deposition of polysilicon. For an enbodi nent
What in clefrnedhisa bl anket deposition of polysilicon is used,
an anneal i ng process is enployed after deposition to
anneal the silicon into a single crystal. [0031] Wile
the invention has been described in ternms of severa
e 'éﬁg@ Agse skilled in the art will recognize
L tgggﬂ# e fﬁ@%&?&%n is not limted to the enbodi nents
descri bed,. but ¢ ' i ification and
al 1@905{1}%3;1&%0%1 t%"ily%? t* Egn g éi&f‘ﬁ?ct) &g%t S %%6%$%f t he appended
clainms. The description j hus .t o be,.r rded.a
| RISl ROV TS e B Of P AT Spia gfer of he
claimed is: 1. A nmethod conprising; disposing a tﬁ?nch
trenchdgyer farpreng os arvire bahes.che tmeye} ot aportian gt thefesngh layer
renoving a portion of the trench | ayer such that a
expobippBhigutaticaidutioesitseateh | ayer forms one or nore
trenches, the renoval of a portion of the trench | ayer

eXRARkMEe ftforSRtieGRABMSE W £ sdasitérdiuetor indtérialg t he one
or nore trenches with a sem conductor materi al ;

r e{:cr:%loi\;i}%)r yetxgé(s%%gﬁlic%ﬁgﬁ SNdseHr SRR bl orfh @@ tA8hes; and

one or renches; and renovi ng an additi onal

g g%n%%nm%} %ﬁ?ﬁén%?g&tﬁoh% file t}e%cl? i‘a%? % etxggse the semiconductor

material as one or more semiconductor fins.

2. The method of claim 1 wherein the trench layer is comprised of a plurality of
layers.
3. The method of claim 2 wherein the plurality of layers include a first oxide layer

disposed upon the semiconductor substrate, a nitride layer disposed upon the first oxide

layer, and a second oxide layer disposed upon the nitride layer.

4, The method of claim 3 wherein removing an additional portion of the trench layer
comprises removing any remaining portion of the second oxide layer, any remaining
portion of the nitride layer, and retaining at least some portion of any remaining portion of

the first oxide layer.
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material as one or nore sem conductor fins. 2. The
nmet hod of claim 1l wherein the trench |ayer is

weowpoised of a plurality of layers. 3. The nepdiDUSD5/000947

claim2 wherein the plurality of layers include a
first oxide |ayer disposed upon the sem conductor
substrat e, itride l.ayer disposed upon.the f.irst

5. owtermeigbol i T BeeB e o GO e pehaa 2hiadetion
the nitride layer. 4. The nethod of claim3 wherein

approximetelnt0 am. addi tional portion of the trench |ayer
conprises renoving any renmai ning portion of the second
oxi de layer, any remaining portion of the nitride
| ayer, and retaining at |east sone portion of any

6. T ETRé Rlet3dRPElaiAS Whertiiehd briesdr moredemicoyductdr fifldleave a height
met hod of claim1 wherein the one or nore trenches

of ap@?ééﬁ%ggggﬁmﬁ Hm%atQﬁQﬁimtvﬁltMn 19, nm 6. The method of

erein the one or nore seni conductor fins
have a hei ght of approximately 10 nmthat is uniform
to wwthin 5% 7. The nmethod of claim1 wherein

renovi ng any excess, senm conductor material f omthet il fir

7. on&hemethod®T claimdnukerPidPRHgEEE 3PY AT F‘?{’@ICE’%@C‘COY material rom
sem conductor material to a surface of the trench

the dnaye mor8treiithes metudesplahariding the senirondugior waterial to a surface of
planarizing is effected through a chem cal nechani cal

the tRIch #yenNg process. 9. The nethod of claim1 wherein
filling the one or nore trenches with a sem conduct or
material includes epitaxially grow ng the
sem conductor material within the one or nore

8. tr The t1?1r1ee%ﬁod of claim 7 wherein the planarizing is effected through a chemical-

mechanical polishing process.

9. The method of claim 1 wherein filling the one or more trenches with a
semniconductor material includes epitaxially growing the semiconductor material within

the one or more trenches.

10.  The method of claim 1 wherein filling the one or more trenches with a

semiconductor material includes a blanket deposition of semiconductor material.

11.  Anintegrated circuit device comprising:
a substrate; and
one or more transistors formed upon the substrate, each transistor having a

semiconductor body, each semiconductor body having a height of less than 20 nm, the
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10. The nmethod of claim 1l wherein filling the one or

nore trenches with a sem conductor material includes a
whb@sket’3deposi ti on of sem conduct or mat eri al . PAT/US205/000947

integrated circuit device conprising: a substrate; and

one or nore transistors forned upon t he substrate,

each transi stor vin sen1c tor
heigl§ Qieedh R RE O HER PP b T Pranec & 1 8 pecifisd
~ thehei ght of each sen1conductor body uniformto within
height. t ol erance of 5% of a specified height. 12. The
integrated circuit device of claim1l wherein the one
or nore transistors are tri-gate transistors. 13. The
integrated circuit device of claim12 wherein each

12. S e%@ﬁl‘f@‘#ﬁ%&@ Eir&al¥evidSora] i@ 10 hvheEinapoexormbel tyandiStors are
nm A nmet hod conprising: disposing a first oxide

) a sem conductor substrate; disposing a

ng%?%?ﬁ%agﬁayer upon the first oxide layer; disposing a
second oxide |ayer upon the nitride |ayer; selectively
etching a portion of the second oxide |ayer and the

nitride layer to define one or nore trenches; fillin
13. t hdherietegretedireuit devien e5elain k2 whets eashagricomductor body has a
materi al; renoving the excess sem conductor nmateri al
heightrafrapptoainatelydi) mor e trenches; and sel ectively etching
a remai nder of the second oxide layer and the nitride
| ayer such that one or nore sem conductor bodies are

f or med.

14. A method comprising:

disposing a first oxide layer on a semiconductor substrate;

disposing a nitride layer upon the first oxide layer;

disposing a second oxide layer upon the nitride layer;

selectively etching a portion of the second oxide layer and the nitride layer to
define one or more trenches;

filling the one or more trenches with a semiconductor material;

removing the excess semiconductor material from the one or more trenches; and

selectively etching a remainder of the second oxide layer and the nitride layer such

that one or more semiconductor bodies are formed.

15.  The method of claim 14 wherein the one or more trenches have a depth of

approximately 10 nm.

16. The method of claim 14 wherein the one or more semiconductor bodies have a

height of less than 20 nm that is uniform to within 5%.
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15. The nmethod of claim 14 wherein the one or nore
trenches have a depth of approximately 10 nm 16. The
woreiokoti7ad cl ai m 14 wherein the one or nore  PCT/US2005/000947
sem conduct or bodi es have a height of less than 20 nm
that is uniformto within 5% 17. The nethod of claim
16 wherein the one or nore sem conductor bodi es have a
hei ght of approximately 10 nm 18. The method of claim
14 wherein renoving any excess semn conduct or mat,er'ilal
17. f rEhemdibodokclaim homhereieihie RS of METLSBYCHduRIOr bodigs heee
sem conductor material to a surface of the second
heigh® ¥ Sproduately 19nniThe met hod of clai m 18 wherein the
planarizing is effected through a chem cal nechani cal
pol i shing process. 20. The nethod of claim 14 wherein
filling the one or nore trenches with a sem conduct or
er i n ' | ) L8 aterial
18, qehernliol PEHERTA FRl R o st shiconductor m
trenches. 21. The .net hod, of .cl ai,m 14 .\whey ej L1
From gt Tepre wisPE anesre oaterifing iRl e plaerll i purfoce
i ncl udes a bl anket deposition of sem conductor
of thevsetcend axide dayer.The met hod of claim 14 wherein the
sem conductor substrate is conprised of a
sem conductor material selected fromthe group
consi sting of silicon, germanium and gallium
19. arpRMind@od 28 claiha srwidhas tefpledasizinglid effbeeditmotghea chemical-
sem conductor substrate is conprised of silicon, the
fir [ is conprised of SiQ2, the nitride
mecqagﬁ/céfrp(ﬁisghgl%?%ggéd of Si 3N4, and the second oxide
| ayer is conprised of SiQR2.

20.  The method of claim 14 wherein filling the one or more trenches with a
semiconductor material includes epitaxially growing the semiconductor material within

the one or more trenches.

21, The method of claim 14 wherein filling the one or more trenches with a

semiconductor material includes a blanket deposition of semiconductor material.

22 The method of claim 14 wherein the semiconductor substrate is comprised ofa
semiconductor material selected from the group consisting of silicon, germanium, and

gallium arsenide.

73, The method of claim 14 wherein the semiconductor substrate is comprised of
silicon, the first oxide layer is comprised of SiO», the nitride layer is comprised of SizNa,

and the second oxide layer is comprised of SiO..
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