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Generally, the present disclosure relates to the nmanufacture of |IHET
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The fabrication of advanced integrated circuits, such as CPU’s, storage devices,
ASIC’s (application specific integrated circuits) and the like, requires the formation of alarge

number of circuit elements in a given chip area according to a specified circuit layout,

wherein so-called metal oxide field effect transistors (MOSFETs or FETS) represent one
15 important type of circuit element that substantially determines performance of the integrated
circuits. A conventional FET is a planar device that typically includes a source region, a
drain region, a channel region that is positioned between the source region and the drain
region, and a gate electrode positioned above the channel region. Current flow through the
FET is controlled by controlling the voltage applied to the gate electrode. For example, for
20 an NMOS device, if there is no voltage applied to the gate electrode, then there is no current
flow through the NMOS device (ignoring undesirable leakage currents, which are relatively
small). However, when an appropriate positive voltage is applied to the gate electrode, the
channel region of the NMOS device becomes conductive, and electrical current is permitted
to flow between the source region and the drain region through the conductive channel

25 region.



To i nprove the operating speed of IHETs, and to increase the density of

| HETs on an integrated circuit device, device designers have greatly
reduced the physical size of IHETs over the past decades. More
specifically, the channel Iength of FETs has been significantly decreased,
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FINFET device, a channel is formed perpendicular to a surface of the semiconducting

20 substrate so as to reduce the physical size of the semiconductor device. Also, in a FinFET,
the junction capacitance at the drain region of the device is greatly reduced, which tends to
significantly reduce short channel effects. When an appropriate voltage is applied to the gate
electrode of a FiNFET device, the surfaces (and the inner portion near the surface) of the fins,
i.e., the vertically oriented sidewalls and the top upper surface of the fin, form a surface

25 inversion layer or a volume inversion layer that contributes to current conduction. In a



One process flowthat is typically perfornmed to form Fi nEET devi ces

i nvol ves formng a plurality of trenches in the substrate to define the
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per f or fReend plity and reliability of such devices. Device designers
are currently 1'nvestigating using alternative sem conductor materials, such
as so-called I'll-V nmaterials, to manufacture Fi nFET devices 10 which are

i ntended to enhance the perfornance capabilities of such devices, e.g., to
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present disclosure is directed to various nethods of form ng a Fi n1HET
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15 substrate during the same process operation for processing simplicity. In some cases, the
trenches are desirably designed with the same pitch (for better resolution during lithography)
and they are formed to the same depth and width (for processing simplicity and various
functiona requirements), wherein the depth of the trenches is sufficient for the needed fin
height and deep enough to allow formation of an effective STI region. After the trenches are

20 formed, a layer of insulating material, such as silicon dioxide, is formed so as to overfill the
trenches. Thereafter, a chemical mechanica polishing (CMP) process is performed to
planarize the upper surface of the insulating material with the top of the fins (or the top of a
patterned hard mask). Thereafter, an etch-back process is performed to recess the layer of

insulating material between the fins and thereby expose the upper portions of the fins, which

25 corresponds to the final fin height of the fins.



The follow ng presents a sinplified summary of the invention in order to
provide a 20 basic understanding of sone aspects of the invention. This
sumary i s not an exhaustive overview of the invention. It is not intended
to identify key or critical elenents of the invention or to delineate the
scope of the invention. Its sole purpose is to present sone concepts in a
sinplified formas a prelude to the nore detailed description that is
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t hereby define oxidized sem conductor material regions on the fin mandrel
25structure, renoving the oxidized sem conductor naterial regions to

t hereby define a reduced

15 The present disclosure is directed to various methods of forming a FnFET

semiconductor device using a novel mandrel oxidation process to form the fins for the device.

SUMMARY OF THE INVENTION

The following presents a smplified summary of the invention in order to provide a

20 basic understanding of some aspects of the invention. This summary is not an exhaustive
overview of the invention. It is not intended to identify key or critical elements of the inven-

tion or to delineate the scope of the invention. Its sole purpose isto present some conceptsin

asimplified form as a prelude to the more detailed description that is discussed | ater.



t hi ckness fin mandrel structure, formng a plurality of fins on the reduced
t hi ckness fin mandrel structure, wherein the fins are conprised of an
epitaxially grown sem conductor material, perform ng an etching process to
sel ectively rem)ve at least a portion of the reduced thickness fin mandrel
structure so as her eb ose at .| east a ortio
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| i ke 10@heibustrstivermdethed wigcbdsed herein Aingludess famaing al epancirel vetructue having
illustrative nmethods disclosed herein for form ng a Fi nFET sem conduct or
devi ce dugawal)sapaoralingrandeédiation gratesntopoxidies st tieast @r portiba dfi the matdréihe

device. 15 Wil e the subject matter disclosed herein is susceptible to
VT | OUSstr”E@ké ‘t&%hér%&ﬁ o%ﬁﬁe %xicﬁié@iaFégV&lsf&ﬁ fiﬁe sl § 1 tﬁgﬂﬁﬁﬂdﬂan&%&d}@r eof
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described below. In the interest of clarity, not all features of an actual

i mpl emestruatiureoso arte thibedayr exipesk at heasha portipe of éacbalf tleefindt wi Il of course be
appreci ated that in the devel opnment of any such actual enbodinent,
10
Another illustrative method disclosed herein involves forming a fin mandrel structure
above a semiconductor substrate, performing an oxidation process to oxidize at least a portion
of the fin mandrel structure so as to thereby define oxidized regions on the fin mandrel
structure, removing the oxidized regions to thereby defined a reduced thickness fin mandrel
15 structure, forming a pluraity of fins on the reduced thickness fin mandrel structure,
performing an etching process to selectively remove at least a portion of the reduced

thickness fin mandrel structure so as to thereby expose at least a portion of each of the fins

and forming afinal gate structure around the exposed portions of the fins.

20 Yet another illustrative method disclosed herein involves forming a fin mandrel
structure comprised of a first semiconductor material above a semiconductor substrate
comprised of a second semiconductor material that is different than the first semiconductor
material, performing an oxidation process to oxidize at least a portion of the fin mandrel
structure to thereby define oxidized semiconductor material regions on the fin mandrel

25 structure, removing the oxidized semiconductor materia regions to thereby define a reduced



5 nunerous i nplenentation-specific decisions nust be nmade to achi eve the
devel opers' specific goals, such as conpliance with systemrel ated and

busi ness-rel ated constraints, which will vary fromone inplenentation to
anot her. Moreover, it will be appreciated that such a devel opnent effort
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this 10di scl osure. The present supj ect matter. will now be descri bed
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devices are schematically depicted in the draw ngs for purposes of
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details 15 that are well known to those skilled in the art. Neverthel ess,
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shoul d BRnHELATIE §26 ARMulCR GIRIPIRS d QY6 efRani ng consistent with the
under st andi ng of ose wor s an phrases y those skilled in the rel evant
art. No special definition of a termor phrase, i.e., a definition that is

different fromthe ordinary and 20 customary neaning as understood by
those skilled in the art. | consi stent usage of
the termor phrase he ; 7=8f phrase is intended
to have a special nmeaning, i.e nmeani ng other t han that understood by
skilled artiE®@scl @ssmrray@ﬁerﬂdam@dfhymeterwew the i owider dessti ptietekebint h i n
the specification in a definitional manner that directly and unequivocally
pr ovi demnjuneti apecthdhe desompanyiog dfavingd)én tvbaraim |dee nefereree.nuierals identify lkee
present disclosure is directed to various nethods of form ng a Fi nEET

$@M corglahdds of@w wRicHsi ng a novel mandrel oxidation process to formthe
fins for the device. As will be readily apparent to those skilled in the
art upon a conplete reading of the present application, the present nethod
is applicable to a variety of devices, including, but not limted 5 to
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to the attached, figures, varlous i |l ustrative enbodi ments of the nethods
and deVilBiesT §EBt0B THeVESEHSHY R NARN NNCER i dabeR Preresmioeoimt the fins forF gure
| Ais a perspective view of a reference Fi nFET sem conductor device A that

i s forrbedabheve a sem conductor substrate B. The device A includes a
plurality of fins C, a gate electrode D, sidewall spacers E and a gate cap
imyer F. Figure | A depicts the |ocations where various cross-sectional
views of the devices disclosed herein may be taken in the draw ngs
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alternative forms, specific embodiments thereof have been shown by way of example in the
drawings and are herein described in detail. It should be understood, however, that the
description herein of specific embodiments is not intended to limit the invention to the
20 particular forms disclosed, but on the contrary, the intention is to cover all modifications,
equivalents, and aternatives falling within the spirit and scope of the invention as defined by

the appended claims.



15 through the gate electrode Din a direction that is parallel to the |ong
axis of the gate electrode D, i.e., in the gate wdth direction. The
portions of the fins C covered by the gate electrode D are the channel
regions of the Fi nEET device A The view "Y-Y" is a cross-sectional view

taken through the fins Cin@m&%&l@ransverse to the long axis
of the fins C (outside the he spacer E), i.e.,

t hrough what will beconme the source/drain 20 regions of the device. In a
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in the source/drain regions may be increased in size or even nerged
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growt h processes. The process of increasing the size of or nmerging the fins
C in theillsoucoesdri sppregitenshafint the deeiopmens of anyesligh eactlee entdhance of
source/drain regions or to induce tensile or conpressive stress in the

g?chanﬂﬂme?élfsarmbl%nﬁﬁ@ﬁbﬁs@&rftﬁ"%&r%rbﬁ@%usﬂaﬁe Fh&hier fo 'aéhrb\%e R BﬁeQéleiférQ’ed to
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1A. SFigures . 1B-1L depict. various. illustrati enbodi nents of a no

Fi L eT GaRe 2l et TR (BT eo8 e dBblioh e N FEVeR b WIADR A0 AR of
meki ng the FinLET device 100. The device 100 may be either an N-type device
or a P-StJylbé dgesiopraent gHerti r’f“élhtgbﬁ eongil ex) enaH @erﬁﬁvsui@l ng pUEPULS Neuer teeleprdhe
so-called "gate-first" or "replacenent gate" ("gate-last") techniques. In

t he at taactieicheduradsitakjeg fiohehdsy o @rdiféryi skildepi teeat davingi thg berefiedf aths/e a
10 sem conductor substrate 10 conprised of a first sem conductor material,
spich agjisd@rexanpl e, silicon, etc. The illustrative substrate 10 nmay be a
bul k sem conduct or substrate, or it may be the active |layer of a so-called
SOT (silicon-on-insulator) substrate or a so-cal |l ed SOOT (silicon germani um
on insul at or) substrate Thus, the terns "substrate,” "sem conductor
Ssubstrate” seni c ctjng. substrate’ should be r st ood over, al |
15 sem condu P’ szﬂ:gn%"} IItI '?OH\LPE RRAW Eﬁ eﬁ%ﬁ@&ctpo © PR, s
trench isolation structure (not shovvn may be fornmed in the substrate 10 to
def i ne Thvrege Majigus ét@tr%trrwasmﬁr?@ddﬂ&rtce%armhwmcaﬂé degicteddn tog de(inge, as
wi || be recognized by those skilled in the art after a conplete reading of
t he pr doenurpagss|df expliaoationt drdy iasd baes tnnaitabgatrea the presenb distlosuredvidefi@aiés or
after various fins (described below) are formed for the device 100. 20

M the thai at oéll kabwh aatthose skélpeccirethe art.FiNguiegthd Bss, ithie atiteehid Idvstings ianee
enbodi nent, a | ayer of sem conductor material 11 and a patterned masking
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enbodi ment, the layer of sem conductor materi al be conprised o
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with the understanding of those words and phrases by those skilled in the relevant art. No

specia definition of aterm or phrase, i.e., a definition that is different from the ordinary and

20 customary meaning as understood by those skilled in the art, is intended to be implied by
consistent usage of the term or phrase herein. To the extent that aterm or phrase is intended
to have a special meaning, i.e., a meaning other than that understood by skilled artisans, such
a specia definition will be expressly set forth in the specification in a definitiona manner
that directly and unequivocally provides the special definition for the term or phrase.

25



25t he substrate 10. For exanple, in the case where the substrate 10 is
silicon, the layer of sem conductor material 11 may be a layer of silicon
germani um germanium |InP, InAs, GaAs, etc., and it may be fornmed on the
substrate 10 by perform ng an epitaxi aI growth process. In one illustrative
enbodi nent, he | a er of , sem congduct rrat er| al ve. a s of
about 10- 10 #‘Phg lr?s’rjrlﬁs'st I f?é'&%%aﬁﬁqﬁﬂnhngo FHIEE-S
parti cul ar 5app| i cation, The patter ned maski ng | ayer 16 nmay be a
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phot ol i t hography and etching techni ques. The patterned mask | ayer 16 is
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variety 10 of materials, such as, for exanple, a photoresist material,

si | i corgpplitatiofiethe prdsratanethoy izidopli cidl e 19id vagiety ofidexices; inckliding, Mot eatviemitedt he
patterned mask | ayer 16 could be conprised of multiple |ayers of material,

SS'Ch as[? Ifogfccﬁl 'rﬁemérr@?ée?r @Sl de, by rﬁélﬁf)dssdﬂg%‘%dtrﬁ?éinh% y 5 Rdlofpdy t he

| ayer o m conduct or rial 11 and a silicon nitride |ayer (not shown)

that i u

corrpoertP |f§'£1rﬂqﬁj t)?‘%e pgtt?&%&@b&rrgjé}ﬁa%ae'rcg] glv'fgr@ﬁgaﬁ {‘%é&waeﬁﬁ%%ﬂm@ﬂ%h it
is made shoul d not be consi der d alimtation of the enII i scl osed

| vent neRous sl SoBSqREnS o b pititdsrd Thies iR BSRn Vb pRvaE or
one or nore hard mask Iayers such | ayers may be forned by perform ng a
var i et ylesgribed dmope eddbsi ng t echni ques, such as a chenical vapor deposition
(CVD) process, an atom c | ayer deposition (ALD) process, an epitaxial
deposition process (EPlI), or plasma enhanced 20 versions of such
processes, and the thickness of such a |layer(s) may vary dependi ng upon the
particul ar apglreaat is@iperdpRctiessi bl lob alréfatehve FigrBTdienithdudtbeddvade R te fs mask

| ayer 16 is a hard mask layer of silicon nitride that is initially forned

b f t
PSPPSR RARRERR PR TR JONR gB R A Srelnd

i mage tran hn| sand/ ot ol i t hogr c techn S ned with
25per 1 FIH HATE T T panas i Grearte top o6 P et € FR UelidinE A B "1
one or nore dry or vvet etching processes is perfornmed on the | ayer of

sem corMiREe o 'ﬁ‘é’i BhosFecti N4l i By 19f tthR devfesFisd@sedhlRenatfiay Pestaken tihihg a

plurality of trenches 12. In this exanple, the etching process stops on the
subst r atrawings digussed below. More specifically, view “X-X" is a cross-sectional view taken

15 through the gate electrode D in adirection that is paralel to the long axis of the gate electrode
D, i.e, inthe gate width direction. The portions of the fins C covered by the gate electrode D
are the channel regions of the FINFET device A. The view “Y-Y” is a cross-sectional view
taken through the fins C in a direction that is transverse to the long axis of the fins C (outside
the gate electrode D and the spacer E), i.e, through what will become the source/drain

20 regions of the device. In a conventiona process flow, the portions of the fins C that are
positioned in the source/drain regions may be increased in size or even merged together (not
shown in Figure 1A) by performing one or more epitaxial growth processes. The process of
increasing the size of or merging the fins C in the source/drain regions of the device is to
reduce the resistance of source/drain regions or to induce tensile or compressive stress in the

25 channel area. It should be understood that Figure 1A isonly provided to show the location of



5 etching process results in the definition of a plurality of mandrel
structures 11A, and, in this particular enbodinent, fin mandrel structures,
that are each conprised of a portion of the |layer of sem conductor nateri al
11. In the depicted exanple, the mandrel structures 11A have substantially
vertically oriented sidewalls. The overall siz shape, and configuration of
Uhe. t r BN CIpY ol A e Be 0GR n T a oS R pd M g6s he
particular 10 application, The depth and width of the trenches 12 as well
as t he HheGUgIed etv Riedat depiciasie N guregkfy s BS &9 PACRVFFl¥ COmPh Caigying dpyjce A
dependi ng upon the particular application. In one illustrative enbodi nent,
based dlepwiadiefiguia}At echnol ogy, the width of the trenches 12 may range
from about 10-40 nm In sone enbodinments, the fin mandrel structures 11A
may have a width within the range of about 20-60 nm The fin mandrel
structures 11A may be forned 15 to any desired pitch. In the illustrative
exanpl e dep'lﬁ?&@s' pRlipe c?épk@flbﬁr‘i’od‘s' IigBtivé NEmboRERSS of 2a aRdve NEidPFET

mandrel structures 11A are all of a uniformsize and shape. However, such

uni form i i . .1 h nche > I
struct %@Cdf@x&ﬁﬁg%éf 1@@%%&%{8%@%% %qrc}ag/%{@% @Fﬁhﬁggsgf ré%ﬁnréé Lgﬁshpec s of the
i nventi ons disclosed herein. In the ex | e disclosed herei.n, the trenches
15 o e aoBS TR TR 00 i eifie & BUBRE APURR RS TS dhvidh g et
etching process that results in the trenches 12 having a schematically

depi ct @r,ucfglée]@a)abeinrrr@éwwglﬂther %’cﬁﬁﬂ?@‘t@aéft-ﬁfﬁﬁ" Qi ‘frﬁp|§Qﬂﬁ$&néﬂ@tﬁ’é(‘19§tev|é$t’t’)i cal
sidewalls. In an actual real-world device, the sidewalls of the trenches 12
may be tedmepnieat |nhnivaatthoned apesviegs, tld ddwcehod adepiced g beiatiformmedsabiee a
depicted in the drawings. In some cases, the trenches 12 may have a

1@ent r agmidnahdtbe siedfad Ne Behbreddobf taheird r @tbeRIudidr Maelifle st eBt fohe
trenches 12 are formed 25by perform ng a wet etching process, the trenches

12 _ _ _ : h e
MY hEffid 9||E&Y,%tncg ] ﬂu&%u@@%%%@%‘j;q @H{{ BE L l@{:egﬂ@éhdu F &libstrate, or

configuration as conpared to the g ectangular configuratioh of the

trenches 12 that are formed_b [ i.ng an ani sptropic.etchi ng process.
Thus. dhaes; Bt 0 ge BRGEF acbsriet SO pafeRl sy S Eles, AtmBrres
whi ch they are nmade, should not be considered a limtation of the present
i nvent i ¥pQ! FGHiGORs gegraniungiogc |igalgle) SHPSaehe sUBSt ahei B8y rersHABu] ar
trenches 12 will be depicted in subsequent draw ngs. Fi gure 1D
depi ct s‘semigoddudteresubsttatelf oref'segrucandacting subsksaie’s pratdd benivdéraived lieeaver all
performed. First, a layer of insulating material 22 was formed on the
tevi ce skificohduaer trateridle el If fdrinstoheudit samgibersiutior nlderid 1y Artr@fchiissiatiart | ng
material 22 may be conprised of a variety of different materials, such as,
for exagmlbfire Got Hvh) MBXbeiRrmed I FRRJuBkd ffio GrineGABCHWY Rigidn Wier€theany
other dielectric material in common use in the sem conductor manufacturing
| nduSt o860 il heTHloldep| & ARYE! S MIPEERbog B & by PO &iidiY R i3 bY
performng a variety of tecChhl ques, e.q:-, ;. etc. XU, one or nore
chem cal chani cal polishin CwvP 5 .processes, was rformed to
ol ‘anar PBSIE o o piese bl on, 8 SR S ule i GiEd beSre s ng
the patterned mask | ayer 16 as a polish-stop | ayer. After such a CWP
pr oces Fter v Quspies (deseri Rrsbebaw) e foraipe fordhe dag 0@ 38G-ng material 22 is
substantially level with the upper surface 16S of the patterned mask | ayer
2®. Wth continuing reference to Figure 1D, an etching process was then
performed on the planarized |ayer of insulating material 22 to

At the point of fabrication depicted in Figure 1B, in one illustrative embodiment, a

layer of semiconductor material 11 and a patterned masking layer 16 have been formed above
the substrate 10. In one illustrative embodiment, the layer of semiconductor material 11 may
be comprised of a semiconductor material that is different than the semiconductor material of

25 the substrate 10. For example, in the case where the substrate 10 is silicon, the layer of



20 reduce its thickness and thereby result in the layer of insulating

mat eri al having a recessed upper surface 22R The recessed surface 22R of
the layer of insulating material 22 exposes a portion of the fin nandrel
structures 11A for further processing. The amount or hei ght of the fin
mandr el stru [es pose in this, process nmay var endi on the
part1 curat ettt e ??o%avef B 3 R e R bR e 2 JHBS ¢ o
about 30-50 nm 25 as shown in Figure 1E, an oxi datl on

pr oces sCPAS, fi¢-f BichEdMaY b?JPFW%ﬁP dbnsuetiaie £ by PepRrawo: Ay eRiRI3 rewth he
exposed portions of the fin mandrel structures 11A In the case where the
| ayer qfrocessi boonkuitiugrativetesrdodiment, theilayer of seicorductanpnaterell 1afmaehavers um

t he sem conduct or based oxi de regions 24 nay be conprised of germanium 5
oxi de. thitkees of bibois 11000 \En, efthouhiniesthi ckhbs nagni ey depentiong Upasele Perticlear
regions 24 may have a lateral thickness or width of about 4-12 nm although
thie thiggpegionof the sem conductor based oxide regions 24 may vary

dependi ng upon the particular application and the desired width of the
final fin structures for the device 100, as described nore fully bel ow.
10Next , as shown in Figure 1F, an etchi ng process, such as a wet etchi ng
process, rfor to, renpve m conduct oxi de r.eqgi ons

This pr ocess rgegm@rr@ oy aP@&%E%ﬁE@H ﬂ%e@éerf"inq ﬁg?ﬂngq
structures 11B, wherel n the width or th| ckness of the exposed portions of
t he orifgimed using kigwardaposti pucphnte ghaaraphys aid gisbieg tgghnigesnolfg petkrRsned
corresponds approxinmately to twice the wdth or thickness of the

sem condasktlayer dédeihtendedeo bé bepregniatise Binatiiteessfii calld bécokpiesesl abra \asiesr al

wi dth of the reduced thickness fin nmandrel structures 11B may vary

g@pendigidnatBeds,teh Rar ol exdrapleaR BhbtorisisP hate®ial] -silidoh rifdengl €orfokyiitikieess on
the order of about 10- 40 nm dependi ng upon the width or thickness of the

et contlor o BREEE: S iR paighang ey fgp&“lﬂ‘? ok PRI i ce
ft ' | h b I h duced
o SoBTHE PRI SR 55 Sl MR B (Y b B Ll B e
mat er i aI 28 may be conprised of a sem conductor material that nay be

sel ect il@@ryf @?’@W@Bdl\}ﬁt@rﬂnﬁ‘f@@ﬁe& ancha SiHEoRATBAE lyeninot mowndidda f‘?fﬁ?eé*laﬁbss

fin mandrel structures 11B. In one 25illustrative enbodi ment, the
seni corbepad oxicet aer.allhag thapabeular farm andneanepadsdion af rt@p&terned mask layer

15 16 and the manner in which it is made should not be considered a limitation of the presently
disclosed inventions. In the case where the patterned mask layer 16 is comprised of one or
more hard mask layers, such layers may be formed by performing a variety of known
processing techniques, such as a chemical vapor deposition (CVD) process, an atomic layer
deposition (ALD) process, an epitaxial deposition process (EPI), or plasma enhanced

20 versions of such processes, and the thickness of such alayer(s) may vary depending upon the
particular application. In one illustrative embodiment, the patterned mask layer 16 is a hard
mask layer of silicon nitride that isinitially formed by performing a CvVD process to deposit a
layer of silicon nitride and thereafter patterning the layer of silicon nitride using known
sidewall image transfer techniques and/or photolithographic techniques combined with

25 performing known etching techniques.
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GaAs, InAs, GaSh, InSbAs, etc. In sone cases, the sem conductor material 28
may be made of a sem conductor material that is different fromthe

sem conductor nmaterials used for the substrate 10 and the | ayer of

sem conductor material 11. The sem conductor material 28 may or may not be
di anond- shaped or otherw se irregul arly-shaped in nature, depending on the
5 crystalline structure of the reduced thickness fin mandrel structures
11B. In one particul ar enbodi nent, sufficient sem conductor material 28 is
grown such tMad 3B0WBHN Ehetie o PNeER Brediry 25 Vet et N9,/ Preeessess sfsdet ) | in
a simlar or a slightly different way as depicted in the drawi ngs. The

ext ent qmnthedhygyeof ofen tandoretoy imaterde daribirough thé paigeroed maslohajiet i16rte farmd a he
relative growth kinetics of the various crystalline planes of the

parti cuyllaralisedfi trabloescI20r nkhigekanpl@l the etching\enstess aps bawe substratgaoe THis an
ani sotropi c etching process is perfornmed through the patterned mask | ayer

16 1O I&dmYGpREds!rediftsfh tﬂé\%ﬁ%ﬁrﬂncﬁ@b!ﬁkﬂ'ﬁyrﬁ?ﬁﬁ%ﬁ&r@ st?&tdr,@@il@,r%df‘mthis

protected by the patterned nask |ayer 16. ‘This anisotropic etching process

results, i e - i Rt f rali sen 0 [

spacer Mt{t%é?%%@%‘twﬂhrh%&@ %'%f: @Lééf ?}‘kﬁ% %%’eoggcph@éﬁ%%ﬁi %ﬁltarﬁﬁ—cﬁqlaﬁjgfl :t@ée 100.
Note that the fins 28A are popsitioned under portions of th atter mask
ayer  18esral GETIGRGOE0: b P b dSd R LD SIS e lendis! FERHHEBA L 1 one
illustrative enbodi ment, the sem conductor material spacers/fins 28A have a
| at er alhayp gulpstastiall v verkisa §soni ented sidewaksp omeoverabr 926, saanel apd conti glerati ot efr al

wi dth or thickness of the 20sem conduct or based oxi de regions 24 (Figure
1E). the tkenghaseld Bndethe ahandrdestdetires 1160 nalyt \eary aleperadi ngramnethet pduti agar
processes have been perfornmed to selectively renove the patterned mask _
l@yer J?ﬁn &dtivhl TdeldepthRRd SHETHQ 6 Mehchbs LEBINVEIS as B height and\@idth oPheSioWn i n

Fi gure an etching process, such as a tined wet or dry etching process,

(3 Dot RSP LAATEDUS/PORL) 035 Bled SON O HADPSS LRGN ey,
R (v S NSRRI ST R

mandrel structures 11B is renoved, e.g., the surface 11R of the reduced
t hi cknd8a0&frem ka4 ppy df sorae ehedliRieptsy thedksandig SRGIURRS 136sMey BRE
about 10-40 nm above the recessed surface 22R of the |ayer of insulating
mat er i & wizith withguthe ranged photits20:- Glenme viihedi nidancel grucksesstIf mey dederned
oper ati ons have been

15 to any desired pitch. In theillustrative example depicted in the attached figures, the trenches

D)

12 and the fin mandrel structures 11A are al of a uniform size and shape. However, such
uniformity in the size and shape of the trenches 12 and the fin mandrel structures 11A may
not be required to practice at least some aspects of the inventions disclosed herein. In the
example disclosed herein, the trenches 12 are depicted as having been formed by performing
20 an anisotropic etching process that results in the trenches 12 having a schematically depicted,
generally rectangular configuration with substantially vertical sidewalls. In an actual real-
world device, the sidewalls of the trenches 12 may be somewhat inwardly tapered, athough
that configuration is not depicted in the drawings. In some cases, the trenches 12 may have a
reentrant profile near the bottom of the trenches 12. To the extent the trenches 12 are formed

25 by performing a wet etching process, the trenches 12 may tend to have a more rounded

11



10 perforned. First, a layer of insulating material 30 was forned on the
device 100 so as to overfill the spaces or trenches between the

sem conductor nmaterial spacers/fins 28A. The | ayer of insulating material
30 may be conprised of a variety of different materials, such as, for
exanpl e ilicon dioxide, siligon pitride, silicon oxynitride or any ot her
i e borenfoafiat; & HonFemmliohafin  pe oneiehafl o Bl R

i ndustry, etc., or nmultiple layers thereof, 15 etc., and it may be forned
by per f@PHPwWatian whrthettjenshes d¢Hhplgaresforaeg by eeiorming, ane figi SO@PiE EChHY or
nore chem cal nechani cal polishing (CVWP) processes was perfornmed to

pl anar iprecashie Thpp dine sae fiatk eordfguratieon| ciytee trefichien di] artd thg nraner inalvhigbd thyi ng
the sem conductor material spacers/fins 28A as a polish-stop |ayer. After
such a dgdhq@lieochasd ridheheupgreidesadr hdiaitaifont bfe tHeageserpfinvertiohat Fog esagat efr i al
30 is substantially Ievel with the upper surface of the 20 sem conductor

ML er i &fiPRARSonty kS sAffontidily Re@QHul 4 U &HBheL 18 NRINCBe lenitiedUnesubequaft
etching process was then perfornmed on the planarized |ayer of insulating
nateriqhaﬁﬁﬁéo reduce its thickness and thereby result in the |ayer of

insul atihg Faterial 30 having a recessed surface 30R The recessed surface
30R of the layer of insulating material 30 effectively defines the final

hei ght of the fins 28A, which may vary dependi ng upon the particul ar
application and, 25in one illustrative enbodi ment, may range from about
30-50 nm Figure 1Redenictasthendemica A0Pi gitaresavieral aproreral ORpEELEONSt hayet been 40 s
formed on the device 100 using well-known techniques. i.e., gate-first or
gat e- | g=xfotraediniFqate . layen ariasuldtingsmeiztialv2? ersb ddinmeindn drepdesyoentPOasmad & f i r st
manuf acturing techni que, the schematically depicted gate 5 structure 40

1ocl udesyednl thelttentticatiny erngadyrer b Fslidti h@ materiee 2 bedmphi séd d)f@\vér@ty'beﬂe gate

el ectrode 40B. An illustrative gate cap | ayer (not shown) nay al so be
f d gl t4] tf e~ af i I
40y TR ER ndrial HER 110 BaSNE G BB Mibon ARk Tayniiaeg | aver

exanple, silic i.oxide,. a so-called high-k (k qgreater than.7) .insulation
ot o | Y (e 9EE iria dn3ntion iy ELBR SinBlaR; FenbiBRln ik ece
of the 10 gate insulation |ayer 40A may al so vary dependi nhg upon the

parti cuft@r Ohppiliielst leyers thergof, qi¢., Y Ihavay Be poR BY REHPERINES3 VaF e¥befut 1- 2
nm Simlarly, the gate el ectrode 40B may al so be of a variety of
conductteshwiqueseegal SYDs gt avexiplopsidri wore oheraigar piechanicsl [pobisning dCMP) may
be conprised of one or nore netal |ayers that act as the gate el ectrode
19B. Agroédstesiveasiperfogned &bl Byarizetlseusder bliréateiof thékeyardf iasul @ingamatenyl! 22 e
readi ng of the present application, the 15 gate structure 40 of the device
100 depigficthel fitbited Pl IBES - 16 afa poliSes@pligyd Nsahat 4R d exes pRasaqek t he
gate el ectrode 40B, is Intended to be representative in nature. That 1Is,

t he gat r e i val - i kf ials
and 11 GRS 8, 1B OFrsaRRG IR L2 S, i G he TobE
enbodi nent hermal oxi dation process jay be perforned to forma gate
Tnout artBacs J58.07 soapabne el ol 1Be B et B o RleEsos P deSr S br
such as germani um oxi de, silicon dioxide, a high-k |ayer of insulating

mat er i #ching powesewes theneperkarmed on e planaizer dayer oefel Nl elbRg ANt 22n t he
gate cap layer material (not shown) may be deposited above the device 100
20d t heetlapatssthrokpedseandahéreby essuld s rhige lagewof imisa bibhg hristegial pévring andcessachi ng

techniques. In another illustrative enmbodiment, a conformal CVD or ALD
pr oces sypfiaysupRxc® 221R O ITHE fedeSsel] @LifMade ZPR 6 the fybadf iUl bidanarédd Zospobsed of
25haf ni um oxi de. Thereafter, one or nore netal l|layers (that wll becone the

gate el gef&P8ehe fin mandrel structures 11A for further processing. The amount or height of the
fin mandrel structures 11A exposed in this process may vary depending upon the particular
application and, in one illustrative embodiment, may range from about 30-50 nm.

25
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40B) and a gate cap layer material (not shown), e.g., silicon nitride, may
be deposited above the device 100. At this point, traditional manufacturing
techni ques may be perfornmed to conplete the 5 manufacture of the device
100. For exanple, a sidewall spacer (not shown) conprised of, for exanple,
silicon n|trJgh éhbe f.orén_Ed adigcent the final gate structu 4&g Af ter
t he spacer eporeﬁe OWR 1ie SH19EG nanlof( 'Ooln @P‘E) hSpPSrégr

performed to form additijonal seniconducting naterial (not shown) on the

por t i orf§MigONduEor based oxidesgaiphs &hen thgediog B@rt'P'Fh%Ofstﬁﬁé@r mangel LiUSHEES
contacts and netallization |ayers may then be forned above the device

10usi ndllt. alti thewase wherelihe tayersof semicontisiciar Imatdsisl 4 {Fetirend Bd stopmiphiseskof
skilled in the art after a conplete reading of the present application, the
et hodgyeftnati Livs eite beniebndurte st dkidediegidns € tnay \brr covoisi se& tdf agksmaniufror m ng
fins for a Finti FT device by oxidizing the sidewalls of a mandrel

tir uct Ll:Fx‘;'F‘cle AR Ntrathve &iSodhet ﬁ%%eﬁﬁ%dn@ﬁcﬁo%asé@éxﬂ@%’ﬁs Zﬁtrha&%édfeea to

ereby define a reduced thickness mandrel structure, formng a plurality

of fi ng u

et chi ng %é@ggﬁ%%g’ﬂgﬁ?mgﬁtﬁr eir%l\ag{ %thﬁ@ ﬁ‘%‘%&(ﬁ@gon o%%e&gg%ced
thlckn grel structure so . as to thereby ex sea | east t|o of
each  ofDATLON [ £60 15 2 UBE EeRIRg HBPR d Y ARSI cain i des
fin-shaped mandrel structure 11A that is 20 forned by formng a pI urality

of trenkifEs0fithe Hnddif Suisties for theedekice 400, aslesarived Fiase Bty Bel@ scl osed

i nventions should not be considered as being limted to the illustrative
exanpl es depicted herein. That is, the mandrel structure may be forned in
or above a sem conductor substrate and it need not have the illustrative

io n- shaped sy&ucsIERWIER Kigak Trera d@chih§phrécealen ab B i@ iotest is t he
mandr el may be forned di rectly in the substrate and the 25fornation of the

addi ti r ot

o tteﬁdﬁ? o Bl ecRive e RORCHT Rlor TR bl it ?@é@é&%ﬂf%‘m e

proces s descri bove oxi at| of t he .side of, the f| n

i oo PR GRS TR i e HELE ot 2 unéyBRafic BER on s BieRot

mandrel, growh of a sem conductor nateri aI on the sidewalls of the reduced

t hi cknéb%em gprtiogs ef the original fin mandrel structures 11A is reduced by an amount that
corresponds approximately to twice the width or thickness of the semiconductor based oxide

15 regions 24. The fina thickness or latera width of the reduced thickness fin mandrel
structures 11B may vary depending upon the particular application, e.g., it may have a
thickness on the order of about 10-40 nm depending upon the width or thickness of the

original fin mandrel structures 11A and the width or thickness of the semiconductor based

oxide regions 24.

20
Figure 1G depicts the device after a semiconductor material 28 has been epitaxially
grown on the reduced thickness fin mandrel structures 11B. In general, the semiconductor
material 28 may be comprised of a semiconductor material that may be selectively etched
with respect to the material of the reduced thickness fin mandrel structures 11B. In one
25 illustrative embodiment, the semiconductor material 28 may be a I11-V material, InGaAs,
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The particul ar enbodi nents di scl osed above are illustrative only, as the
i nvention may be nodified and practiced in different but equival ent manners
apparent to those skilled in the art having the benefit of the teachings
herein. For exanple, the process steps set forth above nmay be perforned in

a diffecent order.. Furt her nor no limtations are, intend to the 1
ot ai | S LS Tasnr TSy 88 B oitRe, cich 1S slRorth gk Mef (e 2o iy iy 1
the clains below It is therefore evident that the particular enbodi ments

di scl osEc SHAGRNAYEr heateal dhatds gHfergiifrqra dhexprmni gpndusior malgal Siusesier Hhe
considered within the scope and spirit of the invention. Accordingly, the
pr ot ectdubsirat® 1@ bind thed ajen of senaisondeictor oretdsid A1t Abe straicondustar onateridh 28@nay VS
WHAT IS CLAIMED: 1. A nethod of form ng a device, conprising: 5formng a

mandr elorghayu adtuseedibmohtghgied exwadtheswi see rrbguil il yrghaped o inglaite, iRp@TddE6IS thed
oxidize at least a portion of said mandrel structure to thereby define

oxi di Zegy 4 4GhOBFureSitithe FoclBdPtH Skrités fR bR dfrGtufsT 4Bt Ulifond SaRMiIA9 sai d

oxi di zed regions to thereby define a reduced thickness mandrel structure;
embodiment, sufficient semiconductor material 28 is grown such that the semiconductor
material 28 actually merges together, in asimilar or adightly different way as depicted in the
drawings. The extent and shape of the merging depends on the growth conditions and the

relative growth kinetics of the various crystaline planes of the particular semiconductor

10 material.

Next, as shown in Figure H, an anisotropic etching process is performed through the
patterned mask layer 16 to remove portions of the semiconductor material 28 that are not
protected by the patterned mask layer 16. This anisotropic etching process results in the

15 definition of a plurality of semiconductor material spacers/fins 28A that will become the fins
for the fina FINFET device 100. Note that the fins 28A are positioned under portions of the
patterned mask layer 16 after this etching process has been performed. As depicted, in one
illustrative embodiment, the semiconductor material spacers/fins 28A have alatera width or
thickness that corresponds approximately to the lateral width or thickness of the

20 semiconductor based oxide regions 24 (Figure 1E).

Figure 11 depicts the device 100 after one or more etching processes have been
performed to selectively remove the patterned mask layer 16 relative to the surrounding
structures.

25
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10formng a plurality of fins on said reduced thickness mandrel

structure;

and performng an etching process to selectively renove at | east a portion
of said reduced thickness mandrel structure so as to thereby expose at

|l east a portion of each of said fins. 152. The nethod of claim 1,

further

corPr <110, GBI BBy At BEUR, S SRS 2 L5850, B0 O, o7

form ng said mandrel structure conprises form

a fin-shaped mandrel

st r uct Uacesy iePerHIrAdA0 peraeva Rarijonstof thesreeless thw%a&%ém rB@i'QH@I YRS Ber i al .
4. The method of claim1l, wherein said mandrel structure is forned above a
seni condiativeto talsemicandudempatosa dpedergiing 2., Agalenigtaduin ssmesérhbagbments,
germanium nmaterial, 1nGAs, GaAs, |InAs, or |InSbAs. 6. The net hod of
cl ai m khe wieRingiprocess & prefacned fob tsictt 4 doreti an chat iss thahnke et ety ash e Fetiaceddf

different sem conductor materi al s.
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thickness fin mandrel structures 11B is removed, eg., the surface 11R of the reduced
thickness fin mandrel structures 11B after recessing may be positioned about 10-40 nm above

the recessed surface 22R of the layer of insulating material 22.

Figure 1K depicts the device 100 after several process operations have been
performed. First, a layer of insulating material 30 was formed on the device 100 so as to
overfill the spaces or trenches between the semiconductor material spacers/fins 28A. The
layer of insulating material 30 may be comprised of a variety of different materials, such as,
for example, silicon dioxide, silicon nitride, silicon oxynitride or any other dielectric materia
in common use in the semiconductor manufacturing industry, etc., or multiple layers thereof,
etc., and it may be formed by performing a variety of techniques, e.g., CVD, ALD, etc. Next,
one or more chemica mechanical polishing (CMP) processes was performed to planarize the
upper surface of the layer of insulating material 30 using the semiconductor material
spacers/fins 28A as a polish-stop layer. After such a CMP process, the upper surface of the
layer of insulating materia 30 is substantially level with the upper surface of the
semiconductor material spacers/fins 28A. With continuing reference to Figure 1K, an etching
process was then performed on the planarized layer of insulating material 30 to reduce its
thickness and thereby result in the layer of insulating material 30 having a recessed surface
30R. The recessed surface 30R of the layer of insulating material 30 effectively defines the
final height of the fins 28A, which may vary depending upon the particular application and,

in one illustrative embodiment, may range from about 30-50 nm.

15



7. The method of claim1, wherein said mandrel structure is formed in
sem conduct or substrate conprised of silicon, germaniumor silicon

germani um 108. The nethod of claim 1, wherein formng said plurality of
fins on said reduced thickness mandrel structure conprises: formng an
epitaxially grown sem conductor material on said reduced thickness man
structure; and perform ng an ani sotropic etching process on said

epitaxially grown sem conductor 15material to thereby define said plur

of fins conNPdedd FORINFIgie Hyianling @%W%m@dﬁdemﬂommee@%ﬁem@

reduced thickness mandrel structure. 9. The nethod of claim1,

wher ei russw Welikaewal leshrigeess ules t gate-fiest |oy g@etastmdhyiqum.erinem&ilu@tmui\re;.

10. A method of formng a device, conprising: formng a patterned nask
| ayer adpaboeliraerftiensl oysegra gated st rpanufadten mgalechnique, the schematically depicted gate

5
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structure 40 includes an illustrative gate insulation layer 40A and an illustrative gate
electrode 40B. An illustrative gate cap layer (not shown) may also be formed above the
illustrative gate electrode 40B. The gate insulation layer 40A may be comprised of a variety
of different materials, such as, for example, silicon dioxide, a so-called high-k (k greater than
7) insulation material (where k is the relative dielectric constant), etc. The thickness of the
gate insulation layer 40A may also vary depending upon the particular application, e.g., it
may have a physical thickness of about 1-2 nm. Similarly, the gate electrode 40B may also
be of avariety of conductive materials, such as polysilicon or amorphous silicon, or it may be
comprised of one or more metal layers that act as the gate electrode 40B. As will be
recognized by those skilled in the art after a complete reading of the present application, the
gate structure 40 of the device 100 depicted in the drawings, i.e., the gate insulation layer
40A and the gate electrode 40B, is intended to be representative in nature. That is, the gate
structure 40 may be comprised of avariety of different materials and it may have a variety of
configurations. In one illustrative embodiment, a thermal oxidation process may be
performed to form a gate insulation layer 40A comprised of a semiconductor based oxide
material, such as germanium oxide, silicon dioxide, a high-k layer of insulating material,
Al20z, etc. Thereafter, the gate electrode material 40B and the gate cap layer materia (not
shown) may be deposited above the device 100 and the layers may be patterned using known
photolithographic and etching techniques. In another illustrative embodiment, a conformal
CVD or ALD process may be performed to form a gate insulation layer 40A comprised of

hafnium oxide. Thereafter, one or more metal layers (that will become the gate electrode
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performng at |east one first etching process through said patterned mask
| ayer to forma mandrel structure conprised of said first sem conduct or
material, said 25mandrel structure having sidewalls; perform ng an

oxi dati on process to oxidize at |east a portion of sai d mandrel structure

to ther OX|d|zed regions,on said S dema a

st ruct B H mcferagauf Tt Gl i Shsma bisko Ry BRboPER o ¢
oxi di zed regions to thereby define a reduced thlckness mandrel structure;

5f or mi ffe dede’ ¥ seni conductor material on said reduced thickness mandrel
structure, said second sem conductor material being different than said
first sem conductor nmaterial; performng at | east one third etching process

t hrough said patterned nask | ayer to renove portions of said second

sem conduct oxt i mimtadradifodesd niaputaoririeleshefduas mb) depetfoahéd b ingd éto she
conprised of said second sem conductor material on said reduced thickness

”@”dre'mé&ﬁé&tﬁrﬁb@th@d&mﬁ%ﬁ'&)o?ﬁ? %nﬁﬂe'a@&émaﬂ%aéé?%ﬁdt? !ﬁ"ék JApriREPEE$S L O

selectively renove at |east a portion of sald reduce ness nandr el

STrUCt ULempR, &fich?nith& FRY (1BANG &ljaddifite ihaPQkb S0 de RR AN G the el ' NS

is formed, if desired, an epitaxia growth process may be performed to form additiona
semiconducting materia (not shown) on the portions of the fins 28A positioned outside of the
gpacer. Additional contacts and metallization layers may then be formed above the device

10 using traditional techniques.

As will be appreciated by those skilled in the art after a complete reading of the
present application, the methods disclosed herein are broadly directed to various methods of
forming fins for a FINFET device by oxidizing the sidewalls of a mandrel structure, removing

15 the oxidized potions of the mandrel structure to thereby define a reduced thickness mandrel
structure, forming a plurality of fins on the reduced thickness mandrel structure and
performing an etching process to selectively remove at least a portion of the reduced
thickness mandrel structure so as to thereby expose at least a portion of each of the fins. In
the depicted example, the mandrel structure is a fin-shaped mandrel structure 11A that is

20 formed by forming a plurality of trenches in a semiconductor material, but the presently
disclosed inventions should not be considered as being limited to the illustrative examples
depicted herein. That is, the mandrel structure may be formed in or above a semiconductor
substrate and it need not have the illustrative fin-shaped structure depicted herein. For
example, in one embodiment, the mandrel may be formed directly in the substrate and the

25 formation of the additional layer of semiconductor materia, i.e., the layer 11, may be

17



15 11. The nmethod of claim 10, wherein, after performng said at |east one
third etching process, said plurality of fins are positioned under portions
of said patterned mask | ayer. 2012. A nethod of form ng a device,
conprising: forming a fin mandrel structure above a sem conduct or

substrate orm xidatio cess to oxidize at |ea on of
said f i Hear oF e Soates e dB Y REEPRraC o ot PlograRToe bl 11
mandrel structure; renoving said oxidized regions to thereby define a

r educePbPUR dkhe@403tioR qfetha sidlewsald af rthe fiy r@ane‘prgr heReViag éﬂ‘%%‘ﬂl@ regions s on
sai d reduced thickness fin mandrel structure; and perform ng an etching

pr oc es Jefioe sgkdunef e cknase manereh tordwtinsef aasqmicorildmtoofmaeriaﬂ ondgbeisdawalls afkness
fin mandrel structure so as to thereby expose at |east a portion of

the reduced thickness mandrel, etc.

The particular embodiments disclosed above are illustrative only, as the invention
may be modified and practiced in different but equivalent manners apparent to those skilled
in the art having the benefit of the teachings herein. For example, the process steps set forth
above may be performed in a different order. Furthermore, no limitations are intended to the

10 details of construction or design herein shown, other than as described in the claims below. It
is therefore evident that the particular embodiments disclosed above may be altered or modi-
fied and al such variations are considered within the scope and spirit of the invention.

Accordingly, the protection sought herein is as set forth in the claims below.

15
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each of said fins. S 13. The nethod of claim 12, further conprising
formng a final gate structure around at |east a portion of said exposed
portions of said fins. 14. The method of claim 12, wherein said

sem conductor substrate is conprised of 10silicon and said fin mandrel
structure is conprised of one of Siiiéﬁuﬁ germanium or a silicon germani um
conpound and said fins are conpris eof alll-V material, |InGAs,
GaAs, InAs, or |nSbAs. 15. The met hod of claim 13, wherein said

final gMHATIBGHAMEDsmprises a gate 15i nsul ation | ayer conprised of a

hi gh-k insulating material and a gate el ectrode conprised of at |east one

| ayer of netal. 16. The nmethod of claim 13, wherein said final
gate structure conprises a gate
1 A method of forming a device, comprising:
5 forming amandrel structure having sidewalls;

performing an oxidation process to oxidize at least a portion of said mandrel structure
to thereby define oxidized regions on said sidewalls of said mandrel structure;
removing said oxidized regions to thereby define a reduced thickness mandrel
structure;
10 forming a plurality of fins on said reduced thickness mandrel structure; and
performing an etching process to selectively remove at least a portion of said reduced
thickness mandrel structure so as to thereby expose at least a portion of each

of said fins.

15 2. The method of claim 1, further comprising forming a final gate structure

around at least a portion of said exposed portions of said fins.

3. The method of clam 1, wherein forming said mandrel structure comprises

forming a fin-shaped mandrel structure by etching a plurality of trenches in a semiconductor

20 material.

4. The method of claim 1, wherein said mandrel structure is formed above a

semiconductor substrate comprised of silicon, germanium or silicon germanium.

19



insul ation | ayer conprised of an oxide and a gate el ectrode conprised of

pol ysilicon. 20 17. The method of claim 12, wherein formng said fin
mandrel structure conprises: formng a first layer of a first sem conduct or
mat eri al above said sem conductor substrate; 25form ng a patterned masking

| ayer above said first |gyer of said first sem conduct.or terial;

bor forning 4t | eddie BhkoRd @8l AnhRgeat Se R ARSRR S P bit el
maski ng | ayer to thereby forma plurality of spaced-apart trenches in said
first BgenaonGaaSICRAPINASENilBIMRIct or material to thereby define said fin
mandrel structure conprised of said first sem conductor material. 5

18. The nmethod of claim 17, wherein said substrate is conprised of a second
sem conductor nmaterial that is different than said first sem conductor

material. 6.  Ifhe methoaesfhadinefl, akiedrem1id wikpited rstruetomy iand ssigi finoxiedi zed
regi ons conprises l1lOperformng a wet etching process or a dry etching

P 0CeS SohfhrisBATBIVE frafthflseht bSHIRBr eI

7. The method of clam 1, wherein said mandrel structure is formed in a

semiconductor substrate comprised of silicon, germanium or silicon germanium.

10 8. The method of clam 1, wherein forming said plurality of fins on said reduced
thickness mandrel structure comprises:
forming an epitaxialy grown semiconductor material on said reduced thickness
mandrel structure; and
performing an anisotropic etching process on said epitaxially grown semiconductor
15 materia to thereby define said plurality of fins comprised of said epitaxialy

grown semiconductor material on said reduced thickness mandrel structure.

0. The method of claim 1, wherein said sidewalls are substantially vertically

oriented sidewalls.

20
10. A method of forming a device, comprising:
forming a patterned mask layer above afirst semiconductor material;
performing at least one first etching process through said patterned mask layer to form
a mandrel structure comprised of said first semiconductor material, said
25 mandrel structure having sidewalls,

20



20. The nethod of claim 12, wherein formng said plurality of fins on said
reduced thickness fin mandrel structure conprises; form ng an
epitaxially grown sem conductor material on said reduced thickness fin

15mandrel structure; and perform ng an ani sotropic etching process through

a patterned k | ayer on .said epitaxiall rown sem conduct o terial to
Cher eby def iHiE LB QGO prosS o it Feeb d PoRIODLAY st TP own
sem conductor material on said reduced thickness fin mandrel structure. 20

21. The nethod ofto&nesey debinegpichzediegiens &1 37 the dawdl s Qb saiFimadpgl SEUdYrs o
selectively renove at |east a portion of said reduced thickness fin mandrel
structure sqesformingt ddeashpnespomd @ching asacess soramaye safd exidizedfregiangitdf i ns
conprises performng a tined etching process. 25 22. A met hod of

form ng a devi ce,thaeppdéfrigtrediicadnhiokness friandrehsiclicirest ruct ure conpri sed of
a first sem conductor material above a sem conductor substrate conprised of

g second Seffbﬁﬁiglguat Sdcof@t &hii@dndlBdt éteflbll oA 8Rl FiBBed® Bhilkihess Sthandrel

sem conduct or erial;  performng an oxidation process to oxidize at
e ot 1o Bt i RS My A S 20
semiconductor material;
performing at least one third etching process through said patterned mask layer to
remove portions of said second semiconductor material so as to thereby define
10 a pluraity of fins comprised of said second semiconductor material on said
reduced thickness mandrel structure; and
performing at least one fourth etching process to selectively remove at least a portion
of said reduced thickness mandrel structure so as to thereby expose a least a
portion of each of said fins.
15
11.  The method of clam 10, wherein, after performing said at least one third

etching process, said plurality of fins are positioned under portions of said patterned mask

layer.

20 12. A method of forming a device, comprising:
forming afin mandrel structure above a semiconductor substrate;
performing an oxidation process to oxidize at least a portion of said fin mandrel
structure to thereby define oxidized regions on said fin mandrel structure;
removing said oxidized regions to thereby define a reduced thickness fin mandrel

25 structure;
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renmovi ng sai d oxidi zed sem conductor material regions to thereby define a
reduced thickness fin mandrel structure; formng a plurality of fins on
sai d reduced thickness fin nmandrel structure, said fins 10being conprised
of an epitaxially grown sem conductor naterial; perforrri ng an etching

process to eI ectiv renove at | east rtion duced thi ckness
fin mandrel g{r’plug[a]_ﬁ?lg%létgoﬁmtsg t’ﬂ'@ﬁ@‘fﬂfe@@m n élelg ﬁf" of each of
said fins; and forming a final gate structure around at | east
a portion ofpegfézrralr@mﬁ@wnq)erppﬁﬁ@S@Jﬁctyglyoremwpﬁ%least aportignaof spHbredessod of
claim 22, wherein said sem conductor substrate is conprised of silicon and

said fin nmandrel thickoessdiremagdrebgtpudtyedodds toriberely skipase@h |eageapartiamofor a
silicon ger mani um conpound and said fins are conprised of one of a
[11-V material, |sagabssaddHAs,
5

13. The method of clam 12, further comprising forming a final gate structure

around at least a portion of said exposed portions of said fins.

14.  The method of claim 12, wherein said semiconductor substrate is comprised of
10 silicon and said fin mandrel structure is comprised of one of silicon, germanium, or a silicon
germanium compound and said fins are comprised of one of alll-V materia, InGaAs, GaAs,

InAS, or InShAS.

15.  The method of claim 13, wherein said final gate structure comprises a gate
15 insulation layer comprised of a high-k insulating material and a gate electrode comprised of

at least one layer of metal.

16.  The method of claim 13, wherein said final gate structure comprises a gate

insulation layer comprised of an oxide and a gate electrode comprised of polysilicon.

20

17. The method of clam 12, wherein forming said fin mandrel structure
comprises:
forming a first layer of a first semiconductor material above said semiconductor
substrate;
25 forming a patterned masking layer above said first layer of said first semiconductor

material; and
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201 nAs or | nSbAs. 24. The nethod of claim 22, wherein said
epitaxially grown sem conductor material is a different sem conductor
material that that of said first and second seni conductor materials. 25
25. The nethod of claim 22, wherein formng said fin nmandrel structure
conprises: formng a first | r. of said first sem conductor material above
car 8 sem cortiorDoh et b ME RsPino oG i SuoT SR RalENEL PP B0 o o
first layer of said first sem conductor material; and perform ng at | east
one first etchi nghgedyt¥e a pluElighossnagechaRaridrnshe BRIy St layerof saidifHel eby
forma plurality of spaced-apart trenches in said first layer of said first
seni conduct or natsemiceindudor imates blytodbérepye defiiedsafd fin mendiek Structura conpesed
conprised 10of said first sem conductor material.

of said first semiconductor material.

18.  The method of claim 17, wherein said substrate is comprised of a second

semiconductor material that is different than said first semiconductor material.

19.  The method of claim 12, wherein removing said oxidized regions comprises

10 performing awet etching process or adry etching process to remove said oxidized regions.

20. The method of clam 12, wherein forming said plurality of fins on said
reduced thickness fin mandrel structure comprises;
forming an epitaxially grown semiconductor material on said reduced thickness fin
15 mandrel structure; and
performing an anisotropic etching process through a patterned mask layer on said
epitaxially grown semiconductor material to thereby define said plurality of
fins comprised of said epitaxially grown semiconductor material on said
reduced thickness fin mandrel structure.
20
21. The method of clam 12, wherein performing said etching process to
selectively remove at least a portion of said reduced thickness fin mandrel structure so as to
thereby expose at least a portion of each of said fins comprises performing a timed etching
process.
25

22. A method of forming a device, comprising:

23



26. The nethod of claim 22, wherein renoving said oxidized sem conduct or
mat eri al regions conprise performng a wet etching process or a dry etching
process to renpove said oxidi zed sem conductor material regions. 15

27. The nethod of claim 22, wherein formng said plurality of fins on said

el s RO e e
structure; and 20perform ng an ani sotropic etching process thro_uagh a.
patterned nmask | SPEYCOHHUET bsihate SAMEAT S @f ransRrorbpaNd eerlueton Makeitab fhahIs t o

thereby define said plurality of fins conprised of said epitaxially grown
seni conduct or natdiferght than sad & rst seiceoduckorakaiesd; fi n nandrel structure.
28. The nmethod of claim 22, wherein performng said etching process to

sel ecti vel y pesfiovigngaén bgiaistior provetd @ oxitlizeadt d esse dUperd oh huf cdaite $is inandrandr el
structure so as to thereby expose at |east a portion of each of said fins

conpri ses perfor @M&u%ﬁtﬁ@r@bﬁ?&hﬂdl&idﬁﬁ&?&ﬁﬁcoq%udor matefiat ?eﬁidﬁtgbﬁ%d(ﬁn

form ng a device, conprising:” formng a first layer of a firs
sem conduct or ”atrﬁfﬂo%l Sﬁp@pﬁ?a sem conduct or substrate conprised of a
second sem conducting rma lal that is different than said first

serm conduct or it o118l bdLg TN, Rt SLNG] JIRBK) D 8 e Rkl
thickness fin mandrel structure;
forming a plurdity of fins on said reduced thickness fin mandrel structure, said fins
10 being comprised of an epitaxially grown semiconductor material;
performing an etching process to selectively remove at least a portion of said reduced
thickness fin mandrel structure so as to thereby expose at least a portion of
each of said fins; and
forming afinal gate structure around at least a portion of said exposed portions of said

15 fins.

23.  Themethod of clam 22, wherein said semiconductor substrate is comprised of
silicon and said fin mandrel structure is comprised of one of silicon, germanium or a silicon
germanium compound and said fins are comprised of one of alll-V materia, InGaAs, GaAs,

20 InAs or InSbAS.

24.  The method of clam 22, wherein said epitaxialy grown semiconductor
material is a different semiconductor material that that of said first and second semiconductor

materials.

25
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material; performng at |east one first etching process through said
patterned nmasking layer to thereby forma plurality of spaced-apart
trenches in said | ayer of said first sem conductor material to thereby
define a fin mandrel structure conprised of 15said first sem conductor

mat eri al a layer of insulaiin rlal abo e sai d _subs e and
TP Shi 0 spackn: agdi kL RestEY 2. Bl foifloar S84 o Hnpad EaBbiag "an
upper surface that exposes a portion of said fin mandrel structure;

per f or OAYIISPS: oxi dati on process to oxidize said exposed portion of said fin
mandrel 20structure to thereby define oxidized sem conductor materi al

regi ons on daindingianfirstuhaiteelof saidutnsiusamicorsivoior mopteréal dboxe 6did esemsconileaiorduct or
material regions to thereby define a reduced thickness fin nandrel
structure; substrate; form ng an epitaxially grown sem conductor materia
on said reduced thickness fin 25mandrel structure in the presence of said
pait t er ned Maghmin ngyaﬁﬁatterr%%%&md“%yé“aﬁb%%wfﬂ@ Bt 6Mécitd 1iPk QeRRBNbIEGUIN
sai d patterned ski ng ayer on said epitaxially grown sem conduct or
material to ther gﬂg a plurality of fins conprised of said
epitaxially grown 's tonductor material on said reduced thickness fin

drel struct d, patt king | ' maki
randret str upcerf%Frﬁl ng At er[a%tvé)rrulegflrssfii Ietchﬁ)ﬂg prgéeﬂsg %&?&a &d pat?e};r?éd masking layer to

thereby form a plurality of spaced-apart trenches in said first layer of said first
semiconductor material to thereby define said fin mandrel structure comprised

10 of said first semiconductor material .

26. The method of clam 22, wherein removing said oxidized semiconductor
material regions comprise performing a wet etching process or a dry etching process to

remove said oxidized semiconductor material regions.

15
27.  The method of clam 22, wherein forming said plurality of fins on said
reduced thickness fin mandrel structure comprises;
forming said epitaxially grown semiconductor material on said reduced thickness fin
mandrel structure; and
20 performing an anisotropic etching process through a patterned mask layer on said

epitaxially grown semiconductor material to thereby define said plurality of
fins comprised of said epitaxially grown semiconductor material on said

reduced thickness fin mandrd structure.
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perform ng an etching process to selectively renove at |east a portion of
sai d reduced thickness fin mandrel structure so as to thereby expose at

| east a portion of each of said fins; and formng a final gate
structure around at | east a portion of said exposed portions of said

10fi ns. 30.,,The et ho f.claim29, . wherein said first sem conductor
material i s BomprEad ol dot o nfiran PePoloshd SBihe cRBbERoR
material is conprised of silicon and said epitaxially grown sem conduct or
mat er i 2EIeCHVRY AP least amertin ¢f said Le@“‘?@é.'ttg'tckﬁfﬁsi@l hesgeg Stiasige Sq AR or

| NSbAs. 31. The nethod of claim?29, wherein said epitaxially grown
sem cortbereby expase et |eabt & poréiodiof feecheott sas@ fiing ooiipd sesrpenfatreimgad timedtetaning  of
said first and second sem conductor materials. 20 32. The nethod of
cl ai m ZRocesberei n sai d patterned mask |ayer is conprised of silicon
nitride. 33. A nethod of formng a device, conprising: formng a plurality
of spaced-apart trenches in a substrate conprised of a sem conductor
material to thereby define a mandrel structure conprised of said

sem conduct Ofg. mtﬁ%eﬁ%c{dof f%'?inggidgviﬁgﬁcrgﬁ&rﬂ g@g an oxi dation process to

oxi di ze at |'@ast "a portion ructure

forming afirst layer of afirst semiconductor material above a semiconductor substrate
comprised of a second semiconducting material that is different than said first
semiconductor material;
10 forming a patterned masking layer above said first layer of said first semiconductor
material;
performing at least one first etching process through said patterned masking layer to
thereby form a plurality of spaced-apart trenches in said layer of said first
semiconductor material to thereby define a fin mandrel structure comprised of
15 said first semiconductor material;
forming a layer of insulating material above said substrate and in said spaced-apart
trenches, said layer of insulating material having an upper surface that exposes
aportion of said fin mandrel structure;
performing an oxidation process to oxidize said exposed portion of said fin mandrel
20 structure to thereby define oxidized semiconductor material regions on said fin
mandrel structure;
removing said oxidized semiconductor material regions to thereby define a reduced
thickness fin mandrel structure;
forming an epitaxially grown semiconductor material on said reduced thickness fin

25 mandrel structure in the presence of said patterned mask layer;
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5to thereby define oxidized regions on said mandrel structure; renoving
sai d oxidized regions to thereby define a reduced thickness mandrel
structure; formng a plurality of fins on said reduced thickness mandr el
structure; and perform ng an etching process to selectively renove at |east

a portion of said reduced 10t hi ckness nandrel struyctuyre so as. tq_thereby
exhose at | EEUDIEINGGR AU G HENNG olRS Hhbhar Sy ellihed Radkinh Tarver i
33, wherein formng said nandrel structure conprises: formng a patterned
maski ng | ayer abcdl euteyiadyi siswa i candchos sagtertal 4p Hprelly debins RHality ofst
etching process through said patterned masking |ayer to thereby form said
plurality of spadew- epaprisereinsdidsepitaxialy @swnTéemioenduoidr ghatediali om 33id
wherein formng said plurality of fins on said reduced thickness mandrel
structure conpri sesuced®ickrivssin afanei@ steuot@k] y grown sem conductor materi al

on said reduced thickness mandrel structure; and
5 removing said patterned masking layer;
performing an etching process to selectively remove at least a portion of said reduced
thickness fin mandrel structure so as to thereby expose at least a portion of
each of said fins; and

forming afinal gate structure around at least a portion of said exposed portions of said

10 fins.

30. The method of clam 29, wherein said first semiconductor material is
comprised of silicon germanium, said second semiconductor material is comprised of silicon
and said epitaxialy grown semiconductor material is comprised of one of a llI-V materid

15 INnGaAs, GaAs, InAsor InShAS.

31. The method of clam 29, wherein said epitaxialy grown semiconductor
material is a different semiconductor material that that of said first and second semiconductor

materials.
20

32.  The method of claim 29, wherein said patterned mask layer is comprised of

silicon nitride.

33. A method of forming a device, comprising:
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perform ng an ani sotropic etching process through a patterned nmask | ayer on
said epitaxially grown sem conductor material to thereby define said
plurality of fins conprised of said epitaxially grown sem conduct or

materi al on said 25reduced thickness nmandrel structure. 36. The

met hod of claim 33, erein performn aid etchin rocess to. selectively
ferove ar | dBUTNg BoPLTANY opf cRpaec A iec e RIS cfortfishl B 0o xs
to thereby expose at |east a portion of each of said fins conprises

perforning a ti mEMEGPRIGE" Bk 4Q thereby defgie aarndpght oAU CoMBli s,
wherein said mandrel structure is a fin-shaped mandrel structure. 1038. A
met hod of f orm nga@l seeveanedyctoompaierisi,ng: form ng a patterned mask | ayer
above a substrate conprised of a first sem conductor material;

per f orm ng gierfloraigiy aproxidation trevestioni diz@adasst hoftionrof &aipl misrwrd tsructhire
spaced-apart trenches in said substrate, said trenches defining a mandrel

sgruct ur e 1500MDIih Rl achipbdxld Jledi6f GiPaftibAlreraheiral | perform ng an

oxi dation process to oXxidize at a portion of sald mandrel structure

to thereby qgfliagC&id S84 AL R8T 08 tiabsl MAALS rSdUcds tHiRhess mandrel

structure;
forming a plurality of fins on said reduced thickness mandrel structure; and
performing an etching process to selectively remove at least a portion of said reduced
10 thickness mandrel structure so as to thereby expose at least a portion of each

of said fins.

34.  Themethod of claim 33, wherein forming said mandrel structure comprises:
forming a patterned masking layer above said substrate; and
15 performing at least one first etching process through said patterned masking layer to

thereby form said plurality of spaced-apart trenches.

35. The method of clam 33, wherein forming said plurality of fins on said
reduced thickness mandrel structure comprises;
20 forming an epitaxialy grown semiconductor material on said reduced thickness
mandrel structure; and
performing an anisotropic etching process through a patterned mask layer on said
epitaxially grown semiconductor materia to thereby define said plurality of
fins comprised of said epitaxially grown semiconductor material on said

25 reduced thickness mandrd structure.
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perform ng at | east one second etching process to renove said oxidized
regions to thereby define a reduced thickness mandrel structure; 20form ng
a second sem conductor material on said reduced thickness nmandrel
structure, said second senm conductor material being different than said
first sem conductor material; performng at |east one third etching process
t hrough said patterned nask | ayer to renove portions of said second

sem conductor material so as to thereb% define a plurality of fins

conpri sed of36saj d Ree &M Ofi 68Ut oWNeRst e MEHPITINOSEAIE ®Elig cRroE®Sclithess
mandrel structure; and perform ng at | east one fourth etching process to
sel ect iselecyvel preveventt leastisa partigorafi sid oddused thiclkagss rdndriel stkucisre svaariicel
structure so as to thereby expose at |east a 5portion of each of said fins.

39. The theebpdxpdse ¢t hiath BPortivh@f @bth ofaédi @ finp eompri sas@rfeaiithgad timed sfchiree
third etching process, said plurality of fins are positioned under portions

of sai dypgkterned mask layer. 10

37.  The method of clam 33, wherein said mandrel structure is a fin-shaped

mandrel structure.

10 38. A method of forming a device, comprising:
forming a patterned mask layer above a substrate comprised of a first semiconductor
material;
performing at least one first etching process to form a plurality of spaced-apart
trenches in said substrate, said trenches defining a mandrel structure

15 comprised of said first semiconductor material;

performing an oxidation process to oxidize at least a portion of said mandrel structure
to thereby define oxidized regions on said mandrel structure;

performing at least one second etching process to remove said oxidized regions to
thereby define a reduced thickness mandrel structure;

20 forming a second semiconductor materiad on said reduced thickness mandrel
structure, said second semiconductor material being different than said first
semiconductor material;

performing at least one third etching process through said patterned mask layer to

remove portions of said second semiconductor material so as to thereby define
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a plurality of fins comprised of said second semiconductor material on said
reduced thickness mandrel structure; and

performing at least one fourth etching process to selectively remove at least a portion
of said reduced thickness mandrel structure so as to thereby expose a least a

5 portion of each of said fins.

39.  The method of claim 38, wherein, after performing said at least one third
etching process, said plurality of fins are positioned under portions of said patterned mask
layer.

10
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