1 METHODS OF FORM NC FI' N FET DEVI CES W TH ALTERNATI VE CHANNEL MATERI ALS
BACKGROUND OF THE | NVENTI ON 51. FI ELD OF THE | NVENTI ON General ly,
the present disclosure relates to the manufacture of sophisticated

sem conduct or devices, and, nore specifically, to various nethods of

form ng Fi nFET deV|ces mnth alternatiVve channel materials. 102. DESCR!I PTI ON
OF THE RELATED ART 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 a large nunber of circuit
el enent s IMEATGORS OdhFEO RVEN G AINIIE TDEVIE ESpSAd T od, € ERNATTVAY out |
wherein so-called metal oxi deHAreNpIeMLTERIMANSi stors (MOSFETs or FETs)
represent one 15 inportant type of circuit element that substantially
determi nes performance of the integrated circuits. A FET is a planar device

that typically includes gAgREROUNGOOP LA AYTIi€i on, a channel region
that is positioned between thée sburcé'feQFOn“aho e draln region, and a

gat e el eqt r odenpos igr PRLINGRRMEoNe channel region. Current flow through
the HET is controlTed by controlTing the voltage applied to the gate

el ectrode. | fGElk&@JIE/ '1§e r]j?es\éﬂl Hgglgsﬁ@gkl'a@g HOmk g ARt Gure 28 %p%?stu 39 then
e

there is no current flow through the device (ignoring undesirab eakage

current s sedabichc@F Qedilds aEﬂld’ QLMCSW Fidaily RVEYRAs nffIRRs A7 BRRLY R vol tage

is applied to the gate el ectrode, the thanne regi on becones”conducti ve,

and el eclidicllwiGWiEGRtvelcRaR8Midd,fd to flow between the source region and
the drain region through the conductive channel region.

10 2. DESCRIPTION OF THE RELATED ART

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 a large

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 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. If there is no voltage applied to the gate

20 electrode, then there is no current flow through the device (ignoring undesirable leakage
currents, which are relatively small). However, when an appropriate voltage is applied to the

gate electrode, the channel region becomes conductive, and electrical current is permitted to

flow between the source region and the drain region through the conductive channel region.



2 To i nprove the operating speed of FETs, and to increase the
density of FETs on an integrated circuit device, device designers have
greatly reduced the physical size of FETs over the years. Mre
specifically, the channel |length of FETs has been significantly decreased,
which has resulted in inproving the s4itching speed of FFTs. However, 5
decreasing the channel |length of a FEE al so decreases the di stance between
the source region and the drain region. In sonme cases, this decrease in the
separation between the source and the drain makes it difficult to
efficiently i ARibPIOVE He opbredne jpeed ofgdtlentndab isfeaschidre donsity of FEGH @narand t he
channel from being adversely affected by the electrical potential of the
drai n. Thitegrpted sigeret daviss, davicerdeggherohays gacadp rambddetic physidal ehanfhBETef f ect
wherein the characteristic of the 10FET as an active switch is degraded.

I n contrager the waBETMowhispdeiflvaldy, ahplcharael BhgtodfuFEls hdvebenaigniffonttyal | ed 3D
devices, such as an illustrative Fi nFET device, which is a 3-dinensional

st ruct ur decrised wliyeeihhs aeduligd i mmprofng FEeT swaclgenepeaati | of NETst | dhlvleyer,
positioned fin-shaped active area is forned and a gate el ectrode encl oses
bot h si delscreasthgdlre abppet lesgth bac BEDRIso Herdaa-tishfipade actvearethas@ecetregidror m a
tri-gate structure so as to use a channel having a 3-dinensional structure
i nst ead ehd theplkameagist Mucte eased, thisdmraeas els, separationsigtvaseh (g soape hayer ,
e.g., silicon nitride, is positioned at the top of the fin and the Fi nFET
devi ce ofheydrhiasnaedinaiffigdt © Sficierclyuntebit thaleideeical jokearisirofthelsoutca réidn NFET
device, a channel is fornmed perpendicular to a surface of the

sem conduaucd ihaghan@@ fewbsdingideesdy afectad hyeldtudetidabpqdyisi cahe &aize Thik it he

sem conductor device Al so, in a FinFET, the junction capacitance at the
drai n regoogiing retfeedeviscesd-allgd gatt ghanret affed, wivdndic bhet @nadstetivicrogduce at

| east sonme short channel effects. 3 One techniques that has been enpl oyed
i n1@ he prEdrs ar ictinasvipbenddgmdad.t enpt to use alternative materials, such as
[11-V materials, for all or part of the fin structure. For exanple, one
prior art technique involved performng an epitaxial deposition process to
bl anket - deposit a material on a silicon sem conducting substrate and

t hereaft er pemlfeontmsnig aditTetvbleh hep qorloeessictule, thereded sonalled 3D fidvings, sGdhher pri or
art techniques involved utilization of selective epitaxial growth in
trench/ | knen SlustiadvaF@EET devied whithdana didhemeiose sphaurar Mow §paci€icallyiomever

t hese net hods have not achi eved w despread adoption due to a variety of
reasons. FIWFET, iasgatlesily edrticsllya posidnab|fe-sangdr epeatahl € foehdlosel egytd or
formng fins for FinFET devices that are conprised of an alternative
materi al efeorddhahclofes bbid ssdebahd at @ppel Qurface of the fin-shaped active area to form a

tri-gate structure so as to use a channel having a 3-dimensional structure instead of a planar
structure. In some cases, an insulating cap layer, e.g., silicon nitride, is positioned at the top
of the fin and the FinFET device only has a dual-gate structure. Unlike a planar FET, in a
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

reduce at least some short channel effects.

As device dimensions decrease and customers demand higher performance devices,

25 device designers are driven to develop new product designs to address these and other issues.



The present disclosure is directed to various nethods of form ng Fi nEET
devices with alternative channel materials. SUMVARY or THE | NVENTI ON 15The
following presents a sinplified summary of the invention in order to
provi de a basi c understandi ng of some _aspects of the invention. This
summary i s not an exhaustive overvi ewlof 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 sonme concepts in a
sinplified formas a prelude to the nore detail ed description that is

di scussedede@dniquesghat has beegpmploned i the preor it digehpen ¢i aiiempsigruee dlerditivect ed t o
vari ous nethods of form ng Fi nFET devices with alternative channel

mat er i al S0, puch as {4t nyteriske f0ied cdipeie Pbdedinkevesivg Fenaxhwpls, dicpmiong a
patterned hard mask | ayer above a substrate conprised of a first
senicond@8ﬂﬁﬁ§mﬁﬁﬂ€PWa{PWB@mm@ﬂﬁWﬁgﬂaﬂﬁ$m§ﬂwemahﬁﬁg>bh@@%§QX$Maéugh t he
patterned hard mask | ayer to define a 25plurality of spaced-apart trenches
t hat def inpféerigl pp p stlicgiosoniiepndesting stlisate onp tickalter brforhéng doreg¢hingdprocess

sem conductor material for the device and formng a |ayer of insulating
mat éri al @ Aetingéhefinen OMss priorarigesbnigndsaenomed ulilizalien efstlhgtvefepitxhégromtic] udes
perform ng a planarization process on the layer of insulating material to
expose t e tygaahtlae medetivay doraed kn po siteivine dlaadoudadeh edvavst, tipes nictndof t he
fin, perform ng a second etching process to renove the hard mask and

t her eby érpore aghicvpdpeidespread adeptioh duheo fiivasdty pordasamn OYhat heddsired and t o
define a cavity within the |ayer of insulating material, formng a second
portion dafliableend irapeaipltlbrimathpdogyaor foymingtes dorFintig decendaipor tdingmisef the fin
is conprised of a second sem conducting material that is different than the
first semnfeodtbretivawatomd! ér thatlof thendbspatef orming a third etching process on
the layer of insulating material such that an upper surface of the
insdilating material is below an upper 10surface of the second portion of

the fin.
The present disclosure is directed to various methods of forming FinFET devices with

alternative channel materials.

SUMMARY OF THE INVENTION

15 The following presents a simplified summary of the invention in order to provide a
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. lIts sole purpose is to present some concepts in
a simplified form as a prelude to the more detailed description that is discussed later.

20

Generally, the present disclosure is directed to various methods of forming FinFET
devices with alternative channel materials. One illustrative method disclosed herein involves
forming a patterned hard mask layer above a substrate comprised of a first semiconducting
material, performing a first etching process through the patterned hard mask layer to define a

25 plurality of spaced-apart trenches that define a first portion of a fin comprised of the first



Anot her illustrative nethod di scl osed herein involves formng a patterned
hard mask | ayer above a substrate conprised of a first sem conducti ng
material, performng a first etching process through the patterned hard
mask |ayer to define a plurality of spaced-apart 15 trenches that define a
first portion of a fin conprised of tte first semiconductor naterial for
the device and formng a |layer of insulating material ill the trenches. In
one enbodi nent, the method further includes perform ng a planarization
process on the layer of insulating material to expose the patterned hard
mask posiSETEHEHCRbaREIEh BT fthe devigsortd Brmbe & feert oininsyaing onsiing ia teecond
etching process to renove the hard mask and thereby exrose an upper surface
of the 20epshesingss embiamtithiomethord fipheringludes postermaing avienyrizpiernirpceshe | ayer
of insulating material, performng a third etching process to reduce a
hei ght o thfelay§iradtinsylsting Bytespl 1o HEPYsE Ahe adpinehbard nele oeratiqed abaya st t he fin
on the recessed upper surface of the first portion of the fin, wherein the
second pdtiPaHioBOf teli, jpariprgnipg prsedosd ickipg arosess dn enwaiteohrdd orkngndmat er i al
that is different than the first sem conducting material, and performng a
foutth etherbhigpsotrypeoiae af g firaypertiopof thadinland fordgfinat ewitavitsudhe t hat  an
upper surface of the insulating material is bel ow an upper surface of die
second p&WEl Irinsatip@atpiiyl, OBRNER scDEECRIETIION TR THEHBDRAMYNGS:5THe
di scl osure may be understood by reference to the follow ng description
t aken i nSEOR| beiEen ehthovlinhs etverraed ofnpepgtidngménoaduchns material ket chdifficleat
reference nunerals identify like elenents, and in which:
Fi gures 1hanthe faisemicondueiinpumaterial rod peidiradieostbidd Hehieg profas onfheflgemifhg Fi nFET
devices 10with alternative channel materials.

insulating material such that an upper surface of the insulating material is below an upper

10 surface of the second portion of the fin.

Another illustrative method disclosed herein involves forming a patterned hard mask
layer above a substrate comprised of a first semiconducting material, performing a first
etching process through the patterned hard mask layer to define a plurality of spaced-apart

15 trenches that define a first portion of a fin comprised of the first semiconductor material for
the device and forming a layer of insulating material in the trenches. In one embodiment, the
method further includes performing a planarization process on the layer of insulating material
to expose the patterned hard mask positioned above the first portion of the fin, performing a
second etching process to remove the hard mask and thereby expose an upper surface of the

20 first portion of the fin and to define a cavity within the layer of insulating material,
performing a third etching process to reduce a height of the first portion of the fin, forming a
second portion of the fin on the recessed upper surface of the first portion of the fin, wherein
the second portion of the fin is comprised of a second semiconducting material that is

different than the first semiconducting material, and performing a fourth etching process on



Whil e the subject matter disclosed herein is susceptible to various
nodi fi cations and alternative forns, specific enbodi nents thereof have been
shown by way of exanple in the drawings and are herein described in detail.
It should be understood, however, that the 15 description herein of
speci fic enbodi nents is not intended fo limt the invention to the
particul ar fornms disclosed, but on the contrary, the intention is to cover
all nodifications, equivalents, and alternatives falling within the spirit
and scope of the invention as defined by the appended clains. 20DETAI LED
DESCRI PTIteNayer of insyjglinegpaleriql pupbtthaaen vpce rytsds methe Ssiptinehpatininl srielosn ar e
described below. in the interest of clarity, not all features of an actual
i mpl enenttAUPRSH SHFee eldbe e artipntohihs figpeci fication It will of course be
appreciated that in the devel opment of any such actual enbodi nment, nunerous
i npl enent ati on-specific decisions nust be made to achi eve the devel opers
25specific goals, such as conpliance with systemrel ated and
busi ness-rel at ed constBRURE BESCEIGHIOM O THE WRAWINGH one i npl ement aLion to
anot her. Moreover, it will be appreciated that such a devel opnent effort
m ght be conpllesxdigghesurei ma keownslaiviond by bbtrengo i thefelloavinhddserggiohéken mout i ne
undertaking for those of ordinary skill in the art having the benefit of
this di sépgigiien with the acquyepapyiag dravingsoip edich ke referendel fumeoiy identideller i bed
with reference to the attached figures. Various structures, systens and
devi ces &lceenigiadutwideh:ly depicted in the drawi ngs for purposes of
expl anation only and so as to not obscure the present disclosure with
details that are well known to those skilled in the art. Neverthel ess, the
attached drawi ngs arc 10 included to describe and explain illustrative
exanpl es of tHeups bsdhdepdit safias medodsdielowed dsciafia of iraseFinkEddichiessei n
shoul d be understood and interpreted to have a neaning consistent wth the
undér st amdihpferoftive hmeclwmtaislsand phrases by those skilled in the rel evant
art. No special definition of a termor phrase, i.e. , a definition that is
different fromthe ordinary and customary neani ng as understood by those
skilled in the art, is intended to be inplied by consistent usage of the
term or phr asWhhetheisnbiecfanatthiediestesedhhertinat suacapeblmtovarjphs awdificgionnsreinded t o
have a special neaning, e., a meaning other than that understood by skilled
ar t i sans altesuatine forepeotafic debadinentothenapl Havbbees xpovessy yap ef exaoptehnite t he
specification in a definitional manner that directly and unequivocally
provi des draengs pediazd heteihidebdribed inf detait. hét ghopidore phicased, RoEhe, present
di sclosure is directed to various nethods of form ng Fi nFET devices with

15 description herein of specific embodiments is not intended to limit the invention to the

particular forms disclosed, but on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as defined by

the appended claims.

20 DETAILED DESCRIPTION

Various illustrative embodiments of the invention are described below. In the interest
of clarity, not all features of an actual implementation are described in this specification. It
will of course be appreciated that in the development of any such actual embodiment,
numerous implementation-specific decisions must be made to achieve the developers’

25 specific goals, such as compliance with system-related and business-related constraints,



alternative channel materials. As will be readily apparent to those skilled
in the art upon a conplete reading of the present application, the present
nmethod is applicable to a variety of devices, including, but not limted
to, logic devices, nenory devices, etc. Wth reference to the attached

figures, various illustrative embodi ménts of the methods and devices
di scl osed 25herein will now be described in nore detail. 7 Fi gure
|Ais a sinplified view of an illustrative Fi nFET sem conductor device 100

at an early stage of manufacturing that is formed above a seni conducting
subst r at evhigh withearg fiesy engtieple@enayorhavaothery dylpreewer, of widlof dpguciateil s, such
as the depicted bulk silicon configuration. The substrate 10 nay be made of
si | i con owmch ¢ demglppmentipiide noghtipacemplat sndoirmeeonsiming, diul wewdd nevatthdlése bpoi nt - of
fabrication depicted in Figure 1A, a patterned mask |ayer 16, such as a

pat t er ned® Faitige nadktakiagelor thvae o estingrprardd irmfovet thheng ulps berafie of Ghisisi ng
known phot ol i t hography and etching techniques. The patterned mask |ayer 16
i s intendbgleswebe representative in nature as it could be conprised of a
variety of materials, such as, for 10 exanple, a photoresist material,
silPcon nitride, silicon oxynitride, silicon dioxide, etc. Mreover, the
patterned mask | ayer 16 could be conprised of nultiple |ayers of material,
such as, for dkampisent sabjpednaser delllmyebe dpwtibghwitnyefolande fosthé artadd on t he
substrate 10 and a silicon nitride |layer (not shown) that is formed on the
pad oxi deigugggeVariFipsiucitites, speiethd ol devickonmserohaideip dgiidiédin thf dbhwmgpat t er ned
mask | ayer 16 and the manner in which it is made 15 shoul d not be

consi der ddr purpéspd ¢ofaxplomtioh oplyengsesetntnot nhsent itlemresen disskbsoaséhwlaile t he
patterned mask |layer 16 is conprised of one or nore hard mask | ayers, such
| ayer s nekatbee fvell rmdwiyo pest sriftd te\aar | Btwertbéledsnanttprhed essiing are

techni ques, such as a chem cal vapor deposition (CVD) process, an atomc

| ayér depogduded omd¢sAlils) andreaplems]iusantivepixhaplieabl tle pasdnt dBclogro CEsswedYl ), or

pl asma enhanced versions of such processes, and the thickness of such a 20
| ayer (s) amdyphmsas ysaieipeniadsingldigomdbh@opand incuprated apiplve aahdafing cbiistone
illustrative enbodi nent, the patterned mask layer 16 is a hard mask | ayer
of sili conthniht mhébestankdag df shaseiwbidalahy phiasaredd thyse patlébinmhagleaat™Md. piocess and

thereafter patterned using known sidewall inmage transfer techniques and/or
phot ol i t pepra gkiiGtidnedhnequephconbicnedetuitibn therif diffefengfidan dwrordihaiand
techni ques. 8 Wth continuing reference to Figure I A, an etching

process, cssichargasnanigg ys andenedodefycthbsegskpledde sie, ari, $s nlvadedperdfedmpiel] b t he
substrate 10 through the patterned mask layer 16 to forma plurality of

t r éhches codsisteihsigetthe rgm pr ploessereds Ul'd Ge extetthieat definr phiase iofntandpd ural ity
of fins 20. As discussed nore filly below, the fins 20 depicted in Figure

| A will achavalalsyedyd ngafing, $t., portiionotbér thinahftivnddrstéddrbysikillad hitikas fsach t he
device 100 In sone applications, a further etching process nmay be perforned
t o reduce sphealwictitinoomilt be ttphesaly sthe@rth iimshe2ecifdatibio ingh dsfintitonal hiineni ng
process is not depicted in the attached drawi ngs. For purposes of this

di scl osurlei dingbtly hed wlequingally previdssshofpetihaletieiios for tHenérmarr phifakans” shoul d be
understood to refer to fins that have not been thinned as well as fins that
have been subjected to such a thinning etch process.

20 The present disclosure is directed to various methods of forming FinFET devices with
alternative channel materials. As will be readily apparent to those skilled in the art upon a
complete reading of the present application, the present method is applicable to a variety of
devices, including, but not limited to, logic devices, memory devices, etc. With reference to
the attached figures, various illustrative embodiments of the methods and devices disclosed

25 herein will now be described in more detail.



10 Wth continuing reference to Figure 1A, the overall size, shape
and configuration of the trenches 14 and fins 20 nay vary dependi ng on the
particul ar application. The depth 14D and width 14Wof the trenches 14 nmay
vary dependi ng upon the particular application. In one illustrative

embodi nent, based on current day techrol ogy, the depth | 4D of the trenches
15 14 may range from approxi mately 30-150 nu and the wdth 14Wof the
trenches 14 may range from about 20-50 nm In sone enbodi nents, the fins 20
may have a final width 20Ww thin the range of about 5-30 nm In the
illustrative exanple depicted in Figures | A-1 G the trenches 14 and fins
20 are all of a uniformsize and shape. However, as discussed nore fully
bel ow, such ufiguey i tsyr simplifisd vidw el aanbusshiaped TgtE Tt femidondrondevidedl 0nd t he
fins 20 is not required 20 to practice at |east sonme aspects of the

i nvent i orf§ @11% ¢lags empsreiEing| thattih forard ative adepiconddtimesubitimte {he The enches
14 are forned bY perform ng an anisotrop ¢ etching process that results in
t he trencHesate4lhanaynkpve & oot dlcenfiguretiops.ctushl, asg@nedepiciey budlc tsdiagul ar
configuration. In an actual real-world device, the sidewalls of the

t r eAches cPafigiggfiope Thosboiknat 1§ mowbaingdetofpidieeor inhmheughdetdatategiolfoibgur at i on
is not depicted in the drawi ngs. In sone cases, the trenches 14 25may have
a reent r dban pliceni 1A threprintt i dalyisatiapndepictet e Fienenbhespatidined oaslhlryexittent  t he
trenches 14 9 are fornmed by performng a wet etching process, the trenches
14 may t eheh dson prifgeicd hardrieask daed dds benffoigned abpenthosutnoaie 11D negiag known
configuration as conpared to the generally rectangul ar configuration of the
t r enches phatotithagraphyeanfltehisg toyhnpaes. oThe pefteanvd amisk deyreopb ds étieldedigp pr ocess.
Thus, the size and configuration of the trenches 14, and the manner in which
they 5 armesopideve ishoilre andt cddd bonrsinpigseedf a Variiyt ot inomrid$, duble aprfesent

i nvention. For case of disclosure, only the substantially rectangul ar

t r éiches etampik,l ¢ pbelodteipi otdal, rvilgul Segde ndilicn awiynigsle, Fhieon dasidghewn in
Figure 1B, a layer of insulating material 22 is formed in the 10 trenches
14 of thddewiccahe Fternedyesk dfyci hsudwd bagommtsed bAlnuRiPlentayerbef sonpilj sed of a
variety of different materials, such as silicon dioxide, etc., and it may
be for medudinasper £xomplang pad verdé Byyr (oft sheehnhey iseformel. qp. the GAbbte SPhmk-coat i ng,
etc. In one illustrative enbodinment, the |layer of insulating material 22
may be asflicowalbide laxi (ot sevay ital istthaedion thopatedideylayser Thusnibagaaic@ D
process. Such a flowabl e oxide nmaterial is adapted for use with fins 20 of
di f f er entforgoafd gupasiiions, the peterfddnsasR Oayei t 6 aad theemdnnanih varidf it li€maden t he
exanpl e depicted in Figure 1B, the surface 225 of the | ayer of insulating
mat&ri al sld gott be cormgledd podinitedn stk goesenf invéheioh.aylar th2 2asel whérbitlse exanpl e,
the surface 22S of the layer of insulating material 22 may be positioned

sl i ght | y paiboned rhdsk laypp&r issombesd df 68 of mbikehardaskskl layees sudf.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 versions of such processes, and the thickness of such a
20 layer(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 is initially formed by
performing a CVD process and thereafter patterned using known sidewall image transfer
techniques and/or photolithographic techniques combined with performing known etching

techniques.

25



20Next, as shown in Figure | C, one or nore chem cal nechanical polishing
(CVMP) processes may be perfornmed to planarize the surface 225 using the
mask | ayer 16 as a polish-stop |ayer. After such a Cl\4P process, the
surface 225 of the layer of insulating material 22 is substantially |evel
with the surface 165 of the mask | ayer 16. 10 Next, as shown in
Figure 1D, an etching process is perforned to renove the patterned hard
mask | ayer 16. The etching process results in the definition of cavities
16A that expose an upper surface 20S of the fins 20. 5Then, as shown in
Fi gure 1E, an Vétlceintiguipg edersereite Figwd dAned ctching @oess, suuk af janky 20 Wby a

di stance 21. The etching process results in die fins 20 having a recessed
surface ZORIngTHeccspatgrihanugeonfed ohshedinbiatecd (Rbughathie paifeyned epenidyamdoom t he

particular application. In one illustrative enbodinent, the distance 21 may
fall w tHpim ¢ haralighefdrcohes b uthid @clioe pracer®Newts,in s dstugiwn dfra phirglily ef | F, _an
alternative fin material 24 is fornmed on the fins 20. In one illustrative

enbodi merfins 2Phifs digressedrapievidyneler, idal i@40idspiact iraFipyre d Aseilondalpore 4 on of
the final fin structure for the device 100, with the first portion of the
fi ndbei ndirsthertanofae fingt fif srugerd fredhdgevitecHongintshme sppistiatsea figthet n one
illustrative enbodi ment, an epitaxial deposition process is perforned to
f or m t he cighingrpresessveasttierperferestlitarcdas. heTwvalthei igFithir? 4T fofs 20hathabghenciat i ve 15
fin material 24 may vary depending upon the particular application, e.g.,
it may varthinhingprogkrsus ndiGlepoted/in (h¥heachbd dawaigs.v Borf jupovest &ithiaklis@dsuad so has a
wi dth 24Wthat corresponds to the final width of the fins for the device
100. The aadl theroframs, \vee dsi 1of thatiemi dfin’2d ‘imy’ theuld bapndeseabdob reervarfinetiyt of
different materials, e.g., silicon gernmanium silicon-carbon, II1-V
mat er i al $avd ot YWentgnediaavsll aefins. that bavedoabivhgted issutthethmoig eahgrdcéssimay be
ei ther doped (in situ) or 20un-doped.
10
With continuing reference to Figure 1A, the overall size, shape and configuration of
the trenches 14 and fins 20 may vary depending on the particular application. The depth 14D
and width 14W of the trenches 14 may vary depending upon the particular application. In
one illustrative embodiment, based on current day technology, the depth 14D of the trenches
15 14 may range from approximately 30-150 nm and the width 14W of the trenches 14 may
range from about 20-50 nm. In some embodiments, the fins 20 may have a final width 20W
within the range of about 5-30 nm. In the illustrative example depicted in Figures 1A-1G, the
trenches 14 and fins 20 are all of a uniform size and shape. However, as discussed more fully
below, such uniformity in the size and shape of the trenches 14 and the fins 20 is not required
20 to practice at least some aspects of the inventions disclosed herein. In the example depicted
herein, the trenches 14 are formed by performing an anisotropic etching process that results
in the trenches 14 having a schematically depicted, generally rectangular configuration. In an
actual real-world device, the sidewalls of the trenches 14 may be somewhat inwardly tapered,

although that configuration is not depicted in the drawings. In some cases, the trenches 14

25 may have a reentrant profile near the bottom of the trenches 14. To the extent the trenches 14



Figure 1G depicts the device 100 after an etching process has been
performed on the layer of insulating nmaterial 22 to reduce its thickness
and thereby result in the layer of insulating material having a recessed
surface 22R The recessed surface 22R of the layer of 25insulating materi al
22 essentially defines the final fin Reight 2411 of the fins 20. The fin
11 hei ght 24H may vary dependi ng upon the particular application and n one
illustrative enbodi ment, may range from about 5-50 nm 1In one illustrative
exanpl e, the recessed surface 22R of the layer of insulating material 22 is
posi t i one¥c EBHeEbY heforagessee edhifeaprecess, thehigenthaysl420R, teid ®. have henrecessi ng
of the layer of insulating material 22 is controlled such that 5 only the
al t er nat iT0@ded gornfpmfipy pr p-linsaiesqpdgedticaabrvenpived tebe gsetillyurfiagela2R of
the layer of insulating material 22 In other applications, the |ayer of

i nsul at i rgnigrEionf Bo trpashepd 4r dalesisefdryg bin paderoimt ars aoikottdpat ettlieg entirety
of the alternative fin material 24 and a portion of the underlying fin 20

i s positirBerse abusdhe fiee sndcesiauativn of dedreddRs df, anHehd mymer ofwhidsbikbat i ng
material 22. 10 At the point of processing depicted in Figure | G
thedi | | usts i eshmild FET by ephdderet0e linitatipre of drpbretced inysiting. t Fadiase ohal
fabrication techni ques. For exanple, Figure 1H depicts the device 100 after
an il ustdisatoswe ¢y éhessubsientiste reeianebereidbemed vilbrbet dvpicthdvin cebsE@@nt | n one
illustrative enbodi nent, the schenatically depicted gate structure includes
an il ustdatipgfe gate insulation layer 30A and an illustrative gate

el ectrode 30B. The gate insulation |ayer 30A may be conprised of a variety
of different materials, such as, for exanple, silicon dioxide, a so-called
hi gh-k (k greater than 5) insulation material (where k is the relative

di el ectric comhbinans shovet o F@iumi 1Bird Jayert bieingdstmgeheetial @des 3oh@dnaythal so be
of a material such as polysilicon or anorphous silicon, or it may be

cotpri sedrenthephboighe done. bt &yel cjieubtinhabtecad 22 anytbheogptised o0 valegct r ode
30B. As will be recognized by those skilled in the art after a conplete
readi ng of diffeeenpresenls, aipiphd silitdnodipxidhetogané ishayubd foraedby pbodorangi £e . 100
depicted in the drawings, i.e., the gate insulation |ayer 30A and the gate
el ect r odead3ay 8f te¢hmiquat, egd €V, oplheontepr a@s.eht @kiimatritiverabudiment]hatayes, t he
gate structure may be conprised of a variety of different materials and it
may have o8 ingalpiigt yatefial @3 mhdygher aflbwalds odddmblagalghdtas &trmed bypafarminghe made
using either the so- 25called "gate-first" or "replacenent gate"

t echni qués/D precone Suth udibwaltle weide minealia i rtlapt@isfor use with fins 20 of different

15 configurations, even fins 20 with a reentrant profile. In the example depicted in Figure 1B,
the surface 228 of the layer of insulating material 22 is the “as-deposited” surface of the layer
22. In this example, the surface 225 of the layer of insulating material 22 may be positioned

slightly above the upper surface 16S of the mask layer 16.

20 Next, as shown in Figure 1C, one or more chemical mechanical polishing (CMP)
processes may be performed to planarize the surface 225 using the mask layer 16 as a polish-
stop layer. After such a CMP process, the surface 225 of the layer of insulating material 22 is

substantially level with the surface 16S of the mask layer 16.



12 shown in Figure 111, an oxi dation process or a conformal deposition
process may be perfornmed to forma gate insulation |ayer 30A conprised of a
mat erial such as, for exanple, silicon dioxide, silicon nitride, hafnium
oxide, a higk-k (lc value greater than 10) insulating nmaterial, etc., on
the fins 20. Thereafter, the gate el ettrode material 30B and a gate cappi ng
5 layer of material (not shown) nay be deposited above the device 100 and
the layers may be patterned using known photolithographic and etching

t echni ques and pl anari zed by known CMP techni ques. Thereafter, using
traditional t&€eknisgphesn isFigaaaPl anspydicerisocesids pefromed tomayovsehd @ttenaet]

proxi mate the gate structure by bl anket-depositing a | ayer of spacer

mat eri al haridnaskéavent & eFhepahingrimoasgs ranltami botefopion dratiiaadopriocegmst o defi ne

t he spacers. 10 In an alternative process flow, the etching step that
i s perf orefpper surfase 8@solithelifsi2ls 20, as depicted in Figure 1E, may be
omtted. Figure Il depicts the device 100 at a point in fabrication that

corresponds to that shown in Figure 11i However, as shown in Figure 11, the
alternative fin material 24 is formed on the exposed upper surfaces 20S of
the3fins 20. Then, as showrpeFigeetl Ecanl eghingrivetsaie nerforaied o) rogedithalbiov2) ar e
illustrative onlﬁ, as the n ention may be nodified and practiced in
di f f er ent® ditancedlii Vhel cohingrmpgses issudip paihe fins 2bhavhgseeskict lsethct AOR.hEhar t
having the benefit of the teachings herein. For exanple, the process steps
set fort Hagpdide ordle Bistaper 2 omedaivndepertlife er drmt patiaér applitdrer hore, no
limtations are intended to the 20 details of construction or design
herei n shAdrHativgembedimpaintha disdaescd inredall withih ¢heghigicws ativel B0 b, i s t heref ore
evident that the particul ar enbodi nents di scl osed above nay be altered or
nodi fied and all such variations are considered wthin the scope and spirit
of the invention. Accordingly, the protection sought herein is as set forth
i n1® he cl ai nsNpél @vwhown 31 Bk NB, an alternative fin material 24 is formed on the fins 20.

In one illustrative embodiment, this alternative material 24 is actually a second portion of the

final fin structure for the device 100, with the first portion of the fin being the fin 20 that is

defined by etching the substrate 10. In one illustrative embodiment, an epitaxial deposition

process is performed to form the alternative fin material 24, The height 24T of the alternative

15 fin material 24 may vary depending upon the particular application, e.g., it may vary from

about 10-40 nm. The alternative fin material 24 also has a width 24W that corresponds to the

final width of the fins for the device 100. The alternative fin material 24 may be comprised

of a variety of different materials, e.g., silicon germanium, silicon-carbon, III-V materials,

II-VI materials, etc., or combinations thereof, and it may be either doped (in situ) or

20 un-doped.

Figure 1G depicts the device 100 after an etching process has been performed on the
layer of insulating material 22 to reduce its thickness and thereby result in the layer of
insulating material having a recessed surface 22R. The recessed surface 22R of the layer of

25 insulating material 22 essentially defines the final fin height 24H of the fins 20. The fin



. A nethod of formng a FinFET device, conprising: 5formng a patter

ned

hard mask | ayer above a substrate conprised of a first sem conducti ng

material; performng a first etching process through said patterned hard
mask | ayer to define a plurality of sgaced-apart trenches that define a
i d first seniconductor materi al

first portion of a fin conprised of s

said device; 10formng a layer of insulating material in said trenches,

said layer of insulating material overfilling said trenches and said

for

patterned hard mask layer; perfornmng a planarization process on said |ayer
of i nsul drighy 2tidtes sy tdsamndgpawesihe ahdicpat tmilinaion had dinneskillpgsiivé oned

above said first portion of said fin; performng a second etching process

to renovendailighenamehymaste posiabpunedl abovén sed dlubiatist epomilé,ohe ofcesedd fin to

t hereby expose an upper surface of said first portion of said fin and to
defi ne a seddetdgRvif theilpyes af wsulaipgmagdrial P islpasiiiongd ldve thcakceapdvatmaiotl fir st

portion of said fin; formng a second portion of said fin within sai

d

cavity orhsaid2Wpper thsupdesttng dithshyd of iimsstatippmetessl 28fis saitd!léd such ¢mi d second

portion of said fin conprised of a second 20sem conducting nateri al
di f f er entonbyhhnalsaadve fin statesieldZce preheedd abgve the recessed surface 22R of the layer of

insulating material 22. In other applications, the layer of insulating material 22 may be
recessed by an namount such that the entirety of the alternative fin material 24 and a portion
of the underlying fin 20 is positioned above the recessed surface 22R of the layer of
insulating material 22,
10
At the point of processing depicted in Figure 1G, the illustrative FinFET device 100
may be completed using traditional fabrication techniques. For example, Figure IH depicts
the device 100 after an illustrative gate structure has been formed for the device 100. In one
illustrative embodiment, the schematically depicted gate structure includes an illustrative gate
15 insulation layer 30A and an illustrative gate electrode 30B. The gate insulation layer 30A
may be comprised of a variety of different materials, such as, for example, silicon dioxide, a
so-called high-k (k greater than 5) insulation material (where k is the relative dielectric
constant), etc. Similarly, the gate electrode 30B may also be of a material such as polysilicon
or amorphous silicon, or it may be comprised of one or more metal layers that act as the gate
20 electrode 30B. As will be recognized by those skilled in the art after a complete reading of
the present application, the gate structure of the device 100 depicted in the drawings, i.e., the
gate insulation layer 30A and the gate electrode 30B, is intended to be representative in
nature. That is, the gate structure may be comprised of a variety of different materials and it
may have a variety of configurations, and the gate structure may be made using either the so-

25 called “gate-first” or “replacement gate” techniques. In one illustrative embodiment, as

t hat

is



material; and performing a third etching process on said |ayer of _
insulating material such that an upper surface of said insulating materi al
after said second etching process is perfornmed is bel ow an upper surface of
sai d second portion of said fin. 14 2,The method of claim1, wherein said
first semiconducting material is conptised of silicon and sai d second
sem conductor material is conprised of one of silicon, silicon-germni um
amaterial, a Il-VI material, or a conbination thereof. ~3. The net hod
of claim1, wherein said portion of said second portion of said fin that is
posi t i onedowbovd’igaé d Hupperxiduioh gueccef osai anfoaya@r dapbsiiions ploatss ngaymat er i al
defines a final fin height of said device. 4. The method of claiml.
wher ei n geifdrugdpe forgur faacipsuwdtios daydr Bty esmpsed ofsuhatiia guchQupibeeiaalpld S
posi tioned bel ow said upper surface of said first portion of said fin.
5. The neillvod dpkide] Qliqon bjtridd) i frivm saild afliigisk (€ valugp@ediéranari )fieumegg to a
final fin wdth for said device. | 56. The nethod of claiml, wherein said
second f immtpod.tetcgronitee fiprite dhtwatierf thaahte Lieetrode material 30B and a gate capping
5 layer of material (not shown) may be deposited above the device 100 and the layers may be
patterned using known photolithographic and etching techniques and planarized by known
CMP techniques. Thereafter, using traditional techniques, sidewall spacers (not shown) may
be formed proximate the gate structure by blanket-depositing a layer of spacer material and
thereafter performing an anisotropic etching process to define the spacers.
10
In an alternative process flow, the etching step that is performed to recess the fins 20,
as depicted in Figure 1E, may be omitted. Figure 11 depicts the device 100 at a point in

fabrication that corresponds to that shown in Figure 1D. However, as shown in Figure 11, the

alternative fin material 24 is formed on the exposed upper surfaces 208 of the fins 20.

The particular embodiments disclosed above are illusirative 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

20 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 all 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.



wi dth for said device. 7. The nethod of claiml, wherein form ng
sai d second portion of said fin within said cavity conprises performng an
epi taxial deposition process to formsaid second portion 20of said fin.
8. The nmethod of claim1, wherein perforning said planarization process
conprises performng a chemical mechahi cal polishing process. 1S 9.A
met hod of form ng a FinFET device, conprising: formng a patterned hard
mask | ayer above a substrate conprised of a first sem conducting material
performng a first etching process through said patterned hard mask |ayer
to define a 5 plurality of spaced-GpslMStrenches that define a first
portion of a fin conprised of said first sem conductor material for said
device, said first portion of said fin having a width that corresponds to a
final fin wdth of said device;
1. A method of forming a FinFET device, comprising:
5 forming a patterned hard mask layer above a substrate comprised of a first
semiconducting material;
performing a first etching process through said patterned hard mask layer to define a
plurality of spaced-apart trenches that define a first portion of a fin comprised
of said first semiconductor material for said device;
10 forming a layer of insulating material in said trenches, said layer of insulating material
overfilling said trenches and said patterned hard mask layer;
performing a planarization process on said layer of insulating material that exposes
said patterned hard mask positioned above said first portion of said fin;
performing a second etching process to remove said hard mask positioned above said
15 first portion of said fin to thereby expose an upper surface of said first portion
of said fin and to define a cavity within said layer of insulating material above
said first portion of said fin;
forming a second portion of said fin within said cavity on said upper surface of said
first portion of said fin, said second portion of said fin comprised of a second
20 semiconducting material that is different than said first semiconducting
material; and
performing a third etching process on said layer of insulating material such that an
upper surface of said insulating material after said second etching process is

performed is below an upper surface of said second portion of said fin.

25



formng a layer of insulating material in said trenches, said | ayer of
insulating material overfilling said trenches and said patterned hard nmask
| ayer; 10perform ng a chem cal nechani cal polishing process on said |ayer
of insulating material using said patterned hard nmask | ayer as a polish
stop, said chenical mechanical polishlfg process exposing said patterned
hard mask positioned above said first portion of said tin; performng a
second etching process to renove said hard nask positioned above said 15
first portion of said tin to thereby expose an upper surface of said first
portion of saikd fi Rheamigthod efefleime la whovsin ysaiwi ikt nsegdiodductiyge magdrial nsul at i ng
mat eri al above said first portion of said fin; form ng an epitaxial
deposi t i camprigded silicen frdrsmdacend srdicpuluttpomatefial Sa¢ahpiisel ofinhiofisiBaind cavity
on said upper surface of said first portion of said -fin, said second 20
portion cflicgmieinfapinme o HpMi sadiabf IhVEmeord, senmoodndust thergofmat erial that is
different than said first sem conducting material; and performng a third
etching process on said |layer of insulating material such that an upper
surface of said insulating material after said third etching process is
performed is Bel owlamaipplrf chim fl agkerof s8dpatisecbas spant pamnoobf saifth fin. 16
10. The nmethod of claim9, wherein said first sem conducting nmaterial is
that is positioned above said upper surface of said layer of insulating material defines a final

fin height of said device.

4. The method of claim 1, wherein said upper surface of said layer of insulating
10 material is positioned below said upper surface of said first portion of said fin.
5. The method of claim 1, wherein said first fin portion is formed to a final fin

width for said device.

15 6. The method of claim 1, wherein said second fin portion is formed to a final fin

width for said device.

7. The method of claim 1, wherein forming said second portion of said fin within

said cavity comprises performing an epitaxial deposition process to form said second portion

20 of said fin.

8. The method of claim 1, wherein performing said planarization process

comprises performing a chemical mechanical polishing process.



conpri sed of silicon and said second sem conductor material is conprised of
one of silicon, silicon-germanium anaterial, a fi-V | material, or a
combi nation thereof. 51 .The nethod of claim9, wherein said portion of
sai d second portion of said fin that is positioned above said upper surface
of said layer of insulating material tefines a final fin height of said
device. 12.The method of claim9, wherein said upper surface of said |layer
of insulating 10material is positioned bel ow said upper surface of said
first portion of said fin. 13A nethod of form ng a FinFET devi ce, _
conprising: f8rm ngnethydiof ermed atantd Trdgsike. lcayprisizghove a substrate conpri sed
of a first sem conducting material; 15performng a first etching process
through said pawinr neehtthaed hrek knaslayleyer tabodefi nebsaatplcomatiserlyolof first
spaced-apart trenches that define a first portion of a fin conprised of
said first sem conguetooductrag mpkeadl; f or said device;, forming a |ayer of
insulating material in said trenches, said |ayer of insulating materi al
overfilling saértbromgnciiveseteng Baices hatplesaidativarcd hamskask dyerp d2fger f or mi ng
a planarization process on said |ayer of insulating material that exposes
5 plurality of spaced-apart trenches that define a first portion of a fin comprised
of said first semiconductor material for said device, said first portion of said
fin having a width that corresponds to a final fin width of said device;
forming a layer of insulating material in said trenches, said layer of insulating material
overfilling said trenches and said patterned hard mask layer;
10 performing a chemical mechanical polishing process on said layer of insulating
material using said patterned hard mask layer as a polish stop, said chemical
mechanical polishing process exposing said patterned hard mask positioned
above said first portion of said fin;
performing a second etching process to remove said hard mask positioned above said
15 first portion of said fin to thereby expose an upper surface of said first portion
of said fin and to define a cavity within said layer of insulating material above
said first portion of said fin;
performing an epitaxial deposition process to form a second portion of said fin within
said cavity on said upper surface of said first portion of said fin, said second
20 portion of said fin comprised of a second semiconducting material that is
different than said first semiconducting material; and
performing a third etching process on said layer of insulating material such that an
upper surface of said insulating material after said third etching process is

performed is below an upper surface of said second portion of said fin.

25



said patterned hard mask positioned above said first portion of said fin;
perform ng a second etching process to renove said hard mask positioned
above said first portion of said fin to thereby expose an upper surface of
said first portion of said fin; 17 performng a third etching process to
reduce a height of said first portion“bf said fin and thereby define a
recessed upper surface of said first portion of said fin and to define a
cavity within said layer of insulating material above said recessed upper
surface of said first portion of said fin; formng a second portion of said
fin within saill® calie ycdndsefi damedeswhssrinppish fistrsemisendttingaingtetial 4t porti on
of said fin, said second portion of said fin conprised of a second
sem cond$enPiitgd whsidengindishigtseqosd dintifendegier mivenn! sagothpiipedstl ogenf gldreduct i ng
materi al ; and performng a fourth etching process on said | ayer of
i nsul at i AdicameemaaimsyBh Virkragriahn [1VOupipssl, gurcombmadin thagd. i nsul ati ng
material after said fourth etching process is perforned is bel ow an upper
surface of said second portion of said fin. 14. The nethod of claim 13,
wherein said first sem conducting material is conprised of silicon and said
second sem cohbuct B maghadrdf glain 8, welengr sdéporobn efiveidotcosil bortamef said fin
silicon-germanium a 111-V material, a Il-VlI material, or a conbination
t her eof . thagisTiesitipgedrbaveghidolpaérndde ofibad biyer fanslapog pional gikfigaiadinglecond
portion of said

fin height of said device.

12, The method of claim 9, wherein said upper surface of said layer of insulating
10 material is positioned below said upper surface of said first portion of said fin.
13. A method of forming a FInFET device, comprising:

forming a patterned hard mask layer above a substrate comprised of a first
semiconducting material;

15 performing a first etching process through said patterned hard mask layer to define a
plurality of spaced-apart trenches that define a first portion of a fin comprised
of said first semiconductor material for said device;

forming a layer of insulating material in said trenches, said layer of insulating material
overfilling said trenches and said patterned hard mask layer;

20 performing a planarization process on said layer of insulating material that exposes
said patterned hard mask positioned above said first portion of said fin;

performing a second etching process to remove said hard mask positioned above said
first portion of said fin to thereby expose an upper surface of said first portion

of said fin;



fin that is positioned above said upper surface of said |ayer of insulating
material defines a final tin height of said device. 20 1 6 . The nmethod of
claim 13, wherein said upper surface of said layer of insulating material
is positioned below said recessed upper surface of said first portion of
said fin. 17. The nmethod of claim 13, Wherein said first fin portion is
formed to a final fin 18 18.The nethod of claim 13, wherein said second
fin portionis formed to a final fin width for said device. 519. The nethod
of claim 13, wherein forninP.said second portion of said fin within said
cavity conpri Seforpaefohitl sighian reses dx ralcaepoglitof end frsbpasen elbsafdfim sai d
second portion of said fin. _ ' '
and thereby define a recessed upper surface of said first portion of said fin and
to define a cavity within said layer of insulating material above said recessed
upper surface of said first portion of said fin;
5 forming a second portion of said fin within said cavity on said recessed upper surface
of said first portion of said fin, said second portion of said fin comprised of a
second semiconducting material that is different than said first semiconducting
material; and
performing a fourth etching process on said layer of insulating material such that an

10 upper surface of said insulating material after said fourth etching process is

performed is below an upper surface of said second portion of said fin.

14, The method of claim 13, wherein said first semiconducting material is
comprised of silicon and said second semiconductor material is comprised of one of silicon,

15 silicon-germanium, a I1I-V material, a II-VI material, or a combination thereof.

15. The method of claim 13, wherein said portion of said second portion of said
fin that is positioned above said upper surface of said layer of insulating material defines a
final fin height of said device.
20
16. The method of claim 13, wherein said upper surface of said layer of insulating

material is positioned below said recessed upper surface of said first portion of said fin.

17. The method of claim 13, wherein said first fin portion is formed to a final fin

25 width for said device.



20. The nethod of claim 13, wherein perform ng said planarization process
10conprises performng a chem cal nechanical polishing process. 21. A

met hod of form ng a Fi nFET device, conprising: formng a patterned hard
mask | ayer above a substrate conprised of a first sem conducting materi al
performng a first etching process thtdugh said patterned hard mask | ayer
to define a plurality of spaced-apart trenches that define a first portion
of a fin conprised of said first sem conductor naterial for said device,
said first portion of said fin having a wwdth that corresponds to a final
fin width of said device; forning a |layer of insulating naterial in said

trenches, sai Iay | ati teri verfillin enches and
sai d patternegghar %%§%°$8§@?m' e g %F%ﬁéﬁﬂﬁﬁpnnégﬁﬁﬁi %%Iishing
process o i.d Ia(gg insulating material using said patterned hard mask
as a poi.ghwgt 1“% %Y'“€hemi cal mechani cal polishing process exposing said

patterned hard mask positioned above said first portion of said fin; 19
performng a second etching process to renove said hard mask positioned

aboye said finst Perd hRMo@lor3BlA BI AntLint ARLER%BXRARE RRiPRELSHE f ace of
said first portion of said f|n

within said cavity comprises performing an epitaxial deposition process to form said second

portion of said fin.

20.  The method of claim 13, wherein performing said planarization process

10 comprises performing a chemical mechanical polishing process.

21. A method of forming a FinFET device, comprising:
forming a patterned hard mask layer above a substrate comprised of a first
semiconducting material;

15 performing a first etching process through said patterned hard mask layer to define a
plurality of spaced-apart trenches that define a first portion of a fin comprised
of said first semiconductor material for said device, said first portion of said
fin having a width that corresponds to a final fin width of said device;

forming a layer of insulating material in said trenches, said layer of insulating material
20 overfilling said trenches and said patterned hard mask layer;
performing a chemical mechanical polishing process on said layer of insulating
material using said patterned hard mask as a polish stop, said chemical
mechanical polishing process exposing said patterned hard mask positioned

above said first portion of said fin;



performng a third etching process to reduce a height of said first portion
of said fin 5 and thereby define a recessed upper surface of said first
portion of said fin and to define a cavity within said |ayer of insulating
mat eri al above said recessed upper surface of said first portion of said
fin, formng a second portion of said!¥in within said cavity on said
recessed upper surface of said first portion of said fin, said second
portion of said tin conprised of a 10 second sem conducting material that
is different than said first sem conducting material; and performng a
fourth et chi ngeperadissssceondsadhang ragasss tofrerngys shidthridgnayk pesiticakd ghooh saithat  an
upper surface of said insulating material after said fourth etching process
is perforned is befishatongperd fnue theebdy skrosaituppecondcepdstifl dirst obrtisami d fin
15

of said fin;

performing a third etching process to reduce a height of said first portion of said fin
5 and thereby define a recessed upper surface of said first portion of said fin and
to define a cavity within said layer of insulating material above said recessed
upper surface of said first portion of said fin;
forming a second portion of said fin within said cavity on said recessed upper surface
of said first portion of said fin, said second portion of said fin comprised of a
10 second semiconducting material that is different than said first semiconducting
material; and
performing a fourth etching process on said layer of insulating material such that an
upper surface of said insulating material after said fourth etching process is

performed is below an upper surface of said second portion of said fin.





