WD 03/ 103019 PCT/ US03/ 17269 FIN FET DEVI CES FROM BULK SEM CONDUCTOR AND
METHOD FOR FORM NG Technical Field The present invention relates generally
to the fiwloh3ab3men conductor manufacturing 5 and, nore Juauudosazdeby, to a
met hod for manufacturing fin field effect transistors. Background Art The
need to remain cost and performance conpetitive in _the production o

seni condUStHET DEVICES WCBWK@EME@%W iANId (MEEHO&Q&HQ&EQWNG :
integrated circuits. To facilitate the increase in device density, new
technol ogies are constantly needed to allow the 10 feature size of these
sem conflugh Rkl fgwd ces to be reduced. The push for ever increasing device
densities Is particularly strong in CMOS technol ogies, such as the in the
design and fabrication of field effect transistors (FETs) FETs conprise

t he dom nant,_conponents of FE at t. '
density in CWE%HP %‘l‘.ﬂ"f%eq%l‘?nc@%feﬁcgﬂlf’ Bhyé(? FTI?S’I r Sﬁgggon hﬂg?ﬁ%np?aggdr%gt

15 t rﬂ{aﬁﬁfh@ﬁ@m @i f1d bift@ti@nkiverseased devi ce
deng?y&%ﬁgﬁg’)?% S[%%Eh (}ogﬁeet%?p@r ansi st or. Tgl n finFETs, the body of the
transistor is forned froma vertical structure, generally referred to as a
"fin' for its resenblance to the dorsal fin on a fish. The gate of the

fi nFET nmed on one or nore sides of the fin. FinFETs have several
advant ages, including better current control w thout requiring increased
device size. 20 FinFETs thus facilitate scaling of CMOS di mensions while
nai ntai ni ng @he aegiaptrahhie cogtentl perfameance t;lmfnpetltmatl@hwpr@@qt@m@ﬁ difficulties
arise in the de5|%fr; and fabrication of fin.transistor fin

transi sseFrisondyetas devices hnsdaivgn t %ﬁéB‘Hei‘sﬁ infdevies density o 1"3@%{?%015%11% fprl PnFET

devi ce. ' f &1 8s Rie chathdlyatelsOm Mpannet her,

and thefaggfﬁ?[géﬁéang]l h%/ealflrﬁlle%gg &?[X I VI 58 d‘éelvsl ceg need yﬁ% be isolated to

ensune e sizt of thesd sendaﬁmhlpﬂordgmcd‘saobem@cc(bason, fi nFETs have been

typically manufactured fromsilicon-on-insulator (SO) wafers to provide

i solation between the fins of different devices. Specifically, the fins of

the transi st e 1 320841 28R cufaplk ¥REnd [oOMd¥e silicon

| ayer above ?ﬁgpg%hrfl g\glél}g{(l)% %deﬁaf%er %‘ ?aclﬁu fi 2 I sn% hus i sol ated
technologies, such as the in the design and fabncatlon of field effect transistors (FETS).

FETs comprise the dominant components of CMOS . Scaling FETs to attain higher device

density in CMOS results in degradation of performance and/or reliability.

15 One type of FET that has been proposed to facilitate increased device density is a fin
Field Effect Transistor. In finFETs, the body of the transistor is formed from a vertical
structure, generally referred to as a "fin" for its resemblance to the dorsal fin on a fish. The
gate of the finFET is then formed on one or more sides of the fin. FinFETs have several
advantages, including better current control without requiring increased device size.

20 FinFETs thus facilitate scaling of CMOS dimensions while maintaining an acceptable

performance.

Unfortunately, several difficulties arise in the design and fabrication of fin transistors.

First, in fin transistors there is a general need to electrically isolate each finFET device.
Specifically, finFET devices need to be isolated from each other, and the source and drain of
25 individual devices need to be isolated to ensure source to drain decoupling. For this reason,
finFETs have been typically manufactured from silicon-on-insulator (SOI) wafers to provide

isolation between the fins of different devices. Specifically, the fins of the transistors are



fromother fins by virtue of the buried isolation |ayer beneath the fins.
Li kewi se the source and drains of individual finFETs are decoupled from
each ot hewdms/msm9oburi ed i solation |layer. Wile the use ofPC3SMdAfI®Y S
provi des needed isolation for finFETs, it is not without 5 significant
drawbacks. The nobst_conpel ling drawback f,fgrnin fi EgTs ron1§¥] waf er s
i s t he fanabiremdhe silisen Bysr aheve the busieg Asodation daysty abd caeh 170 /5 HiRt PEedrq,

exanpl ‘fp%g? thef _ifnﬁ%? virflBIbr 4R E@iscﬁﬂ(f)(%n 108} e DiRSidsd TS wWileine 8ircef bul k

silico s I'ncreased cost ers, while acceptable for

some applidedhs eMmdividuap FiaREDS tie\iecouplal fhemsachottiet byothablisied tshlationdayenf SO
wafers is not conpatible with all fabrication processes, such as commonly
used 10 Si Ge processes. The nethod of isolating devices on bulk wafers is

descri bed by, Hi.sanot g I . SN : ISt or
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Devi o ssidaftdm dratdi8ks. PRREhost€ompdlling Ard@ck of TdrdngBhIFETS from@OIrveafetshat  a
nitride Spacer be built on the fin so that the fin is_protected ﬁ\% ng the

15 oxi diathecided cosiefanS@dwafersgompatsd tabelkisiicop wafere HoggranpplgsSP § on.

Thus, the substrate is . .seglectiv i di M peg&t: J The
ot acaetgRorpp e e I BrEad Y ot o bR Mh RSP ity hrebll Jkfor
1100C, anphwhiaes, whaliabddpyabledfdr 8bhe bppiivatibig) id frokibiagsn vhietse Adktiaradiy] thg t he
isolation |ayer. As devices continue to scale their ability to w thstand

hi gh tesepéSalwaders inahttcompstiple svideallefabrieation peoressehe SN SEMMNEHBKEd i n
Hisaggtg. t al. is 20 inconpatible with the nanoscal e technol ogies in which
Fi nFErs>IMEAO%SSH&: t heir use. Moreover, the inability to tailor fin

t hi ckness neans that a critical dinension of these devices 1is solely
determ ned by lithography. As will be discussed in nore detail below a
feature of Themettodad imlatingalevicoweon bak wafers indesriibadrniligamotorit abhiA ity to

tailor the fin via oxidati.qn, enabl] he ,opt im zat i . fd SS
beyond 1418 RegesphLetectsane e LAt Aol Uit By SO UOSEEI®30 .
not provi gl faBhBRctoh PeRcEOMetiiy TU8odbiper 383l K pp@B8sies Thacmetoliayer upon
which the etch of the fin can termnate, such as is provided by the buried
oxi de | seyeires thatSChitrivef spaser baibuHbon thetfinssoethatihe finis prajesied dpaipg 8 ity in the
etch depth,tr%ﬁ %gt s tov
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temperature of the oxidation, 1100°C, and the inability to tailor the fin thickness while
generating the isolation layer. As devices continue to scale their ability to withstand high
temperature conditions decreases; as such, the process proposed in Hisamoto et al. is
20 incompatible with the nanoscale technologies in which FinFETs will find their use.
Moreover, the inability to tailor fin thickness means that a critical dimension of these devices
is solely determined by lithography. As will be discussed in more detail below, a feature of

the method of the invention is that it provides the ability to tailor the fin via oxidation,

enabling the optimization of fin thickness beyond lithographic capabilities.

25 Additionally, Hisamoto's process does not provide a method to control fin height.
Bulk wafers lack a layer upon which the etch of the fin can terminate, such as is provided by
the buried oxide layer in SOI wafers. Without this etch stop layer, variability in the etch
depth translates to variability in the fin height. Since the amount of current conducted by the
device is proportional to the height of the fin, it is important to minimize variability in the fin

30 height.
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-2 WD 03/103019 PCT/ US03/ 17269 Thus, there is a need for inproved
fabrication nethods and structures to facilitate the formation of finFET
devi ces fwanosmosdaosilicon while m nimzing device vari ati agg/esed/1738povi di ng
sufficient device isolation. D sclosure of Invention 5 The present

i nvention thus provides a device structure and nmethod for form, fin
Fi el d Ef f ect Thusafhstesis gmsed ﬁE‘I%IPTQVﬁﬁlfaIB%FéV%WE@O%ﬁVf Yruciyfes t&ifé%lﬁ%%'ﬂlﬁges of

the prigr _art. fi.c. t i : J i des the
abi 11 v yirmRies o PRAEEFGE: Hou'tifl AREFpAL SR, BT ROnPLRY) ¢
provi di}?gvjdmgr@yﬁ@ieﬁeﬁbpgeimtf@[m ty. In a first aspect, the inventionis a
met hod for formng a finFET in sem conductor 10 substrate, the nethod
conprising the steps of formng a fin fromthe sem conductor substrate;

and exszi the.substrate to a process that further defines the w dth of

t he fin—%/%ﬁﬁg—'ér——mo' dheously isolating the fin. In a second aspect, the
invention is a nmethod for formng a finFET in sem conductor substrate, the

met hod conprising the steps of formng a fin fromthe sem caonductor
substFate, The piesent inventien thus pepvidesiatleyicg simstpre andangthodvior fyming fiphe fin

exposi ng. S t he sem duct or _substr | L0 gi ng at
Censt alisorERe Topiies OO SR Pisp et BebP AR AR gk B bl Briof BRI 19 0
oxi di Zi §geckiG115 ML AONEL St REurs Uh8 elicd provilled thabibixy @efoird finPETeRvices t he
damaged portion of the sem conductor substrate to a greater thickness than
i s for mirdmdrnlk bemicéiductiravedérs while pTorading imgmivad dayiee wrifmitydvant ages and
features of the invention will be apparent fromthe foll ow ng nore
particul ar description of a preferred enbodi nrent of the invention as
II1ustrated iy, 5Re.Gre0MRARVIRBNG 2Meab foFfdrindESEFE P @miedndet@wi ngs The
preferred exenplary enbodi mrent of the present invention wll hereinafter be
25 dé8crulisiate] the cmthadetmimising thh Sttepmﬁ]%p@hmeﬁﬁmfram thg semighedustqrisilestrate;

desig na’gﬂll Q}(Spo(sji%g?ﬁeesu Istl§§ce toe L gﬂ)%géssthataﬁqghér%eﬁnes the width of the fin while

simultaneously isolating the fin.

In a second aspect, the invention is a method for forming a finFET in semiconductor
substrate, the method comprising the steps of forming a fin from the semiconductor substrate,
15 the fin including a fin sidewall, the formation of the fin exposing areas of the semiconductor
substrate adjacent the fin; damaging at least a portion of the semiconductor substrate areas
adjacent the fin; and oxidizing the semiconductor substrate such that oxide is formed in the
damaged portion of the semiconductor substrate to a greater thickness than is formed on the

fin sidwall.

20 The foregoing and other advantages and features of the invention will be apparent
from the following more particular description of a preferred embodiment of the invention as

illustrated in the accompanying drawings.

Brief Description of Drawings

The preferred exemplary embodiment of the present invention will hereinafter be
25 described in conjunction with the appended drawings, where like designations denote like
elements, and
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WO 03/ 103019 PCT/US03/17269 FIG 1 is a flowdiagramillustrating a
fabrication nmethod of the invention; FIGS. 2-7 are cross-sectional side

vi ews of wo @nbsidpment of a sem conductor structure of trET/TSNBNTICON
during the fabrication nmethod of FIG 1. Best Mde of Carrying Qut The

I nvention 5 The present invention thus provides a device structure and
nmethod for formng fin Field Effect Transistors (FETs) that overcones nany
of the di sadvantages of the prior art. Specifically, the device structure
and nethod provide the ability to formfinFET devices from bul k

sem conduct ofFIcVafie b Slowhdihgrabiiplusvating afabiieion mdtiesdofitite inkeatiorgt hod
facilitates the formation of finFET devices from bul k sem conductor wafers
with inproved fin height 10 control. Additionally, the nethod provides the
ability to formfinFETs frombul k sem conductor while providing isolation
bet ween fins and between the source and drain region of individual

finFETs. Finally, the nmethod can al so provide for the optim zation of fin
wi dt h. The device structure and nethods of the present inventjion thus

provi de the Eﬂi&ﬂt”égreﬂosefse@mmabwd@ viewsef ap gmbpéimany of dseopigpndugiorers. 15
One enbodi nent t he .i nventi es _.a ces fore fin patterning for

i mpr ovedUAHR Oﬁ&edmen&l%fl%tlg &ﬁtué Ct?ln%gfégh caoﬁ P?@m%r ise the inplantation of
a heavy ion that damages the substrate to a desired depth and thus changes
the etch rate of the _danmaged substrate relative to that of the undamaged
subst r aBe e erinventiah hei ght control during fin patterning
by n1n|n12|ng the effects of etch rate variations. A second alternative
process 20 can conprise the inplantation or formation of a marker |ayer at
a desired deghfpreldift iM@nfibA thiBipedVilld a ddvice@tABRIY sddhethb@ foTdbHERg fiayer are
nonitored to pr50|se l'y determ fie when the desired etch depth is reached.
Bot h pr Bredﬂ;Effccir‘Itrmtsistmre (RBTYuka ovhigomes manyt ef therdisagpansaged of the priveght

f t fi to b | f th
i DG e Aarics S n e or ey 98 RuiS R 85 T acond
aspect Bﬁlﬁ( sBRidoRY &AL @éfeﬂse@ﬁ'l@ﬁﬁ?rohﬁg lagti@Bnikghmge MHRGhakeMaclitftss @ed

bet ween t source and drain regions of individual finFETs. Additionally,
thi s pr émemsion of finFET devices from bulk semiconductor wafers with improved fin height

10 control. Additionally, the method provides the ability to form finFETSs from bulk
semiconductor while providing isolation between fins and between the source and drain
region of individual finFETs. Finally, the method can also provide for the optimization of fin
width. The device structure and methods of the present invention thus provide the advantages

of uniform finFET fabrication on bulk wafers.

15 One embodiment of the invention uses a process before fin patterning for improved
fin height control. This process can comprise the implantation of a heavy ion that damages
the substrate to a desired depth and thus changes the etch rate of the damaged substrate
relative to that of the undamaged substrate. This allows for improved height control during
fin patterning by minimizing the effects of etch rate variations. A second alternative process

20 can comprise the implantation or formation of a marker layer at a desired depth. During fin
etching, the elements of the marker layer are monitored to precisely determine when the
desired etch depth is reached. Both process control techniques thus provide for improved fin
height uniformity, allowing fins to be formed from bulk semiconductor wafers with minimum

wafer to wafer variation.



optim zes the wwdth of the fins thensel ves. The process first selectively
damages the sem conductor wafer between fins. This sel ective danage can be
attai ned o i3mpsmamt i ng 5 suitable heavy ions between fins ROT/W83/17269

i npl antation of a p-type species followed by a selective anodic reaction.
These net hods damage t he exposed sem conductor wafer adjacent to the fins,
but damage t#8 seepndiaspect oh BpgBYSAEIONZENGHALES Ipiasign B9t“é?eﬁra61aé?ﬁt319éa r dmask

| ayer t he.t | DS . . I n Well sk sults in
oxt dat | e g P abd Gl RFiond BEmMR il RrHIE" ARG, mliliSecke2
bet weengptiigized the widtheofdaBaceakeaen Thdrprosedsdirstis@leonvaly demadeasticer t han

undamaged areas, thus resulting in a greater oxide thickness between the
fins thsemiepndunter Waferisavesalfines Thirselechive dranagsican ke attained dWdmplaating| | ows

ot ocevs by i TEHHFREn BHF of b Buthchil o Bt REEOINDRGA RE ) o oT ot {on”

bet weenselédiiRe aAdtc RAICUGENTHIE nfefhtids damage teakpose@gbmitoaliudibiewdfensdjacent
Additionally, the formation of the 15 oxide on the fins narrows the fins

t hensel toethe finhdnit demagexiodke fins thepselses is mypimired kY g proigqtiye hardmapsk {4yason t he

resul ti fin.wdth i.g further optimzed-fromthe or.i.qinal .\ ile
Sur i o Bieongt e Hrsmetiro et S n Ih gl S BORA gt fiheg UG

pr ocessehifewaBo bR Fins R8d if iR Srel BeQiRbh MeZ@ss. TR dduthicbd 8fea bh@efwale at the
sanme time. Thus, the provided nethods facilitate the formation of finFET

devi t@sofidimes fastek thapOimdanagasiaredsi thes prsolingiimg sraatsr @aidedhiskmss between then
hei ght and.w dth apd i ncreased, i sol at.ion of...th rce and drain regions
of the FPhthaggrat ’%g}‘?fnsieﬁ’\?%nﬁnﬁ r‘?xiﬁb‘)tbéat‘? glg@ﬁ[@ag@éﬁsesaéﬁ%elg Vi ety of

fi nFETspanded iR fnsvekiRfudverfBirfoRing WRifER. heretof ore have nostly been
fabricated on SO substrates. For exanple, the nethods can be used in the

formati on of double gate finFETs as disclosed in US Patent No. 25

6, 252, 284. | il be t ) .St f . i ) kill in th t
S hat 1o v TR RspecRerests imnfician SR Bate SRt ARk Cupiibe Slatton RtsRar oo
in the ﬁhé‘&‘ﬁcﬂ%ﬁw@én @ sbii@e aREGal fegnQRThIBARI Aﬁgitiohﬂgﬁglﬁb fokthattérl &f tAé SO be

under st ood t the 1nvention is not limted to use o ny specific dopant
t yped5 poride dedhd fiad nartvavsdbpfing theypelyes eWhen dw dxade is memoead foers theongsovedlst s

ngloggggihé@%ghg‘é“és%%ﬁgﬁ Mfnded gl et cd rSRH A Na W iat Grdfg V! ce- -5 WO

sufficient oxide remains between the fins to provide isolation. This process thus isolates the

fins and optimizes the width of the fins at the same time.

Thus, the provided methods facilitate the formation of finFET devices from bulk
20 silicon while providing increased control of fin height and width and increased isolation of

the source and drain regions of the fin.

The present invention may be readily adapted to a variety of finFETs and their related
devices, which heretofore have mostly been fabricated on SOI substrates. For example, the
methods can be used in the formation of double gate finFETSs as disclosed in US Patent No.

25 6,252,284. It will be thus understood by one of ordinary skill in the art that the invention is
not limited to the specific structures illustrated in the drawings or to the specific steps detailed
herein. It will also be understood that the invention is not limited to use of any specific
dopant types provided that the dopant types selected for the various components are

consistent with the intended electrical operation of the device.

_5-



Turning nowto FIG 1, exenplary nethod 100 for formng finFETS in
accordance with the present invention is illustrated. The fabrication

met hod 10Woad3l108m9fi nFETs to be formed with i nproved waf exCTrgsosaizss
uniformty and sufficient device isolation frombulk sem conductor wafers.

Thus, method 100, provid t he advant ages .of producing. fi nFETs in.a 5 nore
ey ol T oot VaRaBRo¥L FIG: Dresemeln netigd ooBe it TG TuBeordes | &
detail, i ml e i f i i ng
o ooess TPEP pretbid 1o SRR 1t OO0 TREPAHCIREH tho 106 /R0wR BhiE P bl

sui t abl dotmddkwile impronediotfer tiwabfer uniforenityredtsufficdgnt §6¢cofsombbhdonlbdki s to

deposit a suitable hardmask bl ocking | ayer and then deposjt. a. sujtable
har dras BeREENuSHET walgksy plhusanethed ﬁ%‘ngﬂid(% Kherrsveaipgss rPHOC{uﬁEIg%Hﬁ:ﬁﬁﬁéR acap

| ayer <1 C i [ i ik I; s. For
excampr’e, PR LR ATRE SR S WAL R0 D h ATk SRR A AP KRR,

di oxi de,withhékahipeshufroasesivodimpent af e watta portivarduting @réaeeSOinIGS2 €7.1 1 con
nitride. As will becone clear, the hardmask cap | ayer and the hardmask

bl ocking layer will be used to pattern the underlying sem conduct or
substrate an t t et i | I i i 15
Tur ni ng now '(tjf (%1 el‘—fﬁﬁ"fslie% ﬁglnoéﬁggifr}%’l 13?%/%*%% Stb]g?lfl?gﬁﬁ%% ?bsn (a}:lftjf)ﬁgj% %té't gget hat

i ncl udesest stéRI O EEKethbo ¢8O o ldayeit 2dtable hainiak Glorkiagdayer laay dfen6Bosit
Again, the wafer portion 200 _can conprise any suitable bul k sem conductor
waf er, uialls bardspask eamlayen oBotithe hardmaglelosking dayer and hahardmesk exd laygen ayer
204 d hardnask cap. | r_.20 i . Syl h

ot er 0o A GRS S8t B e SR bR s TR B BB ok
Ret ur ni fbﬂlodkﬁhg:ﬂa%r chn cbRPrifesd-160 @h d0Hli¢ch dioxipatdna e hidiémba épasfer bhiocki ng

| ayer and the hardmask cap layer to formthe fin pattern. This can be done
usi ng arrpmpise a0 pbeilieen nit e Wil besgmedpary thiedarimeask caplageangithe on and

har anneit Al By A B SR et e P20 RE b PR BB s 0

phot or e&b%}otwttﬂﬁbﬁnsf(ﬁﬁﬁigitk(@fdrﬁﬁti@ﬁ6f\i3618ﬁ53.- ~The patterned hardmask |ayers
will 25 then be used to pattern the underlying sem conductor substrate

during a silicon RIB to define the fins that will be used to formthe

fi nFEL devices. As such,-.t-he | enagth, and wi dth. of,t.he. ter,nin d be
Lot o ned oot i ARt BEICT F MRy St PhlicRioob g BRNE AT AR Be
now t o Mafamakk Blotkinelhdr mrahhqmaﬂﬁ@ask%@ 1dyers102at adaiaf the fwaférepobasirons k

bl ocki ng | ayer 204 and the hardmask cap | ayer 202 have been patterned.
can comprise any suitable bulk semiconductor wafer, such as a silicon <100> wafer.

Likewise, the hardmask blocking layer 204 and hardmask cap layer 202 can comprise any

suitable hardmask material, such as silicon dioxide and silicon nitride, respectively.

20 Returning to FIG. 1, the next step 104 is to pattern the hardmask blocking layer and
~ the hardmask cap layer to form the fin pattern. This can be done using any suitable process,
and would typically involve the deposition and patterning of a suitable photoresist. The
hardmask blocking layer and hardmask cap layer can then be patterned selective to the
developed photoresist with a reactive ion etch (RIE). The patterned hardmask layers will
25 then be used to pattern the underlying semiconductor substrate during a silicon RIE to define
the fins that will be used to form the finFET devices. As such, the length and width of the

patterning would be determined by the desired fin size for the particular application.

Turning now to FIG. 3, the wafer portion 200 is illustrated after the hardmask
blocking layer 204 and the hardmask cap layer 202 have been patterned.
-6-



-6 WD 03/103019 PCT/US03/ 17269 Returning to FIG 1, the next step 106 is

to forma height control layer in the sem conductor wafer. Then, the next

step 108 WO @aopabtern the sem conductor wafer to form tireTiuUSes/1w8bng t he
hei ght control layer to control fin height. There are several different

types of height control layers that can be used.. For l.e,, the | ayer
can conpri seRetenize {oddGant WengR 5P LS 48 {ProhigiELco gﬁé@%r% subst%/ate

to a desiliechemt haARd HiMSnehenass, 1dis iehhbt aie%eﬁﬁcanhﬁctaamegb fodastrat e

rel ati V&6t e undamage strat This allows for inproved

hei ght @@k aking tid Wgetiticon@eltlags 06 agntioy fimheigh.z Thgretdre sefefad differeft typesh rat e
variations. In the alternative, the height control |ayer can t;grrprl se the

format | @ﬁh@bghtﬁomlll@fefs ‘lha‘y@ﬂ bgtused.d digregamplen the 1apRSaR GOPPHSHEEt er ni ng, t he
el ene ts %If,tt \{;6%}3?2@ %tfh ﬂf)sttl%eet% d &Hsu&?%éiftl?&ﬁcﬂﬁu?&ﬁéﬂ o8€the

det ec i's reached. Bot t echni ques "t hus

provi deetf:ﬁ’ katé BPIhe ‘dﬁﬁlafgémsdbgﬂrng Eel@t@sfbttb ohat oﬁtﬁeamdaglagedmlbstnatbeThle lallatyb for
formed from bul k sem conductor wafers. Wen the helfg rol layer
conpr i skspraved lmghtwpnmltdmmatfmcmﬁtﬁg%g PyiniphEipg theefiec rﬁ’$ gci}r?tﬁbl e ion can

e contiRRS o U AP aliy® HERG R AR -SBRE Ry IR RO kRO s parer

rel ati VPagEIOatfahﬁElr&f dep&meDuﬁﬁgaﬂﬁ%@werﬁm@%e @leBnentsosf taammdemayamAs i on
i npl ant Can be used damage t sem conductor wafer. Qher suitable ions

woul dOi mehitcded der oo vide preeise detectiom ofiivhep desirecsfip beighieiaisacheth. Befe ener gy

of the inpl.ant t hen electedt r.ive r epth
of e Ieraiapey i Nt 1ot e ieg B BEbDohR, AROTAE 14 BE ndFB Biipefier
angst r op®,, ¥Rk LnieBRbdSeafeR. As i npl ant of 140 keV and a dose of

1x1016/ cn?. Using a suitable etch, the damaged portion can be etched

faster than the undanaged portion, and a tinmed etch is m)re likely to

result in a nt. depth of etch.. Stated. r ed
portion et c&g‘%e“stﬁ?)ﬁ@ﬁhtt‘ﬁ’pé‘h er CO" ’“383 POt %ﬁ%&p%q Q;I]\Q%a cf%%lﬁﬁ@? he
overetc an( ﬂnEaBﬁ‘e iR daBoeda tﬁ‘a[t%ﬁfﬂ&en’ﬂ[br Riafiag&the Thpised bhigioh @m thenpl ant

i nproves e height control of the resulting fins. 25 Wen the hei ght

cont rél sém;cendmmrpubswe ® Mngﬁethe letopaate off grecdamagpd sbsipiE el veto thapf
[ can g i LT St S nas bt sachad LR A gigh brocess

ecl es as “ox
hydr Oge@eﬁcoﬂgﬁm;&f@?. Ofter fBfkRNions would include germanium, cesium, antimony or

other heavy ion. The energy of the implant is then selected to drive the damage to the desired
depth of the fin. For example, to create a fin height of approximately 800 angstroms, we

20 would use an As implant of 140 keV and a dose of 1x10'%/cm®. Using a suitable etch, the
damaged portion can be etched faster than the undamaged portion, and a timed etch is more
likely to result in a consistent depth of etch. Stated another way, the undamaged portion
etches slower than the damaged portion and in a timed etch the overetch in the undamaged

area is minimized. Thus, the ion implant improves the height control of the resulting fins.

25 When the height control layer comprises a marker layer, detection of the marker ion
indicates when the desired depth has been reached during the etch process. The marker layer
can comprise any suitable species, such'as oxygen, hydrogen or germanium. The marker
layer can be formed by implanting the marker species (such as Ge) into the substrate.
Alternatively, the marker layer can be formed by depositing the species on the substrate, and

30 forming an additional semiconductor substrate layer over the deposited marker layer. The
fins would then be etched from the layer on top of the marker layer. The marker species is
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| ayer can be fornmed by inplanting the marker species (such as Ge) into the
substrate. Alternatively, the marker |ayer can be fornmed by depositing the
speci es owadsaosubstrate, and 30 form ng an additional sermCIwSEL TG
substrate | ayer over the deposited marker layer. The fins would then be

etched fromthe | ayer on top of the marker. | ayer. The rker ecies is -7
WO 03/ 103witoradowhilgdhs seamsgaduciersrpyrateayes 1 St%?étosqfﬁ%néﬁf‘dﬁ%’t g}ﬁ]%g trate
layer i i ' | hS BReles ndicarddahpghed the
etch i s%%%%gggm%sgsg e&%gélgé;ﬁ%lieisg R hgazglg?l'r%sgﬁéiérﬁtca%g et hat1 the desired
dept h hassih@eakptteas beeh rehttedpr Eisepresenct of the nxakdrdaydr apeniesdpinsideteringieps

determ ne when the etch process shoul d be stlop ed, and thu rfe&glltEs in a
consi st &vhendapetph process shoulg e stoppsdy g dhusigsn REPRYSicnt AeR B §1Be FRT i e

| ayer b ] il ' ] BbmAHiGhwhsLWEEN
25% 5 %%;%%ﬁg” &lgg%%ig%%@%?? ﬁ'ﬁ}g%gr% o%%géglfe ﬁ%&i@ﬁ% %(\g/%éogq)%%ﬁei ght 1co‘r;?t rol,

al | owi ngofidenGa@dn bea@B& 33% 0% ei ght to be reliably formed from bul k

sem conductor wafers. In all of these enbodinents the etch chem stries
woul d be selected to be conpatible with the type of height 10 control |ayer
and to be sel lve to t . Lhdont P e i ne the
fin pattern .ﬁ% keﬁlﬁ?\lag%sg\gv% gl%&ﬂ%%gﬁlﬁq}ﬁgé%f%?lé por tn |{r(6)1ﬁ ngtgxgn}tggmg I%F ustrated

af ter t hendigei@icin tobe Rliaflgitahiedfanthbalk demicsnduatod wafdrer I fiofeseconduct or
substrate has been patterned to formfins 210. Again, because a hei %gt
§

control embpdimenisthastsd chpmisidesgreuld pepelaeediq be RmRAtbiEW IR & tyRsOR ieighsr mi t y
f fer t f | P4 wil i . t Qe th
| oy oriGshioi Tk afi iy b sclie ERRE gl dmdlh chp RECLE S W0 Rrb IGO0, CEP

such as syt or dry etch that is selective to underlying hardmask and

exposed ‘silicon. The underlying hardmask bl ocking |layer 204 is thus left,
and will be used to protect the fins in future process. In other cases,

the cap | ayer.202 can b eft, 20.in placgant.o. r . i n

during futur eT‘HP]('}gé‘gg’i t_ﬂ éléT%feth%gf’feer) Iguﬁmﬁ)(g I?gfl]g{égtggfarfatgg)lretﬁ% Eog{ns? nglgto f %t e
bet ween Helyt bbtfol 1)%r, Whil hithe®me BBmitbedictor subgrafeh@maret Pattdigedstolisin fibe i s
meant to increase the oxidation rate of the substrate between the fins

rel ati velto Apsindcaseiadwigharentyfl lasise wes needitheheishtafdins orill ke nerroved
damagfsn qlntﬁ%?mity from wafer to wafer.

In some cases it will be desirable to remove the cap layer 202 at this point. This could
be done using any suitable technique, such as a wet or dry etch that is selective to underlying
hardmask and exposed silicon. The underlying hardmask blocking layer 204 is thus left, and
will be used to protect the fins in future process. In other cases, the cap layer 202 can be left

20 in place to further protect the fin during future processing.

The next step 110 is to damage the substrate between the fins. As will become clear,
the damage to the substrate is meant to increase the oxidation rate of the substrate between
the fins relative to the oxidation rate of the fins themselves. One method of damaging the
substrate is to implant a suitable element into the substrate between the fins. This implant is

25 suitably done perpendicular to the surface of the substrate and thus the blocking hardmask
layer prevents the implant from directly damaging the fins, although some straggle may
occur. Any suitable implant can be used to damage the substrate, although it is generally
preferable to choose a heavy ion that will best damage the substrate and thus increase the
oxidation rate of the substrate. For this reason, implanting As (at a dose between
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substrate is to inplant a suitable elenment into the substrate between the
fins. This inplant is 25 suitably done perpendicular to the surface of the
subst r at ewanad/wsuus t he bl ocki ng hardnask | ayer prevents tHga/usephzasy from
directly damaging the fins, although some straggle nmay occur. Any suitable

i npl ant RO, e rate I

prefer ab%g)ril ?%)lﬁlc? %%gg)éﬁgs/%gav ellxélﬁ [[ l?iﬁ\z}\,iafa%n %nézg,(gl& %%#gg)ég H%l E’s&ﬁ&?f(g\{ elXaand
t hus i ncagask dhbie. @ﬂh@ﬁéﬂl@hleﬂﬁfpﬁn@ﬁpdclb@ iisdhitEd degifuen, okpent hidgefrBatOA,

i npl antingr As (at a dose between -8 WD 03/103019 PCT/ US03/ 17269

approxi mately 1x1016/cn2 and 1x1017/cn? and at an energy of approxi mately

40-60 ke) 1S A8 st BBl 0L i G Beci P hor P LARL Soh B ASor RSB s Ehde

cesi um oxygen and gernmani um sel’ectl ve darragl ng
t he sem gyiieheionsdlstivédom p-Bypéiimpint. &AL pror:@saCd b@ybesieh aCiiptatdDintd
p-type inplant. In this process, a p-type ion is inplanted into 5 the

sem coimdth@tsgnu@u@mt@rawbstb@@ hetmem He fmSn éF he PHEgppirapipet qanppmrlsecw S@cinlzim se

o bvent s ers e pEBoral Akelty Sk in R ekl Ry etiadP PR Rty BYRL
p-type i gRdRtdaniabRoIndhd. at LrdrIh@pER iBthlant NBe sib¥Rh@AS AthehREl O are then
exposed to a chem cal et chant such as HF/al cohol and an anodic reaction

occurs. iphplantddragies arhden rppesed e elegiion stch8plessich ag HIFfajcohohendaamoatiodic

t 10 t b Th f d
Can be_CBATITT SCrshy T BRnAgs e BN Gy SPECHER: tofiaratie o re
conceng r glak&tha fplahed 'fll,:éléﬁs%e&he Bbrduld! ?he ARoUR!Jf dBmaf et BeXdnEHNEERY the

density and tine.” The damaged area again has an increased oxidation rate,
and t husdenmsity anéengrgy ofrthe pftym iamlan) thoHthe)mmttameaad tet ERkohdlenixtist r at e

and the fins. 15 Turnin ow.to the ortion 200 is
1 st b elELE Bt R RISiy Bty e CSGa A AR PSRBT o
damagi ng,PuRESSRtd 8hd MuTBA tQuR if airRrdRAPgade BRI e twédine Sutishbte and
substrate. Becausé the fins are protected by the remaini ng hardmask
bl ocki ngthelfmaper 204, and because the inplant is primarily vertical, the
damaged portions. 212 of the sem conductor substrate will be concentrated
in the areas between the fins. 20 ,Returning to FIG 1, the next step 112
s to1exi di ZeThhe SATRESHCRTES Wil HREYREES is il feaCier BR HRIRaNThpO ANy
swtabl e oxi dation process. As stated above, the damaged areas

layer 202 has been removed and a damaging process performed to create damaged portions

212 of the substrate. Because the fins are protected by the remaining hardmask blocking
layer 204, and because the implant is primarily vertical, the damaged portions 212 of the

semiconductor substrate will be concentrated in the areas between the fins.

20 Returning to FIG. 1, the next step 112 is to oxidize the damaged areas of the wafer.
This can be done using any suitable oxidation process. As stated above, the damaged areas
of the wafer oxidize at a much greater rate than the undamaged areas. Thus, oxide will form
more rapidly and more deeply in areas between the fins than on the fins themselves. At the
preferred oxidation conditions of 800°C for 40 minutes, the ratio of the two oxidation rates is

25 approximately 5:1. This generates an oxide of sufficient thickness between the fins to isolate
the fins from each other without completely oxidizing the fin away. Additionally, the growth
of oxidation under the fins further isolates the fins. Specifically, the growth of oxidation
under the fins will result in improved isolation between the source and drains of the
transistors themselves. Without this isolation current can potentially flow under the fins

30 between the source and the drain as this area may not be completely controlled by the gates of
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of the wafer oxidize at a nmuch greater rate than the undamaged areas. Thus,
oxide will form nore rapidly and nore deeply in areas between the fins
t han on tWwe dsimsnibhensel ves. At the preferred oxidati on camidosarnsyof 800C
for 40 mnutes, the ratio of the two oxidation rates is 25 approxi mately

5:1. This generates an oxide of sufficient thickness between the fins.to
i sol at ethettraasisionsItsheml bs apted itk theptide govedHdeehe fip cg%?ﬁ GPLASGESSEHY 1erd,

away. Addit ! i | b Lion i BeGedd M shited BRT

i sol ate O%Wq%ﬂﬁs&t%gg%flg@gﬁl tc,) 8%%@‘%%?\/\?%5@%%%5?‘? %n urslder the fins

Wi Il regtahd of the traRdiQug dlthauhdh isome badeniterotltbe dexirable. and dr ai ns of the
transistors thenselves. Wthout this isolation current can potentially flow

under the fins 30 between the source and the drain as this area nay not be

ransistor. - ArolRbmegy hissit i B e A e M BRIl ot RG es ot

necessakdrds tBe@Fowithe GIRAlEHR iymaigdmicsielictohmaterial irothp fiav.i Nerrswiifg afi ent
i sol ation between the source and drain of the transistor, alt houiugh in sone
cases | thefoutad inpronssthe aerfermange ohibe taasider bRArAYSE fhegyrreat 64Ol t he growt h

f oxid t i deval t he fi t.0. NAL: : f th
P e nt R S OTt BEF ot el ootk B ik GESeq Pis QAN Khtndhifijdhe LNe
i mpr Ovenaﬂi'&;véi%£&émc@ﬁateq§1§atﬁ@aaisﬁigafadmbdarmegﬂapgy.t Rer thigireaoh, icont r ol

provided by the gate. It should be noted that in many cases it is desirable
for t he wfill he tlesitable inamanywesestih ape iszage isahansemenitteshpiquigs seghasdidegiagmage

traditional. |ithagraphy., . For. this f.easan,,.it AR L 5N many
casedVt Fapder ti(’r‘flﬁgge &th‘g’ﬂgb?éth? Pochifi G Ot)e(’fsfl lrgﬁrg%g%a%leéll?\%gagﬁ :tl{u?%%(gvel&ézo

transf eqqdifoftatiitiReby futhér r&howﬁ@gbﬂlb Rvidfhhs? tedhe divintosmafion Bfthe nvent i on
thus provide additional advantage by further narrow ng the width of the
fin dur iisofptiontbetwécnorihofing wihoutsompldtely obisizieg hetfipeawayns wi t hout conpl etel y
oxidizing the fin away. Turning nowto FIG 6, the wafer portion 200 is
illustrated after the oxidation has formed isolation 214 between the fins

210. Addi ti oFglli%e nbWo BX6 I tthORafdRBortioh 700 ivXiusieatdd fier the oxidith tgiksdewal | s
of the fins 210. %ecause the substrate areas between the fins were danaged

bef or e detincbetibalatiort 2iet beaweerothe Gins 880.golditionaBy.the pxidaidor hasdoimedrrdde gtat er
t han in ot her. _areas,. such t he sid |ls of .the fi.ns. Additi Y,
the flor r?&tﬂil%ﬁd?)"f’ae@ﬁfdﬁe éﬁ%fﬁ% Oj?er?éuseftﬁ% §‘ﬁ’§m%6te§§% Betvegn fig ¢ Se‘g&ﬁ éifugl g&% Cf[ he
W dth of,ef3€otidBon, the rate of oxide growth between the fins is much greater than in other

areas, such as on the sidewalls of the fins. Additionally, the formation of oxide 216 on the

fins 210 serves to further narrow the width of the fins.

Returnihg to FIG. 1, the next step 114 is to remove unwanted oxide and complete the
20 finFET devices. Because the oxide formed on the sidewalls of the fin is much thinner than
the oxide formed between the fins, it can be removed from the sidewalls while leaving
sufficient isolation oxide between the fins. Furthermore, the formation of oxide on the

sidewall of the fins further narrows the width of the fins themselves.

With the fins defined and the isolation formed, the finFETSs can then be completed.
25 As stated before, the described methods can be applied to any type of finFET manufacturing
process. A short description of an exemplary process will now be given, but those skilled in

the art will recognize that other suitable processes could be used.
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Returning to FIG 1, the next step 114 is to renove unwanted oxi de and
conplete the 20 finFET devices. Because the oxide fornmed on the sidewalls
of the fiwawm/wsmah thinner than the oxide fornmed between rdT@USBNR691 t can
be renoved fron1the sidewal I s while | eaving sufficient i sol ati on oxi de

betweenthef rthe nor e theformatl X nt wal | of
the Tins furt M OREHFRAEEERESnplaBrrare ne R o fhbn s B8 TRV Rl oo
defined abkldé bﬁrldnslﬂi Hit&ibof iafo e fink bead fobid $>-@@1mst&mlﬁ}eb@ncmﬂ%ﬁt ed. 25 As
stated before, the described nethods can be applied to any type of finFET

manuf act&lmhlges ﬁn@@@@MOS\teshmlogsd@fstm ppﬁsmﬁnn@mlam Reyethsiruetyres aod dssvolli | |

b but .t h | d. t hat oth
Ui t abl S FRER O CraBTTa Al §Eal ity PR N o FAERRH B BB,
first §tpmg dhd $1 fEP&ARIpH, mdompaﬁﬁzdmmpwen@ BOREand &, ffb{b%am‘ﬁyephfeal I Y,

this may include an ion inplantation into the fins so as to form P
st r uct ureell suitedoxNFET weellsudomingrgdanthinort is éyrodls ctwghc@t@m& atchecqntreS@nt
|nvent|o u ornmed to aIIowthe

1 t3 NB t
o ot S e TP A 3 R e K cmlel I GY SRS difach SO Smpifpiior T or
exanpl e, ma§ Gohfride a%LHn%ﬁa‘a 15@[%?5@- eXﬁJsE@ ogp%snﬂ e Qﬁewﬁlﬂr of‘%éﬁﬁ@n@uct@f e

well suited for NFET wel lon inplantation’is typically designed
achleveibyﬂomubmmﬂd$mwntopﬁnbﬂyWQﬁﬁh&ﬁmslo" cm3to5 x 1018 cm 3 for
exanple. In one enbodinent, ion inplantation nmay conprise an angl ed

i npl ant into exposed opposing vertical sidewalls of sem conductor |ayer,

and wpyl d sery ﬁ&t g@%hw &qe@oﬁlbg?té kfASks. His AR ca 1sesfo%ﬁ1g"%e HhsPiGtok ©

form gate stacks. can conprise formng gate insulator rs on
opposi nglayes bh @ppomgimmitdl sidewdlloppbseppoging edd wells of tfe finse Gatcninsultat e

'723“£§B%5m§ Rl o1 TR u%‘?xﬁ»?é‘a'dly%xy' 78808 anglitiaredtudiny be 1 m
F
R e e R e L i e L

combi natinsulstot hyewahay BsSiKncaitridedtdrédeaniteridlie hiphXK didleypri¢ matepiaf,orm a gate
conduc %na | ayer overlying the gate insulator |ayers. The gate conductor
| ayer Spnﬁén%twséttﬁr?%fb"i‘ O3HIadRs G material, typically a polycrystalline
silicon material, although anmorphous silicon, a conbination of anorphous
silicon and

The next step is to form a gate conductor layer overlying the gate insulator layers.

The gate conductor layer may be any suitable conducting material, typically a polycrystalline
silicon material, although amorphous silicon, a combination of amorphous silicon and
polysilicon, polysilicon-germanium, or any other appropriate material may be used to form
20 the gate conductor layer. In addition, in some embodiments of the present invention, it might
be advantageous to employ a metal gate conductor layer, such as W, Mo, or Ta, or any other
refractory metal, or alternatively, a silicided gate conductor comprising polysilicon added
with Ni or Co. When the gate conductor layer is a silicon material, it may be deposited as a
doped layer (in-situ doping). Where the gate conductor layer is a metal layer, such layers may
25 be deposited using physical vapor or chemical vapor deposition methods or any other
technique known in the art. In this manner, gate structures are formed adjacent to oxide
layers formed on opposing vertical sidewalls of the fins formed by semiconductor layer

portions.

The next step is to pattern the gate conductor layer and gate insulator layer. This
30 would typically be accomplished by depositing and patterning a hardmask film. Typically,
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pol ysilicon, polysilicon-germanium or any other appropriate material may
be used to form 20 the gate conductor layer. In addition, in sone

enbodi menw® wf10sdie present invention, it mght be advant agaousstweenpl oy a
nmetal gate conductor |ayer, such as W M, or Ta, or any other refractory

added  RFFONK 197 EBErhERY RS Gt R ndBEE BBy BF 8 AU Bl D al
It may g)rgtt%g&? fd fhcAfedu 19?%1? kh8%8 ?ﬁéﬁ%oﬁtlﬂ;gﬁf)hg AR BGhing WE@hRubHS BAhE

conduct yer 1s a netal Tayer, su ayers may 25 be deposited using
physi calthe/ggpostack, i.ehesingladrdmagkofilndeqps sis b etthmedshddsing p dimgtiaaheching e€hni que
known in the art. In this m ner,e\]f“(‘g;za,te1 structures, are.forned adjacent to
oxi de  EaFEosdtesiTatFron hisprR T Vel ArmeYing REFioR: 8F 4in EOT9 R FFea by
sem an%%% tﬂeai)!(ﬁ%tiorp At &&@a‘nlot TeRfovReHd P&h‘?ﬁ? ééisth% QerRRbAGICRorlf}Rr 83hing

conduct or Tayer and gdte Insulator |aye 0O would typi‘cally be
acconpl itk thyt de pasediédigy kardmpsk filen nThgeford) ahadfivsiay extemd Hayond dlelgafe - 11
WO 03/103019 PCT/ US03/ 17269 hard mask fil mnateri al X be Si 02 or Si3M.
Accor di itfck. The patipiniag apd gieateiing %l%]@awoﬁféonsﬁtg?@rﬁ?gg Cé?lrd""%"‘tr’r\‘j]&?ﬁr ed

usi ng Wegng&ggﬁgﬁk%%g%%%ﬂgﬂgfiﬁ%gd{%g_chi ng techniques to form the gate

stack, i.e,  usi m caps as an etch nmask during a directional
etching of gate conductor layer. This involves selectively renoving
portions of g€te conductor layer 5 down to the jsolation, but &285 not
renove the pobeingKistert isitpdopeihe c8neRgd PoFqnRfdhe Finy yith ourcedran (D) hat are

pr ot gaf .?,ﬁlgp%%sh aﬁ&%ﬁi‘én%&}b@sol&%ﬂﬁ&g rrggioésr&ﬁa bd3ec (])I[jaﬁtdqﬂﬂl Y thet he gate

st ack. tterni structuring” al so 1 eaves ons "of “gate

conduct Grarib@E inethidlis¢hat heled bawa dehelopal ® fotrh yoirue/dmimetighme and thearkitaildredi es.
The next step is to dope the exposed portion of the fins with source/drain
(S/D) Ior snepifisrmesformmtcauequitemsnts; Halekoiie swny sushmebgdoies forminge

i shed i ) i
SO R P AP RSP oo BTy Ml deyBlopec

are ore or specirti

per f or MaRERnt BASHRAMBIHASion ThplAitaion fERERangiIE Nighety doptel Joarcefdvifrireidons or
source/drain regions having various |evels of corrFI exi t¥. Thus, in sone
a

embodismenthes sotrce/eain pgiansmeay hadermed nThuss fos QVFELS, DipgalnPats g Soder exanpl e,

l'ightly doped .source/drain regi.ons or 15 .0t ' [ y be
Formed, TRBG® G ipe e o RRR o Bhslg G SELE LY Bl BERcP35: [T
to 2 x 10 cm™. Similarly, for PFETsS, typically B, In, or Ga for example is used for the

source/drain implants in the range of 0.5 to 3 keV and dose of 5 x 10" to 2 x 10" cm™.

Optionally, extension and halo implants may be formed that improve Short Channel
20 Effects (SCE). For NFETs, typicaily B, In, or Ga may be used for the halo implants with
energies in the range of 5 to 15 keV and a dose of 1 x 10 to 8 x 10” cm™. Similarly, for
PFETs, P, As, or Sb may be used for the halos, with energies from 20 to 45 keV and dose of 1

x 108 to 8 x 10" em™.

To complete the devices contacts to sources, drains, and gates may then be formed.
25 Accordingly, a dielectric may be deposited and planarized typically using a CMP process.
Contact holes may then be structured and etched using an anisotropic process (e.g. RIE) or
the like. The contact holes may be filled using any conducting material, such as doped
polysilicon, silicide (e.g. WSi), metals (e.g. Au, Al, Mo, W, Ta, Ti, Cu, or ITO (indium-tin
oxide)), or the like, being deposited by evaporation, sputtering, or other known techniques,
30 thereby forming S/D contacts. Then the first metal layer may be deposited and structured
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exanple is used for the source/drain inplants in the range of 1 to 5 keV
and a dose of 5 x 1014 to 2 x 1015 cm 3. Simlarly, for PFETs, typically
B, In, orweasfiosoiexanple is used for the source/drain i mAcaW3imne he
range of 0.5 to 3 keV and dose of 5 x 1014 to 2 x 1015 cnB Optionally,

extension and halo inplants % be fornmed that i nprove Short Channel 20
Ef f ects uelsg:E)RlEE@echFErr@e likgpAttamaiively, the stregturing ofdhe Hest gastal 19%6F mafdenal o

i mpl ant ener in_t r e of 5to 15 keV and a dose of 1 x 1013
to 8 X ?@’1%%0%&1“%? %\Cepepropgss ETs, P, As, or Sb may be used for the

hal os, with energies from 20 to 45 keV and dose of 1 X1013to 8X1013Cn8. To
conplete the devices contacts to sources, drains, and gates may then be

formed. 25 Asewng nmyng FIG, Hice¢raplan @mlﬂﬁeé@nﬁﬁ’ﬁﬁmceﬁaraﬂéuw@ﬁm vyaler

typi cal | Cant d and
cf ched by 2 v e RUBRE T ra BB g oo B B lindy BERCT, 21
hol es smaymbRxity! |Gde %hﬁ%r%rméfdrﬁ@dmte@éh gille Oﬁﬂl@hﬁﬁ@&ld@ﬂ@dpposmg

polysilicon, silicide (e.g. Wsi), netals (e.g. Au, M, W Ta, Ti, Cu,

or 1TO ehdaialleof the finsx iCd@)S)ZZZ are fonmed pk@lylmggaﬁglrmel@tsmlayw ?E%Q ang et maskon

h h
Thon thalifaadl RIDS miSRopE R, A tORREREGE B BoptoR 50
03/1030 %Sntﬁﬁ%y%és%%ﬁ%dey& tRQ fid lEﬂtEn BIHRE 8mBodifnehRetHe fglsI lcoﬁhﬁ@mayér\wl Y,

the structuring of the first netal |ayer may be done ow ng a damacene
pr ocess divided infurwn pgtiomsw to FI G 7, exenplary conpl eted fi nFET devices are
illustrated on wafer portion 200. An enbodi nent of the present invention

is depi cted having a minimumof 5 conplexity. Gate insulator |ayers 220 are

formgg on eaetél}A@S%nPﬁT { B elsBSe 3 tARAUARRASY RDus @@gtal/\glhhés fof FEn@uirkits -

Gates 222 ar ornmed overlying gate insul at or layers 220 and hard nmask
film 22¢ha1%ﬂe§maacnrdﬁ1’rgt9 thepresant irveneorbody e nsed igananychiffietant kindd efycancuipn 2
portions is tinuous across both sides of the fin, but_ in other ..

Bbod ! meRFiSas TRk PEAVEEEn (A B PAyErIOFE or s draaty PeBoPLAr fshngAdne 10
CMOS Fi RfdpT ferQfty bt %EBH PHOBNS abBortid ek tRé BHIGS FifHST s%%sﬂeﬁﬁll}%@&_ﬁ%lﬁéﬂ' FET
current annel s ac€otding to the present invention nmay be used in many

di f f er etittkotheliseledhents,rsnoh dsfor esansple agpduitgts, weisfors, iavies, themory, cellpandosoner

| ogi clsorfort&ilgh density nenory devices, including

The present invention thus provides a device structure and method for forming fin

Field Effect Transistors (FETSs) that overcomes many of the disadvantages of the prior art.
Specifically, the method facilitates the formation of finFET devices from bulk semiconductor
wafers with improved fin height control. Additionally, the method provides the ability to

20 form finFETs from bulk silicon while providing isolation between fins and between the
source and drain region of individual finFETs. The device structure and methods of the
present invention thus provide the advantages of reliable and consistent finFET fabrication
while using cost-effective bulk wafers. The embodiments and examples set forth herein were
presented in order to best explain the present invention and its practical application and to

25 thereby enable those of ordinary skill in the art to make and use the invention. However,
those of ordinary skill in the art will recognize that the foregoing description and examples
have been presented for the purposes of illustration and example only. The description as set
forth is not intended to be exhaustive or to limit the invention to the precise form disclosed.
Many modifications and variations are possible in light of the teachings above without

30 departing from the spirit and scope of the forthcoming claims. Accordingly, unless otherwise
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hi gh density nulti-gigabit DRAMs. Moreover, the CMOS Fi nFETs nmay readily be
conbined wth other elenents, such as for exanple capacitors, resistors,

di odes, maoomsyiosmabl s and so 15 forth. The present inventi acises/imeovi des a
device structure and nethod for formng fin Field Effect Transistors
(FETs) that overcones many of the dlsadvan%éﬂgs of th %rior rt,

Speci f i cagqifjed. apecorpopsatsiof the presné &1vepEoR fedgn they drpYVIEEPT BERGIAEE f r om
bul k seng. t A\ I vV, j i : S ORL s itionally,
the ot 0P g guuo s Bafi tOmpRGE L ck B RBRHANiGE OBy 98 on ani 1 &
provi di Rghdreiseapédifie)ahyeeps dii sequeand ob stepeefithe hethogladticepraswht thvantior egi on

of i1ndividual finFETs. The device structure and nethods of th pr esent

i nvent i drdieded heseimare 8ivien as axpraMefdosHblestaps 95 peushs s gqum)t i nFET
fabri%aﬁhgwtkﬁpile using cost-effective bul k wafers. The enbodi nents and
exanples Se1'Srth herein were presented in order to best explain the
present invention and its practical application and to 25 thereby enabl e

those of ordinary skill in the art to make and use the invention. However,
t hose oflndusgtialnplieghility i n the art will recognize that the foregoing

description and exanpl es have been presented for the purposes of
illustration and exanple only. The description as set forth is not

i ntended to bpeshBUR Effet Qradstdri(fThFETH6f the prpéntdiivehtioh euspfd i ge f or m

di scl osed. Many nodifications and variations are possible in |light of the
t eachi ngiesigheué manufactire gNtpgried ¢irryitsranthis hatiswprly vseiwdos eeipelemeniape

forthcom cl.ai ms.. Accordi unl ess. ot.herw,s - .

PCT/ USodPasLggds %%%‘8?‘?‘?“8&@ @W@&ﬁ%ﬁ‘ﬁg" S B ?%‘et%% F%ésgr%%é\%o%%%?%ﬁ

i ndi cgf eflidon. t he drawi ngs or herein are given as an exanple of possible
conponents and not as a limtation. Simlarly, unless otherw se specified,
any steps or sequence of steps of the nethod of the present invention

i ndi cated herein are given as exanpl es of possible steps or sequence of
steps and not as 5 linmtations. Industrial Applicability The fin Field

Ef fect Transistor (finFET) of the present invention is useful in the
desi gn and manufacture of integrated circuits, and is particularly useful
for conplenentary netal-oxide sem conductor (CMOS) technol ogies in which
the substrate conprises bul k
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10 silicon. -14 WD 03/103019 PCT/US03/17269 Cains 1. A nmethod for formng
a finFET in sem conductor substrate (200), the nethod conprising the steps
of : formwg (3019104, 106, 108) a fin (210) fromthe senraMkecH 69
substrate (200); and 5 exposing the substrate (200) to a process (110,

112, 114) that further defines the wwdth of the fin (210) while

sinmulta ly isolating the fin (210). 2. The nethod of claim 1l wherein

the step fmgtmﬁgc?ﬁjrggm%iﬁg a?iﬁl?@tﬁ iﬁ%@mﬁc%ﬁ@ﬂct&osuﬁstpalft@mil tﬁé—ﬁﬁthodje%ﬁ)fprﬂ;ﬁl@ t hat

defi nes ‘the In while sinultaneously isolating the fin
conpri seis steafagi ng (110) at |east a portion (212) of sem conductor

substrate areas .adjacent the fin 10); .and axi dj zjn 1 e

sem conduct orforéfHB&J{]rQ;t’ e04U0%, {&?313 f%zgé ﬁ%mfﬂg‘? mc?qﬁiufkégﬁ%#ﬁ%)e@b&pﬂﬁ on
214) of the I t r f i ' med

R L S e AN A T e e

damagi n@f (k@) (240) Whis sintulpaedusbris¢202) theffint(B€0). 15 sem conductor substrate

adj acent the fin (210) conprises performng an ion inplantation into at
| east a portion of the sem conductor substrate adjacent the fin (210). 4.

The net hogd, of ¢l ai wher el n. the i ' tadt | '

i npl ant gt ?%%mﬁgnro g?ﬁg%ylsﬁgér?glr{[ ‘I?ESB. ?f}f %’g}rygﬁl%etﬁé %@;{rﬁt‘é@d&?ﬁgfgﬁbe?so(l%o,m m ze
damage t192} hiet) sl avfabds thé widie of ihe<in whildTsieuiretdvaslydsolating the Sinfcontphises:
conprising the step of providing (102) a_bl ocking |ayer 20??%25%1% on, a top
of the fin (Zeongng (1 EYu keagbmprytion (2 l2hel sqmicendgior sghstepiserreas eABGeRHhe | ai m
2 wherein @E@_st(gp of damaging (110) at |east a portion (212) of the

sem C n(fﬂ’c 8hbstrate (200) adjacent the fin (210) conprises performng
an anodi ¢ reagidigifg (112)itREsep@sEndub@r Pesasietsyclothanbxitie asformedinrthe damededt he
sem conductor substrate adjacent the fin (210), 25 7. The nmethod of claim
6 wher eiportione(234)9f the sqraicppiusipgubsatmion sreateiBickpessthan 1ﬁ§‘?1€§’§1émt
porosity.(ff ﬂ} L(%ast a portion of the sem conductor substrate (200)

adj acent4REN 210 210)

3. The method of claim 2 wherein the step of damaging (110) at least a portion (212) of the
15 semiconductor substrate adjacent the fin (210) comprises performing an ion implantation into

at least a portion of the semiconductor substrate adjacent the fin (210).

4. The method of claim 3 wherein the ion implantation comprises an implantation performed

substantially parallel to the fin (210) to minimize damage to the sidewall of the fins.

5. The method of claim 3 further comprising the step of providing (102) a blocking layer
20 (204) on a top of the fin (210) to reduce damage to the fin (210).

6. The method of claim 2 wherein the step of damaging (110) at least a portion (212) of the
semiconductor substrate (200) adjacent the fin (210) comprises performing an anodic reaction
to increase the porosity of at least a portion of the semiconductor substrate adjacent the fin

(210).

25 7. The method of claim 6 wherein the step of performing an anodic reaction to increase the
porosity of at least a portion of the semiconductor substrate (200) adjacent the fin (210)
comprises performing a p-type implantation into the semiconductor substrate adjacent the fin
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conprises performng a p-type inplantation into the sem conductor substrate
adj acent the fin -15 WO 03/103019 PCT/ US03/ 17269 (210), annealing the

sem conduwtoond/iesiigt rat e (200), and subjecting at | east a pamvuses/1wdeot he
sem conduct or substrate to a chemcal etchant. 8. The nethod of claim1l

subst r ar e Dodtoetigbe Redeoaletg e B 2t s e B s REFDRRE I e

seni condugthdsubsdubatae (20 emiddiciaikehi ng (108) the seni conduct or
substrate to define the fin (210) such that the height control |ayer

facilitates fin height uniformty. 9. The rrethod of claim8 wherein the
step of formng (,106) .a hei ht ontrol m _cqnduct or

subst rat%%?@@ﬁ“@d%ﬁﬂ??eﬁwb FYFWB Oéhor lr(?g ?AE‘P (?h@g &% eni conduct or
10 subst@%g ntﬂp&? Q@g@gg@ddygo gﬁgsg ate to change the etch rate of damaged
portions (212) of the substrate relative to undanaged portions of the

subst rsat e (ZCfGI)Injng(QIOGDhtdwn@tt koutraflayer &i the 8emivendiatortsnbstsatef200); ahdr mi ng
106) a hei ght ¢on | ayer the _s ct 0
Corpt i ses. T oreiiHieE HORAHe SHTICop RPN GRte G fettie it B 2 10d SOt hABS heigh
wher ei n Ctogﬁoplhgé}fg 111@&91@9:% gﬁ)foﬁtrﬁ_rﬁ sem conduct or substrate to define the
ch t t

fin 15 su ontro ayer facilitates fin height uniformty
conprises nonitoring for the marker |ayer during etching (108) of the

sem conduct or substrate (200), 11. The _nethod a | aj m rei.n the step
of " expodl T AT & Hiiein BF sicadt Fpuns (105pa hehlionhb bR

defi nes fin
05! 7S LD ShgtlE 0 bRl i T b AT o selghnmniis 111
a pr ouessabsiselthiandfagel ehesdubprraé tdf ﬂraﬁgm@e(ematemdanmgﬁi pdi@)s @12) of the 10)
fromthe sem conductor substrate . The method of claim1l1 wherein
t he stetfubttwé%%%wﬁgoPﬁ@@%ﬂﬁéﬁ?ﬁ)&t@w@t@ St}PtIt?é%@OPMO 112, 114) that
further defines the width of the fin (210) while si rmltaneously i sol ating
the fin (210) narrows the width of the fin to |less than the m ni num

feature H. The afetiduietasss whedin the step@f Sdrapngf106Da height (ohGa] lagérdn th06, 108)
a fin (210) fromthe sem conductor substrate (200). 25 13. A met hod for
f or m ng WIEFREETOT sbsEAR N FeRpFises iosningagn, Bﬂﬁyertlhglenséw BIRbri si ng

the st ep%bgtrate and wherein the step of etching (108) the semiconductor substrate to define the fin
15 such that the height control layer facilitates fin height uniformity comprises monitoring for

the marker layer during etching (108) of the semiconductor substrate (200).

11. The method of claim 1 wherein the step of exposing the substrate to a process (110, 112,
114) that further defines the width of the fin (210) while simultaneously isolating the fin
(210) narrows the width of the fin to less than the minimum feature size of a process used in

20 the step of forming (102, 104, 106, 108) a fin (210) from the semiconductor substrate (200).

12. The method of claim 1 wherein the step of exposing the substrate to a process (110, 112,
114) that further defines the width of the fin (210) while simultaneously isolating the fin
(210) narrows the width of the fin to less than the minimum feature size of a process used in

the step of forming (102, 104, 106, 108) a fin (210) from the semiconductor substrate (200).

25 13. A method for forming a finFET in semiconductor substrate (200), the method comprising

the steps of:
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-16 WO 03/103019 PCT/US03/17269 formng (102, 104, 106, 108) a fin (210)
fromthe sem conductor substrate (200), the fin (210) including a fin
si dewal | , wohss/toamsat i on of the fin exposing areas of the seEnm/csvsdusyor
substrate (200) adjacent the fin (210); damaging (110) at |east a portion

(212) of the sem conductor substrate areas adjacent. 5 the fin 10); and
oxi di zi ng ( FoaningKE0% dAtciied LDarfin (239} Framghe %WCP‘HHFW%P‘&%“‘%%(Z%} d in

t he damag ortion (21 1 ! a greater

thi ckndBeCa ARGy BER N b Brafibr GLAH R YoRbEbiclt ke C By O3 oF

cl ai m 13 WhpaekBr Subsrst @R hddesmeion (ZL0P) at |east a portion (212) of the
10 sem conductor substrate adjacent the fin (2 rrspri sesaﬁerf rmng an

] 10). co )
i on i npl ant damagingh@d 10)at I¢asbxposiop 62 42) o thesemicopflugtarSubsiriie girgs aiasent
substsgahe .ﬁg' ][a(ﬁ_ent the fin (210). 15. The method of claim 13 wherein the
step fingy % g™?110) at least a portion (212) of the seniconductor
substrate adjageme (1P thé fenki2dMucr RIsuaRssupk taobxide ¢s fonmedindhe demaged on t o
increase the porosSity of at |east a portion of the sem conductor_ sybstrate
adj acenfortitre(Flidhoflthe semiEpnducgor stheratetorfogreaer bicknpssthanysdeaned qnibe g‘f‘ep of
perfor m,n%ﬂ\]@?&gdi C reaction to increase the porosity of at |least a
porti orsigiWa m conduct or substrate adjacent the fin (210) conprises
performng a p-type inplantation into the sem conductor substrate adjacent
the fin (210), annealing the sem conductor substrate, and subjecting at
| east al4pdiht inosthaf oftdiains Ehivbemiiube step op damaging (1O at lsash agreiAnd@l 2t dhant .

17. Th hod of c¢laim 13 wher ej. f formng.( . 108
21110 Comyowneir stasdabericonancn S Lhseiphse rebBhEan o mpditduole. 109
(106) aat?%g?b?lﬁﬂﬂt(ﬁpi_) JrRYEeniifordiaos Aibse R dURL et tsas t21@y.e (200); and

et chi ng e sem'conductor substrate to define the fin (210) such that
the height 25 control layer facilitates fin height uniformty. 18. The

thod of claim1ly rei he. f.f 1. 6 i ght |
" the Taaeammbelobneanbirhari bSBes ctprrees By s Hs e G5 fke ant
into the SEMRRAWEsPRte adjacent the fin (210) comprises performing an anodic reaction to

increase the porosity of at least a portion of the semiconductor substrate adjacent the fin

15 (210).

16. The method of claim 15 wherein the step of performing an anodic reaction to increase the
porosity of at least a portion of the semiconductor substrate adjacent the fin (210) comprises
performing a p-type implantation into the semiconductor substrate adjacent the fin (210),
annealing the semiconductor substrate, and subjecting at least a portion of the semiconductor

20 substrate to a chemical etchant.

17. The method of claim 13 wherein the step of forming (102, 104, 106, 108) a fin (210) from
the semiconductor substrate (200) comprises:
forming (106) a height control layer in the semiconductor substrate (200); and

etching (108) the semiconductor substrate to define the fin (210) such that the height

25 control layer facilitates fin height uniformity.

18. The method of claim 17 wherein the step of forming (106) a height control layer in the

semiconductor substrate (200) comprises performing an ion implant into the semiconductor
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-17 WO 03/103019 PCT/US03/ 17269 substrate that damages the substrate to
change the etch rate of damaged portions (212) of the substrate relative
t o undanmag@dsposdipons of the substrate (200). 19. The net rad/wdosarmpm 17
wherein the step of formng (106) a height control |layer in the

sem conduct or substrate (200) conprises formng a nmarker |ayer in the

seni corfgbetase thet dypages sheesubstmte W@gﬁthew@chsna@p)fdhn@g%pmom@ey) ofifbe
sem corg%ﬁ&;a% e?ﬁRzStt{)t%%lﬁ éegr?oﬁpongﬁglch% PStFa {%?6%( 210) such that the height

control> Tayer factl uni onprises nonitoring for
the marker |ayer during etching of t he sem conductor substrate (200). 20. A
met hod for formng fi nFET devices froma bul k sem conductor substrate
(200), ¥ndhe ﬁwtthnslcpf@émmﬂswhgemﬁbe giee pEfaming 0 0p b height qonoe) lagerhinithght
control_|ayer, in t n uctor ubstrate. (200 formn 104) a

b1 ook 5 R HER Sy EE B Bl s e bR n Pl

et chingubdifiie, anh vkt Menger GHeiRSK(108Y 8k semibon@RdtSORNULEHE (2(@?'&%1&%9 to
define a pl urallt of fins (210) such that the height control |ayer

facilitthe &8 (il(ﬁ Sheh that thehiciahit eantxp) layﬂh@péltatesafnpbclghmmfwﬁmmeompnsﬂsl ng ‘
har dmask I 2 NS .on eac I|t f s (210) and
wher ei rfn%IH fg’ﬁ%@ ﬁggﬂwu{i?g? ﬂ’é‘g(ofi ¥§l% {88 \X%(Mg and wherein
et chi ng (108) of the sem conductor substrate exposes areas of the

sem conductor substrate adjacent the fin (210); damaging (110) at |east a
porti or(x Al@)tthoﬂ fcblfferrs'mgifi:nfﬁﬁd"u:tetvtnes $obsa balkasemicmaducidj swbetrdte (2008, thé n (210) ;

20 oxi di z 112 sem onductor substrate such that oxide is forned in
t he dar?ﬁ Prt‘ 18%1 i‘:ﬁl?)S “f the sem conductor substrate to a greater

t hi ckﬁess t hf% Pning: (106 HEski s cBﬁ't?olfléﬁr lﬂh@%\éﬁhéon&@&@ subét%ie (S wving (114)
oxi de (216) fromthe fin Sidewall "while |l eaving at |east portion of the
oxi de (214) fadpmgdeh@4)tablodiang hard(nﬁél{mayer (264) on the semiconductor substrate (200);
etching (108) the blocking hardmask layer and semiconductor substrate to define a
plurality of fins (210) such that the height control layer facilitates fin height uniformity,
wherein a portion of the blocking hardmask layer (204) remains on each of the plurality of

15 fins (210) and wherein each of the plurality of fins (210) includes a sidewall and wherein
etching (108) of the semiconductor substrate exposes areas of the semiconductor substrate
adjacent the fin (210);

damaging (110) at least a portion (212) of the semiconductor substrate areas adjacent
the fin (210);

20 oxidizing (112) the semiconductor substrate such that oxide is formed in the damaged
portion (214) of the semiconductor substrate to a greater thickness than is formed on the fin
sidewall (216); and

removing (114) oxide (216) from the fin sidewall while leaving at least a portion of

the oxide (214) adjacent to the fin (210).
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