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WD 2004/ 068589 PCT/ US2004/ 000963 NARROW FI N FI NFET

BACKGROUND OF THE I NVENTION Field of the Invention 5
wab@46858ENnt i nvention relates generally to  PCT/US2004/000963

sem conduct or devi ces and net hods of manufacturing

sem conduct or devices and, nore particularly, to

doubl e-gat e netal oxi ARARFEWY EDVANGEOr fi el d- ef f ect

transi stors (MOSFETs). Description of Related Art

Transi stors, such as I\/[BFETS are the core building

bl ock of the vastBaEKe, THERVINEON or 10

de\E1dI(B(Sthe$ﬁ'BiE10ﬁem conductor devi ces, such as high

per.f I ogc ors ncl ud

tr alﬁsf’re or”lc,ve Ffﬁ Sagilt e?/sleguecgnd“?ﬂ%gf’vé"g%?“ﬁ@“eﬁ‘f"gﬁg?ﬁr’l“%‘?t“mg
semigingstor gavigestahdy moxemem@éaslv ngddublegss B¢to K)dei@amcbryductch digld-effect
transﬁsEo?sQM*dSP@f%k |y been a high priority in the

sem conduct or manufacturing area. Conventional MOSFETs

havResgipiamiobRglated Atl 5| | ng bel ow 50 nm fabri cati on

pr aeesisorGuch IOMASARTEL, QR tSelthre bBifding MoMIBkE V&t mg&ﬂpbf%erﬁ&tnﬁuctor

ETs_hav In several res

e R AL RRPET T8 o L BEFCE b giaP ot B herliens of
transispozsn Fvﬂﬁ@sqxbwmrdﬁqr@ﬂaé trapsigtde sigé, hndgiom lﬁgﬁmmsﬂih@smy, has
trad1i1(m9ﬁ)ﬁb¥§1rﬁquq ?H@H i Bhe @&&&uﬁm M}l@fag&nﬁg L€z 9at e MOSFET has

a e e on th sides of the channel, rather
“‘6%09&1849 S6He *@Yediéfﬁ%\%ty pofing SelpiY 8t fbrigptionproPETRg. To develop sub-
50 mswmmm's @hbid e 1INSFENE h@lélbéé@ plopRb® MRy kd9ftsts, @Gﬁlﬁd Sile@MYSFETs

offer% E}.?.\lgﬁerg{lc% %1%1[11{11% %(Qlye?l Onﬁl ann e]thOIl h’g&SFgT d O[lfllgslf & VCIB?IltS arise because

area and
the dpierfais MQREER Qasta lgeie deptrede oDheth sidsp efthe abfinngliyathérthae pitly @rpng side as in
convelib@ciedri@ a MOSFET devi ce that includes a source and

a drain structure formed on an insulating |layer. A

fin structure is fornmed on the insulating | ayer

bet ween t he sour CGSUMMAHYI‘[E"H{EBINVENTTC&\I fin structure

of prapifork P ORGE AR 0l QLR O Frfla R HgsE b yina o i
Chamé?\ll%;f?aa&@mFtéﬁﬁlé?fmah'éaotlﬁPmﬁ@@mFegl on of the f| n structure.

Th @n@ﬁs@&ﬁ&f&ﬂe\{@eduﬁy ® BirddRS to@ MO dewMe @labindilidh Budd b Barain
e. thinn ielectric |layer is forned

swuclfe i e PR %9% o B St e e N P PR o souee
and tigegdragn. | e fimstrgare aicloden althinhel relji@l foeibd fr@n 4 dyee] agen df thdn stridiure. A

prote@ﬁv@ ya%:r lxjsrfgrmecﬁw{:)lt Qﬁgst %&? Qﬁlﬁéd r(%flontopt%e 191{ %ﬁ&#ﬂ% g{&eict?\@ lalﬁ% T has a wider

directed to a ne form ng vice
widthjpang gty ?fél}eafa@éd %P%Aq@el%?mgéwre%fom&d Pt leasicpogtion pfihe fin
structideahtCd gateGs feﬂihediﬂodnﬂﬁid Hﬁfe&tﬂ@la}eﬁ%ﬁ fhe fiP@fktu@Ns of the fin
T e N R i T,
meth%wléiestfh@ﬂngfalswrcst ardyait, ewder farstlucture o imgpldtihglafer. nPortions of the fin
structife raé’c‘ﬁ; Mh@nnEIQor%e\M@FﬁT ofhe%%& furhdd Relk:s ﬁ)rlﬁlmg X%r&@ﬂ}éé layer above the
y

Si gnl |Cant étrlm’nng %protectlve ayer
tin sUpeltTR ARy HRPRIEP O7 FtE “g% At A8 o e iphp e siegifjapdy trimming the
proteaivolaged. THeenethbdfuslHier weltidds go'&ﬂgia cﬁﬁ&&ﬁ:ilafyiarrhgaunc&h@m sYrS&tllrd'a &1 Qepositing

Mo QUNg L e ilic
a polyfsﬁl}{gn 1ay%(:atrc§mcgl tge Qgecgr%c?ayar oh ]%o 8/ 1?%/0H liayvﬁéf::g.la gal %reas’%% EE?:MOSFET
DESCRI PTI ON OF THE DRAW NGS Reference is nmade to the

attached dr awi ngger WhGsRPRORI @RI SRARMAY the sane

reference nunber designation nmay represent |ike
#&rﬁvtcg 1stnﬁiied& &ﬁ #{gphed drawings, wherein elements having the same reference number

designation may represent like elements throughout.
Figs. 1 and 2 are cross-section views illustrating formation of a FinFET consistent with aspects of the

invention;
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Figs. 1 and 2 are cross-section views illustrating
formation of a FinFET consistent with aspects of the
WO pooafosssen; 1 WO 2004/ 068589 PCT/ US2004/ 00096 3PCHUS2008000963
|s a perspectlve view of the FinFET shown in Fig. 2;
t he Fi nFET shown in Fig. 3;

Fi Sﬁg &isi agerﬂ’e‘i‘t’r"g‘é‘%w %fm%%ﬂ‘@ﬁrréff"&\‘hmt%kén al ong the line

A- Kig. § in aipgiew4f the BhIET sBownSn Bigt3p vi ew of the Fi nFET

sh Nk C[,0Ss-section view
a%‘gﬂsa Snésg;ecﬁlgn Ylévtake%‘alg?g tileslmEAgA Ec'ig 4FI g. 8is a top

Vi @W@15afoﬂ?éleW|0ﬁ‘FEﬁTnf§3‘fGWWnllmFlEl3g 7; Figs. 9 and 10 are

cr THS7 § € 6obs QBN BWErI@h aan{‘éQheﬁinQA%TinzFlgég 11 is a top

% §3f a conpl ete FinFE are
g5 A oV Ol ESshoyniy HEET consistent with a

sefEnd ashidadi creadectioh vibdisof i Binkprent i on; and Fi gs.

16418 sech ews of a doubl e-gate Fi nFET
ngtllg{agu?i%%&a§°r@eetﬁop“%lrr BEST MODE FOR CARRYI NG

w‘ﬁgsnlElii PR/ENFF SN Pheers ofoal HindWi ngpsistert aith £dcae seokiieht@Nthe

nwmﬂ&1ﬁﬂﬁ invention refers to the acconpanyi ng draw ngs.
E 3€ﬁ 15 reference nunbers may be used in
Ba BT Y PRI s o frdprble-gate FieFES drilt atgnndsi SiGedayer.
elenents Also, the followng detailed description
d, the scope of

does not |im g@gmg%@m I stj; gg

the inventi orﬂr{gslT ; RAYENTION s and

quIile\f%HOéfH’E getailad fEseyipHoR of the invénort refiermtd the adSagaiRp eﬂaﬂmgs The same
refereﬁc&fn&ﬁlﬁerstlﬁhy Be ﬁs}écpi% d%remglﬁgs tb Ehe}MHI {ﬁpsaﬁ? Sros‘lﬁP'E_él Also the

I N a vertica
followmégnd’] Q?ﬁd de, ysc%;ﬁl(gv\ﬁj‘oe? xﬁ>t ]tlrﬁléth(allnt/entl% Iqsiegi thq scppe of the 1nvent10n is defmed by the

appenéfrd@@snssa@t«tqmﬂentsl | ustrating doping of a starting
StA v LERT, ELol L nchude 2
il co%]!q E%&%%Iﬁ lgt!3 clmcjﬁ I§%'s)t° {VP EMR%EBT W&%{“CP%‘T”&‘&E@ channel is
formeﬂﬁ’ral"é‘é‘caéﬁl ée” FBERs ar%y@falll@@)vvﬁlmth@dt on a silicon
aneg.ars @ﬁfsﬂﬁﬁﬁoﬂ MuSABSLdORE Aﬁ?otf;llltgpuné’\én{laur@f “ﬁer ggaly%T 100 may

ernati

X 120. v a
1nclud%g%%cron é)ré 1nsu(epart1rqr1é ﬁ%ﬁﬁ?lgl;ure t{le}t nﬁl&l?s Blglreﬁ@f# lﬂS‘QX] lﬁyeh}@O formed on a silicon
and/oregﬁ@mypla pqpstral:pdll@ vitht sitidoo fayer BEOvEEBRL la§]e2 QoMmaYerhavey, ﬁyer 130 may

comprisB &Kﬁﬁr%x%r Srilale] anj ézrolcz)n ntation
° ;) s8lb, o EI)Q g&gx I Jn‘? 4N %p&grk%l y p?eﬁxe tf(t %%Lg{lgyﬁrg%ﬂ Q‘lay have a
thic H?SF Wl%ﬁ MAG oMt Z%H}fpﬁﬂ{o@ @%mgndﬁ@@oﬁw\er 130 payoliagct thiviess ranging from

about BCanyneto ab@UIMN nAS AproLtivelRydr, @Mﬂ’aras dn6oxHe }ayeste?bl(ﬁﬁaQA/glra d]ﬂnde layer
(e.g., Rf) INt4)r Iflag%eylt 9&’& 051te§i§o gt dsa Bro&:ut}\)e ﬁ@’ w%g&ﬁgglt gté{quogﬁ: ng. The

fective ¢4
s |ThF gigen laaey é?o an@protadtigle oyeotreyttiew Be didhydaxb Sormrayilidoh €A 1408vith

protec@le ¢4y 150%85 fayggl/é% tog |0}”o ﬂ\i/ngl?ﬁ Jgsgé Hg. %f" q’ré%c&%day?r 3b reng}; be\ém %1de layer and

. ayer
P rOteCtaFOE{yﬁérilpéwg tpg)l}lérlt ¢ Y- I‘Iﬁ'ﬁr I5 mayhags @éknlesayéfor amiple approximately 15
nm andolpyst EPtniay Bavk aylekneﬁsﬁﬂlgﬁgftorb @bodt J0i-t76 hlqe | ayer. Layer 150

- B S Orm for e proxi mately 15
RS LSRR e L TR P b, o
layer 13(hgqyibe Bgtemedp@d Bighed @d@;m@eur@raadi drain egiooysgnuireigousiy @fth BE140. In other
implenfemativag anﬁ)dieﬂ@;@mf sﬁlaﬁ nfaf! gesdeﬁcrsmfdl al4 élfcfhgd in Ia c n%’x]l?oria]t manner 8) form

I Con € pa

source anrcringan} ﬁ%na }[3 I}fl% Qﬂsgeah\feélgwgﬁamlﬁﬁTa]pﬂ wﬁ%@pr@n@d draln reglons 310 and
320 forgiedradiacemthoerslh of finil#dh fin 140. In ot her

Fig. 4 is a schematic top-level view of FinFET 100 with source region 310, drain region 320, and fin

140. The cross-sectional views in Figs 1 and 2 are taken along the line A-A’ in Fig. 4.
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i npl enent ati ons, another |ayer of silicon may be

deposited and etched in a conventional manner to form
waomnoessand drain regions. Fig. 3 is a perspecPCTmES20€000963

of FinFET 100 with source and drain regions 310 and

35 320 forned adjacent the ends of fin 140. Fig. 4 is

a StHEretdectylopbdsitigas) laysr SN medy nfsit hdEPosk @I ver HinFEE 0Qfr Eig. 5 is a cross-
sectib@OViONofIEBET d(foaiaﬂanraﬁgé @dNind %OA iR 4f 1'11£EtratilnéQ‘EOiS<r nger 501, The TEOS

SS- SeCt| 0 VI ews in F| 1 and ar e lg
taye oD TRy Gt ot et tophodschgsl g f G Bisgrcrors e top of AMFET 100,

PCTH 452064 £DODE RapockEGBd érfd@htfeﬁﬁ& hyrEos 500 3h bar&altaﬁa trench may be
for @M%Og 9(;'1 Wga@%%(e% bﬁ d o o ene ¥ T]?_.B& @é.lmafggng 12k 8 hsildgagram

' I'S a Cross-- sec
illusggtipgrgion-leeel Vipw ef BREAT 10Ghin IWhlgh arera 602 in| TEOS 1501t i illgstrheOS theayperd portion.

Mor® 1cu111{ﬁhe-lr-§§-§nayl RYisel to'sagg-w {ﬂ@YE@E?m%Q@@l t@ge e%% while maintaining the

¥ anari zed to produce _a relatively flat surface across
remaiifig TEQR OB UEpns Eppfemepigtion Raipapnedbeetts Afsa toebignsteal gy qygths may be
perfataéd by debositig amaltyiﬂ&biﬂﬁybr tor d3faC8s abdd 50 th M0 RAGT th& TR in ardh 602. This

TR B PR e (B0, 505§ g v
to ab@iltdé(}ta A30 nn1 411@ §1P1F eplifhagjbagk to dg-tdpef b palysdinoro Nek thdqfelysili@®@ is etched
awa}l ThYE S in &6L£82 8Qken 'e@he-ggc%% é@émhﬁmé J);Jldé%gry&aag Eglasﬁsfor 1§80 etch.

Z:n]gl%ortlon . More icula he "nas
used OB 1eHRe thingedr dreese prRbodimsn: @Déo 18 brchigteg Reqfoasfa FIEEET 100
to NHEENnali fini 1#@)s tef@ed fr@mBwvidinng1 0TnE 154k to alwid®&Rpproximately 3 nm to 6 nm.

This IthWB}n? B;%&Esq}l%ygg eriﬁ%e&gr N lrggel Q? %%tcgn % a t Q gqta h&m&s trimmed at

rme
a ratg Iawqxlflilaéeb'r? Aape i ftnéhaals d{fmmn tfs mabrsuis IIEIGIrateo) in#Qe. Arwhigh is a cross-

sectl&daﬁllem élﬁhg@fe@ﬁe BQ2in Flh k. SFid @ 1sOaQ:IoM§SF(ln|dfﬁQ RplhRYEF Fl%ay Ab&own it
thin polysilicon Flnes

ver
rigs P FBFEL o e ainiin b refiond i S busoth pbpvgrgso and
nmmm5®ﬁnﬁ3and t hen polished back to the top of the

PO lAYg'_Ié_fe Id efélaﬂc la}!'él?gdl éﬂég B@gr@\?nh%%elsftdg ﬁ;@f&ces ofqI an& %s 111uatrW?eX in Fig. 9. Gate

dleleftréﬁlaireh?% gnabkﬁ ad ém} P81 bAnm ARtk ftlsﬁlek lzrsﬁogth@tl edvivalgitigxide

thickdeAEORYof 06X 1. D80 Ik 1RAGAed dnMheQRIE s&ﬂ&@gﬂ ﬂm% fin 140
Fi nF 10Q to_ NH4OH un

na et hinned e
%etb Eag to Flgr g)d upzea I?pr%@ﬁilcgg WReReR! SFepfﬂte?]?ﬁ bEu&FEIéO%Iﬁ.]a lccalv%{monal
manrw athhlam ofzpplysilinen meyt keldyped usiry ghte dépingmasks I EMORidevidedunayibe A6ped with
phosphofRGEad PIIBY d@?cesﬂﬁeryfbg) ﬁcfﬁ@(ﬂwﬂltboﬁ)n r '?ﬂe%gfyé{ﬁéox %gieb%\glaQQQed to ihe level of

ntrol |l ed pace such

n““dB? G S BRTipgiva papargte A?Hsﬂlcowﬁfaf H)O%fh aftd 19%1Bt Hbsppbailigon agepsi 1§01A and
1001 FBANE paiteSnell hldushddad Beh ihe gdes gt F117EETV11b(b Qialyblﬁcoa al‘éisQS@A and 1001B

t ake
may lt@l?s(‘f&lng&)(?ilec}ﬁczﬁiév 1nd2‘%?n(ﬂant (ﬁatesn q% %tl:l]er 1mpéeme%t?tloﬁ 5oly31}1conA'1§ea§ H}&lﬁm and

SV
1001 fnay 1ot ppspolishedyip the @vel of %Mﬁyqoa) Tesfend i singi¢ puhisiticpnddyerfriag cover SizN,
layer 1400, In kGlMEES the pGRM S ayef SIS gn%i@zﬂﬁfégsgblé) 'tqur IJ[m%E'? ﬁOOl S O

itride layer 160.” 20 A di el ec rlc ayer
3 “B‘ré]‘ i awlbeoﬁl?r’lteﬂ & thg @i a§6?92a8§§g ¢ mask g profeyt %gate o 602 the

TEOS$ layeu$tlraad j@cledtine S?Oga.nd 91.3N4®(Ele 150 &1 @Bakgokited by BE sc3Rd/diM Yegion 310
and 3? m@?thénme @tcl%ﬁ u&n an 1sotIr0énc wep eq(}h dﬂe}n{?{?nhat’llEYﬁlleXl% é@ll.hl gh-k

ayer an edul va of 0.6
t oAﬁef 213 ﬁ‘ﬁfa?PaV thy QOUfCG’ﬂW@degéms filﬁendsﬁ@ are smoﬁeauegmglhntzﬁtnommay be

perforhftd on IREHERT100. NG dofe thd Burcel o aft BV HD. %re%’écﬂﬁ%u& 'fgr%] NS FinFET,
be deposited on FinEET 10Q in a conventional

next
phosgharays iy bepmglaied AL daspee gio} Oyé‘PPf’% A e BeFu s UPS FaFRE boron may
be imglarttedl atkoqoisagglofita’s kisms/dMVEI3-devi ces may be doped with 25
PORRRINY Bn B0 IR, P 85, 15, 8. RE KU oBRY & n
100. Fyj thip %I e mletaly%‘Fh a @@gstemmomltnfgamwm taglelp@ matybdepoh, kel iegigm, or platinum
areas 1001A and 1001B. The polysilicon areas 1001A and
1001B nay be patterned and étched to formthe gates of
Fi nFET 100. Polysilicon areas 1001A and 1001B may
thus formtwo electrically independent gates. In other
i npl enent ati ons, polysilicon areas 1001A and
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1001B may not be polished to the [evel of Si3N4 |ayer

160. Instead, a single polysilicon |ayer may cover
WE2BMN65389 | ayer 160. In this situation, the poPgBEUB1000000963

| ayer forns a single addressable gate for Fi nFET 100.

A mask may next be applied to the gate area 602. Using
may bhéporiisloverghepplptileet (gtthiareg a8 AancR0 B sdulve and DG egiong 810 and
320. dg anexﬂlgldan&léﬁgg %‘E& fhé/neoe§ér%n§1qg]cr§te?ﬁ%ta!1 QM&JG%&%gognc?%d% %‘]gﬁustrates a

osited over the source/drain region
top- WftFWE'ﬁT HE a@%réﬁé@e%g nefeangiteige. rléplﬂe@rwehatcémmpmnts the metal-
silici@ssRpintl BRr sbECEIrhiRYeIbns30d andAbd 6 kbR BWkdReE TRE oeItJ}@glons may

oGS LI A B SRS et

FinFE0 p@) itdhelessahin Giech3ihél agen 61400l nsdldicaB@ B, thd\iorte@l 1mgpae Figl 1aaltheprotective
Iayelfs ?4o0 aﬁcﬁ]lfml\@e\,: of gl%'%lﬁer ?ﬁﬁng Q%R%gatim{{}: Qﬁol nga%nt edlyatge résulting

sa
thin ﬁaWF%VFOSHiTP Bfﬂ“%ynpfqyed fopptharieledntel a dosage of 1015

at Ql'é&fr&@'gacﬁto FZg' 5 ukﬁl\élterﬁﬁctet &{bodlﬁé‘ht iifYiedacn thﬁﬁﬂng) fin 140 by exposing it to
allgued silicide process)

e 0 B s sl st s gne e a . i g nown i

the ag RIR isag/atiatinigE plesma ecbibgintwhich Hirag ihel iphitgamhd @niconductor wafer is placed on

KRR 205 Bkl D10 A gl Y e v
of fin @ tqroigis pf perernitegat ey oy 1001A and 1001B and sour ce
an d’r(ﬁd’cﬂsﬁeﬂayﬁ@ ¥500R6168 1y AAthe redefed throlidd 8K §8H preBed %xbd@gthe fin, labeled
%ﬁ§R%0m fm performed to create a netal-silicide
Fig. 11 illustrates a top-view of Fi nFET
]_ Oa‘oaefntoeqr et¢hilemazpn pragel bnge etfRifeef fajang 50 andFHSQ; a sa]:ﬁflmztl hddation layer
1301509 Rkt B@%&rﬂﬁ Slrgher e‘ipcfsgissgfﬂcg's otf Hﬁ" lﬂ@taghlustéﬂe& g% h% %9&33891%?@6 layer

over SOUT ce/ drai n regions e two
may peFPVGYTE formyqdo gthickness @gérbs% 6r?ﬁy° 52 Prﬁ errdlmé algafupctipipag & gitqé}alecmc
layera AderidaliOady, Eloa’dﬂﬁﬁhaﬁimdb Rger Gﬂldgtﬂlf layROkSdn kdu@rntakieasichRAIROT) of 0.6
01B. Th in 100 ingludes a thin
ol mnmaﬁé%ﬁgﬁhgﬁgﬁﬁ ?E%%TPA ggggﬁwgyﬂiﬁéydotted li nes
“in Rpfegmg tpFis. Th elamr ot ebysilispa maj/ @yiehe 9epdSQd emidnFEG(J 200 in a conventional

mamﬁpvﬁy ﬁlesﬂl@(gnQnangﬁgnaltlga@B tlﬁe' IQIeM Q)udeqalell 1|3bp§<£15ﬁ£ % sl‘:[ﬁrate polysilicon

g Advant ageousl y resul tlng hi n” chann
wessolioeand 19018 PSP 50 400 ot AR IR 1200,

PolydRebedreas mzp1hank 2013 Ianglus form twd eBrricdly Radpaident gmso th sment |

1mplén{2:§@%g P&%sﬂ%%epﬁé %B’i !u{(l 1%611% nga¥ {1??1()9 El(ﬁllilheg to tltle 1eve1 o:l’ 0x1de lﬁyer 1301.

Instegsh @;ﬁpgk@otyg]ugy lapqr g@é@ger o]uﬁe ]@j@h E0%| In tblﬁ@jtug;@n |tlg=, mhghwn Japer forms a
smg&@ﬁw@th%BmﬁfhﬁEﬁlﬂﬁrIatlon of plasna etchlng in mhlch

durln the etching, the sem ¢ or wafer is pla

on B 123 5 Reralr Bt o A P St ek roiahe s are.
TEOS laper $@iOandrtny additiotal prbteofiviiayetshilepos@ei dygt thelsburdetiraieelgiaes 10 kel 320 may
then w e%gh avf.;; fl(gnll t'He 1%497 tBFPFIIﬂ:EM‘ 1@6(’1 of appr oxi mat el y 3 nmto

nm Protective layers 150 and 160 may next be
r e ATl stifcoRfdls setiicetategitns 8 Ksigd 329 ameiyacs. iphignpfaptation may be
perfolrda@h EﬂFEﬁﬁO@SThfsieﬂecﬂl%Qiob@ tlﬁis@}rce:hl?o ana-@rafn@m\d\@or@glﬁchﬁcally, for an

] the etchin gyers
i R R Pt S By et sl pbeos
FinFEl erbaemeobpomteéwafdaaawf 6" a’tqrrrs/cm?aﬁﬂﬁ ke illustrated in
Fi Attt 1m§§192[t1'01t ISaq:IEIQAtIOIQé L dgseif @Ng%gd sﬂm IQt,eess? ngm rﬁglrforgled on FinFET

forned to a thickness of about
1200y fhigtel 8 mpiniiel 48 Hingsien ceobplty Wankiing aétéltniﬂ jpemolybggram, may be deposited over
the pdstle6m@did) ueh y201 AMmdadelBtah©@ake SRR rtN el IOQﬁd ﬁb IR 1Hérmal annealing

an e ent oxide thjckness
may A el e P e PR, e B Pole: Sl ri b g i
similaf x0he FighiFd]26@shaen ih &igelrls 1401. Referring to Fig. 15, a
| ayer of polysilicon may next be deposited on Fi nFET
1200 in a conventional manrfer. The polysilicon may be
pl anarized to the | evel of oxide |ayer 1301, formng
two separate polysilicon
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areas 1201A and 1201B. The polysilicon areas 1201A and
1201B may formthe gates of FinFET 1200. Polysilicon

W@ r@amessg9D1A and 1201B may thus formtwo el ect PET/EB1094/000963
i ndependent gates. In other 25 inplenentations,
polysilicon areas 1201A and 1201B may not be polished
to the level of oxi GEHERYMPLEMINTATIONSt ead, a single

POl1y Sohrks kif@ibnk ﬁiﬁ%f beraesymtw B ke il Y BhFER Oﬁm :lé']IStaIPé Soss-

silicon layer forns a sin
Secu%gvr‘eé@ §§%¢1@%§&P@) t’f‘%? alpne ffiefte ﬁ”ﬁOE‘ Featmask may n ext be
apRefeeilg torig. W€ a gt @ayarr1 68 neiy beFfofifeE_Bn 1 B0Qd-oMctidyert 1861 . MBSHKide layer
] €
1620tngaé BL f?)l’n%ﬁtabot\zgﬁl gl% ?az lﬁ%y The arr emen¥ fré‘SbC? gvggl%?%aél nitride layer 1620

1 onal pro ers p05|
may §?3f91fnt9é/f@rea%mpler iog m@me@tmlaatn the 3ROfimshgwn 8 Bigt 1 GhushBiGetagdn €610 and

nitridd WSy 16300 grtbg ﬁutﬁﬁfétchgi‘ to hd¥e thg kaﬂlg @Ettﬂa%@ QIGG ﬁfygrg b1 O%%? then be laterally

hsur ace of the source/drain regions
eteheg Sy 8uFhin;SHs 1averdo h Sei R %Hiﬂmdé?e afp?éfr#@rtﬁéam@wdm nFET
12 ®ferriflioFigel f, sahyemebm ko ﬁ)ﬁﬁbetebl&xﬁﬂ)}ug'r&)ﬁl a2olifd BOSIGE R B a width of

ecifi I\/CE
abougﬁ%‘é tswgérguil% I'%OthbO% §1 lﬁ%fsal_% em e{ foI\I W(f g%ta%gg?auirbcf gate dielectric layers
1612&9@%5‘3}@%@0 la)tef5561120naké&/as tfprs Q. 6RVOBImEi NFET, bor on nay be
i W'Rleﬁ%gé% F@gt I@a 9(9)%@19@1 l%r 133@1]1§ay%ﬁ %ée%gggteoq;n F%iFéT K& sin 3

{’ | ant tlon sal i cidati on
congippl g TG S8 PEDPIET BT Bt piaaed B etﬁ@ﬁ iopreaictf FnPET 1600,
PolyfHicorFEyEr 18D2 0@y aldorbe b]hmaﬁzeaaaswn t8 thA R bf nitGitkClyeAs520. UNYISS @i, FinFET

1600%9 & Jomg%ee& ﬁ@ﬁe%ﬁg &scul%‘eduag%) Qr nmol ybdenum may be

posi t over Icon (gate) area 1201A and
12@&@ MAgFEshive éoﬂaﬁMOSJ ml\ﬁd%@n@% pBId ommeingBAQriedAxide layer. When

perfobi8f ABJidaBsNE &ls'nﬂ[gemefﬁﬂyn . Qeﬁh&ﬁu&% ﬁé%&!ﬁ@ﬁab%&é) Gl&MeSaRidation may
e.co At this point, a top-view of

ilici
b s R A0 QT TR o ABETE 00 R GoR licies may e
usod G SIEL: o4, O0\E0044:0GBEBIEPET IS2004/ B89AG 1GBHERIETs and

anothlexl\émcﬁyéw’ﬁg Im% C]JS fﬁ%ﬂﬁﬁ%@%{}? [ﬁ?‘sﬁltl}au&a%%p@gg El%#é’la S may f1rst be

form'strai ne
Covef&ql Ryaphoteresist prgyihiep thy NMRS restal mayrie dermgited. 61’1@ Phasiesist @zprdhﬁgPMos

FinFR'TR @na} therEbeAenfSved did ﬁiogler photreBRR 196 mia Ge 5911£ lo@r thd VR FﬁFﬁ@s At this

o852 A0, B LSL S 0. Syt ARG et Jook
silicideggrapourkd10. The arrangement of Si Ge |ayer 1610 and

nitride layer 1620 may dadiekpme, for exanple, in a

manner simlar to the thin fin shown in Fig. 7. Thus,
Si GAY YRS fETE Altieend Aetpds gemaking die nmcﬁnﬁa%EBSewere described herein.
The nmdvt firgdrdwdeed air@e of alvinaye td nheplﬁmmmumcdﬁgmem Qloﬁuﬁﬁnel W4,

16 be | aterall e
ﬂtherB?%{TBJ@%n&leon? pumIron %}{ ic dtetallsbaée sgtgf% ht sugl rs[;l)ef:lgc gter%?ﬁ
struct\mssd ghemigals,  @FOE§SHegy elco 1n|brc§r to prpyides) th¢ra.3ge pgle@ddingvire preseit idyention.

Howe@cﬁ' theprésale hnyerﬁﬁrpé%]b r&k—i&g wItllﬂﬁt r@ogﬁ o%ye% ecﬁ' 9 d&aifd %0'&11 QJrem In
bout nmto 1 %1 | ayers

other }Pﬁl@“"ﬁew? Hﬁ“?%&cewg ftﬁ‘ét“”%‘}aﬁﬂ‘a‘ﬂ ‘Ei‘ﬁ“ ‘éfﬁcrla%ilt"éd%ﬁﬂem é@?rrnptto
unneckgyrdy abscukeGie2brusatttie pehisek @edntidnCc | ayers 1612 may be as

thy l{% Sdlﬁ%ctg% %nd 9nda‘ct1€e lgyg]ff u@%flner{r‘le{‘nuigcglgmg g éenchoPc#Jctar cﬁ v1cer_1p ﬁcﬁ%ﬁbﬂce
with tgeameqt WV%‘“O%C@?] qumdéw cqmnn@al deﬁﬁhleowhyasueb | poexaingly, @retallization
techmEIEﬂay sidA@§vaRGus Rt 2 Eﬁéﬁgalar%r &E}Sﬂh@g& :E p%éﬁeg Ei‘rtcﬁﬁmgfow pressure
hemml FET610609 {;JP S| licon |ayer al so
chemig ¥R PR OHGHA Y P PR iy V"ﬁPrtdFli’Odléoq GGEP) CI‘B B pmpjeyed.

t hT'ts ppentityentrein ieFaplicdtfe id &@&aﬂﬁ&ytum of &ﬂﬁﬂoﬁﬂua& deﬂce& B particularly in
semicmam&ﬁ" ﬁevgjc%i&m’:c%% t@ﬁ%?e\é %f 10§nm an ow resu tlnga Xl%gpeage('il 8%1 istor and circuit

ed on single
speedq 339 approveyelipbility. The present 1nvent10n is apphcable to the formation of any of various types of

5



performng salicidation in this inplenetation (e.qg.,

sal i cidation as descri bed above), selective
W@ 204068384 i on may be achi eved by el ectrol ess PCBUSI0g4/000963

of an appropriate netal. In addition, two or nore

different silicides may be wused. One silicide (e.g.,
semiGpndudifr devicay anddence, ldetpitsthae gotBeen s@Ediorth GagrdeSim)aveidybsbeingibedirust of the
pres&ﬁ) [nvénh&l WUE i’(ljgr}h:é':p-géelﬁ fh%nagn %Q&lh&l&l p%!)tl)l tfr‘doﬁﬁmé and gtchmg techniques

e use this”
are W@ym hamed e geailvalsuh t?%"ﬁlq%éha"%lb’\tr@le'éﬁt oy ferein in gl
phody Bspraftrred Bidibddfets bihﬁa iNVEdon BRtagbw SaMpiRer dERASI YR shown and

descng]e% np tn reseng ngC§ JLosurg. e]& 18 upg §St°§i1 tth élgfg%-g%g% Bé"ta'ggg‘i “?‘-’e‘ﬂ various other
combvaélantahbenNtemerFs and:Ef@able niokifigatioppaiithit the tsdvge R viemivatoncept as
exprB®B¥ B&napPpl i ed. A thermal annealing may then be
performed to create the netal - silicide conpound. 25
CONCLUSI ON  Fi nFETs having a narrow fin, and mnet hods
of making the narrow fin Fi nFETs, were descri bed
herein. The narrow fin provides a nunber of
advant ages to the FinFET, including better short
channel control. In the previous descriptions,
numerous specific details are set forth, such as
specific materials, structures, chem cals, processes,
etc., in order to provide a thorough understandi ng of
the present invention. 30 However, the present
i nvention can be practiced without resorting to the
specific details set forth herein. In other
i nstances, well known processing structures have not
been described in detail, in order not to
unnecessarily obscure the thrust of the present
invention. The dielectric and conductive |ayers used
i n manufacturing a sem conductor device in accordance
with the present invention can be deposited by
conventional deposition techniques. For exanple,
nmetal lization 35 techniques, such as various types of
chem cal vapor deposition (CVD) processes, including
| ow pressure chem cal vapor deposition (LPCVD) and
enhanced chem cal vapor deposition (ECVD) can be
enpl oyed. The present invention is applicable in the
manuf act uri ng of sem conductor devices and
particularly in seniconductor devices with design
features of 100 nm and below, resulting in increased
transistor and circuit speeds and i nproved
reliability. The present invention is applicable to
the formati on of any of various types of 5 WO
2004/ 068589 PCT/ US2004/ 000963 sem conductor devi ces,
and hence, details have not been set forth in order to
avoi d obscuring the thrust of the present invention.
In practicing the present invention, conventiona
phot ol i t hographi ¢ and etching techniques are enployed
and, hence, the details of such techni ques have not
been set forth herein in detail. Only the preferred
enbodi ments of the invention and a few exanples of its
versatility are shown and 5 described in the present
di sclosure. It is to be understood that the invention
is capabl e of use in various other conbinations and
envi ronnents and is capable of nodifications within
the scope of the inventive concept as expressed
herein. 6 WO 2004/ 068589 PCT/ US2004/ 000963 WHAT IS
CLAI MED | S:
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1. A MOSFET device including a source [310] and a
drain [320] fornmed on an insulating layer [120]; and
WO paeisey a fin structure [140] fornmed on thePCT/US2004/000963
insul ating | ayer between the source [310] and the
drain [320], the MOSFET characterized by: a thinned
WHABKI AA¥BEPHd in a channel area of the fin structure;

S g pr Otﬁﬁbsm deﬁ%ﬁﬁch{dﬂaﬁ Q sougc:@ %JlO]fagd Mern f)_%\é@jrfmﬂkd J)neaﬂ%ulatlng layer
t he thinned i on of fin structur

[120}; sk ipctding @ fin fesgr llﬁ%J\f?rWQd op t Tprufating lafﬁwet“ﬁ%mheesowedﬁ 191 gy the drain
[3201, hﬁMd’SFB’DSﬁraEt&@b(ﬂfy a dielectric layer [901] formed

arag rtion of the fin

st raulcl:l “ﬁ‘?%gm 88“‘3‘1 ‘““F Ny irib‘%%‘ P26 For med on t he

[ ngwtmilwgaybrd;ﬁ@rléalrfm@owem leghit b thomed regidnay e fimsutictirhghe protective

layerfhlaﬂngsatwl&kf}‘{vi&[h%an a%ﬂ?ofthl%ng@r\é%&e of claim1, wherein
t he t hi nned glon has a w d of about 3 to 6 nm 3.

Th é d&&eﬁv&@ye&% |fsmed afoundypidsas ip phapiebpasio PEtb finsuquyg; apd

I Nalgue @301, 180] okiedlen thaidQtilglHR] aroundiiéldidledMicidye:08d Ihal©structure.
[160] fornmed over the oxide layer. 15 4. The device
of claim3, wherein the oxide layer [150] is deposited
t 02a depihhdeyice eflsbint 1, ¥Bergimihe tingedirbagonrhpg ar width of sagne B tof 61H0]

i s deposited to a depth of about 50 nmto 75 nm 5.
The device of cla wherein the dielectric |ayer
[961] i hafsaise olgiag by m‘lftf%n the protegfive Jyeg pacludesiy 6. The
dewhdakoﬁmuﬁﬂmnm& wherein the gate conprises

ol | of claiml1, wherein the

§ %§¥idg%ﬂggy%§mgcﬁr% E*ﬁl 8 A nethod for formng a
MOSFET devi ce conprising: 25 formng a source [310], a

drain [ &%Q&avm@&@lai% 4, wherdih {hUG;&déﬁa{%‘/el[[iﬁﬁ)ls ddsiélto a depth of about 15 nm
ortions of the fin structure

|
am“&%%%ﬁggﬁgﬁg Eﬁﬂﬁﬁgp“ﬁﬁ?wgﬂﬁ‘ﬂff%¥ﬁm P 8Pni ng a

protective |ayer [150, 160] above the fin structure;

tr I5 mm n Q"ﬁé nglcé éf@la?nflr %\I/ﬁeré‘l ? t%e %18&:0%10%61(;} [P%li]lcs a@oup (tj n% torlry nm th1ck

6 nm wi thout significant
| ayer; 30 formng a dlelectrlc Iayer around t he fln

St BUCt U8 deaiddlord@ROS ivhdrdidind RN f%slad geRRidogyer around
the dielectric layer, the polysilicon |ayer acting as

a gate area for the MOSFET. 9. The nethod of claim8,
Whér ei n Thodemice cluinel, phapdieib¢ MOSFETadeeice s nEhERIRS: 35
depositing an oxide layer to a depth of about 15 nm

and dep05|t|n9 a nitride Idyer to a depth of about 50
nmd t o 7% ithod foy forming a MOSFET device comprising:

forming a source [310], a drain [320], and a fin structure [140] on an insulating layer [120], portions
of the fin structure acting as a channel for the MOSFET;

forming a protective layer [150, 160] above the fin structure;

trimming the fin structure to a width of about 3 nm to 6 nm without significantly trimming the
protective layer;

forming a dielectric layer around the fin structure; and

depositing a polysilicon layer around the dielectric layer, the polysilicon layer acting as a gate area for
the MOSFET.

9. The method of claim 8, wherein forming the protective layer includes:
depositing an oxide layer to a depth of about 15 nm, and

depositing a nitride layer to a depth of about 50 nm to 75 nm.



