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WD 2004/ 044992 PCT/ US2003/ 032662 DOUBLE GATE
SEM CONDUCTOR DEVI CE HAVI NG SEPARATE GATES TECHNI CAL
WO u4PbEe present invention relates to senm coPdIUS2M03/032662
devi ces and net hods of manufacturing semnm conductor
devi ces. The present invention has parti cul ar
applicability to doubl e-gate devices BACKGROUND
ART ThaOURIEAPATS RGVHRaP Bl REG CF R GeaRATA PRI
performance associated with ultra |arge scale
i ntegrati on sem conductor devices require design
features such as gat eTEGNCAE FIHhBl ow 100 nanoneters
(nm alm AL Shd LIS % RDub R RES Gl ERBMIAG LML e

thro lon O esl % features bel ow 100
semicamiuctatiayitee e SPreﬁehGn‘Ientmnﬂl’e‘ftPF“@ﬁ%af arpligabilityandquijprgste devices.

met hodol ogy. 10 For exgmarouMiesrt he gate | ength of
conventional planar netal . .oxide s&m conduct

ef f e &he esqalafingdpouirgypeats eor{/%}?;@?g a)ildsp rAnCe asociale a%d w&%ﬁllra large scale
1ntegﬁﬁ&1télnﬁ5651d@&>8 d)sﬁ)icatr&ﬂuél\deﬁlbn feloes, sucha rgatelengfsﬂelwvsloo gﬂg@iheters (nm),

high ﬁﬁ%’ﬂ o C$ ﬁxgrlpa\é«gi manu fic%glag ij P TLJ]rgdu%@olﬂrof:@es@maﬁgE@eﬂw 100 nm

singly to overcone
challagditieiligitationsd mnwntlgnahmg*méd@&m on and a nunber of

proc %&%xdn%feumn ﬁ'Je e ﬂ?éﬁ?of lcdnv8hiibial }Slwalt métD O)S@e&lslﬁconductor field effect
convent i onaf

FETs to include |n a s cts L4 as
transigleng (A @SHETa) s sealed bejqen {0y ippoRlews: ?Sﬁf’&aﬁg 8@1 % g’f’ 1&refor &
exces@ﬁé Eﬂ:a@)bgtlvv@d'n% sbicei aldraiX,Becoinb inkieAkingle Ml wogecensd In addition,
moblﬁ1 ﬂ?%aé‘%tﬁ){rlt er ud e\r/o oces% ?ssue fQSO :ﬁﬁéﬁ?ﬁl 1cﬁtat5 ?cam gl-ﬁgnal MOSEFETs to

WSt Ut Ures t ave een consi dered as
inclugingéasiaghpsnaficy rievws @@@@e dﬂwgde@s@i sirpqiyes apsi therpire homgeRpiesed tp fprove

FETgﬁ%ﬁﬁaﬁie hETRE GlrBer dbNAR shAMD! €- gat e IVKBFETS of fer better

racteristics than the convent con

e
succ@&ﬁ@exﬂﬁ@%ﬁﬁmhﬁﬁﬂTg dh evehllespacode dnblhgtdMQSHEEs offpf batthre

charaé‘laﬂwésﬁk‘an 61{6%%)nve fiod %&ﬂx}/ MggﬁﬂgeTﬁéiséiﬁl{)@&mieﬁls %ge because the double-

en t re are ng,at €s,
gate MOSEET fies 2 fatedladiragle Prbe s ofphetchianglyrafhas ooy sdeain

conv@tﬁ%@a@ﬂ@gFETfs I i chige a?@t‘v% %ﬁeseﬂﬁgelébﬁnctfiaﬂ gaiaﬁfeme)} the dxhi8 B better screened
at es can control rou

froméhe§pqai<§| eéd ﬁg%eéhannell e‘%lfﬂ Wo tgs[ cﬁlx %onggt)l Fouﬁﬁstrwrlrc}é\%sl 1inucﬁ E:ur?egttas Qﬁngle gate,
resulfihgdR @btronddr Sitafifgkighsl. @ recent doubl e-gate struct ur e

t hat L'BEHJ i ﬁ&gt%%ﬁ]ﬁehé&[e st h:?efkﬂé% lexhkb@tpg%h %rt clﬁllﬂemu'g'lfbr Although

ConV |Ona s are referred to as " i d
convm@FaEmsPETts ke rafmmd (gt Esuttig gsieC MASFE Ry e ;ﬂé@%&lﬂaﬁ %ﬁ@yma yean
electaéall? Léafdeleh &Ry SR HBES IGQcaﬁﬁQidieEEhlﬂe §a@f MFXFET igludes a channel formed

 ogi cal | y addressabl e
i AP T01 THegPREASPROR e Py PP P STty o e
usedT& Y olyentib@bplraeMOSFRTSI ng | ayout and process techni ques

simlar to those @§@%@&@@Wﬁmpl anar
MOSFETs. DI SCLOSU ment ati o

consi Isplementaiprs ponsiptent it e preseiiRygiiion HﬁVI%ﬁ\ﬂFEE deyiqe; |“?f§fé“|9 gates

that S8 Ve elsdpRrafe M\Rorf Bk 18 Sther BPa doldlctiv@IfiR. Eiefgated thay @b yndependently biased for
separatéd from_each other by a conductive fin. The

incregaef @5°uifA7iEp it pendent |y bi ased for increased
Ci r CUAdditide:s adj}iihtafgésaxd dalhelr fettyes o¥dietiinviewiom villg veh forth ipepart Fyilgp description
Wth'gl 5(%]?)Wf an at u ! esll b%come ]I?pafent\{g {ﬂ5§e %Rm}@,ﬁ oLcimagf%klﬁ ﬁltthef a?truh;h dx&inination of

escri
the following or may be learned from the practice of the invention. The advantages and features of the

invention may be realized and obtained as particularly pointed out in the appended claims.

According to the present invention, the foregoing and other advantages are achieved in part by a
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which follows and in part will becone apparent to
those having ordinary skill in the art upon

wez@rionav:i on of the follow ng or may be | ear nedI/U81903/032662
the practice of the invention. The advantages and
features of the 35 invention may be realized and
obt ai ned as particularly pointed out in the appended

senuc%hﬂ]'ctgﬁdew@@xﬁ@t[d%grdgubtst%tetakl@ arﬂﬁs@ﬁﬁr@tlaybmﬁﬁ& brDBg subditete. A fin may be

foregoi ng, an r .advant ages_a ed | 0 pant
forma o T e B 475 S P LRSTUS] e TREE BL B P e mey
bemﬁﬁﬁbﬂ&em&&hwﬁhﬁﬂmﬁmﬁﬂbﬁmmﬂﬁemdnddaﬂemﬂ@wbdWWﬁQ Aasoend gate may be
fonn?d ogan ér%sﬁ)lntmg Fla er 3¢ %tte L aItrrrlgh)? ﬁléh %ﬁk&g@ﬁéﬁﬁﬁe é?&ﬁoEF gn;?f‘mﬁﬂﬂ@r of side
surfages pff theclies and a top surface A first gate may be

for n%@co?cﬁngttg] ﬁlo{hasdkﬂe@cto‘f ﬂﬂgln{r&bf&lr a ﬁétﬂ?ﬂ'oﬂ'ﬁ&tﬁfabt&lr@ﬁ@enﬁéonductor device
nunmber of side surfaces of e fi A second

may UG EER B R h S&ESF%@“‘F e %E‘b%i?‘&tt“é o PR v e
fin sthlcfu@linc@iadsa ﬁasnddepmm¢ ﬁ‘&icﬁhdtsﬂe amfatehad a @peurtife. Mherpehodafay also
1nclu§ %Iér&x?g sgtflilgeiaﬁ(g (?rlauﬁ fegig 10 ?ends &F the'%fxcs‘t%{ gl%;elf’llgc}rﬁae us?ﬂgg ga?{ nrl]aterigl over the fin
strucgreiToogagusieds] sgwynds @e tqm;n}rfapen@[i thd &rsf a9d pﬁcpfg sigp surfaces. g]."he gate material
may bbb kg « hRY %{e eQE\:ro@e §1HQ§Jc5ﬁtg§te @@Qroﬁ&fnﬂ%ﬁlﬁte@ﬂ@d d¥the fin. The

structure on the i nsul atlng er The In structure
dqwﬁﬁéE%ﬂ@%ﬂﬁhﬁwp§ﬁm§PH%P@ﬁ?@%&@ 8- second side surface,

and ActR@ingSbik fu&ﬁ@ aspa_dﬂﬁ tieiRabn AByni@hduotor demicd ruayenclude a substrate and
an 1nf§u?alr11hn%]?%F o%’lerdég gle su stra[ea IAncond%g_lv? Hx’? rﬁ_%;be %ﬁq o%fthetuﬂﬁﬁtfnlg 'Ihyer, and gate

epositing a teri a over
dieloific Bty Brmelion ik esoreat e Felucs o drfes ex'hectrfls may be formed on

the 11%91551@ ¢5erd @ﬁie ﬂrﬂ %até élé'c§$de %ﬁ? bescﬁéf)gs@@j orsd il sﬁé‘ biftRGeRtuctiVhBn adjacent to
ate materi al be etched_ to form i rst

one Qs gt BHEP AT S EON A Pt RO BHRIoR U SsuERE Byer. The second
gate Slbdﬁﬁ&e iy b hl@ofeﬂ on anldpgositekiie 06 tht etdigtedin pdjtcentitadnothepndyd the gate
diele tI'lC Pﬁers ang apeﬁ oﬁ(art?raﬁm%etﬁ?st %&Pe elefc{r&ie According to a

&re 8 ent1 on a sem conductor device

may Otk m@taaesgm)@@twmfé thy ggseniginventie wilkiep g ryadifpeapparent to those

sklllédcﬂi {ﬂﬁ qrt @Bm bl ?011§H1Q§ &eﬁ@&cﬁdesoﬁpﬁbﬁ n @h&ﬁb&@nénts@hdﬁﬁn&k&scnbed provide
on the insul atin

syt G AP hyERETIE B R GR e e P g o
modtﬁbaeloﬁsomhnﬁeﬁslov&ods tespectf) all witielit dypetrting @ommenvdmomc@élngly the drawings

are to? re%arde&) as1 t?atlkfbn % giuﬂg £¥£E‘rc?v-£he first gat €

OSG on a

irst side of the
conducti ve f|n 43 2Ye AV I8P e dielectric

| ay ergerdicei£aR11 tg@atttﬁzh&i cﬁtﬁilﬁg@ dﬂlexﬁiﬂ)ﬂeﬁ@lty‘ Haviigle saiie fefefence number

i nsul ating | ayer second gate el ectrode nay be
desigiptioy FRBEFPGIT AT ﬂﬁﬁ%@ﬁ?@ggmﬁe of the conductive fin

adj J agentl ista@raanettoe lugmingekentphey lgatsehat wiiyek et for frhipg/afinsin

C St gate el ectrode. 20

%aT£ﬁm“ﬂg vangggéioéﬁﬁﬂ%%gﬁﬁégi of the present invention

will Beds n@emaéla@i*/ ilpsteajsp e @Pviey of 3 feapctureiR pgeprdgncs with aexemplary
emb&ithent &qmp;ejg&t H@hti@W ng detai |l ed descri pt [ on The

enbodi ments shown, and descri bed F ik N ratlraWI O o xemplar

of t Hee BB& e RBHtEIEdtdd S n‘& a%’& tThe Aty
embbdivennbfiti@preschhigventivnent i on i s capabl e of nodifications

in v us

fro mal-f% E: 1sI a ﬁ:gogsh %69[}61? 111(1%%9%%&%0 QJan o%éa@gffege\?wglg B?thaﬁacfr‘hgte tm(a)lterlal on the
devigreof Figgid id exgordancd Vith ag premplasy @mg inpegt Qi fhe Preéqﬁﬂ“‘ﬁﬁttonas

rest rFlg t4|1sva%rosgs§ctﬁﬁllﬁ&ram££z%lo%e éﬁféEna@RﬁW 13‘153“3 in accordance

Reference is nmade to the attached draw ngs, wherein
withen @Ry eRBRFmegt of e PEssHnERIRr ence nunber  desi gnati on

may represent |ike el enents throughout.
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Fig. 1 is a cross-section illustrating exenplary

| ayers that nay be used for formng a finin
waewendasre with an enbodi nent of the present PCT/US2003/032662

invention. 30 Fig. 2A schematically illustrates the

top view of a fin structure in accordance with an

exenpl ary enbodi ment of the present invention. Fig.

2B i $igds &hmBealPliliduiSs thd thpradw eFltieR@nitdaguctor devidé 61U, Y ineaccordance
. of Fig. 2A in accordance wi.th an exenplary enbodi ment
Wlthﬂ‘f"”‘?‘??%’%?@%‘ﬁfnto SHEPBIAYEPY. 3 is a cross-section

i || ustgs. shiaDord di@s-§eotionsillisparing fhe sndgaipeofdinslescdin ine fih fnpcgordance

5 device of Fig. 2B in

Wlmangg'erg%‘gemgl% %%eﬁggek?ttel%% é’?y embodi nent of the present

i nvefigs.GA-TFRfedop aad prassaectiprakvievs dluptagng fropiipgrof afuflyjlicdedeate ina
FinEPT 3R&%taZicB FitPinoth8mplahRtaiGilo b fsefinverit@n. 3 i N

accordance wth an exenplary enbodi nent of the

present invention. 2 WD 2004/ 044992 PCT/ US2003/ 032662

Fig. 5 schenpESTMDDE FORIOARRYINGQUT MHE IMYENIONW of t he
sem t. <. The
ngﬂgwn?ﬁr de éﬁéﬁl dC 1cr1]%fo ?tlﬁlge 1nv%ntlog re@ecfé:tg Ehg Q&B an}\/ﬂ%_gt cﬂav@ﬁk Th

exenplary e resent I nvent i O
sameG¢feriioe pumebers frobierenbdrevyiogy say ildmg'tthwmwg sinfilar efeRgRit t/’rli?nth%f"llowmg

detaﬁe@ @é&r&pﬁor?&o@ﬁ{ophﬂupth@mfle'ntﬁbn' hsBLICHAE HBRGRhe WhdnBord@ERRILY the appended
npl ementati on of the present invention. 5 Figs. 7A-7F

°1am§|‘“éi e PI%HUPEr 0ss- sectional views illustrating
for nﬂﬁlplaﬁen&florﬁ cdnkiktbny wil the gresehe chvepgibeprbvidealoutiid gate[FRFET devices and

r da ce.wt 1 th the
ot MBS RRAL "Bkl T SRR 0 R Rt
preséfihigvepiirinlatvefieng vadeseeardiaddrovieacd othpapdmasde seprreely Riggsflt i on

refe . QubARs RE SORRARN P Y sl BMMubtBiSdevidd 180 foir@edSﬁﬁBordance with an
reference nunbers in differ ent dr a tﬁ 3 ﬁ,]yogden I d}éasmconon
embqdiypentof g Pespentinyepiony Refprpgdn Fig. 1 soicgn “E P& OB drhg

msulﬁke;t 80h etdlcﬁi&sm inflidepnsilitoesibswat 110, abdried brédeilayerela0 amjra silicon layer 130
on the Igune axﬁéﬁ laye IZ%C Bl%d ngehl f28 XI%rHliIC a;’elsl 36 ﬁfaﬂr ﬂaqgmgy ot slﬂﬁstrate 110 in

arns an rewva ents.
acorlvn!pllom}@mnatl ons consistent with the present invention

pr ovige, SoHfingRientdton bilkddayd 6Rs120Rdy 1nBIEdethd.180nOfude and may bave

manufacturin ch .devi ¢ a t he nFET
A I R
polytrVStfaﬁi’ilE kiticon Asvingefifiekadss meding fiompbruattdd t piom 1é@ﬁ:1h $itidee fayer 130 is used
to form 9 ﬁp&r}éctpr@ fo? & 8&?@%31& Xanmtgﬁig\%e aF 'd&cnblzd inl nho@e{aﬁt)&&v th €

0Ss- sect Sem conduct or devi ce 100 formed in
ac corld alﬁer@tlw lmﬂe%ﬁtau@ﬁ%ﬂﬁt%ﬁ%h thFPresei mﬁ‘?“é%‘é pppstrate 110 and layer 130

may hdﬂM@é’Uﬂie@&nucB&fu&fng hﬁ@nﬂs@sugﬁ @ gerhanii 3 @OBHAHOLOIT seil@iohdueting materials,
100, may i ncl ude

suchgt ST o o i S 2 E st e s R LI
bur i esldigixdtribdaylealtersuch20a glivdn gitrige lajer orp siliagneaxids Bger (cogr SiChp may be
forml:‘)’&J \Jelesthg?fa%§ IJOE%%E as]aé%tecm ip%rl%h@@qulalﬁ&@tﬁn ]p?&eﬁégdln an exemplary

Icon formed on substrate 110 |
1mplgxgengtt1@n@ dicleqtiq leyigeal40 man besieposifed ataﬂ\,ﬂu@%@ﬁs[ﬁngpgfrom about 150 A to about 600 A.

Nex! o@)fgé‘l@ttr@aftdnﬁlﬁnay B&deb&ded&ﬁd ﬁi}&erhéﬂy@forrﬂ.a?ﬁlomyistlnﬁﬂd 130 &r subsequent

rstey o B S g p ot RS Pub RS, [ O
Pmc&“ﬁ‘&%t Wr?fﬁls’t REGIO e p%\ T Fayer
i ncl LSiﬁucﬂﬁiﬁﬁ&fdﬁﬁte&ilOD inmygtheprbe etched and the photoresmt mask 150 may be removed. In

an exemplary implementation, silicon layer 130 may be etched in a conventional manner, with the etching
terminating on buried oxide layer 120 to form a fin. After the formation of the fin, source and drain regions
may be formed adjacent the respective ends of the fin. For example, in an exemplary embodiment, a layer of

silicon, germanium or combination of silicon and germanium may be deposited, patterned and etched in a
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pol ycrystalline silicon having a thickness ranging

from about 300 A to about 1500 A. Silicon layer 130 is
waiz@do4e forma fin structure for a doubl e gap@r/US2003/032662

transi stor device, as described in nore detail bel ow

25 In alternative inplenentations consistent wth the

present invention, substrate 110 and | ayer 130 nay
convérﬁsﬂauﬂ@n&tt&ﬁﬁn S613 40 ﬁﬁlmcfégildag materials, such as

?r:[ e ‘g]SCh et n"g‘ésrt}gteﬁl t entg%\%&vg?f%gﬁl%%unr%uy CL! sengca)nductor 100 formed in

suchh amymer ]Saﬁcerregtoradzs andidredr regien 260 ineﬁrbedorexb@miiapancthﬂaﬂwf ifia ) on buried
omdfl %} ﬂOea%ct:Jr&u?g t W&Em&f’r? e fl}i_& @isﬂl@pr«%hllt ImQJQ{t(lﬁr{” tride

or a sl ICOﬂ OXI
f or Mg Pise C@psfspc@gmalqmgyqu o H%Z%g@suagngéheﬁméir@gqq ig gecordance
with %erﬁ%’:ﬁ& Elﬁbo&%ﬁt%ﬂt‘l’l@ﬁéseﬁﬁlﬁmuﬂﬂ Iﬁél&ﬁﬁ:ﬂ@@;SMO hrld sAiBon layer 130 have been

t I 140
e P otin 310 B E e e P Atk st et 150 A
t 0 a tﬂiguls is@ OfdssAectide Mbstratdng e dérmntivs ohd gapaiclririalayarangd ghte material on fin
210 1{1 a&:or%l!a tcee %t aﬂ%{% Ermgcﬁ'ménpoff l%ﬁ &ﬁﬂ%ﬂﬁ&r ?\%le?erctn 2& mllyspe formed

sequen processi ng. otoresi st ma

on fi] éwo §Prteé§npé\9n@iﬂlﬁa>ﬁlﬁ@ﬁlﬁ’e°’d0 mey b&rﬂvﬂeaﬁh gievie PO ppifpRgpied in Fig. 4.
The GGV BDUEL BE gﬂé@ﬂ/ﬂo@qm:kﬁ)e@s Jfa%ut 100 oud0c0 8 e fhifd on the

phot or esi st_ nas be repopved
cxpof SR HERERT DO St &y %“%WE% SR fy et e
electfoaé) \Saiftilar @i oxida AE1), thd didiectiibh eapa T hasgovah ekarian lnsatatlwgor the top
surf ef‘of%%{?i(?d oxi de layer 120 to forma fin. After the

ormation of the fin, source and drain regions nmay be

f or neﬁgaéedjl%@mymt%mme@ﬂmlre@ aveg prEpicopsfuctonflgviee 10 affepformation of the
omdgﬁlﬁlrmb el’he ighte AR RXRYEP I.”Zi)ru\éy ediﬂﬂﬁi theRdteriaf¥ol tEeYsﬁlBse@fenﬂy formed gate
er mani um or conbi nat i.

el o ST PP B0l Rt By R0 A R cgpose
umn@co\i@nﬁﬁﬁléﬁdﬂﬂeﬁgﬁﬁm REGHAUBIOVB) 103 BEBR:ss rerging ént abrysd00 A to about 1500

lﬂlﬁ%l o?ne{ i%ﬁaﬂbxﬁlg % ﬁat@rﬂg sqahaals ?er&ﬁﬂlnp(g%omﬂ:ﬁagons gﬁlhcon and

ica rates 't vi ew of fin
gemgnlma mneusewtaés@w bomelasthsgatga pgedfdbrned in such a

]';m NNeffwo ga_@“ﬁa@fbe Heﬂﬁé(ﬂﬁ] the gdte rﬂdﬂtﬂlaﬂﬁﬁf 20hE gﬁlég?apﬁﬁ@ gJ’Tﬁy)tobﬂio graphy).
orne a
Gatel ngf}t;:él?lqafﬁrg{z nb&ﬁ%}fcﬁﬁe?% gc%%doto go)li% ﬁﬁzr%e s%u&ur ai” tFe a{e ma#en%q laé/er 320 on

devi@r168 elfotminghegrtd sowrturdin Ficl 2 m2fBer msay épawsg@ts ga@emtqudﬁﬂamvmgof the

1oQs imabaibd h#sty ating the fin structure in
ma%%%% gﬁggeﬂﬁﬁe S%n ékéhpéary enbodi ment of the

pres dig- 4 isrpFESTiceHien 1l]|§t@prgéltelpﬂaear}zg? ghtheigats ngﬁ:aal éFQ in acgﬁrdance with an

exenllp?aYyEmea(ﬁﬁleﬂﬂ aMBe pkﬂ@ﬁfﬂ 1nvé'ht1@1h @ekcels@att aiawiidl imay l%l&nov&i (B g2fi€in above the
dlelegtr1¥ gapgﬁ(é) f(b@%n%tlézlg@fe n I;]egloP Pﬂﬂet senantccgndgct er ctavrlﬁlpg(l)(rﬁa qitgr egamplef, cﬁegﬁcal—
mecipait® palisebeEME) may Eyperoragido Gatte B IeTiE i coRySrRD is210 with or nearly
evenavﬁ{ﬁ(afegaﬂgceap \Md i th@ Qer@@fiﬁdﬁ@&@ﬁ ¥s ﬁﬁé@r@t@d 1 tyof the pres e nt

i nvent1 on. dielectric | ayer my orned 10 on g
210. Re{pp‘m@%ﬂethe gtetnpﬂeﬁal (ljasyprd%o Flltl’eﬁ:pagi@ reﬁlag, Bféermconductor evice 100
abuth fEL 1UBJ_1 {hY tv@Vs@dBurfades foifetm2 Tkt gates410 bddStdoad @d 40m The @p sutface of fin

210, h\gﬂgr),(lji gc%e{elgl)yr% getj:fmc é@y 1'&5) gl;]f%rsguctur%l(s) alSh SE](I;]WHEIK Elﬁs ¥ F{fé)lgh illustrates a top
viewsof prog@odusioniievisui0p ameistert fittsthé preseut ink&@ion. in Figrd, frb(gate g 1Gang second
gate%?o & s‘ﬂb\gA ﬁ?atf.{nlc %Tt n@é@&enﬁ%}:e 2 fosubsequently formed gate

ectro ar to xide film310, the
di el et eat%met@rﬁﬂ lavpn 320y [pohFipas et andeichgdAe form &g e lerodes- As
illuslfr{ﬁé'd ih hg. 5t Q:Bncoﬁddﬁtf)ral@ﬁcle)O fnialﬁliegél-&ubll @gte%nﬁ@ﬁr&wﬂfagaereleé&odes 510 and
er Slt over . s on
520 QR s TTOAMERED SR EBR e Reer e nE 1 P ARG Ol flea. o
mat eri al Iayer 320 may conprise the material for the
subsequently formed gate
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el ectrode. In an exenplary inplenentation, the gate

material |ayer 320 may include polysilicon deposited
wagiong4eenvent i onal chem cal vapor deposition ¥PCVDH2009032662

a thickness ranging fromabout 300 A to about 1500 A

Al ternatively, other sem conducting materials, such as

ger mani um or combi nations of silicon and 20 germani um

dlscu%Ed M HoteQigil FEIvA I The PRYIRRLIYS RAFRS) biliRuiiai eheRiBE Qifa@b of fin 210 is not
gates may be defined in the gate material |ayer

ShOWBE‘dzl%W‘FF‘P*HI&FQ‘Yaphy (e.g., photolithography). Gate
mat e lI‘he’:’douﬂcéidtﬁﬁ regidf 20@ynd 1380 Bt bé dopbdy Fet exhregde, D-dypP orpye
gate str.u

impm& tées yebefal an ef_i in source/&)ralP| gelg%nsgﬁb gndri% erl':h'e g&ruéuﬁaygrfplal?hg&nQ&ages and

aestructur in such
energiga maghe snlaghedl bewd en tQ@WCglateed {paieetiequirEmasn Ogporopfinagyfskifl fpghis art

woulﬁi I)eeelb%% 5ﬂtlﬁuz€ ﬁi@ s%@/drafn%plﬁ%a@&ﬁlr&e@ $askd drisd d‘u&hﬁéhuiréhldﬁis @nd such
4 cross-section il lustr

stepsrﬂealﬁtéysiclﬂ;eﬁ aer%ﬁl mto';fiér I&)él’f) én%tOB§CPr8 Fhe §E‘6t c?f ILPe 8@&%} 1aveﬁtéog In addition,

mdevVMl Eﬂﬁc@ﬂnot@hﬁﬁﬂﬂh@fo}émﬁﬂb@d fonBgdtpriafto thh @upe/de@ndn implantation to control the
L1 on te“ v n gmealing ma

locatfoP 8 aSBléI‘ eédr%url] Jeunc% ns% artlcalu fﬁ%}}t I«Qﬁm,r Y &&iwétﬁ Qm ling may

to planarize
then bg mrformgd onctiyhte thh e)uge/dnmem@utﬁ@ podP3Qi ce 100. For

exanpl QusHREH ].@QIS ga@f@ﬁaﬁ@é 8 hnd%gde ke doBd520 GViBhysidElY altfelectrically
perforned so that the gate rmterl

sepabigd BN TR Y AP OB BT I P o s coch o e
gate blEbbd¥e 5300kd 520@lay dé d‘eﬂdteil;dﬁa,sedaﬁthi dlffetesttVK)Mgw’VhemusEd i a cifcuit. The
capaﬁ'lﬁté If:\c))g %1? cr %llye asm%] & %ate's 4tha§d %ﬁt gaur(ﬁLs él@)ﬁﬁrﬂé})%rehs@s the

gio sem con evice 100 abuts
flexibility omeultﬂqsmmmz wgnosndd@orsiewfed@%s to forma first gate

4 1 0 qlﬂg reShlthE Q&ﬁ&nﬂ%ﬁdeﬁ&owo -Il_iﬁﬁ:rafe@ i gl fsaGeutnf gafe dBice with a first
owever, i S covere ctric

gate é}OraaQ:Q rd gge ‘}%Os She§ﬂt8 Mte]ilaﬁ }gr_eir 620 1gs\&ﬁng%) thf tdvg ts?rg eé gf flan 210 and
provideydemidénaitd Hevioe ndOCdhdisehod chalewi width p@ded@resicatmert tog cokye ntional

doub egggltg Be ?cse’e l% fin}%@mé/ra?so et auﬂhé: di ctm"é c?ﬁ146 tpg@écﬁ th%Jﬁq 2?(ﬂﬁlrmg gate

hown a ] ace ut not covering,
etchiig.n 210. 35 The gate materi aI | ayer 320 may then be

patt efp %s@@an@h%ls% frdc@eld s&ﬂéﬁte@ 8y ﬁl ﬁb Gﬁ‘ctxﬁa@@& Separfdly biased (via
il lustrated in ct.or.

respifB e B AP SE MU ULk AP o SR 5 T
sepaBikQo@Rchate SABtureGatvilehaater Gokdislits 1Qing ricruB 2Giza, raeopposed to conventional

fin 210 and nmay be separately
F“‘FEIF a8 efjh 1“°?“d¥251€%a%%§%§%992 PCT/ US2003/ 032662
di scUBgw dasrdeese @itkide ppsont P o Horblegaie SinfE bifesice fsifqumed with two
sepal?ége%al@sﬁh gle clﬂa)lneﬁlégl&pdf Rdl ldé“.ﬁbet h@aﬁth@@s@}lﬁé BaRiHg Ofuctiue Bxbhli®good short

Chan§6 B?h&%}?rd Fnaﬁdﬁm?ne&? Bfﬁ%nté‘ﬁ’ﬁn“%%{"ﬁ%g 1nﬁr§asec¥ f%ex;{;l'f and can be easﬂy integrated
into Eddlen@oualdcessing- t ype or p-type inpurities may be

i nplanted in source/4s glwﬁﬁﬁhﬁ@ﬁAﬁéﬁsand 230. The
parti cul ar inpl ant atl on dosages and 5 _energies

may_be
se| edh swhelimelempEnisiions, hténapj e epiable sy inQuagensids straia in the fin of 2 FmFET Figs.

6A-6TEAULE L IR RIS 111u@§@ng@l§e 11&21(1@11051 aff téhsﬁ%irzhh 1n| aﬂinﬁlﬁlcsorc&ﬁde i eidocher

1mplggﬁggé§0f%§§%§%{}$e§%§t %g rt%ﬁ?e/é e crl',o%s s.ec ré gtl;ali r?gmconrallﬁtor device 600.

Refeiing pSFig 68, deoite 60 sy bdek aﬁmree pxidd (BROZ) kdmr 61904 firt @O0 andien SJO: cap 630.
Elen%gt(sﬁ #f Enlg; be!: fgtlinlé(? S ngcrﬂ;eQ gboper \?n E)eclt 8 t1I ) le &O may include silicon,

pacers ot “shown) may optionally
gernta@um@rmdlbmtloepfsﬂﬁoﬂﬁégwu@e/ drain ion inplantation

LO c 8&] Infc® kacﬁ%l 01%1&(1%'%1‘ @A m@}f bettﬁétﬁnaﬁﬁj’ gﬁ)ﬁﬁ()rdﬁlfﬂﬂ) ag stiévatinh BIp.SB.
ased on ar t.p. cu ul e e
Growiag the thick gjang gﬂ(ﬁ@ﬁ) ﬁag‘n% % a(yﬁr ﬁ& Aé.l'p? abtﬁ!?é dstrf’l.l(r)l in fin 620. The

activate the source/drain regions 220 and 230.




10

15

20

25

30

35

As illustrated in Fig. 5 gate electrode 510 and gate
el ectrode 520 are physically and electrically

waepanaer from each other. I n accordance w t hPEIRUS2003/032662
exenpl ary enbodi nent of the present invention, each of
the gate electrodes 510 and 520 may be separately
bi ased with different voltages when used in a circuit.

sacnf}‘:{lf_% om&ﬁﬂﬁéﬁ& iy thErHe rénRl@IP@Ad @it dal oRideayed g50tne bg @b as illustrated
an

ate el ectrodes
inFig. oy GHSBEPH 0 18y PSR B9 DR BT PR DOHR B Rish FgFeT meybe
form&EFinOh i@ dro RigeﬂlD e tﬂlﬂﬁl ma‘ﬁhm Tredin 624 in gpck e RinBiinwil bavep tensile
s‘[rau%j %%ﬁ)l gg %\II%[%}?L o't %an?(S ﬁg lelf]be Z‘-ﬁlcgzrstoﬁd B}Sth(%e g&ﬁé@ anhegaﬂt e

second gate 4
The gra@ther preplemeqtaifons, a’y“JeFETs»z@ a(frﬂlygélcldgi gats dnan e depige- sSHF%FmPET

may ﬁaHJE fnﬁﬁc%ﬁ)of&ted fredl gack %a?t@ﬁove@e{ &l&lslﬂ&fﬁ d%ﬁdﬁbl@ﬁfé&ldﬁd &Tps @ewiisea proper

i ncreased chann g‘f forf
st AP S FE b8 BHP S QBUD I T S TR R cspyg for foming
FinFET mth?&ﬁuym;cldadl el IRei'eﬁingl totFipe7 4l ideli® 00 indudeaipfid 40, sbdrgetregion 720, and
1Q. dur, s
dralr%i%on%g) Sl}]ﬁﬁ?egers es mi@yf (?m%% gesgrg)ef &b%%ge\ﬂ& resa—e!&eto 9%E §9B. A

SO e y separa
shovaFigra, fneg/16 @pyam@{td@ layoplokidesean) 71(0\ppc§igatq~%(§i9 éﬁ)tspwn(a%& 3e§1hcon structure.
Fin Ab 8% 38684 é&%@&%&@@o@%&%@n the particul ar

circuit requirenments of device

S a .
doub |Aeth1§a9lé8ﬂ§9? laer u?oémes Podeposted ‘%nﬁ‘l‘?rﬁégé & PO @#1 (e yhen a thick
bottdiw'ntufé@ecﬁ\ber(BAﬂ{C) 1@@15’1 70 hay ®Slemgip0.3:€ chotvo indiig V2 nThe@rtategion and contacts

780 IFWQEGH e ﬁé’t‘{h erne and Q&e&' Qs sh%ﬁl%oﬁlqgleq?)ggh Cﬂin nection. 25

accorda I nvention, a
doubl Seurgfaztné d@nm@@ﬁs a?@\andcﬂéo 8y Heommdmlﬂl png Wighoutgeppying the BARC
layei9Ab. Efhub, theldbints RO R be k6 PeOBY @ B ARTEIaREVI0ERm penetrating into the channel
Advant ageously, the resulting structure exhibits good
CesHolP: channel behavior. In addition, the present
| nv erHARIayer TOInGe Be removed asiabk folysikidob 17601 it fplipsidriccéi e a metal gate

780, a %\ﬁkﬁg? a%%r%gjg l1“[1]6t %te%@%{ﬁ ‘?fd £ %150 1 ﬁ&&%&l 49 magQ_LEfBlar to that

ntations, it may be
deSCd@élabcabW@IFWethdiﬁté tenS| le strain in the f| n of a

Fi NFE] the Fle@Sus desBriniBhd, sirots sp&Hic 384ls |a1@ R& fdrh] sustas @fednﬂngmatenals
the induction of tensile str.

structyrgs;ch cess r T (? C#ho h u Iglerrlandrllg F tge sent 1nvent10n
S PRI Poes P S ABHE AR Proredr P e PrEedit e PrventT o

Howlevef) .the@Asdnt inveatianabre® ptahized vidogrsethg to the gfecific details set forth herem In
othet?' %!En?a? ﬂ%g choQJn %%é/shﬁ%*’s ﬁcglges hﬁ\?l%gtg}'e% X({ég:relﬂe‘(a nF (%f(:)gull 112l é‘cel?r n%t fb ’
unn@aesﬁqnh oggre ﬂﬂaﬁausmf ﬂ‘BIP@enE:‘&‘ﬁmB’BO El ements 610- 630 nmay

b e f thgﬁﬂle@ﬁc A %ﬂﬁdﬂ&ﬂa}@@ Qe 1n%a§1ﬁfacﬁ:@ﬁ@€§‘ehucbﬁﬂu&b1@iﬁv1ce in accordance
-2B. Fin m.or

w1théla§r?bqsqji151me&?]on6im l§’|dF1?0818ﬂ g%?,?ave&téolpﬁé n;iom%m t%%}iuﬁuesn I U example metallization
techsiques, isdch ad vatiovs yodef CHY erocest invmginglew pressruedlVIDY(LEE \GNrandayhanced
in Fig. 6B. Gowng the thick (e.g.,
cv 2@%@8‘8& 2? ngih }Ml’]fl cial oxide | a¥er 640 maly i nduce a )
t ensi The pistepteinyention isrepplicgegn thy Frentagsusiys o5 ¢yl gatay gsonductor devices
and E’Qo{ﬂld%zig @ﬁ#@ﬁ%ﬁ& with A6sigh fdaatefibf 100hrAl endlbalyer Tlﬁlb&seﬁl’al‘ylventlon is

applBébI%tP g\%ﬁ rm%ilgn Ptid any, gl/laréc{u%tapes oﬁ,]s a'tcgndl? X gev&ga% Xned hel%ce (c)ietg.‘?)flave not been
set f6rB0n brelgr td dveid obxeurthe e girtsed the yesentt ifventfop.nIn@ROticing theipepognt inygntion,
conv,gntg)nal gl%tollﬁloga%%% k?eﬁtﬁné n&y a_ﬁéﬁe%pi;olglér?%ciz gc%lci Ehg E%&H stuéhnechmques
havq?i}otheEﬂseW’lltf} het?awéd@éaﬂt ensile strain, inparting

qual i @dlﬁtﬁe ﬁgr&eﬁéa%mgédﬂneﬁg Qf thdv@dentn Iaﬁd drew eHABlGIeSIf QOekrsdatlity are shown

t hose s .n the art
and described in t lﬁ'le present disclosure. Ite}s to be understood that the invention is capable of use in various

6



5 1n other inplenentations, a FinFET with a fully
silicided gate may be desired. Such a FinFET nay have
wa@eoodneepor at ed nmetal gate that renpves a pol BSI/US0031032662

depl etion effect and hel ps to achi eve a proper
t hreshol d voltage for the FinFET. Figs. 7A and 7B are
views illustrating exenplary processing for formng a
othercbFiEaliotdadd enRrdhibdidand is Apab16leranogitit fions Rexthi@ e isdbge $f@hefmivgntive concept
7A, devjce 700 includes a fin 710, source region 720,
asexgieifed R n regi on 730. These layers/structures may be
fornmed as descri bed above with respect to Figs. 1-2B.
As 10 shown in Fig. 7B, fin 710 may include a top
oxi de cap 740 and gate oxide 750 surrounding a silicon
structure. Fin 710 may be forned on a buried oxide
(BOX) layer 705. A thin polysilicon |ayer 760 may be
deposited on the fin 710, as shown in Fig. 7C. Then a
thick bottomantireflective (BARC) |ayer 770 may be
deposited, as shown in Fig. 7D. The gate regi on and
contacts 780 may then be patterned and etched as
shown fromthe top in Fig. 7E. 15 Source and drain
regions 720 and 730 nay be inplanted with ions w thout
renovi ng the BARC |ayer 770. Thus, the dopants used
w || be stopped by the BARC | ayer 770 from penetrating
into the channel (e.g., fin 710). BARC | ayer 770 may
be renoved, and the polysilicon 760 is fully silicided
to forma netal gate 780, as illustrated in Figs. 7E
and 7F. The gate material 710 may al so be pl anari zed
in a manner simlar to that 20 described above with
respect to Fig. 4. 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. However, the present invention
can be practiced without resorting to the specific
details set forth herein. In other instances, well
known processing structures have not been described in
detail, in order not to 25 unnecessarily obscure the
thrust of the present invention. The dielectric and
conductive layers used in manufacturing a
sem conduct or device in accordance wth the present
i nvention can be deposited by conventional deposition
techni ques. For exanple, netallization techniques,
such as various types of CVD processes, including | ow
pressure CVD (LPCVD) and enhanced CVD (ECVD) can be
enpl oyed. 30 The present invention is applicable in
t he manufacturing of doubl e-gate sem conductor devices
and particularly in FinFET devices with design
features of 100 nm and bel ow. The present invention is
applicable to the formati on of any of various types of
sem conduct or devi ces, and hence, details have not
been set forth in order to avoid obscuring the thrust
of the present invention. In practicing the present
i nvention, conventional photolithographic and etching
techni ques are enpl oyed and, hence, the details of
such techni ques 35 have not been set forth herein in
detail. Only the preferred enbodi nents of the
invention and a few exanples of its versatility are
shown and described in the present disclosure. It is
to be understood that the invention is capable of use

in various
7
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6 WO 2004/ 044992 PCT/ US2003/ 032662 ot her conbi nati ons

and environnents and is capable of nodifications
wowdohiomovhe scope of the inventive concept asPCT/US2003/032662

expressed herein. 7 WD 2004/ 044992 PCT/ US2003/ 032662

WHAT IS CLAIMED I S: 1. A sem conductor device (100),

conprising: a substrate (110); an insulating |ayer

(120 argedamies ke substrate (110); a fin (210)

forned on the insulatin I% er[%lzo and including a

plurdlity of“%”f“‘é‘@d‘écfﬂ‘fleé’%ég n"8"¥%Sp 5 surface; a

firstagatae ((1480) forned on the insulating |ayer (120)

proxi mate .tq o lurali jde surfaces of the

fin f‘?‘fﬁ’%?nggwarngzog;eoggﬁdo ngljlaetS&eb\étfa?le;(&)@’f ormed on the

i nsuk &b (24@) féraydon telimOtingdgyerr(2A0panfl finsylineplprplity of siglg pusfaces and a top
aurfaked10) and proxi mate to-another one of plurality of

side surfaces of the fin (210). 1Q 2. The rurality of sid

semi &&rbUP) gl crth ngpeyes {129) AoEimai &y e AT Rty of side
surfa&e8 6QRking2M08 af?20) is forned at an opposite side of

the fin (210 romthe first gate

sem &8% @%1?);42§Péf(\’/r|{n8(seor’(t%155)u%%?gq %?'%ra(idr(r)?l%ggrﬁé?nél Eﬁ{shggw (#10)and
proxifriate &t anethed osef plelity af séks syrpded of theffg210).espect i vel y

include first and second gate contacts (510, 520). 15

4. The sem conductor device (100). of claiml1, furt .

conpPi si ng: The ysmisprgestendevie (bq%é?fé%{“ﬂ here ??COC%?(SE) A8 i formed
at anloSRRARGIE Vabeyinf(DIONRSh @b BRgataopl ural ity of side

surfaces of the fin (210), wherein the first and

second gates' (410, 420) respectively abut different

ones 3of t he Tpé semizbidugtorgievicedi G9) efetaint 3 Whergia g fisang yecond gates (410,
420) PesptNBly SRMEEARIMEE Pna SRVofEerd 3R03200f claim 1, further

conprising: a dielectric |ayer (140) conprising at

| east one of a nitride and an oxide forned over the

top 4sur f acerhefenkddsiutbrie(id(000) vivirinel, furthertcopprsingf ace of

he diel LiGed 0 i ces of the
t he al(pﬁ"iag‘ﬁ'fog (Iilgélﬁcg?cé%%rg églﬂ} rzslptgzg\éetlygygmtﬁﬁ 51&%9&3 opﬁféalljé}g? éltlé Justh f th

gate - Sur ) e sec »
fin (710R Gherein &e Srstred mermil stds\410gBPaprarctivepzbg diffsrepeanpis the plurality of

dieleIRPHfALE . Ng a sem conductor device (100),
conprising: providing an insulating |ayer (120) on a
substrate (110); formng a fin structure (210) on the
i nsulsati ng |y edmidoddiOprs detibes(160) bf chlim Ldtrtereohpisy:

I ncl uaddie?eguig lagzelr %1%6) comprising at least one of a nitride and an oxide formed over the top
surface of the fin (210, wherein a top surface of the dielectric layer (140), a top surface of the first gate (410),

and a top surface of the second gate (420) are substantially coplanar.

6. A method of manufacturing a semiconductor device (100), comprising:

providing an insulating layer (120) on a substrate (110);

forming a fin structure (210) on the insulating layer (120), the fin structure (210) including a first
side surface, a second side surface, and a top surface;

forming source and drain regions (220, 230) at ends of the fin structure (210);

depositing a gate material (320) over the fin structure (210), the gate material (310) surrounding
the top surface and the first and second side surfaces;

etching the gate material (320) to form a first gate electrode (410) and a second gate electrode
(420) on opposite sides of the fin (210); and

planarizing the deposited gate material (320) proximate to the fin.
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20

side surface, a second side surface, and a top

surface; formng source and drain regions (220, 230)
w@rooghd®Inf the fin structure (210); 30 deposiPCHYSH03/032662

gate material (320) over the fin structure (210), the

gate material (310) surrounding the top surface and

the first and second side surfaces; etching the gate

mat eri al (320) to forma first gate el ectrode (410)

and a second eIectro %1 on opposite sides

of tHe fin ﬁ% thod pf efaim 6, tither 998 e deposited gate

mat erforadng @ Bﬁlec)tncpayaxun@toeer e tdp l@fatd of the fid StruBudA(210), wherein the
1an291n41/n84 992 PCT/ US2003/ 032662 7. The nethod of claim
pang e Urt ner conprising: formng a dielectric |ayer

( 140)polcsmeg the gate matqnialgB20p seoibat of gatetyetefipli(326} remeips pbeve (R Rdectric layer
(qoppherein the planarizing includes: 5 polishing the

gate material (320) so that no gate nmaterial (320)

remai ns above the dielectric layer (140). 8. A

sem gonduct o seiRwidG@or(dda€)(100), nlellumdg' erbgbs&ats ube)t dndiis@lating layer (120)

form(gd1 nQIEe su Qate( q%l aactonc{] gwle ? X @{i(i))\(;oe 203 on tlzeélfﬁ n1g(1)aly% gz%é ﬁat% ?llelectnc

layers @sQ)Iffa:mpd@ 81da§¢eiiaceé Qizme) com@xatve fig) (2étl>)e@t1 p first gateglpetrode (4300 @)rmed on the

1nsu1£t91% fﬁ?&i f(@.6), ﬁlle ﬂﬁt g%férefe%g§ (4@6) dk{lﬁed%%%ﬁ%de‘b?th@ !:Jﬁdl(cg\geQ')n 1(210) adjacent
gate electrode (410) fornmed on th

Om”#ﬁ§@F%@ﬂﬁﬁ“ﬂ%@%F”?H?BV““FHEH#P?st gat e eIectrode (410)
di sp @S@dndcyﬁte aledtiois® 10 isderned oﬂthtﬁnsﬁam@uzﬁﬁm (VB), fitieBechRilddfe electrode

(420?(%%?%3‘0 n an. ogpgﬁlte%fde H}Eet c%a(}augtévg ﬁrg L ta(ri ! c%nt arl(}{he one(é)?&ie(' %aieocslelecmc layers

(3Kﬂ%ﬂﬂwﬂﬂBMH@mnmheﬁﬁg@mﬂqmwhgﬂphyer (120) t he second

gate el ectrode (420) disposed on an opposite side of

t he conductlve fin ad] acent _anot her one of the

gat e °di el ectIPf emvcagﬂ@ft%f eyiee1#0) oflyins S Bgr CAPRRISTES r om

t he fai Idfe&tmcgﬁf) €l140) feried odea Ibﬁliﬁ)ce oflihe &ndu'Eh\e fin (210) wherein neither of the
first %a?en‘ieglroﬁg ﬁﬁ&) and tgee s\é%: C %t? %ec%:r%c% (AEZ§ 466£Cn br Jle leiclzgxrc ca (%40%)

surface of the conductlve fln (210), mhereln nei t her

of the firshe Qzﬁﬁc@nﬁ&t&%ﬁ&@ﬁ)oaéﬂeﬁh ARMertiNBp SEHOI O HAE gate

ct rode xtend over. t dielectric c
ccci5g G s S e SHUTEL D I Y (P Gt Sgaly chtanr
wherein top surfaces of the first gate electrode
(410) , the second gate el ectrode (420), and the
di el ectric cap (140) are substantially coplanar. 9



