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WD 2008/ 011144 PCT/ US2007/ 016453 SO DEVI CE AND

METHOD FOR | TS FABRI CATI ON TECHNI CAL FI ELD [ 00011 The
wonresani4ynventi on generally relates to a sem eomai$sedoon16453

on insulator (SO) device and to nethods for

fabricating such a device, and nore particularly to

SO devices and to nethods for fabricating SO devices

5 including a discharge path for a decoupling

capaci tor. BACKGROUND (0002] The r|t of pr esent

day i nt egr at edPtPFEGFrEYES O%FQRI'H% My usi ng

a plurality of interconnected field effect

transi stors (FETs), al sOESHNIGAL RELBI oxi de

sem conductor field effect transistors (MOSFETs or
[000MOS THeqinG et indéntipn gehbrellyl rélatetd @ seisitkabikeor b8 insREorYSON Gevice and to methods

for f?oq{cﬂmg st @Ql@\%e %:rﬁ;\[)%éél%j %al.tl)[ t%ré%'l ﬁév?ceiﬁggfo gngtggdz g(}%)bn?%ng SOl devices

anne ransistors or
‘“C'“id’é‘g{aﬂ'é??a'igéf’aél?f“éﬁidﬁc?}‘pé’ég“apaé’équl ementary MOS or CMOS
circuit. Certain inprovenents in performnce of MOS
| Cs can be realized by fBACKGROWED MOS transistors in
a thin layer of semi conductor material overlying an
[0002)NS UT 1t Bdjorditd \o€ fpreséati @y &Ge@ilafeﬂ n:dblﬁtE QszP Bre |h15§hi'3ri?$d05y using a plurality of

mtergo%c ed % éﬂl:ea%alnsﬁugg %PE é) ﬁlso caeﬁnp ctal oxu?e iemlco?ch\é\ﬁr 8 1d effect transistors

Oéunc I on_capacli tance an an operate
(MOSTRss MOS0 THHISS oSt RSP e o P robitns! FEBFAMSR ransstors o
PFETH encSGchdnaey EETaMBIONta@si0es DESEEIE) 4nd ther TPl ietaniefetrbiEto as a complementary

Mosﬂ&stlﬁ@g c:lr&.htr %ﬂém le]ﬂQ\tehlgﬁs 1rfpemﬁcre o@fM(yéj lds%glg bv,bHﬁﬁk%& by forming the

MO?tﬁa glsatorg gn\ﬂc xgxgaey%xt Csi?ntggo&?\? g%gng %tﬂgerlg]%};{ I&lgfn?ul%t%r\ 2 &F’f(:h semiconductor on
insulgthe (SEB) M@éérab‘tﬁ‘sfesfwmymplﬁcdxwie lowfep junetion repipagitange Ajid chence can operate at
highBldpeedsa V, bus, a V,, bus, and the |ike, and may

i ncl ude busses coupled to external power sources as

[000%' | T@%@g %@ﬁtoﬁ%ﬂle@% &19 olnriﬁeeg(ﬁqwey are %anﬁgcgg t(p{mphement the desired
trél? r.nal | é‘ﬂ% tered pover sources. As used herein

Siret YR VHRPIBER! ValiE® PR e cRBefdl'e “PRIOPIYS dayt5pY g gRver tose devices

as refjirsd bbathelmtcwefumtioa Vielvbitaapipisyes tnay exlodsr fradxamplewilo buas: Ve bus, a Vg bus,

and thé) tﬂ&[ ﬂﬂ|mal9li&ﬁﬁ§ buss coPleh %teﬂﬁﬂ[ﬁﬁvei ﬁv{nﬁ&eas Glefi Qstﬁugse%o%pled to internally
e O 1, 0N

genex%he% o? gntemaﬂ{; e{eﬁlgprowgrl s%grgegsl B ljsuse el‘epng fhe term: ur ce olrls S2’1ndn'k « bus" as well as
"VO‘%&?H"%"@PC’ 1 liks Vitlsapip gcratermalns Pt |aa1nr°ylah@sqeh eASYAFipwsHiogRg in the circuit are
elthesqjeedd @fdisthaezed driring mab@thtion fokH cirsuid, he k@@8EMssed M@t source or sink current to
thosd R E%Qﬁy .ﬁﬁhess@'i’wh%grlgeed thh§inl%§ﬂa£9 citcttd ﬁ&gasg}/th@reQMr%ment of sourcing
orsugcm gr?e% Iu% ar. cI Car} i ca t ﬁaé aﬁlﬁ gs glr; ?th d f

L SULRT o R & AR PR Fﬁ’a f SR OB ‘{sr?gcabﬁ% f {ahgigg inductance o
the biy clp hgs b@%ﬂmﬁfpma@éﬂcq 0 picadesowptivneapicitory besapradie tyssss to avoid logic errors
that ﬁ@ﬁt\w edusdd sy tRUSBRS sdilks. ard? leydepE@uSh ®Edupline ﬁ&cﬁdﬁ@&an B2 @hhected between
the dd arﬁe\p Sﬁgsep yTlﬁe@ce déégjph?ggce(aﬁa%g&b Gt 1c9{ly & gsgﬂmdea’long Lghehength of the busses.

ecou 1 capaclitors ca con
The dppiah e yal Wé%gece%@"ﬁfeeam Cﬁé‘c‘f?ésp‘ﬁ’& 6 P'éteaf e capacitor ormed
by the ypncmbtenal died ta fobuthe dataleprigpde hitthé MG thangtors, ke dihes $E:. of the capacitor

formdd By @[ﬁﬂﬁlﬁh{yocfoﬁecﬁfegio@%“ﬁ\k st %l‘ BRY 1B %Qﬁ:@é@rséda%tlggo{hmo plates of the
capais }Vde% hac 91 with one plate of the capacitor
pac%l or ormci: % € tg?%e 1e ecﬁ,éc

material used to formthe gate

el ectrode of the MOS transistors, the other plate of _
"’“"‘tlhe Qo pERBlemgpat cptfesdheyjeld pnd rrishiling f s dpfestatedaficwihcan gocur when using
such tMI@S SiphcilossyBrthe a¢vcluptifie chhatbt Hetnetn 8@ BuisieR] ThE @robld occurs because
sufﬁ&én@t:t%?geq,fan ﬁ)&ﬁl 61391 g@ﬁ@&ﬂ& m’nng q{b%opr {hg q? g@kﬁlse ﬁ destructive discharge

di el ectrjc. + g lemthat can a

through é*te&a&ﬁﬁa“r%? ‘?% ?‘?fv‘ hig F?é°bf"ﬁ‘t Regmaee dRPTe % ety sies shrink and
especipdly g the\knéchnagsaf| rqtg: gawg lg@h:ctmqgasp'atqudo The ehgrze hald up results from one or more

decoupl i ng capacitors between voltage busses. The

probl em occurs because sufficient charge can build up

on a capacitor during fabrication of the IC to cause a

destructive discharge through the capacitor

dielectric material. This problem becones nore severe

as device sizes shrink and
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| ayer is reduced. The charge build up results from one
wonroosanei441 WO 2008/ 011144 PCT/ US2007/ 016453 oPCrhrs2007/016453

pl asma deposition and/or etching steps that are used

to deposit and/or etch the interlayer dielectric

materials and the netals or other conductors used in

the final steps in fabricating the i nt egrated
of thé: i;l%s\%x?% dAeposmo 1ee6tc gorsge glay %rﬁ d t? g?;%%ﬂt Bncpcg a{:{.c% nthe mter[F]yer dielectric
matertatgsnd Heppelesr qﬂWatonév@rrSdlgedt iy the 6\@% F‘Fll}e‘t tawa@fgﬁ@ctt%?d circuits.

charge build up on decoupling capacitors. In addition,
[0005k t  iAScordingli€ Si fsalebi@ble Qo provMt e MY hatls ahdmefhaddr foc &ibiiewgng such MOS
devxc@sr]taa$qvcagse }{xh Ql@sﬂl-uaﬂg hr&%oc!fpc‘?&@é §t§lddtﬁ)cay@cb%gn§ @ag?cgtbltsorlﬁ addition, it is

I SC rotectin ecou

dematep‘a@mv@resmeﬂr%? f‘ﬁef'f“t?ﬁ? e aatsﬁ’é rdetitees%?tatm°a’°faéeét<§?°é%‘m§rfapﬂmfs and a
discharixapait t or i gdtectisg Ghe dbeughing s@prcitarsn v e Frihenmowy, | dtheh glegirble features and

charaﬁ%%s%%e pfé-s’emt hb&m&y Qﬁl%é@&tapga%natﬂ)rﬁ %e?@l%@iubxﬂhbt@iféd%@ﬁnptxon and the
I n conunctli O

appeng%%%%gﬁ%e?wax capjgwtlﬁrbgnt ﬁa acicngpanP% grgtimrr]las é}h ftore%ﬂmhg technical field and
backgiquad.d and background. 10 BRI EF SUMVARY 100061 A

silicon on insulator (SO) device that includes an MOS

capaci tor coupl ed bet wesRIEFRSUMMgARFUSSes and for ned

in a nonocrystalline sem conductor |ayer overlying an

[0006} NS lA sﬂtc@ﬁ od ﬁé‘tﬂaﬁorm) Ve maﬁﬁﬁﬁé@imos Uzﬂﬁ&lfoaldﬂple& Between voltage busses -
evl ¢ e ncl.udes eas

and fi d’mec}/ ‘H monocrsysghm semxcan uctsr Iayer ovezq%n(xﬁ an xrt\s!txla nl%yeﬁ a d?ﬁtserfucgnductor substrate
is propides: ’6@ depieg mﬂu@batéﬁstph@lmalégggfﬁepﬁp for W@am potentially harmful charge
build GpPEGE MOS ch@sited. TRIMUOS tapatotaet tdnddavemicesde alatefig FoFmig a first plate of

the Mg)sf Aaga%torpat@t@ n%tﬁ%%otéaeegtm %%%Jr,%tana@ 9111@6?: lEﬁPWnlearﬂythe conductive

nmongcrystal line silicon ‘]«P¥ﬁ
cectp palep il TSR AR oA Nt IR CRte ™ RREPIS o el g oapaciorand to
an eleg@icd nidciprgatpath tikodghragtiody dirmedym thrusmicgndugtomdubgrate At dgeond voltage bus is

coupibd b e sRbit fatObf lh@pacidppaci tor and to an el ectri cal
di scharge path through a d| ode forned in the

[0007iem CI%%Q(HZF Is rov?&é? %{grn%; 1xtm§ a s?li%glpﬁ Yngb‘titgtg%ol?)ué;evfcg‘ th t7 ]nclxdes a silicon

o the seco e capacitor.
b o] SPFBIPELR PEIE PRHTE HPTE: S8 Torpgpge Shodn lyer overbing

the bunieg Uhsatawr 1{y8O Thedwsthalecomipeites,i in @bagdiasre aviti ¢ne corodi@ént of the invention,

fomﬁglbatetéaﬁ@.sola.otauég&ctxteﬁts@l tdoGdh th@ﬁas:roc@mnteydemgotdaam layer to the buried
con. subst ne, _silicon

msulaéor lalyFr .An opex{l%ns Btchcd%o ex.tend t aulgg {h\é% ﬁzcmc 1scr.lﬁtlon I{%gtlcﬁl aad %%uned insulator
layer tspipAst %@@ﬂomoﬁ t*ﬁé%?%ﬁ‘ﬁé’éswttaﬁ d H%“@?Fﬁ‘béﬁrﬁ%‘rﬂf thg perpigpgductor substrate is
doped RAR Minpities tof @M1 GNGustki@l o4 irC the SOhRbidotlorr @fs@R. A portion of the

mono%gtﬁmlswlﬁﬁﬂg&g;}& 1‘@ @oﬂgp Q'QH fnyp%]:lﬁldlabaﬂé t§§3m1 G ?ipngtht: Of a capacitor and an

uri e I NSu open

a t
ms“laé‘trd??é%l‘Stf8"’é"51t°é?ﬂi""tgtﬂ’%ﬂ‘§ﬁ°“t% ﬂ‘“uf"g'i‘ ‘a'ft?lf“ée ?eglbclog uft rhlayer. A conductive
electrpdegs ormedmpdertvig tsinsulatdr Jayes ¢d Btros secq)rg)p@te qfdxee:ﬂmglgg & first bus is coupled
to theP§2bdrd Phutdbef théCaps@idh NG Uket @bdeSHA Sst@h® busIHR0PIRAS @ first plate of the
grtlon of the sem conductor substrate is 25 doped
th inpurities to forma PN junction diode in the

sentconductor substrate. ortion of the
nonocrystal | i ne s@ﬁ#@&ﬁﬁﬁ%?%ﬁnf9§3PE£@“6955§ with
impurity dopants to forma first plate of a capacitor
[0008hnd Thn prepent iriverttion Wilh pereindfigr pe deperébed e epnjunpiépnt Wigh the following drawing
figurel, Gl Hede ANk hunidhds FRRORNeLEald, atBvigeRm conduct or | ayer. A

conductive electrode is fornmed overlying the
[0009h ns lﬂ@tl Qﬁustl.rﬁéé p&rﬁal RS dor, g%@rﬂgn @a%k&- agfde&)nﬁmg capacnor and

capaci t irst bus is coupled to the second plate

of the capaC|tor and to the diode and a second bus is

coupled to the first plate of the 30 capacitor. BRI EF

DESCRI PTI ON OF THE DRAW NGS [90081 The present

invention will hereinafter be described in conjunction

with the foll ow ng draw ng

capac
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figures, wherein |ike nunerals denote |ike el enents,

and wherein [00091 FIG | illustrates, in partial

wonoesisaeti on, a portion of a prior art decoupCTng2007/016453

capacitor; and 2 WD 2008/011144 PCT/ US2007/ 016453

100101 FIG 2-11 illustrate, in cross section, nethod

steps for fabricating an SO integrated circuit in

accordance with various enbodi nents of the invention.

DETAI LED DESCRI PTI ON 100111 The fol |l owi ng detail ed. o
[001¢Je 5 cFIGp il brillysEateygp e1ops Eegtippmathod piepsifat frprcatingdan SO fptegrated circuit in
accotdBiice Wil chrib@s dribbdinerdtd 1 theInviemisent i on or the application

and uses of the invention. Furthernore, there is no

intention to be bound Bye@OVeD BESFEPPREy Or | nplied
theory presented in the preceding technical field,

IOOIQaCkﬂ{ % Ongbn{e%gﬁfizcies m’r%)rny li meTef he mpl?rlélnp }%nﬂ'g a d‘3 %o{ iggnded to limit the

escription In partia
inventiop Q’Sth'é eRpliraen and|uesroh ths iypntignc Sﬁ’ﬁ}‘é‘?ﬂoi“‘@ thare iy Biepianig be bound by any
expr&&das | ilnplfed ShdotiCpreerred F0the Iim:bﬁmgr’t‘écﬁdlcdlrﬁeﬂ pﬂ:kgrblmd bief ummary or the
fouoglng'd&&i%dﬁ&cﬁﬁwl ator (SA) integrated circuit (1Q)

evi ce structure. Such an IC 10 structure m ght

0o 65k el 1 Forsr Tt B of TR P ppine copaciorscure
20 inppigphenidé i agpottigp ofyd silicen ulinswatdy ¢RIy ivteptatet cir@B (1§ devige structure. Such an IC
strucﬁli?qonﬂ@httnﬁﬁlucﬁ la @lugdityl dfQiseButed)) M@SQE@&&KQZ@ (@ﬁﬂ BhedfIwhich Ss illustrated), each of

whxct\ lmcrr?es a C‘JOé) Spqg% :Llh Eb&ﬁ&l%@G 2hdl Qfag%%torac[xeqe&nc%S g‘rflg ;El?]te 24 generally is formed

fromrt@hsaplﬁ gaterigfas prp ghe sate elewﬂﬁ(ﬂf ths M@} tsgnsister that mLa up the remainder of the IC.
Capagigdiaticgdclry A8Sgehapdllyaiel f@fned bths aime nmtted iusdd fus e ghordididegic of the MOS

transgﬁat'seof q{eQFe?‘SBﬁdng pl% 2B lfb%oé@of i {hﬁn%}eﬁﬁ@gﬁsﬂﬁgn t‘hm%vérges insulator 32 that, in
{fom at e

()
tam Gephed GHHAE D SUPTIL S| LU SEGP I NpHaon 1R 106 g is doped Neype.
Heavily derefl &g comrrtsGonidumst oy sef pligsimert twéth S platey 24, Hpodlita ehmpi¢ epnipct to layer 30.
An ihtbliay&t diedcirR B8 o s tBDcapicits el 4n8 edap@tly NofadéP e capacitors from other

layerls_lgprﬁéhjilleat%%ﬁﬁaq mwtée 4}8&&8‘ Cn}e?cog’nebt de\Q ggpthé e %ellufs sﬁL %WEEUS 40 is coupled

aeomcconac

to togpjates ?Aﬁ)y |“}?Eaglzfch"‘5?éﬁa°‘ﬂ‘f2efP@t?ti F c@exgxgs 64/ gquugtélgte{hwér dxelecmc 38. A bus such as
a V 0apak is taipled tte bittbinpds: Bty nekabizbd dodadts ¥8 fosmldab egninges0 through interfayer

diele&EP §§ 'aL(P E(ﬁlté{c{ll‘%nﬁ'p tcglﬁa{cts J6aY}er %ac‘ﬂf of QFJ é‘.lslck A q;lﬁrg%r t)h %Etallued contacts is

seneig ol MR e B 1 0 5P B S B <oy Al aplrsiy
of capgsiter] sfricitecs iceonrleddtetyvedrPthé tyorbpgesi and gysb nipagiior tactivies willdh found distributed
about ¢ Rfkayetirditel ectric 38. A bus such as 20 a V,, bus

46 is coupled to bottomplate 26 by netallized

[001%]0 nt ﬁ@g SZ f‘lslllilsggtgqg cxlo& s@cﬁ@p |eregl§d §Q)stf$}'r fQIH% éﬂhﬁ)ﬁ lo@;y @ercouphng capacitor
iele cLrj.c 38 an ch

52 a%npar{ P] B (g)g eog lgsugfotl %&%C?% &}1 teﬁ,éir%lrtlSIZSZlg acceg!ﬁxecg C\rfxgoh an embodlment of the
inverdione rlp |apoprdgnce dvithpan emhedimenfoefdthe dention. %e‘m@emmterfellsbb@ow decoupling
capadifdels1 i@udeeSP@atohy @sdhirgd @ttty ViR cRaAfRARd: bililds upbrSBe caPacitor or on any non-

groulpi}flc[dg‘llﬁ Il% Lcl:lrcq}clt &:ﬁangﬂoie%T%sctaﬁ We Eé%&? §1sLh§rggc9 Hyogvgg cl%gfuw@og:rl)f the capacitor

tor structur
aicep e g W f570 SMOS SBUER PEREDI HE At 2 Fe IS A Peial gt lectode and an

oxid¢ Bddd BduldidrOBat 2l Filli Hel usat thabighout| tp refergs snyseaiidonductonigvize that includes a

cond§diF P gard Qgctrt)&r (%Elﬁkr ?neap&t duRp c&ﬁucﬁvéiﬁ&@ﬂ@ltlﬁapg p@ﬁﬂﬂﬁd §WRF a gate insulator
n.on i nsul

Conedi Bt S i aBE e R 1 B R GUT T AT (e st In thes
illustrative prnfodiments rpnky e omadl anvetion it IOYIQnintseriaiodiicinqufit 530§ ilfubfeated, specifically the
portibf VAR dirds tnGMﬂJh@Ed%Gﬂlngﬁi;ﬁmfoni ¥ f@ﬁécﬂiﬁﬁaddjﬁﬁla& Pid Im-@hannel MOS transistor

(]\TM\AEQraﬁslls¥o%ran§ one g}t H\% Ogttrans?&‘?&m\?ﬁ; tra nsf§t8 a(lgn up ggps ﬁn Mle manufacture of

capaci tor or on any

CMQp Aevicgt o rf‘éF"n‘S‘ﬁ%‘“ japd g dn élrer Blgregt C&lh"fvrf@ 'BT”éfd@g?Pﬁ‘f@a‘cSé‘??s will only be
mentiy@edtafeBy herddh SGHRbg@GttddEnarvl mithohepbvidied thowelbifnotvh grocess details. Although

capacitor 30 dielectric. A theugh the term"MOS

device" properly refers to a device having a netal

gate el ectrode and an oxide gate insulator, that term

will be used throughout to refer to any sem conduct or

devi ce that includes a
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conductive gate el ectrode (whether netal or other
conductive material) that is positioned over a gate
wonsesilaian  (whet her oxi de or ot her insul at or) pemiusk907/016453

in turn, is positioned over a sem conductor substrate.

In these illustrative enbodinments only a small

portion of CMOS integrated circuit 53 is illustrated,

specifically the 35 portion of the circuit in mhich

decoupl i n itor 52 i n
i W BREG PERDT UG TERAEEEPRST &t QPP dit o8 menion is o
applidable lrathe EbriddDSh of sasisglesthamel( tIIGOS cavwt mmrpllcmllbwyted to co-pending

applicli&iF. 11N138 b, HRBIhAGk BF ©nid is inbIVpPutElRd) ir&r@enca lrfis Wilrdty.
knovvn and so, in the interest of brevity, many

l0014ﬁ 0 n t?art]e%l 11’1 ?{CE Bsthe m%tLod dn aéé?éagncT, 1SN E‘nlxe er;’l'x%gdxggr{t g; tbé/ invention begins by

provupp%a quon%@wbp}fag(’\‘és STha éqngfqngurcteop\gttbﬁmlﬁ pre@% a sﬂxcog substrate with a

mono2®883 1slikér 1&9@10%8%7dv&%@5a’3mbﬁbctyl§mlﬂnd $ilicds teardibd substrate 34.  As used

herelrﬁcl[\%gg}ng%mcolx ﬂ9 . J?lh Ggflo%h gtﬁi)stﬁlter QJM 'Be ds§d g%&%fnb&@ %e aéati@elr] pure or lightly
t e invention. s also ﬂ\%}lca

impurf FoRed BT ne ieP R BPE A TEIRLY Y B NER 1Py pdusipt o et o sitcon
admixgp plith Okt deminss gl Bt gedapiom crlve v iy fike pe Foro atlsntiafip monocrystalline

semxcgyﬂduétgigm%g%l tFlat? ek S h&&ﬂﬁ@n Yt Whthdub lilnfatloR CRE Qé?l‘aéﬂn@\ﬂ:tob)ﬁ-natenals will
ce,I1n IS en

generﬁFydae epen‘fch& lllFé?“hO dSlI 1cﬁ>nané%e61? %a%oenowAianlme sqlcon gead.io will be used in the
formagipn t)iﬁ‘é-cilaﬁgeé Bard b—ﬁhab@éM%S t[jsymstgs Y A @i cﬁ@m@mg capacitor 52 Monocrystalline
silicofs Gﬁﬁsﬁzﬂ@d@ﬁﬁcﬁtﬁdeﬁlﬂtﬁﬁﬁp’o&t for Mnocﬂi»bt&lhﬁéﬁiilﬁﬂmdyeﬁBOrand in accordance with an
embo§1 rﬁtJf Q};e mh%h:ﬂxr %IP F@PJeX £é tl?‘el *’ohﬁ’a@iﬁn of Q1§Jh£rgé BatﬂgI itop dl@chargmg potentially

m)nocrysta Ine sl con % f or ned @ 1¥ g bonded
deletartotriEs (Al PR SIePTRYR REPIC s MBRTT AP IR E 29 s bonded 1o
monobrest@iing, siliche ctrecrmgbdtrgi]el%dxymdlla]ylewﬂ vafer boglirlg apd thinning techniques with a

dielecitDfdufagd ayeWBi Lepgﬁmﬂ %%%&ﬁm@iﬂ&&ﬁ@%ﬁ&‘&ertah Qro&%&abéx'yg@llﬁte carrier substrate
34, ]glur e%ocwstﬁjila?ee srxhr.ér yeir 1s mn lto a use ss or}‘oF ru¥ SQ'(} QJO nano gters (nm) depending on

sem con
the cijenig fretiop bgigg mlqme&gd Sl?.qtlp o) Wono&@pﬁal}egqjsﬁwof ey epbthe monocrystallme silicon
carrie€ byBEIRRY FefErall ) hals a GRISTRIY ofl BY leaBEbbi 13580 thstphesqhdrk elntatrordance with one
emboBI% (%UtPeS En@@&tfoﬂlﬂluy s J}Pfé{zé{ S.SbaiL lulnﬂﬁxt% Qop%@ |']Q lﬁﬁg]?rﬁc&a‘rocrystalhne carrier

For ease descri ption

subsn]alieﬁﬁtlsd{np%y d({pﬁnéP éy@ﬁ] B’Gﬁﬁtﬂ%’f‘wmﬁ%{a&f I3%\’| tgnww Tx]lcon dioxide, preferably has a

thickigespé ptahl 5p-30@ nmef erred to herein as silicon materials.
Monocrystalline silicon layer 30 will be used in the

[0015) Or MR ohONeHhtiihe hanakt vabgly Regh@memeinodfsBiline ssnst®ihBlos substrate 54 can

be fogx’?‘ed t}lle ﬁﬁld%@ﬁr@&é@ I’ﬂg S@ﬁ@ﬁ n;cgsrs 155; welmmerO%Eélnll WhiEh oxygen ions are

on subsirate 34 provides a s

‘mp]aﬂrﬁ?w 6‘5‘? 375%‘% Fyrfarferegior joF 6??“‘1”337'@?‘“% 6‘1‘%9%05“[’?‘?‘5 adc o apygerystalline silicon
substrafetahd the impdanird @k ygemare gfbsaabratly heater td form a wibishrfdge silicon @xifipdielectric layer

32 thﬁtrhﬁ‘ccfrﬁilf}agcjl@& 18 u@iersﬁo?%gﬁ tHeadibktratk,08010hy2£ B@ IF8N@e remaining portion of
mono taﬁp ne sahcox s&b trzge %4? t efrgi%‘luvﬁ% p %F QS aﬁ%l’i:rl IQ) pdeﬁ%ﬂnmed try t{/le energy of the

capaci ine silicon

implagisd jogt b‘%fﬁﬁé‘dSSPS the msﬁe%vsy%loéwm tPFeS%‘u e Slcgiiy lopsgp? s commonly referred

to as Shildisd sxadedr WOLyandelil solon efured@berinbondi ng and t hi nni ng
techniques with a dielectric insulating |ayer 32

(00163 €P Madih ﬁgwa&rw&meamw fBsirate Isit ctsm,nétﬁaﬂaﬁ aé’eerdé,{c@ With one embodiment of
nonocr sta rigeL sbuqﬁc,tfr & 3
the 1%H8% : §'f T Ts Jnl‘l strate F 3 e o cgnho leleatnf lsolatlon regions 56-58 extending

I'cori 1 &
througthinerlopryaialinsf siligen uwerS%? tg @Gleﬁ&ﬁ @ﬁﬁt% BOX P n?hecpé?i@mﬁu igpfption regions are
prefei@bly fdri@ 83/ theowkdIt knbwiHallwirdnei 1§t@tlbiﬂ'(S|T Drenhied.in Boithtrdnkl@s are etched into
monor@%lzgﬁr(ey s‘cl’lggxll lalgg‘ejos lﬂlleltﬁgiﬁlleJ AY % (?’hedawgher 3 %{e}éétsgihl Js%posxted silicon

rrier substrate ave

dioxidegaddps gxpesy sitifon gioxide IrpmoyRth b Df 35S émﬁ%‘ kg, %ﬁéﬁ*‘e@a"rﬁfmsses that
can ba 0@0 ndfna thelTL.hvo direprocesyivedi noelwt degrfib¢dniere inverit. | lprthis Riusirative example

silicon layer 30 is inpurity doped N-type and

monocrystalline carrier substrate 34 is inpurity

doped P-type. Dielectric insulating |ayer 32,

typically silicon dioxide, preferably has a thickness

of about 50-200 run. 100151 As one alternative to the

mafer bondlng technlque nDnocrystalllne sen1conductor

o, = ' ~1 R o
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substrate and the inplanted oxygen are subsequently’

heated to forma sub-surface silicon oxide dielectric
wobaymro1132 that el ectrically isolates the uppePCpmISk00016453

of the substrate, SOT |ayer 30, fromthe remaining

portion of nonocrystalline silicon substrate 34. The

t hi ckness of SO |ayer 30 is determ ned by the energy

of the 30 inplanted ions. Regardl ess of the nethod

used to formthe SO |ayer, dielectric layer 32 is
only @siglsY-ghapnst MOSermsitiey 399 2cinglsRrbarnghYgS tgisiston@s angfjsingle decoupling
capavitor 52 widl Hedlluseftelr ITaehe bDskiiEh e Art wil0dbbdiatlzhat mghyprhevdedied may be needed
to ,réplé.%m £ QREUACHR RHORE n@tusméé,pmm?y SRk bihel wo@ﬁmglg@@ GEplurality of P-

e enbodi ne jnvent|on contj nues
cha QT PSB! F198 ro9y B AeE Rl TSP P AGPT4EDS BFPH STI regions (o
llusfraiqg) ganj t@rfom@g itaoprevidseel&sgice ysodatioh, g neetidqly w‘geh:n the various other devices of the

CMORERGH Htitb bé REnI ik 4rfAQA moRYBEaiBR diRoflagdr8gt ri ¢ | ayer
or BOX 32. The dielectric isolation regions are 35

[0019|r ef ﬁ‘xraﬁ&'réé %%f sp:%q Qﬁoélﬁ&t %J: i B&Qﬁ‘ﬂ‘ tl%!ﬂ}%l—t{’]g %o '&)f %mcntponﬂcr%’stallme silicon

es are et
ayes %?t‘zf“”eﬁ'b H’G’G?‘S}% s ESiep 56 aigh o &F dorsd N-ee- ¢ et frgg doing can be the

origiaal dorfing df datendi0] &t can Igh sebseqiitidepingliyoon iadplagtaidn o ghe like. Portion 60 of the thin

mongﬁﬂ{%lﬁfgéﬁﬁcsoﬁ 'rlzlykr%r}‘om‘g 'ﬂ%)ﬁbgﬁn pl?t@ gf Jer:‘zﬁl ﬁ?&%@f‘a@n& '5& ' ﬁlcﬁlﬂe manner portion 61
I OX

o T B S A SR OB BR R i Y o e doped N
Portiph 81 pilb be ysed rfectie domative of @sieetiatyet trimsister 2¢9. dRartign 63 ¢fnjayer 30 adjacent

dielektat &oﬁdxdn&%ﬁdn%icyﬁe&%mtﬁpc, for Welngi0 83100 ]-rﬂél-«ﬂ'ﬂatwn Portion 63 will be used for
the P g t191§%€ lbg%lgnn%? trz(l)nrgis O(f:;I B | e N- han ? that are ¥ot to fﬁf}we a particular

transi s anne ransi s
1mpl%prtﬁ5m%lca§ PR @P%e%@mﬁ?mqqdayerdg B%Rfcfrfsﬁf in Bg;ow‘mpcp wijl well known photol ithography
and joh inygdnragidretelchnifihas As dfustsked il FIiGN 3 taHgyeastdieldelrik mappfl &2 isdfbréned at least on

the stjxl?é%& p%ﬂ)’on%b r}ﬁ){f‘tlo?%w E{t;l& %0%63% tlﬁ%@ﬁ %gler t[ﬁelléc{t’f?:l rﬁa@?’ﬂi 6Zapreferab!y has a
C cul unctl
-2,

0]
wiciREE o el LB e rgpey BE hePrarpbgs T
formi/he epte dnraleist off Rehapnetitrensighti208] Nechangs! traesesmspo, g the capacitor dielectric of
capaGiRPSEL | It B 0ot neAERBtaH: Rgr\s2 bathdd for ANlee 83;/|1ce§ Gt B the ﬁi@l@&m’&layer could be
used fJ)r Sctalga@&ogg)elegtﬂp I%% (j; f?erBé;EFgelécg‘lcqﬁgy éogﬁ bg u&ed E‘r Ith%%late insulator of transistors.

i sol at |on as nee e varil ous

00 FreF ¢k Djfusipm faver s 4 thigt fviophibsips .tfsmtnanlbeethf Bt of ethod steps. The
dielegiricl materigtgarolsy igtnallyl groven silidoh dioridé fyeed BMheati@Giliédn thyer 30 in an oxidizing
ambidfi &P rcgla&cg déyo;,ired mexeamebmme gf,cok fb‘iyﬂntﬁ&@ rgﬁ,tn.&ﬁmtrhb eor a high dielectric

I con
cons%nt Jxelectrlc dsu ECE{ or tgrf g epOélbelg rrllsgiaﬁgg %?H d:te éi?XOSIéeﬁl l:B/ chemical vapor
depoawe@‘/l@)t Wevreswr@ cmntlgab éapelbiiqngsﬂ@a rLifevVPher plaimagénhapced chemical vapor
depotiGg (RBC'OD). | AR YiRisiraddd, lagdh 6ZR 8 dipsitetl RSE GHaBdEhosHOR theidifyttricQddlation regions
as wélfm L)QHIL ﬁ’ltﬂ‘l s‘?lQorQ faerB :L Ilal§§ "of E q));c §Qn]p(.59hcg£ oxtmbéa@é J‘ecﬂ'c@de forming material

monpocr sta l'ine silicon
is deﬁqsge[d edlé)@b ﬂ%ﬁ}l?lﬁglcd’%egell aflq)ls pgt?rnefl ip fpw%mﬁaﬁﬁéﬁ of decoupling capacitor
52, peatt ploviroge 202061 Philannalnd(QT ryrsis@t PA0nends k Ighte Giectraly 802 O N-channel MOS

transRRE WOEN Tolk %laﬁcftlé‘ctr&le' ﬁﬁlnﬁ’é kirid1 6gih dinafler aﬂadreéged:aﬁ for convenience of
descx];lpn%n blR%VthOOUQ ?mltatan yag gol}l]c a[lme s:Pcon gﬂthou%ose si?l m the é% WHF recognize that

Ion O ransi s
other) fagi%talssen alsy heeved- T eplxysiline siliencgep o dm@greé rlvy 56’12: @iNEPCVD by the
redudtion dOpitle RSiHYPEA 1hy@f of Xatphatk Bifteti0buéini ! aldboalokidd. silicon nitride, silicon
oxynFt’:QJet (l)r%lz l@g (n\M Illl]stlgéd)l'é§l?g$0fbg Eepo&gg o*tep PérQ)PpCQ cagahme silicon to aid in the

hanne ftransi st or . tirons o ayer
pﬂ“ea‘fné e etehige ok & gre %lecaa?Ef i Jﬁrr ZPIyarEstallipg) SO {5 FAR &, Ppfigmed using 2
pattema@k@@rdgyt lwepatdtcgmvng@nélayteqhttwgrap'iyotcomws arfd pilaama etching in a Cl or HBr/QO,

chenfir§. Ofnm&e%&tbd‘ﬂﬁ‘énl oleQQMntQh th@lwélt QQQFS%@ by for@x@cﬂon‘ tﬁ’erladges of top plate
64, gfitnplec%'%g?aioléo I fi téalet% g trgéj ﬁ?e s1dé\§:HIS sgac]grs can b&l} ‘ﬁ?’ 3 {sotrochally etching a

POt ar Tl orme
layertof éh@a PRige ailiegn nijdde; prohe 180 in ydlrknpwhmamer. Jhellaps of gpengr B3ning material is
of the SOT |ayer. Dielectric faterial 62 preferably
has a thickness of about 1-3 nm and nost preferably
has a thickness of about 1.5-2.0 nm Dielectric
material 62 forns the gate insulator of P-channel
tranS|stor 200 N-channel transi stor 300 and t he

o o a - . o ~ N e L,

&é%n}? ectric material 62
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200 andl or 300, but using layer 62 for all three
devices helps to mnim ze the nunber of nethod steps.
woheos/dirgectric material can be thermal |y growoT/US2007/016453

silicon dioxide formed by heating silicon layer 30 in

an oxidizing anbient or can be a deposited |ayer of

silicon oxide, silicon oxynitride, silicon nitride, or

a high di el ectric 25 constant dielectric such as

Hf SiO, or the like. Deposited insulators can
anisofRAiFAYY etehedblr erEmie | revamwn D STE) BYrg tGBf » quvV’ SFs chemistry to
remo tRS By GronReRtacilly Uarjrontalderfoss (the aaps L REREcryseHing biismrgeatures) and to

leave %%@P&qu&ﬁﬁﬁw %rtxc\élasgrcﬁces (@@Qﬁ@v\/aﬁlk Qﬂhe(pP E@f@llme’%ﬁxcon features).

| ustrat ed, Iayer IS a dep05|ted I ayer that
[0018gepg°§ {hﬁtéat hlf] :%L?% ﬁ Iatclgacg {Ae%gén?r% ﬂtnigtiq\ed %gouépg pog%n V\Félelectnc isolation

regiom ] and thegnderlying dicls¢tiiq lgysn 3Br I“@foﬁ’é‘?“c@ a’t%a atefEed ghediment of the invention a
secontl %EH:&Q?SWHEBJ k@hed thrSqu*&ﬁH)&iblﬁcﬁﬁi: ©61tn tdptonl any e @ferlying dielectric layer.

Althou%hetio%c;t rﬁrlmg% ﬂa g { I %9 gre s§ov~%qs LeeJt g&jg}o%glr L ggm% d&e%@mc isolation region,

e C O capacl
the t\g{ eRepipggar po otchyd o%éﬁwgte lmlotl FEgipas- SPB‘?‘“"‘%?)@“ ax&in’%f ae anisotropically
etched) pleferatiyefiresonle i@l hing. Rheatideenie laybrGin bt ractive Hherch@OOr example, using a

CF,, (Tﬁﬁ;, %F?cl@hxgﬂ r@ﬂ:ﬁm& 21 gﬂpws %'9@'{&’ tYl\é ;l.ulrfac!?:%? ﬁb%fy&t@lﬁnﬁ: silicon carrier

s o P VAT OmF Y o it HEGH b 0l ban e e,
examplk.tbiy @ pefternedh by Oﬁlfhowr@ﬁlhtl(nqt d’uftﬁt?dhr t will recognize that

other materials can also be used. The polycrystalline
[0019i | iAGaRo dRmstraka iIHPOS ibbed iddy orGter Bypt EQMIdtibiYy defegnining ions are implanted

throuél?gﬁéﬁiiﬁé 95‘ égfmcﬁéaleari)_e/ afrowd 49, - intd nlnoﬂyc%rsta@ifxe Qxﬂgo‘;{ £§§k substraté 34 to form a
terial SUCh as silicon oxid icon ni.t

conagi PR BEVORYT EPFERS O TG THRAT REUPPLEE plp 28 yfirected into thin
monogysial iessdictrelaybe po © fomrsonrge 204t dAne dt[aay’é@@ regifons of P-channel MOS transistor 200 of

mtegrﬁgl'] )ﬁ?dhﬂ 83, af He h(ﬁ‘JQmﬁlhrLtétﬁﬂ Bf th®so@icElardlirdil@giondad hfkdaibf Gndehih self aligned to
gate eqecfro %2 Pnd tBe assogla e 51 ew ts raggrse J Eeq‘ dg\gcl:eX gan)in%txrglsllelg Ia\?rmg the P-type ion

ayer can
1“¢“Bﬁ@¥ﬁ%@§ﬁ§ﬂw@HV@PfﬁﬁﬂmﬁﬁﬂvﬁﬁPﬁﬁﬁﬁl photol|thography
techni ques and plasnma etching in a d or HBr/02
[00203 he rHithéribyforelon afier reahplamaign efdodé FraftctiGly defemnijing iong fhegngh opening 75,
N—typ'éI Qﬁ‘d’t\f@{wnty SRRGBkise REs §\fcﬁ af Qfsgfﬁ‘(doxoﬁhowﬂ@uﬁ%eﬁlpl@xfted Bbugh opening 74 as

mdlczgnhdaby arrav(?rs4 174gag'¥lﬁxstrateg h%d ? %QPT -t r% tt|v1 r?( c&e?eCtILi%% lOn.f ?rg implanted into

rs can
m°“°e’tY€‘Hl'W96ﬂ&°'n€P"1'°ay‘&SW 34stp [forgig I‘bSYP%I@gm% 176 %3 rﬁ"fﬁ‘F Jd P’dé“ctw" diode 177
with @€ cdrfd@ shtistete. i The walel N-lypoion im@lanmeion call reused yoeformofons@acedms 68, 70 in self

ahgmtxg{t W&Ltjﬁé 5 gﬁte%ﬁ 'b@ tménha%tmgihmggg érggn:lﬁl)%thm monocrystalline snhcon layer 30 using

top pw ?46% ﬁxc\;galﬂgﬁceést Fs:qxér(\) t’r&r Ita%gxlél %{5 acl%_'g?vxfl)otéo e% 215[8 contact regions
facili@@oeheeririsalropntacy to thehm»ex Ridtreof| theydepouplingrpemsaiinst Ahthe atrpeytime that diode
regioh 076 aZ)@ Bdntakt rSdidnk 8,86 akcblifg foﬁ Ppldafed tttk&arﬁ@in)b&hﬁﬁdn&bﬂ\ bdBed to implant the

dram%'OJl S% rfcee ?lf6ur¢re%e/§ o"f;lﬂl r9|e1 8§“é~§ns%l3ﬁ3éoa (Qllqrnglant tion of the source and

dram;gﬁ?% fsylgztslgdpp' Ard @Fq ﬁegahgnfe%gxtagggégftrodi é%%)i tl}g‘g'lssomated s:dewa)l spacers 66.
Duririgl tha IS {typa ticxdmplanthtios. P-dhangd MOSashsian 00 pelnitieg regidng of the integrated circuit
can b@tngﬁ@&jmtlmv@x%hné f@r@k&ﬂxﬁ@wﬁf al g}e@bﬁﬁ&tf)ﬂeﬁst trﬁ)pllllﬂsttrb@a;
region 57 and the underlylng dielectric | ayer 3

[00213?13 g :] qua %Pﬁxg\gr\{\é tLee ré‘l%sn eho?orrers?sgla)?gtﬁle exﬁeﬂi rQlonsho?%sul?]tor leB'enl"]62 are removed
and, {npscqifaptectithy o ein%qnamt Shthe etgﬁe'e}wn amlﬁyecr HE sifitidreforging, g'etal such as nickel,
cobalf] iti@inR6: pdliedibidyee lthe likAlis diehIddpasithd @pent sgcilidk. e silicide forming metal is
depos(?tgc?% QQch? with &ne h&nwnnp‘ia%e@ %o@&& r}@gont I% odx'cgﬁ xteglgn 371 e |ons 68, 70 and

dielectric isola
polsesS T S GG R et B Sl A, 72y BYIE AL Bp QR g Fgions and sar
clectradd2025pf aM@Sang@Qrﬁ@@mga{e]l ys ingcorthas (Vith 'graenf:g)ﬂam sPutey 306 regions and gate
reactive ion etching. The diebPectric |layers can be
reactive ion etched, for exanple, using a 10 CF4,
CHF3, or SF6 chemistry. Opening 74 exposes a portion
98 of the surface of nonocrystalline silicon carrier
substrate 34 and openlng 75 exposes a portlon 99 of

. I o
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15 contact region 78 in the carrier substrate. The
sane P-type ion inplantation can also be directed into
wohes/omonecrystalline silicon |layer 30 to for mPewmwSe®7/016453

204 and drain 206 regi ons of P-channel MOS transi stor

200 of integrated circuit 53. The ion inplantation of

the source and drain regions is masked by and thus

self aligned to gate eI ectrode 202 and the associ at ed
clsil A o TYOS PR RES oo IR AE PR By B g e of sboue5-15 m.
The silgide forming piett Griegeds preferpbly t b karpempateed pboup 50 PG to cause the metal to
react ith DR 1si1R& Ve wREh Afdie Eoﬂtﬁﬁto'ffﬂﬂ ﬁ&&l&tlicﬁﬂ c@i‘tacﬂeélyﬂao and 82 on contact

reglorNg%]dl rtes Vct%é/lx,?aertneet%lrgligj ?gontacp Xc'4 on c:;o?l%g nﬁm n%e%? SlllClde contact 178 on

dxodeof«grcpﬂdé phesal glhaﬂfecqnm 88190 e@tyqrwaam@ ﬁﬂlwé?ﬂ Rigye 74 aladsmeta‘ silicide contacts
208 ahdglioCaat\edS Bynsidfof P¥nd 3¢B a8 31d dnlMGDS &tiBBtok BOOEHIGs iflustraidiin FIG. 6. The
metal'\lﬁe%txp S tCirQ ncgnltla%I l'v\(lix Fl}'ﬁcoqe%o? {gnlglque lngtglsthgtrl? déﬂm{e@%L% dielectric isolation

monocrystalline silicon carrjper su %trateh34 L0 O/H.SO
regrmrsmiqﬁ%mw&dyw thehepiig step gnd ipmoy g RESXMPRPY HR et in @ H202/HaSO, or
HNOgHOOeufidh/ Mam! silicitdy@nteas 209@nd 309l the aettceeleci?hré:s SAeS Kartsipors 200 and 300

maydlsg@eh;mtdaamh@gdnmmgan be used to form contact regions
8, 70 in self 25 alignment with top plate 64 by

[0022|1m n lér?‘ Qctco ?%c almoen %oéxmen |0P tge[ 1In|v 0801’16391. 1r(1)térlay?r dbelectlnc tmaterézﬂ layer 88 such as

silicop mgdéqrs @Z)hﬁm dlegchgglé? Igo(i'gngthggolycmqtathﬁ%p]éqqti apEs appa%lk%ded 198igns and to fill
openif@aMiahd 73 aped 88 MishbseqiahtiQihotbkxbpgeapBicallfy patidmet aideetaeig form openings 90
that e 1&0@&6 nim%@l)f H&d tsﬁgltie OQtaEtﬁ‘é?o l@? tSII Ol% F%'saioﬁ ﬂt) 3‘0@ €ind 310 as illustrated in FIG.

ecou acil t
7. e SR Lo B S CRger e o5 SR esomposiion o o
sourck mpleaa tvedt as tehrestiydomtbosiligpk GIHOMN dngreat bhetéhed. fereampde, by reactive ion etching
using] mh@ntﬂ ke srdéRinRid 0dofiélive QUES Bre IBhed! BYbRAIHs0J0. Conductive plug 92

conta%:\% meépsﬂemdel\é%actrggn%ln uE:tct)vre p§u§%4 cm&té 8£la1 sr[gldgmm?atct H‘ cgrrductlve plug 96

rce i'ons 1s
contagtp pptaksiliciig septach 4y &‘t“éac‘eﬂ“@c‘tg Genercs (‘Y?‘aéﬂbc“teﬁé“‘% $6e F'ﬁ‘tcéﬁd“““’e plug 98
contasts ehetaicsilicids pantet & o Gapacitbustiuergre §2h dn Nkd wpqmger] @nductive plugs 212, 214, 312, and
314 Joﬁp(!t %{a%llic%'coxﬁac@‘sh%nﬁl() Mnti '3 ﬁf‘%sﬁetcmel)z G@e @Jﬁd\xcﬁbtﬂﬁﬁgs can be formed
| ons of thelnte ed. cir D
in CORVﬁ r?ﬁ]ﬁ?fé’r or qxgﬂap @ a%B?Sétm%a llalg{er of tlgmg?t &mu%% %err 8Stltartmm nitride, and
then dapositinig|al lust phtemiten. THOXSss plig pteriad nwvltengmmé fierdhd segface of interlayer
dieledOhRERBLSYy alA¥Eprocetshe exposed portions of insul ator
| ayer 62 are renoved and, in accordance with one

ioozﬁnb%l' 1fmggtedoitl Fs(ﬁe 8 ' 1@‘4@@&&8{311@% a@n‘i& fstiutréts Ic&nﬁﬂl&’e% in accordance with an

ormn met al such ni c cobal Ll P
erbog LA B PGP ReE P TN Py G BRBLP T BRPE7rg 2 Vasbus 100
and 5V et U2 . Ratities of the adadiecdf ypses g otkesr arttermmﬁépletslihzvé'en peperally requires
severQle!Ve@réf mMliBbd) ﬂ‘hb&ﬂaybrﬁ'ﬁf' afiiEdt&at BdlectrRg)iyQEparhtid by layers of dielectric

mater1a1 oghee lzrllye ofo met?]l7 ] beélgmo@ﬂ'g ccg)%er Jn all@@gf almtnm&yc%hﬁl‘ lol‘ HI@ llke Those of

acltor structure 52,
skill molze ol HS AP aw@twaﬁgetaﬁﬁaw@ S snerlly derer 56 dshe? g inosraphically

pattefiddCid ktchad Svistedrcopi@Ometallizagien s gensrallnpattemeddnta dampseend pepicess.  FIGS. 8-11

sche%all%ﬁﬂxs@a@é&éf@f&@@ frBioR B8V ARM 16004ra Vv BudNO2 20RA8/mitlal dditas aluminum.
PCT/ US2007/ 016453 el ectrode 302 of NMOS transi stor

[0021?[ 00. f‘ks lpustrﬁc'tez{[ 1nq:lég e8 f gzr %%)%e%h% sudlf a@ ! C?“gxl'ry(%rlggim%mum alloy is deposited

ess 0 he si| ormn
over ﬁ*ét“’&l of piglepipiq sy 38 the‘f’ eanggast Yith te contustisantugs-u The lever %ftj’?fﬁ?t is patterned, as
illustkd in Fig) @Gotfornt pittds oh& ot AP0 tlectricakha cdupladl thdrhih 04 of N-channel MOS
transéto+ é&ogecmctlty yxﬂgt,lg oltdp Jlste wo@aamu chRcif R 5B Alode 177. The layr of

metaE 159 ENEL ST NG b el 2 1ot S SO i) of decoupling
capagioNni2a 61 draig giom 2068t Pahavet! MOStransiverdel andr aubttrate P@tagh’ss
di ode region 176, a netal sil | ci de contact 86 on
pol ycrystalline silicon top pfate 64, and netal
silicide contacts 208 and 210 on MOS transistor 200
and 308 and 310 on MOS transistor 300, all as
illustrated in FIG 6. The netal that is not in
cont act W|th S|I|con for exanple the rretal that |s

I Y 1 - g,
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10 may al so be forned at the sane tine. [00221 In
accordance with an enbodi nent of the invention an
wonv@evrdiamer di el ectric material |ayer 88 such ®6T/US2007/016453

silicon oxide is globally deposited to cover the

polycrystalline silicon features and silicided regions

and to fill openings 74 and 75. Layer 88 is

subsequently photolithographically patterned and
[0025&a t Illsdnu Itgc}or g’FfCHS ﬁlt ¥ :m%l%)d Bt‘?‘:tugse)tﬁ’o xgcrét\lvngng b@dlment of the
inventigygby thprpgsipn g8 arofber diglectricdeyet 492 pyadying dielpetriq fqyas B8 Wé‘i‘e patterned metal
layer do@| aefefa'bt@ theBiop hritke bﬁd&ﬁ&c&&&a)&ﬁﬂobﬁ pthepRed, tt@tkxarfydé by a CMP process.
Opemn sal{w 1% patpe¥ne§|’}/ epo¥xec¥ %xt Iﬁ(i)?-rqggﬁietektf Qla%cr 4@2 to%%%ecp%ngns of V44 bus 100.

suc
Ope"t',“ésrﬁ% éanétee’ﬂeddwmf @Pdl@&\ar?btg@‘*%@yd ?"e‘ﬂéélfl?f\?b‘atebﬁ B AP g deposited onto the
planatifet gpepsufthtie 31 di€lkotric layer B Gndih eldtSdal sontalTovitdtl uaddbariee phigsgss.

are formed in openings 90. Conductive plug 92

Iooze?ontAéfr‘ﬁlﬁtrdi@%t;élth |1|1 J fd el @ay6rQi0k %tbegygner&@ Bﬁiﬂ&&hiecy % fokﬂJero%on 410 of the

i de cont 0 96
Vau o oy i AR et A e i TG 10 e
11 begayprt o timifatippy fla twp ﬂm@n%t@alcfwmeeaﬁlthﬂwsopeam} cero'mvéwe\dénd etched through
dleledﬂjadal@'elgﬁ)ZZ&)e)@GHatp&G&& o @t 8bs 192, |ihosé Qﬁmﬁ@ﬁﬁrﬁ&tfilﬁ@wﬁlﬁ conductive plugs, and a

portlo%%P%&aI é%r 4?)% izitncbt %itg:m%g to Cf!ler]téxiﬂlb o xﬁ@&] Q)q{xdse &3 nglt ﬂlﬁlgg Addmonal)y, a Vg

nmet a
°°meem°abte§nad2@8“b5§1te34 ssoRicats g ol 4% pecti vel y. The
conductive plugs can be forned in conventional . _
[0027ra n b Vafony is eoumiep teconguctivepdysi 0 iapdyheacd ta yaprplasf 64 dfidepainling capacitor 52.
The \fSSCHuHisrd:Gup@ed't&&ﬁHucﬂfle ﬂltllgts @M hrdM4nRhd KnEto 113 MEtont FIRB 60 of decoupling capacitor
52. Q‘Eeo Qéb%hngg %acb@y ?s t.hggc c dngfgg %Etglneﬁet-gp Ft‘wcf %&%ﬁé ![Pésé'ég In accordance with an

ace of Interlaye
embOél'P’é!‘t@E‘thF ingen i Vad PUB alsg coxpled e cpidyEe Blue B39 andirpey o R junction iode
177 forinkediB (csraitresdbsirste B4 £85vidiBg dnlelectriba didehagt pdth fog clagye @ai mgrbuild up on the top

plate §F an&hw £, '&s&%’a@& %gﬂd Jpnonatglp 9[51@%9 Q:@n }%IE gff ‘a‘ﬁthe substrate as reverse bias

leaka%)eé‘f‘f’%’f g{) %ugﬁﬁxgm %lpde ?lelg?ggtyzg Ipgar fbuﬁ@fpac]n t?pd)qert%&rﬁaxé lea}i]od“f to the substrate
as forjyard biag Gurreatd PH iynctionydigle 107, In Reéritiannig aesprdpive with q fiirtherggmbodiment of the
invenfidtS BE ¥ dds at&&bplém emmmgtlg 9%4na héred Atchr@ibr sgaaae &d, lpybviding another

electrfcglqilschraregsé t§ ?0\(' glr e tha@%g rl%ulg up eq%oktbr% ?I 5 aF the ca Oh6r.

ers ina net ! zatl n can ect epar at ed
[0028(]:an Abieaéﬂsfefgﬁfowﬁl thgg\tﬁé%?mnsgts?rs c'f |i18§grz8?dh %‘icﬂ 3 ihlﬁﬁ %‘F bus IS also coupled to
condusthysppug 3 1dpndthise ki thedraif N hanfe! B9 Ssthensistor3A0. @hrthey Vs bigiig 4lso coupled to
condudiheeyiitAD dnd Keade takiidaniion Pdhidkl N8 ki@ Rtor 3000 BE4usd dfithe limitations of a

two dqr?é; Sg'xtalt f?édl a\%ﬂuetopﬁg dipégpcto%ebtgom? &{E‘?e%l? Elglﬁénlt%avm&; ﬁﬂzﬂﬁgd schematically by

dottecblgtef élﬁneélttﬁ:g,xghaFI&a h)agl&gﬁ@s bpxa@érggpaztl}ajfxégmgg %fi‘lt Ve to pn juthtlon diode 177,
the disnhienmth @abd goupled o stieaitfemsing pa-dramnd tineit halettat potamtidly can be harmed by

a mequ, ma,tgge@md\{mu@uae l&t?eusf nemaaettmtgadm Sdu,gdaum steps e loyed in the

faanﬁtécin é)'f {BJ%% T Lgﬁc 2Ige gzrth Pﬁs ﬁ:eerxhll urstraat‘egl ag F)E}Fﬁdwé ﬁ'x]oglarl 811pr1¥1§2 doped region of an
MOS drapsistoir togh jungtiey dieded 71 bpt alhough et dlustrated i thy Egur@gthe figehprge path can also
exten@ G6th @Gdte MbckrBdelshidh o6 RRElIE bALBOPLANYSS trdkiStod Y & théfn joRtiéH diode.

is patterned, as 35 illustrated in FIG 9 to form

[00292 or Wlﬂ@ §t kgag o\{gg(e k/[gjegmgocﬁtlnﬁﬁ LJs 'ogeﬂ é)l'e\éenfe@ Hﬂhgﬂm‘gang&éh& description, it

hannel transi st or , electrjcal

should 8& 6Ppé"d“af"8 thah B VBTt P LTy SISt i Ry FYpRe it ?rd%?f Aifrethod steps
described eliopdis ilisHativirelyl argds nofintenred & bé Ymiing o Speitatiprihe chuingrated metals,
insuldhdd, mdna{ dpkBRSrQfiustative BMS. ARRuGI ROV, bsahd Yo VQUR RihRated in FIGS. 8-
11 asbbo rrr%%%%%f G%mgfme 1Czi(z)t%‘I ] n? 1%[ ﬁtngtg%gtg:{ g:glg’ntgatysrgg)’ aeﬂonbe formed at
dnffergrﬁ b%eﬁ“&f‘té’"d%‘ﬁtsadf shpgld a-}:som az@r%qt@ltjﬁtzme exemplary embodiment or exemplary

PCT/ US2007/ 016453 100251 As ¥llustrated in FIG 10,

t he nethod continues, in accordance with one

enbodi ment of the invention, by the deposition of

another dielectric |layer 402 overlying dielectric

| ayer 88 and t he pat t erned net aI I ayer 400

-~ 1 T . Y Y - . o AN "




5 Openings 404 can be filled with conductive plugs 406
and an additional |ayer of netal 408 is deposited onto
woheos/piamari zed upper surface of dielectric | agemnsd@dz/o16453

and in electrical contact with conductive plugs 406.

100261 As illustrated in FIG 11, netal |ayer 408 can

be patterned and etched to forma portion 410 of the

Vdd bus that can be coupl ed, for exanple, to an

external power supply. Al though not illustrated in
embyipgs a0ty ERaTpIFS Bk 86 TR i RRPOTPPIFspiey: o configuraton of the
invegtionemsaonal Katlgy e, forgiig deailad despiptiongill Eaichibse skilled in the art with a
conBRbidt @&G%pqg}qmﬁfe&gﬁq thla Qéﬁ%hr}gnﬂhﬂeﬁtqr rekccfn la@)yéﬁboﬂ%nts It should be

ose, portions of Vs, 102, those o enlnps can
““d°65é°°$ oW PRREED FthbE t"fa\‘)“e‘“pff‘%’é‘gm%ﬁ’aj grangsgieptjob glegpnts without departing
fromythe sgppe|ofithe mveh@n waet fiyth iptit brpemiedicltins aid@lstlegabmlilvalents thereof.

connect to those conductive plugs. Additionally, a V."
connection can be nade to substrate 34 as indicated at
termnal 412. 100271 The Vdd bus is coupled to
conductive plug 98 and hence to top plate 64 of
decoupling capacitor 52. The V.,, bus is coupled to
conductive plugs 92 and 94 and hence to the bottom
pl ate 60 of decoupling capacitor 15 52. The
decoupling capacitor is thus coupled between the two
vol t age busses. I n accordance with an enbodi ment of
the invention, the Vdd bus is also coupled to
conductive plug 180 and hence to PN junction diode
177 formed in carrier substrate 34 providing an
el ectrical discharge path for charge that may build up
on the top plate of capacitor 52. Positive charge
build up on top plate 64 can |leak off to the substrate
as reverse bias |eakage current of PN junction diode
177. Negative charge build up on top plate 64 can |eak
off to the substrate 20 as forward bias current of PN
junction diode 177. In addition, in accordance with a
further enbodi nent of the invention, the Vu bus is
al so coupled to conductive plug 96 and hence to
carrier substrate 34, providing another electrica
di scharge path for charge that may build up on the
bottom pl ate of the capacitor. 100281 At |east for
some of the MOS transistors of integrated circuit 53,
the vdd bus is also coupled to conductive plug 312
and hence to the drain of N-channel MOS transistor
300, and the V., bus is also coupled to 25 conductive
plug 212 and hence to the drain of P-channel MOS
transi stor 200. Because of the limtations of a two
di mensi onal figure, sone of the direct connections
bet ween el enents have been illustrated schematically
by dotted lines 414. Although FIG 11 illustrates a
di scharge path extending fromVdd to pn junction diode
177, the discharge path can be coupled to extend from
any non-ground circuit node that potentially can be
harmed by a build up of charge generated through the
vari ous plasma etching and deposition steps enpl oyed
in the 30 fabrication of IC 53. The di scharge path has

been illustrated as extending froman inpurity doped
region of an MOS transistor to pn junction diode 177,
but al though not illustrated in the figures, the

di scharge path can also extend froma gate el ectrode
such as gate el ectrode 302 of MOS transistor 300 to
the pnjunction diode. 100291 While at |east one
exenpl ary enbodi nent has been presented in the
foregoing detailed descriptiofh, it should be

appreci ated that a vast nunber of variations exist.
For exanple, the order of the nmethod steps 35

descri bed above is illustrative only and is not
|ntended to be I|n1t|ng S|n1larly, the enunerated
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WD 2008/ 011144 PCT/ US2007/ 016453 enbodi nents are only
exanpl es, and are not intended to limt the scope,
weappisiaafasl ity, or configuration of the i nvenPCOUSRV7/016453
any way. Rather, the foregoing detail ed description
will provide those skilled in the art with a
convenient road map for inplenenting the exenplary
enbodi ment or exenplary enbodi nents. It should be
under stood that various changegmngan be made in the
function and arrangement of el ements w thout departing
he scope of the invention as set forth in the
Wmﬂ%cm’%?%iclalns and the | egal equivalents thereof. 9
V\D 2008/ 011144 PCT/ US2007/ 016453 CLAIMS What is
cl aimed 4jresthog for fabgigatinggsemisondugtgy qringpiaiop(SQD) devie (53] comprising a
semicgsivttooin bitrett (34), @ hutiad dnshiabolnyet S) gverthing thxesefbd]ductor substrate, and a
mono%@@ﬁﬂe%érﬂﬂorﬁuct&%ﬁb%@(ﬂ Q%EQE the lﬂptﬁatdrléﬁlgtol l§y%]' 'theQnehaHE qulq:nsmg the steps
. insulator |ayer [3 overlying the sem conduct or
substrate, and a 5 nonocrystalline sem conductor |ayer
[30] overlying the buried insulator |ayer, the nethod
c o ag MQSearpeitgs §521 epupled betweemayfinalvolies besd et prid@rsecond voltage bus
[102)] the108 eapatinchadd g Weadleléirbid rﬁdten‘dl%ﬁrﬂ@% fbﬂ%la{el@@]:f BOO8 capacxtor and

coupl§c?t8 glgqirs\{ %llta %s ﬁ_a&l am& a;ﬁqg’%mn& e%?nc;@&? g ?’AF g{onolgtay\étz Sfam]conductor

ectro teri
layer ?fﬁ*éa‘ "’é"aﬁiﬁ&?"c"'d‘?“‘e&ﬁ‘é"m’é‘@ﬁﬁ% Rige efilee MOP eapagjtar and geupled to the
seconpybres [[ORD@hd and an i npurity doped region [60] in the
nmonocrystal line sem conductor 10 | ayer beneath the
gat eor@lngai slatealacRidephth (85, 96, 1Y, 8785 mpIHd (R fad Bla@ {64 BAhe MOS
capacgﬁszﬁ ﬂ)oaacﬁédte ?f77]afgﬁne9 angé s%?ucé:?du&tﬁesubsg-gg &Q s bus [ 102] ;

ormn an electrica I'scharge pat [86 98, 180,
178 I|n ?e fllrst | ate %& of the
cap 'CI t %]d 83151 thSﬁ ttle step fo] F%’(flﬁcﬁlcall ngharge path comprises the

Swpsgéniconductor substrate [34]. 2. The nethod of claiml

wherein the step of formng an electrical discharge

pat fbredgpdieBasc isbigtion Hgios [P extd@bling theriph 1HEmanddiyethiBd sethonductor layer
eré&@bﬁkhﬂ@m&ﬁﬁ&@ﬁ3ﬁ57] ext endi ng through the

monocrystal I'i ne 'sem conduct or Iayer [30] to the

bur| d insul at hln 0 4].

©hr S0 v iedr o ER ob Sttt BN PE en A e Bbaderer o
wmwﬁﬁsﬂv%ﬂP%ﬁfway@vmm@wmewbﬂ@@,a portion [98] of the

sem conduct or substrate; 20 ion inplanting first type

Cc onéudhplaiting fideyercondoctivyy danpuiining igSiritiésrtioogh tiefoening to form a PN

Junctlgpcﬁ&ie @97} e ﬁfcgémﬁﬁid\%t\&r sdb%ipace\g' 'angn di ode [ 177] in the
sem conduct or substrate; and coupling the first

vol L&gﬁn g%sfégt 1}91%% éug tgfobftg tﬂN PlNulg-n%I‘ (%DhJ] odﬁggﬂ]ea 1 J4 7n:l t]'.onductof substrate.

t he sem conduct
fur her rls the step of formn second
el e%‘t ri Péﬁ m a'?°§ 85’38‘@% turfhigg qompgsine tapptep ggﬁ’mgaq 2 SERTP FIEqigeal discharge

path [§2, 84, 86 élmguming the s{ca@l| platsf [6@1roé th WIS Scrageaitsir (21 to[tlEAPmitondbdte substrate
[34]. sem conductor substrate 25 [34]. 4. A nethod for
fabricating a sem conductor on insulator (SO) device

[ 53]& COHWelh%J! E}»gfaﬁrlc!g n‘ig{ Emi ﬁrﬁ%&%ﬁ gﬁé&l;tgrr (S Q?Jlge?i%z comprising a P-type

"[’5l uri ea | nsu a er over
semic dtl%)(ﬂ'éulgtézﬁ? @&qawg Psgﬁﬁgﬁypra[?@ oveép{alg the P-type semlconductor substrate, and a

monocrystalline semiconductor layer [30] overlying the buried insulator layer, the method comprising the steps
of

forming dielectric isolation regions [56, 57, 58] extending through the monocrystalline

semiconductor layer;

10



10

15

20

25

nmonocrystal line sem conductor |ayer [30] overlying the

buried insulator |ayer, the nethod conprising the
woebkepmiiah: 30 form ng dielectric isolation regComns2007/016453

[56, 57, 58] extending through the nonocrystalline

sem conductor |ayer; 10 WO 2008/011144

PCT/ US2007/ 016453 etching an opening [74] extending

t hrough one [57] of the dielectric isolation regions

andteburledl ul at.or | ayer 0..expose a . )

por t POIEST T A Peps gubt eGP B tat rsions and he buri

insuta@plarpg [32hte epesct 4 rortion 98] pich2-tyggremiserductonsehsotter

substrate exposed through the opening with N type

| P Uddptnig @ pbiod Gt BEpNeinitPRluttOGuttatt d«p6dd thesufh MgomniRBhwith N- type
1mpdrh‘igsglt> ?ogr? gg Nggp% Iringéo;y 782'?)%:1%5‘?1%@11&%? glo 3%79 gzrhg H1% S’Qype éemxconductor
subsfiocr yst al | i ne semi conduct or | ayer [30] with N-type

impurity dopants to forma first plate of a capacitor

[ 52] doping ewpritign (4RI of ths eoatcaystalliagemicpBRftoayer 1397 with N-tyee impurity dopants
to foRRh HilsElat®bf alchiRcitR MG yst al | i ne sem conductor | ayer;

form ng a conductive el ect rode [64] overI yi ng the

|nSUi‘oﬂIan arl 1@6@[0:‘ [a?gkézt] Ve 19 B %8?- stglﬁmé Jgr?n oxgdgctor layer;
capamtor coupling a |rst e second

pl a af the,capa dtotheN—

P 6P e SR e (A P g o i for § Sond latcof e
capagitosit e [ 60] of the capacitor. 5. The nethod of claim4

further conprising the steps of 15 etching a second

openéonging A Bifst & { 0T g stddfdilgdioftRaabitk [62] arkiiethe N-type region [176];
anddi el ectric regions and the buried insulator |ayer

[32] to expose a second portion [99] of the P-type

sem conductor sub 4 t he second

port§o mF@@'jcondf%mf ﬁbf]go ?’yﬁreSt’JsldetnIl% @o glggfpgi‘t “Substrate

with P-t urities to form a contact [78] to the

P-tybe s BRUefclad 4 Supeicpaprising fisdteesipl i ng t he

second bus [102] to the first plate [60] of the

capatithing e seeael apeningidslewtandingtthrpipg png [§7]tolfi the Picle@(c tegipres and the buried
insulsihy@O3 216 EQHoscslbhd firfon [ offther-1pt Rastortfuctl sabsiud [34];

wherein the step of formng a conductive el ectrode

[ 64] doﬁﬁgﬁl@ |se%§l§i Jon%n [@ﬁ 15t @ﬂ@&ﬁhét&r@&s@at‘lz @N}?IS tygn]: 1mpuntles to formr
[ﬁ)acl )9% %/?‘ ? nee lS| I |ccon g)veer ing the insulator [ayer;
a corfae {714 gr’i’(pﬁér???é“fﬁﬂ/eﬂbt@f’ |l ycrystalline silicon to
form a conducti ve el ectrode %% a gate electrode 25
[ 302(]ou;61pg the Wuf FA%<e e Hyst ;{l ?] of gﬁ dapam@aa!né to the contact {78] to the P-

type gdmd@hdvodesup@f] of a PMOS transistor [200]. 7. A
sem conductor on insulator (SO) device [53]

conmp. | SiTHY methdd SRR P REMGE e st%%rﬁlﬂltg% cbmdfdtive Bedpbld [@Q comprises the
stepsio sul ator |ayer [32] overlying the sem conduct or
substrate; a nmonocrystal i ne sem conductor |ayer [30]

over(l ing the buried insulator |ayer;
epositing a layer of polycrystalline silicon overlying the insulator layer; and -

patterning the layer of polycrystalline silicon to form a conductive electrode [64], a gate electrode
(302] of an NMOS transistor {300], and a gate electrode [202] of a PMOS transistor [200].

7. A semiconductor on insulator (SO1) device [53] comprising:
a semiconductor substrate [34];
a buried insulator layer [32] overlying the semiconductor substrate;

a monocrystalline semiconductor layer [30] overlying the buried insulator layer;
11
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11 WD 2008/011144 PCT/ US2007/ 016453 an MOS capacitor

[52] conprising: an inpurity doped region [60] in the
wouosanysital | i ne sem conductor |ayer form ng &ctiussto7/016453

plate of the MOS capacitor [52]; a dielectric |ayer

[62] overlying the inpurity doped region [60]; and 5 a

conductive material [64] overlying the dielectric

| ayer and formng a second plate of the MOS

capacitor; a PN junctjon diode [177] forned in the

sem POHFUCPBHOBSPTRIEEE 4 first voltage bus [102]

coupled to the first plate [60]; and a second voltage

bus [ 10G) ireryify deerdiregianied] setbonepropywalinesgatondyrgpr fagert he

PN friningtaifisdplate oftge fA08 Epacitod 2. The semni conduct or on

insulator (SO ) device of claim?7 further conprising:

an el ectrg . ' 1

SUbst  at S BB bundil k SeohiG RTG53

coupling the el ectr.i contact .to the first voltage

s’ o'hcopie e FRETHIRLESTYORDT LS B rRET Ry | co

of sesbwud miat@offtherN@®eapaditamri si ng: a PMOS transi stor [200]

formed in a first electrically isolated portion [61 ]

of t hEN juaea dipad [@r1]ifsimed ih thesaiitaantid edberatd, ayer [ 30] ;

an NMOS transistor [300] fornmed in a second

el egﬁr&t@@lta%é/bds%@b]aéoﬁlqeﬁg{hteiﬁ%ﬂplLt@%b];Qrtd the _
nonocrystalline sem conductor |ayer [30]; and wherein

t he [ 52] .1 ' hi C
el ctirroet A tEfiadragloudaty ELERH sl P b et unction dioce 17,
nmonocrystal |l i.ne, sem conductor | ayer. . 20_10, The . .

seni tond g FBYooBePhEURRSY <S(°%&3“¥a%fiﬂaa‘é7 b copRTisige:
wherein a drain Jr;206 of the PMOS transistor [200] is
couphélsctiien! eqptctli’] &g the/symjcgpctpibsratgZpd and a drain

[304] of the NMOS transistor [300] is coupled to the

sec mckltq;gjnh@g[§4,k9g,§4[ m@:]uplirigZhe electrical contact to the first voltage bus.

9. The semiconductor on insulator (SOI) device of claim 8 further comprising:

a PMOS transistor [200] formed in a first electrically isolated portion [61] of the monocrystalline

semiconductor layer [30];

an NMOS transistor [300] formed in a second electrically isolated portion [63] of the

monocrystalline semiconductor layer [30]; and

wherein the MOS capacitor [52] is formed in a third electrically isolated portion [60] of the

monocrystalline semiconductor layer.

10.  The semiconductor on insulator (SOI) device of claim 9 wherein a drain [206] of the PMOS
transistor [200] is coupled to the first voltage bus [102] and a drain [304] of the NMOS transistor [300] is
coupled to the second voltage bus [100].



