10

15

20

23

30

35

WD 2008/ 011144PGT/ US2007/ 016453 SO DEVI CE AND METHCD

FOR | TS FABRI CATI ON TECHNI CAL FI ELD 100011 The present

i nvention generally relates to a sem conductor on
\Md"‘%hﬂﬂﬁ'iﬂr (SA) device and to methods Etms20071016453

fabricating such a device, and nore particularly o

SO devices and to nethods for fabricating SO devices

5i ncl udi ng a di scharge path for a decoupling

capaci tor. BACKGROUND f00021The majority of present

day integrated circuits (1Cs) are inplemented by using

a plurality of'PRVEECBIEETED FOlelTd FABRIEATIAN ansi st or s

(FETs), also called netal oxide sem conductor field

effect transistors (MOSEERNIGLHEX transi stors). The

ICs are usually formed using both P-channel FETs (PMOS
{0001} anShegramsingntion ferePBEFgHs tangnNechan pe instEoF $SAINMBE: and to methods

for fabrRRmb SIc@ b SevRE, NAELS ﬁan&ﬁlﬁ’rlﬁt@ eol ch:l:e§ alaN8 Reth & &% Tagr‘#caltlr@ SO devices

1fhe @ aSQRL CMOS circuit. Certain
e [ n’Sr olvelﬁrménrggl%?rr?%%%?p ‘ot aﬁ’éﬁé of MOS I'Cs can be realized

by form ng the I\/OStrans a thin |ayer of

sem conduct or materi al éf\ecﬁﬁc{/%HE%an i nsul ator |ayer.
oen?lmh lsem conduct or on _insul ator §SO ) MOS transistors,
0002k, B AT OTRIBFHIYY (HETS Pt Foh "CAPREPTIEA Y e @ plurality of
interpRuAgsEed é"&lﬁ ey tramsigtora FE g bley caligdeetthd oxidb @088 The WA ffect transistors
(MCEFENSF SI08 m8nskofsetle 103 :@ngha@foknd@ushQ doth AY¥RAnAF®rs (PMOS transistors or
PFE’Ftha&f % eRRectad (IEI\QOE*; %L:Qﬂ?&tNFE?S OTEY Ibqgméﬁ L lalo as complementary

MO% HngMbQ c1rcu1t a?erm rg‘féeglexfta! 1n68r\f/‘\c;ér?e§z?eﬁ% %&Ic%lg%ecrg@lgcg%gl %orxmng the
MOg %‘tj‘ﬁff‘?’éd‘ dtﬁ%}n 207 O%F‘F‘&%fl‘t““’f wfierte] YT Aeingtc o Bugh savdsondustor on
insulpgay (SOWCH(8 @ansibiors, X amphle extdbitMoeer Bunstion axapdtitalid Sipd Bend' can operate at
highbdgeedsand the |i ke, and may include busses coupled to
external power sources as well as busses coupled to

jooobNt eraakdy tr:igﬁsrt}ﬁ‘r @;nﬁg iPdnd |0£]th@ rSBﬁJaJ/ey ar@l llzt&(,roﬁrgctgpl\é@igpien{?m the desired

circ %%pgo%s A nA\'Sni)er §1e vo[tzﬁ.cégusscs i‘srf dlso co% ectegsto ﬂaarofhaée A,F Ylf(eé tovaorviar those devices
s feaLb“ﬁ? Ef‘f e e et oMt oSsBma Rl don il RS & ¥os Dl Ve b, V. bus,
and g lieoird map tesleibmse hawpkd foouehal asver ehider wehamngsd calpled to internally
genefhite8 thﬂfegﬁ@' Aetbd el HRODPBE ad Mhi netid@s O(Vd! Gk fog - tfcb @us as well as
“volt}(g%rbh@ U tpyﬁé %l :!FH@'io &Q El%gwg{ as ‘?rlntc@xﬁi &Iyseg dx{‘ t xtic?uF]Eo €s it the circuit are

gither cgatarécd or ?char eldralér LT¥ f_h§ o;reﬁ:lg?neozgxggzrcu Wg v%@&hu?stéswﬁttsmﬁqt or sink current to
thoses‘@éﬁsc FW@“%‘V a@‘xwuﬁ@xgéwc} A e upsgraged pitpgitscipmieatsa iyacquirement of sourcing
or sugqng rirfepGan busv@l dag Sgofhik @Sta@npikdl en usis besatis@hcQihete Rt @rductance of

the bhddNEEL BEcoﬁ@@HﬁJoW@LijacJ Jé@ouP’n@ caphdiodd Qeiwgﬁ 9‘1@ g@sses to avoxd Iogxc ervors

that ﬁ@ﬁ[‘%@% cﬁlg}ethé \% (Jpglc Spi or gclélrgpic, nb%%&e%‘ﬁlg fng capa?,'ltorsB 8 é‘fj‘g% g& between
PRe Vot J@*’éc §?§P‘i¥lé’§ Cairﬂswmeaf@afwaléy d‘gﬁ‘&ﬁgd@%‘i}b [epasipyof the busses.

The ‘l‘i‘&ﬁﬁ%? Frotsuelly b n eccoomibeioeds S vemritcrshah okoblaanal thytapacitor formed

by thb igBEgaterdiNGSi@o GAE Ehd Rhté BIE-trEERDA Gk MIFSStraddidord, YR lofdd didYe of the capacitor

formgil @I £n| 1%1&@9 dc@ch Flzglmt rﬁeﬁul: §@Iglta3tlr Oatld thlg %Jep:&ﬁgrc‘ Fe?ﬂar ti ?ef‘he wo plates of the

o Wf‘%a lors, are. u al |y but not necessar| tor med a8

paci gp Ct gate :elec

t%r S vvlt"fch one pI ate of the capaC|tor fornmed

t to f th t | trod
{000 f tq;f(é prﬁ)&nﬁe {hgg:ﬁrgqrfgﬁél}egy?e!edt zﬁ% %Batbﬁ@fnc}f ;5‘182%‘%?%? ct?wg%anro?:cu? when using

such ¢ Faespacsers potwddolriinearpdcitqubdtteyn ddpeduseyi B prebldrhecurs because
sufficll chl@y €dn, budd16h b cahopbratiify GorSePRbAHE NY td Afse taWRstructive discharge

throuBJ ﬁlllg %§pa9for :@i@c&?boﬁﬁa‘?@lc' %IQJ E&Jn{rﬁ%orpe)! n¥ot‘l? se?% ?5 dewﬁe sizes shrink and
especaahy fs t[nc ness %f thie a%z Qifglcctrp (‘Tlayfeﬂérefl%ffd é‘Peaclhérae fellt]fl weiult%fm one or more

OCCUI‘ when usi ng
1
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such MOS capacitors as the decoupling capacitors
bet ween vol t age busses. The probl em occurs because
sufficient charge can build up on a capacitor during
wioahsdgatdon of the IC to cause a destructiv$wgh§ﬁ@ﬂﬁg§3
through the capacitor dielectric material. %IS )
probl em becones nore severe as device sizes shrink and
35especially as the thickness of the gate dielectric
Iayer is reduced The charge build up results from one

of the glasma oomrt]mna ary g /og/ﬁtghé ]?gi's?ia?; SET/ et%sgsgg g:gfcgﬂr égd/cg feéé q}% ix@tler!%?en%ielectric

ma‘e%ﬁbds‘?l? m‘ﬁﬂﬂ?‘@?‘ﬂé?f@l‘fi“%ﬂh‘@dl“h%‘efr‘mb%)ﬂe?m Gpépdnsthejipegrated cireuits,
materials and the nmetals or other conductors used in

(0005 he Apqorirlelys ftepdesiratieftabrovidatd MES tdadce mi egthedsde fabricating such MOS

deviced dh@ Wabdid. thd QRORIACERHNGl)E, build up Sn d@&ipﬁ@b&aﬁaci&s In addition, it is

d@swah@}%%xlp%d@%m fgreﬁgmsmguy saﬁa.ﬁqg 315,&‘ %DEIO@&% 'dgca; ;lggg%agata&{ss and a

fisch . devi ces at avoid estr
sehirfia PR B Pf%‘*c‘ti‘ﬁ B FEEHDITIY CapATETIE: O AiRble Gppures and
charaptrisfiey of e pricseptlipvention widrbospimd erpaet Hion Shef solrseduenb Adtad ext deprgptimm and the
apperSad clley k@ ib Batunitioe @mDeE at@fadeg aupinpdgd @ﬁ}ﬁﬂc&é‘gb“h@fe&mﬁzﬂ @hield and
backgioufld, SCharge path for protecting the decoupling

capacitors. Furthernore, other desirable features and

characteristics of thegpfeseptidrvention will becore
apparent from t he subsequent det ail ed description and

{0006& he A%HIQ(%‘SQ)%GI uIa or aewce tlﬁag mcL Qe falQ lOEbg Qgp%‘.l‘-ltgln cm\{c\[%c;[d rPyctv«ffl:en voltage busses
r avvl ng t

ond S| ﬁﬁ'u“"%%%‘w@ P FOBREE SEANRT BODBY AT Ry s
is progided; Ths gbvape @nc}ueeg@ i?ast@g:\picgtgcd fighargerpeth g dischagindioBntially harmfill charge
build GARARd MO$ cpaitf @gk e WRRMor iRlakageibiissasic Anehf ©AMRA flptatc of

the h/ﬁ)SMgbe yrﬁltaﬁlukﬂugg' ﬁ&m&%ﬁ gnutﬁé @&m&?s\’a%fne ¥&k ll ér@&e:ﬁpthe conductive

em con stra

clspR i ooy st PR ot ORGP BU Bl ereeegpiorand
an elfiﬂi“gf& Histhgres Pt fropara dciﬂd% Bheadgh g setreediepralsyach o pread voliage bus is
couplahathgecdad phe ot @prcitohe MOS capaci tor. The MOS

capacitor has a conductive el ectrode material formng
(00078 T Ardihop lidprevi@l for fabricating a silicon on insulator (SOI) device that includes a silicon

substrate, a buried insulator layer overlying the silicon subsirate, and a monocrystalline silicon layer overlying
the buried insulator layer. The method comprises, in accordance with onc embodiment of the invention,
forming a dielectric isolation region extending through the monocrystalline semiconductor layer to the buried
insulator layer. An opening is etched to extend through the dielectric isolation region and the buried insulator
layer to expose a portion of the semiconductor substrate. The exposed portion of the semicon&uctor substrate is
doped with impurities to form a PN junction diode in the semiconducior substrate. A portion of the
monocrystalline semiconductor fayer is doped with impurity dopants to form & first plate of a capacitor and an
insulator Jayer is formed overlying the portion of the monocrystailine semiconductor layer. A conductive
electrode is formed overlying the insulator layer to form a second plate of the capacitor, A first bus is coupled
to the second plate of the capacitor and to the diode and a second bus is coupled to the first plate of the

capacitor,
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention will hereinafier be described in conjunction with the following drawing

figures, wherein like numerals denote like elements, and wherein

{0009} FIG. [ illustrates, in partial cross section, a portion of a prior art decoupling capacitor; and
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15 the MOS capacitor and an inpurity doped region in
the nonocrystalline silicon |ayer beneath the
conductive el ectrode material formng a second pl ate.
wh fobdsti Mol tage bus is coupled to the f'rStp@¥E&ﬁm9&ams
the capacitor and to an el ectrical discharge pat
through a diode fornmed in the sem conductor substrate.
A second voltage bus is coupled to the second pl ate of
the capacitor. [0007] A nmethod is provided for
fabricating a silicon on insulator (501) device that
10030hc| {ifed 1A EFHte Sncrosp orcar FiPut ¥eps T ithritadee Q| Aeered cireuit in
accdr@aye@rvith veeohsyeinhgliniche oShd ineghn.subst rat e, and a
nonocrystalline silicon |ayer overlying the buried
i nsul ator |ayer. The nethodercoegorirgesy | n accor dance
W th one enbodi nent of the invention, formng a
o] el mtfmioswdgswclaz&& 1 @Eripli& O AHAreBXek @ pChiig nide QMOR ndih@ended to timit e

lnvem%p nY §[}pﬁ{: (ImrL\qd §2¥3f91%r1%1m:09 r Fdngé{*[%ﬁe ghoeretxp 1?0 lmént:ag go be bound by any

I nsul at or eni n
*PEHFoU R éhe P’éﬂ’ et |“b thp é’f??"éﬁ"g Frtnalgfelh backiowterslupEgy or the
follqwipgdbtaitcd festripfjey t 0 expose a portion of the

sem conduct or substrate. The exposed portion of the
{0018 m Bondiioitates, BLrast cabssedtien, elafﬁendtbpedmv&lmdﬂalidﬁmumhg ¢a@Sitor structure
20 ibBlerhdiednd poliod 4Gk RN Sin@AE (doh :Et@at&%%uﬁ@@&&k@fmcmm Such an IC

Stmékhlp %Fgl:ltqs ﬁx‘de %!Rrg{ty ofo Gns.tr%utars 10[88 ca\&acqr%%%r%nl? Dlile of' a/hlch is 111ust{ated), each of

sem con

PG LS 3 O OCHTEERE T SRR, I geray s omed
from tg_cygrne ogtedfiad queqjhwgreleytroﬂg of the MGG rizisigr thft otakpeup the remainder of the IC,
CapDHOGAY Gt 3K |gbRAUS RGN AUIGE Sinel RYREL. usd) BOMELGE IMRctic of the MOS

trauseétc@scctf IHQQ§ b&to&%am lsof\éier[eli Xﬁ* A qabc@ 3b Qﬁsﬂlc?rl: t% olze@lé? rnSLIlaQor 32 that, in

wm g5 S T RRD AT [5A BDT HECApPt B Al b ered N-vee
Heaf'ﬁéow Oil€onire > a epddhig ' Blips e W%ubwf@?& il dhinjegpntact to layer 30.
An ipledeye diFfecttin @8 3Qdiapdcibeitor sBRIvkk adESSREART [s@MeChe dabiksitors from other
layeldBAMINGR; %QQQ&;E@@G&B S:8R0%ned: MR @QICWA' dus Q@H Ll %fbhse{o is coupled

to taP ﬁlagﬁﬁ%@ tn\?\ﬁﬂ:ve con?a?tgjd'lfn :crr&:d pn.rgg«iwi\.qngshmtﬂuc{u&h ntei(aO\eMdIQ: ctrlc ?B Arl%s such as

a vsaw%% PRI OIS ?ébY|mefaI“Fﬁ£}§ffﬂfﬂais & forqeg “b%PF‘E“i‘géP{’ Epopggntertayer
diclegile 3§ @pfl coatﬂﬁm Pitonntefs 3@ dior exch af the desoaphiraliy of metallized contacts is
gencEdP aed bakire aRdcond®u20084H0 E&lMH&EJﬁM&%@Q%b@&@&%&:m Also, a plurality

of ca%QQe’lrQ!llF !u@s 15%011}31134:1 !cht\lfegnﬁth«g @JB Gusse's Qnﬁﬂ&%ﬁmét@p‘&&mes w[ﬁ?ﬂen&gd distributed

abeut&egaﬁw({mm&brl cating an SO integrated circuit In

ance W th various enbodi mrents of the invention.

(001 Tﬁh& ?dgﬁuQRlPTION 10011] The faoll ow ng detai] ed

escCr | % i P8 PRI 7eE e BTGP T TG P @ U tit degqigting capacior
32 ap prreridietficp o [npHlator (REOSSintepryesinticdind Jor atchedargp pith ermttitodiment of the
inve@tiogl Ui @Sorddncd Righ bnwweHatimen . of BaritvaeioiDdkgaindd NBIr€ full§ LEIOw, decoupling
capabildt ENLIQAK & RasD&e b@iﬂﬂge @M @ DYiciEhR SRR @LGldQJp o‘n %lcipggtm Or on any non-

grou&h gg Y tR([ § ?&%EE(%Q% p!rr])cc. ngﬁ]g chr Ee g{j hf d%]ghafgth {(])I a(\:rgd es%rucn%i %f the capacitor

roun oW ng
d:ele&tg% C'? “’ﬁfﬁhéiﬁa term "MOS devme pmperly refexs to a device havmg a metal gate electrode and an

oxide gate insulator, that term wili be vsed throughout to refer to any semiconductor device that includes a
conductive gate electrode (whether metal or other conductive material) that is positioned over a gate insulator
(whether oxide or other insulator) which, in turn, is positioned over a semiconductor subsirate. In these
illustrative embodiments only a small portion of CMOS integrated circuit 53 is illustrated, specifically the
portion of the circuit in which decoupling capacitor 52 is formed in addition to one N-channel MOS transistor
(NMOS transistor) and one P-channel MOS transistor (PMOS transistor). Various steps in the manufacture of
CMOS devices are well known and so, in the interest of brevity, many conventional steps will only be

mentioned briefly herein or will be omitted entirely without providing the well known process details. Although
3
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100121FIG 1 illustrates, in partial cross section,
el ements of a conventional decoupling capacitor
structure 20 inplenmented in a portion of a silicon on
wios@atQy (SO ) integrated circuit (10 deviEfusronroiesss
structure. Such an IC 10 structure mght inc ge a
plurality of distributed MOS capacitors 22 (only one
of which is illustrated), each of which includes a top
plate 24, a bottom plate 26 and a capacitor diel ectri c
. 28. Taq (pl e 24 generally is fornmed fromthe sa
in t!xﬁdIEuétFaiugel 13}3% tltehigleggaéefi élréﬂé&fl?sa‘&é%a Sof Cbtrlﬂé cm the tavention is also
appligaplg prsthe fabqica@qqa)f H‘BM‘ECI‘@FB‘BIttW@ M@heicpt efhisgppliciien fsEelated to co-pending
appliGaa@Eati 1083, 4baheitibiune oRbhigeifdblayd hckeicaras afiretyhe
same material used for the gate dielectric of the MOS
{0o1d]r ang |:l§§t§l{c§ meIG t2hﬁﬂe }rlghodamict:&mn&l vﬁ&%n&@nbbcﬁmén@&fﬁﬁdn\/@rttm@begms by

provxﬁlﬁéa? semmx edil%tg’ suL}s atc 1&9 Qemxcm%ctgr s%b erllt Ipre rabig' a 319 fon sébitmta with a

n over I es sem con
m"“OFﬁ’S“t*l’ﬂ"s‘;“‘é‘s{’e‘ﬁaﬁr at {Prpgd) ‘U%’iyi“ﬁtal Wo‘i‘lﬁﬁi‘éﬁ“" %t’f‘”bfa"%‘i" Is‘i“’é‘@ﬁ Yis As used
hereig] g e sHiypdayeriemiy biliopn glbped” WH be ot ache®mBBy thé kel pim or lightly
impui® kifped@inbr@ ERMIne WidoR mhtoiisRyp@hi8Siseddn the &ftchatiddr & d@MhsGrell as silicon

admifed %tF%Iher e@en'zlex‘ff}y A g’s mAQurh nctar%m Y Ethe CTQL Eg rdbgan;)i%y monocrystalline

overllies t he ca aCI ructures an ctrica g/
sem:qogcgft%& xgagenla]h el“oa 5%5 Cﬁf tir'&f.rg)t:crnr Blll.‘h "Hfhﬁ'ﬁ rln‘qttgsyé,rtge fﬂfmconduct r materials will
generpibyt kel et to dercin rapiligpaynalydaly s Bgndeosthlitcailiconinee B0 gélvecisyt in the
forma®bn biir@chhkael Ad DuSansdl G0SaBnsstoM0d woll 8s dkbuplGg e@uqnbrexi IMbrocrystalline

silicoh Q&sﬂt@ﬁ@ﬁm%é@s QYsuHi%H%J !g%{%g-ys@ag% a;,ﬁtlt;<§1 lé)%r E@%S@?% éc@orddnce with an
emboglg%l rh DP gle %entxov wxlgge us %¥ theqymat]mn (f? d1s&16r5et [faths EE:ur cfAsE:hargﬁxé potentially

deietqggusnvé\frgq PHldety WotrPuetg "El%"‘foblsf?red““i“ﬂ“ﬁ}ﬂ%‘f‘ﬁ ﬂbf@“ %@"‘" 30 is bonded to
monoeitystadling yilicant @micaypbytraig 3¢ (b vl ikpov@8wadim chowgida tapd thinnige Nehniques with a

dieled@@NisMEANS 103832 EQErat®BGRncRAystAR ILRIBS: 3B 5Ph WoRdchbiMiiRTcarrier substrate
34, ﬁ@t»n@lloc v q\eg,%wagﬁ% ﬁmgﬁn gla{;&sxo%%&ds&ﬁo nﬁé,fa&e% @sgﬂpemmg on

" tween (g er espect Ive

the mfcﬁlé ecﬁﬁ%%mrtg d‘f‘pie“ﬁf‘% Bog\ i rﬁ?ngtrrfstavaF %Bgz& Fl‘tddlfﬂ menocrystalline silicon
carries fubgiigE wfe@sabwéla‘@@uﬁfswy bt foet Aborhie’ 5t Yionsrrssuers, anebrdgure hith one
cmboﬁlaapraﬁ)if e rin&hiod Obibl s@iSonWhled 30 Hvputing dehes tNrtj e Uh € choado@biitline carrier
aubsn‘ét@ 84 ls %ﬁg{y@hﬁg P%Jpé Ci!?'ﬁelt:ctrtcgé[ﬂgtg% g"3§$ypxcg§'[y]s;lhcénl chcH%& ﬁ:"c@ably has a

tickiel 1,088, 58CLI on, nmet hod steps for formng a portion

of %4 aecoupllng capaC|tor 52 as part of a silicon on
[0015'] ns ls g'r}e a{tur%m\az to the wa O? bOP(E tecn\r/(itu monﬁcsysi 1Q measé,xgng:(rrgagl?éhsé éubstrate 54 can
be fﬂweti b 5 BB El’i"FFé%ﬂt The FIMPE PosreA f MGt knoaR Brogishie drbifp paygen fons are
implapier] lnye Helbewficd egioupl mprgogagiae isttiom &Bsithin 64.udbs matoclyedist silicon
subst/@ BndOheSHEN At @Ox 284 dte BYseMhcGhefdlad 86n t RBLuR shds oMiBe @flectric layer

32 thitﬁﬁam&,@ﬁ@%&&&r uuPEprrbo%éoﬂ% u%l i feso' or}} 'Eh% r&&a%ﬁ% | betion of

rocessi ng c e sa
m"“"%l‘é‘*é‘“ﬂ'?‘% 8{7) BB %‘é %ﬁep R add 3%’ gﬁ"@l 3é’c‘f ?“E"“‘“N bt Gpprey of the
implaptprbionse Regerd MG T e piethes!” uscp\rtq)@gqc 1h? S@ldfiysy. diclpayicdaveiedd iscemmonly referred
to as higndédpgidacrmBo gl angatieo &d refeta@dersand an oxi de gate
insulator, that termw ||l be used throughout to refer

(00161 O BiWhe SEMIIEDNGMCEQGctE QLGS At méRGlivEeSsdance AR drtCdibY@ment of
the IH%BO% c&lnﬁ&eg 550 gﬁtr&t%x@kl@}e § bm& %l'maggn &tdlgggtnc 1%@:\?1&'542&;%?56—-58 extending

eri al ﬁilone over__a I nsul
throug(hv%OéxfWétIa 18%(?11&811 (L‘Wcr %? FIO 15[(ch1§ de}ygrtodlB)O i C’Tﬁe d)lelﬁctctcdfoﬁmori [§g10nb are
preferpsioried e wefidimow s§eint demidisidttion CIDEhriae i which trgnifiss ge etched into
monotrfstallipt Eidoh IGeretth 06 et SreGMikd with $ @Rlebirig@dtdriaDdnctofs deGMBd siticon
dlomde natn@ ge @k@sg s:ﬁc‘:oﬁ Qié!c he é?ém'o&d |b1/ byﬁt 'A@ESQQ:{I km Cth(fré é%@ulnln¥ pIot'e@ses that

can bé usecptg ft erhe5E§'f[ 50 itl}e rocersscr%m} not gedletscngel& he re m clf!:g]l IS :Hustx“auve example

cap aci t rmed I'n a I on one N-c

I\/DS transi stor (MOS transisigor) and one P-channel I\/DS
transi stor (PMOS transistor). Various steps in the
manuf act ure of CMOS devices are well known and so, in
the interest of brevity, many conventional steps wl]l
only be nmentioned briefly herein or will be omtted
entirely without providing the well known process
details. Al though WD 2008/011144PCT/ US2007/016453 in
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20 carrier substrate preferably have a resistivity of

at | east about 1-35 Chns per square. |In accordance

wi th one enbodi nent of the invention thin silicon
WiPN@f013041 S 1 mpurity doped N-type and "Dn°C5¥ﬁ%§£$%ﬂ?h3

carrier substrate 34 is inpurity doped P-ty

Dielectric insulating layer 32, typically S|I|con

di oxi de, preferably has a thickness of about 50-200

mu. 100151As one alternative to the wafer bondi ng

techni que, nmonocrystalline sem conductor substrate 54
onlycasingleaN-ganie YRR drasitor 18 sSimioR-cpnet MO trampfsier BIOMDK @ single decoupling
capygitay 62 il te Glugiraed] Thokerndvidl! iprhe e sl apmecikitohmoy e Reii@nSay be nceded
to lﬁﬁ!ﬁndn{mhe@a%%dcdxtn‘ﬁr@mﬁ SR s Mo LAGS of leng!aagﬁl:l Ros transistors, a plurality of P-

chaTRNPES ¥§fts@91]s Qxﬁd §| {u aﬁtg r;])f g’ec Er{gacggagmtors Ac%o‘;]dmgly ad]dmortal S regions (not

nmonocry ['i ne
Mlusgiy &1 5.’”‘24’“’5‘{119%0@16% Fﬂfﬂ“jfa‘H@Qt‘@dast%“dF‘b PW%fnéfwrsousf ?tbﬁe devices of the
CM@F ¢ijcpipthat ixd erdfortiedin et an mondeagtadline Sifcon lvadr 3®@1 ectrical |y
i sol ates the upper portion of the substrate, SOT |ayer
[0003D, Mreomdedve wite ArRdMbbdigenp O thd ioventdh, tRDADE ¥® bfathih B crystalline siticon

tayeB Bd Ebe@\% &Hgﬁ{craﬂﬁaﬁoﬁégmgghg mIdh’i’lQ:krn@Sd%pleN §9e1 "ﬂ'h@m{)pe?lgmh Qan be the

Ol‘lgiqgtdgfgl o Eger 9? 0{ ﬁm bee srgxﬁsh(g%nt Qog 10n meDr ntartmhl é)r gahke g g?n 60 of the thin

rong g aé@‘f e iy af o ﬂileém??&'ﬁ%erﬂfﬂ“?‘@f‘@r“?%mf AT a—
of thin paregysp ipgalicor layeBOMSttwamdiclsittid isdgorresigne fBmi 8%kab @so be doped N-type.
Porth2 16 € iwill bel&@cﬂ.ﬁalﬂa\/ibﬂ@tidﬂrdﬂ\éwdﬁﬂm@ tﬁﬁmop@m%t-t%ﬁ 63 of layer 30 adjacent

dtele%ﬁ‘ip %B!Et%tl ?egégf 56 &al;] 6o &E&dh’qu ' fgr e@zﬁn%%rbg @)ﬂ ?&plﬂa Kfn[ “Bcuf on 63 wdll be used for

e EERREOT S HGHPIRL PR ot B e O (B PGP e o porout
mplARgP TS CTE 58 bk pritidrigertoRriotatFist iroprotipnes it Willrkgown photolithography
and @i [mpbontdnagelriqud) Asolivstel @CIG.13Ca ly 6dicRbiriBaerA2s2 idffned at least on
the s#RE BGIoFE 60 Q&x@atdloﬁd @'gani@ o @ ﬁ)l??a@erp r[ﬁgle%{r@mat\énal & H%.gmbly has a

thlclgyss hpa%olyt\ql ? ;%r rab?V\{aas a%a incsst GQ?O %u 9? 8 : 1e[ectrxc material 62

ue in
rmﬁ,gxﬁ é’&tF V’é‘tké?rlolf P]éhag?e'l fr@éxﬁorl 239,&4}13@& t‘l_ﬁﬁiémt PRI ake capagitor dielectric of
capagifof $2e dt it hecssad it dagriSF be ywlt farral! diee devths; ast id epoisicteid layer could be
usedSor lttie @QpAcid GNdcBR andNtkrdNERYUEEBer Sukiibe dd A AXp88nskiSior of transistors

200 5:1@!3}3?1@%@}{31:@\%:: &Sfmj A tM@é cl vx&a@ %Ml’to !;nhlﬁ-l(:?e éﬁlﬁr n%m% o¥ F]\ethod steps. The

dileid EEET R kA T “ﬂaﬁlbrem‘arb%‘&m HReITEPE Pri-tiat 3400 Py b s oxdiang
wcbips P A dyeesiEd Atr & ST RUOBIIIE PXARPET HUS2 ODTE0X B4E diclectric
consgn | dieletris isyrg lae HEiGhanhelikel \epiBitddr ianRiostad b3AQpsial G df}glnﬁai vapor
depoﬁhtﬁh@ﬂﬁﬁhm sk @RRiBL Qlf)orZngQmmcﬁﬂgP@/@l Qrg]lk@mg %ﬁz@%m nggscai vapor

d&pog%%d\ﬁ{) %\}Ivy&rlltl:d Q)?er EJ % Lﬁg({sged ?aﬁ'er tha{] (ﬁ Iéosns dm theléteile{ln e xsolabzon regions

ecl ate
o> il SSElE 8B FGHN » B ST YR UrY PR UG Shpode orming i
is depagitet! gelp g faaerﬁr dieleetrictptegft aid-ishrtamee lo MBS tby NS $49t decsupliag capacitor
52, Pater Adeictdy 201 oPPehan ®losMaisidr 2065 lafd Olfis ¢iddMaed302 of N-channel MOS

tmns@tbzuﬁ@l | i‘% Qife: g&:@r@ﬂépﬂoﬁm ﬁﬁ@l@chﬁlq{eémat’é{; g?e%érgglté’ f%r convenience of

descrf})gg wrnaout hmltauoa, dg %ci(?yc:larftglpne 51!150{1 §1(5t]05#1|u8ﬁe of é}g " élg:dxg dn]l recognize that
Othefti’é’f%é FPPCHRG b AFTio e BRI Vil bbe SHEIGDENG? PGV by e
reductiprpof’ dilgnet Gitge Admmedf ke amel t@RHAIGHROCT \sdka@l ddidagsisoh nB@A, silicon
oxynitraly @k 1h3 Oke (ﬂda O sfddd) RGO Eéj(ﬁﬁHEi@ed Wit e Rikr @ﬂm@g{/sﬂgﬁﬂ& si@on to aid in the

pattextnmg Ia!chytn@{lng Mie %ape leQPSdE ﬁl e;iglércr{sta‘ilme s:[:cqna%ycr a%tbgldxlatteﬁg:d using a

con bet ween
P i G LRV SN N BT i O 1570
chemisige lpp prg{'izmwm@@lpqtmg)f e mbxea;yc@r si®@all spgeers fimrdiemsdl bsteeqﬂgtesntof top plate
64, gzd@cﬂ)eicﬁ@l_c b(y.l, 20 Ratk H&kr&i&t&&l i'miﬁsi(ﬂ[valtsbﬁerk tds@e foRﬁbﬂt‘)j/ Qlﬁo@gicﬁlfy etching a
layer%fEQiCBJHxﬂle, silicon nitride, or the like in well known manner. The layer of spacer forming material is
5
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10 nmonocrystalline silicon layer 30 fornms the bottom
pl ate of dccoupling capacitor 52. In |ike manner,
portion 61 of thin nmonocrystalline silicon |ayer 30
wieek dielectric isolation regions 57 and,g8 <
a|§§ﬁ§2450ped N-type. Portion 61 will be used Pgﬁ&m"qs
formati on of a P-channel transistor 200. Portion 63 of
| ayer 30 adjacent dielectric isolation region 56 can
be doped P-type, for exanple by ion inplantation.
~Portion 63 will be used for the formation of an _
anisoNRRIh FEE i g in By et opErinedRED gfiog aflls §B» fhife chemistry to
remogg &e Bt froro subgo@ilyéorizopd rfacy (b torsh thie ppllantlitd ivorclgamres) and to
leaveldR: 143BSIG @hsRiaily vBIAkal RFBC L AYRk1QF nPFIcBER e STicoh Reatures).
accordance with well known photolithography and ion

[001§} nplﬁ@”ﬁu@tta‘:e@ﬂl }t-I@Cch ﬂl HHESe o&%m}; I7!l H%&ﬁe@ttﬁgxgh A p(l):r{s(ﬁ- of §1ele<§nc isolation

regm{n ﬁyand thrg ]ulg]ereymé;fd;egectn !a{)er 576 dn accor?.j{me with éfrcgg‘ed n% J ent of' thé gwennon a
sccorgfopyring 7803 A1PcefFi. MER|ecIeEle FraleRA redionGTRd e ercww etectric layer.
Althdagisbogh dpkring K esipiing &b et thodm B b axian durapisthc pmeﬁxem’ml igplation region,
the ub@aaeangsmr%r@&gd thfougﬁQQBdFatelsoﬁn% r@g[a@n o&n%mt &b @5 arc anisotropically

etchc:{??lax'e:?c’,~n*¢‘%xtnTr:l bBIeacénaﬁ):on cNihmﬁ a%f%g'eﬁeftrrx% I?] gersac‘:%nqm rcgbtae jort th'l .{1 Eor example, using a
CFa, EHBatiSF e esajop ¢4 N (s URer o 2= (o3 1 o) i v of pqnogrystaffig silicon catrier
substaeCid Sigdhrppniteh 2t exbagser po@en B oithe chrrfep pubgtlate. {Thy eehing @y ipagasked, for
examplB @l a bfitern@NGerdir Rlo@ekik @t fidyREd).coul d be used for the
capacitor dielectric and a different dielectric |ayer
[00r9goulad alosinkieRsh i OG. 4, Iaemgaﬁﬁn bt Wik anabivity/li@Bingh PhSare implanted

throu Qpeﬁngdép raxT %S)lgdtedq:lsitarry\% ﬂng 06%& cr?s%gi];pg O ug}lmlcarhg ﬁ)@trate 34 to form a

evl Ces
contagh FRiqf; 8| "éB’F F?‘”S"‘r?ﬁ"ls‘é‘i“i aT""é‘%{?F %Wt 8 PRGN P *§| dI“T*“(":"él it thin
monogiyeiadling eilifog daye g0 Wom@rpq@z& atid| drairgi9 o |rea5<peqof BOhapgp! HAS transistor 200 of
integ@¥dl Eicdit 930 TRITEH @knt@ion EAR sBRccAndIRNOSEibR G fad¥ &by A thus self aligned to

gate eﬁécmdg 96& QX thd Sosochileli | k&e%u OXMRIL T bElEs desidel LA QR m&ud%%me%ype ion
ant glelectrlc such

[mplar'_lifngm%/ %atter{x%ﬁ:ayrr oﬁpehotOﬁsexst gnot :ihésaatci:d sul ators can be

epos hem c or deposition (CVD), |aqw .
oo P 88 B AFERT AT HORSET ETOIT LDy el praghegens 5
N-typg ﬁh‘&%ﬂ‘é’@’ @ehegmug@fonyg@fops qj@p\egr pl}o&lgor(lpm{qntegt\gluough opening 74 as
indicdtdd] by sitrdvati @ths ilayet GRGI 5 Be Heposidietvihayesmididydios are implanted inwo
moncBh MR tiBcod raar;.é}%ub@;aeel MG foh@ar; xsxa,lpéltegi@;nﬁﬁam ﬁ%ﬂst A% Welidn diode 177

with t@éc' ?ag‘ar subs%att {hlg s.asﬁllelli-&%e on :g%(lgx(tatzhrg tan bc us@cy l% for8 comaat regions 68, 70 in seif

ahgmftedxf Yﬁ“ﬁ@" p[JIsﬁet 6@:1;? g'lilp?d:méng &Ebcﬁlé in{Oé)am&rl,](tOdsf illh‘lé‘nqnw tleluaffmlzcon layer 30 using
top phifeeddeod pilvalratacyy & ssapdimipBriint asknedhe beafirdaped (Foprontact regions
facilipt @bod cB4riafl codat @ltpd boigm elapP achd OoupB@ chdeitod GaAkeBame time that diode

regno:?l R Gk cgg&ﬁ:t %ngs @§ 75’ a:g n&n'un%d zﬁ%@:ﬁé 1%Q£tat1grocgm bmgi i@xmplant the

3‘
orin 3 S S B LR o Dol HORIREL MR, TR0 Bl 200y s
drai Frgiopif BFHEPY PSP BTG EReRSEP SR PP FEiBi Bl spacers 66
DuringfteMoupe ibd mptaatatlo@,ri’—chagelpkdﬂ)%/cqnylsttrak}(b ind etigd tkdi@@ B the integrated circuit
can b@hisRAUGRWOREer Ffr codtiplelwith Biatdaer }ﬁ&t)reé&‘:.t {nbt iBGQENI Ze that

other materials can al so be used. The pol ycrystalline
10021?' | 'AﬁQ'?en%aiH tpcemgﬁgéaﬁlbtgﬁgst der(aégx&ged lpEr@MQoh%ulEtbﬁayar 62 are removed
and, arn a?coz%anc w:th orﬁ emLc?dn m 1t o%l t|l1_<!421vcn a MYeIr -DP s1]1c1da f rmin%i g}létal such as nickel,

T Ton con ni
cobalig f”l“ﬁ"%rﬁ’a”ﬂé‘Bﬂ‘d&Vﬁl[’i“‘r ¥ glgbally F'*PP‘h‘é" PHKEe Tt F*letfg‘f"ﬁ"“a'i"@ﬂ‘)g metal is
deposggininadostact bzethd@qjgg| itngidnt@i\/g}ntatthegidma% rdicdf region 176, regions 68, 70 and
polycROhIMGI $Bdalb AR & dficgRficl Orudhid dzNschlbe 2Rl QF NG 1&Ms and gate
e]ectrgrfe%m S}Q’I\RIS &apﬁsug @&ﬁ ase\l.'e@l tsrrPLQ%Ct w-xrn ﬁraiﬂ%l{)y %Xﬁ:"r&':&bé ﬁ&ons and gate

l'icon layer can be patterged using a patterned
photoreS|st | ayer and conventi onal photolithography
techni ques and plasma etching in a d or HBr/02
chem stry. In a preferred enbodi nent of the invention,
sidewal | spacers 66 are fornmed on the edges of top
pl ate 64, gate el ectrode 202, and gate el ectrode 302.
The sidewat|l spacers can be forned by anisotropically
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15 contact region 78 in the carrier substrate. The

sane P-type ion inplantation can also be directed into

thin monocrystalline silicon |ayer 30 to form source

wePd rain 206 regions of P-channel MOS

200052(1[1?'5 %t egrated circuit 53. The ion inpl ah{:ﬁpgﬁé mqu

the source and drain regions is masked by and thus

self aligned to gate el ectrode 202 and the associ at ed

si dewal | spacers 66. O her devices can be masked

during the P-type ion inplantation by a patterned
clectiody A0 SPMPBhBTET e SPS ¢ Hidtde F"I“T“ﬂ%‘f‘?‘ﬁt’@%{f)ab‘y P GYPSeP s plguys-1o .
The Higfdg iempe mgkl ie heatelh @refamplyani gparurepf aPort FiPe- S00°C to cause the metal to
react GAMA CHaGlbaal it vEHRk: @it RbAG o G rieRl QRIGI ORONEIGs FDand 82 on contact

regiohteh, YJBeres%QJlWE'n}élai s){ucfé@tc&{a oﬁ%odta%ﬂr%glg'r}%h %§t;}iasﬁi§%£‘ bfact 178 on

hor us are | ante rou eni n
o OG0 Gy L G 20 BO PR USUPAPGRD THE P g mg spge oo
208 4 £\ MM 1ter?PE apd destaad PA0reR YEPS tamstoa PE. dimp Hisiaiedin FIG. 6. The
metal 4tGs MADMOGHYGvahlsiliaR, S kiaGan tGakdad ent S ugstitabemaddickdric isolation

reguor)soﬁm @qre[a\é't EI}{‘H the ﬁ&lx&%te}?grlé r@lﬂ&veé @Jr @ﬁmﬁie E)Nvdt Ul@fn‘ig' r951¥1202/f{3504 or
HNOq —181d solutlcinawa{ i 1c1de conﬁct% nd e%y Eo (thfggt‘f? qcctroch % % tranststo¥s%%0 and 300

i'on ca m con
may 6%3’ be ‘?l’ejﬂﬁlf‘ﬁt theppe s, g | gnrrent with top plate 64 by
inplanting the ions into portion 60 of thin
[0022D n Geacysdapde| With en sibhdimem of tepyiementBO anugteatrger tipjoctyy] meteizi@adyer 88 such as
silicoRl DEldeSik QIOME) HepSAaLTe ksreitfie @S cry@dllidk Bito Mafick £4A SINBIBIFegiohd)ud to Gilt
opeml;l%aig I‘nlldy’/SdQ.B%ijE( L\tl-u))be Qﬂfy%ﬁ&mh‘h@ L!pﬁ’l[}%ly p%i‘n'ed :In@t:t@heg Qqurm openings 90

that ea;éo&%p0£t1ogsac!f‘ metap sxhc:df contac A{b %2],]%4 ‘%ngﬁp %e%h%ﬁo %Hsa f'll’lll d’i %a; iflustrated in FIG.

capacl
7. htﬂ’élgxebﬁeli% %"r*ﬂﬂ“‘d@ﬁ’t Sécftaﬂ Pt’e‘&?%ﬁ%‘ @86"3‘?@6 &y EVBdV il deggpposition of a
sourck: nipteduh buidzs tétheth gamsilicap(Tans)and on be arhed) dor ygeglet by reactive fon etching
usingl PIANER,! hesrd E@irn&try?’oémﬁm“s&ﬁgs QR fs%d frﬁ@iar@r@§ 90 f Conductwe plug 92

conta S %\h@lnsqside Mn@ tt é’oa&SA gtl‘vgr fu pr COn;.g(tlSe metgréllm ¢ atn t%& 1 que plug 96
nd 30 dra ed b

”““t“‘%‘iéf“fta‘é1hf‘§%"é’awt‘ &* Q‘ﬁ‘faé‘ Pé‘i‘c’éﬁ‘[ °r°6‘ “3*6?2 S“é\%dﬁ °’l’r1’?é‘ %éé‘ﬂ)%‘i"&‘luétﬁ’ ¢ plug 98
contagf geiylalifidespriecd Pt GHciiEnsinichty SEhie ke happe, cpigictive plugs 212, 214, 312, and
314 coirpl @erkialtibiongenteg rarme) s0dvVela 110,a8de5Men! TROOn@NHe AhdiRin be formed

in caﬂ\@lgfopdmﬁ‘mrggr fopgnzln;né ﬁ}gft:@;sﬁldg &lh{eﬁ&ﬂt&anﬁl@r&b% 'Z{%&%‘? taéarﬁum nitride, and
then c(eﬁoq{hn% %T%Pjer of tu %\SP %l)%o,ggif.lp&gtmateng an He. remOVfdhfpom t‘iie f(uri:ace oli‘ interlayer

Str at. er T eénbvi ng
dieleqifrapaistid ST Bt 2 (F“éﬁ'/%rﬁ""sst he exposed portions of insulator
| ayer 62 are renoved and, in accordance with one
0023% b ddl itwewied HF1EH é-ip,ﬁl\péﬁqqop@iﬁg caaac[tgy@lclu@fis wiplpted. figaccordance with an
embofligemioNge adnadn, BlUEhosEise 41l pK@dning o35r 6:0M0 &dytrs oftnketaBiRifetila Vg bus 100
and A0@) badiot Mroing bBe réqtk:%d |b§sseg|39<bé\l1ér Ymcd:%%&' 48Rk @entezlg}@y requires

severa tlaﬁé’%s cgflilsg-egthz%lm? ﬁmée la%rgc% Il}@gﬁln‘lt g;gcay?c cﬁ:ctncaﬁy gﬁip"g"%}’% Ezgers CQ‘ dielectric

maseid] lje vy B‘ﬁ‘a*f%‘” SR BB & ¥ SAPETYR A I g Those of
skill i fh prg witl updsystapd G elu@igurp fetel bgatianiit asnerally dapesttesrapd B phagejigfographically
patterddddnddithedii@icts cOfifer hegi-omns fsaﬁdragapﬁerﬁﬂde@h nRdeeRQde®f. FIGS. 8-11

schc:rrF> M%’ Jhﬁs@ﬂc%tt%g 208 thgggman@rxsof‘ W;lblls I%anh @r“@.ﬁ%%l a%Msugl( ﬁ'aﬂmmum
and source 306 regions and gate

[0024?00§é Ql’tllsjtr;‘t%(ﬂ' P q‘]—é Lésﬁ 919@? pr’llxrgzﬂ' gg{) stheth ﬁxlqﬂgm §1O:1% agxtn M(B, is deposited

ransj st or e silicl orm.n
over fioigp of GfriER Hé§§8 g meat VEL 1 ‘i%cc’gﬂ\cmﬁfﬁgg% dreh é"ff"&‘aﬁ‘is ﬁ%tcmcd as
tlustrfed il FIG.SY feelatmepbrtions eff o Atsl W0 electdrallvetrprdedae draiy 36f ofioamnel MOS
transig®@G00, <Oy tcbplEab S0 ptahbe‘ari ﬁEie&lup!ﬁ:@ chpaat 52Wwhd B dida€177. The layer of

meta[§§ AHO%%I&% tohfor\Ma'llmgnnd (;f \} Sbui beQ:QE}L@ﬁ)t co'{ugecf 19 Gmog%tm@l 60 of decoupling

capacécg 5.’9 ,ﬁ)gram regxo (%Glo\f}lg?hmmea L af]gt(ﬁ%ﬁ(}; 1211:{: esx?bétrdalgﬁccé ct |402n
contact region 78, a netal suicide contact 178 on 5
di ode region 176, a netal suicide contact 86 on
pol ycrystalline silicon top plate 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
contact with silicon, for exanple the netal that is



10

15

20

25

30

35

t hat expose portions of netal silicide contacts 80,

82, 84, 178, 86, 208, 210, 308, and 310 as illustrated

in FIG 15 7. Interlayer dielectric nmaterial |ayer 88

Dodisiidgposited, for exanple, by CVD by thg. . cumiess

econposition of a source material such as

tetraethylorthosilicate (TECS) and can be etched, for

exanpl e, by reactive ion etching using a CHF3, CF4, or

sr6 chem stry. Conductive plugs are fornmed in openings
oS5 S YE) U8 §2 G S50 T BBl SAPLER o o
invesgion, by b dpResitioy e apqtlﬁfgdlgﬁltr@émrd@% averpptealfclegfit kel Beand bpagierned metal
layer840. Ewfetabig the pbpUgrfd80f dantRAiys: mtamldnswealfﬁ&xmmtba&tcn@ Process.

oper;lné&m @&%&&x%@ L@ R MY 128 ien age&gnizy@r%fm @;ﬁ,%@porﬁéus 9# \ﬂd bus 100,

Opcnmgs %j)q czfn. be (tslle% wntg C(Elglfive p&fss fIOG éTZm ac? lﬁxanaélix)zf: %fd??%’h%of; :srggﬁp(o.aied onto the

plau@@ﬁd@p;@ésugf@ﬁ?fél egtnc 125@8402 2’]90“ clg:ggal ceptgL ugtj]@onductwe plugs 406.
respectively. The conductive plugs can be forned in

[002¢ on Ve ritustated fr Ti@N A erctal fager 48k @mpt eritbyeddedasied to figm a pbignetto of the

Vgq b0 thilt ban@BIEcupTRd, FoOEBRE todim ke pddfer dubilid TN MR RGk flli.lﬁlﬁed IARES. 10 and

11 bécm@enof ql%RaQéAs ek‘pgfo mjnengo%g I?tﬁre,ta %Jl%&mpgn% b%}gt%}%%d anrl %ltgwd through

s PELOf o BP P b ﬁﬁ%%ﬁﬁ%ﬁ%&é@%ﬂ L gyAes Puss nd
portign} of gt aytrdbf dembepp@Sied Belpdricatityoneteidobipt tongpobapist Pdditionally, a Vi,
conn@tisripart iemedd 1S submimp Bedsadjcated it @G0 dance Wi th an

enbodi nent of the invention, by depositing and
(0027 at ed Viis g i0depldito fDduetive pE bBana fherd®db adp pla@ ok OF dBbcRpiME Ehpacitor 52.

The ‘puiﬁjs &Q&p@@@ c@ndyctmprﬁn?gs. }Q;xd QBQchEzﬂgtoQkfe bt)tlﬂ)% ;J’la(?eoééloF (%gour lmg capacitor
52, Q‘He %ecou Png cal acntt]or 1s hus coﬁ:clodn etwee [ two v tzaag Lu% nsr a ¥e with an
equi res “sever f 8“0 'fél a? 8h: “Fﬁo'é"f:‘ggf‘é
crabogniRrgt Y YeRisr |ﬂE?anc‘%¥ﬁ'5 e @oefalptrvy plye [§4 pasihente loy N junction diode
177 fhrapgin sardd switele @€ providngmteretiial disciing phtmgoefha:@é thavBia@duil€ & bn the top
plate REcaBloidF AU BsiCORRBE buiRNp Bk |td}}}fnlanf 643cIa:U BN Qﬁe &@mgs’revcrse biag

le:akager C xtrJA?of Pkﬁctﬁlggéeel 79 Neﬁé%lge (‘ﬁﬂl‘g? linu!d 1 onrg(ﬁ: p%tte 64 can leak ?flf to the substrate

er st and
s oy Gt B 8T FHET SHDE O 14 W@@?%EWFCG%Z‘P‘}C?W%% BProp of e
invengiqrg fie ¥ i Ersasoutiep emdyritealizivg atdibene fogarge mstalel3y, providing another
clectrpaltdls@bBeghel Ryt cBarlAFBSLEIR] U loh B8 5&om FlhSt thdafditor.
schematically illustrate steps for the formation of
[0028Ydd Abugs: 1O Gonng VoD msidO2 of ey aRtials, Slb‘@lh, WS is also coupled to

cond@!:\!'émugymam[ [QQC%% éSdLJcl 111 l)fl'fé&iruﬁxtﬂ%é \pan 1.4‘:0@'30(5 and%]e \la¥1¢s u. asto coupled to

conts S ¢ B € Re Tl PR bt DY b e Kt ocions o
two dg@fqﬂmﬁ@ fFiggie pHpetch e @@ﬁqun@g bﬁﬂvg@ glemepsdiaye asre pllugifatedhgshegjatically by
doited nepHt.t evithegh Figs 11 B&uidslauibtinat edr extenEhfGirondvi @ thunbAon diode 177,
the diRQkdd pﬁlﬂ $an®f covplel 1B bSend B6n @rly@x@xt frb&akikdie %H@Lt%ge&x ngaﬂk Rarmed by

a bm%Qx% 9 IC?'% Cé@%&&?ilulmig tt I‘\%Q I (S?¥a9ma é%mﬁ ané g%uosmo s!ep55ef\piohe& in the

capac
fabricgin €‘8&é ‘i*’?‘f““"h?*ﬁ%f’ﬁ“a‘i?é‘i’ee‘b‘ﬂ‘“ﬁ‘%fdazls Cpendy €65 Pt Berdrigion of an
MOS frgnsistedo pt juoatien dfde V&7, b eithoukd Rotélhetoted inctad figyres g Plserated @th caa also
extenddnt Oleplealod: s6dh aOfatcdRcaidpiaz HWO&Q&:&E&QDO @ e pn ﬁ]&na{ aRak)
regi on 206 of P-channel MOS transistor 200 and to

{eo29p U 8%ﬂc@t RBasEHR &)t@ﬁﬁi Erz %bod%t%%@&n%e@&é&i:%/ Jr%gQQ(YeéaQe’ld%s@gptmn, it
stra
shou]& Qe %gcore(:ﬁ] tkl lél vast nF] er oln va n%txoas exlst lt“orfexzinﬁa t%e o:%er Q the meg}c/)d steps

I'hventt on
desc”f"ﬁ'eabﬁ’ép%@“%“?tﬂfﬁ °BLV ‘ﬁ‘l‘wﬁt‘}‘féPteﬂ‘i‘eélt‘éE? Fopiting: a?f@f"‘”lto‘?e enumerated. metals,
insulaggipegul! P pigeiehi el idetrativconlya pahou88ha¥id bishved thraf st ter medusretdih FIGS. 8-
11 as|b@yie FordddOn thRY @he mabliyatibhevetsap teUkt@L@ @fuidingl A6t didoGe formed at
diﬁerén@%@t?ﬂ]iﬁﬁ)% ibR1sPliafan 268, (fgrrecxﬁe@mltﬁe &ymrﬁar)CMD bo@&ngg: &P Bxemplary

Openi ngs 404 are patterned and etched to extend

through dielectric layer 402 to expose portions of Vvdd
bus 100. 5Qpeni ngs 404 can be filled with conductive
pl ugs 406 and an additional |ayer of netal 408 is
deposited onto the



pl anari zed upper surface of dielectric |ayer 402 and
in electrical contact with conductive plugs 406.
100261As illustrated in FIG I1, netal |ayer 408 can
rned and etched to forma portion 4 5
“@ﬁ@“@ﬁgﬁthat can be coupled, for exanple, til,917%205%?‘”3
external power supply. Although not illustrated in
FIGS. 10 and Il because of limtations of a two
di mensi onal figure, additional openings can be
patterned and etched through 10 dielectric |ayer 402
e‘“‘i"%““&%"ﬁ%@%‘a‘?ff‘ﬁ’ Bnd g ngt intergegicto HH the pageps eppbiysiityry sonGiamation of the
invdggonf i kiyedhywi Ratherc bm Gugbing @tapddug S riptan dilloprPat: tiie@NskDEd in the art with a

convBielroddayp rfor;rggﬁexﬁeﬁtﬂlg g@ aﬂ@ztpid%fdﬂ%gd h &‘l eﬁ&xﬁpﬁakﬁ@ﬁblmy mentsvl It should be
un At vartous chan oAyt 1 1 nd ar, L,m Gt.0 d i
d&gglor&qg;tt Jrg 8%% car b d {: tpe [E ckl ‘t d ?Eg § t ﬁ&ﬁ %g{s dtl % departing

nnecti on can

fromg { 3? TPRTar ‘hﬁ‘f?m“[“(ﬁ?)‘?‘?‘i“‘l*ﬁé ﬂ%werﬁa&clarvss daddhedwebrsqwlents thereof.
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 coupl ed between the two voltage
busses. I n accordance with an enbodi nent of the
i nvention, the Vvdd bus is also coupled to conductive
pl ug 180 and hence to PN junction diode 177 fornmed 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 leak off to the substrate
20 as forward bias current of PN junction diode 177.
In addition, in accordance with a further enbodi nment
of the invention, the V' bus is also coupled to
conductive plug 96 and hence to carrier substrate 34,
provi di ng anot her el ectrical discharge path for charge
that may build up on the bottom plate of the
capacitor. 100281At |east for sone of the MOS
transistors of integrated circuit 53, the Vvdd bus is
al so 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 transistor 200. Because of
the limtations of a two dinensional figure, sone of
the direct connections between el enents have been
illustrated schematically by dotted |ines 414.
Al though FIG 11 illustrates a discharge path
extending from \ids to pa junction diode 177, the
di scharge path can be coupled to extend from any
non-ground circuit node that potentially can be harned
by a build up of charge generated through the various
pl asma etchi ng and deposition steps enployed 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 discharge
path can al so extend froma gate el ectrode such as
gate el ectrode 302 of MOS transistor 300 to the pn
junction di ode. (00291While at |east one exenplary
enbodi nent has been presented in the foregoing
detail ed description, it shguld be appreciated that a
vast nunmber of variations exist. For exanple, the
order of the nmethod steps 35 described above is
illustrative only and is not intended to be limting.
Simlarly, the enunerated netals, insulators, and ion
species are illustrative only. Al though the Vac bus
and the V' bus are illustrated in FIGS. 8- 11 as



WO 2008/ 011144PCT1US20071016453 enbodi nents are only
exanpl es, and are not intended to limt the scope,
applicability, or configuration of the invention in
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 ments. It should be

u erstﬁod %Pat various changes can be made in the

f OREG ARG B r angenent of el ement's wit hout departi ng
5fromthe scope of the invention as set forth in the
appended clainms and the |egal equivalents thereof.
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c@ﬁtact region and the second contact region each is

el ectri aIIy in series wth the inpurity doped region;

and  ormingiag h&cgﬁdleﬁéelewc@Pthdsu@tpﬁag ¢ dpthplatsupl ithg MOS
toapacitbi neta plode donfed hetW%nﬁ&pﬂQLtbﬂ&u!bmaﬁ, d&fﬁ:@(ﬁn the diode is

c@ﬁﬁ'@&j th Nk hf? 5P gﬂ&h& gnayet ol %Qx%ft ALy Sieh S(‘Sefr gﬂﬂ“% Bp lpetrical

|o e is he’first voltage
ﬁ%%‘@&%ﬁdéﬁﬂﬂﬁ¥hVﬂébaﬁpé¢ectr|caI dlscharge pat h
conprlse§1 % @ ﬂ1nﬂ5a dielectric

i sol ati off ‘Pé}ja ) ﬁ‘f‘éﬁ%ﬂ ﬁtﬁmt‘ﬁq’l%)‘u@’ﬁuﬁ BS HBREEY Y& anpgrpaialline
senicondiduntioyeritagerburiod iselabutiyed i nsul ator | ayer;

etchlng an openi ng through the dielectric isolation

regi on afehipsangwepied higyeh she dal chiparolpidoreregtsearsl the buried
posutation lgker texpsedi sQNEN6F OF sSHRSAIRES substrage; i on
inmplanting first type conductivity det erm ni ng

| npuri tiies imiptaotigh frfleyppenidagiticy dasmifinENnipungéd GFough the

@bé'lﬁlﬁg; tdvol rﬁ% Iﬁ‘@fﬂn%ﬁ&q P‘l%El@ In lgy Qc?f{u(,glﬁtﬁ ctogﬂgbsu ate; and

coupling the first voltage Nction

di ode | ncbﬂﬁlrﬁgerth@oﬂdﬂcxt&ﬁgﬁ%lﬁt kAl e aNA ﬁﬁﬁlﬁgddfog[ in the
m conduct or on i nsul at or 6 devi ce

érgmomﬂm %g%a §pe semniconductor substrate, a buried
|nsulator Iayer overlying the P-

2. A method for fabricating a semiconductor on insulator (SOI) device
comprising a P-lype semiconductor substrate, a buried insulator layer overlying the P-
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type sem conductor substrate, and a nonocrystalline
sem conduct or | ayer overlying the buried insulator

| ayer, the nmethod conprising the steps of:

form ng dielectric isolation regions extending through
t he nonocrystal | i ne sem conductor | ayer; dopi ng
a portion of the nonocrystalline sem conductor |ayer
with N-type inpurity dopants to forman N-type

| W@Lhﬁcoﬂ@m& 'SL%@hé?t@ Aes n‘l(ﬁlo@iyfsﬂaflﬁ)tc «f&lﬁ&ﬁld%to@,ayinh (éverlying

n 1 nsy er over

tﬂgﬁﬁngﬁgﬂdB?‘Pﬁétﬁbﬁb@?@é?ﬁpﬁﬁﬁ%l§éﬁﬂ%éﬁductor
layer; fmllmr{gj dfe Jcmc” 9»0%1&%8 qurlgl 0 s\elgu’%éi%g’lt Af (gueg&? 1Y1{, Hggnor(],%‘atdliine

the ins

cﬁﬁ%é@ﬁ@@mlkhéheln the conductive el ectrode has N-type
conduc ching an o enlng ext endi ng

t hr ouga‘)pé% AoPOrtipR O '%F éE?’F‘W&Y Si“é M2t BIOREETBNgYENYith N-type
t hepusuy idephnitngufoanoan Naype ihpurgxpged acgion Uion off firfth@ate of a
Pedpypigsem conduct or substrat e; etching a second
openi ng extendi ng through one of the dielectric

r egl Onﬁmﬂl'h@ theinbusiioeda JJ‘SW@%’Q{& hiay ‘gﬁﬂ&l BXRAS %(ﬂlocwslailmu
ec ortjon of the type Sem conductor substrate
sc, mcondfghtgr ki

etond portion of the P- type sen1conductor

tSUbSt r ﬁhﬁm\éﬂ J (l:'bnau&}l\f% 1&&17%%15 L%a?ﬁ?g 81@ Iq umaLOHgont acfgl m 91 second
Qrﬂﬁ% deﬁp%w@l wiwtaé tliwuﬁivcttyfcméadcr bayi T‘éﬁym qohduamty,

uriti orm fjrst and second contact
regloﬁgigﬁeg? p8@P¥§X°Hd@érb§@&Ufwﬁ(iﬁ@3ﬂﬂ*§Bé3wo”“onicgonb
i #nplu thiet huredpeduireygi lopgr @nexsisend paneaust yhed @giy g séiRonductor
pPebLgn of the P-type sem conductor substrate exposed
t hrough the opening with N-type inpurities to forman

N-t ypectétegi @Redodd MHpBging LHNI]@IHEQFH‘OQ@] d 1@@§tﬁ6" dz&k@lh@ rcmons and

nductor substr
bthé%ltaﬁ(’(? PGS, SR8 G RSuP R B g Fad bigiconductor
NP’V&@Breglon coupling a second bus to the
first ate of the cap aC|tor and to the contact to
t he P-‘{%Vb’é l&%ﬁ%@&ﬁd{?&t% olsipdttyae semomheciorethgtitoith P-type

chpurid totfemen norithe 1S tleP-8he dapichgdidie wpgand portion
of the P-type sem conductor substrate further
conpr i®emetaheorsvep! dfe X dym mgusioy dogedargiotraitnNrgpe onsurities

ab f@lhﬁfu@m fanslRY tedd MRes&HD it B&iSLaR AL N- -Lype impurity
cio )L(ﬁ u,g,]on dnldysnnui taneously doping the portion of the P-type semiconductor
substrate exposed through the opening with N-type impurities to form an N-type
region forming a PN junction diode with the P-type semiconductor substrate; and

coupling a first bus to the second plate of the capacitor and to the N-type
region;

coupling a second bus to the first plate of the capacitor, and to the contact to
the P-type semiconductor substrate.

3. The method of claim 2 wherein the step of doping the second portion
of the P-type semiconductor substrate further comprises the step of forming source
and drain regions of the PMOS transistor; and wherein the step of simultaneously
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dopi ng the portion of the P-type sem conductor
substrate further conprises the step of form ng source
and drain regions of the NMOS transi stor. 4. The
met hod of claim2 wherein the step of formng a
conductive el ectrode conprises the steps of:
depositing a | ayer of polycrystalline silicon
overlying the insulator |ayer; and patt erni ng

(I,Ttﬁmll AW r[:)oﬁfongcg1 ‘LM&FM%C@JJHI&%L{&%I!)I $Blh 19 ILL B{LNM% the step of

nductlve el ectrode ect r o

t PHRYiES PR @ & AN i ‘é“@?@“t&tm&@é tbi‘“'"é“’lhl\/[)s transistor.
5. A sem conductor on insulator (S01) device
conprising: a seniconductor substrate; a buried

i nsul af or I ﬁ%eﬁnc%’(ﬁlr by eI ntf%viﬁfcrf")l/cif?@%é Lof i(ﬁhlll?l te a&o%.tiuctive

nocr stal. I ne sem conduct or er overlying
qﬁ?ﬂ%ﬂ FW§GP%%6P“V5V§? an MOS capaci t or conpr|S|ng

d first d t
fype T HPpiEnGS ﬁ%&%§ SRR MRt E St s S e lgbers and
forms kﬁ[{t}hﬁl’&{ Rl e? OPE? gaﬁt%@f Q"ﬁ%ﬂ& 1%1111 a condltuhﬁ?{g electrode, a

flrst cOo

| U EPOa Of aq 8%%‘“%@1 dn@,é@@hwlc@bﬁ@%ftaPM@%oWnsmtm
electrically in series with the inpurity doped region,
wherein the first contact region and the second

contacs. T o9l onEARA,NANE (LG ILRH SONIUSHLKLEY. tyPe:

a dielectric gayer over]

reg|oqwmgnaanqnlﬂgmggeductlve naterlal haV|ng t he
first conductivity type and overlying the dielectric

| ayer ,a whed énsuldthielag@ngtitiihy the@ieohahctboubBrge;second
plate of the MOS capacitor; a PN junction diode forned

i n t he serce diot semsubdictateer avdrivims the butiahmstiaer layer;
coupled to the first plate; and a second vol tage bus

coupl é8 N9S1RBAGOE 691P B8 e and to the PN junction

di ode. an impurity doped region having a first conductivity type in the
monocrystalline semiconductor layer that forms a first plate of the MOS capacitor;

a first contact region clectrically in series with the impurity doped region and a
second contact region electrically in series with the impurity doped region, wherein
the first contact region and the second contact region each have the first conductivity
type;

a dielectric layer overlying the impurity doped region; and

a conductive material having the first conductivity type and overlying the
dielectric layer, wherein the conductive material forms a second plate of the MOS
capacitor;

a PN junction diode formed in the semiconductor substrate;
a first voltage bus coupled to the first plate; and

a second voltage bus coupled to the second plate and to the PN junction diode,

6. The semiconductor on insulator (SOI) device of claim 5 further
comprising:
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6. The sem conductor on insulator (501) device of

claim5 further conprising: an electrical contact to

t he sem conductor substrate; and an interconnect

coupling the electrical contact to the first voltage

bus. 7. The sem conductor on insulator (SO)

device of claim7 further conpri sing: a PMOS
transistor formed in a first electrically isolated

porti omn kcitibg ARAOGHYIR! AhdidMBussrimensucler | ayer;

an NMOS transistor formed in a second electrically

i sol at edinpoedrinen cofiplitvethevloocicyisioatact Pahs G oOMGUeGHOr

| ayer; and wherein the MOS capacitor is forned
inathird electrically |solated portlon of the
nonocrystal | i ne sem conduct or

senic o%d uct &R SRR ToPN ( 586}[)“06 e(‘@péb d(Wltél ali ﬁidﬂ‘n 7 further
whengiginga drain of the PMOS transistor is coupled to

the first voltage bus and a drain of the NMOS

t r ansi $tRYOSs trewripdre dortwdt ine a s@sondecnidailggsobusl. portion of the

monocrystalline semiconductor layer;

an NMOS transistor formed in a second electrically isolated portion of the
menocrystalline semiconductor fayer; and

wherein the MOS capacitor is formed in a third electrically isolated portion of
the monoerystalline semiconductor layer.

8. The semiconductor on insulator (SOI) device of claim 7 wherein a
drain of the PMOS transistor is coupled to the first voltage bus and a drain of the
NMOS transistor is coupled to the second voltage bus.



