; cde3eTQ ( TB6XxT4+~--METHOD USI NG ULTRAVI OLET RADI ATI ON FOR | NTEGRATED
CRCUT MANUEACTURI NG 5 The present invention relates generally to

manuf act uri }@@'”’WWM&E circuits and nore particularly to inproving gate
di el ectrics d circuits. BACKGROUND ART Integrated circuits are
now used in al nistmevery type of product inmaginable by the mllions. They
are used in everyd I% co ﬂs g{(?rOdUCtS such as Gane Bo oy wred and 1 o
wirel ess tel ephon@g MWXBQP%B@I%%MHS aut onobi | es,
etc. In industrial pm‘i*gﬁl@ATE!ibeﬁlﬁéﬁlTslﬁQNlF'ﬁ?&@ gsystems, control
systens, etc. Integrated circuits are genera orrred in and on a

sem conduct or substrate of silicon. A gate di eI ectric is formed under a
gate el ec t he sem conduct or substrate over a region within the
substrat emmmmm m”m serve as a channel r on of an integrated 15
circuit. The jpiegrated circuits Bﬁﬁm%lmgﬂan t he channel region formed in
the sem conductor substrate is biased to allow a current to flow from a
sour ce TEGHOCAL BIEIMAi n regi on by way of the channel region. A gate
voltage applied to the gate on top of the gate dielectric film provides the
necessary bi @ke prdban ihveatiappilates ggadralyv el hagdacuiee dtedrined chewshalddnvel t age
of the |nteglrated circuit, current flows laterally fromthe source region
to 20 tRtigy amtqlé@?rawngrg?@ﬁﬂeqtﬁés @HHWB@Itedr‘é@PBﬁ and the integrated
circuit is turned “on". The quality and integrity of the gate dielectric
is critpagkd OUT@I% tlonality of the integrated circuit devices, which
include a very tig tAfy defined set of operational characteristics that, in
turn, are ve [ Il t.

procese. oper MraREY sty BRAEWEREITEHES! SharftuR of HRaUR RldllaBieftY e

i mpor t apdilliohfieTkéyodre uséd)m&s/ef;ﬂhylbmsnniehpmmetrsa;tm:}oﬁsad}ambﬁo&@tays Stiteisandf a
gate dielectric film and specifical lgly to syppress any changes assocj at ed
wi t h0 t hvirejese delsphoues; damec plgeicabappliznges aderenpyters, fufomebiigss gle.  In
interfa i nd the underlying
subst ra?giuétﬁirg dﬁ&é r{ﬁ'%’e’(ir}rgrtﬁl%\il%eﬂﬁgr m&%f‘%&e&% ﬁﬁ&&lc %%?%1@§@used as a gate
dielectric rrhttegramti ¢ircuithears @menahyluﬁ)rmed pn amelsem ragsemxdusduc}qr gdstratesofn t h

it an el tr| "fixed oxid is fixed oxide
char e e Dt i€ Bimed uidmadits FIgtunand oty Srmismstipir ubstat
integrabed £irkgst Wiy il sublsfrale NG HEdRGAE s&98 061 ALBANY (dEid8f 9RtiftelfatddS 00

hi gh, due to trapped electrical charges, the characteristics of a filmwll
be dest ciogwitl. [DbEedntegratedc kiragtsi dpantion; e@leandledahgrmehgre@ronbrfomd bx)nth@

within the oxide fi form."tr ites"” aps, . at

oxi de't Pirmieagetor bbb 8 Bpet pudi 46 FRE wom t ERFec ek Bprlo e

oxi de fiddidn By waeofaké dRdrnebidgici. €Al el dlane . aphlhié®d theatd P fop SChE @dteat

t he oxi de/ substrate interface are espeC| ally prevalent. This is so_because,
during fisleeliq Simoprovides dhg aecessarybigs. tr\ééheéi theorpnliedi gte valipgs Bracqdethet he
crystal r S¢

rins: t FoaieR] LAifA it Wl BRR AU RAE ANk Dol fonh bt gion o
congoi t tieadrhinapgisn tl&sugh‘l’tlhe:ehaﬁnemgmm emd‘dneentﬂgnawldlcyrcummdmr@dd‘pn’but can
becone charg when 1 el ectro and hol es . are |n i nto the_ qgxide
and becone t&gﬁﬂ@allté{ta Hé‘tetgfl%o egat?)lg1 ety fsh%” U}E?eglﬁ‘ﬁ’é‘“@ﬁ&f QE % s by
aval anch@egrRic8CtirOnt qievmeghwn&n%eﬁaé Ca ebé’rﬁl}t tightdy 'dl:tfﬂea h&toﬁf AfperatdRae

hi ghly enefgetic electrons are conmonl y called "hot carriers”. Hot carriers
are genehahétyrisics gbatl in dhrnplass Nerypasemwsxs gs. tha’méagtatee\smsebféﬁter ineteriglst zltml

heart of an integrated ui inte s ak b||
Fequi r eReness Grerglcds FeEly BfgeEiteiafed rfilebbel? uiadBbodiny Berdtiselon) gn
i Nt egr i inaintiinl (5O opEaAcnal thati&bridiet of @\Lateadiylebtrid e Snd épe%md‘aﬂy €to suppress

irregularities. Pinholes and surface irregul arities will cause uncontrolled

cur r ent any ohangestasgociaed vdidthet Breds glsstricak ehasgri of @ gaie dieledrie ddm andhéha n
failure uﬂgrif&!}ere 1BI1 ?%r?etdqgt\%en(}h'% %ate S?etl trgé ﬁfn?] gxtéc{ fh(é uhaérmﬁé Elybsﬂ'gt% sgﬁﬁ&ma

|ncreaS|ngy m)elrrportan e I ndustr
A thermally grown oxide film, commonly used as a gate dielectric material in the

semiconductor processing industry, carries with it an electrical charge, called a “fixed oxide
30  charge”. This fixed oxide charge influences the threshold voltage required for turning on a

1



20 pushed for greater mniaturization of the integrated circuits to produce
smal | er and nore powerful products. This has required the gate dielectric
to be thinner and thinner, which nmeans that the pinholes and surface
irregularities cause nore and nore problens. In the past, gate dielectric

I mprovenment was_ achi eved by nethods, which were primarily preventative in
nat ur e; integsated gireiihdevies: olf daesehargg essaciatadaygimige paisdb issteg highy due sastrapped

conser Vel Mkl SECHRIREIAHL YP) i3 pSlkeq SOl Ul ons to these

probl ens "Wt ectric have long sought, but have | ong

el uded t hoseDeRdcts, &thi a3 itnparidéd andAanglifEHbiRbrokEn bolids| WihMIthOxidedilpr fos@nt

i nvention provjdes a nmethod for manuf acté}:]épg an integrated ci rcui} 30

i ncl udi NEERSIESHOF r RS wi TP Wihinea palgerxideBln can exisyptethe @ate degtradgiodisds on

the subghiple. thybﬁngéﬁﬁe IERRCbr {1 Jx?cie'?@%@st&d?r{:]%t@rf ?elntéﬁfa&gu%pspfo%gé 3t fat
a e C. nd gate

| nposes a charge 1nt gate dielectri e substrate, gate, a
di el ect pxide/aulsstiateriattrfat @ aretespatialyrmae gpdertt h @ hishia sg beanse sisrinfy forgmtien 2f the

dielectrigc. .This nethod of. nuf act uri ng produces .a thi ate dielectric
with hi §rdp rﬁT’é‘gPitWSIE{ﬂ’a T Sﬁaeh‘mﬂnetﬂe Shat fnes%ﬁ?%@%i it GOrRR9UE 88l
whi ch waigd, GRUS eshil §h& athSsitibiPte@fdi in€lulds ftﬁh%r indoRI@&LR KHaed ispRidsS whicht he
i nvention have ot her advantages in addition to or in place 5 of those
ment i onechséibwe érap Fhies. alibesattmgesteniatd usveldy mpclmpgesl; dnt canobachosechakded | vdikni n

the art froma reading af the follow ng .detail ed description when taken
w01 eplep@scaneClroats etohei i Tk ARicR gbd berirer iapedbR Y GRP e e
DRAW NGRaf ik trdpsl Bec8m¥ icRiYgld sy dvaladghéinfsttioh 0E Highly encdgbticid @iroRsiAé theSt age
of manufacture in |0 accordance with the present invention, FIG 2 is the
st r uct upsidgf Thpw highlyfenergefioeleeronsrarofommentysgadledi‘botearridqre”. Iptgarrierp gret he
structure of,Fl G fter further processing;, FIG 4 is the structure of
FIG 3 §§‘ne§al(1?’o%elsgli8@%%?%8?05%3@%5'ci rcuit in accordance wth the present
invention; amiie-pafe Blefectdc it BéaPbf fahcigitelotayd cheiit agd itshiatapeithag ai key
accordance with the present inventjiaon. DETAI LED DESCRI PTION OF THE

| NVENTI eliaRefte requirgmepidor Sherptegrated eirpuiteTheigatesdioigpiria mysh havgy hig integrittui t

ilgvieﬂ . ?gv#i&ﬁ.ﬁ%g?sﬁ{t gﬁ\?st %B?ﬂ?veoinﬁﬂ%@% LESGE AR AREARARLC epithbils LNE sBFf&eNt
. grated circui as
irregularities will cause uncontrolled current flow in the semiconductor substrate and to the
gate resulting in failure of the integrated circuit.
Gate dielectric integrity has become increasingly more important as the industry has
20 pushed for greater miniaturization of the integrated circuits to produce smaller and more
powerful products. This has required the gate dielectric to be thinner and thinner, which
means that the pinholes and surface irregularities cause more and more problems.
In the past, gate dielectric improvement was achieved by methods, which were
primarily preventative in nature; i.e., cleaner processes, less damaging processes, more
25  conservative (and less competitive) designs, etc.

Solutions to these problems with the gate dielectric have long been sought, but have

long eluded those skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides a method for manufacturing an integrated circuit
30 including a substrate with a gate layer and a gate dielectric provided on the substrate. The
gate layer is formed into a gate using a process that imposes a charge in the gate dielectric.

The substrate, gate, and gate dielectric are irradiated to discharge the charge across the gate
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20 a wafer substrate 12. Generally, an integrated circuit wll be forned
directly on the wafer substrate 12; however, in one enbodi nent, the wafer
substrate 12 has an insulator 14 and a sem conductor substrate 16 forned
thereon to forma silicon on insulator (SO) integrated circuit. The term

"horizontal" as used in this application is defined as a plane parallel to
the 25 diglegict i Biramehashel man@tﬂawpmdugesmfm gale diglpestie arith high duiegnityss of
the ori ' r : "vergical’ o s.to a
airect i N BbSR BhndiPEatFor fulor JHABMARE: whth WGUT eI b Ble gBRFHLIS
such asfailpn”, "side", "higher", "lower", "over", and "under" are defined
with respect to the conventional plane or surface being on the top surface
of the waf er Ceitaig gabodiments ofdtha inyeatian Baverqthergdyvaniagasiip addtion Hposarmigceor
subsira 3 ess." L0 i i t g

i m'§ti ngﬁhgl?ﬁqgﬁﬁ%%@doﬁggg} %?flgragégﬁg%eﬁéﬁg o%%él\?,\n!e %Bbérggtetfocfgg%s%ﬁtﬂ?%ﬁ{otp pglrtowi ng
sem conftont arreadihgrofathe, follasing gletajed tdessrimion pheai edlkehhwizh agleyencet whiheg,

i npl anting, renoval, .and/or stripping. The sem conductor substrate 16 has a
shal | O\AP‘EC%QP%Y‘P% f&Y'P&h (STI) 18 formed therein to isol ate sem conductor
devices fromone another. A gate dielectric 20 has been 5 deposited/ grown
over the sem conductor substrate 16 and the STI 18. A | ayer of gate

material, such as pol ySRRIFODESCRIPPIGNOISTEEIDEAWINGS deposited on the
gate dielectric 20 and is forned into a gate 22 by an etching process 24,

such as_pl asgfs el 6hi D A ANTARErRl AIARTR & AURL0RRT AN A IR 0"
pl asma assisted Tilmdepositions nay be used in formng The integrate

Ci r cui t adddrdddcasith the presss ésventiorgl ve i ntroducing a reactive gas into a
reacti on chanpber_ and then prqviding a high voltage across, el ectrodes to
cause a gl owf B@s?cﬁé]ﬁﬁgnlﬁurﬁﬁgl: ]’%&chffqyéo%mﬁé’f&}?rﬁé?ea iglegtrist asma of exci t ed
i ons. By appy6nisahy QhiARE oPERS. AEIATHuIMPréaghd.on chanber and the wafer,
material can be either renoved or added from a sem conductor structure.

Duri ng the eF&gt4 onthgsttictoreexichlGati asm afmplited imagrated dirtchi in agacddnng woth t he
ions on, the ~ 5 material being etched or deposited, electrical charges
deposi t NERICSEREINERI2 3% the surfaces of the material. Since these charges
accygul ate i pi¢hs gad QimAiffadfibReceiTbe MAUHING fHRsddrddnRe | Witle AR pedske,

t hese charge deposits produce potential differences across the gate

di el ect tiven@. Over time, these charge deposits are often sufficient to
cause damage and/ or breakdown of the gate dielectric 20. This damage and
breakdown is referred to as "plasna 20 i nduced damage" or PID. The PID

cannot only reduce thgrani fHBRSERMTIONE O F g8 RVEGOReVI t 10, but can

cause failure such that an entire product incorporating the integrated

S e o R T R U TSR ORIR Bl ol UEEREBAS

source kgt oNmAfuRBEiréinticebidah@OWRR thBprBdne ifegtion. "Pheintdated cirdift APhas
sem conduct or substrate 16 and a dielectric |ayer 30 has been deposited

oveR0t he wafpi eubsteistlsr Semelbata ingraterbeigmit wel be dernepsh diragtli|aacthe wafo,
and t he GatGi?r; nbARvE, Bl 58 Lhodif¥Rl, tROwhitr SLARERA £l APidlub{c? ¥l Unlla

radi ati on.
semiconductor substrate 16 formed thereon to form a silicon on insulator (SOI) integrated

circuit.
The term “horizontal” as used in this application is defined as a plane parallel to the
25  conventional plane or surface of a wafer or substrate, regardless of the orientation of the
wafer or substrate. The term “vertical” refers to a direction perpendicular to the horizontal as
just defined. Prepositions, such as “on”, “side”, “higher”, “lower”, “over”, and “under” are
defined with respect to the conventional plane or surface being on the top surface of the wafer

or substrate, regardless of the orientation of the wafer or substrate. The term “process” as

30  used herein is defined without being limiting to include one or more of the following:



It has been discovered that, upon application of |ight energy or
irradiation, such as by ultraviolet radiation 32 in the wavel ength from
about 150 nmto about 400 nm photon 30 induced currents can be created to
carry away the electric charges that can cause PID. The photon-induced
currents in the dielectric |ayer 30 during this first application carry
char gesdenosiingher gaewing? semicpRdjistarhmatgriajse cnasking, apattermng,i phefolithegraphy,

sem con ing nowto FIG 3, therein is shown
t he st rgtg{f&gen? Q@ga}egmjvgtfgéd/ {Jér?fih@hépr ocessing. Afirst interlevel

di el ectric (Th®)semivpadu@dr balsstﬂae:e% dexyp os ishaltbvo wsench Heolakiied QSTII)i I8 Ifayrmd 30
and source  and drain cont& en| n 36 and ?.}}8e have begn pl aﬁg)a hed

t hr oughtherrdn 119 isolate sgsnjegp eteraBesiicrs i aoier A gy diglgetrip bR and
drain c i B NEUCK | al to
for mpsogﬁogﬁ%%%%g}rﬁal gércghgt %(I:I? g&éf%&gﬁdﬁ R%&%?%h%%é ghe?esggeght.jl'x\}e gexjiTﬁF oir?t act
wi t h t hmaswial, seclaadpaysilicor egamnaphd ahicbn? & depobitadsen thetgate dialgetric24 dvds

been de over t L LD I%er 34. The first netal |ayer 44 may

ol ude OHB?CF‘(S‘FHW%ES%{%%‘F%HH & 2ihvich 2y Blasma sehing: op | i ner or anti
reflective Cﬁaﬁdrﬂﬁbr((ﬁ‘@smaeéﬁlﬂngfste%hﬁ@a%lfé@ﬂpglﬁﬁacﬁﬁs‘[@d ﬁmr&pbﬁu@ﬁss of
conductive thin [0 film The first netal |layer 44 is processed

patt er ngdyths eseddn efomryeg|thgsntﬂ£atedmrcand048Pla$ma Ipaecebsse infalye h‘élfodd¢19§@ver ed

that a ultraviole on 50 that is rfar t he wav th from
abott "1 B8 Bloob e RheR shiag dngPem sty BEhe ATE xbllats Rrd st e

f irst neidk al e rdistHargk bf tl@' r%@ctﬂr'e%ﬁ!;’lﬁ:r Séheedle b PRBNAWT ekbitddions| B? lAPplying

deposition of the first ILD |ayer 34 and the plasma etching he source

and dr apryobiegn bies aerpemihageaction ghambe. andithe ngpfarcmatirigl sacbn altlaqg pemeyad om,

t he char re carried fromthe first ILD |layer 34 to the source and drain

cont act gg%gfg%aﬁﬁmécﬁagﬁ‘%?”tﬁuﬁp %eni conduct or substrate 16 to prevent PID

to the gate @iueingald électZiinagdnefieexdingonoMmHiedofd 4ad the ihpavtidgfilse BROVA thehe
structure of FIG 3 as a conpleted integrated circuit 10. 20 A second ILD

| ayé? 5makaial peiag cirbpd or ti@wsn@ﬁ glespesal ﬁlgegg%a%vowé@ﬁi #icHaTHate PR hesustages
filled g tﬂé’%{%éﬂa?s §% e QR&eachﬁfé‘eQrHQCﬁ'fﬁﬁﬁ{ hﬁi(l?er gété PRI PRED sgﬁ&%ﬁ?ﬁﬁ& and
to u snown as

patterned. A d app i catlon travio I'ation (not
been pestistredstondicivhatigse clvaggdspasits q»smdmh@og:anel diiffetemces acroR0the A&atehi r d

| LD Iaygr 56.h§$ een dep 5| tegl vi.a openin ﬁ been as et ched and
25 1111 QGG GmUFeREmSs thosp hise HEreara tmautiogs wagausggaﬁm Pred
ﬁgg Eg"e’gﬁe%gm? % Hﬁ:uéaité‘d&%iﬁ&% | 9hist Pintigk Al el dkHo WA GE fbiPey (oné%t “pTM)

20  induced damage” or PID. The PID cannot only reduce the performance of the integrated

circuit 10, but can cause failure such that an entire product incorporating the integrated circuit
10 can be rendered useless.
Referring now to FIG. 2, therein is shown the structure of FIG. 1 after formation of
the gate dielectric 20. A source region 26 and a drain region 28 have been implanted in the
25  semiconductor substrate 16 and a dielectric layer 30 has been deposited over the
semiconductor substrate 16, the STI 18, the gate dielectric 20, and the gate 22. The dielectric
layer 30 is transparent to ultraviolet radiation.
It has been discovered that, upon application of light energy or irradiation, such as by
ultraviolet radiation 32 in the wavelength from about 150 nm to about 400 nm, photon-
30  induced currents can be created to carry away the electric charges that can cause PID. The
photon-induced currents in the dielectric layer 30 during this first application carry charges

from the gate 22 through the dielectric layer 30 into the semiconductor substrate 16.



di scharge charges across the gate dielectric 20. A fourth ILD | ayer 62 has
been deposited, via openings have been plasma etched and filled to form
vias 64, and a fourth netal |ayer 66 has been deposited and patterned. 30 A
fifth application to ultraviolet radiation (not shown) has been perforned
to di scharge charges across the gate dielectric 20. Afifth ILD | ayer 68
has been depBsfertél nowatooFlpi Agshereines bewnpthgsstactire mddF4nd2 fafter dbrthes f orm
vias 70 fi | i X r A
i xth aporreie on s ThRr s Al SR R 1aP Bau Ko AL SRR B8l o
to di schaeg® anbs@rse aal dah ¢dneacyapeningel®@aid BE hat: bédnladnin ¢tbhed thy®igh74 is
deposi ted and cai)ped by a capping layer 76. It will be .understood,that

) l .
opt i mal theerel Biytaysr 34 apdhs; diglectiig dayep 30 i ssrregiand dipin (copiacoRedings Honed
heurj st j [ re] t it
Conck s BEFShXeP BRES A0y L M5adl gL OBHE R 0 B0 8 ARG a0 o 2
di el ect whchlaay sasp&Bivelydn cotacti vetlethe source ayddsin regione 26 iand£28. second, third,

fourth, and fifth metal | rs, 44, 54, 60, 66, an are_of sil.icon
nitride. TheAfflqsgmﬁtai Gsn ﬁ%bﬁrea_,depeﬂwgmvm _ doe S st it 1B fzganetal 34,
50, 56, 18¢p 4@8111a32r1‘&%1&f’e 2"t ghéﬂsgoﬂxgﬂa@ c@hg’a@%ﬂé-laﬁ?? an@®W Rg & 2k

contacts 40 and 42, and vias 52, , an 0, are of conducti ve
mat er i atedlestirahcaasing (ABEY eqach bamhathungay compriteamiewommae lafercoimndueans thinch as

| um , b ' terial of tantal t] [
2 1 Bl B RS e n A4 hrocorel straanen o prere cpgings Berdl ad 401
silicon di oxidfs#Reh filithepaisCoveded BhaPPlidlol&RadihtiHTH0 ﬂﬁg@bspe?fdrinﬁ@ﬁ‘n thehe

waf er substrate 12 and the sem conductor substrate 16 t are general ly of

( 100) wayeergthifrom gt d6A nnTkeabaus d0Gnoy thtanghsthe pperiingscéh 4di axd 4& in the one

enmbodi ngn ul traviolet Jdrradiation s rformed ,at a. wavel engt rom
Shoot 1EBY medlGadtreds MTHEE i O A Bak O i B SRR 0 Sosiofhi g B B o
200 MV y8r 3P Endithel plisash @thifR of tH¥Bsoffce ARA Wraif Qohtactti}inERS 08 GRd 3B MRrlgng
nowto FIG 5, therein is shown a sinplified flow chart 80 of the nethod in

20 atcotuapreendiapplicatien.jhe skarges a9 eptried from theefitsb 1P Aesien dd do the spuege @wl f or
provi di . f A I toic, thhereon; a
Ctep 540 oA 185y 32 il (B2l ARl BT RRFLE S bEVER P o AE' R 2
a char gdieketixs®).t he gate dielectric; and a step 86 for irradiating the
substrate, gate, .and gate _dielectrjic, to discharge the charge across, the
gat e di el ect Reterring nofy 10eFk(h et thetsy isothomasths stmces of ithdd dias & samplstad on
with a speshihciP§sionode, it is to be understood that many alternatives,
nodi fications, and variations will be apparent to those skilled in the art
in Rdght of wthecaddbHdybiyags dbasdcrdepdepositediodnopinmgsyhave beénsplasmheetdea 4ol
enbrace.al | . such alternatives, .nodi.fications, and variations whjch fall

ot i KPR o 7. SRR ECKGhd FREA 194G 5 B8 e o ey B BfesPe

hi t her t of or e Asehird QUpphicdiRheion ultfavidl@Wradidtiohh@o8 shaGap rﬁaﬁnweﬂg;é&f@%yﬁggﬁ) are

to be interpreted in an illustrative and non-limting sense.
| NVENTI disclmrge pEmegsseross the gate dielgctrisr2Onanuf act uring an integrated circuit

Chereon: 1 or b MY AHETIREEST RL LA (BHIRE, fia Rl ing® e, 808 AR AL "
change #tle@ssidrme/igads ahd dildtd@bial Riyerddlthdsbeasl i&idsiied drepasteatly at e, the

gate, and the %ate dielectric to discharge the charge across the gate
di el ectric by* dpwih capkicsHopftoyyliragipled radiationi(aet shpvwipohasabesn radermed thout

400 ”angﬁ%ﬁ%géglgér%f’srh&&ts%éséage?’digfecﬁ% t 120 mv/ cn2 to about 200 mwv cnR. 10

2. The net almed inclaiml wherein irradiation includes
application ¢f fanrthrlhl loyet62 kditetn depdsived, svipepdninpsdfavabeant plédna etchdsbaridd 600
seconds filled to form vias 64, and a fourth metal layer 66 has been deposited and patterned.
30 A fifth application to ultraviolet radiation (not shown) has been performed to
discharge charges across the gate dielectric 20.
A fifth ILD layer 68 has been deposited, via openings have been plasma etched and

filled to form vias 70 and a fifth metal layer 72 has been deposited and patterned.



3. The method as clainmed in claiml additionally conprising: depositing an
dielectric |layer over the substrate; and wherein the irradiating is
performed through the dielectric layer. 15 4. The nmethod as clainmed in
claim1 additionally conprising: depositing a dielectric |layer over the

substrate, the dielecfric |layer being transparent at_a wavel engfh at which
t he di el ect r Pc Sixy @pplicatiop g ulrayipletsradition ok showa) dag; besa peatamsd nog

addi ti °?§£ﬂa¥%&8{5?%és%icfbgé ﬂgﬁgﬁdig%&gc@@. dielectric layer over the substrate;
g a I 1T the

and 20 form ont act relectric layer by a process that inposes
a char ge acr assxthiEDdaye 7diiedgokit¢dCand dappabin acapping apat7ct with the

substrate. 6, The nethod as.clained in claim.1l additional]y.conprising:
deposi ting aff quree‘&d{:fséoq%é%‘ro “farfsleg%fbwwgfl%fy,% ARG g “él_h(q’%dr ain
r egi ons giBrriined BURTRLEALLbasRBdn 4R §REIBLRE hbteis hndid ep%ﬂfc%&g cBRIREDS of thet e

dielectric layer by a process that inposes a charge across the gate
di el ect mitegratedheiréuit mvobad. second contacts respectively in contact with the

source and drain regi gns. .7.. The t hod as .cl aj ned i laim 1 additjonally
compr 1 s\ ng:  Uog08i S ment dhecgEeeB Tye e fociletElirmg T heniRde |
the gat gec@h@! BRH folith 3hdIRMIP Rictdl M8/cds MB153 60,2662 bn®@ V2 ard HEsiRédd Qftdel CTHeayer ;
patterning the nmetal layer; and 7 irradiati ng@t he netal |ayer and the

di el ect first, Jeegnat; thirds dorerth, Hidthpandt séxthdbDrleyels 3day@r56, 62.04% endi7 g ere ¢fesilidvar ge

across t,he.gate.dielectri,c, 8 The ho cl.ai.ned,i Reclai m

2danl o R c b oPuftR o Garatl porii B0 B ISR B8y o8 MO206we Lavi ng
a char geonductite nitaérealslisatie ok riusgstén, frantaiung & Yitadiunh, bhef Hopletdrsi suchagser by
a process that inposes a charge across the gate dielectric; depositing a

netal | alpernguerr qapperdprdaged i 8 hasyerr mpterisbaf taaalyineor titaeivgl g apuitriderofi ng

t he nmet | ’ d 4 1af | - . o di el ectr] yer
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gate di pblsilicot or &poﬂ')heum]léifmﬂ "El%e wafet miﬁtrht_e 12laad mhelsea;lctiﬁduouaa_ls%bsgatehl6 _
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about 150 nm to about 400 nm at an intensity of about 120 mw/cm” to about 200 mw/cm” for

an irradiation time of about 60 to 600 seconds.
Referring now to FIG. 5, therein is shown a simplified flow chart 80 of the method in

20 accordance with the present invention. A method includes: a step 82 for providing a
substrate having a gate layer and a gate dielectric thereon; a step 84 for forming the gate layer
into a gate using a process that imposes a charge across the gate dielectric; and a step 86 for
irradiating the substrate, gate, and gate dielectric to discharge the charge across the gate
dielectric.

25 While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the spirit and
scope of the included claims. All matters hithertofore set forth herein or shown in the

30 accompanying drawings are to be interpreted in an illustrative and non-limiting sense.



10. A nmethod for manufacturing an integrated circuit conprising: providing
a sem-conductor substrate having a silicon gate | ayer and a gate oxide
thereon; formng the silicon gate layer into a silicon gate using a process
that inposes a charge 20 across the gate oxide; and irradiating the

sem conductor substrate, the silicon gate, and the gate oxide to discharge

t he cha]régE %Y@&H%%](Mg%ﬁe using ultraviolet radiation by application

of ultraviolet radiation from about 150 to about 400 nanoneters at an

intensity ofjabouly didBod G Rtn gl rdf&’{ GPiit dmphidingThe met hod as

clainmed in claim10 wherein irradiation iIncludes appli catl on of ultraviolet
radi ati on foproaxqmmasd)sbﬁtedbmmg agnita byeabodt geddiskecloiedsered. The net hod as
claimed in c n*ﬁalmlglFadtdltlon rTH_lrlsmg %éﬁomtln n dielectric |ayer
over the se GPedBNsEd 8taega CARPaMRPETSH émP?ﬁﬁé ?rlgﬁécm§s {I?Slgf‘t(?r ned
through the di el egflecict ayer. 30 13. The nethod as clainmed in claim10

addi tional ly conprising: depositing a dielectric layer over the

sem conduct olrrasligtivgtbe sibstrate, the gatecamh the paty dﬂelmm@ dlscéln@ath@nharg@across

ul travi ol et radi ai tho Jn claim

add ¢ 1 onal |y corPeotile Biekeslie pY Mop Nt of Busby RleT o G2 et 150 1o

seni conduct or subgduat4B0 hdiRnittes Q€ tahi wtdn8itE oftbBGE PA0 aftlv/dn® 4 bbaw i Woet
radiation; and forming,a contact in the dielectric layer by a process that

i nposes a charge BYYe®s the 5 gate oxide, the contact in contact with the
sem conductor substrate. 15. The nmethod as clainmed in claim10 additionally
conp® i si ng: aepos iThe meethod o dhiswdrineldinybwheresn inrddéatipaninclodeiarpbication of

subst r at ting.source.a e he sem conduct or

subst r aPﬁt av r?(ﬁ 'ﬂ%r]alpleg?d 8&%’%’@@) b@%ﬁ?@’zieﬂ ‘the dielectric |ayer by
a process that ses a 1 o _charge acr the gate oxide, the first and
second cont aéts pg-gﬁ&ﬁt}?@e’ﬁ}sycmlﬁ‘eéb‘h?l%‘%?\ﬂﬁglﬁofl‘ﬂ COMPESEENd drain regions.
16. The met hg%)d%ﬁ- | Al JBethiP | epbmrjcﬁ)e% gtboml |y conprising: depositing a

dielectric | a process l'eaving a charge in the gate oxide;

deposi ti ng awieted theayraediatnvgeis petfermiidethentghitie dialeetric layes. pat t erni ng t he
netal layer; and irradiating the netal |ayer and the dielectric |ayer
arousnd t he pétterthhdmmﬂicﬁiasloaaimedﬁmcldinsd;laadlgenﬁllyeccmli;&rsgg:across the gate
oxi de usi ng Hltrawol(ﬁt radi ation. ﬁ mhe c{ Iaigredin claim 10
addi t i onal Iy JeRATHIES Hgleclaigheysr oY sid %ls‘ehsgmsc delpctpe faygy being frapspatent @ayi ng

a charge in the g%%v&)éh fiat ARich AR URkcRichferiirkbudl ol ectric Tayer by a

process that inposes a charge across the ga e oxl depositing a netal

| ayer over the di Gl*h@%dg’tﬁCdAsao‘(aﬁ{gleh%{Elg{ﬁﬁ?%hdmohﬁij{}ﬁnepr@é patterning the

metal layer; "and irra I'ayer "an ectric |layer
around the pdép@rth@@nrtﬁéla&trlbmfot@t%s%&@thm:@le the charge across the gate
oxi de using Lfl| travi ol et rad&e} i)n., 8. The method as clained in clai 10
addPP i onal I'y I&BHP# A EPHGSt iprths diglestyic aygrroyra RIORESS Shatimpates & ahatee ACE0s

an opening provi deghet HAERKE; thPEAMAH D Borftikt k1B HsukdeNi NG t he openi ng:; and

6. The method as claimed in claim 1 additionally comprising:
depositing an dielectric layer over the substrate;
forming source and drain regions in the substrate; and
25 forming first and second contacts in the dielectric layer by a process that imposes a
charge across the gate dielectric, the first and second contacts respectively in

contact with the source and drain regions.

7. The method as claimed in claim 1 additionally comprising:
depositing a dielectric layer by a process leaving a charge in the gate dielectric;
30 depositing a metal layer over the dielectric layer;

patterning the metal layer; and



wherein providing the sem conductor substrate provides the sem conduct or
substrate 30 in the opening over the insulator to forma silicon on
insulator structure. 9 .A@QA AAAAA AAI(IK b 7Q3
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application of ultraviolet radiation from about 150 to about 400 nanometers at

an intensity of about 120 mw/cm? to about 200 mw/cm’,

25 11. The method as claimed in claim 10 wherein irradiation includes application of

ultraviolet radiation for a period of about 60 to about 600 seconds.

12.  The method as claimed in claim 10 additionally comprising:
depositing an dielectric layer over the semiconductor substrate; and

wherein the irradiating is performed through the dielectric layer.

30 13. The method as claimed in claim 10 additionally comprising:
depositing a dielectric layer over the semiconductor substrate, the dielectric layer
being transparent to ultraviolet radiation.
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20 forming a via in the dielectric layer by a process that imposes a charge across the gate
oxide;
depositing a metal layer over the dielectric layer in contact with the via;
patterning the metal layer; and
irradiating the metal layer and the dielectric layer around the patterned metal layer to

25 discharge the charge across the gate oxide using ultraviolet radiation.

18.  The method as claimed in claim 10 additionally comprising:

providing a wafer semiconductor substrate having an opening provided therein;
providing an insulator lining the opening; and

wherein providing the semiconductor substrate provides the semiconductor substrate

30 in the opening over the insulator to form a silicon on insulator structure.



