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BACKGROUND CF DI SCLOSURE 1 Loyentio rel ates
to senm condEEBEORaiEPR EHH %ﬁ%&% &ﬁgﬁ%ﬂ y, the
i nvention reBEEEETD én‘ﬂef"h qéﬁ en rgi ng
effects in a plasma enhanced s or processing system-n. 2.

Description of the Background Art As structures fabricated upon

sem condugirm RECE Sy g damage has becone a
serious problem Chargl ng damage general I y occurs when structures bei ng
formed on a sem conductor wafer using a plasma enhanced process cause

non- uni f or m chapg N1 ftdie ishky Yohykefs SUEH] ébatmar hS frdfgntiisal voltage is
fornmed on t est uct es. Such a differenti ol t oduce hi gh
cu-rrents ’b'r %r‘?éi %%P&EFU eoYha’tOIEé’m%eetserf}%§pp*§tc%ﬁt°8re For
exnpl e, a&tﬁ&tﬂﬁb&tﬁérprocess Can_danmage filed gaineil®drmeeusflya traps is to.
structure duet a r r, tr I ar gi ng.
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El ectron. mm@'bammn Recketndddoh aid ﬂ&ﬁﬂﬁlune@dmmngea dense

line pattegn.baying af.qhaspect ratio. Electron. shading results fromthe
i sotropi c novenent” of electrons in a process chanber during plasma ~~
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1. Field of the Invention

The invention rslates to semiconductor wafer processing
systems and, more varticularly, the invention relates to &
method of reducing topography depandent charxging effects in
a plasma ennanced semiconductor wafer processing svstem.

2. Description of the Background Art

As structures fabrtcated upon semiconductor wafers axe
reduced in size, charging damage has become a serious
problem. Charging damage generelly occurs when structures
being formed on a semiconductor wafer using a plasma
enhanced process cauge non-uniform charging of the
structures such that a differential voltage is formed on the
structuzres. Such a differential voltage can produce high
currents or zrcing in the structure that damzges the
structure., For example, a plasma etch process can cdamage
the gate oxide of a transistor structure due to a
Fowler-Nordheim current produced by structure charging.

Electron shading is one of the main contributors to
structure charging. Electron shading is czused by the
formation of structures having a dense line pattern having a
high aspect ratio. Electroa shading results from the isotropic
movement of electrones in a process chamber during plasma



processi ng versus the anisotropic novenent of ions contained in the plasna.
The el ectrons inpact the s> deTrlalls and other vertical surfaces oz the
structures and charge the structures. However, a high aspect ratio of these
structures causes portions near the plasma to be inpacted by%rﬁBReﬁU&%trans
than the "deep"” portions of the structure. As such, the "shading” o the
deep port:~.ons results in ca vOtaQe difterential al over the stxucturE
Such structure Chaxging may result fromthe use of any plasma process to
process a Warddes AhP ve@llld xhamayipbasoplprocesses: arfe icapaldonte ioadsing
t opogr aphy dependent char.gi ng d u r£s-Ql T8 zduct or
wafer . Top ﬁ%ﬁ%’perﬁa’%ntqu :c%.gg'rqgi %\p ;g%r%a@%% %‘ﬁ?/&z%‘s%esz%n d(~)-foa%’-'rd
seni cond: : ctertivelexs prizessiodg thec sadixngures eand orhatezali tthey sdamggares.
[ otching) Loss.or Bfolide Gliects obesashectniali o dependantcAicdy ng, etch
stop, m crofl oadi ny, decreased photoresist selectivity, photoresist
striatior_spoxprongarsdy. e 2dEeRar pebeTimpagted opy, Mar ¢ | RIRF (At STAR t he
arL Ton a nmefhodafd i g8kt Gid0 oT QRRU%APuLYuLEDPEr s denicehanit M shadSkE~~aY
O "t'r = ~T EI\I‘I’T~IIj_J he di scdvdl Lt ~. geS“aahioC. ated =~ rith the pri 5’1 drt
ure over cond bR : SECH RVHMHONT JPEMLIESN TBf 2aV AeFERT Foxt Fettici iy O‘F'fog Sphy
dependent cheggctimge danfigeh s tkhe tethetlacoipyi seg tasubt eppsorofcle; opesiodg a
senm conduct Qr_.i i ~Structure.ke.a plas {c CaUSES t he
structure t%ngx%g%%?&gfe@%%c?% %‘gtf'efg" .‘Hlﬁat%;g, %’%egnm:e ipE&:l’ri g the seer?
CQal duCt br PhaeratOreces$es GIR SHMEES ¢t Rt CRERDIEStEPogr &Pt tdgDendet] 7r C~A
~xo:n the SEHHE&%?dQMaQé SehasGhR@ e Shr HCEEEScbRatdtsy npmer, Lhe
structurE will no exper i, once_ charging datr~age . One enbodiment of the
ir_vention EXPBSEIPRRCKRERL 't FARATEHLAS SMBACTH| GREY B5RESUrTe of partic'’
es (phot onssgmic¥hdutter evaiherreseiodi MBALuling hesl syerdn «hadiegCDOS2S
t?~re wafer to a p 1 asne. of jo=a .. The _ex osurgvti) particles ~ ay occur
con. t-n-~. ~08§‘i“.a§eda??h§ﬁfrf‘%’ P TpPGEESsPRGORE0t " aFReSoHE G t he waf er
O dL?ri: | gdpeehddst: etchiem t et gdl asme , prdeesdbvadihs, edpecteskd o cause
charaina dagmee. B EF DTSR 3 T ZQR0.0 L35 pbrders. JNGLeaghings of
t he present ~inMven<ron can be rea(}/i’ly understood by consi dering The =<
foll owi ng detahl sdteiesCript~. O in conjunctio:~ vri th the acconpanying
drawi ngs, in whi gRe EkSre]l dephed Soid SGhar Thie a¥kekl-h gochdbustrative
sem conduct or wafer processir g chanber ti~at .is used to pracCice the
preser_t inFEALFOHRY BPREIFERY CERfSSiendi §HATHRBW-dis. grG mrepreser tirg a
first ewbodi nent of the present i:wention; arid FiG 3 depicts a flow
di agram of ap alLexpzative amhgliznent of the invention. 'To facilitate _
under st anai fo;, nuner al s have been usecz, v,r'nere possi
bie, to designate identical el enents that are conmor_to tY.~e f ? gores .
~~TATL~7 D~sC c 1, PTLO._ =l Fz( depi ot sche —na~ic.djiagram a plasm
enhanced seni condaet Sr‘sﬁaé?ﬁér“e%ec%s%ﬁsﬁogc"s?ys%e?ﬁ*fgo.tgfhgrﬁg%i %’f%dd%st emis
i |lustrativebgreomei futhe i wedseroupivehtploasrd et vhtsyst 8oy mdudinent i on,
however, is zgahl e, Ay plash need sapic 0 er
processi ng g%@?é%ggﬁghdg%?g%'fén@ﬁ ?Tbai ggeiailr%?o rgﬁ'pl ggénaggg#éé:éeﬁ{@%%das the
cherrica 1 PapgoF &EpesPefdnd ' FERicmIdursssT wadpas FPNBALS Phashes Bfkeaziang,
and the likes bnpshenb. thbhecinyentdion Moudubenehbi L.gay; syst em that; sy

X f structures upon a

cause topographi cal 'y _dependent, char ng ,o0 " € a

sem conduct 5%“\7’?/5,"‘89,’ ’?ﬂ?gsiﬂ?/ﬁwg? T—f% @g‘(lfm‘u?tgéswarﬁ?of:%s% REe 102
( a source poweresthpkyrefibvea bthaselpoctrier izppley 2108, taAgdsargotute s claer
10~. The praoges gl% ri ber 2u5P0prises., a pedEstal 120, .a:: . apten.,ya ? ?
0, al igr<ioﬁ.”cz"ou cé}gli‘gl,e égglég’lg%%p% LR éarprc%%%s%“vbl?n?h% ‘?[a’_L_IG:L
c~erirea by et gFpR2Z8pngecphending aflamagalevOrie erp@@diment of the

irvention exposes the wafer to ultrzviolet light as & source of

particles (photons), while znother embodiment of the invention
exposes the waier to & plasma of ions. The exposure to

particles may occur continuously during the plasma processing



7 1. A-'l~ 20b3 a bottc:r. 132. The source power supply 10E couples an RF
signal (a, g, , 2Nri z) r.ot'.~.e antenna 7.10 , The ar_terLn~. 110
havzng a plurality of turns |ocated proximate the top 1z8, produces an RF
magr _ct;~.c field that excites a process 'gas (or gases) (e.34% ARRI203i ne)
locGed fir. 'the volune 110' ~o forma plasma 136. A sem conductor -~rafer
| 18 containing int~gra=ed circuit structuPes 138 treat are susceptible to
ChG rging danage is supported .upon the pedestal 120. T?~e wafe'='" J. 18 is
exaosed to thethd asade °F a@%lr-i*’egatl{ﬁfr}lo@ées?r?ﬂgtb? PIRSTHRIRFOCEES 1np ¢S
pedestal angd,ybsed heo walede i shbicased dhvnagn . RF signal (e.~g., 13.56 |-~lz)
supp' _ied to the pedestal 120 by the bi as power supp’?y 108. .in the ,:first
ernbod; zne~at of tY:= in~;e:~tion, a light source 1 ;2 fornms G SQU; Ce O
pa~’ tad eS BRiEWbE@mezmxcmtcbieotr-ﬂmmmlzc@es vol-tl..me 116 to i nps. ct the
~f.afer 1? 8 _ The light source 112 is on.e or nore J. anps that em t
uJ.tra-vi oJ.et light. One such I~np is a Mercvx-y capillary 1 a;-np .
%herhl a.-nps ar @nal s.@aaﬁ@hb ?bf ecwcﬁracsr@ﬁueew@h@&oﬂswﬁ Jselti'@i@tllyeneggy
e photons the inf traviol e
trav~. el et BQN%§§S ?nbv s é? th%g%eﬁ |il§’l Sg%f’ﬁz?lﬁ““”de édcrolﬁga‘l S, Li
ere=ay or rupnoencbfLOph'aLbh&hﬁwwrmmmn(gadFawsnea) i @pidimi ze charge
removal durzng pprgti §U5é619EQC§S§@l§ewatlc vq’ewt he () leueﬁ:&g“vepart' cles
can lee rr,odul ated to, ora vary the T.7LEaity, energ number of
particl es. AGH‘FLFPE}‘H’&FFS?” ‘§%E%¢Ff?%°%%%?ﬁ?“§t ﬂhéé‘bﬁéytﬁevaaﬂe‘éls@% ‘%q’léa—;ﬂcéslf?&
region. or @hgsgnégépusgﬂvg@sg@npadkcbe i ncreased to enhance the em ssion of
~. he plas~r~a at 3 de |red vvave In the il J. ustratiye embodi men~,
asi:lgle lanp zE%p 1CEReh g? L4y TRRTEF SPhenEhanbet S 102
pr oxi mat e aewﬁobddmarﬂ;ldfthhe psesear spwzﬁritor voaunbtra-violet light. The

T nhow 128 ona AES 1 RecBBEERS 3,50 AAE ok AP ErR20ge | Budiierls

and renoe eloéctchecmﬁangeoneat has accur:nm atea. upon the struc~ures The
lanp 112 raay i1l e oFet ll:l.gren .t - =

O B WSl T 3= YO&:%S@%Q@L}Q %E@c;}nté s azi@:.r%l | &lelntl <91 ge T%eﬁfg ?(rne arl@
2003 _5.. n®FVBebgsBdushfy Y:IGFF%QP%%H% ¢ Qﬁeééﬁéiﬁﬁgl@%‘él%% %%qsw‘@d
to resu~.t ithaghakgi BemBoheebscnéopisodks?er 104 provides autonmated control
of the syste_n 100. ~s he controller 104 conprises a cer_tral, oxocess~ing
u..~it (CDOR) 122 that is connected to a manory 129 and support circ~:its
120', The ca@mabrpepEfCATPTIAQNGeneral purpose conputer that, vanen
executing certain prograns stored in. the met:~cr-,~r i.24 , becones a
specific purpose conputer. Mnory '124 rr~.s~r be random access zne--nory,
read only nmenoryFIti.sR depietst erag]eemmlcarc;ﬁag&im offornphtsaboeagendddt i s
used to storgy { PLo9LR n th2’7 o] ny u
ireui ts 126 Mgl gb e beb e B P TR 2000 1 e dee e fa A
supplies, clisckldvesgrtivebysas, la%ptz:ﬁ@lm x@wtlead mReAod @ﬁcm heyprasent

i nventi on mey,che e@bedbad huheler or:d NRANte A o tRY QHLABY 14%x t Hakad Sest OF ed

in t%-e nmenory 10~. ~I Lhough shown as em ~odi ed as a software program the
T~ethod of tYEIGOBSEAECFNVELRE; BFOCLHRANE GMfteTe S¥C8past Aetare BT or ned
by softwar e,péiffro&\tbarp&a@fnaaeﬁhﬁbbéat toanider eRfpor Bepodieforpighsdcatl 0: a

di Ggram of a_ro~. ~ -st_e odlrrent of .th resept ifrventicn.
The rolLtine B&Gin dteg'?)% %?Lgﬂ ZPEE G ﬁ&ged§q_dc §tee§ ge; 39 PRt
c3. ivec.~ e%ﬂe1$rprzn@iz>sswubsi aepbéstnaamhaayskm liben ewgi tedsén t he
priocess Chankefoqrlense-shly WepdobalNondid: ot 4z SSALERL! LA T,
pJ.ural.ity of steps are necesSsary to excrt 'asma in a process chanber,
i.e., suppl S OCEESEFasaiegppl y sowce power to the ante:~na, e.ppl y

bi as power to trighpegesial Wl corpr9kes. a TIPS &S ARBHIA 108, "alsWLzEan
the sk~. Il in the art to ~2¢rarformvmthoLt further exp? a, ~ati cr ﬁh
plasma is xRV, SR XS BedilAS POYEE FrRcessktf i mng Rafonsr ot hgt may
~eac t4 topowy apm;ﬁaldwammm%vcmazgt@gorﬁ@ ,a Peicplzalis 1gbched from
the 7arer to maJlide ttern that _ca experlence har, The roltire
o= the ||rscarfé% ‘Fhod=t edn’t EQ?TI Vit 884" 5ar$fcl‘é ér £ Ir%ﬂ&h&u? g g
~Ara. fe= proteb¥iqigl i GeRiged Y, sgtop L28u|%l’@w1m@ldwlld§”§é-tll 1p€:s~~ch
t?~ac tr:e =h~a-er i s i Ilumr_~ated ~;ith higr energy photo~.s . The
rax'ticles) -or Axam-l e, ~ho~ons, r enove any c_nar~e on the




a~ ~~f~ 2~~3 E struct~.:res bei;~g fornmed such chat topographicQly
deper _de.-~t charring is reduced. ~.nothar source of photons r:~ay be the
process plasma itselz or an electron beamthat is injected i nto, 'ﬁ&%
souwce~regi on cf the cha~-nber to exci to s;,eciFi c tra~T-~si t4 6 03 he
process gases to esr~it certain wavel engths of J.ight. '~o0 enhance the
photons emtted by the plasma, che.~n.ica*l's (gaseous or otherw se) can be
added to the plasma sucr that additione.l photons and/ g rotons hayjnr-~
hi gher enerapyd ax et 4@ 2f-r oMEhE OBF 88 NROWEY NP RYaf tiioé,c}éélpﬁﬁﬁt 24y B
effective in Lemving the stYCur theChategnanclode fansrithainzana cpr oduced

~

inthe plasnd that is forned taq process t:-~e wafer. To pzodyce ~..ans Wi th
suff i ci erbavienery RIPFENdVe G THr0Fe LPRabRA PRI Rt i1t £7E i ons are
gﬁner ally aigg@ali(ﬁ@s tag Ry riam«{lee:a&i rfge%hgthhaswaéy\@@é)ca/@ﬁdtgq@dmr {iora J: .|
that is genera sed to.,etch or, Q. he?2'~.T ., Se pr. U 2 ~n~2. ~er
hddi tloglag’?a??/s,ycee S%‘e’cica}}eloé:a@eézeoﬁggs tBntB2 ‘é‘gid'ggee??ot hjt.é) %roggleés

pl asma to fatasthdtbl®. generaticomdndtonsweliar efroventriiciaurietaswededduring
'r7a’ Fer processifgscAlsQirds (18 Chafge .xcetiovabe PBId I €5 1S gy Rnegesed
in arenmte plasma source arr-~d c:;—angl_EI1 ed into the broces Cchanber. .The
particl es rhaySEeEPAELE! i dFNOREEESERE dPuct Tre WA Thet Waer FRPSGgh
vrafer biastggree ®liefaiton BocEleias eRoktessing: bfugise wieher alle~y gpaking,

the scope of the_inventian is.cons~. dered,to enconpas nX. sour ce of
particle or p@ﬁ%?ﬁ?/ft?r'é ﬁé%vté’ée Sedge 1y Bﬁ?ﬁegt%c‘f&éﬁj%%}% el

sem conduct 08 . 9af@Kz) tushEp=@08; thee pariecesld $LOpisy athe doidre powdd ne

awal =i s thes1r_1 §§, ygger that is to be p=ocessed. FIG 3 depzcts a flow
dzagr Gm of & Toutine 300 0 the, sECOnd enbodi ment of the invention. The
rout:.ne 300 begifpstae Siept ombemidngiitocdeds st 6n¥eBpia04 ahbiEhrh 9 GRaf er
is processeds;,Prgrhbes~so@=6E o5 fHAGEISRAchkReaPEOSRSS M OHaS i i S

moni tored at ste usi ng optical er;zissicn spectroscopy or anather ‘
process rno?JEil't’%gi %ggt E‘&hﬁ%%fg% ‘%L"E‘]H"é"r’ietL 13foced8er AbFt o‘%)‘%/ihrcc%el&%disaue

det er mi nes that o8 Reréollahss t Hies Preygias s:lits2appb0ace: highy. . ate | nagh dawse
char g:~ng da: RV LT N T LLhe trans~é~ 1 027 ~ro:r. rrﬁrali~~ eéggh. 10.0:; e~
etch z.= ar *Snit ¥OUFL GRRVAT &Y 189 - T2083°E 28" T ott T he et vat es
1.t step 30&ntthprpdutetipbosons cef tavffdmivatt keechsr GeToa. phdeons may ke
structt:-regy, facSURE,albg, -CALLLA & HANSTALILE Cylouu@lutb AN O Sanas

| al ~r~p, is"activat ga onl'y”wnen chargi ng dazr~age IS_expec;.ed to occur.
The routine%@nds<at-SEEPOBAGRSThY ssw-enﬁ@é&?llppéMYOftlt‘-%e?ﬁ“*?%rﬂﬁ on
sel ects certakBekups Eﬁ&t@ﬁ@ h9v app! 3ddie GRBRLAeESMRNI BF DRI 1d ChiRsdes.
tenporal sel ectl_Qg); owever, the particles ¢2.n_also be ag(gl ied _

geonet ri cal FFrE¥REcHRY & FaBE Ehir Wifc PRITES S55rt | BFES aFRe f BRUEDY Upon
certai n portpzandctest hensbeuctdubstdd teltestiorallyydivsehathe theessiwct ure.
~t is wiso within th oL-this inver.cios~. to rer. ~0 e fromthe
wafer in a pe@s’t“%l’agzg; ;P/’gﬂ%rggcégs?%%t%?qeea%'mrﬁ%dﬁhérggagg licé%fgf{%s such,
the waxen welbletiisgréggoser be pdded. telwge Masmeemsyéorhexr chueganbiy erseche
Pl asima pr oCessidng iy pNensrEaCEal % eanL oMl eheds: SHOBs AcRE Qe S
represented by the das~.ed ar=o~T 208 i:~ Fig. 2. [~ one specific apnl

i .cation of & KeSiFefepVerengdtBRW ne=curt' |anp ~~las coupled to a w nnow

| ocated in 4he cemi eheofilllhe damevel ebiPSueich o edeciQre Mmang acbu. red by
Appl.:,ed ~la. teri _als_,. Lhc 1h process r.eci.pe to n_altnaimm
stack ay ~. éfosg‘%oo S &t tgjfe %Pnl%.s v Ex e rﬁ?elri%pr 5’58%%%2!?%4%8%1*‘%}@5
p04) 2r : ~~JQ4Irdestt S sSaurecspRoener to 6l G -vicikdt tiIs gBtocefhegnbesons
Cl2/BC a/ Ar h amR bz @80 RCELY. i eqLi-Le gL.ohnpERLess,
the use of LJ&l y Ausre% %adtul% n %gﬂz fé(ojiii% %%s%i#%gaﬁgzn%ﬁlsée% %~:”'~‘ d=es on
a waf ex be~ windprurddmased iagochparedune the prideegiokoifoafPRFFuRTAat i on.
Q her possi bé%d@&%f:@’sen@@ Ei e deteeased crarfd I9Et! Dasl BRCOMAd=66€N
Selectilrlty ue ~O ph O eSI SL hardeni ng that occurs upor xpo_s“grag i
the phot or est&e? ndsk IFYCEPISSght TRE ¢ABD phbt Jras 1 STHOSETREF YaEcredsd
oxi de stri at 4@ iy et handaned RpZobokest Shrotsd €neased wich ahdnandoa

decrease of malformed structures. Although a~n etch procESS ~~~as descri bed
as G il iustrative exanple oT usi:~g ca vnve ntioa to ' ' ECI UCe
t opographically a.~pend~nt c¢ :aging ef f cc:t~, z.2~e i:m _nLicn finds use

a.n any 2 p~ APl 20D3 _g_ process that produces topographically
C.ependent. cbargirg effects. roe exanple, such charging e:.=ects are
k~nov-n to occur in gap fillinc p_ocesses.



Al t ho~:gh various e.,~" odi~:~ents which i.nCO porate'the teachings of the
present invention have been shove: anc described in detail herein, t_nose
skilled in the art ¢ ~.n readily devi s many ot her varied enbodi nents that
sti 3.1 incorporate these teachings. | :. APR 2003 _g_ CLAI V& 4.APR 2063 hod
of processing a sem conductor wafer conprising the steps of: providing a
sem conductor wafer to a process chanber,-Ssherein the sem conduct or wafer
has a topographic structure thereon; exposing the sem conductor wafer to a
pl asma i n t havpbecessdchaibped; imglifnanjjcmi} e ppbasraito tedorai desxprertesd

period in approaguhgg ;hggapgyn &harge damage to the sem conductor
waf er; and il G RATT fic con uctor wafer with |i in response to a

det ermi nat i on t hgontke é@r|éaé|§rawyi@a@mnqrq¢%&~nﬁy*@gu§é §har§E°@§ﬁage

to the sem ggpductag %B@Eoioefef@élecérpﬁ:'l@e%mar 'c%alcrgmaegscw@w& nome 2
The method of claim 1 wherein the light is produced b ht source,

ot her than ﬂﬁ@dﬁlééﬁatpétmhrCHOF%%C%%ﬁﬂébﬁUGEWBﬁVMé?éra?@ égBB%%H 3. The
met hod of Clo’:}dv@\ﬁt‘é’ﬂ&QGI n trhe toghtoSoer QB4 924 aeperdl iﬂiﬁoﬂ@é hesty@fcex

claiml1l wherein the li r oduced. b addi ng a st_o ical.

the pl asna. tgl = CTh & et %58C ? g af i TR elgﬁa{%e g"gm gon E %%Ig‘? #%40’
i |l um nat ed beiccmetshe Isipght £l Pudbe$ & oc e esr peMJ@“’WéﬁM me*fﬁbasm@m
cause char g%&@&%e_tn%v&herasm sRDdugL L -palgl dqx%@nweceetagg 05 Cd:8h M 5

wherein the tinme period’is a transjtion period between a _main et ch peri od
and an over TR FerFodi ?tofﬁgenﬁlf*ﬁECF'%fuﬁﬂ%ltfﬁ FERREr 8i ﬁ*ghéa%lﬂﬁo%@l’i od

I's an over QizCth)el’doﬁﬁln&u_EhetHéi*Q@d ofricd agupo%r\&h%ﬁebmtaelbsnsr@exépld i's
a post etch}gfrm1 elements of a computer including cache,' power supplies,
clock circuits, buses, and the like. The method of the present
invention may be embodied in whole or in part in a program 142
that is stored in tne memoxy 104, Alchough shown as embodiad
as a software program, the method of the present invention may
cemprise steps that are performed by software, hardware or =z
cembination thereof.

FIG. 2 depicts a flow diagram of a routine 20C of a first
embodiment of the present invention. The routine begins at
step 202 and proceeds tc step 204 wherein a wafer is processed
by & plasma that has been excited in the process chamber.
Those skilled in the art will. realize that a plurality of ste

are necessary to excite a plasma in a process chamber, i.e.,

g

S

supply & process gas, apply souxce power to the antenna, apply
bias power to the pedestal and so on. These stéps are well
within thHe skill in the art to perform without further
explanation.

Once & plasma is excited, the wafer begins to be processed
in & manner that may lead to topographically dependen
charging, €.g., metal is etched from the wafer to form a line
pattern that can experience charging. The routine of the firstc
erbodiment activates a particle generator throughout the wafer
processing period, e.g., an ultraviolet lamp is active such
that the wafer is illuminated with high energy photons. The

parvicles, for examprle, photons, remove any charge on the



(I ~~~-10 9. The nethod of claim| wherein the light is selected from at

| east one band of the el ectromagnetic spectrum conprising infrared,
ul'traviolet, visible, and vacuumul traviol et bands. 10. The et % biclaim
2 wherein the energy of the light varies as a function of a po ‘a@ i ed
to the light source. 11. The nmethod of claim2 wherein the intensity of the
light varies as a function of a power appfired to the light source. 12. A
met hod of processing a sem conductor wafer conprising the steps of:

provi di ng assent conek dreomavaiemedo sachr 6batstehagberh L GhereiGereneien

sem conduct of . it\@,f@é fas-antoRegraphi c structure thereon; exposing the
seni conduct or fer to a plasma jn the process chgnber nDnlt rin

pl asma to detern?*ﬁ%tﬂﬁﬁns%\“%l%‘d Brotams 8a¢hPRgt ﬁaP”"Prﬁ?S%a%s%er%artggeElr

damage to the sgniCorESt OfeiRfiztr ard :Lb'jb@%ﬂa*h‘hﬂg the m@@nﬁ&mlc@f afaf er

ith light in response to a determ nati.on t t he perio C
rLat ngg caggﬁ %‘ B° e C%??t%ﬂ?%ﬁ§hfc5ﬁ&déf&?o fé% g% -t

el ectri cal ebamgﬂttdﬂeerteirmrwa\vﬂmr@tmst (03 iauhcondﬂotemhmq‘:erth@ tphdimnmat ed
e Do 9RXROastl Sk PL AR clta e TREAGHLT of | BLiR G MOETD he

l'ight is prodid ght sour ce, asma to_which the
sem conduct efdedf be the erbowed. csudh thed RSCAGACBRICPRPEPNS I PAHEORS

l'ight sourceai$ng ha§Ber eheARR 200Fmitkkd from the plasma.

Other particles that are effective in removing the
structure charge include ions cthat are produced in the plasma
that i1s formed to process the wafer. To produce ilons with
sufficient energv to remove charge fxom the structures, the
ions are generally accelerated by increasing the blas power
gbove the power level that is generzlly used to etch or
otherwise probess the wafer. Additionally, & special gas or
gases can obe added to the process plasma to facilitate
generation of ions that remove structure charge during wafer
processing. Also, the charge xemoval particles mey be formed
in a remote plasmzs source and channeled inzo the process
cnamber. The particles may be accelerated toward the structure
on the wafer through wafer blasing or other ion acceleration
technigues. Generally speaking, the scope of the inventicn is
consldered to encompass any source of particle or energy that
removes charce from a structure on a semiconductor wafer. At
step 208, the process stops and the routine awaits the next
wafer that is to be procegsed.

FIG. 3 depicts a flow diagram of a routine 300 of the,
secend embodiment of the invention. The routine 300 begins at
step 302 and proceeds to step 304 wherein the wafer is
processad. As the wafer is prccessed, the process progressicn
is monitored at step 30§ using optical emissicn spectroscopy or
anotner process monitoring technique. When the process
monicoring technique determines that a period in the process is
approaching that may

0
3]

use chzrging damzge, e.g., the

b

transition SZrom maiv ecch 2o ovex etch in an metzl etch system,



15. The method of claim 13 wherein the light is produced by adding at | east
one chemcal to the plasma. 16. The nethod of claim 13 wherein the

sem conductor wafer is illumnated only during a tine period when the

pl asma may cause charge damage to the semi conductor wafer. 1% Apg 2pm@t hod
of claim 16 wherein the tinme period is a transition period between a nmain
etch period and an over etch period. 18. The nethod of claim1 B wherein
the tine period is an over etch period. 19. The nethod of claim 13 wherein

the light 1s.gelectedd nyy ald: %@sksome bend s the %J~erttﬂ:qgage@&l~e to

spectrum conprising infrared) ultraviolet, "visible, and vacuum ul traviol et
bands. 20. TGS F&E GH3AIGE PR1ERRhEEBRASEIRS | ntfendiNGy ofcbehBaE Rt vari es

as a functi Qpepfvza POV APPlired1keatheol éghtagourice 2kivERe dmehnodwhén
claim13 mhereln the ener of the light varies as _a function of a power
applied to tHRATIGHH %aéftﬂ‘-%%.*s. RFPRCACP. 506 PRBM A, AFRE AOYL1RS ends at step
R Al _. AAYTZ[xxmX, .Briy Gjea-dnd @a&]b@&]iﬁahcabﬁa&m] oRadroRajc E&]l@la’ta] cakeiahcalc

N
g]SKI%]} )c(g]nicda%%g_] C@Z%rclg% gsg}tga] @j] Q’a]t% %‘ %ca rc‘}o‘} i C6'1:']] a]“ca]ﬂ‘“é%%a%ca
] ca] ca] ca] cadzdeH]an) /cat]ct@]@af]/c&}@apéat OF £4 2 FGNbj v @U?Jlé a] ca] ca] ca
] ca] ca] ca] Cadf&é}ik&aj 1%1101%} calcaliGakc aknatealeal C%ﬁ@kﬁ%l&@&%l ¢akcabealeal ca
J'cal ca] ca] ca upon certaln portions o the structures to selectively
discharge the structure. It is alsc within the scope of this
invencion to remove charge from the wafer in & post~plasma
processing treatment where azpplicable. As such, the wafex
would be exposed to particles that remove the chaxrge aZter the
plasma processing of the wafer has been completed. Such a
process is rﬁp?eeented by the dashed arrow 208 in Fig. 2.
In one spec;flb application of the invention, a 3kW
mercury lamp was coupled to a window located in the center of
the dome ©of & DPS etcl reactor manufactured by dpplied
Mzterials, Inc. The process recipe used té etch an aluninum
stack after BQ percent of main eich was:
Chamber presgure: 40 mT
Bias powax: 400 Watts
Scurxce Power: 600 Watts
bProcess gases: C1,/BCl,/ar
When the UV lamp was active during the enrire etcn process, the
use of UV illumination resulted in a 51gn1f1canu number of dies
on a waféxr being undamaged as compared to the process without
illumination. Other possible improvements ihclude decrezsed
ARDE effects, improved etch selectivity due to photoresistc
hardening that occurs upon exposure of the photoresist mask to
UV light as the photoresist is etched, decreased oxide
striatlon due to hardened pnotoresist, increased etch rate and
a decrease of malformed sctructures.
Although an etch process was described as an illustrative
example of using the invention to reduce topographically

dependent chearxging eifects, the inventicn f£inds use in any
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CLAIMS

1. A method of processing a semiconductor wafer comprising the steps
of:

providing a semiconductor wafer to a process chamber, wherein the
semiconductor wafer has a topographic structure thereon;

exposing the semiconductor wafer to a plasma in the process
chamber;

monitoring the plasma to determine when a period in approaching
that may cause charge damage to the semiconductor wafer; and

illuminating the semiconductor wafer with light in response to a
determination that the period is approaching that may cause charge damage to
the semiconductor wafer to remove the electrical charge therefrom.

2. The method of claim 1 wherein the light is produced by a light
source, other than the plasma to which the semiconductor wafer is exposed.

3. The method of claim 2 wherein the light source is a lamp.

4, The method of claim 1 wherein the light is produced by adding at
least one chemical to the plasma.

5. The method of claim | wherein the semiconductor wafer is
ilfluminated with the light only during a time period when the plasma may cause

charge damage to the semiconductor wafer.

6. The method of claim 5 wherein the time period is a transition period
between a main etch period and an over etch period.

7. The method of claim 5 wherein the time period Is an over etch
period.

8. The method of claim 5 wherein the time period is a post etch period.
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9. The method of claim | wherein the light is selected from at least one
band of the electromagnetic spectrum comprising infrared, ultraviolet, visible,

and vacuum ultraviolet bands.

10. The method of claim 2 wherein the energy of the light varies as a
function of a power applied to the light source.

11. The method of claim 2 wherein the intensity of the light varies as a
function of a power applied to the light source.

12. A method of processing a semiconductor wafer comprising the steps
of:

providing a semiconductor wafer to a process chamber, wherein the
semiconductor wafer has a topographic structure thereon;

exposing the semiconductor wafer to a plasma in the process
chamber;

monitoring the plasma to determine when a period is approaching
that may cause charge damage to the semiconductor wafer; and

illuminating the semiconductor wafer with light in response to a
determination that the period is approaching that may cause charge damage to
the semiconductor wafer to remove electrical charge therefrom, wherein the
semiconductor wafer is illuminated while being exposed to the plasma.

13. The method of claim 12 wherein the light is produced by a light

source, other than the plasma to which the semiconductor wafer is exposed.

14. The method of claim 13 wherein the light source is a lamp.



10. .

108" 10%&' ()-510%& ()-BBBCNCCDa?~ @!! "10%& ()-!"10%z& ()-L"10%& ()-s10%
& ()-m'10%& ()-"10%¢& () - @GDNDDE9FxFyFaB7@ 92 % APR 2003
10z1° 10%& ()- " -"10%& ()-@ % 10%z& ()- % 10%F& ()- #10%& ()-F"10%& ()
-yFzF{ FFFFGH K@ 10z"10%& ()- @" 10%& ()-sF

"10%9& ()- @L10%& ()-! YYXRI09%®?& ()- 10z 10zH HgH 11 Jdj K@

10z"10%g& ,)"10%g9& () - @6 10%&' ()--1"10%& ()-10%& ()-9"10%& ()- Nornal"
"Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 63]c" "Heading 73]c" "Headi n§183]c" "Heading 93]c"A "Default

Par agr aph Font Z/ e& ; 78(3>zCG.NPRTVXZ\ " 8O2SAJ12345678% +5J: ; [ >@BDyFHJI9: ;
<=>?@\BCDEFGHI JKL6Ti nes New RomanAri al Courier New'h Root EntryWrdDocunent
" #$UR' ()*+,-./0123456789: ; <=>?@G\BCDEFGH JKLMN

15. The method of claim 13 wherein the light is produced by adding at
least one chemical to the plasma.

16. The method of claim 13 wherein the semiconductor wafer is
illuminated only during a time period when the plasma may cause charge damage
to the semiconductor wafer.

17. The method of claim 16 wherein the time periocd is a transition
pericd between a main etch period and an over etch period.

18. The method of claim 16 wherein the time period is an over etch
period.
19. The method of claim 13 wherein the light |Is selected from at least

one band of the electromagnetic spectrum comprising infrared, ultraviolet,
visible, and vacuum ultraviolet bands.

20. The method of claim 13 wherein the intensity of the light varies as a

function of a power applied to the light source

21. The method of claim 13 wherein the energy of the light varies as a
function of a power applied to the light source.



