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REACTOR 5 PRIORITY CLAIM This application clainms the benefit of the fi I\Lng/
date of Wohheek,St ates Patent Application Serial Nunber 09p6f@sdidraf il ed

August 17, 2000, for "USE OF PULgm Wﬁmﬂm N A PLASMA REACTOR'. 10
TECHNI CAL FI ELD Field of the Inv II l”llr esent invention relates to
pl asma reactor apparatus and processeasdre specifically, the present
invention relates to spiking the voltage to a sem conductor substrate

pedestal during a portion of a positive volta bi as oscillation
cycle to reduce or el |UﬁE1§RFePUthEeYWMEImg$ﬁ’EA&MOfREéﬁmB char gi ng
during 1 S the operation of a plasma reactor. BACKGROUND State of the Art:
Hi gher perfornmance, |ower cost, increased mniaturization of electronic
conponent g, and greater density of ipRIORIZYaTLATVICUItS are ongoi ng goal s of

20 the conputer industry. One compnly used technique to increase the
density of i ntegralkigapplicetion elaimsbg b@@ﬁfs‘vfatbﬁkﬁm @fﬁe ﬁfJUtlit?d Yateg Patent of

olectrical | naBPEGHARSR T A br s 2Relo T8l Al oro Db IR GEELISER, ¢

This nultil evvaqi_,sg(g:E NaPLARMEX REATEORON i S generally achieved with a
plurality of netal-filled vias ("contacts") extending through dielectric 25

| ayers which separate the conponent |ayers from one another. These vias are
general ly, formed by etching through %@ c layer by etching

met hods Kifown in the i ndustry, sucthg ?ﬁ'ﬁﬁngl ng. Plasma etching is

al so used in the fpeM dF3h&fnv@nticH Iﬁ{ex@résfenﬂ‘ iBAdritioR Felhtes td ﬂslssrﬁ& REbPMfaratus
conponents of integrated circuits. pl asma et chin ow di scharge is

used to produand prea«tmsvé\dem@sgﬁcalls,dbh peesers dnveniiorste ?atwdpcsalksig theugltageitons,

fromrelatively i.ner as cul .e h as, a fluorinated
gas, such as ; ?ﬂﬁi—uﬁg’ ra ﬁ% c@hggg aé’lmktb‘%h%’rﬁ glgﬁé’dt%%?d’o?ﬁeﬁbﬁ?es
thereof, in cogiafish e ¥4 tdiuc (g?aéhﬁﬂatélﬂl% defidhtA fFé¥ts of‘ﬁatuﬂechalﬁingl@&ingor
mxtures thereof. Essentially, a plasnma etching process conprises

reacti ve Kpectheoparation of wplagmhafdasR22 -2 PCT/ USOL/ 257. 12 generated in a

pl asma fromthe bulk gas, 2) the reactive species diffuse to a surface of a
mat eri al being etched, 3) the reactive species are absorbed on the surface
of the material being etched, 4) a chgACRGROERPL I on occurs which results
in the formati on of a vol atlle by- product, 5) the by-product is desorbed
fromthe surface oftathef hhatAetlHighbepm@rmmB web cest.oin@paset anivlemoizdsg of

oSSl e SH ey nBb L A
crarber P85 | oAb sabucorre sl Wl by indCoBminiampice
integrated circuits involves stacking of multiple layers of active and passive components
one atop another to allow for multilevel electrical interconnection between devices
formed on each of these layers. This multilevel electrical interconnection is generally
achieved with a plurality of metal-filled vias (“contacts”) extending through dielectric
25  layers which separate the component layers from one another. These vias are generally
formed by etching through each dielectric layer by etching methods known in the
industry, such as plasma etching. Plasma etching is also used in the forming of a variety
of features for the electronic components of integrated circuits.
In plasma etching, a glow discharge is used to produce reactive species, such as
30  atoms, radicals, and/or ions, from relatively inert gas molecules in a bulk gas, such as a
fluorinated gas, such as CF,, CHF,, C,F,, CH,F,, SF,, or other freons, and mixtures

thereof, in combination with a carrier gas, such as Ar, He, Ne, Kr, O,, or mixtures

thereof. Essentially, a plasma etching process comprises 1) reactive species are
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a sem conductor substrate 208 and an el ectrode 212 opposing the pedestal
206. The 10 electrode 212 is in electrical communication with a second AC
power souy§@2fshd, The pedestal 206 may have either a AC (pEiekodsing
current) bras source or DC (direct current) bias source 216. In the etching
chanmber 202, a plasma 222 is maintained by inductively coupling energy from
the first power source 204 into the plasma2222 which conprises nobile, 15
positively and negatively charged particles. An electric field, or bias

vol t age, devegenssatéding plhssaa fioth dljechulle gas, 2) themenctiMe sysicies diffize iy a agbebef at i ng

the el ectrons_apd j.ons ot wn) f.oward the senjcondyctor. su rate .208

by el ect r 0ot aTRETEEITE igedr D e apachiSHieriot 6 BRI HEHBHAG Qb Spferial

di fference bebugepichéle 4ph3RéBicAZeacliB obhiRs HAPh GO i M forARSibh BF £ vé@fileCan

be nodul at ed by arzé:cyl ng an oscillating bias power 20 fromthe pedestal
i<y

power bias soby-p 6 5) thettiyeprpduht éx dsorbed fromsthe synface of thedmataridbaing etched,G. 5
(showi ng the vo e .profil.es dyri such oscillation). During the positive
vol tage p asea@‘géfl%‘fﬂgsoél sl{yfgpgug@%fuggﬁlgtoeﬁ%géybc “current from el ectrons
that have enough engnifitrhRd i 8eHidd TGS Bead bhpaddies Zb(fds;%ﬂﬂﬂféﬁ fp_ta@ﬁmwmdghe

e

i nstant aneous plasma potential and the surface potential defines the sheath
pot enti al dr oprocSisrmoesisthof pi etshing 2Bangher 202 iradledtdcaloemmuoisation/with hdirst tAe

Fence. oty ePEREt At ey GruBr 0% i heirgr 06 e Pt o
col l ected by E@&%Eﬁnﬁkhﬂ’tsﬁbst% 20 add B3RS Y82 Mﬁﬂ&sﬁ%ﬁh@fi@&@ta?%’ﬁ. PRSI tive
cted by t

ions are colle e substrate. These ions are accel erated by the
sheat h vol@ ageledtrode 2I2ds 8t eledtaca hemswhissticat with 88eddodAepowertsonscelkddwThe hat

t he plasma etchin ces as_ wel | ion,inplantation and qther charge
beam proc esse??ée%}%éﬁ‘%ﬁﬂ‘%rﬁiﬁﬁr 3 éqa@rﬁer%ti‘ﬁgc%ﬂéi&s SCHTS ©OF g)t(g(%érﬁ‘éf to the
devi ces and Cicﬁﬁéﬂt%ﬁaé HuEhigherein or thereon. In particular, VO

02/ 15222 PCT/ US01/257~2 -3 electrical charging is a well known problem

whi ch can occur dulthg et¢hingadhamber 2020 e plsina 22 s maniamed dy daductivey capding

| eading to the degr.adati qn of the devjce performan | lustrated ir

r ai ng FLG | ETEY R R GF REEE 1N Dy DR 22y hish SRege dustlgct or
devi ce inyhe g i { gelbbicl 8bhAk fbiaY S bigfdbl abghad
e shoun | ayePadrens inEhesiff S fahicld Ok LIS JURYS Lifbliag Wevabi!
phot or esi st | ayheatRhyer2dviroerd the plalwaa 882 arccalératisg/the eRétrohoandtibes @dchi ng of

a via. During plasma etching process, the patterned phatoresi st | ayer 246
and materi al ISE‘V%‘F% tQWﬁrdaﬁhés%‘ﬁB%‘ﬁHEH sypstateefis; by sleqttpstatic couINgons 248 and

negatively charged 1¢ K6k w; th%%?chiﬂé the potdiftial GiftEchdbebAedPIRE blStha 208 Lsd
bonbardment results in a charge distribution being devel oped on the
pat t er ned photthe seriisindhictpe sublttsie 208 can b¢ medsletei by rpplyingransstilatingtbiaspodRer

Thi s char distribution is co nly called "feature charging",. |p order
for featufd cliiamyiHeQerestalBouPr dithe o iesss 1oith dhs Peckstalying, A idsisiled indiewing
negatively ch e q AR apgt her .
The 15 positi %?ygéﬁgﬁg&gdtﬂlggﬂg%m%% neggtﬁfl\%/g%ra%@?g%%tgg ?oﬁs 252
beconme separ atveltagephase 232 tief subbteats tollectsielestionicogera tfiine dlectAsnstthat lave uct ur e
(in this exanple via 254) is forned by efching, the aspect ratio, (height
to width rati &y%ﬁb?mﬁ@ tgrcEss dhe si'ﬁgﬁgffgﬁfi rengg PetEen Festhstaniaraqphplastme
positively ch i of<) . S bi as
at the semco 88%@ glrﬁgﬁgééj?%? éﬁg%%?ﬁ dt?%%?@e %lﬁ%tﬁé’é’%ét?‘g‘?ﬁ‘ggﬁ 'pﬁgi}tbg?{ee |ss'lt9E 20
| ayer 2462&nd pobentiakit etor@poditimecthar?thd surface poednsinl théd gropdipe pdiadty that nemndser ,
as illustrated, by the arrows adjacent pqQsitively charged ions 248. The
negatively ch&l§ Hngpé’ct}l'[%’l‘igf ée%&ﬂé\}"é  engrey l"FS%rst%%ﬂ fefé%‘ieéaﬂilﬂg PPWét“ger%i as
at the sem co . ' :
i sotropi c man %gyg&gc{sbygglgl%ﬁc%sg%%b? '%nga? ?‘é@%ﬁ%‘éﬁ&gé’h&%@gﬁ?ﬁ%‘@ cnaeg?ged
el ectrons 252.collédted byethelstisstiate. eTheseivnsateaiccekeratet] by thbsheath voltuge diopragé at a
bottom 256 of via 254 because, on average, positively charged ions 248 are
“nmore likely totikedbepubsiatei cal |y toward the substrate than are negatively
charged ekgctrons . i i aspect ratio
tends to Igﬁar ge mﬁgg‘?\eev-gggti?fsgﬁ wg?ﬁ%%‘%{%éﬁaﬁ%%%%?@géﬁﬁg%ﬁggr portion
of the nat eri dnplaatation addiother ehagigessicamomodesfds) may cinsk dainagé cthevsériconductor
indica) and nore positjvely at the via.,bottom 256 30 and the sidewal | s of
the via 254 priyhsirate and teeh deviersand piroutg formed therpin)of dheragns ginygaptpular:
i ndi ca). WO 02/ 15222 -4



PCT/ USI | 1/ 257-42 As shown in drawing FIG 7, the positively charged via
bott om 256 deflects the positively charged ions 248 away fromthe via

bott om 23%@1{12;_ oward the sidewalls 258 of the via 254, asgwrusasstse of
charge repul’sion. The deflection results in an etching of the sidewalls 258
proxi mate the via bottom 256, known as "notching”. Furthernore, the 5
presence of the positively charged via boti-om 256 sl ows the positively
charged ions 248 as they approach the positively charged via bottom 256

t her eby reducélewrie clirrgng éf 4 vell known prableshwhichican decandning-the plagmat he
negatively charged phqtoresist |ayer 246.and the u r partion. of the

mat eri al Iayel?fog%ﬂmﬁgg F%@P@‘ﬁ'ﬁ@rﬁéﬂﬁ?ﬁ%m’ﬁ t@ﬁ&? gﬁg‘%%(%to%}ﬁsa%ﬁgf 10 away
fromenterin etrﬂ?m)ﬁg(% 254 or slows the negatively charged el ectrons 252 as
they enter t Via 254, both caused by charge repul sion and both of which
reduce etching ef fillaitested in drawing FIG. 6 dnthb phamorene ofitlectricd ahargingwmd d be

dvant to devel t d foutilizi |
eact or whl ChsegisaREIOE dove MBS BioEot oA PSRRI, Aymatenatlavss 28R s B sghed
whi | e using i pexRENBLYRY ogg{lfmif kG du¥roR ¥iistral! B2, FepithoRdUsHobire SR YAy 246

fabrication conponent's an thout requiring conplex processing steps.
DI SCLOSURE OFpiobidied(oh €he R@teTiayer 844 fidr thewwtehing ofia vial Dwingtplasare cghieg at us

and nethod of both increasing, the energy of electrons striki erj al
on a sem condPrOCes, @E%?t?@f’%PB%qu’éb]laV%r%‘lgﬁﬁggPa&'ﬂaf @ﬁ%" ?tg‘télnaé? ﬁ?‘@ﬁ“?ﬁi ‘glth
pl asma reactof & ' rial : ] r t Itiyed
Subst ant i al 1 yPRAsE el adoREA A di okl iy R ORELR 2 3RS, R Sae

char gi ng. 10nesgeieyi THANbombartimentreadis it a tharga diswibutamiring develnped bu tiieng

chanmber in 25 electrical comunication with a first wer rce. JThe
et chi ng chanmbeatterogd phatotepist layps 24§ a GéTé‘FéPm’c"Bfl%‘lfb‘Ho‘B St%t%g‘?# c@Hﬁﬁlaf%?

substrate and .b%{igﬁs(r)%q%n@ﬁspgakpgge?gﬁe a&@glﬁ al. The electrode is in

el ectrical co nica power ~“source. The pedestal is in

el ectrical communi Gabidenforfediue chegiipdopenat tiequsitieelgchargedions 848 palvhe
source. \Wen triggered, the pul sed power source delivers a tulned gosi tive
vol tage 30 spirgativelycherged glestrans 252Haush Bepomesenarated fromy onesangihere The| y i n

el ectri cal . conmupi gat.i i : ' i bie.
V0 021 12255 - 5 PP Lt et lob 2 1o BRI AMRcaSIQRs 17 echut et by
di ff erence beturpefilestpicagidemp@tchbe Aethecstrudtucé (in tiisibsimpdd 2 viai4pis
nodul at ed by applying an oscillating bias power fromthe pedestal power

bi as source t omied byetehing, (ﬂh&:@sﬁiﬂ”c@@tgb@@i@bé 0 Wigth rgol P@OH’GE Broates a%gfeétj’é

Cnough 5 ener g a0k e SFSiveR, cBighl ns 218 BeRicE LR g % a1
i nst ant aneous gph I BiaPai Hetsediconduttdrsabsitatd 242), ntaedthieglatteleitd phetotdsist sheat h
potential drop. Since the plasma potential is nore positive than,the

surface pdPentlaver 246 andsthgmesienizh ayar 24 1aeirelptively perperdicilar raanaes, pdflluptraged

Hence, only el.ectrons. w t. . hing, .r. 1 ential are
col l ected by t‘W?‘%ffB%‘f’? Séjg@?lgﬁésg%éﬁ%gégﬁhjg voetna%%{vghaqg %'%%2, positive
“ions are col | egdca@ndysi howeeers iedéssatiected betie DO bins ar theaemigbadutad by t he
sheath voltage drop and strike the substrate. Negatjvely charged el ectrons
are | ess aff ecubsiraty24hand, yiscmpvein ngss randamy so @W(@@iﬂﬂﬂeﬁ%ﬁie%‘i}ﬁg‘w ';‘Fe
than are positively charged i , ) 8 AREAmJrBdTRe" |
as depicted by*"E aé*%"r"S\‘A%‘eg%‘}“ge@i%a gge(lal %gﬁ %@K@P%eé&‘éﬁéﬁ ra(%ns. 2{1{15 2
However, POV ghsitie 8hdr@s at 4 BEuAREAOEvia 5K Getasé, lon apedes tpakitiaely chatgedjions
the present invention alters the potential difference between the potential
of the pl asma 28crenosalikely tafravehuergesiiydowathe substipte than are nggatiyely charg

the positive vgltage ase. The volt SN .ki I
Lreorfents the SeaR P8R Thos. Ap sl FnEnEh Bbuh obier RRETERIO chitiE more
per pendi cul ar pabivaly dtpHotsiea&iiagie ahd\an Siper BoMidH Qi i raatbddliaes 244 teea
reoriented 20 trajectories results nore negatively charged. el ectrons

-entering into distancetA(iee.( Hustratedswish \+“dndies) 85d srosmpesitivelyoatdhersia dpftam 359y er

over a senj.conduct or..subst rate). e i i SEeS: y0f

t he negat ir?(pel ya"téﬂhF Ej‘ge‘g?@c?ﬁh%imiaﬁg ip(g%’%%&tgilhét ﬂ%gﬁua @??gﬁéfﬁyggﬁtﬁ%g *

et ched, both ofdisn.ch increase etching efficiency. Additionally, the-strong
positive field at ‘bottomof the via (i. e., illustrated with "+" indica)
accel erates the negatively 25 charged el ectrons toward the via which
results in the negatively charged electron striking the bottomof the via
wi th higher energy. The increase in negatively charged el ectrons entering
the via al so reduces feature chargi ng because the negative charge which
tends to build up at the photoresist |ayer and an upper portion of the
material |ayer, as previously discussed, penetrates deeper into the via a

-, o, .- N o .




WD 02/ 15222 PCT/ US0112s7-t2 -6 negatively charged el ectrons fromthe via.
Further, the deeper penetration of the negative charge reduces the positive
char ge bﬁ';d&&g at the side walls of the via, thereby red@i/og)i/28742i m zi ng,
or elim natlhg %zhe previ ously discussed detrinment affect on the positively
charged ions entering the via. In other words, providing a positive voltage
spi ke to the pedestal reduces, mnimzes Of elimnates the problens

associated with feature chargi ng. The deliver f the.posjti t

spi ke i s preferabl s skown il drawing F1Ehs tb%ﬁ%ﬁm‘@i/)t %mgeﬂfw%é*%ﬁ%é&%g%&ﬁe

source. Thus, Wen.the t . r jdewamessga
Vs\gbvg}y, &grgelﬁ‘é% 44 a‘&}ﬁg rgxfbtn} R iSER A2 RONRT toSAKT 48 s

pr edet er ni nedP? I's's romthe second power source (or 10

froma sensor of {iekiaSIHaNE a FRUIP bﬁchav%et fepiilsien s Fhedeflqotimeressltnin s etahing ofghe
pul sed power source via the signal line. Wien the si rﬁgll ol rﬁcei ved by the
pul sed power sidewalls,258psoximatedhe RSB0 EAQYIHIS é‘@g’ gpog}l?t 6 hge
spi ke to the pedestal. for edet erm {4 ki b3l iofd 248
course, unter EresgFedhLe qqsﬁ’vﬁf;g cﬁ%@S@l%@%&@?‘%@ﬂ% tlﬂé p%%ggeh{ Jéﬁa%&illg

providing a pesidel, Uproati ABPoSAVME chirgel viabotesn pSGirerehyurrdising dithindt be
necessary. \Wen the power output of the second power bias source reached, a
posi tive volt affeienpy.ke i s generated by the second power source and

delivered to the p-eizﬁgsesintg %lﬁ b‘ff grra 8?“ %%ﬁg%t &régrgegﬁg,ieg,p%gltgie@ h&forésis{TEPrerTiliésandt he

present invention ovi din e and control 'abl e 20

met hod of af f ggd {g@ﬁr hbﬁioﬂuﬁrk}ié Matensl 18fef 244 éefleptsafie pgativaly eharpidngechreas 2562
easily inpl enent oh nost existing plasnma reactaors. Alcfsrloug)gl é?g eﬁgrrpl es
present ed 1ar e asiay dcimeentering the viagydearistowsghe pegptizely chargedselgGtpds P68y Fhat

present invention nay tilized. in a variat 1 h Qe AR BN d
pl asma proces S8BT tllﬁs%ﬁ%?‘b%w %‘%@r“'@g&{%\?%&%{"&ﬁ?’?gﬁ‘% e speci fi%gti on
concl udes wit hegligicys particularly pointing out and ‘distinctly claimng

that which is regarded as the present invention, the advant ez)spof this 30
i nvention can be nﬁflmsrieaaﬁbe/am@maftcfhthﬂb@W@ﬂw‘?qwmﬂéﬁ%‘wq’lg A% ption of

the invention when readq in conjunction wt g o [RWnEE | N
which: WO 0XPpamsils and-f progeps MF%?%%%Qﬁof‘gﬁgﬁggﬂémt ’c of a plasma
et ching apgar At BEEAUA Grdif tWYRleRAE StkpérdeddnanercialiGavalabls, an
i deal i zed grap o? an oscillating voltage profile of plasm etchi ng )
appar at us pedessidondactor dévige fabrication gpmpenents and avithoghteqmring cCamMpEX processing
cross-sectional view of a via during an etching process according to the
present inventi8# FIG 4 is a schematic of a prior art plasma etching
apparatus; FIG 5 is an idealized graph of a prior art oscillating voltage
profile of plasma etching apparatus pedestal;
g AP A il OSURE OF INVENTION
20 The present invention relates to an apparatus and method of both increasing the
energy of electrons striking a material on a semiconductor substrate and reorienting
electrons generated in a plasma reactor to strike a material on a semiconductor substrate
in a substantially perpendicular trajectory, both of which reduce feature charging.
One embodiment of the present invention comprises an etching chamber in
25  electrical communication with a first power source. The etching chamber further
includes a pedestal to support a semiconductor substrate and an electrode opposing the
pedestal. The electrode is in electrical communication with a first power source. The
pedestal is in electrical communication with a second power source and a pulsed power
source. When triggered, the pulsed power source delivers a timed, positive voltage
30  spike to the pedestal. The power bias source is preferably in electrical communication

with the second power source with a signal line.



10 FIG 6 is a cross-sectional viewof a via during a prior art etching
process which results in the phenonena of feature charging; FIG 7 is,a
Cross-seeyd pfghvi ew of a via during a prior art etching grposagsnierein
feature charging results in the deflection of positively charged ions away
fromthe bottomof the via and toward the sidewalls of the via; and 15 FIG
8 is a cross-sectional viewof a via durinyg a prior art etching process
wherein feature charging results in the defl ection of negatively charged

el ectrons away frofs ereveuslyglischesedithe petetiabdileranse hefggen 3@|p}asm4@n§éhp

20° 111 ot r at etPinoR et pipoeri B o€ ol egblyhls ) SR e ERNE

views, and gr@phedatal pbRePbiasfikcd t8\RNEdnAfondhiétod Aigtrekeb uting ehspaaaiiet hat
the illustrations are not neant to be actual views of any particular

seni conduct or valiage phasehile sabssraieeqollests elgetson oustent Epmeletrions thehbavigtenevghar e
enpl oyed to nore .cl early. and ful ict .the formation of contact, .

Trert aces | netoe 0 aginthe Miralih Ak AHERae psfesh dh4 Br R Enctys BBERE Bhienil.
Addi tional |y, afd BEBERe pOTEHEIR RERNEES skbiaeibdiential §rop. Sincblithe F?lhéﬂﬁhj_@otéﬁia@isn

the same nunerical designation. As illustrated in draw n , one
enbodi ment  of mare masithiertharathp aurface potedtialothis drep pases pelarifytbairetars elastroni ses

an etching chagnber. 102 i l ectrical co nication with a firs ower

Sour ce 109, ST Henh onl et b ol e Ik B0 et vkl e Wibaed.
The etching chamRanbstiide. f Dififieihe nB&diive QltaeRRERSIR! pdfifveliBnSitBROMdCteY by

sem conduct or substrate 108 and an el ectrode, typically a coil or coils,
112 opposlthg thesubstia®. OPhebSRMR aregaccelerptadd@he Srathovoliege drogl and eGike The

el ectrode 112 i.s in electrical comunication with power source 114. The
pedestal 106 P¥Si#€el ectrical comunication with a second power source 116,
I'n the etching chanRgstivboharkelcReBnsletd Ids affEbtdd 5y the typiial DOBIATdt YR Y
coupling energy fromthe ' first power source 104 into the plasma 122 which
conpri ses nobséncorslugtesisubsiratethamarepogitively ehargeshiansy add,ghus, imoive n a more

lectric field bi |t d I i heat h, | 124 dth
ol oo 120 aBioePlmiTiey % HERed bF Fissr A s R TERR e SR e T he
sem condugsd or FRURSLY BtidiiBa Basiﬂeafdltag@ §itd fo tRO PR esiAacctRBnPRARS prkedt 06 s

further in electric Communication with a secondary pul sed source 126. \Wen
triggered, thavseixonatersthppbietalsifiereeelbztvade themtential pitbe plaswa 20d potentsae

spi ke to the pedestal 106. The secgnd po soutce |.16 i.s preferably in
el ectrical co iSER8 “WrtqﬁlgftF?ée gg@dﬁ%hmsgg&vggﬁgec@ai Gﬁ}ﬁY [28€ si gnal
line 132. As prieMbQittle/pedesifUans teotidies met@wﬂ ofhdoh 8N SR DRt &St Bfo

plasma 122 and the sem'conductor substrate 108 ‘can be nodul ated by appl ying
an osci |l | at i ng nwrepepeondiculfn path with respdesdo she ssficoadugtonmbstsatar dbe 16gienisdt he

i d bstr at 08 15 il t i i, F 2 howi
The vol tadh. praieerRsenirlmorCieate FaTtH Sttt R e o g
phase 134, t h%ia?d??%éétéﬂeﬁ@ntgfa ﬁlﬁﬁﬁﬂ?@& 8r aSRMoRSuPE éﬁb&tﬁﬁe)sa‘?lpr&%ﬁg HEAPT

substrate 108 p ds at a high rate. During the negative ‘voltage phase
136, the diff irsrawesthe erargy pHihe mpgagsivelyiobarge alectransaycifleny wnithemstenaldayed te t or

substrate 108 proceeds at_.a hjgh rate., However, a l.so il lustrated,jn
crawi ng F1G 58 esBeg otk e eiing EBHRs oo frS R e Srgtrosie
positive poweiseril bBiibfh difi SRS iMsirbla Hidl 44 Undibh ROGLEI EroiRihidsy Phase

134 (i.e., during the tine the el’ectrons ow to e wafer) for a ration
13 8 of tRfie. chargedviecusisytowasithe siadvidcidresulisis theategatively ¢harged electronlr awi ng

FIG 6, negat Isynqclir}/g the bottom of the via with higher energy. The increase in negatively charged

electrons entering the via also reduces feature charging because the negative charge
which tends to build ﬁp af the photoresist layer and an upper portion of the material
layer, as previously discussed, penetrates deeper into the via a distance A’ (i.e.,

30  illustrated with “-“ indica). The deeper penetration of the negative charge distributes the
negative charge over a greater volume or area, thereby reducing the local intensity of the

negative charge which reduces or eliminates negative charge’s tendency to repel the



charged el ectrons 252 are less affected by the typical DC bias at the

sem conduct or 25 substrate than are positively. charged ions, and, thus,
move in uépiissAandom manner, as depicted by the arrows agipgsiisnggatively
charged electrons 252 in prior art drawing FIG 6. However, the delivery of
a positive voltage spike to the pedestal 106, according to the present
invention, alters the potential differencebbetween the potential of the

pl asma 122 and potential of the sem conductor substrate 108 for a part of
the positive s@atredly dipegghelentrans frometbe siaokiwrther, theaddeper fen@ratipn ofitlee del i very

f th iti | t ike to t d 106, ..t h i ts,th
Ot aj oot ory of tapaligs FRFe RN dhcpastieRRERE bl 0 Hh e HUR el BEhE S oy,
path with resféﬁﬁéiné,(}mhﬁﬁziﬁgmr%ﬂﬁ%@ﬁég kheSptEbhed 8isdidfod @Brime @B ohstBd2 - 9

PCT/ US01/ 2s7-t2 shown in draw ng Fl 3. The reoriented trajectories
resul ts nore pesitivelyvaiagged hensgatbring ¢he vian ather wondsy providmgsepristtiva dalager

substrate _ 10S.and entering into the feature,. specifically shown, as. an
openi ng oS vi Sl hEPFIFSiEl it DGR & SiniedPele srobiapsasofialeh §ithn o
material | ayefeaddbcifgihga sem conductor support 148, and results in an

i ncreases the ener gK of "the negatively charge electrons |42 incident on the
mat eri al | ayer 146Thedeltvenfofithe positivecroltagespitecihipreferebli iconteslleg by the power

Additional ly, a st itive field at battamof th ' ia 144
(i-e., i1 ust PRPEPAEE RLiseE povierspuice, Tt Whet B Bower SR8 5Py PDUF t age
spi ke accel er ghgs, nteg&e@%gﬁéde‘t’é?ﬁ%eﬁIT'WeE_%@i%‘?Ahﬁg%lﬂ'ﬁ%n;ﬂx% sbOi@ pdwel Souked tpm of

the via 144 which results 1 n the negatively charged el ectron striking the
10 bottom®f frbm aseasdr{Aovdhbivahcaipbed witethgyse¢andepower bauros)eo dlie puisedposieri ve

ccel or at | on) SOurtavi dhs Sanebee, Wagmthe gy it Fese e CE eGSR 2OR RS Bhte Fing
t he opening o I SN f I e negative
char ge whi ch Flél%é S (S\ﬁé}bsgﬁ%gpﬁp at %?f?gt gégéﬁgaﬁkgégmf%ggﬁﬂ%gﬁ$upper

portion of theredeteaninad duatien ofihfic. as previ ously di scussed, penetrat es 15
deeper into the vi lustrated with dica). The
i

.a distance A" (i,.e.,_.il LU
desper penet rati ontidh HiseuREcdPccih g Bobis e iR Char ge

over a o el ehr Qi B&Ei Vol aBE Wikd) ShPPul &l JEWRR bbiEe IPnABeMbbRBR! vifehect
on the negati re(ﬁ/ C %Pgeé%e)%eggr ﬁs’méz)éu Further, the deeper npenet aw}%n of
t he negative diegroyer wathnt eSthelsecqnd powiey biag bargereachiedda positite woltegs spdlee isal | s
adj acent the via 15 t hereby, reducing or, el imnating the 20 previous|

i Seussed dot EPvREHES by ficeced ROYEET SETe ﬁ%q?%llvew R hs hegaldn gpweﬁatefrﬂleg ia
144. In other dﬂﬁfigﬁof{iﬁl@ positive voltage spi ke on the pedestal 106
reduces, minimzes or elimnates the problens associated with feature
chargi ng. Referri nFhug the preseny infvefidionlis capgablesfpoovdding a pinmple ahdoaomerollstderr ce
126 is preferably controlled by the power output of the second. power source
116. ThusZ0 whakthes qé%éreﬁmsége amlmmﬁ? 9@%@%@9@@@@%8&@ 1996/l eaches a
pr edet er m ned; i 1 f he second power source 116 (or
froma sensor "k]ﬁg@le%tﬁg\%ﬁ)n%cgg%ﬁtglg%&mﬁmrtéﬁ:g&g'econd power source 116) to the
pul sed power sour c@lthdfiglvihe ekimaples presdntdd are dirdited Whihe forinmtion ofiakiai, St is

recei ved by the pul sed power source 126, the pul sed power source 126
delivers a podndersteod shat REpsentnveationmay be piliredimp vaney phfearg fosmatien Mded
30 duration ofti , the positive voltage spi ke can be controlled to
occur at any S})afsglﬁé%cgg#gr any duration during the high voltage cycle to
achieve tpg desired etching results for a particular sem conductor

mat eri al . WO 021 15222 -10 PCT/USU1l/ 257~2 It is, of course, understood
that if the second power source 116 is capable of providing a positive

vol tage spi ke, the pul sed powghps® ?%yﬁl cessary. Wen the
power output of the second p\(l)\ﬁv\er s%uﬁr%gé&% iderigg\%‘he ,@g positive voltage
spi ke i s gener at ed Whild the speifitatiopcomeludsowith elaimSpatichiatdl poistingcbut and he
pedestal 106 for, a predeterm ned duration of tine. i further

It Is, yet .

- under st ood, t Kixingly ¢lanung et wWhigh sgegardedhasthe aqu@ﬂ%‘f?PB‘élbég%‘?qvaWﬁgeS&fﬁblﬁol
bot h the cil. I: C . i

the poner Sapi KeenlfilEntle B SRE0ASPANEN AR TPk i g thY B g
pul sed power sslieh@eadlid@onjhfictidnusith theacomys@ning idravdings iawich: capabl e of
providing a sinple and controllable nethod of affecting the quality and
efficiency of plasma etching and is easily inplenmented on nbst existing
pl asma reactors. The present invention is useful in etching apertures
having a length to dianeter ratio of 5:1 or greater in insulating naterials
deposited by plasma enchanced chem cal vapor deposition techniques. Such




15 insulating materials including oxides, nitrides, polyners, conbinations
thereof, etc. Furthernore, although the exanples presented are directed to
t he forr‘ra,;, 9215852 an opening or via, it is understood thatpgfpsfMsrjnvention
may be utilized in a variety of feature formation and plasma processes.

Havi ng thus described in detail preferred enbodi nents of the present
invention, 20 it is to be understood that #he invention defined by the
appended claims is not to be linited by particular details set forth in the
above description HEGnlaly sshamatiernf a\dasmateitching apperatisfaceordingds shepresent t hout
departing froglwvg} spl rit or scope thereof. WO 02/ 15222 -11

PCT/ USOL/ 2s7~ A'™B What is claimed is: 1. A pl asma reactor conprising a
reactor chanber inBiGd BandddaRsRsiraph fin RN VoM@ pFofild SRl BEhin
substrate, and a power source in electrical comuni ca?l on 5 with sai CF
pedest al , Memanatgap@iept@bmcomt@éheprea@mm\@atlcnm deliver a voltage spike
to said pedestal asma r act conpris act or chanber. 10 a
first poweeb(rj sourceﬁ}% férlcctr?slsc,sg? 105'8 |rg§ #r&}igtaﬂecg'i“@ﬂfgﬁfi?fﬂ?co a
pedestal di spfegflesdht itbéntipai d react or chanber for supporting a

sem conductor substrate thereon; a second power source in electrical

communi cation wit hFIﬁl‘H lmmmﬂlq O%Qapmlorsﬁétplasmqaembng spparates; adapt ed to

deliver a vol tage ped | ectr e di Wi t hin
sai d reaction cha ﬁ&ndie&hqurgja@b?fga (Hea'g'?‘aslc;ﬁaﬁ'r‘ﬁiv‘g a6 P %our ce
in electrical ¢¢hi ﬂg@ppggﬂu QdéM_-a]h sai d pedestal. 3. A plasma reactor
conprising a reactor cha |nclud|ng a pedestal for supporting a

sem condul® or subsFHIatis aaprpsswectumhmw afia véd dwingiacior eoraichingprotess whichh 20

sai d pedest al ondar | sed power source in electrical

conmmuni cat i onfwa]fﬁwlnzg?ﬁeﬁgﬁ’@%/%ﬂéatﬂmﬁafﬁl%ma reactor conprising: a reactor
chanber; 25 a firsSEIGOMAla GO4LEidrAl ﬁE@rQ}tfra'\E@&urﬁ%mr%ﬁtdtaﬁ‘nr%‘ﬁx%eeﬁ ai d
react or chanber; a pedestal disposed within said reactor cha

supporting a wihnieouitatuce dlargug)msulsﬁmthméﬁbomn of psitively charnged ione away fiom

el ectrical icati wth said taI el.ect rode di sposed wthin
said reacti on%a’ﬁtﬂ Ofgtﬁavﬁﬁﬁgi‘i“ﬁﬂdgg %%ﬂ’éé?gre“%éflﬁ first 30 power
source imglectri CFIGCSJMbﬁ%bt%haN&%oT%'x@a@d&%Jﬂﬂﬁar@é@&m%;ﬂ‘ci! gd power

source in electrical conmunication wth said pedestal -12
PCT/ USQL/ 2~7- whesin fkatuee chodgiog resplty latthmgefhecmraeﬁmgam dhrargedrgrcirensigway

providing a plasma reac i nc] udi r _supportin

seni conduct or TOILEYFHE S\N’GoaS}ﬁ Fgg%ﬁ?ﬁx yie rg?CL@{:qt{qpaps gtﬂ theidn wi t h
sai d pedestal; delivering an electrical signal to said pedestal from said
power source, wherein a voltage 5 of said electrical signal oscillates

bet ween a positive vol BE§E MOBRELS pFORLCARBYTNGeOUT THE INVENTION

20 Illustrated in drawing FIG.’s. 1 through 3 are various schematics, views, and

graphs of the present invention. It should be understood that the illustrations are not
meant to be actual views of any particular semiconductor device, but are merely
idealized representations which are employed to more clearly and fully depict the
formation of contact interfaces in the present invention than would otherwise be

25  possible. Additionally, elements common between drawing FIG.’s. 1through 3 retain
the same numerical designation.

As illustrated in drawing FIG. 1, one embodiment of an etching apparatus 100 of
the present invention comprises an efching chamber 102 in electrical communication
with a first power source 104, such as an AC power source, a microwave power source,

30  etc.. The etching chamber 102 further includes a pedestal 106 to support a

semiconductor substrate 108 and an electrode, typically a coil or coils, 112 opposing the



vol t age phase; and delivering a positive voltage spi ke to said pedestal
during said electrical signal positive voltage phase. 10 6. The nethod of
claimb5, whessih, said delivering said positive voltage sppéguker/said
pedestal further conprises: nonitoring said voltage of said positive
vol t age phase until said voltage reaches a selected voltage; and delivering
said positive voltage spike to said pedestgl for a duration of tine during
said 15 electrical signal positive voltage phase when said sel ected voltage
|'s reached. 7,046 [@é.hﬂ%éiéetﬁd@ﬁ'i‘ﬁ?sinm%{rﬁhf‘coﬁmﬂﬁ&‘ﬁ%h\éﬁ{fﬂ Gred Souft {i’ﬁi.t"’e
vol t age spi ke £5"Sal pedestal conprising generating a positive vof age
. spi ke within ThegdedestabtOGni clecteiva cdmimmentingwithiadeqondipowee souptd bBlge spi ke
to said pedestal during said_electrical_ 20 signal.positive vol t age phase.

8. The method of clthsetchinghamper K02 g pliema )7 isTyainiaingd by 1ductinely euphing

enike t o | em ; Sy :
Wthin o secofiars R me AEEhbaL BRI e BaBRZ 133 KN BLRBHE BIMIE. | .
to said peslespasitivhly aninepaiicklythaededqiarticial A goatic fielghortiddaliagd) daddopsdn A

nmet hod of form ng an opening for a sem conductor device utilizing a plasna
reactor chanbéshsadtiayer 174 asounddhe plapma 322, ageglerpting e glesisonscand denst(pet

substrate and Jd I ' n i 1.t.-h said
pedestal , sai éﬁo B@g\é@?gﬁ%ﬂ%gl nﬁ%‘g‘fzﬁ’g%@s@% @ﬁ%l%cf@%tgﬁ?g%ﬂpﬁlg%mm cation
therewi th for openiThg padudtat i 061sTartivd? i€ bleettit icomimupitblion with d sedhbad é)ulsed

conpri si ng: WO 02/ 15222 -13 PCT/13JS01 /257-42 pl aci gég a_sem conduct or
substrate on Seuree bieWhan triggred, tempeandaiydiudied sourse 124 delivassiappsisivent er i al

| ayer theggov 0 LSty ALayer [ SAl i,al_|ayer;
gonerat 1 nd o SPRtelsR0 MR8 057 s R BONRE Pl S ods FRIEbAT I,
el ectrical si gRatfrichlcondmehiEdn Withlthé ERBhdR) PulbeVRIurOl6GHith NEIg lifle 832.
vol tage of said electrical signal oscillates between a positive voltage

phase and a negat i Y& previeusljedipmased; thapetantipl diderenng betwrenithe plasme] 3%aapd thpi ke

i L. i ' ical si i1 | 1. hase.
10 The et nodeieOheft B ] B e RARELy R td s Pel G D8R E o
spi ke to sai dfiachspatestdl phled peOEoLEe26 1B tHE semidoddscidbbub@tda 068, af sai d

positive voltage phase until _said volt aag reaches a selected vol tgge; and
15 del i vel? ng Ibwsireted insdraming K16t 2{shovape ke wollageprefilsatysiag suchraseillatiand] ect ed

durati on of UnilEd¥id PRAuRLERbLL 681, il SURRLiABR3H bk Yenchil LA0R BHBSR: W1

sai d sel ected
semiconductor substrate 108 proceeds at a high rate. During the negative voltage

phase 136, the diffusion of reaction by-products are away from the semiconductor
substrate 108 proceeds at a high rate. However, as also illustrated in drawing FIG. 2,
20 the present invention comprises the delivery of a positive power spike to the pedestal
106 during the positive voltage phase 134 (i.e., during the time the electrons flow to the
wafer) for a duration 138 of time.
A previously discussed and illustrated in prior art drawing FIG. 6, negatively
charged electrons 252 are less affected by the typical DC bias at the semiconductor
25  substrate than are positively charged ions, and, thus, move in a more random manner, as
depicted by the arrows adjacent negatively charged electrons 252 in prior art drawing
FIG. 6. However, the delivery of a positive voltage spike to the pedestal 106, according
to the present invention, alters the potential difference between the potential of the
plasma 122 and potential of the semiconductor substrate 108 for a part of the positive
30  voltage phase 134, as shown in drawing FIG. 2. The delivery of the positive voltage
spike to the pedestal 106, thus, reorients the trajectory of negatively charged electrons

142 into a more perpendicular path with respect to the semiconductor substrate 108, as



11. The method of claim9, wherein said delivering said positive voltage 20
spi ke to said pedestal conprising generating a positive voltage spi ke

W thin sajygoppyyes source and delivering said positive vol pepgseipiske to said
pedestal during said electrical signal positive voltage phase. 12. The

met hod of claim9, wherein said delivering sai'd positive voltage 25 spi ke
to said pedestal conprises generating a po%Ttive vol tage spike within a

pul sed power source and delivering said positive voltage spike to said
pedest al duri fpvasindraviag FlGch| The tyﬁapntggsrmm@éewwlﬁsgeorﬁw&g@velyssharqu

met hod of T or g0 AN49RERAAGN Cexfordl5Hd! st S BhecflFPRR) IdeliSlnd 30 @
pl asma enhanced chem cal vapor deposition technique for a sem conductor

devi ce utili zkpmgifeal} Showh dsandbeding baviken4 beiag eethedthtouphdestiotdredist
supporting a sem conductor substrate arid a power source in WO 02/ 15222

- 14 PCT/ US01/ psteriabl4) iata ¢ meterialdayanlAp exen asemisanduetar spppetdgBatnd resylig in

pedestal incl ydi i tch | tr.igal, ¢ L ucati.qn therew,th for

bpent ng. antl chouefes et bite) (1l SElaih ST e BT T GR B RE R epaiBiinl o
sem conduct or 15560540, Both TwlscH idcrearetdhitlg efficibribys AMIRABIKE b Gtrofg! Pditial field
having a material |ayer thereover and a photoresist |ayer patterned on said

material | ayept bjtanephihe @gelsingwra‘éwd4éﬁwé11@anatpd9@if1 coriadiea)ovhiehuteselisdiem
ol fves: | . ol . . |
cer o a2vor AT Sl PRl el hRBARRER bR RGP a e

=

wherein a vol sal ect ween a positive

vol tage phasebafieinafBiroai 1 ¥ewhizh vedultaiehy hagtiveld chirged élo@rch Paishg thee
vol t age Sﬁ(iéke to sai d pedestal during said electrical signal positive

vol t age phasebotiem of thenvim dthwithdigher enepair Gi-eothegtse f thepositing voltaggrspike

i nsul ating materi.al . he et hod of ¢laim 13 nereid said delivering
sai d positi vepyﬁfsacﬁgtlrglp‘ﬁtﬁge a%wggf"& %ag%eteg?‘%fo&ratc %‘th{g‘?ﬁﬂ‘pﬂg SETCSHMW tori ng
said vol tage qbgaivbll cRASEA béEroRl 142 @RteANA TR dhehink of Fadl MQldoaBMudE BGHRE 2
sel ected voltage; and ' delivering said positive voltage spike to said

pedest al for shargingdbeemse theaegaiveshange ndhichaentlsrio byild up dt glioseresistdayer dtgnal
positive voltaﬁﬁ? lghase en ﬁd StELEIjt ed gltagg.i S r(facheg. 15t' tThe

met hod of cl aiffff ¥3UPREAEPEIN AT FE? %yrefr% SRPH BB Jirassyds RERFEE i ke to
sai d pedestal degyEpints tHeO/i®L ARIaAEE AY (i, IMStratedavinpt -t aflicay PTHE dd¥pkhi N sai d
power 25 source and delivering said positive voltage spike to said pedestal
during said elpeestrationof iegwaativeshange distibaitesdbenggative chargs ovena gneateradea f

BTSN TR T R R TN e
eIt e e A s ko o
PCT/ USOL/ 257~build up at the side walls adjacent the via 152, thereby reducing or eliminating the
20  previously discussed detriment affect on the positively charged ions entering the via 144.
In other words, the positive voltage spike on the pedestal 106 reduces, minimizes or
eliminates the problems associated with feature charging.
Referring to drawing FIG. 1, the secondary pulsed power source 126 is
preferably controlled by the power output of the second power source 116. Thus, when
25 the power output of second power source 116 reaches a predetermined level, a signal is
sent from the second power source 116 (or from a sensor (not shown) coupled with the
second power source 116) to the pulsed power source 126 via the signal line 132.
When the signal is received by the pulsed power source 126, the pulsed power
sm;rce 126 delivers a positive voltage spike to the pedestal 106 for a predetermined
30  duration of time. Thus, the positive voltage spike can be controlled.to occur at any
point and for any duration during the high voltage cycle to achieve the desired etching

results for a particular semiconductor material.



17. A nmethod of form ng an opening in an insulating material deposited

using a plasma enhanced chem cal vapor deposition technique for a

sem condwgdh @s193eyi ce utilizing a plasma reactor chanber ipet/udoing

pedestal for supporting a sem conductor substrate and a power source in 5

el ectrical conmmunication with said pedestal, said pedestal including a

switch in electrical communication therewkh for openi ng and cl osi ng an

el ectrical path, said nethod conprising: placing a sem conductor substrate

on sai d pedestal, HdbPfsewisedmderstasd tba}b%h?rpa@@n ROWATSQITeeat 16ris aapableyafy

t her eover and ] I ST . e ' el | ayer

. generating a BRIREH SRESARLARNERE UANIRY 00 BBl BBV

el ectrical siirh thopeatrbupndes tial setdminp i doode 6 Babiched, afisitive RoRage

voltage of said e]ectrical sjgnal oscillates between a positive voltage

. phase and a n&Rjg isweneraled bydhgresard pawerdepiopdd p and deliysedditp e Rasestalgidodpr ke
to said p%desﬁgted%{luin}%d%&laﬂ ﬁlofﬁ}nrei cal signal positive voltage phase; and

formng at” | eaSt a portron oP" &n opening in an insulating material, said

portion of an openiyig, yeefirthgr @ndepstodd, Bat AR irgérhall devide ieh 8% a Blicraprobenst S: 1.

20 18. The nethod of claim 17, wherein said delivering said ROSI tive

vol t age spi kemep canfrel hostideoseillations pEthe seeqndipsmesr sotyes 1 Hr andghe delivenbofithee

Vol tage; "and. BEFEINE BReARToPH b A sl b BT R B BB B,

sel ect ed dur athbe P26.ti ne 25 during said electrical signal positive voltage
phase when said selected voltage is reached. 19. The nethod of claim 17,
wherein skl d del i véhisghepresenp sypationds ganableqd psgyiding & simpl¢ ahdmentretlatile

and del i ver | R gR AR bt B @RReRSct Bty Ysbinknd PR g aid
el ectrical si gaglbmaRsd bh sV elidtinglahaFeactors Phépledét reniléh BGIAISAL/ 257~2

20. The nethod of claim 17, wherein said delivering said positive voltage
spi ke to sai dejsbingspartuies hpringelengdite diametey ratipof$ 4 iov greatarimigeulatiigce wi t hi n

a pul sed power urce an el iverin sa%g ositive voltage spike to,said
pedestal duri ng?e %’SOCEQPQ%PS’V é).ga[sn@ie %E'I"c @{%WQ?LVQP(S’F flg@n@ﬁ%ﬁg@mc@e& 15ug

net hod of 14 or MsaktiR mAREiAls Mkl din2bxill kS Hitddds NSb R4S dodlbidaBibnPehe RBE Garduct or
device utilizing a plasma reactor chanber including a pedestal for

supporting a Sertherawae @ltbeughibe exampesameseated aneedirestasrtoghe formbtéen of anal
icati it i.d .pedestal , i,d tal. | | udi .10 it i
ol ectri cal conbulif BR8P RMERkGopd 1Bk PrBERRIBlion oy PE b ding viey SF "

feature formation and plasma processes.

Having thus described in detail preferred embodiments of the present invention,
20  itis to be understood that the invention defined by the appended claims is not to be
limited by particular details set forth in the above description as many apparent

variations thereof are possible without departing from the spirit or scope thereof.



. formng at le

el ectrical path, said nmethod conprising: placing a sem conductor substrate
on sai d pedestal, said sem conductor substrate having a material |ayer
t her eoverny@gglhi2phot oresi st | ayer patterned on said mater paf/uk@iygrsr sai d
material | ayer deposited by plasma enhanced chem cal vapor 1S deposition;
generating a plasm above said sem conductor substrate; delivering an
el ectrical signal to said pedestal from sdild power source, wherein a
voltage of said electrical signal oscillates between a positive voltage
phase and a negative vol tage phase; 20 §JAIMEYing a positive vol tage spike
to said pedes{al . duki. said electrical signal positive voltage phase; and
g&Fig(%%ﬁgégh of an opening in an insulating material. 22. The
net hod of clai m 21 whepgiliknsadiescteeddnyRisingd Sadt6r GHAfbel MeludRk lae8estal f6P1 ke
to said pedestal further conprises: nonitoring said voltage of said
. positive vol t suppopesesemiranduearl spbyisateaand a poavei seurge degleqstieal communigatiorand
del i vering said,positive.voltage spike to said destal. for sel ected
duration of ¢ 1HR S PeETal e ER Se Mopsr Srg s rosRieT Ty dRiverch volpd® swiBe B wnen
sai d sel ect edsai®@bédegrli s 30 reached. WO 02/ 15222 17 PCT/USU 1 /257.42
23. The nethod of claim 21, wherein said delivering said positive voltage
spi ke to said pedestal conprising generating a positive voltage spike
Wi thin said power ?ourcgtqnd deIiveriqg.sald positive voltage spike to said
pedestal during safd el ERFTANCALPLEANPISHE (i ve vol tage phase. 5 24. The
met hod of cl ahmRaéfor chigp&gi N sai d delivering said positive voltage spike to
sai d pedestal conprises generating a positive voltage spike within a pul sed
power soulte adfist pewerysnireminskictrigebeinmyracatiohtvatiesaglyieresor chagdiery pedest al
during said electrjeal signal,.positive voltage phase,. 1.0 25. met hod of
For nt ng” an op® At Rsafrer ot isaiiE ShmeP fosBURSE ing a SribGari ey ce
utilizing a pl asmagitRgaie@herebi@ner including a pedestal for supporting a
senmi conductor substrate and a power source in electrical comunication with
sai d pedest al 2 secind powsesaute inreddctriiahepnamucation tvath said pddestak sajdbecond

comuni cation therewith for opening,and clasing an el ectrical path, said
met hod conpri si ng: PRYECALe BWFE%H%WE’E 6?’%2‘?&5%% pgéﬁsgtpedest al, said
seni condugd or o BiRstk R Bspdadd RithA sHRtreAdiBh chAWsd: ahd'8 destRhgior esi st
| ayer patter ngd on sai dS mat er i al I.a;er ,l sgi_ d _matagr i gﬁg&lii%sg?}g}eposi ted by

pl asma enhanceg@ulsedndwed sousqean elRotridelmoginuingatios wiith saidtpedessdl. i ncl udi ng one
of an oxide material, a nitride material, and a pol yner; generating a

pl asma above sai d sem conductor substrate;

3. A plasma reactor comprising a reactor chamber including a pedestal for
supporting a semiconductor substrate, a power source in electrical communication with
20  said pedestal, and a secondary pulsed power source in electrical communication with

said pedestal.

4, A plasma reactor comprising:
a reactor chamber;
25  afirst power source in electrical communication with said reactor chamber;
a pedestal disposed within said reactor chamber for supporting a semiconductor
substrate thereon;
a second power source in electrical communication with said pedestal;
an electrode disposed within said reaction chamber and opposing said pedestal, said first
30 power source in electrical communication with said electrode; and

a pulsed power source in electrical communication with said pedestal.



delivering an electrical signal to said pedestal from said power source,
wherein a voltage of said electrical signal oscillates between a positive
vol t age pResg1§38 a negative 25 vol tage phase; deliveringpgrRR§i/sd7vL

vol tage spike to said pedestal during said electrical signal positive

vol tage phase; and forming at |east a portion of an opening in an
insulating material. 30 26. The method of -B-ai m 25, wherein sai d delivering
said positive voltage spi ke to said pedestal further conprises: WO
U2115222 PCT/ USOL/ 257. 1A mgthodheh ppesetingp plasmp seattongemprfisingii d positi ve

vol t age phase i i | t age reaches sgtected vol tage; and delivering
. eai d posy v vertBidine ey e B e M R eRuRfiof SO oo Siretfte
time during said ekgghpotat s&jrmﬁleleee&hltdovtﬁna&@éaﬁaﬁQvit_tm«aﬁgae\&’es%ﬂ; said
sel ected voltage is 5 reached. 27. The nethod of claim25, wherein said
. delivering saidedivsoag an gleciyishl sigyel topsaideperiestal diomn gridipswerl sovtrepwhereimg voltage
generating.a positive.yolt spike within said pawer source and,delivering
sai d positive vol tgééalé Sie'ztigglﬁl@ﬁrﬁcwé%éb?téﬁeeﬂGPBﬁéﬁs‘é(iﬁHgE ng?,SF Apd 3 peggiive
signal positive vokbRg® pagsSand 28. The nethod of claim 25, wherein said
delivering said positive voltage spike to said pedestal conprises
generating a gdelsieringe positiveayeltagpispide ¢ said pedestolidiming spiovelectsealisigral positive
delivering said posi&ive vol tage spi ke to said pedestal during said 15
el ectrical signal po&t&SRMS 0l tage phase. 29. A method of forming an
opening in an insulating material deposited using a plasma enhanced
chem cal vapor deposition technique for a sem conductor device utilizing a
pl asma redétor chafber iThelmeathadplclam Spetiersinadaid deliveningaid posgiva voltage
sem conduct or sub tra(ie nd ower source in electrical communication with
sai d pedest al ,Splgﬁfods H%‘geft&lgﬁrﬁgﬁ PFRE®H switch in electrical comunication
therew th for \aRaBHAE sddYolkdgRf 98d %Bsiﬁ'l/@%lfagg hase &htil aﬁiax}dlltagﬁela&ﬁ-s a
conprising: placing a sem conductor substrafe on sai ds pedestal, said
sem conduct or substselatted haltagegar@> a material | ayer thereover and a

Phove oo o sodbRisHBE ctin postECro e il i pedsoirfot  S5RFPE oF Ndp GHERS S0 s ai o
pedestal f50m sai d cRewRAI SO g@sitthﬁ%ﬁlﬁisé’%%@%d QJI%f‘fé’d %ﬁg@fg&&cgg&

signal oscillates between a positive v age phase and a negative
vol t age phase; delivering a positive voltage spike to said pedestal during
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spike to said pedestal comprising generating a positive voltage spike within said power

source and delivering said positive voltage spike to said pedestal during said electrical

20  signal positive voltage phase.

8. The method of claim 5, wherein said delivering said positive voltage
spike to said pedestal comprising generating a positive voltage spike within a secondary
power source and delivering said positive voltage spike to said pedestal during said

25  electrical signal high voltage phase.

9. A method of forming an opening for a semiconductor device utilizing a
plasma reactor chamber including a pedestal for supporting a semiconductor substrate
and a power source in electrical communication with said pedestal, said pedestal

30  including a switch in electrical communication therewith for opening and closing an

electrical path, said method comprising:



formng at |least a portion of an opening having an aspect ration of height
to dianeter of greater than 5:1 in an insulating material. 30. The method
of clai myg@.poibghei n said delivering said positive vol t agecgRiséf49> sai d
pedestal further conprises: nonitoring said voltage of said positive
vol t age phase until said voltage reaches a sel ected voltage; and delivering
said positive voltage spike to said pedestB- for a sel ected duration of
time during said electrical signal positive voltage phase when said

sel ected vol t aheing2 semiqoadediotsubgtate oheaidpedesthl shidsemicondgctondubsteite hadng

del d t | t d dest
ggnle\r/:':: 28 Zalposp'?lsi/el ?Vfgarlyag'ﬁr ﬁlg%‘)ﬁgr 2\}b|8tar?(12‘ﬁ °§§ﬁ‘sa?a§8§§*}t%§% % tg'é‘?ll vering

said positive voltagerspi ke to said pedestal during said electrical 15
signal positive voltage phase. 32. The method of claim29, wherein said
. del'ivering saigenqsgingd plesmwhcagealdpem@omdvcmsubq@r@@st al conpri ses

t {.
el ver i ng® sanasybl én Sl BRTuERl el Pttt MiGRaP e Rl HheSi Tropee
el ectrical signal pPsiilieletricol S@@PoRMAERS betdden ﬁ\pﬁﬁh@@dolﬁhf elpBasEiang afh@gatlve

opening in an insulating material deposited using a plasna enhanced
chemi cal vapor deposltageophase@hdi que for a sem conductor device utilizing a

pl asma reacto hanber inclu a, 2

Bem conduct or delisEne amesiis VAl slike to BFE Bedcheb g Bing e P iral aosidne vi ¢ n
sai d pedestal, sal JoRggeRags. i ncluding a switch in el ect ri cal communi cation
therewith for opening and closing an el ectrical path, said nethod

conpri si nd® placing a sem conduct or substrate on sai d pedestal, said

sem conduct or substrate terial r thereo er.an

phot or esi st | ayer r}gtterlﬂﬁme Cﬁ%ﬁa‘% Eﬂmr% glivering, sl P?%VGV@F%%na
above sai d serpkensluad pedeatalirihef Sompriskd:O 02/ 1 s222 -20 PCTI US01/257.12
delivering an electrical signal to said pedestal from said power source,
wherei n a vol magétouhg sad doleagmfrsald%snﬂvegvmtageshasleIuatllwldamlmgemaahqscas| tive
vol t age phase and alg %gtl ve vo age phase; delivering a positive voltage
spi ke to said pedeSElsFted ypitagg d el ectrical signal positive voltage
phase; angsf OrdEHHilmgtsalld ftlv@v&% 'sgﬂ}e s pORSAI 49 als ﬁ@d 'dEr%Hbﬁ‘rof {ie
material, said portron an openi avrngaratloo el ght to di aneter
of at not |ess t handuing sa18¢1ecffhel sigriahpabitve voltagenplase whiresaid selectdddvoltage is
delivering said pOSIt vol tage 10 spi ke to said pedestal further
conprises: noni tor A h‘s"zl d voltage of said positive voltage phase until
sai d vol tage reaches a selected voltage; and delivering said positive

vol tage spike to said pedestal for a selected duration of tinme
11.  The method of claim 9, wherein said delivering said positive voltage

20  spike to said pedestal comprising generating a positive voltage spike within said power
source and delivering said positive voltage spike to said pedestal during said electrical

signal positive voltage phase.

12.  The method of claim 9, wherein said delivering said positive voltage
25  spike to said pedestal comprises generating a positive voltage spike within a pulsed
power source and delivering said positive voltage spike to said pedestal during said

electrical signal positive voltage phase.

13. A method of forming an opening in an insulating material deposited using
30 a plasma enhanced chemical vapor deposition technique for a
semiconductor device utilizing a plasma reactor chamber including a

pedestal for supporting a semiconductor substrate and a power source in



. source in 30 BrREREA;sERcon

during said electrical signal positive voltage phase when said sel ected
voltage is 15 reached. 35. The nethod of claim 33, wherein said delivering
sai d posiwbwe/1ykt age spi ke to said pedestal conprising gegefdbi/BgsR
positive voltage spike within said power source and delivering said
positive voltage spike to said pedestal dui4ng said electrical 20 signal
positive voltage phase. 36. The nethod of “¢fai m 33, wherein said delivering
said positive voltage spjke, to said _pedestal conprises generating a
positive vol tage spi ke WeCHicAl comymmieatiop sy saisinadestalasad pedestabinelnding ai d
positive voltage spi ke - Sl 1AL I id. electrical, signa
. positive voltage phase.%%ya§kﬂﬁetﬁoggglm 8%ﬁggﬂﬁ§ﬁ%g§§ﬂﬁﬁﬁnWﬁaﬁ clo g@ﬁting
material for a sem condetthicaenh,eeiduhdthdédigprisidgt asma. react or chanber

i ncludi ng a pedestal for aupporting a sem conductor substrate and a power

PeiohIubsleate an vpid pedestal, spidhemicanductar sibpteate bovihg
i ncl udi i tch,i ' i cation.th ith f i d
closing o el ot r 1 e el GBleobd HMA' BRI ER St Pl 57 sptbB5tefid, "R |

S01/ 2572 pl aci ng alayeryi conduct or substrate on said pedestal, said

sem conductor substrate having a material |ayer thereover and a photoresi st
| ayer patt er n8ENEHINGA Rlasnan ahova paid sgmicondygtar spbsteatd;al | ayer deposited by

pl asma enhancggk: Leatd. .V 0si.4.1.9n; enerating a plasnma. above said
Cerm conduct or ougars of BecilBRer AORAASPeHuu i AR BRE Bhiithotd. SEPirotoen
fromsaid power souf s#d elebigicslisipnal osellloRyBetWees aipdsifl6difagt Bhass a2 negative

oscill ates between a positive voltage phase and a negative voltage phase;
del i veri nbo a posit Volagedhasgie spi ke to sai d pedestal during said el ectrical

signal positiyug; and form | east orti.on of an

opening in anglalr;’él'g?%? #’h%gﬁea{?&e]@g@ lﬁ%\g‘f ‘QF%J %‘?figgtgg(iwgrsﬁltdi egec cal,ggnal posigve

di aneter of at | easbltdgelphagddand’he net hod of claim 37, wherein said

delivering said positive voltage 15 spike to said pedestal further

conpri ses: nofATI¥Ig #deaska possionOf g opgningindnjewiating mateslal. age phase unti |

sai d vol tage reaches a selected voltage; and delivering said positive

vol tage spi ke to said pedestal for a selected duration of tinme during said

el ectri cal5 signal pasi t e metodageliias ewhbiei sl dit@ingGhRhosavE 30des 20

reached. 39. The method of claim 37, wherein said delivering sald positive

vol tage spi keSRike W2l prdeetak fartheropmninisesng generating a positive vol t age
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selected voltage; and

delivering said positive voltage spike to said pedestal for a selected duration of time

20 during said electrical signal positive voltage phase when said selected voltage is

reached.

15, The method of claim 13, wherein said delivering said positive voltage
spike to said pedestal comprising generating a positive voltage spike within said power
25 source and delivering said positive voltage spike to said pedestal during said electrical

signal positive voltage phase.

16.  The method of claim 13, wherein said delivering said positive voltage
spike to said pedestal comprises generating a positive voltage spike within a pulsed
30 power source and delivering said positive voltage spike to said pedestal during said

electrical signal positive voltage phase.



. switch in electrical co

25 signal positive voltage phase. 40. The nethod of claim 37, wherein said

delivering said positive voltage spike to said pedestal conprises

gener at i ngoaA9sht i ve vol tage spike within a pul sed power pgguiheans

delivering said positive voltage spi ke to said pedestal during said 30

el ectrical signal positive voltage phase. WO 112/15222 -22 PCTID SO01

[257-42 41. A nmethod of form ng an openi nglﬁ‘n an insulating material for a

sem conductor device utilizi n% a plasma reactor chanber including a

pedestal for supporii ng Amsthadidenningan apaningrines insnlating petesial depasited using

el ectrical comunicatio ] I +.al } l. ineluding a 5
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electrical path, said maeinidndeoidr devica@itilizihge iph@ma réRior chadb isdludindet r at e

on said pedestal, said sem conductor substrate having a material |ayer

. thereover and a phot or ediedestaldgiesuppetting psemicondussorcubsitrase pud a pewerrsoursgiinl
material | ayer deposite . C chem cal, vapar . 10. depqsi ti on,

said nater ?al i ncl udi ng%(l)ér?%mgl gﬁﬁﬁ%@?ﬁg’ﬂm‘ﬂﬁaﬂﬁ?‘?@%F?‘&P‘a%es%%ﬁ%mg,a and a

pol ymer; generating a plsssh irélestics @bsinmBaithihefindth fSrdsdnintad Rldg\war i ng

an electrical signal to said pedestal from said power source, wherein a

vol tage of said electri ceéﬁctrsqagnﬁh, sgiskmethed eempisingsen a positive vol tage

h d ' - del i verjng. it | pi k
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an aspect ratio of height to dianeter of at least 5:1. 20 42. The nethod of
clai m 41, Mherein J&¥es del i veri ng said positive voltage spike to said

pedestal furt J i . qqonitoring said voltage of said positive
vol t age phase%ﬁ?ﬁg'gfﬁ%{é %‘S@% ?%’%esaﬁesa 833%&%%%“%%{323 vol tage; and 25
del i vering saidélipeiigtan\etectidal ﬁ?ﬁﬂ s@sd@?éd@_staﬁfr&n@@id%w séufREe, WIRRILE VERage
duration of tinme during said electrical signal positive voltage phase v%nen
sai d sel ected vol t #fsaidslacticehvignal agillawsdetweanadpositive valtageqhasevandrasiegatied d
delivering said pos‘; itiavee vagl_t age 30 spike to said pedestal conprising
generating a positi Vi %oftf Ej’e spi ke within said power source and delivering
sai d posi tisve debdriga SdRitke voRageAipikeR6 4818 pallestil sk $A Heslief sighaidlostivenal
positive vol tage phase.

d voltage phase; and

forming at least a portion of an opening in an insulating material, said portion of an

opening having a ratio of height to diameter of at least 5:1.

20 18.  The method of claim 17, wherein said delivering said positive voltage
spike to said pedestal further comprises:
monitoring said voltage of said positive voltage phase until said voltage reaches a
selected voltage; and
delivering said positive voltage spike to said pedestal for a selected duration of time
25 during said electrical signal positive voltage phase when said selected voltage is

reached.

19.  The method of claim 17, wherein said delivering said positive voltage
spike to said pedestal comprising generating a positive voltage spike within said power
30  source and delivering said positive voltage spike to said pedestal during said electrical

signal positive voltage phase.
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delivering said positive voltage spike to said pedestal conprises
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electrical signal positive voltage phase.
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25. A method of forming an opening in an insulating material for a
semiconductor device utilizing a plasma reactor chamber including a
pedestal for supporting a semiconductor substrate and a power source in
electrical communication with said pedestal, said pedestal including a
15 switch in electrical communication therewith for opening and closing an
electrical path, said method comprising:
placing a semiconductor substrate on said pedestal, said semiconductor substrate having
a material layer thereover and a photoresist layer patterned on said material
layer, said material layer deposited by plasma enhanced chemical vapor
20 deposition, said material including one of an oxide material, a nitride material,
and a polymer;
generating a plasma above said semiconductor substrate;
delivering an electrical signal to said pedestal from said power source, wherein a voltage
of said electrical signal oscillates between a positive voltage phase and a negative
25 voltage phase;
delivering a positive voltage spike to said pedestal during said electrical signal positive
voltage phase; and

forming at least a portion of an opening in an insulating material.

30 26.  The method of claim 25, wherein said delivering said positive voltage

spike to said pedestal further comprises:
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27.  The method of claim 25, wherein said delivering said positive voltage
spike to said pedestal comprising generating a positive voltage spike within said power
source and delivering said positive voltage spike to said pedestal during said electrical

10  signal positive voltage phase.

28.  The method of claim 25, wherein said delivering said positive voltage
spike to said pedestal comprises generating a positive voltage spike within a pulsed
power source and delivering said positive voltage spike to said pedestal during said

15  electrical signal positive voltage phase.

29. A method of forming an opening in an insulating material deposited using
a plasma enhanced chemical vapor deposition technique for a
semiconductor device utilizing a plasma reactor chamber including a
20 pedestal for supporting a semiconductor substrate and a power source in
electrical communication with said pedestal, said pedestal including a
switch in electrical communication therewith for opening and closing an
electrical path, said method comprising:
placing a semiconductor substrate on said pedestal, said semiconductor substrate having
25 a material layer thereover and a photoresist layer patterned on said material
layer;
generating a plasma above said semiconductor substrate;
delivering an electrical signal to said pedestal from said power source, wherein a voltage
of said electrical signal oscillates between a positive voltage phase and a negative
30 voltage phase;
delivering a positive voltage spike to said pedestal during said electrical signal positive

voltage phase; and
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source and delivering said positive voltage spike to said pedestal during said electrical

15  signal positive voltage phase.

32.  The method of claim 29, wherein said delivering said positive voltage
spike to said pedestal comprises generating a positive voltage spike within a pulsed
power source and delivering said positive voltage spike to said pedestal during said

20  electrical signal positive voltage phase.

33, A method of forming an opening in an insulating material deposited using
a plasma enhanced chemical vapor deposition technique for a
semiconductor device utilizing a plasma reactor chamber including a
25 pedestal for supporting a semiconductor substrate and a power source in
electrical communication with said pedestal, said pedestal including a
switch in electrical communication therewith for opening and closing an
electrical path, said method comprising:
plaéing a semiconductor substrate on said pedestal, said semiconductor substrate having
30 a material layer thereover and a photoresist layer patterned on said material
layer;

generating a plasma above said semiconductor substrate;
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forming at least a portion of an opening in an insulating material, said portion of an

opening having a ratio of height to diameter of at not less than 5:1.

34.  The method of claim 33, ‘whcrein said delivering said positive voltage
10 spike to said pedestal further comprises:
monitoring said voltage of said positive voltage phase until said voltage reaches a
selected voltage; and
delivering said positive voltage spike to said pedestal for a selected duration of time
during said electrical signal positive voltage phase when said selected voltage is
15 reached.

35.  The method of claim 33, wherein said delivering said positive voltage
spike to said pedestal comprising generating a positive voltage spike within said power
source and delivering said positive voltage spike to said pedestal during said electrical

20  signal positive voltage phase.

36.  The method of claim 33, wherein said delivering said positive voltage
spike to said pedestal comprises generating a positive voltage spike within a pulsed
power source and delivering said positive voltage spike to said pedestal during said

25  electrical signal positive voltage phase.

37. A method of forming an opening in an insulating material for a
semiconductor device utilizing a plasma reactor chamber ihcluding a
pedestal for supporting a semiconductor substrate and a power source in

30 electrical communication with said pedestal, said pedestal including a
switch in electrical communication therewith for opening and closing an

electrical path, said method comprising;
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delivering an electrical signal to said pedestal from said power source, wherein a voltage
of said electrical signal oscillates between a positive voltage phase and a negative
voltage phase;
delivering a positive voltage spike to said pedestal during said electrical signal positive
10 voltage phase; and
forming at least a portion of an opening in an insulating material having an aspect ratio

of height to diameter of at least 5:1.

38.  The method of claim 37, wherein said delivering said positive voltage
15  spike to said pedestal further comprises:
monitoring said voltage of said positive voltage phase until said voltage reaches a
selected voltage; and
delivering said positive voltage spike to said pedestal for a selected duration of time
during said electrical signal positive voltage phase when said selected voltage is
20 reached.

39.  The method of claim 37, wherein said delivering said positive voltage
spike to said pedestal comprising generating a positive voltage spike within said power
source and delivering said positive voltage spike to said pedestal during said electrical

25  signal positive voltage phase.

40.  The method of claim 37, wherein said delivering said positive voltage
spike to said pedestal comprises generating a positive voltage spike within a pulsed
power source and delivering said positive voltage spike to said pedestal during said

30 electrical signal positive voltage phase.
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electrical path, said method comprising:
placing a semiconductor substrate on said pedestal, said semiconductor substrate having
a material layer thereover and a photoresist layer patterned on said material
layer, said material layer deposited by plasma enhanced chemical vapor
10 deposition, said material including one of an oxide material, a nitride material,
and a polymer;
generating a plasma above said semiconductor substrate;,
delivering an electrical signal to said pedestal from said power source, wherein a voltage
of said electrical signal oscillates between a positive voltage phase and a negative
15 voltage phase;
delivering a positive voltage spike to said pedestal during said electrical signal positive
voltage phase; and
forming at least a portion of an opening in an insulating material having an aspect ratio
of height to diameter of at least 5:1.
20
42.  The method of claim 41, wherein said delivering said positive voltage
spike to said pedestal further comprises:
monitoring said voltage of said positive voltage phase until said voltage reaches a
selected voltage; and
25 delivering said positive voltage spike to said pedestal for a selected duration of time
during said electrical signal positive voltage phase when said selected voltage is

reached.

43.  The method of claim 41, wherein said delivering said positive voltage
30  spike to said pedestal comprising generating a positive voltage spike within said power
source and delivering said positive voltage spike to said pedestal during said electrical

signal positive voltage phase.
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