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CLAIM This application clainms the benefit of the filing date of United
States Patent Application Serial Nunber 09/640,449, filed August 17, 2000,
for "USE OF PULSED VOLTAGE |IN A PLASMA REACTOR'. 10 TECHNI CAL FIELD Field
of the Invention: The present invention relates to plasnma reactor apparatus
and processes. Mre specifically, the present invention relilatfRbrubs; Ziski ng
the voltage to a sem conductor substrate pedestal during a portion of a
positive voltage power bias oscillation cycle to reduce or elimnate the
detrimental effects t i i.n eration of a
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BACKGROUND
State of the Art: Higher performance, lower cost, increased miniaturization of
electronic components, and greater density of integrated circuits are ongoing goals of
20  the computer industry. One commonly used technique to increase the density of
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 CF4, CHF3, C,Fs, CH,F,, SFs, 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



-2- 17 February 2005 generated in a plasma fromthe bul k gas, 2) the
reactive species diffuse to a surface of a material being etched, 3) the
reactive species are absorbed on the surface of the material being etched,
4) a chem cal reaction occurs which results in the fornmation of a volatile
by- product, 5) the by-product is desorbed fromthe surface of the materi al
being etched, 5 and 6) the desorbed by-p2-oduct diffuses idfdFeblarh206 gas.
As illustrated in drawing FIG 4, an apparatus 200 used in the plasna
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sheat h | ayerprdedss amwwoﬂdmeetcnh@gmnaﬁzzozaﬁméo&ﬁ@l tatfmuhRatdewith @festaxd i ons
(not shown) toward the sem conductor substrate 208 by el ectrostatic
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ions are | ect ed the substrate. These ions are accel erated by t
sheath volt ag éh%ﬂdﬁ%tﬂ% agqunf e plpsna s pecglesating the electrons and ions (not

shown) toward the semiconductor substrate 208 by electrostatic coupling,
To assist with the etching, the potential difference between the plasma 222 and

the semiconductor substrate 208 can be modulated by applying an oscillating bias power

20  from the pedestal power bias source 216 to the pedestal 206, as illustrated in drawing
FIG. 5 (showing the voltage profiles during such oscillation). During the positive
voltage phase 232, the substrate collects electron current from electrons that have
enough energy to cross the sheath. The difference between the instantaneous plasma
potential and the surface potential defines the sheath potential drop. Since the plasma

25  potential is more positive than the surface potential, this drop has a polarity that retards
electron flow. Hence, only electrons with energy larger than this retarding potential are
collected by the substrate. During the negative voltage phase 234, positive ions are
collected by the substrate. These ions are accelerated by the sheath voltage drop and
strike the substrate.

30 However, it is known that the plasma etching process (as well as ion
implantation and other charge beam processes) may cause damage to the semiconductor

substrate and to the devices and circuits formed therein or thereon. In particular,



30 However, it is known that the plasma etching process (as well as ion

i npl antati on and ot her charge beam processes) nay cause danage to the

sem conductor substrate and to the devices and circuits forned therein or
thereon. In particular, -3- 17 February 2005 el ectrical charging is a well
known probl em which can occur during the plasma processing of

sem conductor devices |eading to the degradati on of the deyygebruary 2005
performance. Illustrated in drawing FIG 6 is the phenonena of el ectrical

char gi ng on . ] . [ i . pr . I etch. A
material | ayegc}c%%g%agggg?% \%ﬁlégﬁ?{\}vs'Ersdr‘?g%%g@ec%%?%\;gpngg @Sﬁag%ﬁlduct or
substrat e 24itocefsipgbf sahtieshdpbiot devisdsdéadiryerthdderadariow bfibe devicé he nateri al

| ayer 244 for the etching of a via. During plasma etching process, the
patterned pHST'OFBYISSt | ayer 246 and material |ayer 244 are bonbarded with

posi tively char gﬁﬂu§tpa@éd B0 G O8I HEbNerGRREGG LI BLAEH é%ﬂg]iné%ﬁ.a(l e, the

reactive 10 species). This Inac tribution
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negat i vel y dhecagadhepatternedmphosdishéayen4caplanaena liyer 244 are bombhrded evith
structure bejing.ejched. .As t structur in this ex le a,via 254) is
fornmed by et%oﬁﬁwa,y Cthﬁ]égegé%éﬁraﬁéflgg Wgﬁ'ﬁ?‘@‘ge(ﬁft&?%%t(?%’)athﬁé?S% gr eat er
and gr eatoer .spebd$)i MhisBoassRedrBt Rés0Bs il NéhaPRSdibttiv@tioh K @8dlob&én @48 are
accelerated (e.g., as aresult of a DC bias at the sem conductor substrate
242), t owar dPattgeed pheterasistilayproddsraadios thexgmieopdpctongibatte 24% This erdrad | ayer

244 in a rel(ﬁ%‘hgg,{i(yn RELR&EN i}p&lugﬁ “%&p(%%rﬁﬁ sllustrated by the arrows

adj acent positively charged - ons 2 eéatively charged el ectrons 252,

however, are | esshafri@dbeftatoye ¢Haegitodadar, e goiRiveBoha:@ed ivhk 048 asdithst r at e
242 and, thus, nove in re random i sotropi c manner, as depicted by the

arrows adj ac‘é‘?@tlYFéﬁélﬁa}rg‘g]! CTeRs geemusieRacem seprped framone aaqthers The an
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toward the subige phthe strhemredemgrtgetli Velthe ghatue (in this example a via 254) is
formed by etching, the aspect ratio (height to width ratio) becomes greater and greater.
During plasma etching, the positively charged ions 248 are accelerated (e.g., as a result
of a DC bias at the semiconductor substrate 242), toward the patterned photoresist
20  layer 246 and the material layer 244 in a relatively perpendicular manner, as illustrated
by the arrows adjacent positively charged ions 248. The negatively charged
electrons 252, however, are less affected by the DC bias at the semiconductor
substrate 242 and, thus, move in a more random isotropic manner, as depicted by the
arrows adjacent negatively charged electrons 252. This results in an accumulation of a
25  positive charge at a bottom 256 of via 254 because, on average, positively charged ions
248 are more likely to travel vertically toward the substrate than are negatively charged
electrons 252. Thus, any structure with a high enough aspect ratio tends to charge more
negatively at photoresist layer and an upper portion of the material layer 244 to a
distance A (i.e., illustrated with “-* indica) and more positively at the via bottom 256
30  and the sidewalls of the via 254 proximate the via bottom 256 (i.¢., illustrated with “+”

indica).



el ectrons 252. Thus, any structure with a high enough aspect ratio tends to
charge nore negatively at photoresist |ayer and an upper portion of the

material |ayer 244 to a distance A (i.e., illustrated with "-" indica) and
nore positively at the via bottom 256 30 and the sidewalls of the via 254
proxi mate the via bottom 256 (i.e., illustrated with "+" indica). -4- 17

February 2005 As shown in drawing FIG 7,4the positively charrebthayy 20030t t om
256 deflects the positively charged ions 248 away fromthe via bottom 256
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substantial |y pee ndi cul ar trajectory, both of which reduce feature

chargi ng. One enmbTHugykrhn b€ appiecipicd samnit woll®bd Advanfa@eqisits déveldp & chi ng
chanber in 25 electrjcal communication with a first power source. The
et chi ng chanB&eratys angeg process of utilizing a plasma reactor which eliminates or lessens the
15  effect of feature charging, while using inexpensive, commercially-available,
semiconductor device fabrication components and without requiring complex processing

steps.

DISCLOSURE 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.



i ncl udes a pedestal to support a sem conductor substrate and an el ectrode
opposi ng the pedestal. The electrode is in electrical comrunication with a
first power source. The pedestal is in electrical communication with a
second power source and a pul sed power source. Wien triggered, the pul sed
power source delivers a timed, positive voltage 30 spike to the pedestal.
The power bias source is preferably in el-ectrical comuni cavlpenmapyzdmst he
second power source with a signal line. -5- 17 February 2005 As previously
di scussed, the p i Igm@
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spi ke to the @)edestal according to the present invention alters the
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Addi tionall Yof trhg SemicondeRS f)straye for a part of the positive voltage phase. The voltage

spiking of the pedestal, thus, reorients the trajectory of negatively charged electrons into
a more perpendicular path with respect to the semiconductor substrate. The reoriented

20  trajectories results more negatively charged electrons entering into a feature (such as a
via being etched into a material layer over a semiconductor substrate) and results in an
increases the energy of the negatively charge electrons incident on the material layer to
be etched, both of which increase etching efficiency. Additionally, the strong positive
field at bottom of the via (i.e., illustrated with “+* indica) accelerates the negatively

25  charged electrons toward the via which results in the negatively charged electron
striking 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 up at 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



field at bottomof the via (i.e., illustrated with "+" indica) accelerates
the negatively 25 charged electrons toward the via which results in the
negatively charged electron striking the bottomof the via w th higher
energy. The increase in negatively charged electrons entering the via also
reduces feature charging because the negative charge which tends to build
up at the photoresist |layer and an upper -portion of the natléfchfuaryt2008r, as
previ ously di scussed, penetrates deeper into the via a distance A (i.e.,

30 illustrategaiidificharged dleit®ond frofhtBe YREARIhBE AR dedpdrPendatibRBf DRt i Ve
charge distributes the negative charge over a greater volune or area,

t her eby r edutdgatgva ¢hargegeduces Hiegositivy cldrge beild weejdhé side wably ofdhewiac therebguces
or elimnates,negati.ve .charge's .tendency to repgl the -6- 17 Ekebruary 2005
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previ ousldy dirskaiedlaipadestnl redunes.aningeizener elininatgpicprabienys astegiged withns
entering thepyia, ..n.ofher words, providing a positive voltage 5 spike to
t he pedestal Teduces,; T nimzes or elimnates the problens associated with
f eat ure char gi ng. THhéeligedyi ofelieypasitivieh@ltagsipikese predtrublgeoftpdlked byshppewer abl y
controlled by the power output of the pul sed power source. Thus, when the
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positive voltage 'spi ke, the pulsed power source wll not be necessary. Wen
t he power oupisdetemfinedhéurgiéaoefdimower bi as source reached, a positive

vol tage spike is enerated by the second power source and del.ivered to the
pedestal for a prgg%ng%Fﬁ%anmﬁﬂPg§ﬁ§ﬁlE#e¥$ﬂ%fw¥ﬁﬁ§?m?ﬁg<ﬁp§§%ﬂ i nvention
i s capabl® oproRidavd Apdrativd voltaRd &ikd)theciet olvdPddbirceA11 Bt heokbcedsadf ekdd N9
the quality and efficiency of plasma etching and is easily o
the power output of the second power bias source reached, a positive voltage spike is
generated by the second power source and delivered to the pedestal for a predetermined
duration of time.
Thus, the present invention is capable of providing a simple and controllable
20  method of affecting the quality and efficiency of plasma etching and is easily
implemented on most existing plasma reactors.
Although the examples presented are directed to the formation of a via , it is
understood that present invention may be utilized in a variety of feature formation and

plasma processes.

25

BRIEF DESCRIPTION OF DRAWINGS
While the specification concludes with claims particularly pointing out and
distinctly claiming that which is regarded as the present invention, the advantages of this
30 1invention can be more readily ascertained from the following description of the invention

when read in conjunction with the accompanying drawings in which:



i npl enented on nost existing plasma reactors. Al though the exanpl es
presented are directed to the formation of a via, it is wunderstood that
present invention.nmay be utilized in a variety of feature formation and

pl asma processes. 25 BRI EF DESCRI PTI ON OF DRAW NGS Wil e the specification
concludes with clains particularly pointing out and distinctly claimng
that which is regarded as the present invention, the advantiaggbn@fy 2duss 30
i nvention can be nore readily ascertained fromthe follow ng description of
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appar at us acwmeeérdiong to the present invention; FIG 2 is an ideal idzed Igraph
of an oscillating voltage profile of plasma etching apparatus pedesta
according to theg%lrcbgéﬁﬁnl %l&?fligﬁﬁ’?l(gaFlo@lllglqgsV(&taé‘?B@é"fes@d%lfis@waqtchm%w of a
via durin i : i : he present invention; FIG 4
is a schega'??iﬂ) gg%?& g?#%%gg"?t&mg?‘gg{e éétg %ﬁ?‘r’%ﬁlggbar atus; FIG 5 is an

i deal i zed graph ofIGa 3ps a orosgdctiosadividvadf mgiaviotihgge efehifgiprecess aqobmihimpto
etching apparatus pedest.al; 10 FIG 6 is a cross-sectional view of a via
during a pri8Ff PESEItRYSREAY process which results in the phenonena of _
feature charging;Fid. @ ish deBerRatid FRSrR8 it pRRA YHeYY¥ Ypafhrist @ during a prior
art etching process wherein feature charging results in the deflection of
posi tively char gelllG.éris amideglided @rapht e msior avwsailatitgvoliage profile efipdastha he

si dewal | s of ttﬁle via:. and 5t -| G 8 is a cross-sectional view of a vi a
during a pri%f" lgg?ppeafr%tﬁ?ﬁtai%ﬁfi cess wherein feature charging results in the
deflectiom of negrld.\6ab ¥ cERe6ELdnEAESH bONTiadleg afpriof e RicBingPodeBewHich Of
sl ows the negatively charged el ectrons as they enter the via. BEST MODE(S)
FOR CARRY! Nc;e@mswéphwemmmfwumqha@mt ed in drawing FIG's. 1 through
3 are various schgjpatics

-

’cro\ég-ggﬁibnﬁqzqew of a via during a prior art etching process
wherein feature charging results in the deflection of positively charged ions away from
the bottom of the via and toward the sidewalls of the via; and

15 FIG. 8 is a cross-sectional view of a via during a prior art etching process
wherein feature charging results in the deflection of negatively charged electrons away

from entering the via or slows the negatively charged electrons as they enter the via.

BEST MODE(S) FOR CARRYING OUT THE INVENTION

20 Ilustrated 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 etching 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



graphs of the present invention. It should be understood that the
illustrations are not neant to be actual views of any particular

sem conductor device, but are nerely idealized representations which are
enployed to nore clearly and fully depict the formation of contact
interfaces in the present invention than woul d ot herw se be 25 possi bl e.
Addi tionally, elenents common between dra8t ng FIG's. |thrdddtebtiarge2@isn

t he sane nunerical designation. As illustrated in drawing FIG 1, one

enbodi ment  ofeqRitaetophiThg RRRBASE H5is ll-x@ Qle@&ical?é&ﬁ]ﬂrﬁ@aﬁ?mﬁ t\ﬁﬁm\’;&?&t& QburEOTHY. 1 Ses

an etching chanmber 102 1 n electrical conmunication I rst power
source 104, ThepedastalaWoACipdetrica comoeication githwaseeondgeever sauceckl6.30 etc. .

Th tchi hanb 102 f h ingl destal . 1 t t a.
seni conductor  sungPapEhinshaherd{Pot BETPOALS Sy NEiel oy S Tg coutigs,
112 opposi ng ehé8y £idm thé fire Poyaf sout@Oro4nadant ?%srﬁQj?%Z WaRh&bLEPHEQARoilZ 1S N

el ectrical conmmunication with power source 1 ~ The pedestal 106 is'in
el ectricdl ceostinelcand negativelhchargad quanticl growhen elsdrie Geld1drthias| voltage deteabdyis iy

hamber 102, 2 i i nt ai by i nduct i vel i
from the 118 BUtErRyat AriBa i Mudhf B il Biiienhs S BeidReds "robi 1 .
5 posi tivel yshameh) ieeal iheethi€hat@6tsudsiiite ¢H8 By e}féetr@tﬁfétcbhﬁliﬁlg'égl d, or bias

vol tage, develops in a sheath |layer 124 around the plasna
accel erating t he Ehepedeginakl 9rig fyrthes in ¢lextric sprpmunicaidenawith & secosdaryputsddict or

b | ing. Th I 6 is furth [
ol oot 1o combiRieo it aung FRbl IR Rk biBRREER B et ST ggor ca,

t he secotar yolpigk sgitte sothe pedesth 106! Thesesord posérisornee 106 kréfegdlysil ke to the
pedestal 106. The second power .source 116 is preferably in electrical

conmuni cat i offeHrEH comeEnwiatian ¥ith the secandasy pplsed sopecei20twith asignalilingilde 132,
As i ly di I j. f.f 2
previousty di sauaaRtushEsRNANL bl EaRee ﬂ%%%@%g% %@ﬁngh%m e

and the sem conduct or su rate nodul at ed yl'ng an
osci | | ati ng $§inasomplweter sulfstrete 0B eap be awtlalatqdHysapgl yixgywar ossilating bik fotver t he
sem conduct o%Psu str

the vol tage PPEFF RS t'i%} %‘ggidlﬂaf’?i"%g%‘lirlf’% ﬁqt {93 ?eger:‘ﬂﬁ{]?rg‘{‘fgygf E‘%’Sglé’g;lpgvégscgm gge
phase 13f5 t hRisARBOE drhRthgdf G DEsHoRAeE ARLvoRRESHBR1MIHAe kit osefifEtiGRnduct or
substrate 108 proceeds at 'a high rate. During the negagl ve voltag phase
136, the di f Pushgthegfositivagpitage phgseplddd thetdspesigomettie faactamtt speciseontodimduct or
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



substrate 108 proceeds at a high rate. However, as also illustrated in
drawing FIG 2, 20 the present invention conprises the delivery of a
positive power spike to the pedestal 106 during the positive voltage phase
134 (i.e., during the time the electrons flowto the wafer) for a duration
138 of tinme. A previously discussed and illustrated in prior art draw ng
FIG 6, negatively charged electrons 2529are | ess affected7lF¢biuag 2008i cal
DC bias at the sem conductor 25 substrate than are positively charged ions,

and, thus, n@¥&miiAdAWIRE FIC %r.‘dﬂ{@rgﬁ%%zd Ed}?cr’gorﬁie%mescfﬁt@ thpy n%é,%lﬁ}/]ég}gf rclﬂ_‘)ﬁ%?d 5
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adj acent negatively chafged el ectrons 25 prior art dr

However , t heclewtony &43/togfardithessinidonductad subgieats po&kandt entdring ipedisfeature 06,
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ot veen The TEtERURLTIOB S5AB OPOAE M2 397 BRaL SibEh e PRORICSBr Conduct or

b 1 t : he | wn in
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drawing FIG 2. The delivery of the positive voltage 0 the pedestal
106, thus, raonfieates therpaetgyayfdod magptivdly deget eleetons dHAimgpstbnebe tiemoaterial 142

i nt i cul .path with re ct to .sem conduct or..su rate
108 as 0. BHRRIR G BE el AetiSEPEient;” & SRy eRE R A
traj ectori esatbdfothlof tHE¥RNIMG DAL i/ EIAYi. 6 NATSESted RitBCHF Mica) dhidhIORIA HIAe

sem conductor substrate 108 and entering into the feature, specifically
shown as an Bpensifiye vltage spikaacasterates the opgativelyrcharghd glepiontsorddoward thaat er i al

i ' i d t 148 d | t
15 ani nor ienL S te Btas RGPS A TR ROTYY bRlre B R b e B85 oS
i nci dent10on bdienief the ivial 1441 vaistelighdnedggtde. othe Wk 6fthe PesiLAsR®IRLE Pikg

efficiency. Additionall a strong positive field at bottom of the opening
or via 144 (Pperguts C?4t¥%§¥ﬂl&tdéﬁ’1% foFeefar the glectran acgelesationd sThe igcrepssrin t he

positive vol taggvSPL G8LENAY 85 ot I e 42
toward the b%tgt on“?J oﬁﬁ%ﬁg % a ?Z% ﬁ%?@?ﬁ@ggﬁ%gé |xrn€1{H ﬁegﬁga g‘lfcﬁl\%ﬁr fég@ﬁ%r ged
el ectron st réhargigg bévauskethbotgative oharghehichaentid 4o vl dhuh ighetoresi igyyr (40 €. ,
the use of th ositive.vol e spi its control of the driving force
for the elect UPPEEHoR Pﬁ}ﬁ% maﬁ%@ll( EXE‘? ﬁ{—é?gs PIgVIoHely &ESCWFés PeRefralesd

el ectrongs 14gecpatiflol tHEviaHediQRERI AY1.8! inﬂsﬁlatédlébitﬁ"@@inﬁgcQ?! Cgﬁe ée%géﬂ” e .

chargi ng because the negative charge which tends to build up at photoresi st

| ayer 140 apehetptiansfdhe prpativoshasge dibaibutes el reiatieythargt 4G er agrepieeategus| y

di ed, etrates. 15 deeper. intq the via.a distance. A, (j.e.,

i : fﬁgts f at e dpglmg{ y.rqd%mlng & ggsnl?na.?ﬁg ?ta ggtﬁl ental affact on%ﬁe negatively tgharged electrons
142. Further, the deeper penetration of the negative charge reduces the positive charge
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
source 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.



penetration of the negative charge distributes the negative charge over a
greater area, thereby reducing or elimnating its detrinental affect on
the negatively charged el ectrons 142. Further, the deeper penetration of

t he negative charge reduces the positive charge build up at the side walls
adj acent the via 152, thereby reducing or elimnating the 20 previously

di scussed detrinent affect on the positix&y charged ions dthebiuaty 2M8 vi a
144. In other words, the positive voltage spi ke on the pedestal 106
reduces, mni m zesisQbf cbrdeMiBr@60d thet P FRINeEsRl e shiated 0/ thpadbRadfur e
charging. Referring to drawing FIG 1, the secondary pul sed power source
126 is preflEpaEbing asitivevioliagenpilich themwlged powepisurast126dll st beaecessaet:
source 116. t put of =0 SQur 6
Feaches aprdd mediaofBut g SRl B Biloule 1 TR ERE Ehor B ode
source 116 (spikefis goneRate®b$ tHe sebid IWAMSIurcOUNE &l it Erell Bethe pedsnd 106 V& T
source 116) to the pul sed power source 126 via the signal line 132. \Wen
the signal  ixPredetemyined dyrationeoftimeed power source 126, the pul sed power
source 126 deliv i1 I ' - t a

pr edet er m ned 38ﬁ3@?gﬂ?%h&g¥ﬁf¥§§?ﬁ@ﬁﬁ@ﬁhﬁﬁgﬁggégﬁfﬁgg§oI?%g Q@%%ﬁ%’can be
control | ed tmapcantrol dbthahy osdiltdtiohs afitie kevond pywetisoakdeol 6chud gl diveryrufdie
voltage cycle to achieve the desired etching results for_a particular

seni conduct oROVEESE a‘theth@fcgenar?teﬁéﬁfﬁ%WO%BW?rtS0Pf§,e 166 oebgrylsed pRMET st ood
that if the ggendepower source 116 is capable of providing a positive
vol t age spi ke, the pul sed power source 126 wll not be necessary. Wen the
power outQut of tHeusstheqgnesepioneentivons capalilt®f peoviding heihplaapbsintroliableol t age

spi ke is generated.by the second po source 116 d deljvered to the
sedest a3 0gTFgRd ogaledstE 4Bt Gy BH ShrERe s h chltng fud 5oy ' Fur {her
under st ood, fkémaited Bh RloIRdxiFRSI pPFAmMaSHAROrAS The PRcSéR RVRAESSR usefulAY contr ol
both the oscillations of the second power source 116 and the delivery of

the power sgihiag apgroweschavipgreelengtbdo Biametes raticeiii]l pogrsatesiniingdatings or t he
pul sed power ource 126..10, Thus, .the present invention is .capabl f
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pl asma reactors. The present invention is useful in )
Furthermore, although the examples presented are directed to the formation of an

opening or via, it is understood that present invention may be utilized in a variety of

feature formation and plasma processes.



etching apertures having a length to dianeter ratio of 5:1 or greater in
insulating materials deposited by plasma enchanced chem cal vapor
deposition techniques. Such 15 insulating materials including oxides,
nitrides, polyners, conbinations thereof, etc. Furthernore, although the
exanpl es presented are directed to the formation of an opening or via, it
i's understood that present invention nmay-lbe utilized in a V3aFebhyryf005
feature formati on and plasma processes. -11- 17 February 2005 CLAI M5 What
is claimed is: 1. A plasma reactor conpiigiR9: 5 a reactor chanber; a
first power source in electrical comunication with said reactor chanber; a
pedest al di sybstad claithéd 13: sai d react or chanber for supporting a

sem conductor substrate thereon; a second power source in electrical
comuni cation with said pedestal, said second 10 power source adapted to

deliver a voltaqusigngkg9m§ékqﬁggg§ﬁgﬁkzoscillating bet ween a positive
phase and a negative phase; an electrode di sposed within said reactor

chanber #nd arspdsi ¢igmbai;d pedestal ; and a pul sed power source in electrical
connunicationmeth sai d gedq;tal at a selected |evel during said positive
vol tage phaseUChBYSES8PTCY & CIymgH, copemigation mathsaid; reacir BFtage to said
pedestal by ggesuestaldisibséd WABin dalBreX @bt c}ﬂﬁlbénofok@upﬁohm%}l salibnaggepndary
power source and delivering said positive voltage spike to said pedestal

during said el ectsubsigdte tiegpeal positive vol tage phase. 2. A method of

operating a reactor conmr.i.si;ng. 20.pr.oviding. a pl asna.yeact or
i ncluding a %%%é%?%ﬁgrgéggﬁ%bgggpﬁﬂ(§n§%ﬁ¥%%ﬂﬁﬁ@?&%d§§%§$$a¥% “ﬁﬂﬂ?a power
source 10 el ect rigaler souroe Bdapadd toMeMidria voRth gk NEER s flid palRbtaV&KilREnAN
el ectrical signal to said pedestal from said power source, wherein a

vol tage of said Rrwera Rapitivsingags andsctagpiaveashapst ween a positive vol tage
Cpi ke to sai i patiot? g AR AY Foqol it Shi SO iRkl ud !t 20°
a pulsed power source in electrical communication with said pedestal at a selected level
during said positive voltage phase characterized by delivering said positive
15 voltage to said pedestal by generating a positive voltage spike within said
secondary power source and delivering said positive voltage spike to said

pedestal during said electrical signal positive voltage phase.

2. A method of operating a plasma reactor comprising:

20  providing a plasma reactor including a pedestal for supporting a semiconductor substrate
and a 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 voltage phase and a negative
voltage phase; and

25  delivering a positive voltage spike to said pedestal during said electrical signal positive
voltage phase characterized by delivering said positive voltage to said pedestal
by generating a positive voltage spike within a secondary power source and
delivering said positive voltage spike to said pedestal during said electrical
signal positive voltage phase.

30
3. The method of claim 2, wherein said delivering said positive voltage

spike to said pedestal further comprises:



vol t age phase characterized by delivering said positive voltage to said
pedestal by generating a positive voltage spike within a secondary power
source and delivering said positive voltage spike to said pedestal during
said electrical signal positive voltage phase. 30 3. The nethod of claim
2, wherein said delivering said positive voltage spike to said pedestal
further conprises: -12- 17 February 2005-12onitoring said vdl7tfebeasf 2008 d
positive voltage phase until said voltage reaches a selected voltage; and

del i vering Srﬁ!)lgg)?ﬂ%:sﬁd%lt\c’t &%5125}%81 rgqgltki% %Ra@e?l@g??rggéaiglvoit%e t%a&llég Qt i on of

time during sal ectric positi hase”when sai d
sel ect ed vol t age sekctedaohegk; abd 4. A net hod of operating a plasnma reactor

for formn opening for a _sem conductor device utilizipg a_plasm
eact or  charfsBreRBES PORFYE Yodlagsipiie osaid Redpiielder & urgtiark o o dianrd

substrate and a PQUBfica ULhEGOsHivE |v8ﬁ£%€\:};{ﬁ%%]e V@H&T’%‘Hﬁ @écitéalr\/o(l:t‘g%%{% rSdthgy.

pedestal, said pedestal i'ncluding a s In electrica nication 10
therewitt for opening and closing an electrical path, said plasnma reactor
having a first ppwer source and a,second power soupce, said nethod
compri'si ng:  pl acihg a SSHRGHAPERINE GELEFETERRY o5 oa s fSPEPInEdas

sem conduct Ofen§edaduEdE GeieitllBingta PYRIR telbtor EVkbet IHRNRIMEL pddetaPfor

phot oresi st | ayer patterned on said material |ayer; 15 generating a plasna

above sai d superting asemicosdisior sibsirateland a/powergonrse @ electricd omgiugicationo sai d
pedestal from,sai. sour ge rein a valtage .of said electrica
Cranal osci | Tib 4 pBRAEL 8 Helnal 0N FhF  Spbth S SPRETARR ' Vol ¢ age
phase; ard dikiewethi figopenRSdnd Y ingQint i P bki®, $ad plabia RAGBS halingy fiksty sai d
el ectrical signal positive 20 voltage phase characteplzed by delivering
sai d positi VROWRSISPE§e apda segoad peweisiortce, d geted gompgsiagposi ti ve vol t age

B R SRR AN B8 Sl AR o R,
a material layer thereover and a photoresist layer patterned on said material
layer;

15  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
voltage phase; and
delivering a positive voltage spike to said pedestal during said electrical signal positive
20 voltage phase characterized by delivering said positive voltage to said pedestal
by generating a positive voltage spike within said secondary power source and

delivering said positive voltage spike to said pedestal during said electrical

signal positive voltage phase.

25 5. The method of claim 4, 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
30 during said electrical signal positive voltage phase when said selected voltage is

reached.



signal positive voltage phase. 25 5. The nethod of claim4, wherein said
delivering said positive voltage spike to said pedestal further conprises:
nonitoring said voltage of said positive voltage phase until said voltage
reaches a selected voltage; and delivering said positive voltage spike to
sai d pedestal for a selected duration of tine 30 during said electrical
signal positive voltage phase when said gg8lected voltage i 37 FegaeRiemos- 13-
17 February 2005 6. A nethod of operating a plasnma reactor for form ng an
opening in an insulatyq terl . [ ' ) ced

chem cal vapor giposié%ﬁ@e@ﬁh?&gg&gggﬁgge@%ﬁ%g(% ug?lgg%ggygrggg&% izing a
pl asma reactor chanbénsulatimgudatadal@eposited upiage plasmdeakargsdlcleeniedeapal for 5
supporting a sem conductor. substrate_ and a second power squrce_in

el ectrical comuni cat iQ?HOWI‘_L’Ihteﬁ]&TPﬂuep@Hé§?r_§dc,°n@b?f% dﬁé’&_@ﬁﬂaﬂmg ﬁ@laé@f‘ng a
switch in electrical commiGabbORCARESlbdE AREILNG, ARugl @31 N0 an

el ectrical path, said nethod conpri si ng: placing a sem conductor substrate
on sai d pedestal, sai cdupporiingademnicondistdyrstibsitate dnad\a segondlfibweer sadree inal | ayer

t hereover and a photoresist | ayer patterned .qQn sai terial . |ayer;
generating a plasma a V@%F@%E’é‘ﬂ‘f)cé%?fﬂwgﬁé?ﬁfﬁ%?fﬁéﬁ ,peéi%?t‘i‘l\}’é‘%l}l%ﬁg &n
electrical signal to sg}ighReerRethl Johﬁﬂﬂrﬁ@dti@n@l%itl?ﬁi%ﬁ&inﬁ‘@fd &bdingan
voltage of said electrical signal oscillates between a positive voltage

phase and a 15 negat i vaeoiidal path, spdmethodebinpdsingg a positive vol t age spi ke
to said pedestal durin ai d ctrical,si I sitive ol t.age, phase
char act eri ze4?8{® 88??\7@‘?‘?‘%?8”&%’53‘3&0%‘1 Staf(l/%ec\%gglr 533‘2 S?‘ng%qu(‘fyoﬁéﬂlésg? avVie
generatimg a posidmdRriviOhy&dRersdidtandvh bhdtbresisi y&gaandad ¥n Padiatéhur ce and
delivering said positive voltage spike to said pedestal during said

el ectrical 20 si glﬁmﬁ positive voltage phase; and formng at |east a portion

of an openi n&nie&tiﬂg aip[h%ﬂiaaaﬁai)yfgsa@ge?ﬁih&{duotor 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
15 negative voltage phase;
delivering a positive voltage spike to said pedestal during said electrical signal positive
voltage phase characterized by delivering said positive voltage to said pedestal
by generating a positive voltage spike within said secondary power source and
delivering said positive voltage spike to said pedestal during said electrical
20 signal positive voltage phase; and

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

7. The method of claim 6, wherein said delivering said positive voltage
spike to said pedestal further comprises:
25  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
reached.
30
8. A method of operating a plasma reactor for forming an opening in an

insulating material deposited using a plasma enhanced chemical vapor



7. The nethod of claim6, wherein said delivering said positive voltage

spi ke to said pedestal further conprises: 25 nonitoring 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 reached. 30 8.-14-nmethod of oper atii7rRgbsuapy 26058
reactor for formng an opening in an insulating material deposited using a

bl asma_enhanced chem calo¥aRRfectifue of o SERIARAIRRILRASHE L HashBChNi due
e ng a p anBe

for a sem conductor devrce util1zi asma reactor c Including a
first power source, a mpedesthmbeomchdmgerfiisthgpwa sswwe,aopedestildor sippsttingt e
and a second power source .in electrical &onnuni cation with fﬁ%i d pedestal,

sai d pedestal incl udi nySEISHIUENT pybsBatgaRe & spcoad POYRRIMT LR cliTiRer ewi t h
for opening and cl 0si ngnAfufbfohWilPdaid pical §QH§F&@§HT'BQ:I 4 switdlin

pl aci ng a sem conductor substrate on said pedest sal d sem conduct or
substraté having a natlestiicd]l chmynemicatien thevesvithaod openipdnolr abesirgg arl elyarical

patterned on said nmat eriﬂ?l . Ia%tﬁr' 10 generating a plasma above said
seni conduct or subst r at BRI PERed ePMRISI&E ct ri cal signal to said pedestal

from sai d poygéing @uéemRondiEsRuBstAtd/SH dadPFedcdihl, Sal derdl BEAGFRLb S8 Reving
oscill ates between a positive voltage phase and a negative voltage phase,

del i vering a posiamateriablayergberspiarend o phetoresistipen pattehgd on gaid anateredlect r i cal
signal positive 1156r\,/ol t age phase characterized by delivering said positive
vol tage to said pgﬁeStal by generating a positive voltage spike within

sai d secrndagshefHingh piasiaCdonnshid skdhichRTuctdd setidtdtepOsi tive vol tage spike to
sai d pedestal during said electrical si gznal posi tive vol tage phase; and
formng at |&diyering poelertsisalsignghtosgidiedestaliram siid pawar soweconirbericing voltaged
portion of an 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
15 voltage phase characterized by delivering said positive voltage to said pedestal
by generating a positive voltage spike within said secondary power source and
delivering said 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, said portion of an

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

9. The method of claim 8, 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
25 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

reached.

30 10. A method of operating a plasma reactor for forming an opening in an
insulating material for a semiconductor device utilizing a plasma reactor

chamber including a first power source, a pedestal for supporting a



20 opening having a ratio of height to dianeter of at least 5:1. 9. The

nmet hod of claim8, wherein said delivering said positive voltage spike to
sai d pedestal further conprises: nonitoring said voltage of said positive
vol tage phase until said voltage reaches a 25 selected voltage; and
delivering said positive voltage spi ke to said pedestal for a selected
duration of time during said electrical-jgsignal positive vahtRe@aBhEms Wwhen
said selected voltage is reached. 30 10. A nethod of operating a plasm

reactor for formng a i i I | at i terial. for a
sem conduct or device 3??&?%@%%023% dgﬁ%&?gg%?g€gogﬁﬁg gFl?ﬁ@Pﬁ'?ng a first

power source, a pedest@mrigiicgioppat saidpalestdsaid pedestat itriundindd0Switch in
sem conductor substrate and_a second power source in electrical )
comuni cation w th saideqsdet spmmunication fhersadthdpr ppraingrndglosing g electyigal

el ectrical conmmunicati thare '54\5 - ning and closing an el ectrical
path, said nethod conpri sing: %hp %gﬁﬁg "sem conduct or substrate on said

pedest al ,5 sapldcisgasanicdndictor sabdisitd @t widpadestgl, sdid sahieondictdrayiestratdtawagyer
and a photoresist |ayer ed on sg#d mat eri al eria

pattern | ayer, said np
| ayer deposited ™8 eaghlﬁygﬁﬁ%rﬁ%‘@a apha @alres%lﬁmr_paa@ﬁsipv ﬁ@ﬁfnaa@w_irau ng a
pl asma above sai d56M£PRANGPTa ﬁ%@:@%ﬁéﬁ%’ ﬁ&nﬁ%éﬁﬁ:‘éﬂ REerRialS)apGt i cal
fron1sa? power sg rce, ge

signal to said pedesfal erein a volt of said
el ectrical signaldepssitibhat es bet ween a positive voltage phase and a

negative volta hase; delivering .a ppsjtive voltage spike to said

pedest al qurfﬁ‘ﬂ‘ﬁg‘@gg &P Sg&a?’%%fa‘i .Fegjﬁﬁ‘i’&g‘fiéf ?'i\‘lt\?gateyol tage phase

char act ef§ zegelR¥riSeReEIREL0S sPonaPl shidiRd¥RAIRRE 8@ bR eMiduRicNwhdkf a Vottage
secondary power source and delivering said positive voltage spike to said
pedestal during self @idtlewriedl signalsasgitiates pelsicen e positive weltagp hbase andimdegative mi ng
at least a portiopn ﬁaopening in an insulating material. 11. The nethod

f a
of claim 10, mhergﬁ%gg |§edelivering said positive voltage

delivering a positive voltage spike to said pedestal during said electrical signal positive
voltage phase characterized by generating a positive voltage spike within said
15 secondary power source and delivering said 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.

11.  The method of claim 10, wherein said delivering said positive voltage
20  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

25 reached.

12. A method of operating a plasma reactor for forming an opening in an
insulating material for a semiconductor device utilizing a plasma reactor
chamber including a first power source, a pedestal for supporting a
30 semiconductor substrate and a second power source in electrical

communication with said pedestal, said pedestal including a switch in



20 spi ke to said pedestal further conprises: nonitoring 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 25 reached. 30 12. A nethod of operating a plasna
reactor for formng an opening in an insig-ating material flgr&bruary 2005

sem conductor device utilizing a plasma reactor chanber including a first

power source, a pedestglb.f; HHFQ&%{ ' : %93%5 a
second power source in eTe%?f?ca céﬁﬁﬁﬁFﬁgﬁ?%ﬁB@?@ﬁgﬁgﬁ% p égégﬁa&gald
pedestal including a spathchidmethddbeoripridhedr uary 2005 el ectrica

conmmmuni cation therewith for opening and cl osipg .an electrical,Z path, said
met hod conpr PRFHE 2 SERLOPANFtor uheiralsenicrid prdes Eé%lﬁé?@lceﬂé@éﬁr&ub%@&hamg sai d

sem conduct or subgt{.adfl Y tAreor ARA Q?h@tbre:sﬁgﬁpg J&?{Eﬁgg I@g &8 theferi

1
photoresi st |ayer patternéd on said nateria nater|§1 | ayer
deposi t ed by pl aslwer shidnuéstiat layen depbsitedpyrplasdepmbanded chesialdvapat er i al

i ncl udi f i d terial., .a.nitride material, . and. ol r;
generating a pl asAEoabsbebmatetdinc g ons pFatipass matetialydiivds fatehah
el ectrical signala&pafgygwﬂedestal fromsaid power source, wherein a

voltage 10 of said electrical signal oscillates between a positive voltage
phase and a Bgmtinga plysona dbgee phd samiceonductos sibstrate; posi ti ve vol tage spike to

id dest B id electrical, si I i.tive olta hase
char act or + 2 oSl BRLMCE SE {0584 R PR 30 e M rden ol Foltage
secondar y0 power sofi§aideladtelcal el gnuledstiligites BetverA Sipbbitife VeHaga flass Bhdk & négatisai d

15 pedestal during said electrical signal positive voltage phase; and
forming at |east HoagePhass: of an opening in an insulating nmaterial. 13. The

met hod of cl @élme}iﬁg a%ﬁ'ii% Ool?a%la gplﬁg bd S48 f)é&stﬁfi&&n%%ﬁfdtélé/c?n%? Li%ﬁﬁ%ositive
voltage phase characterized by generating a a positive voltage spike within said
secondary power source and delivering said positive voltage spike to said
15 pedestal during said electrical signal positive voltage phase; and

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

13.  The method of claim 12, wherein said delivering said positive voltage
spike to said pedestal further comprises:
20  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
reached.
25
14. A method of operating a plasma reactor comprising:
providing a plasma reactor (100) comprising a pedestal (106) for supporting a
semiconductor substrate (108) and a power source (116) in direct electrical
communication with the pedestal; and
30  delivering an electrical signal, a voltage of which oscillates between a positive voltage
phase (134) and a negative voltage phase (136), from the power source to the

pedestal, characterized by generating a positive voltage spike within a pulsed



spi ke to said pedestal further conprises: 20 nonitoring 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 reached. 25 14. A nmethod of operating a plasma
reactor conprising: providing a plasnma rggctor (100) conprijgiFBruaryrssst al
(106) for supporting a sem conductor substrate (108) and a power source
(116) in direct i cad.i

delivering an el ct ri ca lfr% 1zﬁgwfgﬁgﬁttbgg%w%ﬁsgmﬁ%ghfbg’st%g g‘gerts\%%recﬁ a
positive vol t age (1pbeditectly3dinecated tatheggasstal endepbﬁ(&gmﬁthaaﬁec(t tatectidd M t he
power source to the pedestal, characterized by generating a positive

vol t age spi ke mﬁﬂh?ﬁoﬂﬂﬁwwg@di‘E?Oﬂﬁﬁmﬂ@ﬁﬁu@K& 2005 pomer source (126)
t f tl
connect od ¢ ERSRAEE pAHVE follabt Bhike (1) AR HEaBABLIOME RS uiud Elagt] Lo Y

power source (1ll6phas@ the pedestal, and delivering the positive voltage
spi ke (138) to the pedestal during the positive voltage 5 phase. 15. A
method as clained in claim14, in which the step of delivering the

positive vol tage si keatfurh§iPateifiSd 8 cISOPAiA $hicAL L@H bPdehRRnY Bl age of

the positive voltage phase until the voltage reaches a predeter
vol t age and pisitiveeoltage spiile moh@p@estakﬁ@mmisesmgenmﬂghe goltdge o;ﬁduqursmlvef or a

period of ti durjng t osj.tive olta en t redet.erm ned
vol tage is r@@ﬁ‘éﬂhas%émpﬁhgré{f’hﬂﬁf rﬁ%c & %P‘rg?gﬁte fg&fﬁgf&ngﬁel eSS £ or .
form ng Bn opRNivg/dgdspikdiothe pddebtalRE a?enédl@ftﬁﬁ@u@ﬂ{gimeb%uw@&wgat e, in
whi ch a photoresist |ayer is patterned 15 on the material "|ayer, and the

met hod f ur t hettase wivpr theawedateminedyobingejeneached.-ng a pl asma  above the
phot oresi st layer. 17. A nethod as clainmed in claim16, in which the
material |ayer is an

16. A method as claimed in claim 14 or claim 15 for forming an opening in a
material layer on the semiconductor substrate, in which a photoresist layer is patterned
15  onthe material layer, and the method further comprises the step of generating a plasma

above the photoresist layer.

17. A method as claimed in claim 16, in which the material layer is an
insulating layer formed by plasma enhanced chemical vapour deposition.
20
18. A method as claimed in claim 16 or claim 17, in which the material layer

comprises an oxide material, a nitride material or a polymer.

19. A method as claimed in any of claims 16 to 18 for forming an opening in

25  the material layer having a ratio of height to diameter of at least 5:1.

20. A plasma reactor (100) comprising:
a pedestal (106) for supporting a semiconductor substrate (108) and a power source
(116) in direct electrical communication with the pedestal, which is operable to
30 deliver to the pedestal an electrical signal, a voltage of which oscillates between
a positive voltage phase (134) and a negative voltage phase (136), characterized

by



insulating |ayer fornmed by plasma enhanced chem cal vapour deposition. 20
18. A method as clained in claim16 or claim17, in which the materi al

| ayer conprises an oxide material, a nitride nmaterial or a polyner. 19. A
method as clained in any of clains 16 to 18 for form ng an opening in 25
the material |layer having a ratio of height to dianeter of at |east 5:1.
20. A plasnma reactor (100) conprising: a-I3edestal (106) f orl7¥¢eppnry 2005 a
sem conductor substrate (108) and a power source (116) in direct

el ectri cal cgw'm' i j '

deliver to the pe estééﬁ(g\gﬁé ng%?l??oggﬁgglﬁ%&lea t%&ﬁbg:e%gggg%%gﬁt %ﬁthgg%eftl ates
bet ween a posi ti velestntd aganpinastor dBh pawer sourcedqat 6)wperabl e witle thehpedest(1 136) ,
characterized by -18- 17 EFebruary 2005 a.pul sed power source (126)
directly connect eBFE¢ %Bosbté‘é?e‘g’?tége ?H%Feb’@%‘g’e‘ﬁfie]é‘fer? restly & the pefestdly i cal
comuni cation of &b RRYESsiPRWEEed ks, operable with the pedestal to
generate a positive voltage spi ke, Which is delivered directly to the

pedestal during the positive voltage phase. 5



