;e3e{{Lpz66l Tl ~i 2 2 NOV 200Z *@00002* SEM CONDUCTOR PROCESS CHAMBER
M_ECT&®RODE AND METHOD FOR MAKI NG THE SAME BACKGROUND OF THE | NVENTI ON 1.
Field of the Inveniy esent invention relates to sem o M
fabrication equip Mﬁmmmmmﬁwm{e particul arly, the present inve t? ngHZes
to inproved sem conducfor processing chanbder el ectrodes and nethods for
maki ng and i npl enentin He i nproved el ectrodes. 2. Description of the

Rel ated Art In sem conductor fabrication) integrated circuit devices are
fabricated from 10 sem conductor wafers that are placed through nunerous

ooty car feq oot ﬁ’@%’@%‘%ﬁf@@@m%% EFRPOECH 2o
dielectric and netallizati HOL FOR JiHEeDSMEppl i ed and

patterned to formnufti-layered structures. For exanple, some of these

| ayers (e.g., Si2) are comuBAZCKGROYNDOF THEINVENHON apor deposition
(CVD) chambers, and then 15 photoresist materials are spin-coated and

pl aced throuqh bhot ol i t hogr aphy patterning. Wen a photoresist nask is

defi ned over algdﬂtqféhﬂhwesmﬁ ace, the sem conductor wafer is placed into a
pl asma etching chanber in order to renove (i.e., etch) portions of the
under|yi n§ mat eri dhs pirésant imventivatrelnmes a0 aemirynddotorpiabticatieni capipmesk, arfd guore
"1A shows a semi conductor processing system 100 including a chamber 102 20

that is used phRIcuRFIQCHE PrddEntSAVENEER IREO iNRIrSVed seiidbhctSE F1dcéding chamber
operations. I'n this exanple, the chanber 102 includes a chuck 104 "which is

configured t rt .a sem conduct or mafer 106. .The chucgk 4 o)
supports a p%llfr%gp‘lﬁ)%fngfmzrbogs ?%r Wqﬂ%r&%@p?wg n%tl}edgzr%&e% bea?rpg@r.i ng 108,
sits a ceramic ring holder 110, which is configured to *166166* S Z 2 Nov
toot 2 hold 2, tacAphaeH bPER Reldted ARe top el ectrode 114 is configured to
recei ve processing gases which will be distributed into the plasma region
112 during processing. The top electrode is also shown coupled to a natch

box and di pl exer 1468, 400 oML, SBNLSGCA W, THAIEAUGY Hidilpadliaty

coupled to a match box an pl ex and an power source 8b.
chanber 2 is provided with outlets 12b ich are configured to p ou
excess g;@es SF?‘EH‘?P&N“PH ‘ﬁafﬁﬁéh%ﬁé‘?ﬂé?eddﬁﬂ“\gg NYMSERXS SRI?Fﬁ.SS‘W?% OBgFRRCRS; gﬁ?an?f R
RF power supply 118a is configured to bias the top el ectrode 114 and

the numerous processing operations are commonly carried out in processing chambers in

which layers, such as, dielectric and metallization materials are successively applied and
patterned to form multi-layered structures. For example, some of these layers (e.g., SiO,)
are commonly deposited in chemical vapor deposition (CVD) chambers, and then
15  photoresist materials are spin-coated and placed through photolithography patterning.
When a photoresist masic is defined over a particular surface, the semiconductor wafer is
placed into a plasma etching chamber in order to remove (i.e., etch) portions of the

underlying materials that are not covered by the photoresist mask.

Figure 1A shows a semiconductor processing system 100 including a chamber 102

20 that is used for processing semiconductor wafers through etching operations. In this
example, the chamber 102 includes a chuck 104 which is configured to support a
semiconductor wafer 106. The chuck 104 also supports a plurality of quartz rings 108.
Over a topmost quartz ring 108, sits a ceramic ring holder 110, which is configured to

AR

*166166*




operate at frequencies of about 27 MHz. The RF power source 118a is
primarily responsible for generating nost of the plasma density within the
pl asma region 112, while 10 the RF power source 118b is primarily
responsi bl e for generating a bias voltage within the plasma rqngﬂB}%@ﬂ The
RF power source 118b generally operates at |ower frequencies in't r 6e
of about 2 MHz. Figure 1B provides a norezdetailed view of the top

el ectrode 114 of the sem conductor processing system 100. The top el ectrode
114 generally includes a nunber 15 of gas buffer plates 122 which have a
plurality of holes defined throughout their surface region, and are
configured to evenly distribute the processing gases throughout the top

el ect rode 11hold|artop lelestrodenhilek , Theltep ejastrduiefifldris porefignseditoXevdivd pronsssing gaset
an about equal anpbunt of gas is allowed to flow out of each of the gas feed
hol es 128 of waichi willasrdigfibited idthe phSmb ofioh SL1 8&eHE drddesding® has a graphite
ring 124 which is configured to nount 20 onto the ceramc Aol ders 110 of
Figure 1A. Once the process gases are allowed to flow out of the gas feed
hol es 12B) a pl asifthe tapyeléntroge mealst showinrcoupled pd asmaich box emd dipRxehhi6a and an
defined between the surface of the silicon plate 126 and a surface of the

vafer 106. REF pbwer Nedc@P0Ra3 THechis DREsaldoUdlipleAto RmAOBsx ddbaiphner 116y RF
power 118b is applied to the top el ectrode 114 and the chuck 104,

respectively I a r h | QN Q.4 h | ect e
154 and ot onb o RE R s0ReET SRS aprBt LR EO R Bib SRR h O

region 112, a lglas sheath 131 and 132 will, be defined within the plasm
region 112 a$§om! PP QY escess gasepdTasm Wil dhg ghampbgrrduringepropgssingn In

plate 126 will have an el ectrode surface 134 which is directly opposite a
waf er surf acepérdiomfthe RF pewercondlyci iz wafoafigii@s.toAsdas thewwobl elenabee stldoshd n
pl asma physics) the el ectrode surface 134 and the wafer surface 136 are

partially regpaagi i ﬁe%&ﬁci% QAUbbg 2t ! agHR rRINGRINRS sbddkealBalR2pMinally
the plasma 10 region 112. Specifically, as shown in Figure 1D) plasna

sheat hs edges_are.def.i ned at points .133a and 133b.al o | asma Sit.
rofi e 133, esamaie irketermte Hof o e m fro Pl il emefha MR 118 Wade
concentration falls to about zero near the wafer surface 136 and the top
el ect r oddQsutleRE Pawer soprced d 8pis primarily epspepsivs s gEReralingh2 hiag ypkigeywithin the
increases fromzero 15 up to a constant concentration between points 133a
and 133b. Thelasiectgionél UTfieaRE pdBdr smnctet1iéh wederall sopdratceatll@@emirequencies in
therefore ensure that the bulk of the plasma is contained between the

pl asma sheat g thide GBodt32NVaE, Shown in Figure 1C. As the demand to etch
smaller and smaller integrated circuit device patterns

Figure 1B provides a more detailed view of the top electrode 114 of the
semiconductor processing system 100. The top electrode 114 generally includes a number

15 of gas buffer plates 122 which have a plurality of holes defined throughout their surface
region, and are configured to evenly distribute the processing gases throughout the top
electrode 114. In this manner, the gas buffer plates 112 will ensure that an about equal
amount of gas is allowed to flow out of each of the gas feed holes 128 of a silicon plate

126. The top electrode 114 also has a graphite ring 124 which is configured to mount

20  onto the ceramic holders 110 of Figure 1A. Once the process gases are allowed to flow
out of the gas feed holes 128, a plasma may be generated in the plasma region 112 that is

defined between the surface of the silicon plate 126 and a surface of the wafer 106.



continues to increase, nore difficult high aspect ratio etching will be
needad. As shown 20 in Figure 1E, a cross sectional view 140 of a wafer
substrate 106" is shown. The wafer substrate 106" has a dielectric 6‘?y§ar
140 deposited thereon and a patterned photoresist |ayer 142. Tied N 002
phot oresi st |ayer 142 has a patterned vvisdow 144 defining a wi ndow down to
the dielectric layer 140. As the aspect ratios continue to increase (i.e.,
deeper and T S 2 2 NOV 2002 4 narrower etching geonetries), a process

wi ndow t hat defines a set of controllable process paraneters will also

rapi dly shrink. Wen the process w ndow shrinks, adjustnent of process
paraneters wl | : e ols I EVIT] ch
profiles. Typi ca???%goék%gﬁgrn g@ggﬁgﬁ%ﬁé? %%lgé%hﬁmﬁ%rlggé Illjs'r éééﬂshgﬁ 'Et ? %stfa fl ow
rates, electyraod i asi,n ) types, of _processing chem stries, ,and so
on.  Povever Hegiods 11888 bEtnBak B beondhRl o Q5SE000S gboes s tianpeled Sug

w ndow paraneters no | onger assist a processing chanber's ability to
control a désitereleetradsi Hg adeallawed o flpwrontofthe gas fagdbholas §2%intorthe plagmaas
that defined by the patterned window 144 (i.e., for a contact via or the
like) in thegadtlal €plasinalsheatt 13¥ahd B208i8l Headtfinkd @/ithasthe plafanggiohermsdsr i es
may no | onger be able to etch 10 all the way down through the dielectric
layer 149. Mhen ihkabubgepens, a premature etch stop 146 will devel op
because the processing chenmistries will also be depositing polymers on the
sidewal I s and the bottomduring the etching operation. As is well known,
this pol ymer depasipidtefaliaghoway; ited sillivor laty d26 RAlEHa0Bi dadeledtralieediefice 1134

| ayers 140 when high aspect ratio patterns are the subject of etching. 15
In efforts : ' CPSS ' ' e

att orpt ed 1 Stichey aniedl BpBostl By B soBh A R R AR R RPN Bl 106 ARdE e
during an etch operation. Unfortuynately, when the oxygen |evel .is jpncreased
within the w@%@oﬁ WPlatiaaBaYSIcs: e Seetoiln uE D & el WalEF gpdec 136 are
bow shaped etch 148 within the dielectric |ayer 140. As can be appreciated,
when such apistiells respentitde dor prvducing the plasthi sheaths W lehrd 32 c«viﬂa'yéﬁc 2tasI4Q,
subsequent filling of the via hole defined by the bow shaped etch 148 w ||
be probhi@natdgion ffRat is, conventional conductive fill techniques used to
deposit netallization within a via hole may not work because of the
bowshaped etch via 148. As r 2 2 NOV_ 2002 s a result, a fabricated

devi ce havi ng t hépesifigalinagsethosmcin Kigere HE), edasmesshgaths edgas are defined popoints

133a and 133b along a plasma density profile 133. The plasma density profile illustrates
that the plasma concentration falls to about zero near the wafer surface 136 and the top
electrode surface 134. As such, the plasma concentration gradually increases from zero
15  up to a constant concentration between points 133a and 133b. The electrode surface 134
and the wafer surface 136 will therefore ensure that the bulk of the plasma is contained

between the plasma sheaths 131 and 132 as shown in Figure 1C.

As the demand to etch smaller and smaller integrated circuit device patterns

continues to increase, more difficult high aspect ratio etching will be needed. As shown

20 in Figure 1E, a cross sectional view 140 of a wafer substrate 106’ is shown. The wafer
substrate 106’ has a dielectric layer 140 deposited thereon and a patterned photoresist
layer 142. The photoresist layer 142 has a patterned window 144 defining a window

down to the dielectric layer 140. As the aspect ratios continue to increase (i.e., deeper and



within its intended design. Another solution attenpted in the prior art has
been to increase the bias power of the RF power source 118b that is coupl ed
to the chuck 104 in an attenpt to increase the 5 ion bonbardnent energy
over the surface of the wafer 106. However, when the bias voltagg bNOghéﬂﬂzz
power source 118b is increased, nore plasma is al so generated within the

pl asma region 114, which counteracts the increase in ion bonbardnent

energy. In addition) the processing nolecyl es channeled into the plasna
region 112 may change their chem cal conpdsition when the bias power is

i ncreased, and therefore) may fail to 10 performthe desired etching.
Consequently, it has been observed that nerely increasing the RF power that
is applied to the chuck 104 does not help in inproving the etching of high
aspect rati ongeiiicidhif gddmeay ro%%ﬁﬁﬁo‘%@%ﬂa?@ai}n%%tse{ &t QREDALLIE Srékess

processi ng apparatus and nethod’fo ing an npl enmenti ng the apparat us
which w Il assist,in l.ncreasi.ng the, i 15 bonbar dnent, ener at ..t he
surface of aﬁgﬁpgtrcrmwglﬂg{fp r&?@‘g' ?Iﬁ‘&keg@’ihﬁﬁ LE%?%F%SW%&'@W%’O@%%@? e
the chem cal conposition of the processing nolecules. f 1, 2 2 NOV 2002
6 SUMVARY OF PIOGESS | pmgiaronili ne lgngesimproverateinratasneteh salectivities eorpsaiuprofiles.
provi ding a sem conductor processing chanber el ectrode that assists in
shifting an incregse,d { on, borbar dnent energiy toward the surface of EFge
seni conduct or waf éYPICRHY. St BragetscPagppaters iingiade Preature prétpgse it raes, glpchpdon
can be inplenented in nunmerous ways, including as a process, an apparatus,
a system da disingepowerns typesedfimracesSey eherhisirizscartd sce omnifdalienent & afpecthmtios
present invention are described below. |In one enbodinment) a systemfor

processing a ce@itue @ Hecdadd, VAR the BfREGRyiRHES Paraaletdts B 16HPRf adsistAProcessing
di scl osed. The system has a procesS chanber that includes a 10 support

chuck for hol é.tﬁ&t : ] tor. | pai
The system f Sﬁt er srh(r?(lzlﬁg eg&gﬂd{e de%cltrér(}%%g}gl{1 ﬁgg et?%%o??f%%ﬁ’%ﬁ %%F#Ieigéy
system and over, the sem conductor wafer. The el ectrode has a cept r.egj on,
2 Fi Tt our{ Heth et Base R e RoRamEs ow TEH So Bt Vi g Hehindne
recei ve processing gases froma source that is external to the system and
fl ow t he progbsterasiyt yerekt2 intesitelathe best erchinggphemjstidsensenoltgénbesanié toceichas
a plurality of gas feed holes that are continuously coupled to a

cor r espondi n@liRhéiway idbivn Ahrodkie ele QelectAP ¢Ven 950, Menhamq;a@F@gE B Qe ARl
di aneters that are greater t han gas feed hole dianeters of the plurality of

gas feed ho' Qtp 1H8GRIdIIAbD bicaBle B BEELAAR MBENDASH B PONBLBURY cbfymers

defi ne an el ode ‘sur over a wafer surface

on the sidewalls and the bottom during the etching operation. As is well known, this
polymer deposition can seriously retard the etching of dielectric layers 140 when high

aspect ratio patterns are the subject of etching.

15 In efforts to combat this problem, process engineers have in the past, attempted to
increase the level of oxygen within the processing chamber during an etch operation.
Unfortunately, when the oxygen level is increased within the processing chamber, the
etching operation will produce a bow-shaped etch 148 within the dielectric layer 140. As
can be appreciated, when such a bow-shaped etch 148 occur within the dielectric layer

20 140, subsequent filling of the via hole defined by the bow-shaped etch 148 will be
problematic.  That is, conventional conductive fill techniques used to deposit

metallization within a via hole may not work because of the bow-shaped etch via 148. As



of the sem conductor wafer. The el ectrode surface assists in increasing an
{elec;rode 20 plasma sheath area in order to cause a shift in bias voltage
onto the wafer surface, thereby increasing the ion bonbardnent energy over
t he wafer wi thout increasing the plasma density. S 2 2 Nov 200§ ha

anot her enbodi nent, a nmethod far making a top electrode that is b S Vozﬂﬂ
in a chanber for processing a sem conductor wafer through plasma etching
operations is disclosed. The chanber includes a support chuck for holding

t he sem conductor wafer and a pair of RF power sources. The nethod i ncl udes
formng the top el ectrode to have a 5 centgr region, a first surface and a
second surface. The first surface has an inlet that is configured to

recei ve processing gases froma source that is external to the system and
flow the processing gases into the center region. The second surface has a
plurality of gas feed holes that lead to a plurality of el ectrode openi ngs
that have el egtesolde falrtdatddgieticaigvifg thetboal-stabed gtle fladioldsnan maasfafles dudvabs
dianeters of the plurality of gas feed holes. 10 The plurality of el ectrode
openi ngs are i; ine an el ectrode surface that is defined over
a wafer surfa@g&%flg?{%tggdségcrgeg%&'duct or wafer. In yet another enbodi nent, a

pl asma process chanber for processing a sem conductor wafer is disclosed.

The plasma processAabBeRIutioAGttefiptedan ShePRdrtarChid Geed & inbRhsk the Biktepower of
sem conductor wafer and a pair of RF power sources. The plasma process 15

eri conduot ou e pl asma pr o
or ocoss rogi oot oRapoTe MEREIATRR S (AP BHLUCIDR AT TNERY! Bkl e

surface of _the sem conductor wafer. The_ el e¢ctrode, neans has a pluyraljty, of
over si zed YasiOPRAMMEIRENT 1HGHEY LHVET LsniUrEGE & the, VL) 106 aﬁow‘é’et PHAR thePisice

over the wafer surface. When a plasnma is generated between the el ectrode
surface and t heltagafof thesRF fpaser sourt¢ehEl 8blis smmegsed)aewrs pidsanatie mjsoggeferated within
substantially planar first plasma sheath is defined over the wafer surface

and a contour 8@ FeeNfeitnaBIR whikéduntefactiethie Necte ¥ dh ibNBopbekiniead enérglf age.
The contoured second plasma sheath is configured to extend into the

plurality of g (ﬁﬁérl,ﬁ%dprgtéae?siggﬁﬂ)}&fﬂe?§hanﬂ£‘lg%§rn§§l%§9és§'batl@§ioﬁﬁ@F%’H}ﬁ&raﬁgé’gﬁ%ov

pl asma sheath has a greater Surface area than stanti a
égaé e: g:,]ain ﬁ:: F%eléég%l (gqlnzéorsrﬁio%h\%génh 'theTgFas %{o%%tr elg irslc%'rc;s%&ear?c{ %?erg o?er, erfng)r/ efail to
10  perform the desired etching. Consequently, it has been observed that merely increasing

the RF power that is applied to the chuck 104 does not help in improving the etching of

high aspect ratio geometries.

In view of the foregoing, what is needed is a processing apparatus and method for
making and implementing the apparatus which will assist in increasing the ion
15 bombardment energy at the surface of a wafer without also increasing the plasma density

or changing the chemical composition of the processing molecules.



vol tage over the wafer surface and a decreased bias voltage over the

el ectrode surface. Advantageously) it is now possible to increase the bias
vol tage over the surface of the wafer w thout also causing an in r?miﬂmz
pl asma density. Because an increased bias 5 voltage is essentiallfy

i ncrease in ion bonbardnent eneny) higher aspect ratio geonetries can now

be etched wi thout causing premature etcl® stops or bow etch profiles. These

and ot her advantages of the present invention will beconme apparent upon
reading the foll ow ng detail ed descriptions and studying the various
figures of the draw ngs. 2 2 Nov zoo2 9 BRI EF DESCRI PTI ON OF THE

DRAW NGS The invention, together with further advantages thereof, nay best
be understood by reference to the foll ow ng description taken in
conjunction with the accorrpamqiw. Gfr IRVENGHOR 1A shows a

sem conduct or processing systemrncrudlng a ctianpber that is used for
processi ng sem ¢conduct or, waf ers_.t hfough etching, qperatigns.. Figure 1B
provi des a m)re%g%PESF@an“éW&lfsa‘[’?SGdleég%H Pﬁ‘g’écgﬁﬁ aascgggﬁr@btﬁ@g(pgqﬁessmg
processi ng system Figure 1C shows a plasma and pl asma sheat hs formed next
to an el ecthamber klecsrudd tae assias &n skifting suintreased ibnchombatdnettenergy wwasda
concentration profile and the plasma sheath |ocations relative to an

el ectrode g fiaeReastdiR YaHhiBEndueior 8% &er. Fi 19 WheulliFbs NPprechitdd @58 HeChrleuni!
view of a sem conductor substrate undergoing an etch operation. 15 Figure

2A shows a; j | 0 e b | ne
embod rant IeRR St e Sy B IR ' BERALE ARGERRE, €
surface of the el ectrode body in accordance with one enhodi nent of the
present i nTERIICE Sy G?%a?@ﬂ%"r%véf"SmLB‘rVQn% eé?l?"é]élmwté% e PREFL IRETHE e
openi ng of Figure 2A 20 in accordance with one enbodi nent of the present

i nvent i on. are degeribefiOeio®002 o0 Figure 2D shows an alternative detail ed view
of an el ectrode opening in

In one embodiment, a system for processing a semiconductor wafer through

plasma etching operations is disclosed. The system has a process chamber that includes a

10  support chuck for holding the semiconductor wafer and a pair of RF power sources. The
system further includes an electrode that is positioned within the system and over the
semiconductor wafer. The electrode has a center regioﬂ, a first surface and a second
surface. The first surface is configured to receive processing gases from a source that is
external to the system and flow the processing gases into the center region. The second

15  surface has a plurality of gas feed holes that are continuously coupled to a corresponding
plurality of electrode openings that have electrode opening diameters that are greater than

gas feed hole diameters of the plurality of gas feed holes. The plurality of electrode
openings are configured to define an electrode surface that is defined over a wafer surface

of the semiconductor wafer, The electrode surface assists in increasing an electrode

20  plasma sheath area in order to cause a shift in bias voltage onto the wafer surface, thereby

increasing the jon bombardment energy over the wafer without increasing the plasma

density.



accordance wth one enbodi nent of the present invention. Figure 2E shows a
nore detailed view of the el ectrode opening surfaces, a wafer surface, and
a correspondi ng plasma having plasna sheaths in accordance with 5 one
enbodi mrent of the present invention. Figure 3 shows a nore detailed view of
a contoured plasma sheath that is defin into the el ectrode ogbZiN@% 2082 a
substantially planar plasnma sheath that 1s defined over the wafer surface

i n accordance with one enbodi nent of the present invention. 10 Figure 4A
shows vol tage waveforns plotted over tine, including a shifted voltage
waveform that causes a shift in bias voltage in accordance with one

enbodi nent of t sent, i.nvention Lqure.4B sho a aph illustrat]ng
the resulting c{}ﬁ P@ﬁﬁe’ "ldf‘B‘Hgsa %@?EB&'%@ %ﬁapae\f\%mog?gx&[){;cﬂotsxgé eé\gbéef orm
of Figure 4A in accordance with one 15 enbodi nent of the present invention.
Figure 5 i Sham8eraf PIPFRSSING & Serpicondustoy Svalas dyongh plasmaretelipg Apsm¥ens Heat hs
of a top electrode and a wafer in accordance wth one enbodi nent of the
present i nwisdosed. The chaRbéiQvicRde’a $dppoft TohiubiEFoikhGRE Rid €nicendudiorPREIEERRED
EMBODI MENTS An invention is described for a sem conductor processing

chanber el egidrage iR pabeérisdbRed. MiethdthbdicRided REMARSEE tdY E18¢Fodedd have a
bonmbardnent energy toward the surface of the sem conductor wafer to inprove

et chi ng of Nj t i trles. h i SGE e i 1.QR)
urer oad s o FAGER e el SRR kol autl, 190 Bt WD i ARSRICH il
under st andi ng.of the present inventi or%. It wll e.obvi%éi owever, t(? one
skilled in (OREEUER O roaive, BTRCeSIBE EATeS (TP ASPRIGe hAF it extsrmal £9 teaS Yt ah
sonme or all_of these specific details. In other instances, well known
process st efiew Hppsogessing gasas thés theichrter tegioge (The sedond gudene hage plurality of gas
unnecessarily obscure the present invention. 10 As descri bed above, the
present i nvieed iholes dhatclead s aaplurilioy ef telyptrode operiniss tHanhaen alkcesdpopedagi ng
chanbers to retain control of processing wi ndows during high aspect ratio

et chi ng opegiaht@RStharirk BRIER tﬂaﬂ%a& FRdHECLRERSs 6 tht @ﬁuﬂﬁ@%ﬁ@as [ guurrely

can be inplenented into many difterent types of processing chanbers, one

I th il 1. benefit f he ,i ' ' f . of
The. i o1 oS LAt PP B ¢iFbreet Sreniass o HRPRHEHLD RCReFh 6 bor HSD BRI pribEdtei ng

chanber) which i s avail able from Lam Research Corporation of Frenont,
Cal i f or ni a. dafined awer achafapuiiage plcthe samisendncion & afesp

In yet another embodiment, a plasma process chamber for processing a
semiconductor wafer is disclosed. The plasma process chamber includes a support chuck
for holding the semiconductor wafer and a pair of RF power sources. The plasma process

15  chamber includes an electrode means for providing gas chemistries into a process region
that is defined between the electrode means and a wafer surface of the semiconductor
wafer. The electrode means has a plurality of oversized gas feed holes that are configured
to define an electrode surface over the wafer surface. When a plasma is generated
between the electrode surface and the wafer surface in the plasma process chamber, a

20  substantially planar first plasma sheath is defined over the wafer surface and a contoured
second plasma sheath is defined over the electrode surface. The contoured second plasma
sheath is configured to extend into the plurality of oversized gas feed holes, and therefore

the contoured second plasma sheath has a greater surface area than the substantially



el ectrode may be grounded and both frequencies are fed to the bottom

el ectrode (i.e., wafer support chuck). In either- case, the top el ectrode
configuration of the present invention will assist in increasing the ion
bonbar dnent energy on the surface of the wafer 20 w thout the shd J[y%@
of the prior art. Figure 2A shows a cross sectional view of at pf ct e
200 in accordance with one enbodi nent of g he present invention. In this
-enbodi nent) the top el ectrode 200 2 2 ~ov 2002 12 includes an el ectrode
body 202 that has a plurality of electrode regions 202c that define
respective el ectrode openi ngs 202b. The el ectrode openings 202b forma
channel that leads to a plurality of gas feed holes 228. In general, the

gas feed holpkfa? st phannetheithe THograter Bgfgases thercfoel A8ER dneiictrasddl Bias as
described with respect to Figure 1A. 5 Accordingly, when the top el ectrode

200 is inser d %gfg ﬁdq NG I18¥S DaEhsdde Al f ace
234 of the g}sg‘g% rdc}ﬁg“%c}‘?;% %u d%e?)irene ?ﬁe s&lragaggépttﬁat 'S ienﬁcl ose
proximty to a generated plasna sheath. In a preferred enbodi nent of the
present inventi orAdvahagedushy, ithondw @ossiile tdicascthe ik Jaddye 30ét the blirface of
preferably have an opening 250 which is about the same diameter 10 of a
waf er bei ng (R Qs Shthou ko EARMHY & in&‘éﬁé >}ﬂ@1§iﬂ3%§lsiw BEcduSe BRif@eased bias

processed, the dianeter 250 is prefera I zed to be about 8 inches.

Al t hough cnot__shown as .buffer.plates are typicall Ositi iLhin the
el ectraad bodgns gy fr el d o8 AEnt, PES b R sblt " o
about 1 inch, while the el ectrode regi ons 202c have a thickness 256 that is
about 1/4 i rBEAMERYES C37 PR beekrded WAaRARSDE ATSRAEF SHD SeBF BPorselr dreiies
depending on the size of the sem conductor wafer being processed. Figure 2B
shows a pl arTheseandbthehadwntagecef ha raséntt ineerdioaovitlonkeotne capp262t ipon reading
accordance with one enbodi nent of the present invention. As shown, the

el ectrode 0%@fd&%ﬁ@@@ai%d%e@ér%%ﬁ@&lcb’shﬂﬁﬁ‘ﬁ@QaﬁMsoﬁgﬁ'&%f thhgrairgace 234
in a hexagonal pattern arrangenent. In this hexagonal pattern arrangenent,
the separation 203 between the 20 el ectrode openings 202b is preferably set
to about 0.375 inches. Also, in a preferred enbodi nent, the dianeter of
each of the el ectrode openings 202b is set to be about 0.25 inches. 2 2
NOV 2002 13 Figure 2C shows a nore detailed view of the el ectrode opening
202b of Figure 2A in accordance wi th one enbodi mrent of the present

i nvention. The el ectrode opening 202b




has a dianeter D, 242 that is selected to be at |east equal to or greater
t han .about 5 ADeby (i. e.) > 0.5 mm). The depth D4 244 of the el ectrode
opening 202b is preferably set to be 5 between about 1/32 inch _and about
1/a inch, and nore preferably between about 1/16 inch and abou'2d NOVciZf0Zind
nost preferably about 1/8 inch. Preferably, the dianeter D2 240 is about
0.1 mm In this enbodinent, the el ectrode opening 202b has an angl ed (about
30 degrees) surface 246, which is caused by the profile of a machining
drill bit. However, it should be understood that other angles will work as
wel | . For example, Figure 2D shows 10 a case in which the angl ed surface
246 is replaced with a right angle 248. O course, when the angl ed surface
246 is renoved, the el ectrode opening 202b may extend to a di stance Ds 249,
whi ch may be greater than distance D4 244. Figure 2E shows a cross
sectional view of three el Biice@rscRiraiONYRTHEDRAWINGS Section of the
waf er 206 in accordance wi th one enbodi nent of the present invention. In 15
a preferred enbodi ment, the distance between the surface 234 and the wafer
surface 236 is prefBraiblventdat, together hdthndertheabadiantigdd thereafi)dmapobidst 4bem
and nore preferably between about 1 cmand about 3 cm and nost preferably
about 2 cm Oindessipeddwrieteoenge de dre followingsdesgripyas taken én ponjyrationnwish jthe
operational state (i, e.) processing gases have been flown into the
chanber, bi asi®¥EOPPARINE digWdEHeen set, pressures and tenperatures 20
adjusted) etc.), a plasma is generated within a plasma region 212. Because
have been_increased to be at, | east e

t he el ectrqde openings 2 al to or
greater than about 15?@65&%s?\awaPa@ﬁs&%@@é&rwr%asm%syaa&@alu%ﬂgsw YRS ¢ he
el ectrode openings, 202b. ,e. 2 2 V 2002 14 i.ctorially shown, the
shifted plasnd®¥ ﬁPf?%efS%lSFwagné\qu}f@fmﬂg?ff E’Em@’ ‘{gﬂ’é”%?%c&q’%’d'e openi ng 202b
walls. That is, the plasma sheath 231 is separated fromthe surface 234 and

| ectrod [ . ' ) gl ' t, th
i ot ance D 255 may’ BEepaP B f, Hort Wighel g on, U U, ALRALTRR e 11
preferably 5 a&ﬁﬁ'&onﬁu&ﬂ?qpr@@é@%@?y&% pl asma sheath next to the tap

electrode in prior art designs®is not shifted as shown in Figure 1C, the
surface area of both plasna sheaths will be about equal. However, because
the plasma sheath 2@jures|C Bhdwses piasing ahA§BhRCIHeREHES foRRIA RS t@ @7 Rlectrode

t hroughout the top electrode 200, the surface area of the plasma sheath 231
wi || be grHat equrfabaiind heafetififriee area of the plasma sheath 232. 10 Figure 3
shows a cross sectional view of the plasnma sheath 231 that conforns to the
surfaces of the electrode regions 202c as shown in Figure 2E, and the

pl asma sheat h 232 tFigtrei $Ddsfowseal phdsmaecdrventyaifonr p@Qife and tthe ughsman|sheath
cross sectional view of the sheaths 231 and 232 are shown, it should be
under st ood t halocatipas sfletivetie am electzadesutfage andagrafer surface.

Figure 1E shows a cross sectional view of a semiconductor substrate

undergoing an etch operation.

15 Figure 2A shows a cross sectional view of a top electrode in accordance with

one embodiment of the present invention.

Figure 2B shows a plan view of a surface of the electrode body in accordance

with one embodiment of the present invention.

Figure 2C shows a more detailed view of the electrode opening of Figure 2A

20  in accordance with one embodiment of the present invention.



di mensi onal (3D) blankets that are defined over each of the surfaces of the
top el ectrode 15 200 and the wafer 206. As such, a substantial increase in
sheath areas is produced when the sheath 231 shifts into the el ectrode
openi ngs 202b. Table A bel ow shows an exenplary cal cul ati on of 2thdNOVnd08hse
in sheath 231 surface areas conpared to the sheath 232 surface area=. O
course, other area increases may be obtai ned depending on the specific
el ectrode openi ng geonetri es. ~2 Z NOV 2{p2 is TABLE ATOP ELECTRODE AREA
| NCREASEEI ect r ode Openi ng 202bdi aneter (d = 114 in) depth (h = 118
i n) D stance BetweenD= 318 i nEl ectrode Openi ngsTransparencyT = (d2Tr| D2' ~3)
T = 0. 806Added AreaA = (drth) + ((I/cos(30 deg))-1)dZ7rl 4 A=0.682cm Base
AreaB = ((D ~3)14) B = 0.393cnrArea Increasel = (B+tA)B | = 2.7 As shown
fromthe calculatigns of Table A the surface area , of the plasm sheath
231 has increased f‘é“’&b%]at shews 40y glernative datailed Wewt Ak a8 rrdsptipde ppepingt in s
defined over the waf er 206., I n ot h?r referred enbodi ments, the increase
K, FbodmaR ol shey

in area can b¥°B Butmbodiment o eERHIMYEOTyr ef er abl y bet ween about
2 and about 3. Figure 4A shows a graph 300 depicting sinusoidal RF voltage

Fventi on. In thi SriEhgE SRS Bfe et SuY BB B AR PG 2
desi gn havi ng

i . s . \When
the area shea?ﬁ%yglrhgﬁégﬁlgls?%g osnl(d%ﬁ é?sggz{ ﬁé&g}g[ %%%9 a\’/v%\[fg&léd% a{:/\n‘:%lr?ﬁgg%mh
positive for &%@g ér&gif f 4 it is negative. However, once the
el ectrode 'fé)ooal?bs 15 v%eotgése%ﬁg?@@gd into the processing chanber) the
area , of the sheath 231 will increase as shown in Figure 3. At this point)

the magni tude of CHighHRM shb@ adEreCdetfilel ORe’ W' £8dntodk @ Widitha {HeathOthat e
plasma will be difféerent during the tine that a current 'Ii flows away from

the wafer 206d¢finetiifiocthé @ectrodt Spenidye dnaR &IbEGAARCDIZNE FlaEndstidaftgtHabes ti e
that a current 12 5 flows away fromthe top electrode 200 in the direction

of the wafer aéfnedlovef &t wafeecatime ihheterditceawil @at embwdiadh uhé geesear eas
close to the top el ectrode surface 234/204, the current h will have a
great er magni tnveetiathan the current 12 as depicted in Figure 3. Because of
this current magnitude di fference, the sinusoidal voltage wave 302 wl|
shift downward to forma shifted_ sinusoidal voltage wave 302" , At this
poi nt, it18houl d bEigwE &4 dhews voltage warcfonns plodted joves Bmgalinaluding geshifiark
302" will be positive for a shorter amount of time T, than it is pegative
T=. However, &0%Agea™RYATPITR \thatocausese acBhiflelt Diasoypltage iR éﬁ‘é’réﬂcéc‘t"itgno?q e,
l,) across the gl&sma ag to be,the sane as the current flowing in the

ot her directi GRPPRMENL O1|thg prepent VENUER- | | | ustrates how a total current
during tine T, for the |larger magnitude current t, wll actually equal a

total current duri ?%u?e Ilﬁ QEOJSZ afg(r)z{phailllsls@dkgrthe resulting current magnitudes over a
cycle of a shifted voltage waveform of Figure 4A in accordance with one

15  embodiment of the present invention.

Figure 5 is a graph illustrating bias vs. area ratio for the plasma sheaths of a
top electrode and a wafer in accordance with one embodiment of the present

invention.



15 magnitude current 12. Specifically, the area under 320a defines the net
current for I, and the area under 320b defines the net current for 12 For
ref erence purposes only, the net current under area 310a and 3%2*) vezgg?o
equal to each other in a non-shifted system Referring back to Jﬂ;e . a
wave portion 306 is the result of a half-wave rectification that is induced
by the generated plasnma. Wen a tinme avgqage is taken over 20 one cycle of

t he wave portion 306, a bias voltage on the surface of the top electrode is
produced. In a like nmanner) a wave portion 308 is the result of another

hal f-wave rectification that was induced by the generated plasma. Upon
taking a tine average over one cycle of the wave portion 308, a bias

vol tage on the surface of the wafer is produced. 2 2 NOv z002 17 It is

i mportant to not dDERAILEDDES i RIS > ABOIIME

waf er 206 has substantially increased over the standard bias voltage. That
i's, in prior artAsysiesten istdaecramlfbxe:dséiﬁasndm{drmekﬁn%emmwIeyecaﬁd@ltﬂay
applied to both the surface of the top electrode and the surface of the

waf er. ThuSkgOM ih Qﬁftﬁ'%sﬁlnrigcrtc%gd ?E%Iuggﬁ ﬁ&ﬁﬁmﬂ{nc{xttsﬁgﬁgﬁ%hdzﬁé shitdle dfthe

proximate to the top €l ectro ace, | to 1 ncrease the
bi as vol tage qver, the surface of fer 206) while slightl, creasing the
bi a5 vol t agETRRETCwRIT EIEPrae <Lihrs ofE eEraNS Bednemby ndhs alet o
graph illustrating bias vs area ratio for the plasma sheaths of the to

el ectrode 2dpscriptiont mumeedfusr specibiy mbnmngsqthﬁ@ngamsbrd;sdbdmovw poherpghl is
used and 10 proper current balancing is in effect, in accordance with one

embodi ment afdeiskddnigag elid plessne HveMtion. Vib el bb ebsibes thowarveqso ofe §Kiked Bpthe
el ectrode 200 and wafer 206 are about the same, the bias voltage (i.e.,

Fl ect r ode Pg ank @b YRR nveilidiOhlly RSrhAReE! ARl dEm YR ANy uiserepBlficwi ||

be about -0.3. However, the bias voltage of the top electrode 200 i's shown

to decrease,as,the agrea ratio increases. Conversel t he bi as af. t.he..wafer
206 1 5 shovitils 15 o PuldBbe ool FR6T Fiocei TN s o bR e in BB
enbodi ment, when the plasma sheath 231 has an area, that is about 2.7 tines
greater thaPrdemnot i unppcessanly ebssuresthe PEREUANVERBON. t he bias vol tage on the
wafer 206 will increase to about -0.75, while the bias voltage on the top
el ectrode 200 will decrease to about -0.05. Because the bias voltage is now
greaterl®n the sAsfdaseibed abbre, el presendtnveatidid) disaloges a ivnigubanp aiatede teater gy
w Il be present on the surface of the wafer 206 to assist in high aspect

rati o sem capgiss ?stnf‘% EHEhHRREG &b 2 SontrBE o PProdskd@B g 8dwé Hutise §&i bl e
to increase the tlg?%s? vol t age over the surfgcgmof t%e vvafvgr 206 \;Wh%gt

causing an iaﬂgre%}ﬁr?g ioBerQﬁ&ﬁmAﬂﬁéhsghtMe t$ c@&gécgncﬁdth@bﬁ?gs%nt Y#\RRtion can be

implemented into many different types of processing chambers, one exemplary chamber
that will benefit from the inventive design features of the disclosed top electrodes is a
15 Lam Research Rainbow 4520X1L processing chamber, which is available from Lam
Research Corporation of Fremont, California. In some chamber orientations, the top
electrode may be grounded and both frequencies are fed to the bottom electrode (i.e.,
wafer support chuck). In either case, the top electrode configuration of the present
invention will assist in increasing the ion bombardment energy on the surface of the wafer

20  without the side effects of the prior art.

Figure 2A shows a cross sectional view of a top electrode 200 in accordance with

one embodiment of the present invention. In this embodiment, the top electrode 200



2 z Nov zooZ ~s the plasma density is caused to increase beyond an
acceptabl e | evel, the processing gases may fail to performtheir desired
etching functions. Further yet, because an increased bias voltage is
essentially an increase in ion bonmbardnent energy, higher assfzt 6€tzw
geonetries can now be etched w thout causing premature etch pg, b Zetch
effects, or 5 process wi ndow shifts. In addition, although the above
descri bed paraneters are associ ated mﬁtq chanbers configured to process "8
inch wafers," the paraneters nmay be nDdiFied for application to substrates
of varying sizes and shapes, such as those enployed in the manufacture of
sem conduct or devices and flat panel displays. Wile this invention has
been described in 10 terns of several preferred enbodi nents, there are

al ter at i onsnclpédsnast @édu@ae bodNdOE eHat K £phealihicERidcable Yagdidtsm 028 ahsCaufRe Of
this invention. It should also be noted that there are many alternative

ways of i AL ; d r od ept L vention.
T st her raree, Aol JFELRO R0A CTRERRCANS Shohe? APAPRERCE ha LT
as incl udi || sych alterations, permutations, and equjvalents as fall
within 15 ﬂ%@ﬁttpaeplgrﬁwiqf eah fped digls 298- tlhée?ﬁ’@s&ﬁgﬁsrfG%ﬁ}lﬂ?%ﬁgﬁ chanpe\gg
2002 19 What is clainmed is: Clainms 1. In a systemfor processing a

seni conductprecassifigrgasdsr tughplpsmas megien cHi2ngs ofeserbadomadth tdaspeatytot ErguraiclAidi ng
a process chanber having a support chuck for holding 5 the sem conduct or

waf er arsd aAgmrdingly, Rhed e fops eldteqR; 20008 Hi¥ertedTint6 NP EérbicOgducat Boeakingde
bei ng positioned wthin the system and over the sem conductor wafer, the

el ectrode !!eﬂﬂc}ﬁm%?ﬂ%%hrfé&giﬁ%f tRe Lik&riide HOHT 308 vélﬂ‘heﬁn? 0S4 R 6Em t he
first surface Is contigured to recelve processing gases froma source that
i s external 1to t he stéstem and él ow H%B’Eocessi ng gases into the center
region, theS OSBRI ¢ 8 genarated Blasngsieath y of gas 10 feed holes that are

continuously coupled to a corresponding plurality of electrode openings

t hat have el ectryd 99?' anet er . r f.ee | e
di aneters of theﬁpF ra llqwggﬁjlogasen”?eOZdﬁ]Eca#rg%?ftlﬁ%&gﬁg’r g?%]?ge%?&gpgc%ro e
openi ngs are configur tQ defi n el ectrod urface that, is defined over
a waf er surg%@%ﬁ#’gahiod%@ﬁ% P:"BE?B%@Y gﬁwe\ﬁ&f%mniésé.Wk?%élssﬂ}’QPteWFF%‘Pe GHFREEsi ng
a sem conductor wafer through plasma etching operations as recited in claim
1, wherHl n efh wefep being geodessed .o ior esample owherén BHnchpwiafer ¢§ beipg processed, the

diameter 250 is preferably sized to be about 8 inches. Although not shown, gas buffer
plates are typically positioned within the electrode body 202. The electrode body 202 has
a preferred thickness 252 of about 1 inch, while the electrode regions 202c have a
thickness 256 that is about ' inch. Of course, these exemplary dimensions may be

15 modified depending on the size of the semiconductor wafer being processed.

Figure 2B shows a plan view of the surface 234 of the electrode body 202 in
accordance with one embodiment of the present invention. As shown, the electrode
openings 202b are preferably arranged throughout the surface 234 in a hexagonal pattern
arrangement. In this hexagonal pattern arrangement, the separation 203 between the

20  electrode openings 202b is preferably set to about 0.375 inches. Also, in a preferred

embodiment, the diameter of each of the electrode openings 202b is set to be about 0.25

inches.



power sources and the support chuck is coupled to the other one of the pair
of RF power sources. 20 2 2 NOV 2002 20 3. The system for processing a
sem conduct or wafer through plasm etching operations as recited in claim
2, wherein a plasma is defined between the second surface of the electrode
and the wafer surface. 5 4. The systemfor processing a seni cond@dc? NOVva208?
t hrough plasma etching operations as recited in claim3) wherein a first

pl asma sheath is defined next to the waf& surface and a second pl asna
sheath is defined next to the second surface, and the second plasna sheath
follows an outline defined by the el ectrode openings of the second surface
of the electrode. 10 5. The system for processing a sem conductor wafer

t hrough pl asma etchi ng operations, as recited in clai,m4, wh in the fjrst
bl moma sheat h naEiETd £ SHOUs & HOR fFLaled Wk oh e SRR SHOAS IR L g
area, and the second area of the second plasma sheath is |arger than the
first area ofaqchulaft¢e with phaxembodimenttdf thelgregnt Kiventiars t Bin dleatrosle operisg 262k
sem conduct or wafer through plasm etching operations as recited in claim

1, wherein hhe, alaftdr P D40RRM D9Se@ELioPbe At9aMat c@hOW of gRaffitoh MHogREeL i N
di ameter and the gas feed holes have a dianeter of abolt 0.1 nm 20 7.”fhe

system for processi hg.a.semc uct or fer through ma _et.chi

oper ati ons ’se"(r:%ﬁisslt’@ga)i ﬁ%ﬁgpﬁﬂg %ﬁfn%frtg?ﬁﬁﬁug %Regm£%@%f1st%§f§@bﬁ,g%&pe
0,75 cmand about 4 cmis defined between the el ectrode surface and the
waf er suff abetween 2boutN¢32 oD Zng ab@it YiTineh sanslt menefpsefepablic befweery about 1/16 inch
sem conduct or wafer through plasma etching operations as recited in claim

1, wherein tandabdut Whirehgarl ot ipesfeabitddunl/e inshntRrefeedblyyi thé diamdter I e2M0eis
region of the electrode. 5 9. The system for processing a sem conduct or

el er L OUghoRIE B 10 S BAEAY BOBSIB bk Aile N0 bl B bngleRihi SN

el ectrode openings are d I'n a hexagona att8rn arrange

throughout tdgg?regs %Sggces 4r6]: & 1echQ1]; cguggd % tcetpgrgglee'of a machining drill bit. However, it

should be understood that other angles will work as well. For example, Figure 2D shows
10 a case in which the angled surface 246 is replaced with a right angle 248. Of course,
when the angled surface 246 is removed, the electrode opening 202b may extend to a

distance D, 249, which may be greater than distance D, 244,

Figure 2E shows a cross sectional view of three electrode regions 202c and a cross

section of the wafer 206 in accordance with one embodiment of the present invention. In

15  apreferred embodiment, the distance between the surface 234 and the wafer surface 236 is
preferably set to be between about 0.75 cm and about 4 cm, and more preferably between
about 1 cm and about 3 cm, and most preferably about 2 cm. Once the semiconductor
processing system is placed into its operational state (i.e., processing gases have been
flown into the chamber, biasing powers have been set, pressures and temperatures

20  adjusted, etc.), a plasma is generated within a plasma region 212. Because the electrode
openings 202b have been increased to be at least equal to or greater than about 0.5 mm,

a plasma sheath 231 is caused to shift into the electrode openings 202b.



10 10. The system for processing a sem conductor wafer through plasma

et chi'ng operations as recited in claimb5, wherein the second area of the
second plasma sheath is between about 2 and 3 times greater than the first
area of the first plasm sheath. 11. The systemfor processing @ NOV 2002
sem conduct or wafer through plasma etching 15 operations as recited in
claim 10, wherein the second area of t second pl asma sheath is about 2.7
times greater than the first area of t first plasnma sheath. 12. The
system for processing a sem conductor wafer through plasnma etching
operations as recited in claim 10, wherein when the second area of the
second plasma 20 sheath is greater than the first area of the first plasm

sheath) an i ncr‘@@ﬁﬁtdggigpisﬁﬁwxphﬁaﬁ?féds ﬁafx%a%hm 2908194 %Qwrgﬁllet& gﬁe

waf er surface and"a ease In bias v age I's applied to the secon

surface of ,the .,electro 13.,, The, system for processj.ng. a senj conductor

vaf er t hr cUgfivosF é’?ﬁ’ﬁ“&&@ﬁp VRlls- oﬁ@‘?ta‘ts’i &"?splégngég‘?"?lé?ﬁrﬂscqeﬁ?‘rﬁ]reﬁz TORhEei n
the increase in bias voltage causes an increase in ion bonbardnment energy
ont o t he waiface 2 fndedectiobieopdning surfaceaL0A dyeat distannedd 1233, 10 one pmbadictentiber
for processing a sem conductor wafer through plasma etching operations, the

chamber i nigk dibtange B, 28P AAY be GBtHEen about 08 ghinf Ginll RBowEInEQREY eidyt prsfdrablyl0
and a pair of RF power sources; a nethod for naking a top el ectrode for the

chanberg c hShN0nf i e Lon, a
st s Soat S RAY B AEUTphits ORUERAES Bichhialite b BAN BF BB, T
configured to, receive processing gases froma source that is external to

t he systenv%{ﬁaxfﬁeﬁ@a/sb%n w@gégesf’ﬁ%gth@a@é@mamaooftmh@ %nérsh?séé% 8@5 Ba 55pwe
second surface has a plurality of gas feed holes that lead to a plurality
of el ect r otipiabp &oweysr, bbcatisehtheeplasns sheathe2 Dlp snshifjedl irdoahe electrodet opandngs
greater than gas feed hole dianeters of the plurality of gas feed hol es,

the plural 2426 BfoughSR tEOHS MREBES IS0, MEsARE iafld! Fdhd 9ld@kisR@tRN3 elvadtBe0de
surface that is defined over a wafer surface of the semnm conductor wafer. 20

15. The ne ] t ﬂfg t he chanber as recited in
claim 14, y&%’?ﬂégr%g%%#?%i%a &Rﬁ%‘gwg 53 coupling the top el ectrode
to one of the pair of RF power sources and the support chuck to the other

one of 1@ he pai rFighreRFstHumed c199€eeB6nal view of the plasma sheath 231 that conforms to

the surfaces of the electrode regions 202c as shown in Figure 2E, and the plasma sheath
232 that is defined above the wafer 206. Although only a cross sectional view of the
sheaths 231 and 232 are shown, it should be understood that the sheaths are actually three-
dimensional (3D) blankets that are defined over each of the surfaces of the top electrode
15 200 and the wafer 206. As such, a substantial increase in sheath area, is produced when
the sheath 231 shifts into the electrode openings 202b. Table A below shows an
exemplary calculation of the increase in sheath 231 surface area, compared to the sheath
232 surface area,, Of course, other area increases may be obtained depending on the

specific electrode opening geometries.



16. The nethod for
,claim5 15,

further conprising:

making a top el ec

chamber as recited in claim10 15, further conprising: defining the

el ectrode openings to a depth of betweensgabout 1/32 inch andl/4 inch.

The et hod
16,

met hod f or

further conprising: 20 inserting two or
center region of the top el ectrode.

malting a ¢

conpri si ng
first plas
pl asma she
such t hat

first plas

further conpri sing:

f or

making a top electrode for the chanber as recited in
formng the el ectrode openings to be at
| east about 0.5 mmor greater in dianmeter and the gas feed hol gsat a
di aneter of about 0.1 mm 17. The nethod for &rgd@mrgXBZhe
18.

making a top el ectrode for the chanber as recited in claim

15 fixing a separation of between about 0.75 cm and

about 4 cm between the el ectrode surface and the wafer surface. 19. The

maki ng a top electrode for the chanber as recited in claim 18,

hm sheath 5 that

IS prox
Bth that outlines

an inner region of the top el ectrode openir

he second pl asMTGHEEITRODE AREAANEREASEL
m sheath. 21. The net hod for

nore gas buffer plates within t
2 2 NOV 2002 24 20. The
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imate to the wafer surface and a secd

is greater than the
maki ng a top el ectrode for the

he

net hod for

chanber as
bonmbar dnen

TecT e T T arrIo—20;
Elenodp/Opaning 2026 waf er

P~ T I~ V-C S~V SN ~ V-V - U 3 ~ -\

TOTTITeT  CONMPr I3 My. THcreasi ng an 14

diatheters(dwhb/a imhe deptbdh e 198 &ma sheat |

Lot olac baoaat b 29 1.\

the area t
chanber fo
i ncl udi ng
RF power s
nmeans for

+ I
At ro yrovatctvtl CTTAATT UTTC

Didt0/2e Fdtweera Sem condy
h support chuck for hold

PRICESde éﬁ@ggsas ma procd

brovi di ng_ g chemi stri €

H-St—pHasra—sheathi—22—A—ptasta—Pptq
qyor/gwaf er, the 15 plasnma process chd
ing the sem conductor wafer and a pai
ss chanber, conprising: an el ectrode
s into a process region that s defin

bet ween th
the el ectr

b el ectrode neans and a

Sagmﬂggﬂ§yhaving a plurg

hat

P ABET S oo gas 1 oed WolHOY

Wd

configured
2 2 NOV Z0
surface an
substanti a
and a cont
such that f
of oversi z¢
sheat h has

To 20 define an elecirg
 AgdedifresRei n when a pl a9
I the wafer surface int
ly planar first plasm

ge surrace over tne wafer Surface,
mh = @nhehd(ldeasBlodagebld Whe A+B68% ode
he ,pl asma process chanber, a

SfRath is defined over the wafer surf

ar

ace

pUr ed _second pl asna shegq
Besecaittour ed second pl a
pd gas feed holes, and t
a

th 1 s derined over the el ectrode sur
SER §HORHA
hereﬁore)t%
cm’

e contoured second pl asna

extends into thegplgised ity

ace,

Area Increase

10

I=27

I=(B+A)B

As shown from the calculations of Table A, the surface area | of the plasma sheath

231 has increased to about 2.7 times the area, of the sheath 232 that is defined over the

wafer 206. In other preferred embodiments, the increase in area can be between about 1.5

and 3.5, and most preferably between about 2 and about 3.

Figure 4A shows a graph 300 depicting sinusoidal RF voltage waveforms over

time in accordance with one embodiment of the present invention. In this example, a

sinusoidal voltage wave 302 of a prior art design having equal area sheaths (i.e., area , =

area ,) is shown. When the area sheaths are equal, the sinusoidal voltage wave 302 will be

positive for an equal amount of time as it is negative. However, once the electrode 200 is



greater surface area than the substantially planar first plasm sheath. 23.
A pl.asma process chanber for processing a sem conductor wafer as recited in
claim 22, wherein the oversized gas feed holes are arranged in2& W%ypl
pattern 10 t hroughout the el ectrode surface. 24. A plasma process-chanber
for processing a sem conductor wafer as recited in claim23) wherein each
of the oversized gas feed holes have a #f aneter that is set to be about 0.5
nmor greater. 15 25. A plasnma process chanber for processing a

sem conductor wafer as recited in claim22, wherein when the contoured
second plasma sheath has a greater surface area than the substantially

pl anar fi rsiaég)élasrrg.x sheath, an increased bias voltage i,s.generated over the
waf er surfd& P Hheaecessing ehambes theprea ger the sheatl Ral edll durase 36 shPwR (% ode
20 surface. 2 2 NOV 200! - 26 26. A plasma process chanber for processing
a sem conddiguwe 3waidrthiaspainte theethagmituce sfnau@fent Gloe razidneletteon nemred)s dlowindi as
vol tage over the wafer surface causes in increase in ion bonbardnent energy
over the Wal@iglsthelphemaaiill RNiffaefitt@sRgithe 8ine th4t @dur@ht DifldW sSR! thé at i 0
features. 5 27. In a systemfor processing a sem conductor wafer through

pl asma et chyj ' ; el ' [ vi{g a
support Ch[}"éaE&f%&%@3&%%@@%%&3?@%&#&%?@ %Eg%%%ggﬁﬁaﬁg}? %Eﬁ“’gi‘a:’"p wer
source gonnected thereto; the system conprising: 10 a grounded_ el ectrode
bei ng pdsi oSt ayitom theitar elegisederd09rin thy directing of thei WAL ol fRah Becausse
grounded el ectrode having a center region, a first surface and a second
surface) theeréiis ot grsaterf stweathi surfaoe farggy chede tto thetep elecpode esice R A2 the om a
source that is external to the systemand flow the processing gases into
the center chgemtdNwill e 28806 rSdihitadathhfthe @ubitTahd depidéd BFsighead hol es
that are continuously coupled to a 15 corresponding plurality of electrode
openi ngs that have el ectrode opening dianeters that are greater than gas
feed hol e di ametBecsusepf thiecystent mignitnde diffpaenck cthd sinvbaidal woliegpwaraB02 yilbf

el ectrode openings are configured to define an electrode surface that is

defined ovehifedvaivedrd S formGeshetedtsitissigal ﬁﬂt@g&@hﬂf 30%f At-thid@oRS, it IIE¥st em
for processing a sem conductor wafer through plasma etching operations as

reci tedgl n (b 7. WIRLE LD, A dh 93el 5u 3051tk BRDIGER £oPS BB f ace

of time T, than it is negative T,. However, over a full cycle, the current flowing in one
direction (i.e., I,) across the plasma has to be the same as the current flowing in the other
direction (i.e., L). Figure 4B illustrates how a total current during time T, for the larger
magnitude current I, will actually equal a total current during a time T, for a smaller
15  magnitude current I. Specifically, the area under 320a defines the net current for I, and
the area under 320b defines the net current for I, For reference purposes only, the net

current under area 310a and 310b are also equal to each other in a non-shifted system.

Referring back to Figure 4A, a wave portion 306 is the result of a half-wave

rectification that is induced by the generated plasma. When a time average is taken over

20  onme cycle of the wave portion 306, a bias voltage on the surface of the top electrode is
produced. In a like manner, a wave portion 308 is the result of another half-wave
rectification that was induced by the generated plasma. Upon taking a time average over

one cycle of the wave portion 308, a bias voltage on the surface of the wafer is producéd.



2 2 NGI' 2002 2? 29. The system for processing a sem conductor wafer
t'hrough plasma etching operations as recited in claim28, wherein a first

pl asma sheath is defined next to the wafer surface and a second ZW 2002‘
sheath is defined next to the second surface) and the 5 second p710

sheath follows an outline defined by the 1gl ectrode openi ngs of the second
surface of the electrode. 30. The system for processing a sem conductor

waf er through plasma etching operations as recited in claim29) wherein the
first plasma sheath has a first area and the 10 second plasma sheath has a
second area, and the second area of the second plasnma sheath is |arger than
the first arleis imporaat toinoss thet s hiasioktagehproduced Tinethe yenfane af ghe W&f&%ﬁh@g a
sem conduct or wafer through plasma etching operations as recited in claim
27) wher ei n dubetastidiytiodesed et thg tamderdetiiad esitire alThidt 150 iD plibr AMNsOste@E cthker
in dianmeter and the gas feed holes have a dianeter of about 0.1 nm 32. The
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same, the bias voltage (i.e., Electrode Potential/Vpeak) on both the top electrode 200 and
wafer 206 will be about -0.3. However, the bias voltage of the top electrode 200 is shown
to decrease as the area ratio increases. Conversely, the bias of the wafer 206 is shown to

15 increase as the area ratio increases.

In a preferred embodiment, when the plasma sheath 231 has an area, that is about

2.7 times greater than the area, of the plasma sheath 232, the bias voltage on the wafer 206

will increase to about -0.75, while the bias voltage on the top electrode 200 will decrease

to about -0.05. Because the bias voltage is now greater on the surface of the wafer 206, a

20  larger ion bombardment energy will be present on the surface of the wafer 206 to assist in

high aspect ratio semiconductor etching operations.

As an advantage, it is now possible to increase the bias voltage over the surface of

the wafer 206 without causing an increase in plasma density. As mentioned above, when
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Claims

1. In a system for processing a semiconductor wafer through plasma etching
operations, the system including a process chamber having a support chuck for holding

5  the semiconductor wafer and a pair of RF power sources; the system comprising:

an electrode being positioned within the system and over the semiconductor wafer,

the electrode having a center region, a first surface and a second surface, the first surface

is configured to receive processing gases from a source that is external to the system and

flow the processing gases into the center region, the second surface has a plurality of gas

10 feed holes that are continuously coupled to a corresponding plurality of electrode
openings that have electrode opening diameters that are greater than gas feed hole
diameters of the plurality of gas feed holes, the plurality of electrode openings are
configured to define an electrode surface that is defined over a wafer surface of the

semiconductor wafer,

15

2. The system for processing a semiconductor wafer through plasma etching
operations as recited in claim 1, wherein the electrode is coupled to one of the pair of RF
power sources and the support chuck is coupled to the other one of the pair of RF power

sources.

20
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5 4, The system for processing a semiconductor wafer through plasma etching
operations as recited in claim 3, wherein a first plasma sheath is defined next to the wafer
surface and a second plasma sheath is defined next to the second surface, and the second

plasma sheath follows an outline defined by the electrode openings of the second surface

of the electrode.

10

5. The system for processing a semiconductor wafer through plasma etching
operations as recited in claim 4, wherein the first plasma sheath has a first area and the
second plasma sheath has a second area, and the second area of the second plasma sheath

is larger than the first area of the first plasma sheath.

15

6. The system for processing a semiconductor wafer through plasma etching
operations as recited in claim 1, wherein the electrode openings are at least about 0.5 mm

or greater in diameter and the gas feed holes have a diameter of about 0.1 mm.

20 7. The system for processing a semiconductor wafer through plasma etching
operations as recited in claim 6, wherein a separation of between about 0.75 cm and about

4 cm is defined between the electrode surface and the wafer surface.
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within the center region of the electrode.

5
9. The system for processing a semiconductor wafer through plasma etching
operations as recited in claim 1, wherein the electrode openings are defined in a
hexagonal pattern arrangement thronghout the second surface of the electrode.
10 10.  The system for processing a semiconductor wafer through plasma etching

operations as recited in claim 5, wherein the second area of the second plasma sheath is

between about 2 and 3 times greater than the first area of the first plasma sheath.

11.  The system for processing a semiconductor wafer through plasma etching
15  operations as recited in claim 10, wherein the second area of the second plasma sheath is

about 2.7 times greater than the first area of the first plasma sheath.

12, The system for processing a semiconductor wafer through plasma etching
operations as recited in claim 10, wherein when the second area of the second plasma

20  sheath is greater than the first area of the first plasma sheath, an increase in bias voltage is
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of the electrode.

13, The system for processing a semiconductor wafer through plasma etching
5  operations as recited in claim 12, wherein the increase in bias voltage causes an increase

in ion bombardment energy onto the wafer surface, thereby increasing etch control.

14.  In a chamber for processing a semiconductor wafer through plasma etching
operations, the chamber including a support chuck for holding the semiconductor wafer
10 and a pair of RF power sources; a method for making a top electrode for the chamber,

comprising:

forming the top electrode to have a center region, a first surface and a second

surface, the first surface has an inlet that is configured to receive processing gases from a
source that is external to the system and flow the processing gases into the center region,

15  the second surface has a plurality of gas feed holes that lead to a plurality of electrode
openings that have electrode opening diameters that are greater than gas feed hole
diameters of the plurality of gas feed holes, the plurality of electrode openings are
configured to define an electrode surface that is defined over a wafer surface of the

semiconductor wafer.

20

15. The method for making a top electrode for the chamber as recited in claim

14, further comprising:
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coupling the top electrode to one of the pair of RF power sources and the support

chuck to the other one of the pair of RF power sources.

16.  The method for making a top electrode for the chamber as recited in claim

15, further comprising:

forming the electrode openings to be at least about 0.5 mm or greater in diameter

and the gas feed holes to have a diameter of about 0.1 mm.

17.  The method for making a top electrode for the chamber as recited in claim

15, further comprising:

defining the electrode openings to a depth of between about 1/32 inch and % inch.

18.  The method for making a top electrode for the chamber as recited in claim

16, further comprising:

fixing a separation of between about 0.75 cm and about 4 cm between the

electrode surface and the wafer surface.

19.  The method for making a top electrode for the chamber as recited in claim

18, further comprising:

inserting two or more gas buffer plates within the center region of the top

electrode.
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striking a plasma between the separation, the plasma having a first plasma sheath
5  that is proximate to the wafer surface and a second plasma sheath that outlines an inner
region of the top electrode openings, such that the second plasma sheath has an area that

is greater than the first plasma sheath,

21.  The method for making a top electrode for the chamber as recited in claim

10 20, further comprising:

increasing an ion bombardment energy over the wafer surface when the second

plasma sheath has the area that is greater than the first plasma sheath.

22. A plasma process chamber for processing a semiconductor wafer, the
15 plasma process chamber including a support chuck for holding the semiconductor wafer

and a pair of RF power sources, the plasma process chamber, comprising:

an electrode means for providing gas chemistries into a process region that is
defined between the electrode means and a wafer surface of the semiconductor wafer, the
electrode means having a plurality of oversized gas feed holes that are configured to

20  define an electrode surface over the wafer surface; and
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5 of oversized gas feed holes, and therefore the contoured second plasma sheath has a

greater surface area than the substantially planar first plasma sheath.

23. A plasma process chamber for processing a semiconductor wafer as recited
in claim 22, wherein the oversized gas feed holes are arranged in a hexagonal pattern

10 throughout the electrode surface.

24, A plasma process chamber for processing a semiconductor wafer as recited

in claim 23, wherein each of the oversized gas feed holes have a diameter that is set to be

about 0.5 mm or greater.

15

25. A plasma process chamber for processing a semiconductor wafer as recited
in claim 22, wherein when the contoured second plasma sheath has a greater surface area
than the substantially planar first plasma sheath, an increased bias voltage is generated

over the wafer surface and a decreased bias voltage is generated over the electrode

20  surface.
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27.  In a system for processing a semiconductor wafer through plasma etching
operations, the system including a process chamber having a support chuck for supporting
the semiconductor wafer and having a RF power source connected thereto; the system
comprising:
10 a grounded electrode being positioned within the system and over the

semiconductor wafer, the grounded electrode having a center region, a first surface and a
second surface, the first surface is configured to receive processing gases from a source
that is external to the system and flow the processing gases into the center region, the
second surface has a plurality of gas feed holes that are continuously coupled to a
15  comesponding plurality of electrode openings that have electrode opening diameters that
are greater than gas feed hole diameters of the plurality of gas feed holes, the plurality of
electrode openings are configured to define an electrode surface that is defined over a

wafer surface of the semiconductor wafer.

20 28.  The system for processing a semiconductor wafer through plasma etching

operations as recited in claim 27, wherein a plasma is defined between the second surface

of the electrode and the wafer surface.



110% $' & () - 310% %' & ()- 910% $' & ()-;<|[:bLA10 "!10%$ & ()- S
$10% % & ()- Z10% $' & ()- s!'10% $ & ()- 3110% $ & () - 2007
10% $' & ()-<CU [ bUAL0 ,/110% $ & ()- , -110% $' & ()- F+ $10% b &NgY- 200
,)110% % & ()- &10%$ & ()- ,$110% $' & ()-U OPQRal obU410 .
$10% $ & ()-Z10'$'10'$'10'$" ,y;10% $ & ()- ,L9110% % & ()- 7 $10% $' & ()-
,110% $' & ()-ad_|[:bU410 ,10% $ & ()- #10% $ & ()- '10% $ & ()-
110%$ & ()- @10% $ & ()- 10%$ & ()-Z2|[:bU4AL10 *110% $ & () -
(410% % & ()- @10% $ & ()- '9%10% $ & ()- '10% $ & ()-

310% $ & ()-Si{|[:bU410 ,:10% $ & ()- 8s$P10% $ & ()- 6 "10%$ & ()- VY4
"10% $ & () - ,2310% $ & ()- , "10% $ & ()- Normal" "Heading 13]c"

"Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Headi ng 73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Font

m 3(/ 2k7; Bl MQN cuk?p=uz®uhQ % 7>GPZ/ enlw~{| mopgr st uvwxyz{| } Q ?m

t=y! #n$BY&) (++- / dBkA5HRAQY. ing a semiconductor wafer through plasma etching
S (AR ety ey g ough plesma i

)M TE) Tuckal ol mee Mo, FOTRNA | 9 Cour) B NPT FRoh EPLERTABPRyIEDt

<=>? @ABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~
wafer surface and a second plasma sheath is defined next to the second surface, and the

5  second plasma sheath follows an outline defined by the electrode openings of the second

surface of the electrode.

30.  The system for processing a semiconductor wafer through plasma etching
operations as recited in claim 29, wherein the first plasma sheath has a first area and the
10  second plasma sheath has a second area, and the second area of the second plasma sheath

is larger than the first area of the first plasma sheath.

31.  The system for processing a semiconductor wafer through plasma etching
operations as recited in claim 27, wherein the electrode openings are at least about 0.5

15  mm or greaterin diameter and the gas feed holes have a diameter of about 0.1 mm.

32.  The system for processing a semiconductor wafer through plasma etching
operations as recited in claim 30, wherein when the second area of the second plasma
sheath is greater than the first area of the first plasma sheath, an increase in bias voltage is

20  applied to the wafer surface and a decrease in bias voltage is applied to the second surface

of the electrode.



