RF GROUND SW TCH FOR PLASMA PROCESSI NG SYSTEM
BACKGROUND OF THE | NVENTI ON 100011 Pl asna processing
systens have | ong been enpl oyed to process substrates,
such as silicon substrates or other substrates, to
form sem conduct or devi ces, nano- machi nes, etc.

Pl asma processing is particularly effective in etching
applications, wherein a plasna formed froman etchant
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upper electrode to be grounded with respect to the higher frequency RF signal (e.g., 27 MHz
and/or 60 MHz). Still another etch application may require the upper electrode to be
grounded with respect to all of the RF signal frequencies (e.g., 2MHz, 27MHz, and 60
MHz). Since a given chamber may be employed for different etch steps, each of which may
have a different grounding requirement, the ability to selectively ground the upper electrode

with respect to one or more or all of the RF frequencies is highly desirable.
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have a different grounding requirement, the ability to
sel ectively ground the upper electrode wth respect
to one or nore or all of the RF frequencies is highly
desirable. 1 [0004] In the prior art, a relay and an

i nduct or conbi nati on may be enployed to ground one or
nore of the RF frequencies. Fig. 1 shows such an
exanpl e wherein rel ay RI is enpl oyed to control the
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subsystem and the electrode. The arrangement urther includes an annular structure formed

of an electrically conductive material, the annular structure and the RF conduction path
structure having two relative positions relative to one another. A first relative position of
the two relative positions is characterized by the annular structure electrically coupling with
the RF conduction path structure to provide a ground to the RF conduction path structure. A
second relative position of the two relative positions is characterized by the annular

structure being electrically uncoupled from the RF conduction path.
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structure having two relative positions relative to
one another. A first relative position of the two
relative positions is characterized by the annul ar
structure electrically coupling with the RF
conduction path structure to provide a ground to the
RF conduction path structure. A second relative
position of the two relative positions is
characterized by the, annu| ar
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[0011] Fig. | shows such an _exanple ar
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implementation of the RF ground switch arrangement.

[0013] Fig. 3 is an electrical diagram illustrating, in accordance with an
embodiment of the present invention, a combination of switches to allow the system
operator to either ground all RF signals using an annular RF switch or to ground only

selected RF frequencies.

[0014] Fig. 4 illustrates, in accordance with an embodiment of the invention, a

plasma processing arrangement that includes the RF ground switch arrangement.
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I mpl ementation of the RF ground switch arrange

[0013] Fig. 3 is an electrical diagramill us?rgtein:]ég

in accordance with an enbodi nent of the present ’

i nvention, a conbination of swtches to allow the
system operator to either ground all RF signals using
an annular RF switch or to ground only selected RF
frequencies. [0014] Fig. 4 illustrates, in accordance

with an enbodi nent of the | [ ma
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"RE"switch structure has an annul ar shape to
elvetxadeideengegrendingeal contact with the RF coﬁducti on

path structure associated with the u
[0047] ng gr durvdi pybodimenty[the Naﬁwg%aﬁg‘fﬁgﬁg??‘?tei"%@‘td{iggg annular
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ucture that is formed of an electri '

copyce (Belu). The mnakar berrdyptive sHPCIWE %@‘Pur@g@% ¥s %eﬁzgu(?tup%tsilti&% the
aﬁlglf %l ?({rnd&c%gg Uhhdaie ﬂ&&l‘i&w rBnthéts PO RBA@Adudtion igath structure to

u position, the annular condyctive structur .
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ator structure Is provided and is.  coupl eg L9 A0ure i
(attautit, ar cvsckainmonss kAT REHR A I TR Ty
gsepo?e%eall{grggtélgﬂin a first insulator position and a second insulator position. In the first
insulator position, the insulator structure is interposed between the annular conductive
structure and the RF conduction path structure to break the electrical contact therebetween.
In the second insulator position, the insulator structure is removed from the region in
between the annular conductive structure and the RF conduction path structure to allow the
annular conductive structure to provide grounding to the RF conduction path structure (and
by extension, to the upper clectrode). The material selected for the annular conductive

structure preferably has a high resistance to fatigue and is resilient in nature, thereby
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hydraulic, or electrical, noves the insulator
structure such that the insulator structure is

di sposed alternately in a first insulator position and
a second insulator position. In the first insulator
position, the insulator structure is interposed

bet ween the annul ar conductive structure and the RF
conduction path structure to break the el ectrical

contact therebetween. In the second ke and break
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efnhlm:ng rau@,ﬁﬁgp SR8 lration of fhe rRFagrg]lirel&tga]f thmu].’[per eleftrode to suit the
options with regard to  RF grounding. The frequency
@@ll@wmﬁféf @ﬁ?r?‘@retcﬁral@@ﬁ@té‘??ént i s enpl oyed when

eneeL S UG, O LS B S e By be bu
understood with reference to the figures and discussions that follow. Fig. 1 shows, in
accordance with an embodiment of the present invention, an electrical diagram of a
capacitively coupled plasma processing chamber 100, including an upper electrode 102 and
a lower electrode 104 upon which a substrate (not shown) is disposed during plasma
processing. In the example of Fig. 1, the lower electrode is supplied by RF power supply
106 with three RF signals having RF frequencies of 2 MHz, 27 MHz, and 60 MHz. Upper
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desirable to provide a ground to the u
( ( pper el ectrode

%o ground al | EF signals irrespective of their

requencies, the annular RF switch is enployed. In an
enbodi ment, RF grounding via actuator activation is
integrated into the software that controls plasma
processing, thereby enabling automatic
reconfiguration of the RF grounding of t he upper

electrode to suit t t
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erence to the figures and discussions that follow
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0 |nclude an S
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source as
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and [ ower el ectrode 104 and ignited to forma
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n and grounded ch
oblighy oo RF aieaale APATES B IPY 8 HJ‘%E &F V@eﬂ%’%‘“’f%%wg%g&f“"e
gf%uFiﬁn b l@?/ie%x\gﬁt ¢he @{anargemlemovmsa RFsgrumd sividerdartapgement that
upl e u

cgyr wligidy, WethotRanC@ IOE)HHIE‘O’SS{/\? tecé(ﬁgsta:pgogﬁﬁé w-xm&%%ﬁ lq%ligroundmg
plth GRA UGk Y £ndR@A Brehl @ERE rgaﬁhdlag path Wbd&suil@groautung}s oefrigsired.

F's ‘created, thus provi di t rQu
Fi, 8 Ghewslt 0T Ianen B RE S PAHET ShPe TR P el el of e
grl}c?nd Rfch GREBUREAVS0 PFi) 26kbes an bgemelertrodp 383, which may be

ctrode 102
fgrmyg o8 fprrepéalgblsgqugr@}nglgt R@a "o und 21252 %1é;{és)dulfr&*\ [gyoamd stnﬁture

%@4 \‘?\)}' Yh %éultaYor 206 \Pﬁl&h mip be E&dletﬁ?lﬁf Sfblgm{npleh aiumngrrmamds AIN).
re

e ek v bSSHETE Ty L REHIER 1 sy
s@gnﬁ’s: WHELURA RE W h&IB obippRNGestnd 202Habesired.

[0024] Upper electrode 202 is connected to an RF power supply 210 (which
includes an RF source 212 and an RF match 214) by an RF conduction path structure 220.
- RF conduction path structure 220 may be formed of, for example, aluminum. An annular
switch arrangement 240 is provided to provide selective grounding between ground 204
(through conductor 242) and upper electrode 202 (through the use of RF conduction path
structure 220). In its default position, fingers of annular switch arrangement 240 is shaped

such that the fingers naturally bias against RF conduction path structure 220 to provide
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can reliably, over thousands or m|lions of cycles,
provi de a | ow i npedance RF groundi ng path when
desired and can break the RF groundi ng path when such
grounding is not desired. Fig. 2 shows, in accordance
wi th an enbodi nent of the invention, an inplenentation
of the RF ground switch arrangenent 130. Fig. 2 shows
an upper el ectrode 202, which may be forned of, for

elqec;(rgpﬁ cgptagﬁ lé\lél gl(‘?lug] graprgdo eg)us%s bg%erg Lﬁpg* %?éttg%ééi@taﬁéj ground
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BeCu is a material that has a highly conductive material that has a high tensile strength
while being capable of being repeatedly bent and rebent to break and make electrical
contact. However, any other material that has such characteristics may be employed. Note
that the choice of materials for the annular switch arrangement is substantially broadened by

the fact that the entire switch arrangement is disposed outside of the plasma processing



di sposed in the chanber for plasma processing. [0026]
In the position shown in Fig. 2, insulator 250 is
positioned away fromthe region between annul ar

swi tch arrangenent 240 and RF conduction path
structure 220. Wen actuator 260 noves insul ator 250
downward al ong the direction of arrow 270 to
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In Fig. 4, when inductor 250 is not breaking the conductive path between RF conduction
path structure 220 and annular switch structure 240, relay 306 may be closed to allow
current to flow to ground in the direction of arrow 402. By choosing an appropriate value
for inductor 304, selected RF signals having selected RF frequencies may be shunted to

ground.

[0031] As can be appreciated from the foregoing, the annular RF switch of the

present invention is suitable for grounding all RF frequencies, even the higher RF
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ground all RF signals that may be provided to the
upper electrode. In sone situationg, it my be
desirable to ground only sel ected RF signals having
sel ected RF frequencies. In accordance with an
enbodi ment of the present invention, the annular RF
switch of the present invention is electrically
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[0033] As anoti? r example, although a capacitively coupled plasma processing
chamber is employed for illustration, it is contemplated that the invention may also be
practiced in a plasma processing chamber that employs another technology for plasma
ignition and sustenance (e.g., in an inductively coupled plasma processing chamber, in a
electron-cyclotron resonance plasma processing chamber, etc.). As a further example,
although the RF ground switch arrangement of the examples herein is discussed in
connection with the upper electrode, the RF ground switch arrangement may be employed to
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and a long cycle life. The actuator control can be

integrated with the control software of the plasm

processi ng chanber to provide conpletely automatic

reconfiguration of the RF grounding of the upper

el ectrode. In an enbodi nent, the use of a pneumatic

(or hydraulic) actuator obviates concerns regarding

el ectrical interference fromthe adjacent hot RF

parts. [003 this in n r édi@dde
erbind BierPPEY ClERiea S HBERS O, SASuRS! oF ARG
coﬁJb‘nﬁﬁéﬁ ih QpSasmB Qfodessing isgstsy. Anafuederi W&Néﬁtthe ﬁ"W‘fFQ?M rgngp fhat

hin the_ sco i ny gdgééggL ,range from
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th RUNLRh&Hz 122 té 500 Mbahetizrand bigber. of arr ow 270, t he
i nsul ator can be noved in other direction in an
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p&RalEns2 GEP ERhiVA bR abyfalc rwamg1 iy tree siitrems seone of hth?)é’fesem
or |ocation of the annular switch structure and/or
ifVAEIORE conduction path structure, for exanple. As an
exanpl e, the fingers of the annular switch structure
may be bent by an actuator or noved radially inward
or outward to selectively make and break el ectrica
contact. [0033] As another exanple, although a
capacitively coupl ed plasnma processing chanber is
enpl oyed for illustration, it is contenplated that the
invention may al so be practiced in a plasm
processi ng chanber that enpl oys anot her technol ogy for
plasma ignition and sustenance (e.g., in an

i nductively coupl ed plasma processing chanber, in a

el ectron-cycl otron resonance plasma processing
chanber, etc.). As a further exanple, although the RF
ground switch arrangenent of the exanples herein is

di scussed in connection with the upper electrode, the
RF ground swi tch arrangenent may be enployed to 90
ground t he upper electrode, the |lower electrode, both
el ectrodes, or any electrode conbination in a plasna
processing system As a further exanple, the frequency
range that may be grounded by the RF ground swtch
arrangenent di scl osed herein may range from
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the I ow kil ohertz range to 300 Megahertz and hi gher.

[ 0034] Furthernore, although the invention is

di scussed in the context of grounding the upper

el ectrode, it is contenplated that the inventive

arrangenent may be enployed to ground any el ectrode,

i ncludi ng for exanple the ground el ectrode or nultiple

el ectrodes, if such is desired. It should al so be

noted that there are nanégggﬁ§gnative ways of

I mpl ementing the net hods par atuses of the

present invention. It is therefore intended that the

foll ow ng appended cl ai ns .he interpreted as including
Lal | éB@ﬁ“%WPg?ﬂPgﬁﬁ@?”mgg?ﬁﬁﬁations, and equi val ents

as fgldlecbddain the true spirit and scope of the

present _invention . 100 CLAI - cEhdRLARTBatk  GES% Béng
syst @mREo SRty Patha%m&u{eeétérxc@d&% gﬁl RF cgg%luct i on ,
cRBbited td polids an RFatahdiRfon patietesm ap RFhpaster gelsysieEn and said
berng configured to provide an RF conduction path

2en an RF power subsystem and said electrode; a .

SWi t Ghswalch an@eeRBit ormadedl af elentricalle conduetiye naterial, said switch
conductive rial,.sai | - NgGHRYosiabth rsighiw to
SRPECRIHERG PO RTRicP &’%‘gﬁ?‘\é&‘ﬁ{gy?ﬁgﬁn r el oS roid
RSl @Hst FehtRk ipustidroof seid tho wldtie positions beirg eheragierized by said
position of said t rel at | L+l EN SondBdtidH path structure to
st et s S S Gy W St 13 EorE L
PR RIG algk sl ey saidelpitde, i sévnd alativRIPogiBendefseid gno segttye positions
structure to  provide a o Rirflalf) §EbURMEonRsaid RF
beipg WCPCQF‘%&‘(O‘?YV%@SSO‘@%E iagﬁrggte)?‘g@g)leglgtev\o o %If%Jat i vg@éa
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arrangenent being el ectri |, 8gd K% RPN SAhenRht and
cond@’éf‘}sblﬁtobgful‘ft,ugea?]onﬁﬁ rﬁ(? g)tai g'!F %g r ugt%%r & conf i gur e% to
kil tRET PAgRtRE thamenrus@icdtosmiutiicn saidr senensinstiive ARFItioR A FaiREWO
conductjon path structure to result in said second
rel@vaPP/¥Sosi ti on of said two relative positions; an
act uah susetbhfigireido overmicingditel siragueadr st r uct ur e;

and a heat, sink. confiqur heatodd GRdeS Mebhanically
el ect?r5aksy ami(f u tﬁg‘emg\%l lll'egt il :

cnani ca

el

support said actuator.

2. The plasma processing system of claim 1 further comprising a ground structure
disposed between said heat sink and said electrode, said ground structure being configured

to provide said ground.

3. The plasma processing system of claim 1 wherein said switch arrangement includes
a plurality of biasing fingers configured to physically contact said RF conduction path

structure in said first relative position.

4. The plasma processing system of claim 1 wherein said switch arrangement is

formed of BeCu.
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support said actuator. 2. The plasnma processi ng system

of claiml further conprising a ground structure

di sposed between said heat sink and said el ectrode,

said ground structure being configured to provide

said ground. 3. The plasma processing system of claim

| wherein said switch arrangenent includes a

plurality of biasing fingers configured to physically

contact said RF conductio t [ hd insulator
5.1 v Stherrdtses reeesu PGl Syoitl, ] fuE MGhishe £ sensl
stiMleQBusIEd WitRiarprdundhsanein tisaprbvisin saih grekpdarsgjd srsepd ingulator

fornmed of BeCu.. 11 .5. The pl r. [ amiRbosed
Ty R e
bethdeH Sdid bRuSDtRkRck ant s4id elegrodeind st ruct ure t hat
provi des said ground, said second insulator structure
being coupled with said electrode, said second ]
6.1 NS UTiRt MMsnfatprétedsingayhien nficlainsheberein sijdinmleior staictyre 15 formed
round struycture and said electrode. 6. The plasma
of P eRRSTHE B yst em of claim | wherein said insulator
structure is formed of a ceramic material. 7. The
pl asma processi ng syste f. ¢l ai.m.: ' [c€hre is formed
7P neul i B TET R R PhsngG| Phifeh ORGSRl
oft RyiRRlk @fkheplastic emiceikl. 8. The pl asma processing
systemof claim1l wherein said switch arrangenent,
said insulator structure, and said RF conduction path .
gSt I UThdipRsiAd Proasssitig aystinn of blajpe 1 vihereiheaid Piighgarrangement, said

_processi ng syst f clai [ L@ .at or

Gy RGO o T by RHELR R AL e
processing systemof claim21 wherein said actuator
represents a pneunatic 114 re is formed
9or ocgg%P]ﬁfj“astg eé?‘ﬁ‘%?ys%wé)?%aﬁﬁm?rg?nn]mgéﬁﬁlaglgt% ﬁg?tcl)r i's
offldticgured to nove said insulator structure in a
direction parallel to a line that is perpendicular to

a substrate when said substrate is disposed in said

10! as Mae pBERSEbEgsisY Systeam fobrelaih aks rvdhereiy gtid wstupgr represents a

pneumatic actuator.

11. The plasma processing system of claim 1 wherein said actuator is configured to
move said insulator structure in a direction parallel to a line that is perpendicular to a
substrate when said substrate is disposed in said plasma processing system for plasma

processing.

12. The plasma processing system of claim 1 further comprising a filter arrangement
coupled between an output of an RF power source and said ground, said filter arrangement
being configured to filter out selective ones of a plurality of RF signals provided to said RF

conduction path.

13. The plasma processing system of claim 1 wherein said electrode represents an upper

electrode.
12°



12. The plasma processing systemof claiml further

conprising a filter arrangenent coupled between an

out put of an RF power source and said ground, said

filter arrangenment being configured to filter out

sel ective ones of a plurality of RF signals provided

to said RF conduction path. 13. The plasna processing

systemof claiml wherein said el ectrode represents an

upper | ectrode. 12 14, b NG oRfYaikeIT be
gt | ol AT RHEFS IS S%%?'%I%%%@tl% e@gﬁigﬁﬁtt ed t_ggl be
en%{g%&:b;?d phl?alif@/ pf BFadigitals tgwingl:a Qp?hWI of EWPWS£HY‘“g .Pf)asma

plural ity of. frequencies. | : BStetidct th said
presep AL A AR Il e R e et v
RPESIdhtA puhistuct@spect to said RF conduction path

structure. 15. The plasnma processing systemof claiml
wherein said plasma processing system_ represents, a

15 apathd plieiayproasgihesyspmashdaipr owbersinrgidgyasma procgsing ygem

pl asma processi ng.,s [ wherein said
reglesnty 4 @HACGHeR R ee&r:@%%s@ pQ(lgcﬁ%}ngéggéén}ibout 2MHz, about

27 MHz, and about 60 MHz. 17. The pl asma processing

systemof claim 1. wherein sai. | ald sReanest fré ies
164 spEEg‘ea{aB‘%? RECSESSLE; BT cz%"ﬂkﬁ\gérl}%&@ai d %F cgﬁductcﬁlgﬁm
inRRitIEs bt 2MHY, 8houll 37 MHz, and about 60 MHz.

17. The plasma processing system of claim 1 wherein said switch arrangement is

disposed between said heat sink and said RF conduction path structure.
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