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RADI O FREQUENCY GROUNDI NG APPARATUS BACKGROUND OF THE
I NVENTION 1. Field of the Invention The present
invention relates to an RF (Radi o Frequency) groundi ng
5 apparatus, and nore particularly to an RF groundi ng
apparatus using a clanp and a flexible conductive
sheet to forma grounding path, which is especially
sui t abl RABDIOFRFQUENEY (REWNDINGAPPARXRTUS pti on
of the Related Art The deposition of dielectric

cem conduct of RGR BN G T IV EoN T

material is used as an internmetal dielectric (IMD) to

ifsol aFpld b théIacaftiogetal lines electrically, as a
passivation layer to protect the circuits on a. chip

from_noi sture, and nmetal ions, and as a dielectric

ant i Lheepresent giventian irplgtespara) RIp (Redia Fraqugneyngrounding

. JFl ilLustrat nly.used dielectric
QEREERR; shuChnofe petiabeRl 3R f FOTIRPUNANE e g a
chanpand hlflegiblREogdiveiRatsheetlfd foith BroroliBAiBB! pidh PeKichis
and an RF_matching circuit 19'. The reaction chanber
egpeciallyi artablnfosialasma eeaction thamber.an anode pl ate 14,
Is used to conduct the dielectric deposition process.

he [ tain and héat a wafer 16,
\%hi chhﬁﬁéacﬁﬁrgéﬁ?%gfgﬂéggg&?ﬁl§%§rocess tenperature to
conduct a 20 process. The anode plate 14, an RF nesh
10 iThetdepobitimnenf digleatmi matcRE] isgrouoliihegnpodtadBsteps m the

L e T
TSRS IOd 6] e G gm@) td RbBte ARk ﬁg‘?‘b’é ?‘%ﬁlt g%&%lé&ﬁaaﬁ 18s

energy stably to the reaction sust al
a Ipasspyatsmalaysr tooprotend tlae cirtuetsidre hetip fond apastitd amd metal

98, B9 R A Gt Bl ORRED B3R ety
%,%ge&ss mesed et RecashailyCustd' diffRui defRGr Rt a,

~which comprises a reaction chamber 11, an RF gencrator 18, an RF

‘matching box 19 and an RF matching circuit 19°. The reaction chamber 11,
which contains a heater 17 and an anode plate 14, is used to conduct the
dielectric deposition process. The heater 17 is used to sustain and heat a

wafer 16, which maintains a specific process temperature to conduct a

process. The anode plate 14, an RF mesh 10 in the heater 17 and an RF

grounding rod 13 form a conductive path to generate plasma 15. The RF
generator 18, the RF matching box 19 and the RF matching circuit 19' form

~an RF systém to deliver the energy stably to the reaction chamber 11 to

sustain the plasma 15 to conduct the dielectric deposition. The portion
contacting the wafer 16 of the heater 17 is a ceramic surface (not shown).

The RF mesh 10 is disposed under the ceramic surface and connected to the

- top of the RF grounding rod 13 whose bottom end is grounded. A resistive

heater (not shown) inside the heater 17 is used to increase the temperature

of the wafer 16 to the process temperature (in general, above 200°C, which

- depends on different processes), to facilitate a dielectric film deposited on
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- generate

top of the RF grounding rod 13 whose bottomend is
grounded. A resistive heater (not shown) inside the
heater 17 is used to increase the tenperature of the
wafer 16 to the process tenperature (in general, above
200C, which 30 depends on different processes), to
facilitate a dielectric filmdeposited on the surface

2 illustrates a cross-section of
?ﬁ%gﬁgﬁ@ﬁ%‘?%‘éfL@ater 17 of FIG 1, which shows
the way to ground the RF grounding rod 13 in prior

ar t sFIG. Qoilmspraesiangods-seetida ofile bottonuef theéheater 17 of FIG.
el ect.rj Cﬁ“y, are used to connect the 5 b&itr]r m of .t he

Hearhieh show dhe meahia gramndride il grennding reg ddi Mgpesgarts.
ﬁgf?/ Fro‘i’i‘ﬁh@ﬁt 008 385 cHURUGE F}#ﬁg&{llgﬁ are ysed fo qmnect the

enper ature envi ronnent

- pottoimehntherleats IBAndvHd betesmayendraf th RIS groundirfgoreeie13 by

thereof applied to the bottom end of the RF grounding
PEHIL 10PTRALy ﬁ&@’@?’ 6%5181.({331’ ?h]élnggftém@?r%t'f‘ﬂ@ epAtongrent for a long

. h .
(PR BT PRHE R RO ACREDS 8l e v thereor
appliehgesthehottormhend wft thet RF gséwidinmg aoidntd eediedecichse.
RSB 5510, Ry BB e BB S e e
gﬁgﬁ@&% £ s LnANfe gﬁ%x&?ﬁ% 48 dsO B (Pnctdled WA Whntdct

rounding ro e contact resistance
desisance mcashsés; thORE enetigggtasaing thtdughnisrapa e chitse arcing,
ssibility.of 15 arcing. Accordingly, such a vjcious
ety Tepuls’ g slﬁbe%tﬁaeew% ew}ﬁt?gal Raeess f_&ﬂnixg%% gnd
BRRIAFBH G B 1ORMH Ghd' OF i RIPGrbufuifeROR! 13.0Mhe YXmedB:
1. Inthe dielectric deposition~rocess, the process
resippanct deteriorated emerthe | oxidatado wdll2 i'ré3se whiec possiphtyd ©f

t he RF, groynding rod 13 thermally and rd to SS
AR A Such a16%iHa Sy Asoptously et e wipld rate

V, oy citng i S
e R R SR A e
deposi tion process, which causes mcro particles and

r esdhithke diglavime depasitiegmprieess thapctuenpecatens as getaral,
}/Si gllogve 200°C, which expands the RF grounding rod 13 thermally and
upward to press against the RF mesh 10 and then to break the ceramic
surface above the RF mesh 10. Therefore, arcing is generated during the
plasma-enhanced dielectric deposition process, which causes micro

particles and results in micro-contamination and thus de_creases the yield

~ rate of wafers.

In addition, when the ceramic surface is broken, the whole heater 17
needs replacement, which shortens the lifetime of the heater 17 and
decreases the up-time of the equipment (i.e., the dieléctn'c deposition
system). Consequently, the cost is increased. Therefore, it is necessary to

improve the method of grounding the heater 17.

SUMMARY OF THE INVENTION

The objective of the present invention is to provide an RF grounding
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rate of wafers. In addition, when the ceram c surface
is broken, the whole heater 17 25 needs repl acenent,
whi ch shortens the lifetime of the heater 17 and
decreases the up-tinme of the equipnent (i.e., the .

di el ectric deposition system. Consequently, the cost
is increased. Therefore, it is necessary to inprove

PREERTRoRR ool BRI 16 PRI xRS il o

. ctangy @ud deflaxibR-condustivienghee? ta fpmn af grounding pathe The RF

partigularly to ap, RF groundi ng apparatus _using a
EraRsing apparatus ithizes enetréaceyeonidrd drovided dynhg clamp and

O B S BRI BRRAAAE e
tlddng Rlegeratsangics ibottonr pritdeta P¥astierdactsh Whamber (e.g., the

onducti,ve sheet tq prevenf 5. arcing generated at a
Besien nPhait P&SH@'%W}@@ﬁﬁgr chemicsh YA eFcpositipn  ghamber).

RS, B B S5 R o2 bR ORI L i

bhrakpge sfnthei caramic gurfaed thaosuktaihs eakader, obhichewould be

' cerag&murf ce that sustains a wafer, which woul
e

fer, ld.b
EBHRE rHRROERP A4 dhe R Fogroupdingrrogy dhuithg ¥elime of

B o Bait A FRsfin o B TR Be 0

achi eve the objective, the present invention discloses
an Rf ordgrdurdhiegedhabpictise, thhiprésens irveptipa discdoses aBFRF

roundi ng rod of a.plasma,. reacti chanper. The RFE
Qe EPRageus v RSt 12 APRliof O Andk EEAEURE Ted o a plasma
PAGRER gt Ty RErghp o I hnlbe TG S ot

e RF groundi'ng

. phdmextactis cawbear The fipeofthe R0 grodinding mylia fatedsto an RF

SRR SR S AR e Ml honls

hppdthits AHniRs d beRlY ¥nd W Blexible conductive sheet. The clamp
clamps the bottom of the RF grounding rod firmly and electrically. The
flexible conductive sheet connects the clamp and a grounding base of the
plasma reaction chamber to form a grounding path. When the RF grounding
rod expands thermally and downward, the RF grounding rod moves in
relation to the grounding base, i.e., a relative displacement is generated
between the RF grounding rod and the grounding base, through the flexible
connection provided By the flexible conductive sheet. Thus, the ceramic
surface of the bottom part is prevented from breakage, which would be

caused by thermal expansion of the RF grounding rod.

The RF grounding apparatus of the present invention can solve the
issue of the decay of clamp force in prior arts, improve the grounding,
extend the lifetime of the bottom part of the plasma reaction chamber, and

further reduce the production cost.
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fl exi bl e conducti ve sheet connects the clanp and a
groundi ng base of the plasma reaction chanber to form
a groundi ng path. Wen the RF grounding 20 rod expands
thermal |y and downward, the RF grounding rod noves in
relation to. the grounding base, i.e., a relative

di spl acenent is generated between the RF groundi ng
rod and t IBREEFUESCRIFEEONIOFTHE DRAWINGS! e
connection provided by. the flexible conductive sheet.
Thus, the ceram.c_ surface of the bottompart is

* pr evkhin wyention il dsidegeribethacaerding) te the appendss drawings in

| expansion of the RF grounding rod. The RF
groundi ng apparatus of the present invention can solve
the issue of the decay of clanp force in prior arts,
| MPrRIGE 1tillastgites adinognm diekteiddépueition sfsteil; of the
bottom part of the plasma reaction chanber, and

further reduce the production_cost. BRI EF DESCRI PTI ON ,
OF T BrlneNess Prerosoestaont the potbemicteihsaier shown in

_@ﬁgo[.di ng to the appended drawings in which: FIG 1
[

ustrates a known dielectric deposition system FIG
2 illustrates a cross-section of the bottom of the
heatRIG. shoillustrates| &n  dmbbditmen? of | thet applisativns of the RF
enbodi nent of th$ appl i cat.i ons, of tHe RF groundi ng
gppmding apparatus of therresentipyaiianogndand FIG 4
illustrates an expl osive view of the RF grounding

app I

BT G K rgliipg appitus.
applications of the RF grounding apparatus of the

pr BREFERRED R ORMMENTSOFFHE:PRESENG INYENTION
under st andi ng. The RF groundi ng apparatus 50 is
appldrgdat F [ d . of. .
rendtEon Belhse b RIRRoERE N fplighioBe B A RY grounding
apparatus of the present invention, which is upside-down for easy

_ .understanding. The RF grounding apparatus 50 is applied to an RF

- grounding rod 13 of a plasma reaction chamber. FIG. 4 shows an explosive

view of the RF grounding apparatus 50. The RF grounding apparatus 50
comprises a clamp 52 and a flexible conductive sheet 53. The clamp 52
comprises two side portions 523 and an arced portion 524, which form a
hollow portion to accommodate the bottom of the RF grounding rod 13.
The flexible conductive sheet 53 is a U-like structure, which comprises two
side plates 528 and a middle plate 527 connecting the two side plates 528.
The thickness of the flexible conductive sheet, which is a metal sheet in the

current embodiment, is from 0.1mm to 5mm. Each of the two side portions

| ~has a plurality of threaded holes 525 (two threaded holes in each side

portion 523 in the current embodiment, and another two threaded holes are
pot shown due to the angle of view). Each threaded hole 525 corresponds to
a through-hole 526 in the side plate 528. Thus, two fasteners 51 (two bolts
in the current embodiment, refer to FIG. 3) can be used to fix one stde plate
528 of the flexible conductive sheet 53 to the two side portions 523 of the
clamp 52. Similarly, another side plate 528 can use another two bolts 51
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- path fornmed by the cla

15 view of the RF groundi ng apparatus 50. The RF
groundi ng apparatus 50 conprises a clanp 52 and a

~flexible conductive sheet 53. The clanp 52 conprises

two side portions 523 and an arced portion 524, which

. forma hollow portion to acconmodat e the bottom of

the RF grounding rod 13. The fl eX| bI e conduct ive

[ t
e oD e R g e L he
ﬂntesllde Theagrosndiig, bas'Ehﬁ4 tis coium&ﬁ&i dxi at g'reuﬁﬂ@:k tdrhenal to

T drtouAgon At (OReE 1 oL b Bosmal (had o ppgion
599 i§ icdg 5’323*?% t}?h!ﬁie t@vo%b‘l&@ L8 ﬁémg%é%%%nggf @% RF

525 tvvot S|neac ortion 5
ghencding end 12 byedifreatontacid anot her two t hreaded hoI es

- are 25 not shown due to the angle of vi evv). Each

VLTRSS o
Eé‘ﬁdlﬁztlv'erbh%ﬁ? Hiligdy s&fﬂb@cﬂoﬁﬁ{& 1n§t@id36f 15(9[11{: E&;tag't) inGHbr

be used fix one side plate 28 of the flexible
artsxd‘ﬁhemeﬁﬁes aembls $1¢crlsr1cztlecctnmcsom depwedn tlwsglmﬁdmg base

52 ang W3k iy r3d 4¥ is ARShie i derhih femaratng sad
hfe;iﬁgrzs; dff&eivel 8‘ é’lnhﬁfat&:[ q& Rdir bR AREN bR iR ctibe k&t 53

groun base is connected to a grounded
tamit gl too @hwk@mrh @oglrcb@vddbn dlepalvihity( teedléow tthe Rchrolll)ldmg

TP 1R s St ingelaRd Bie et GGV R s RF

gfcundsig od 99 ekBaktls &%ﬁﬁﬁﬂgg dgg £ tqﬁgeh %eTgﬁfI:rgﬁﬂé‘ nAlkR@dingly,
X

then 8dc graunding eappstatus 90 ees prevémdcthecenraniee sirfeceaf the

BB 7. st it B i P B b 85ARn of

HRF Beofdiss esdd3ng rod 13 is maintai ned under high
tenperature and 10 arcing is effectively elim nated.

In addition, the flexible conductive sheet 53 cannot
be denddifien anayehefilcondupiive coftosionkiesistant taaterinbke.g.,

é&ﬁ) Rin 8L %%a%dno% the surfaces of the RF grounding rod 13, the bolts 51,
the clamp 52 and the flexible conductive sheet 53 to enhance the electrical

conductivity, the proi)erty of anti-corrosion and lifetime thereof.

In the present invention, the connection between the flexible
conductive sheet and the grounding base, and the connection between the
clamp and the RF grounding rod, are not limited to the bolts and the

threaded holes described in the embodiment. Other connection methods,

‘which keep effective electrical connections, can be used, for example, bolts

and a nut, and direct welding. Also, the RF grounding apparatus of the
present invention can be applied in any reaction chamber of the
semiconductor manufacturing process that is involved with plasma reactlon
for example, a plasma-enhanced chemical vapor deposition chamber, a
physical vapor deposition chamber, a plasma-enhanced etching chamber,

and so on, to improve the grounding of the plasma reaction chamber.




rod 13 to nove downward in relation to the grounding
base 54 when the RF grounding rod 13 expands
thermally due to high tenperature. Accordingly, the
RF groundi ng apparatus . 50 can prevent the ceramc
surface of the 15 heater 17 from breakage, which would
be caused by thermal expansion of the RF grounding
rod fk  dubvadslistiindy é’mb@&ﬁ{ler?g 6P nﬁ‘l\ilcg)}r%i%nt invention are
corrosion-resistant materral (e.g., g can be
antehded tnb¢ fistatiVaoaby. oNuhteeowrFaltarnativd ergbodithehits ntalybe
bolts 51, the ¢l . 52 and the f| exible.conductive
uistd By nessannknld infe aovithow epaie A eisgeRs of the
qgﬁoﬁﬁﬂ%$gﬁﬁk_of anti-corrosion and lifetine thereof.
I'n the™present invention, the connection between the
flexi ble conductive sheet and the groundi ng base, and
t he connection between the clanp and the RF groundi ng
rod, are not limted to the bolts and the threaded
hol es descri bed in the enbodi nrent. O her connection

- met hods, 25 which keep effective electrica
connections, can be used, for exanple, bolts and a
nut, and direct welding. Al so, the RF grounding
apparatus of the present invention can be applied in
any reaction chanber of the sem conductor
“manufacturing process that is involved with plasm
reaction, for exanple, a plasma-enhanced chem ca
vapor deposition chanber, a 30 physical vapor
deposition chanber, a plasma-enhanced etchi ng chanber
and so on, to inprove the grounding of the plasna
reacti on chanber. The above-descri bed enbodi nents of
the present invention are intended to be illustrative
only. Nunerous alternative enbodi nents may be devised
by persons skilled in the art w thout departing from
the scope of the followng clains. 5 Wat is clained
is:
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1. An RF groundi ng apparatus, which is applied to an
RF grounding rod of a pl asna reaction chanber,

- conprising: a clanp for clanping the RF groundl ng rod;

and 5 a flexible conductive sheet connecting the clanp
and a grounding base of the plasnma reaction chanber
to forma grounding path. 2. The RF groundi ng

AVRaf Atdginddd fskai m 1, wherein the clanp clanps the RF
groundi ng rod by surface contact. 3. The RF groundi ng

apparatus of CJaim1l, wherein a relative

d| spl dcenddit RE peaunding tﬂ]’-@aﬁufgr@m g amh@ahdmm RF
4. The RE groundi ng apparatus,of Caim
SHRERE R Bl s%fe%mndﬁm“bae&eﬁ@ﬁ? Befaused by
t her mal sion of t F ndi n d. 5. The RF
gr oun%lf:]rﬁ‘&'l %ﬁ?@mn%fh%{ggﬁg RO} EQ ﬂ‘i'%t he flexible
conductive sheet is connected to the clanmp and the
gr oundifkexiblgseondpctive shegsl eonnectipg dhe fdamprandsa goundiag

PaeeP P P ERARHiBh HharRborto Yalk gUREHRE r atus o

Claim1l, wherein the flexible conducti ve sheet | s
coateq w ayer of conductlv rr eS| ant
20 rmfer | dihe RE HRUnRRE RGN ¢ o Pl STST Bl G P
Mf'&ﬁ[ [ stalledlnaheater
0 tlﬁ)emg%%ﬁﬁpggfgl odd)pﬁl r%g doﬁtédcf‘_l_he RF groundi ng

apparatus of Claim8, wherein the heater is wused to
carrysa n u
appar 3t us ; %IF 5[% hﬁaﬁﬁ%}?é%mt;’[ he pF&g{ng %eg 3 relative

dizpheemensisisgeet D tiRoRE geduwaliad esd sad theag&enndmgdﬁasé.l on
process. 11. The RF groundi ng apparatus of Caiml,

wherein the clanp

4.  The RF grounding apparatus .of Claim 3, wherein the relative

displacement is caused by thermal expansion of the RF grounding rod.

5. The RF grounding apparatus of Claim 1, wherein the flexible

conductive sheet is connected to the clamp and the grounding base by a

plurality of fasteners.

6. The RF grounding apparatus of Claim 5, wherein the fasteners

are bolts.

_ 7.  The RF grounding apparatus of Claim 1, wherein the flexible
conductive sheet is coated with a layer of conductive corrosive-resistant

material.

8. The RF grounding apparatus of Claim 1, wherein the RF

grounding rod is installed in a heater of the plasma reaction chamber.

9.  The RF grounding apparatus of Claim 8, wherein the heater is

used to carry a wafer in process.
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conprises two side portions and an arc portion formng .
a hollow portion to 5 accommpbdate the bottom of the

RF grounding rod. 12. The RF groundi ng apparatus of
Claim1l, wherein each of the two side portions has a
plurality of threaded holes to clanp the RF grounding
rod. 13. The RF groundi ng apparatus of Caiml,

V\/nler J(2i1|0. L thef Réggﬂﬂuﬁdin@ap}mﬂus tdf\é(éla'&lheb,t whmgrb'tﬁesphsma
U-|ike ape and conprises two side plates an a
Feafdioa aaﬁtsr sonieddoicegdusia ehgmisalieaner depesitiqn propges.
RF groundi ng apparatus of O aim 13, wherein each of

the two side plates has a plurality of through-holes
Lo be lfii xdthe BF Botering apparatuscof Glainy dundiengin i el

S o S0Pl AR S PR Bt R pcabloritn o
abesthnldat ﬂleib@l&eﬁ%fih%twgfb&d%\r,g?&nd Smm 16. The RF

groundi ng apparatus of Carm 7, erein the | ayer of
conductive corrosive-resistant material is a gold

uhor o8 { PR Eroh R Rl ARYGE (o I, ALl cach of the

- ¢twadside pornpiopsi had avahoalitye pésthi¢agdedpholesst®. clatnp The RF

RF groundi pg apparatus of Claim1, wherein the plasma
hI¥hanber is used to .conduct an etching
process.

13.  The RF grounding apparatus of Claim 1, wherein the flexible
conductive sheet exhibits a U-like shape and comprises two side plates and

a middle plate connecting the two side plates.

14. The RF grounding apparatus of Claim 13, wherein each of the

- two side plates has a plurality of through-holes to be fixed to the clamp and

to the grounding base by bolts.

15. The RF grounding apparatus of Claim 13, wherein the flexible

conductive sheet is a metal sheet of a thickness between 0.1mm and 5mm.

16. The RF grounding apparatus of Claim 7, wherein the layer of

conductive corrosive-resistant material is a gold layer.

17. The RF grounding apparatus of Claim 1, wherein the plasma

reaction chamber is used to conduct a physical vapor deposition process.

18. The RF grounding apparatus of Claim 1, wherein the plasma

reaction chamber is used to conduct an etching process.




