RELI ABI LI TY ASSESSMENT SYSTEM AND METHOD BACKGROUND The present invention
relates to a sem conductor fabrication apparatus, and nore specifically to
a pedestal supporting a substrate in a plasma chanber. Referring to Fig.

1, the operation of a conventional pedestal 100 in a plasm chanber 200 is
shown. Fig. 1 further shows a fabricating step of a substrate 10 cl eaning
the oxide thereon, such as cleaning oxide froma netal |ayer (not shown)
of the substrate 10 exposed by a via (not shown). In Fig. 1, pedestal 100
has an insul ating base 114, a conductive |ayer 120, and an insul ating
cover 112. The i rREIEABIIIMASESESSMENTUSYATEN AHD iM@ryerxi de, with a recess
115 enbedded in the conductive layer 120. The insulatirng cover 112 1is
usually quartz, a solid phase of silicon oxide. The insulating cover 112
is usually a consunabl e part oveﬁhbkag e conductive layer 120 and

i nsul ati ng base 114 to support the substrate 10. A top view of the
pedestal 100 is shown in Fig. 2. Pinhole 102 includes a pin (not shown)

for loading amntt present invention relates to a semiconductor

fabrication apparatus, and more specifically to a pedestal
supporting a substrate in a plasma chamber.

Referring to Fig. 1, the operation of a conventional
pedestal 100 in a plasma chamber 200 is shown. Fig. 1 further
shows a fabricating step of a substrate 10 cleaning the oxide
thereon, such as cleaning oxide from a metal layer (not shown)
of the substrate 10 exposed by a via (not shown) .

In Fig. 1, pedestal 100 has an insulating base 114, a
conductive layer 120, and an insulating cover 112. The
insulating base 114 is usually silicon oxide, with a recess 115
embedded in the conductive layer 120. The insulating cover 112
is usually Quartz, a solid phase of silicon oxide. The
ingulating cover 112 isg usually a consumable part overlying the
conductive layer 120 and insulatiné bagse 114 to support the
substrate 10. A top view of the pedestal 100 is shown in Fig,

2. Pinhole 102 includes a pin (not shown) for loading and



1 unl oadi ng the substrate 10. The range of dotted circle 117 shows the
position of the conductive layer in pedestal 100. Fig. 1 is a sectional
view of the conventional pedestal 100 along the AAline in Fig. 2. The

pl asma chanmber 200 in Fig. 1 further has a belljar 220 of quartz as a
chanber wall, and a gas di spenser or shower head 240 electrically
connected to a power supply 232. The conductive |ayer 120 al so

el ectrically connects with a power supply 234. \Wen the power supplies 232

and 234 are _engaged, a n_gas (nqg shown) passi ng through the gas
di spensé¥i?. 1?1@9;%%?3 ggfﬁg?ﬁeor't Tﬁjﬁi LR0EE 53 3% CdGEpRiEs’ BRO¥and 234
further drive inert plasma 42 to bonbard the surface of substrate 10 to

etch t helexipdeitdonacpreget@imimed viehilaekaessn dbdaomer ,1deecagsg. quartz is a
solid phase of silicon oxide, belljar 220 can contribute to attachnent of

the oxide particles,. farnmed_during the plas rocess shown in Fig. 1, to
prevent]§hgs??%E%93§}fW%ﬁ“ 86n¥éﬁﬁéﬁﬂﬁ%ﬂ?lﬁﬁaggﬁ destahrtit pdonovias
substrate 10 is an eight-inch wafer, the pedestal 100

AA line in Fig. 2.

The plasma chamber 200 in Fig. 1 further has a belljar 220
of quartz as a chamber wall, and a gas dispenser or shower head
240 electrically connected to a power supply 232. The conductive
layer 120 also electrically connects with é power supply 234.
When the power supplies 232 and 234 are engaged, argon gas (not
shown) passing through the gas dispenser 240 ig ionized to inert
plasma 42. Power supplies 232 and 234 further drive inert plasma
42 to bombard the surface of substrate 10 to etch thé oxide to
a predetermined thickness. Moreover, because quartz is a solid
phase of silicon oxide, belljar 220 can contribute to attachment
of the oxide particles, formed during the plasma process shown
in Fig. 1, to prevent substrate 10 from contamination by oxide
particles.

When substrate 10 is an eight-inch wafer, the pedestal 100
is approximately 9 inches wide and the conductive layer 120

approximately 190 mm wide, less than the diameter of substrate



I's approximately 9 inches wide and the conductive |ayer 120 approxi mately
190 mm wi de, less than the dianeter of substrate 2 10. Inert plasma 42
usual | y bonbards the surface. of substrate 10 vertically and uniformy
during the plasma process shown in Fig. 1. However, the design of the
pedestal 100, in which the wdth of conductive |layer 120 is |l ess than the
di aneter of substrate 10, nmakes denser inert plasm 42 bonbard the surface
of substrate 10 nonvertically, resulting in abnornal etching of the

i nsul ating cover 112. The_recess. 116 in Fig. and_2 is forpned by abnorna

et chi ng %f tﬁée?’hﬁhaéﬂanﬁzc‘dﬁé?l%Mé’m%rgssﬁ]&?t%ac%@fl PPREFRRCOf

I nsul ating cover 112. The abnormal etching of the insulating cover 112 is

an addi ticoRaktSENI T Hid MBHEoraill @oRaxitte PRathe!®Socd enbial 1y

contam nating the surface of substrate 10, negatively affecting yield of

t he plasna rocess and odyc el i The_formation of recess 116

further 5 sgs cﬁé'\’)’feéfeiron%;‘ﬁ aﬁﬁéﬂ%&ét@fg Pﬁéﬁ?’éﬂnjgo%oﬁé‘r wpigh thegativel y

affecting etching stability of substrate 10 during the cleaning process.
width of conductive layer 120 is less than the diameter of

substrate 10, makes denser inert plasma 42 bombard the surface
of substrate 10 nonvertically, resulting in abnormal etching of
the insulating cover 112. The recess 116 in Fig. 1 and 2 is formed
by abnormal etching of the insulating cover 112. This shortens
the lifetime of insulating cover 112. The abnormal etching of
the insulating cover 112 is an additional source of more
silicon-oxide particles, potentially contaminating the surface
of substrate 10, negatively affecting yield of the plasma
process and product reliability. The formation of recess 116
further causes deviation in impedance of insulating cover 112,
negatively affecting etching stability of substrate 10 during
the cleaning process.

Techniques have been developed to address particle
reduction on the surface of substrate 10 during the plasma

process shown in Fig. 1.



Techni ques have been devel oped to address particle reduction on the
surface of substrate 10 during the plasma process shown in Fig. 1. Su et
al., in US Patent No.5, 410, 122, disclose particles formed during the

pl asma process falling to the surface of substrate 10 at the end of the
pl asma process resulting from dissipation of charge on substrate 10 when
power supplies 232 and 234 are turned off at the end of the plasm
process. Thus t hey disclose a technique to repel particles fromthe

f b trate 10 | | nb by.i [ t r
?\g(rga?f:\e/e cha g > ral gl & hgt Pﬁggnﬁﬁog 4%:9 sggstﬁé%gg‘%%é%ﬁ‘ tg‘ff’l( e!%gngratl ng

pl asma thereabove. The repel |l ed partlcles are then swept away by a
hori zonfakmédr dersughtas @lhisgh- pabeegas fhllQWngotca vRgNEIifadd edd. US
Pat ent No. 6, 423, 175 discloses a technique performng mechanical

sand-blaa% 9.0 @en1c etc on a focus_r (contributive to.

focus of ﬁg ?%%r ot asHi (ﬁgt hB&ﬁ?matBr?ﬁ%?%aE%FTiﬁﬁ%ﬁw%

roughness of the focus rlng, | mprovi ng
dissipation of charge on substrate 10 when power supplies 232
and 234 are turned off at the end of the plasma process. Thus,
they disclose a technique to repel particles from the surface
of substrate 10 in plasma chamber 200 by inducing positive or
negative charge, or alternating charge, on substrate 10 without
éenerating plasma thereabove. The repelled particles are then
swept away by a horizontal force such as a high-rate gas flow
or a magnetic field.

US Patent No.6,423,175 discloses a technique performing
mechanical sand-blasting or chemical etching on a focus ring
(contributive to the focus of the inert ple.sma 42} (not shown)
to increase the surface roughness of the focus ring, improving
adhesion between the focus ring and the particles formed during
the plasma procesls shown in Fig. 1.

Lu et al., in US Patent No.6,482,331, disclose the

temperature of belljar 220 rapidly cooling below 100°C at the

end of the plasma process. The contraction of particles adhered



adhesi on between the focus ring and the particles formed during the plasnma
process shown in Fig. 1. Lu et al., in US Patent No. 6, 482,331, disclose the
tenperature of belljar 220 rapidly cooling bel ow 1000C at the end of the
pl asma process. The contraction of particles adhered to the belljar 220
causes themto peel off frombelljar 220 and fall on substrate 10, causing
serious contam nation. Therefore, US Patent No. 6,482,331 di scl oses a
technique to heat belljar 220 wusing a heated gas such as nitrogen to

bet ween about 1000C and 1500C, flomnng 20. Pat
No. & 565 590 B 901G 23004 Grciod Lt okt Fheh Rk AP SHown)
surroundi ng the bottom of pedestal 100 to attract the processing gas

during fbhe 41 86PBLrPEOEAIS SN hg EBrEb@s chbntihenpatibhcl eBefofads, during the
pl asma process are therefore removed into the passageway. Thus, particle

contam nation on substrate #¥ reduced. . The afor &) ed discl osures
can red§cR s Par b éPé 32) ﬁﬁ??dhtSthbgg?FﬁiE g éggéég]%éfy but
cannot reduce the

uging a heated gas such as nitrogen, to between about 100°C and

150°C, flowing over belljar 220.

US Patent No.6,551,520 discloses a technique setting a
passageway (not shown) surrounding the bottom of pedestal 100
to attract the processing gas during the plasma process shown
in Fig. 1. The particles formed during the plasma process are
therefore removed into the passageway. Thus, particle
contamination on substrate 10 is reduced.

The aforementioned disclosures can reduce the particle
contamination on substrate 10 effectively, but cannot reduce the
particle source resulting from abnormal etching of the
insulating cover 112. A solution to the shortened lifatime of
insulating cover 112 and unstable etching rate of substrate 10

during the plasma process resulting from abnormal etching is

also not disclosed.



particle source resulting from abnormal etching of the insulating cover
112. A solution to the shortened |ifetine of insulating cover 112 and
unstabl e etching rate of substrate 10 during the plasma process resulting
from abnormal etching is also not disclosed. 5 SUMVARY Thus, obj
the present invention are to provide a pedestal supporting a substrate in

a plasma chanber

ects of

reducing particles fornmed in the plasma chanber, thereby

preventing abnormal etching of a part of the pedestal to prolong its

lifetime, and normalizing the etg jate on the substrate in the plasm
chanber. In order to achieve the I bed objects, the present invention
provi des a pedestal supporting a substrate in a plasma chanber. The

pedestal in hudes

cover.
cover

The conduc ayer overilies insulat i ng

oBfleb U0 hasen COnduRtLLg oLBYED pATRlde Ger ani ©

The ceram c

partially covers the conductive |ayer, which is covered when the
pedest pkedeappdrsgpporting a substrate in a plasma chamber, reducing

particles formed in the plasma chamber, thereby preventing
abnormal etching of a part of the pedestal to prolong its
lifetime, and normalizing the etching rate on the substrate in
the plasma chamber.

In order to achieve the described objects, the present
invention provides a pedestal supporting a substrate in a plasma
chamber. The pedestal includes an insulating base, conductive
layer, and a ceramic cover. The conductive layer overlies the
insulating base. The ceramic cover partially covers the
conductive layer, which i1s covered when the pedestal supports
the substrate.

Further scope of the applicability of the present invention
will become apparent from the detailed description given
hereinafter. However, it shéuld be understooed that the detailed
description and specific examples, while indicating preferred
embodiments of the invention, are given by way of illustration

only, since various changes and modifications within the spirit



rate. Further scope of the applicability of the present invention
&PFISggzgne appar ent fronlghe detail ed description given hereinafter
However, it should be understood that the detailed description and
specific exanples, while indicating preferred enbodinents of the
invention, are given by way of illustration only, since various changes
and nodifications within the spirit s and scope of the invention wll
becone apparent to those skilled in the art fromthis detailed .
descri RESCRI PTI ON CFlTHE DRAW NGS The present invention can be
nor e fﬁ% y ungerggt: By e ot e cqiss BB Fen o rat hege ¢kdddepti on in

j de to the acconpanyi ng
conjunction with the exanples and references ma
drawi ngs thehisoht drengithés Hytwayeafdéddrgitasd on only, and thus are not
limtative of the present invention, and wherein: Fig. 1is a I
cross-sectional viewillustrating the operation of a conventional pedesta
in a plasma chanber .BEIEF DEICGRIPTION orewHal phwrgesventi onal pedestal in
Fi g.
The present invention can be more fully understocod by
reading the subsequent detailed description in conjunction with
the examples and references made to the accompanying drawings,
which are given by way of illustration only, and thus are not
limitative of the present invention, and wherein:
Fig. 1 is a cross-sectional view illustrating the operation

of a conventional pedestal in a plasma chamber,

Fig. 2 is a top view of the conventional pedestal in Fig.

Fig. 3 is a cross-sectional view illustrating the operation
of a pedestal supporting a substrate in a plasma chamber in
accordance with a preferred embodiment of the present invention.

Fig. 4 is a top view of the pedestal in Fig. 3.

Fig. 5 is a control chart illustrating the difference
between particle contamination with a conventional pedestal and

that of the present invention.



1. Fig. 3 is a cross-sectional viewillustrating the operation of
pedestal supporting a substrate in a plasma chanber in accordance with a
preferred enbodi nent of the present invention. Fig. 4 is atop vi
pedestal in Fig. 3. Fig. 5is a control chart illustrating the dif
bet ween particle contamnation with a conventional pedestal and t
the present invention. 7 Figs. 6A and 6B are control charts ill ust

t he

di fference between etching t hi ckness with a conventi onal

a

ew of the
ference
hat of
rating

pedest al and

that of the present |nve gn DESCRI PTI.ON The foIHﬁynng enbodi nent is

i ntended to fi¥ust P4t &

AFnt FIRETRY e CRBFES i AELREt i R

the scope

of the clains, since nunerous nodi fi cati ons and vari ati ons m4II be
appar entiifferthose ekivideed etching ahlickheskl gvith thecopesmti®niof a
pedestal 300 supporting a substrate 20 in a plasnma chanber 200" of the

presentpga ent

and that of the present invention.
DESCRIPTION

The following embodiment is intended to illustrate the
invention more fully without limiting the scope of the claims,
since numerous modifications and variations will be apparent to
those skilled in this art.

In Fig. 3, the operation of a pedestal 300 supporting a
substrate 20 in a plasma chamber 200’ of the present invention
is shown. In this embodiment, substrate 20 is processed in the
metallization of a semiconductor fabricating process to clean
excess oxide from the via of substrate 20, using an inert plasma
44, preferably argon. Note that the via cleaning step is an
example, and is not intended to limit the scope of the present
invention. Those skilled in the art will recognize the
possibility for use of pedestal 300 of the present invention in

any plasma chamber to process any fabrication step.



I's shown. In this enbodi nent, substrate 20 is processed in the

nmetal lization of a sem conductor fabricating process to clean excess oxide
fromthe via of substrate 20, using an inert plasma 44, preferably argon.
Note that the via cleaning step is an exanple, and is not intended to
limt the scope of the present invention. Those skilled in the art wll
recogni ze the possibility for use of pedestal 300 of the present invention
in any plasma chanber to process any fabrication step. s The pedestal 300
has an insul ati se 314, conduct|ve er .320, _and ceran1c cover 312.
The conduct i 350308v§?F|%% %Wﬁy%qﬁghQHHqif Bdde $PRIUGREVReranic
cover 312, conpletely or partially, but preferably partially, covers the

conductiazed aper, 320, cErerdendutiervalbayerhd2@ondsualivy aaykict appum | ayer,
S preferably covered when pedestal 300 supports substrate 20 in order to
prevent t .con ctive layer 320 from etching due to the bonbardnent of
inert pl: (%hﬁ §¥ SO SPATE When t HelSToTriit S eCPESer 2320 i s
etched, inert plasna 44 becomes unstabl e and new particles conprising. the
completely or partially, but preferably partially, covers the

conductive layer 320. The conductive layer 320, usually a
titanium layer, is preferably covered when pedestal 300 supports
substrate 20 in order to prevent the conductive layer 320 from
etching due to the bombardment of inert plasma 44 during
processing. When the conductive layer 320 is etched, inert
plasma 44 becomes unstable and new particles comprising the
composition of conductive layer 320 will be formed. The
insulating base 314 usually has a recess 315. The conductive
layer 320 usually has a bottom portion 322 embedded in recess
315 and upper porticn 324 narrower than the bottom portion 322
protruding from recess 315, forming a shoulder 326 at the
boundary of the bottom pqrtion 322 and upper portion 324 of
conductive layer 320. The ceramic cover 312 may further overlie
the shoulder 326 of conductive layer 320. The ceramic cover 312,
preferably including a composition of aluminum oxide, usually

has a hollow portion 313 accommodating the upper portion 324 of



conposition of conductive layer 320 will be forned. The insulating base
314 usually has a recess 315. The conductive |ayer 320 usually has a
bottom portion 322 enbedded in recess 315 and upper portion 324 narrower
than the bottom portion 322 protruding fromrecess 315, form ng a shoul der
326 at the boundary of the bottom portion 322 and upper portion 324 of
conductive | ayer 320. The ceram c cover 312 may further overlie the

shoul der 326 of conductive |ayer 320. The ceram c cover 312, preferably

i ncl uding a conposition of alum num oxide, usually _has a hollow portion
313 accwnfbtiiviegleHerupper poet hehlg Lyt i dhduet i SRFIMRrL 2388, The

hol | ow portion 313 of ceramc |ayer 312 preferably has an openi ng exposi ng

the uppgr; PREELeAL 3¢ anCQ?QHPﬁ%; \@q;lo%mg 8RO .udder poneceaSAIY offOr the
upper portion 324 ©of conductive Tayer 320 to be narrower than the dianeter

of substrate 20 when the upper portion 324 is exposed, in order to Kkeep
t he uppenBBIivEn182ar CRRer et WIeRECRPTATY TRy Wt &PPSE. PPREFY 324, a top
vi ew of pedestal 300 and upper portion 324 of conductive |ayer 320 of the
presents# NVSHHE QN whovs, dhaio P be narrower than the diameter of

substrate 20 when the upper portion 324 is exposed, in order to
keep the upper portion 324 covered when supporting wafer 20.

In Fig. 4, a top view of pedestal 300 and upper portion 324
of conducgive layer 320 of the present invention shows that both
are circular, but any desired shape is possible. Pinhole 302
includes a pin (not shown) for loading and unloading substrate
20. Morecover, Fig. 4 is a cross-sectional view of the pedestal
300 along the BB line in Fig. 3.

Next, in the via cleaning step of substrate 20 in plasma
chamber 200’, a robot arm (not shown) transports a substrate 20
from an incoming wafer cartridge (not shown) to pedestal 300.
When loading substrate 20, the pin is raised from pinhocle 302
to receive substrate 20 from the robot arm and then returns to
pinhole 302, locating substrate 20 on pedestal 300. At this
time, conductive layer 320 is completely covered. Next, argon

gas (not shown) passes through gas dispenser 240 and power

10



are circular, but any desired shape is possible. Pinhole 302 includes a
pin (not shown) for |oading and unl oadi ng substrate 20. Moreover, Fig. 4
is a cross-sectional view of the pedestal 300 along the BB line in Fig. 3.
Next, in the via cleaning step of substrate 20 in plasma chanber 2001, a
robot arm (not shown) transports a substrate 20 from an incom ng wafer
cartridge (not shown) to pedestal 300. Wen |oading substrate 20, the pin
is raised frompinhole 302 to receive substrate 20 fromthe robot arm and
then returns to__pinhole 302, |ocating substrate 20 on pﬁgestal 300. At
this tFePltehddct #0e A 4yere med 8’%@%@@ EBGeMSE T RERE™2 &%gon  gas

(not shown) passes through gas di spenser 240 and power 10 supplies 232 and

234 ar eyhisnebrdard=ot Ak ngidferd BErdudasite 44, to Wticthehoabaradsidehe surface
of substrate 20 to etch excess oxide therefrom Argon gas supply stops and

power sg lies 232 and 234 are turned off.. Finall tTe inls raised to
el evat e ﬁ ESLE5Ubst Fﬁiggnzﬁaﬁnﬁu?ﬂiyr%b S &M ipf’gﬁgp%PPg %ﬁgsﬁﬁataéj 0 from
pedestal 300 to an outgoing wafer cartridge (not shown).
234 are turned off. Finally, the pin is raised to elevate the
substrate 20 and the robot arm transports substrate 20 from
pedestal 300 to an outgoing wafer cartridge (not shown).
Because conductive layer 320, specifically the bottom
portion 322, is narrower than the diameter of substrate 20,
denser inert plasma 44 bombards the surface of substrate 20
nonvertically during the wvia cleaning stép. However, the
ceramic cover 312 has higher resistance to the bombardment.
Thus, ceramic cover 312 is not overly etched. No apparent recess
such as recess 116 in Fig. 1 is formed around substrate 20 on
ceramic cover 312, thereby effectively prolonging the lifetime
of the ceramic cover and lowering the PM frequency of plasma
chamber 220. Further, few, if any, particles are formed during
etching of ceramic cover 312, reducing, or altogether avoiding,

contamination of substrate 20. Furthermore, impedance of

ceramic cover 312 is stabilized since no apparent recess is

11



Because conductive | ayer 320, specifically the bottom portion 322, is
narrower than the dianeter of substrate 20, denser inert plasm 44
bonmbards the surface of substrate 20 nonvertically during the via cleaning
step. However, the ceramc cover 312 has higher resistance to the
bonbardnment. Thus, ceram c cover 312 is not overly etched. No apparent
recess such as recess 116 in Fig. 1 is fornmed around substrate 20 on
ceram c cover 312, thereby effectively prolonging the lifetinme of the

ceram c.coyer and Loweri RMifeauency ofynol ASER o charbay 220,
Further?°¥%ﬁé’?¥ggﬁ§&gﬁgggﬁ%?ggcgbégforneg%ﬁuﬁ?ng et chi ng oféceranic cover
312, reducing, or altogether avoiding, contamnation of substrate 20.

Furt her obeaningmpedance of ceram c cover 312 is stabilized since no

apparent recess is 11 forned, normalizing the etching rate of substrate 20
during via g [heel 1 feLl of s @1 uad ZJRsub abi g Feves iLl2 in Fig.
1lis approfﬁﬁgﬁgﬁggfg;bgsE%f%%ggg cygﬁes. f%e lifetinme of %éra;ic cover

312 of this enbodinent is approximately 80,000 process )
approximately 16,000 process cycles. The lifetime of ceramic

cover 312 of this embodiment is approximately 80,000 process
cycles, an effective improvement. Further, the quartz
insulating cover 112 can be recycled only once, and then is
" discarded. The ceramic cover 312 can be recycled more than eight
times. Taking the other costs into consideration, even though
the unit cost of ceramic céver 312 is higher than the quartz
insﬁlating cover 112, processing costs per wafer using the
quartz insulating cover 112 are considerably higher than those
with ceramic cover 312. Thus, the present invention further
contributes to lower processing costs.

In Fig. 5, a control chart illustrates the difference
between particle contaminatiqn with the conventional pedestal
100 in Fig. 1 and the pedestal 300 of the present invention. The
left side of line 500 shows process data of particles per wafer
after via cleaning with conventional pedestal 100. The right

side of line 500 shows process data of particles per wafer after

12



cycles, an effective inprovenent. Further, the quartz insulating cover 112
can be recycled only once, and then is discarded. The ceram c cover 312 can
be recycled nore than eight tinmes. Taking the other costs into

consi deration, even though the unit cost of ceram c cover 312 is higher
than the quartz insulating cover 112, processing costs per wafer using the
quartz insul ating cover 112 are considerably higher than those wth
ceram c cover 312. Thus, the present invention further contributes to

| ower p e r t. at g3 e
dlffereﬁg% é%%%%ﬁ%%%%§¥}nggggg%tg%gﬁﬁf?g% g%?%gﬁaéﬁgﬁﬁﬁgﬁﬁonévhgedestm
100 in Fig. 1 and the pedestal 300 of the present invention. The |eft side
of |inecsovcBhbABaproeesstahtOGf Hw dasitaolpehawaf ehowaf that vinere| eani ng
with conventional pedestal 100. The right side of line 500 shows process

data of jpatrt LeLespPerwaalehaf tekqghénkt 8s Cl.eanlNgoy ttl B@geéeﬁt} &ﬁo of the

pr esent |nvent|on Wth conventional pedestal 100, contr art shows
t hat nDre Eartlcles per wafer and frequencies exceed UCL (upper contr ol
limi and even the USL (upper specification limit). With

pedestal 300 of the present invention, the control chart shows
fewer particles per wafer. More specifically, the average
particle count per wafer is 6.7 with pedestal 100 and 1.9 with
pedestal 300, a significant reduction.

Fig. 6A is a control chart illustrating the difference
between etching thickness with conventional pedestal 100 and
with pedestal 300 of the present invention. The left side of
line 600 shows process data of etching thickness after via
cleaning with conventional pedestal 100. The right side of line
600 shows process data of etching thickness after via cleaning
with pedestal 300 of the present invention. With conventional
pedestal 100, the control chart shows that data deviation is
higher with some data far from the target value of 300A, further
almost exceeding the UCL. With pedestal 300 of the present

invention, the control chart shows lower data deviation with

13



limt) and even the USL (upper specification limt). Wth pedestal 300 of
the present invention, the control chart shows fewer particles per wafer.
More specifically, the average particle count per wafer is 6.7 with
pedestal 100 and 1.9 with pedestal 300, a significant reduction. Fig. 6A
Is a control chart illustrating the difference between etching thickness
with conventional pedestal 100 and w th pedestal 300 of the present
i nvention. The left side of 1line 600 shows process data of etching

t hi ckn fdereng I [N | n L.opal esjal 100, . The right
si de ofﬁf?%é&ﬁéﬁﬁg?ﬁﬁﬁsﬁgggc§%%”%g¥§ﬂb¥%gbgh?§g3?ﬁ?téﬁ%@%?éﬁ i a

cl eanin with pedestal 300 of the present invention. thh.coqvgntlona!
pedest af MO0 TPl MbladRaceds Rb@bLirgatatatdurtiow aticoreliennimiggher with
sone data far fromthe target value of 300A, further alnpbst exceeding the

UCL. Wth pedestal. @@,O_aoéoﬁ@@oprc%%etilﬂﬁs@gﬂe@coﬁl{aﬁﬁgaﬁrb%u% rt shows
| oner data deviation with 13 nost of the data near e target value of

enpnstratin a nore stable and bal anced etching rate during via
g?ggﬁiﬁ@é@gr‘planargty“with.the conventional pedestal 100 and pedestal

300 of the present invention. The left side of line 600 shows
process data of wafer planarity after wvia cleaning with
conventional pedestal 100. The right side of line 600 shows
process data of wafer planarity after via cleaning with pedestal
300 of the present invention. With conventional pedestal 100,
data deviation is larger with some data exceeding the UCL. With
pedestal 300 of the present invention, the control chart shows
lower data deviation with no data exceeding the UCL, further
demonstrating the increased stability and balance of etching
rate during via cleaning.
Thus, the results show the efficacy of the inventive
. pedestal at reducing particle formation in the plasma chamber,
thereby preventing pedestal from abnormal etching, prolonging
its lifetime, and normalizing the etching rate on the substrate
in the plasma chamber, which achieve the desired objects of the

present invention.
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In Fig. 61B, a control chart illustrates conpari son between wafer
planarity with the conventional pedestal 100 and pedestal 300 of the
present invention. The left side of |ine GOO shows process data of wafer
planarity after via cleaning with conventional pedestal 100. The right
side of line GOO shows process data of wafer planarity after via cleaning
with pedestal 300 of the present invention. Wth conventional pedestal
100, data deviation is larger with some data exceeding the UCL. Wth
pedest al 300aDbfhdungh pheserdsdity AL ERP; C |._chart sho | ower dat a
deviation with no data é%?ieding thgetﬁi?ﬁfdggﬁg%arﬁégﬁ%ﬁgiyggFﬂﬁlthe
increasgﬁ st é&éﬁ%éfnd.gglance of etching rate during via cleaning. Thus,
the results SHowW IR effi achSHEreRee i hrenthee ppeflestad atpacadie ng
particle formation in the plasma chanber, thereby preventing pedestal from
abnor ne¢mlerdinant;s pndleongipigs,iis ilsiafrﬂiﬂdl%at%'&%ﬁ&%%kh%wgot hen t chi ng

Ich a ¥H& Gesired

rate on the substrate in the plasma chanber, chi eve
obj ect vy nresent i nvention. 14
J Sméﬁlffgﬁtﬂ%ns %hereof w1&9 no doubt become apparent to those
gskilled in the art. It ig therefore intended that the following

claims be interpreted as covering all such alteration and

modifications as fall within the true Spirit and scope of the

present invention.
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Al t hough the present invention has been particularly showmm and described
with reference to the preferred specific enbodinents and exanples, it is
anticipated that alterations and nodifications thereof will no doubt
beconme apparent to those skilled in the art. It is therefore intended that
the followng clains be interpreted as covering all such alteration and
nodi fications as fall within the true spirit and scope of the present
invention. is Wiat Is Clainmed Is: 1. A pedestal supporting a substrate in a
pl asma chanmber, conprising: an insulating base; a conductive |ayer on the

|nsulatwﬂgtbﬁgeclégmgéifguan1c cover at |least partially covering the
conductive layer, the conductive |ayer being covered when the pedestal

supports a substrate. 2. The pedestal in claiml, wherein the conductive

| ayer further conprises a bottom portion with a bottomw dth and an
. A pedestal supporting a substrate in a plasma chamber,

comprising:
an insulating base;
a conductive layer on the insulating base; and
a ceramic cover at least partially covering the conductive
layer, the conductive layer being covered when the

pedestal supports a substrate.

2. The pedestal in claim 1, wherein the conductive layer
further comprises a bottom portion with a bottom width and an
upper portion with an upper width, the upper width being less

than the bottom width and a diameter of the substrate.

3. The pedestal in claim 2, wherein the insulating base
further comprises a recess accommodating the bottom portion of

the conductive layer.

4. The pedestal in claim 1, wherein the ceramic cover

further overlies the insulating base.
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upper portion with an upper wdth, the upper width being less than the
bottomw dth and a dianeter of the substrate. 3. The pedestal in claim2,
wherein the insulating base further conprises a recess accombdating the
bottom portion of the conductive layer. 4. The pedestal in claiml,
wherein the ceram c cover further overlies the insulating base. 16 5. The
pedestal in claiml1l, wherein the ceram c cover further conprises an opening
exposi ng the conductive layer. 6. The pedestal in claim2, wherein the
ceram c cover overlies the bottom portion of the conductive | ayer and

further COﬂQFISGﬁh@ pq&;kgglﬁpﬁonuﬂgggmﬂgtﬁge cQﬂﬁkﬁP” of the

conductive | ayer. T e pe estal in claiml erein the ceramc cover is
ring-shaped. 8. The edestal in claim1, wherein the insulating base

conpri SEETERET copmpil BRS 1 OReRimedezpasing éheu apndugikyei yey¥ee conducti ve
| ayer

6. The pedestal in claim 2, wherein the ceramic cover
overlies the bottom portion of the conductive layer and further
comprises a hollow portion accommodating the upper portion of

the conductive layer.

7. The pedestal in claim 1, wherein the cexramic cover is

ring-shaped.

g. The pedestal in claim 1, wherein the insulating base

comprises silicon oxide,

9, The pedestal in claim 1, wherein the conductive layer

comprises titanium.

10. The pedestal in claim 1, wherein the ceramic cover

comprises aluminum oxide.

11. Apedestal supporting a substrate in a plasma chamber,
comprising:

an insulating base having a recess;
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conprises titanium 10. The pedestal in claim1, wherein the ceram c cover
conpri ses alum num oxi de. 11. A pedestal supporting a substrate in a plasm
chanber, conprising: an insulating base having a recess; 17 a conductive

| ayer enbedded in the recess; and a ceram c cover overlying the insulating
base and partially covering the conductive |ayer; wherein the conductive

| ayer is covered when the pedestal supports a substrate. 12. The pedestal
in claim1l, wherein the conductive layer further conprises an upper

portion, with L dth. | ess than th %{ane r of the substrate, protruding
fromthe rec%sg?xﬁ%%t*ﬂ%s%@ﬁgéngmﬁﬁec épnkﬁf,gaﬁ%?glng? e conductive | ayer
further conprises an upper portion, with a wdth I ess than the dianeter of
t he substrat @ cangntilvecawelt bvet 1y heg dthieernporat oy bése tamel gandietiwe | ayer,
protrudi ng fromthe recess.
covering the conductive layer:
wherein the conductive layer is covered when the pedestal

supports a substrate.

12. The pedestal inclaim1l, wherein the conductive layer
further comprises an upper portion, with a width less than the

diameter of the substrate, protruding from the recesgs.

13. The pedestal inclaim1ll, wherein the conductive layer
further comprises an upper portion, with a width less than the
diameter of the substrate and the width of the other portion of

the conductive layer, protruding from the recess.

14. The pedestal in claim 13, wherein the ceramic cover

further comprises a hollow portion accommodating the upper

portion of the conductive layer.

15. The pedestal in claim 13, wherein the ceramic cover

further comprises a hollow portion accommodating the upper

18



14. The pedestal in claim 13, wherein the ceram c cover further conprises
a holl ow portion accommodati ng the upper portion of the conductive | ayer.
15. The pedestal in claim 13, wherein the ceranm c cover further conprises a
hol | ow porti on accommodating the upper 18 portion of the conductive |ayer
and exposing the narrower upper portion of the conductive |ayer. 16. The
pedestal in claim1ll, wherein the ceram c cover is ring-shaped. 17. The
pedestal in claim1l1l, wherein the insulating base conprises silicon oxide.

18. The . in_cl ai LN t I r _co ises
titaniuﬁ?gggsﬁ$ﬁa%ggd%§%%§éﬁaw%ﬁg&%#iﬁégﬁﬂégggﬁgt %géggéhﬁggdggéﬁéconprises
al um num oxi de. 20. A pedestal supporting a substrate in a plasma chanber,

conpri sbagtiansefi ton- oxidecthiase lmemg a recess;

16. The pedestal in claim 11, wherein the ceramic cover

is ring-shaped.

17. The pedestal in claim 11, wherein the insulating base

compriseg silicon oxide.

18. The pedestal inc¢laim 11, wherein the conductive layer

comprises titanium.

19. The pedestal in claim 11, wherein the ceramic cover

comprises aluminum oxide.

20. Apedestal supporting a substrate in a plasma chamber,
comprising:
a silicon-oxide base having a recess;
a titanium layer having a bottom portion embedded in the
recess, and an upper portion, narrower than the
bottom portion and the substrate, protruding from the

recess; and

is



a titanium |l ayer having a bottom portion enbedded in the recess, and an
upper portion, narrower than the bottom portion and the substrate,
protruding fromthe recess; and 19 a ring-shaped ceram c cover, having a
hol | ow portion accomodating the upper portion of the titaniumlayer
therein, overlying the insulating base and a portion of the bottom portion
of the titanium/layer; wherein the conductive |ayer is covered when the
pedestal supports the substrate. 21. The nethod as clainmed in claim?20,

wherein the Qoldigw_<pg EHOQEanEgﬁ m c,_cover furtqgg exposes the upper
portion of the t?ft ani %m | ayer. 2.&%\%’% LN P TR z&rw ein the
ceram c cover conprises alum num oxide. 20

accommodating the upper portion of the titanium layer

therein, overlying the insulating base and a portion
of the bottom portion of the titanium layer;
wherein the conductive layer is covered when the pedestal

supports the substrate.

21. The method as claimed in claim 20, wherein the hollow

portion of the ceramic cover further exposes the upper portion

of the titanium layer.

22. The pedestal in claim 20, wherein the ceramic cover

comprises aluminum oxide.
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