20 Cctober 2006 H GHLY HEAT- RESI STANT PLASVA ETCHI NG : EbFGREAD DRY
ETCH NG DEVI CE | NCLUDI NG THE SAME BACKGROUND OF THE | NVENTI ON FI ELD OF THE
| NVENTI ON This invention relates to a plasma etching el ectrode for dry
etching devices for production of sem conductor devices, and the dry
etching device including the sane, nore particularly to a highly

heat -resi stant plasma etching electrode for dry etching devices with 2 or

mor e menber YIIGHLYSA _ { derd y edest al
bei ng joined by an egoxy- asie%Ta heﬁ'@gﬁ%‘gﬁf‘aﬁﬁmiﬁﬁPgw devi ce
i ncl udi ng the sane. DRESERICHING DEVICE PRCEUDING SR S4Bt | on devices

represented by conputers advance, the sem conductor I1ntegrated circuit as
the mai n conponent of these devices is increasingly required to have

hi gher deg{gep | r-ak i roduction of a sem conductor device,
t he worksgare @?%Q@ﬁ%lmm ng at nosphere, e.g., in a clean
room for FRELD OFITHESINVENTQOIRNCE requirenents, because each production
step as well as the stock naterial is extrenely sensitive to contam nation

wi th an i npdihisynvehtiohsreteted| toss plasfaetthilg Qﬁ%hrdﬁg‘flﬁ”lﬁ@rtet%;ﬁﬁl_ he
producti oasf.aci lity is required not to produce an inpurity. e fer

t r eat ment 4pYI6ER §eBrodiagtian aftssmisoniduntomgevines;s and, therdry etthingg and
uently referred to as

tteri Ngay; f i tion ch ,f
chanber G aARiE Thel Sy S ¥Rl to bighly hedt rosistant

plasma etching electrode for dry etching devices with 2 or more

members composed of a silicon electrode plate supported by a pédestal
being joined by an epoxy-based adhesive agent, and the dry etching

device including the same.

- DESCRIPTION OF THE PRIOR ART
As information devices represented by computers -adva.nce, the

semiconductor integrated circuit as the main component of these

* devices is increasingly required to have higher degree of integration. In
the production of a semiconductor device, the works are conducted in a
clean working atmosphere, e.g., iﬁ a clean room, for securing the
performance requirements, because each production step as well as the
stock material is extremely sensitive to contamination with an impurity.
It is needless to say that each component for the production facility is

required not to produce an impurity.

| The wafer treatment processes, represented by ion implantation, dry
etching and sputtering, are effected in a reaétion chamber, frequently
referred to as chamber, which can be evacuated to a high degree of
vacuum. The wafer treatment processes are increasingly required to

meet the higher purity standards, as degree of integration increases for



vacuum The wafer treatment processes are increasingly regesan; b6 Meet
the higher purity standards, as degree of integration increases for 1 20
Oct ober 2006 sem conductor integrated circuits, with the result that the
chanber and each of its conponents are required to have the materi al
characteristics as free of contamnation with an inpurity as possible.
Taking dry etching as an exanple, the conponent nenbers inside of the

chanmber aremiesntiuotor hytepedtedrdifehits, Withlage I’seﬁlﬁt' %&Pﬁgﬁ%ﬁgﬁgr ay

i ncl udes a pgi r..of electrodes, i.e., upper and lower e aci ng
each ot hefachif ity gempanaentsare teguined: tmhawe dHetrnateriRrclpogeterisies ce to

produce a_pl tween the caunter, el ecfrodes. A silicon wafer is set

i medi atefa;s tg%%r\ggggﬂﬁgpmtﬂoﬁl‘@gg%@ﬁ’?l@a afoRRAsSIRlE- menber, to be etched
with an etchant gas in a plasm atnosphere. Sone of the conventional plasm
etching el ectrodes, including an upper electrode, for dry etching devices

have conpl i CErladgshgpetehing be arsekatipla, Sh@BbRipcHditGhftbers MasilAS e

etching el.ectyode is often ‘cong)rsed of the components of glassy carbon,

silicon of1%F ﬁEH?PfC%‘f%d@ﬁ&ﬂl?@? refartings se Figureg3: Mseclhambenrents into a
OOl o RN S Rua A3t o REEERRRS, S S25L: oot st 20 o
Tetal o et el ok atetoth B defrble bt Silocted to SRR ke Vh,
These netssiurice torpridugenaplasmbbataced e 86@RtE BleMrbles € 208G coh0
el ectri C%!r- ar (28 tsrcl,te rirrr]lnglegi%rt]glgrcél;o\cet&c lower electrode via a mounting
member, to be etched with an etchant gas in a plasma atmosphere.
_ Some of the conventional plasma etching electrodes, including an
upper electrode, for dry etching devices have complicated shapes to be
set in a chamber structure. The plasma etching electrode is often
composed of the components of glassy carbon, silicon or silicon carbide
(SiC), and assembling these compenents into a monolithic structure
greatly increases the cost.
Therefore, the upper electrode for a dry etching device is composed of
an electrode plate of silicon or the like which is joined to a pedestal (or
support ring) of metal or metal oxide by brazing with a metal, e.g.,
indium or silver. These metallic brazing materials cause no problem

with respect to electrical and thermal conductivity,

However, joining by brazing with a metal, e.g., indiuum, involves
problems as wafer treating temperatﬁre increases to imprd;re the
plasma etching device performance. The brazing metal, although
having a high adhesive strength, may be insufficient in resistance to

heat. For example, the faces joined by indium may be separated from



However, joining by brazing with a netal, e.g., indium bp{ﬁ£¥%§ odyr obl ens
as wafer treating tenperature increases to inprove the plasma e%c I ng

devi ce performance. The brazing netal, although having a high adhesive
strength, may be insufficient in resistance to heat. For exanple, the
faces joined by indiummy be separated from each other, when exposed to a

t enperature exceeding 156C as the 2 20 Cctober 2006 nelting point of
needs . pretreatnent, e.g., undercoating treatnment with a

i ndium The i'rgoi ni n ) AL

metal | ic fPf Q%Pelgi}tqféﬂﬂﬁg{n-aﬁhedﬂnung neads pratseatiomentyergs at hi gh

t enper at ur, | | nerease st.g for workahility and treatnent.
Nbr eover , Ltﬁh%éédé?égpggﬁ%%?n# Wgé-f Iﬁﬁ?aﬁad@@ ngﬁpé‘}#%Pgoﬁﬁgfo € silicon
vaf er. Theimeéotsuniihg Wofkdat M i |
characteristics fgr drgy et chi ngégﬁgn{%]rﬁgd{% ‘Y%%eh?ﬂeg{lheﬁe%{)}#&gﬁ%e

seni condu€psts Wewekahilitisahddweatmént.. Several attenpts have been made to

sol ve theseﬁrobl ens, Fgr .exanpl e, USPS5, 074, 456 proposes an upper

el ectrode j ONREPVES: Hye Brazipgametal iteelf spaskrause snotasideatios, & thepr oposes
an upper : r | Pl Si .a. metal particles-containing.elastoneric
mat er i al s.g %}els‘gg}laerll.{/e’ﬂ]tlé}%gos}éc Itgfg%g{rﬁg Ipﬁgl%i E%E‘%S&foﬂ %‘i’%é nga"lﬁgdest al can
be | oi nechamctefbtios e dp e&cHINSC k5@l ten tbterOic | 0y decreased

t hi ckness of the adhesi veﬁlﬁayer 0 a size of the lﬁ%‘?!’;’{?bggﬁ i cl es, keeping

good par a$treiqondusntondeniceherwiliern avafet.oner el ect rodes and avoi di ng
contam nation with an inpurity.

Several attempts have been made to solve these problems. For
example, USP5,074,456 proposes an upper electrode joined using a
metal-filled epoxies, and USP6,073,577 proposes an upper electrode
joined using a metal particles-containing elastomeric materials.

These inventions claim that the electrode plate and pedestal can be
joined to each other more precisely, because of uniformly decreased
thickness of the adhesive layer to a size of the metal particles, keeping
good parallelism between the upper and lower electrodes and avoiding

contamination with an impurity.

However, these inventions have a lower thermal conductivity
between the electrode plate and pedestal, in spite of the metallic filler
present in the adhesive layer, than the case where they are joined by a
brazing material, possibly causing a temperature distribution between
the electrode plate periphery and center, and hence deteriorating the
etching characteristics.

Therefore, the joined type plasma etching electrode is required to
have electrical and thermal conductance and heat resistance at the
Joint, and this type of plasma etching electrode excellent in these

characteristics_ has been strongly demanded.



However, these inventions have a | ower thernal conductivbek&Q%;ﬂﬁ%n t he

el ectrode plate and pedestal, in spite of the netallic filler present in

t he adhesive | ayer, than the case where they are joined by a brazing
material, possibly causing a tenperature distribution between the

el ect r odgUMVM RV I F AHEEMNAENERIAEr ., and hence deteriorating the etching
characteristics. Therefore, the joined type plasma etching electrode is
required to have electrical and thermal conductance and heat resistance at

the joint, ag)d this t perg?)f | asma etchi%g el ectrpde excellent in these

characteri sti ?%%%Hboé\éne PQ‘%&_FW%I@‘F@EH% 1 PIBVIEG B 7SP806  SUMVARY OF

THE | NVEBLNg ClectebdERrigiclROpNcTRATEY Wi Heftte (BuRiRNhAR AP et ching
W an

el ectrode which is prevented from bei ng contanTnate | mpurity,
secur es Yopritiepesiiresngoad geernebhndoldetricad conahttthaat andekest ance at t he

] oi nt be t he el.ectr.o | at e ;and .pedestal (or _.supporting ring), and
Jhence i m%gr%ggasnc[eh%t g}ec}ﬂlﬂg%gﬁ‘gfeﬁ%ttg‘?ie&%‘?tfgaﬁlp&a&sﬂlfl(ﬂﬂ%oe\%lépgyi el g) by

sol vi ng hhpﬁ_@f@ﬁ%efﬁg)i, el Nefcd i}nb?svescgwewﬂiﬁgaéhaqla% &&chhag el ectrode
for dry etching devices. One or nore enbodi ment’'s may seek to provide the

dry et chbiigosevites yielk bydiohgnghdesprableiseinivolestt ot sheof the present

I nventio ve.found after .havi ext ensivel fudi,ed to devel op the

opt i mum %?Igg%rgtl%?%‘r@dﬁgné? 8&?‘?18&6'1%?8&‘8 9rgf¥l‘ﬁ¥ INEdrHess; ﬁnﬁr(lfer to sol ve
the abovehdredihBoBimeNeS nidiPseek to provide the dry etching device

including the same.

The inventors of the present invention have found, after having
extensively studied to develop the optimum plasma etching electrode
for dry etching devices in order to solve the above problems, that the
clectrode plate and pedestal can be fast joined even at high
temperature and, at the same time, good thermal and electrical
conductance can be realized between the electrode and pedestal when
graphite, which is prevented from being contaminated with an
impurity, is used as the material for the pedestal and joined to the
electrode plate of silicon by a polycarbodiimide-containing epoxy
resin-based adhesive agent incorporated with carbon as the thermal

and electrical conductive filler.

According to a first aspect of the invention there is provided a
highly heat-resistant plasma etching electrode for dry etching devices,
comprising an electrode plate of silicon supported by and fast,
uniformly joined to a pedestal by an adhesive agent, wherein
(a) the pedestal is made of graphite, and
(b) an epoxy resin containing polycai‘bodiimide resin and carbon

powder are used for the adhesive agent.



el ectrode plate and pedestal can be fast joined even atohh@bhereomer at ure
and, at the sane tine, good thermal and electrical conductance can be
reali zed between the el ectrode and pedestal when graphite, which is
prevented from being contam nated with an inpurity, is used as the
nateriala%ggsggq p%ﬂgé%ﬁh%@ﬂga'gﬁped to the electrode plate of silicon by
a pol ycarbo PETH de-con al ni ng epoxy resin-based adhesi ve agent

i ncorporated with carbon as the thermal and electrical conductive filler.
Accordi ng to #htiadiesspageéndvindsheontnians toRd pare hys weighvi éedl a  hi ghly
heat-resisfant glasna etching el ectrode for dry etching devices,
conpri si RVsATRPdEIdgaesimaRdk2 9 HidlbRasisdpomesahtg! earbomast, unifornly
j oi ned t t i e hel:ein (a) the pedestal is
made of ?23%??%%:gﬁﬁ?%ﬁ?pgﬁq§§%§¥%£g%i % n.%fﬁing pol ycarbodii m de resin
and carbon powder are used for the adhesive agent. 4 20 Cctober 2006 are
used for the gdhesjve agent. The adhesive agent may contain 5 to 20 parts
by wei ght of ¢ BERGENFRIANLAY GBKAH ArNTINEEReRAOTFAIIBE by wei ght of
carbon powder.per 100 parts by weight of an epoxy resin. the adhesive
agent nae contain a curing agent or curing pronoter. The curing agent may
be of a conpound selected fromthe group consisting of an am ne-,

hydr azi ne-, gpenol-_and acid anBydride-
he curing agent may be of a compound selected from the group

consisting of an amine-, hydrazine-, phenol- and acid anhydride-
based compound, and the curing promoter is of a compound selected
from the group consisting of imidazole, a tertiary amine and metallic

complex.

The curing agent or curing promoter may be incorporated at 1

to 150 parts by weight per 100 parts by weight of the epoxy resin.

The polycarbodiimide resin may be an aromatic-based

compound.



based conpound, and the curing pronoter is of a conpound ﬁgc%gpgboﬁfromthe
group consisting of imdazole, a tertiary am ne and net aF ic conplex. The
curing agent or curing pronoter nmay be incorporated at 1 to 150 parts by
wei ght per 100 parts by wei ght of the epoxy resin. The polycarbodiimde

resi n maytHeeepdiaaediBley RS 8 hispRERGHAGype k. Cct ober 2006 the epoxy
resin nmay be a bi sphenol A type one. the”carbon powder may have a Young's

nodul us of elasticity of 6x109 to 68x109 N n2. the pedestal nay be coated
with glass-1i ron entirely except,for the joijnt wih the el ectrode
bl ot or o 11 45 SRR s ddroint GA6F Boycaltie b iReb Bl ohelagyiaif & &

t hi cknessx0hD? ko 683{13)9gmym'ﬁhe el ectrode plate of silicon may be nade of

single-crystalline silicon and has through-holes. A dry etching device
whi ch includes any one of the plasma etching el ectrodes described above.

One or nore e i relate t highl.y heat -resi st ani. | asma etchin
el ectrode forﬁgér?g e@?%‘%ﬂﬁﬁﬂg}ﬁ%ﬁ %%%,egc‘g r$1§'?ﬁgﬁ%°af§°é’c??ﬁa%@p| ate of °
silicon expast foedhbYjoritdwitdsthe elRichIdd yldteioradiddn.a 6 20 Cctober 2006

The coating film of glass-like carbon may have a thickness of 1

to 3 um.

The electrode plate of silicon may be made of single-crystalline

silicon and has through-holes.

A dry etching device which includes any one of the plasma

etching electrodes described above,

One or more embodiments relate to a highly heat-resistant
plasma etching electrode for dry etching devices, comprising an

electrode plate of silicon supported by and fast, uniformly joined to a



pedestal by an adhesive agent, wherein (a) the pedestal ggﬁ) A Ros

graphite, and (b) an epoxy resin containing polycarbodiim resin and
carbon powder are used for the adhesive agent. One or nore enbodinents
include the followi ng: (1) The plasma etching el ectrode for dry etching

devi ces yhiletal byt &8 adtRiBv a8 gai WAREr&h (ag aégfdm@%ﬁ@\s? wherein the
el ectrode serves  as the uppef el ectrode. DESCR PTI ON OF THE DRAW NGS

Fi gure 18Eaplites a@dl(byam etrmyr rasés comdajling rmimmq@michactesm erdipper
el ectrod u rese ue Vi ew f the plasma etching

el ectr odggﬂz %é’FVdéif r'ﬂ)%%‘:; ?OrFﬂb‘?.u?‘ahgqlé’E g)a’ﬂel ¥ M9Gstrates the dry
et chi ng éﬁibdtﬂmeﬂ‘ﬂ@'[ﬁaﬁa\é hErshdpingas 1 nl et nozzI e 2 Discharge nozzle 3
Pl asma etching el ectrode (upper electrode) 4 Lower electrode 5 Silicon

wafer 6 Plasma 7 RF power source 8 Electrode pI ate of silicon 9 Pedestal
(ring) O{l)glnl'?é)ma{s%nale(%cﬁf)ﬁgnqtslegt cﬁ'e foracfry) et%:llu ré%{]ctes%aﬁicﬂ 1%0 Ieng hol e
same as any one of those described above wherein the electrode serves

as the upper electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 schematically illustrates the plasma etching electrode (upper
electrode).

Figure 2 presents the oblique view of the plasma etching electrode
(upper electrode).

Figure 3 schematically illustrates the dry etching device.

NOTATION
| 1 Etchant gas inlet nozzle
2 Discharge nozzle
3 Plasma etching electrode (upper electrode})
4 Lower electrode |
5 Silicon wafer
6 Plasma
7 RF power source
8 Electrode plate of silicon
9 Pedestal (ring) of graphite
10 Joint (joint face)

11 Etchant gas ejecting hole



7 20 October 2006 DETAILED DESCRI PTI ON OF THE INVENTICNZgQ%FR%p@ﬁ%t

I nvention is described in detail for each item 1. Plasma etching

el ectrode The plasma etching el ectrode of the present invention is highly
resistant to heat, conprising an electrode plate of silicon supported by
and fast, uniformy joined to a pedestal by an adhesive agent, wherein (a)
the pedestal is nmade of graphite, and (b) an epoxy resin containing :

pol ycar bodj. i.m ' bon powder are used for the adhesive agent.
A pl asma @W&é&i@gpﬁg’f@s&e@'&éEME@‘I@Ude) is normal l'y divided
into at |ea PESRR'; tﬂgil faci t.he waf er.and responsible for
di stributi nzﬁl%‘%g gases@vgﬁggﬁi% 0 céﬂ)eﬁgﬁggﬁltgqf ¢4FR HeMevi ce. The

menber facing the wafer and responsible for distributing the gases is the

el ectrode plate, often of silicon. The nmenber fixed to the device (i.e.,

pedest al ) 1 nBlasea gtching electrodel so long as it is highly conductive both
el Tt AR el S %
ct ot ng ACSRPagds e, Boflinuduink i cletefodl blfe & Wi en sOpgphiea o ok
e e

(b) an epoxy resin containing polycarbodiimide resin and carbon powder
are used for the adhesive agent.

A plasma etching electrode (i.e., upper electrode) is normally divided
into at least 2 members, one actually facing the wafer and responsible
for distributing the gases, and the other being fixed to the device. The
member facing the wafer and responsible for distributing the gases is
the electrode plate, often of silicon. The member fixed to. the device (i.e.,
pedestal) may be of any material so Iong as it is highly conductive both
electrically and thermally, and is made of a metal, carbon, ceramic or
the like.

The electrode plate, pedestal ahd joint are described.

(1) Electrode Plate

An electrode plate of silicon is a normal choice for the plasma
etching electrode of the present invention. It is in the form of disk
having a number of holes on the plate surface, through which the
etchant gas is ejected. The etchant gas is converted into plasma while
passing through the holes in the upper electrode, and the silicon wafer
set on the lower electrode is etched with the reactive ions it attracts

from the plasma.



passi ng through the holes in the upper electrode, and th ] fer
set on the lower electrode is etched with the reactive ig%gk#%ga éﬁgcts
fromthe plasma. 8 20 Cctober 2006 Silicon serving as the base for the
el ectrode plate is not Iimted, but preferably single-crystalline, highly -
pure and dense silicon is used. One of the exanples of such silicon is
P-type single-crystal silicon doped wth boron (B), having the crystal
orientation gf.<100>.,|ts resistivity is normally in a range froml pf2cm

to 3052cm (2Yigengeving ardhsl hasmfastthis elgctepde platkeisonot Hmitady durtt

I nvention | . . ort ri nor tal | y. of aphi te which
conmes int ?r@?g@é@fsﬂzﬁf—%ﬁ%@ﬁﬁgﬁg% eﬁﬁ'éfg%"@ﬁ? Fg‘g@%?sa‘tlﬁg % i con.
The pedesigfithefexatislps idf &K }%ﬁfg : K | -RQ: 1 gener at ed
at the upper el ect@ode (t]%g?%%?}r%gl% ISO du%ﬁﬁ%%ﬁ%@%}ﬁ%?ﬁg&gei ng kept
away fromwithhdoront(Bhi meringrihduciysgalt dréeretationmngf p1o®es $tarddistivity fpurity in
the silicon fer. The pedestal of graphite, also serving as the cooling
ring, is nﬁl‘%ﬁlya‘@l § ragge drm hngdecH; ntYrems conducti ng (having a hi gh
heat conductivity) and small in difference in thermal expansion
coefficient wth the electrode plate of silicon. Oherw se, there is a

t enper at u(2) Pegleatiilent between the di sk center and periphery of the

el ectrode, which can be one of the causes for uneven etching

char act er i stihesplasma epddog elecrbde of the giresemdirmtdntidry inciddesrgel y

different_fro e el ectrode X .
peéesTa.{ E)r support ring) normally of graphite which comes into contact

with the back side of the electrode plate of silicon. The pedestal of

graphite brings the effect of cooling the heat generated at the upper
electrode (the thermal conducting effect), while being kept away from
the contamination during the etching process with an impurity in the

silicon wafer.

The pedestal of graphite, also serving as the cooling ring, is
preferably, or should be highly heat conducting (having a high heat
conductivity) and small in difference in thermal expansion coefficient
with the electrode plate of silicon. Otherwise, there is a temperature
gradient between the disk center and periphery of the electrode, which
can be one of the causes for uneven etching characteristics. The
pedestal of low heat conductivity and largely different from the electrode
plate in thermal expansion coefficient may not well cope with the
requirements for, e.g., increasing silicon wafer size, increasing

treatment temperature, or adoption of rapidly heating/cooling cycles.

Graphite serving as the base for the pedestal is not limited, but
preferably highly pure to cause no contamination with an impurity

during the silicon wafer etching process, and to have a high thermal



plate.in thermal expansion coefficient may not well cope, ﬂ)%ﬁﬁMG

requi renments for, e.g., increasing silicon wafer size, |ncreaS|ng

treatment tenperature, or adoption of rapidly heating/cooling cycles.

G aphite serving as the base for the pedestal is not |imted, but
preferably highly pure to cause no contam nation with an inpurity during
the silicon wafer etching process, and to have a high thermal 9 20 Cctober
2006 conductivity and smal] difference in thermal expansion coefficient
with the C@PQ&FPE&@ g senall diffesenes inghergial tﬂ:@mm lceetfisientuwithgr aphi t e

2123, ox. S PSR 08 e RRERR AR Rals SRR e D4

(Ni ppon cm@eemlcamuaaﬁegiﬁe @ﬁe%ﬁa%%ﬂmﬁe@ela@ redﬁee@i}?dmgeﬁxgr aphi te

and glass 1ike carbon is preferable that the raph| te surface is
coated wi A28} £5621ilde CXR20M analt E+25{LEFCARBONL)| tihd EGFpR62dirid t he

etchant g uring the ry etching process, i.e., the portion other than
t hat joinggﬂféGﬁH@hpEpgdSﬁﬂﬂglplate of silicon. The portions include the
si de and ba hite sur. | s.coate th glass

i ke carbon nor I"¢kn 0 I S not
ke car bon s pedi¥tal BF BRabRlce olAF b AP bl S et s athte

limted, Hkecaplyoe adequately selected fromt he conventional ones. In
particular, the preferable ones include to coat the graphite with a
certain type of resin, e.g., polycarbodiimnde or phenolic resin by

sprayi ng or l.réplgl% eratb

18 That the graphite surface is coated with glass like
carbon, at least for the portion exposed to the etchant gas during the
dry etching process, i.e., the portion other than that joined to the
electrode plate of silicon. The portions include the side and back of the

- pedestal.

The graphite surface is coated with glass like carbon normally to a
thickness of 1 to 3um. The coating method is not limited, and may be
adequately selected from the conventional ones. In particular, the
preferable ones include to coat the graphite with a certain type of resin,
e.g., polycarbodiimide or phenolic resin by spraying or impregnation,
and fire the resin into the glass like carbon.

When the impregnation treatment is adopted, the glass like carbon
may be formed also from the pedestal surface to the inside, and
thickness of the whole glass like carbon layer can be increased to 3um

or more.

The glass like carbon layer works as the protective layer for the
graphite, controlling formation of dust from the graphite and making it
~more resistant to corrosion. In particular, it controls release of the gas

from the graphite in the plasma atmosphere during the dry etching

10



and fiire the resin into the glass |ike carbon. Wen the »§pLee&aidoan
treatnent is adopted, the glass |ike carbon my be fornmed also fromthe
pedestal surface to the inside, and thickness of the whole glass |ike
carbon | ayer can be increased to 3m or nore. The glass |ike carbon |ayer
wor ks as the protective |ayer for the graphite, controlling formation of
dust fromthe graphite and making it nore resistant to corrosion. In

particul a | 1eC . g fromthe,graphite,.int pl asma
B rospher Erofishatid Brérafts tafling s R EpRyRENT S5 pbEubie i Bl anrs
cont ani nathesubktifiecvi gl condtivute -tBe,o:ﬁaétlh%éxe,‘%e%raﬂeﬁefréﬂpﬁﬁémCeS that
constitute the oxide |ayer, separated fromthe  graphite surface and

deposi t edg€sphite swafage aml glaposited aqratherwaferal so referred to as
non-graphiti zabl e carbon or hard carbon. It is not [imted with respect to
the stock or production nethod, so long as it is produced by solid-phase
car boni zat i ' el 0 f. | i ke carbon °
i ncl ude cel qu}lagéel% % etgﬁpﬁoissg?%ki%?%glantg , ang)h_ &é‘l ajr}%lﬁ%?/ﬁeg‘f%a?& ,Sr and

t her mopl dsarrd casglsoms It id/abt dinsite® Wit ychpret Reate BfRROSCArddudioduce gl ass
| i ke carbon from these stock materials.” (3) Joint Face (Joint Layer) The

above- des8etived, sodorg agdt és prediacesd hyesqlol-pivhsecarhohizitiver of bp t he ai d of
a specific _epoxy-based adhesive nt, described later. The jqint |ayer
Shoul d b&TERBIS %‘c}%ﬁ%‘b‘&?-i @E‘e Heeki Ly glassJike farion indlisde celtulose,

thermosetting resins, e.g., furfuryl alcohol, and thermoplastic resins.

Various methods have been proposed to produce glass like carbon from

these stock materials.

(3) Joint Face (Joint Layer)

The above-described two or more members are joined to each other
by the aid of a specific epoxy-based adhesive agent, described later.
The joint layer should be electroconductive, because the assembly is set
in the device in which a plasma is generated. The joint should be also
thermally conductive, to improve the heat exchanging efficiency at the
portion fixed to the device, which 'is cooled to cool the wafer face directly
exposed to the plasma.

The joint should be also sufficiently resistant to heat, because it may

be exposed to a temperature up to 200°C on the gas distributed side.

2. Adhesive Agent

As described above, the joint layer at which two or more members
are joined to each other is required to be electrically and thermally
conductive, and resistant to heat. Therefore, the adhesive agent for
Jjoining the members for the present invention contains an epoxy resin

-and carbon powder, the former containing a polycarbodiimide resin.

11



in the device in which a plasma is generated. The joint sheskibePsoRl SO
thermal |y conductive, to inprove the heat exchanging efficiency at the

portion fixed to the device, which is cooled to cool the wafer face
directly exposed to the plasma. The joint should be also sufficiently
resistant to heat, because it may be exposed to a tenperature up to 200C
on the gas distributed side. 2. Adhesive Agent As described above, the
joint layer at which two or nore nenbers are joined to each other is
required to be electrically and thermally conductive, and resistant to

heat. Ther efds#icdiebagbésidlestgeatehPmay Bk %ﬂ@idé}@d@ﬂ}g fehfr the
present invention contains an epoxy resin and carbon powder, the forner
cont ai ni nfFHSHBIRRe.bedicinithe mesibers 2t Dlvwhest.20lfvevirsitsi thengrddased

adhesi ve -NRY, .dered as the h resistant one, to join the -
nenbers af ka :%@'ﬁccé’%?ﬁ&%\ﬁé%gpﬁ ?3 "Y}P\Ié’%i’l%ter%gﬁﬂﬂstb@ﬁ ofsali¢orpont i s

10- 4/ C, i el ffcps r . si kicgn and raphite (10-6/C) as the

mat eri al g%a?gufghg(ﬁemr%%%@@em%&azseao b %med?B%%P%bedOm%bY erature
at mospherdigits atha thighrtempdrathies atte¥pheye, WRhSERY¥ABEH LM grot her.

Therefore, it is naot _a choice for the present invention. An €poxy-based
adhesi ve ysfparaisddromeeagh otlasap afbeveforeeitfis cictrt chbicefor ethder of 10-5/C,

reduci ng I bklityv..of the nenber separation, because of snaller

educt 19 HESSAPRLIANGER. LIeepfiEIReL SeRR sl o Regause ol STRL e i

The pol yeaphASidrTESEERBIUTR, SladrWr 1618/ RE Selcih PYSILLARTBY L8
member separation, because of smaller difference in thermal expansion

coefficient.

(1) Polycarbodiimide Resin

The polycarbodiimide resin useful for the present invention may be
produced by various methods. Basically, the polycarbodiimide with
isocyanate at the terminal, produced by the conventional method of
producing polycarbodiimide resin (refer to USP 2,941,956 and Japanese
Patent Publication No0.47-33279), can be used. More specifically, it is
produced by the condensation illeolving removal of carbon dioxide (i.e.,

decarboxylation condensation) of an organic polyisocyanate.

The organic polyisocyanates as the stocks for synthesizing the
polycarbodiimide include aromatic polyisocyanate, aliphatic
polyisocyanate, alicyclic polyisocyanate and a mixture thereof. More
specifically, they include 1,5-naphthalene diisocyanate, 4,4'-
diphenylmethane diisocyanate, 4,4’-diphenyldimethylmethane
diisocyanate, 1,3-phenylene diisocyanate,
1,4-phenylene diisocyanate, 2,4-tolylene diisocyanate, 2,6-tolylene

diisocyanate, a mixture of 2,4-tolylene diisocyanate and 2,6-tolylene

12



produced by various nethods. Basically, the polycarbodii ]
i socyanate at the ternminal, produced by the conventional %ng?wg%ft%bf%
produci ng pol ycarbodiimde resin (refer to USP 2,941, 956 and Japanese
Pat ent Publication No.47-33279), can be used. Mre specifically, it is
produced by the condensation involving renoval of carbon dioxide (i.e.,
decar boxyl ati on condensation) of an organic polyi socyanate. The organic
pol yi socy stocks_for synthesizing the polycarbodiimde

nates as, the S
i ncl ude a%&ﬁaﬂ%"%‘iﬂ’ &%&%@Xi@e diipesyanate, gpelphesanparkfie, alicyclic
ol yi soc f‘&‘ﬂdta ' . eof.. Mor specif.i cal | t hey i ncl ude
5), SYhaph%/ﬂg?%ﬁé isd Qélre]g{: ?L{sggfﬁ&%t(ﬁ’ b%%?%ﬁ%@ﬂ%o%’lai’%gﬁyangt la, -
4, 4" - di phdfvyiblvethiethbhans 4’ dilssopnaadt tnethylcRlIShA¥&Re di i socyanate,
1, 4- phenyl ene diisocyanate, 2,4-tolylene dilsOcyanate, 2,6-tolylene

di i socyangdiigocyandtt teteaniethybeylylent elitssodyanate, 6t diisopropyfiphiciypll ene 12
20 Cctober,..2006 hyl ene dii spocyanate, cycl ohexane-1,4

. E&i ié‘%gfﬁag te.,. hexamei)
di i socyan3i¥oCKanase P oo EVSARFLYIPsBatRe-@hd-dilsosyanatat e,
di cycl ohexybgq{h{g@g = e e hyl cvcl o ane i I socyanat e,
tetramet hyl xyly gry éﬁ%@%‘%%@%%&gﬁrgﬁcﬁﬁgﬁw ?ﬁ %Eggfﬁ%at e and
1, 3, 5- tri ypepsfapyinhenz ¢ulyidodyshatede)sretdiabilor 15 potsraliRehiighde resins,
the one produced fromat |east one type of aromatiC polyisocyanate is
pr ef er ablehexainithe grossatic nalyisncyamate isttiredisncydmate bawingatiehgt Qocyanat e
he o oSS SRHSaRErUE Bobca B Romacd g tn the Sholebufe 1 1"

The carbodiimide resins useful for the present invention include the

aromatic-, aliphatic- and alicyclic-based compounds, of which the
aromatic-based ones are particularly preferable for their resistance to

heat.

The organic diisocyanates useful for the present invention also
include the ones whose polymerization degree is adequately controlled
using a compound, e.g., monoisocyanate, which is reactive with the -
terminal isocyanate group of the carbodiimide compound.

The monoisocyanates which can seal the terminal of
polycarbodiimide to control its polymerization degree include phenyl‘ '
isocyanate, tolyl isocyanate, dimethylphenyl isocyanate, cyclohexyl

isocyanate, butyl isocyanate and naphthyl isocyanate.

The other compounds reactive with the terminal isocyanate group to
serve as the sealant include the following aliphatic, aromatic and
alicyclic compounds: (i) those having ~OH group, e.g., methanol,
ethanol, phenol, cyclohexanol, N-methyletahnolamine, polyethylene
glycol monomethyl ether and polypropylene glycol monomethyl ether; (ii)
diethyl amine and dicyclohexyl amine having =NH group; (iii) butyl

13



The carbodiimde resins useful for the present invention,j e
aromatic-, aliphatic- and alicyclic-based compounds, of %%?%(ﬂ?ﬁ%ﬁ%
aronmati c-based ones are particularly preferable for their resistance to
heat. The organic diisocyanates useful for the present invention also

I ncl ude the ones whose pol ynerization degree is adequately controlled

usi ng a conpound, e.g., nonoi socyanate, which is reactive with the
ound. The nonoi socyanat es

term nal isocyanate up of the carbodiim de conp .The S

whi ch can SZBHE ?’ﬂé elohd agrinehavingWde igreup; {i8) prmiesic, ibeazoic

pol ymeri zat) | |, _1.50C L talyl i socyanate,

di net hyl p%?%ﬁ??%%%%ﬁ%{& %H{g@?%%%&x&y aﬂ?‘%o%@@?ﬁ &I‘OBB{ b'l] e?js‘ cyanate and
napht hyl mmm,eauyme@wpmﬁpaﬁattwépﬁ&wMﬁn\g«hié}i gFﬁu%eéﬁHr[@i) _

| socyanate group to serve as the sealant include the t ow ng al I"'phati c,

aromati c &AMPANds bavingeppgugusup (i ) those having - OH group, e.g.,
net hanol, ethanol, phenol, cyclohexanol, N nethyletahnol am ne,
pol yet hyl ene gl ycol nononet hyl ether and pol ypropyl ene gl ycol nononet hyl

ether; (ii) | 8t ' ' l.ohexyl 1 N ving =NH group; (iii)
butyl 13 20 TQ}% g%é%b%m%%rﬂ%%dﬁ (1:;?))21 %é%ge%(t;}%pl gﬁmtﬁg Oﬁ%%?lﬁg -NH2 group;
(iv) propdiisocyaristszniocceds th ¢hi6 lpFBKIREof 8ARMIYE ik F@idthchdyi ng - COOH
group; (v) et g_l nercaptan, allyl mercapatan and thiophenol™ having -SH

group; a imidgnpdusbcatalyishy ingody phesgholene oxides, e.g., 1-

decarb Oxyﬁﬁ‘éﬁﬁr—]éppq{]gs% 6 tezli.lg— -—B%%Fet, iSCEPneO yi—q?plgxg?l?fﬂbgphospholene-1-
oxide, 1-ethyl-2-phospholene-1-oxide, 3-methyl-2-phospholene-1-oxide,
and a 3-phospholene isomer thereof. Of these, 3-methyl-1-phenyl-2-

phospholene-1-oxide is more preferable for its reactivity.

The polycarbodiimide resin for the present invention preferably has a
number-average molecular weight of 3,000 to 50,000 as polystyrene,
determined by gel permeation chromatography (GPC), more preferably
10,000 to 30,000, still more preferably 15,000 to 25,000, whether it is
incorporated with the terminal sealant or not. It is sufficiently resistant
to heat, when it has a number—avérage molecular weight of 3,000 or
more. The one having a molecular weight above 50,000 is not practical,

because it needs a long reaction time for synthesis.

(2) Epoxy Resin

The epoxy resin for the adhesive agent for the present invention may
be selected from those generally known for epoxy resin-based adhesive
agents. These epoxy resins include those having 2 or more epoxy
groups in the molecule, such as glycidyl ether type epoxy resins, e.g.,
bisphenol A, bisphenol F, phenol novolac and cresol novolac type epoxy

resin; and alicyclic, glycidyl ester type, glycidyl amine type, heterocyclic
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di i socyanate proceeds in the presence of catalyst for pr
carbodii m de. Such catal ysts include phosphol ene oxides,QgE§#EQT¥MG

phenyl - 2- phosphol ene-1| - oxi de, 3-nethyl -1 -phenyl - 2- phosphol ene-1| - oxi de,

1- et hyl - 2- phosphol ene-| - oxi de, 3-net hyl - 2- phosphol ene- 1 -oxide, and a

3- phosphol ene isoner thereof. O these, 3-nethyl-I-phenyl-2- phosphol ene- 1
-oxide is nore preferable for its reactivity. The polycarbodiimde resin
for the present_.iny ntggn preferably has a nunber-average nol ecul ar wei ght

of 3,000 88950, Hewidizubbeyapgditicd typectRa R FasinpyThes mest be aisedn

chr omat og . ) re.nref 1 0.10,30,000, sSti.l| r

pr ef er abl %ﬁl}g}l@é@%{%uagy(?gdﬁ (galngpﬁ’g%dc?r{ &ﬁeﬁgbpﬁm %l@ﬁppﬁgo{e erm nal
seal ant OF, phlenol hovelstUahil Greséll Novdlat Hpekpokd resal ardisdtei t has a
nunber - aver age nol ecul ar wei ght of 3,000 or "nore. The one having a

mol ecul ar prefergbleabovdebisphenol Astypet isptil niarel prefératdes &hid epagds a | ong
reaction tine for xy Resin The epoxy resin for the

nt hesis. (2). Epo ¢
adhesi ve %Fg%ﬂtu%qiﬁvff%gﬁ B’?e??é‘ti)lﬁvg%@i)ﬁﬁsw liggeddiocthieabsve Rihisse

general ly. h Q- . ' . . Jhese epoxy resins
ot ude. {RAZEMbIHAPBREN AERICHaRARY i MR M SenBOBF ke abFE SOoh e
gl yci dyl @éé&ibé&?@ly@@@b&dﬁﬁﬁd@&esﬁ}.g- , bisphenol A, bisphenol F, phenol

novol ac and cresol novol ac type epoxy resin; and alicyclic, glycidyl ester
type, glycidyl amne type, heterocyclic 14 20 Cctober 2006 and

liquid-r -nmodified type epoxy resin. They may be used either
i ndi vi dugrg'??% O Q¥HBT nati on. OF these, bisphenol A bisphenol .

Carbon powder for the adhesive agent for the present invention
works as the thermally or electrically conductive filler which provides or
improves thermal or electrical conductance of the adhesive agent, when

incorporated therein by kneading.

The known electroconductive fillers include those of metals, e.g.,
silver and copper, carbon powder, and fine, silver-plated powder. In
this invention, carbon (or graphite) powder is used for its thermal
stability and ability of adjusting modulus of elasticity.

The effect of carbon powder oﬁ adhesive agent conductance varies
depending on its shape, particle size and content in the agent. It has a
particle size of 1 to 100um, preferably 10 to 50 um, and preferably has a
relatively narrow particle size distribution.

Moreover, it preferably has a Young’s modulus of elasticity of 6x109
1o 68x10%N/m2.

(4) Adhesive Agent Composition
The adhesive agent for the present invention can be prepared by
mixing an epoxy resin containing at least a polycarbodiimide resin with

carbon powder. .
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F, phenol novol ac and cresol novolac type epoxy resin arg,pRf 8 Riogf erabl e,
and bi sphenol A type is still nore preferable. The epoxy resin useful for
the present invention is not limted to the above, but is preferably

har dened acceleratingly in the presence of the above- descri bed

pol ycarbodii m de resin. (3) Carbon Powder Carbon powder for the adhesive

agent for the present invention works as the thermally or electrically
or electrical

conductive fil]ler, which provides ar, improves thernal

conduct ance'llche ?ﬂ]é‘eﬁ’a'ﬁé%gp c&ﬁ%ﬂ‘?*‘,’mﬂﬁe’f& ' phdeventien sosmallineadi ng.
The known.gh6ghEeC ' r?iilfni!' i ncleuda I &L silver
and coppe(r:, car b%nﬁg%\%&grx?‘ an d ?é\s;inlgﬁ ver-lgi%sié‘?fﬁg er.sﬁyn%e%]}fts

i nvent i onperc 200par{soby grepht bejhee resin)Ssaewea frothsthichedi@dive st abi ity
and ability of adjusting nodulus of elasticity. The effect of carbon powder
on adhesi{pEcagtihe egsatic tiinedowsd pasts bypeeightgthnagenst stegpeot jmnt i cl e si ze

10t o 50 He ey Sethiion o 5. “hcRBore A pRst intsistt, ooty ofher © Y
0Ly buhai, AR Emay oRMEIBRR, ¥R RkaRkest C1Y
for the prgestrred off polycambodiintide pesipagetietilly Hh¥ionéh@ir SPexytH 651
ont &l N i FBfpa (ouhd 150ke/ G, determired by the shear strength

test (JIS K6850), after it is cured. The shear strength gradually

increases as polycarbodiimide resin content increases, attaining a

maximum of 20MPa or more at the content of around 5 to 20 parts by

weight.

The carbon powder is incorporated at 10 to 90 parts by weight per

100 parts by weight of the whole adhesive agent composition, i.e., 10 to

90% by weight, preferably 30 to 80 parts by weight (i.e., 30 to 80% by

weight) viewed specifically from electrical resistance of the electrode

itself. In other words, it is incorporated at 11 to 400 parts by weight per

100 parts by weight of the epoxy resin containing a polycarbodiimide

resin (polycarbodiimide resin + epbxy resin), or 12 to 440 parts by

weight per 100 parts by weight of the epoxy resin, preferably 47 to 440

parts by weight viewed from electrical resistance of the electrode itself,

- The method of mixing is not limited; for example, the components
are mixed by melt kneading using a kneader or hot roll mixer, or in the
presence of an adequate solvent inert to the polycarbodiimide and epoxy

resin.

The adhesive agent for the present invention may be incorporated

with one or more additives or fillers selected from those conventionally
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20 Cctober 2006 The adhesive agent conposition for the p§esgBkb: Jgagention
normal Iy contains a polycarbodiimde resin preferably at 5 to 20 parts by
wei ght per 100parts by wei ght of the epoxy resin, viewed fromthe adhesive
force of the agent. At below 5 parts by weight; the agent may not join the
menbers sufficiently fast. At above 20 parts by weight, on the other hand,
its effect may not be fully exhibited. For exanple, the adhesive agent

free of polycarbodiinde resin generally has a shear strengfh of around
15MPa ( ar Hﬁﬁé %QSGQ@F»?HB comppaitignfewithingdyritseel hampden %h@ edlecty) s

polyoni bath P18 fee MR rodn (T RREREiRbR QiR R Mers R AR 2000 o

nore at tpredeRittioRbnabnaneiide ﬁb&@ugQeﬁﬁbﬁcﬁnEYagéi\Ré,gﬁéwdgﬂﬁoﬁ ar bon powder

is incorporated at 10 to 90 parts by weight per 100 parts by wei ght of the

whol e adhesistellagefilesofepms iméloen silien), piginents, 2G4 byrivwei agemts mmetf er abl y 30
to 80 parts .by wei ght éi .e., 30 to 80% by weight) viewed specifically from
el ect ri cafUFBEi MRS Which agcslsrade curing byrthe|rgagtings brbwaen the |

i ncor por e 400 0 -\\ei .y par ' of the
epoxy reZITt‘(ﬁ19 8%%\?%#1%11%12%6 %9’80%‘;8‘3? ﬁ%’s&ﬁ? r%qgéec;ﬂ%gg %&%&Oﬁyé%rgé%e&f%n resin +
epoxy resksdd, i8lintdrpératéd afar t6 180 paresHy weesht 19K Peo byei ght of the
epoxy resin, preferably 47 to 440 parts By weight viewed fromelectrical
r esi st anceeighttafdhel eqpyonsin,t amd fits Torteandtdsod befadjusiedgdépending omi t ed:;
for exanpl e, the conponents e m xed by, nmelt kneadi ng using a kneader or
hot rol | GRR&L, reﬂ%wm SepsfonHtORSquat e sol vent inert to the

pol ycar bodi 4l 48,208 a8BAYY useful for the present invention include amine-
based compounds, e.g., dicyandiamide, hydrazine-based compounds,
phenolic compounds and acid anhydrides. The curing promoters
include imidazole, tertiary amine and metal complex, which itself bound
to the adhesive agent while promoting the reactions between the epoxy
resin and curing agent.

‘These additives may be added during or after the above-described

mixing step, or incorporated beforehand in one of the resins before the

' mixing step.

The adhesive agent for the present invention can be transformed into
the final, cured product, when heated normally at 80 to 200°C,
preferably 120 to 200°C.

It is considered that the adhesive agent is cured by crosslinking
caused by the reactions between the carbodiimide group in the

polycarbodiimide resin and epoxy group.
EXAMPLES

The present invention is described in more detail by EXAMPLES
- using drawings and COMPARATIVE EXAMPLE, which by no means
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resin. The adhesive agent for the present invention may bgd.n§ef Apkat ed
with one or nore additives or fillers selected fromthose conventionally

16 20 Cctober 2006 used for adhesive conpositions within limits not

harnful for the effect of the present invention. The preferable additives
and fillers for the present invention include fibrous reinforcing agents,
powdery or «crystalline fillers (e.g., nolten silica), pignents, and curing
agents and, curing prompoters which accelerate curing by the reactions

bet ween t Aidnitgbe\Rressplinyeniéonnd epoxy resin. The curing agent or
pronoter, when wused, is incorporated at 1 to 150 parts by wei ght per 100
parts by weight of the epoxy resin, and its content can be adjusted

dependi ng EXAMPLES 2ftol HLOBRRAY OWﬁE-’bIMaC%@Q%%P&% '@Qﬁg The curing

agents useful for the present 1 nventiion inc m ne- based conpounds,

e.g., di cymmbamjomingydedmde-based conpounds, phenolic conmpounds and
acid anhydrides. The curing pronpoters include imdazole, tertiary am ne
and netal conplex, which itself bound to the adhesive agent while

PLOTDX 09 0GR 803 B, R oot B RARREHE  TTese

ST Po AR OLE A kRl § Uy LKA KL Tf PloadtbAGST P, The

final, cusiéidoprwaliecs, Theeetchéng eldviver isedhittirgid BOFigan20®Cand the upper
electrode in Figures 1 and 2.

The electrode plate 8 of silicon was of P-type (doped with B) single-
crystal silicon (Si) having crystal orientation of <100> and an electrical
resistivity of 15Qs¢cm, formed into the shape having dimensions of
223.5mm in diameter and 6.35mm in thickness, and provided with
3200 etchant gas gjecting holes (diameter: 0.8mm).

The graphite ring (pedestal) 9 was of graphite {LE-CARBOND’s E+25),
formed into the shape having dimensions of 223.5mm in diameter and
19mm in thickness, and provided with a collar by which the ring was
fixed to the device. ‘

The electrode plate 8 of silicon was joined to the graphite ring 9 via
the joint 10, to form the plasma etching electrodes 1 to 6, where the

joint 10 was comprised an adhesive agent prepared by kneading 10
parts by weight of an aromatic-based polycarbodiimide resin (Nisshinbo
Industries’ Carbodilite 10M-SP™], 10 parts by weight of dicyandiamide
as the curing agent and 2 parts by weight of imidazole as the curing
promoter per 100 parts by weight of a bisphenol A type epoxy resin, and
also 12, 47, 73, 110, 257 or 440 parts by weight of graphite powder
(Kawasaki Steel’s HA2500F) per 100 parts by weight of the epoxy resin.

The plasma etching electrode thus prepared was used as the

component for a dry etching device for production of silicon wafers.
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preferably 120 to 200C. It is considered that the adhesi g cured
by criosslinking caused by the reactions between the car%@gﬁgﬁgggmgroup in
the polycarbodiimde resin and epoxy group. EXAMPLES The present
invention is described in nore detail by EXAMPLES using draw ngs and
COVPARATI VE EXAMPLE, which by no neans 17 20 Cctober 2006 Ilimt the
present invention. EXAMPLES 1 to 6, Qutline of the plasnma etching el ectrode
and nenber j oinjng nmethod The E]asna etching el ectrode, i. er

e., U
el ectrode, dh¢Rasspasipking eleehodsvas sehin thapbieatehing dedes ( i ng

device fo b ih [ The et ghing, devi.ce. | tlined in
Fi gure 3,ﬁgﬁgﬂgﬁgﬁtgg%%ﬁ43%%3?@%%8%$%%ﬁ%a5?5§Vﬁﬁﬁﬂﬁbg?m¥ﬁée§F%§?ggﬁe pl at e
8 of silignhingyat aRdirdaestaiened theljbir®) toShess ﬁncﬁme%ﬁ%y prédeaie (Si) '
havi ng crystal "orientation of <100> and an electrical reésistivity of

15Qcm f oemelis¢émeo of hize shppratiay afigr dt wersséxmesed to 80 Gayeles ofli- anet er and
6.35MmM i n gggckn ss, and vided with 3200 etchant gas_ejectin hol es

(di anet er WaSTge{Y g’ﬁégg?ﬁé far o muputes gaxd speling dew aningiigshi e

(LE- CARB 25) . 1t ' t ving dipensi f 1223.5mMmin
di anet er %&mlﬁ‘%@n&}cﬁl trﬁ%%ﬁ%%ésé;?&gﬂ@&gfﬁl@gggﬁﬁ{lhﬂ%q (Ml?%i&%%ch t he
ring was Chéefi¢allsPMCER-TH00)C €Fhe evaluation results are given in Table 1.
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The el ectrode plate 8 of silicon was joined to the graphhge fdBBh@Rsvia the
joint 10, to formthe plasm etching electrodes 1 to 6, ere the joint 10
was conpri sed an adhesi ve agent prepared by kneading 10 parts by wei ght of
an aromati c- based pol ycarbodiimde resin (N sshinbo Industries

Carbodilite 10M SPTM, 10 parts by wei ght of dicyandiam de as the curing
agent and 2 parts by weight of imdazole as the curing pronoter per 100
parts by %ﬁggpg of a bisphenol A type epoxy resin, and also 12, 47, 73,
110, 257 OfP#40 parts by weight of graphite powder (Kawasaki Steel’

HA2500F) per 100 parts by wei ght of the epoxy resin. The plasm etchlng
devi ce

el ect r odg—thus—prepared—was—used—as—the—cprponent—for a dry
for production of dili 0 t dveralr0J6 The pl asma ething
el ect rodg P%'Y@&ré&ts [ ﬁ% ‘Q@LS dr i,‘fiogngﬁétvg cle dlécMitRESENRhS | Exsibtad250) was
eval uat € or overcLI %}EE’ g‘? e resigthodd rjgrata{A) Andtorlesitsf ance
of the jjoint to hedgt ;{ es or(bsence of tpe separ i on
after it was exposed to B, UUU cyctesof fer—etchimyg—at—2; 000y for] 5
m nut es [and coollnq for 2 mnutes). The dverall eléctrical gﬁ@%' Ance was
det er mi r|eBXBYRHF bpal yzer (M #8ubi shi  Chgni 3&x1€5 MPP-5B800) eval uation
results jare given iin Table 1. 19 20 COctobgr 2006 Table 1 Crggg&ggd owder
content |[Overall Ergctrodes (parts by weigtt—per—100|parts—=e cpwhspaT
Et chi ng [Resi st anc ' G
EXAMPLE 2 47 4.8x105 | 6050 | SCPETEHO
n
observed
No
EXAMPLE 3 73 9.2x10¢ | 6200 |SePAratio
n
observed
No
EXAMPLE 4 110 2.3x108 | 6290 |Separatio
n
observed
No
EXAMPLE 5 257 9.3x102 | 6310 |SeParato
. . n
observed
No
EXAMPLE 6 440 1.2x102 | 6320 |Separati
11
' observed
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by weight of the epoxy resin) resistance rate (A) e to h MPLE 1
12 2.2x106 5980 separatio n observed No EXAMPLE 2 47 %@@QT%@@O

separatio n observed No EXAMPLE3 73 9.2x104 6220 separatio n observed
No EXAMPLE4 110 2.3x103 6290 separatio n observed No EXAMPLE 5 257
9. 3x102 6310 separatio n observed No EXAMPLE 6 440 1.2x102 6320

separatio n observed
COMPARATIVE EXAMPLES 1to 3

The same electrode plate 8 of silicon and graphite ring 9 as those for
EXAMPLES 1 to 6 were joined to each other via the joint 10 formed by
brazing with indium (In)(COMPARATIVE EXAMPLE 1), an adhesive

| agent composed of a silicone-based adhesive agent kneaded with the
same quantity of carbon (graphite) powder (COMPARATIVE EXAMPLE
2), and epoxy-based adhesive agént composed of 100 parts by weight of
an epoxy resin kneaded with 10 parts by weight of dicyandiamine as the
curing agent and 110 parts by weight of carbon (graphite) powder
(COMPARATIVE EXAMPLE 3). They were evaluated in the same manner
as in EXAMPLES 1 to 6. The results are given in Table 2,
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20 20. Cct ober 2006 COWMPARATI VE EXAMPLES 1 to 3 The sanezgt%&%&gg®6plate 8

of silicon and graphite ring 9 as those for
each other via the joint 10 formed by brazing with indium (In)(COVPARATI VE

EXAMPLE 1),
kneaded with the

EXAMPLE
of

an epox
curing agdfble

2),

an adhesi ve

EXAMPLES 1 to

were joined to

agent conposed of a silicone-based adhesive agent
sanme quantity of carbon (graphite) powder (COVPARATI VE
and epoxy-based adhesi ve agent conposed of 100 parts by wei ght
resin kneaded with 10 parts by wei ght of dicyandi am ne as the
”d 110 parts by weight of carbon (graphite) powder

( COVPARATI VE EXAVPLE 3). They were evaluated in the sane manner as in
EXAMPLES -1-to6—6-—The results are given in Table 2. 21 20 Cctober 2006
Table 2 Qverall Elecfrodes Joint eIectrica* iingl Resi stanc e
resistange rate (A t¢ heat (9 Separ at ed Y (/= M‘g | R2zistn63{10 at
des o b . h
the 8th tdes et ¢hi ng cycMeint resistance | rate (A] e
to heat
€
Separated
COMPARATIVE I at the 8th
_cycle
Silicone-based adheéive, '
composed of 100 parts by gffha;ated
COMPARATIVE | weight of a silicone-based '
EXAMPLE 2 adhesive agent and 100 4.5x10° 6270 2’00.0 "
parts by weight of graphite etching
powder cycle
Epoxy-based adhesive,
composed of 100 parts by
COMPARATIVE | Weight of an epoxy resin, _ Selzharastei
EXAMPLE3 | 10 Parts by weight of a| 3.6x105 | 6250 |2t the 0
curing agent and 110 parts etching
by weight of graphite cycle
powder
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Sil'i cone-based adhesive, Separated conposed of 100 partgonmﬁkr%ﬁﬁ
COVPARATI VE wei ght of a silicone-based S 4.5X 103 6270 at the MPLE 2
adhesi ve agent and 100 etching parts by weight of graphite cycle powder
Epoxy- based adhesive, conposed of 100 parts by Separated COVPARATI VE
wei ght of an epoxy resin, at the 50th EXAMPLE 3 10 parts by weight of a

3.6X103 6250 etching curing agent and 110 parts cycle by weight of
ber 2006 As shown in Tables 1 and 2, the joint

graphite powder .22 20 Cc Sl
10 of the ergétst}%‘é“b‘?g‘ﬁg’?“@dli%%@eﬁhéﬂom.fiﬂlqeleatﬁ)dﬁapr@ﬁrbﬂdhentIy
period. By

resi st ant hedk t e r at during the testin
contrast, i Qg ] Ol W%‘ES‘?‘ l1t %Oeé%g%égf'&gﬁlg“ﬁbe‘%&?%ﬁn% FP%‘&@E not tOCRPARATI VE
EXAMPLES kepardtededurihgthe testif i6Q. e ipg the
testing per?od. Ther ef gr e? t he %@%&eﬁﬁﬁ%‘gﬁgﬁﬁgdgéﬁgwﬁéﬂgr esent
i nvent i onelestrede préparedtin daghr off EOMPAFRATIVIE BXUWMPDESY1 ¢b®B whals | S

rate standard is in a range of

53003000, 1A HiE=Bt Se Fiebh snchpeppridad driinatie Eesting posiotet

Therefore, the plasma etching electrode of the present invention is
excellent to improve the chip production yield.

It is accepted that the preferable etching rate standard is in a range
of 6300+3000, and the electrodes prepared in EXAMPLES 2 to 6 meet
the standard. The carbodiimide-containing epoxy-based adhesive agent
containing the graphite powder at above 440 parts by weight was
difficuit to spread on the joint 10 due to increased viscosity, and it is
considered that it would show an etching rate almost the same as that
observed in EXAMPLE 6 It is therefore found that the optimum
graphite content is in a range of 47 to 440 parts by weight per 100 parts
by weight of the epoxy resin with respect to etching rate.

The plasma etching electrode of the present invention is highly
resistant to heat, comprising an electrode plate of silicon supported by
and fast, uniformly joined to a pedestal by an adhesive agent, wherein
{a) the pedestal is made of graphite, and (b) an epoxy resin containing
polycarbodiimide resin and carbon powder are used for the adhesive
agent.

This structure allows the electrode to work at a high temperature at-
which the electrode prepared with the aid of the conventional adhesive
agent is unserviceable, and improves electrical and thermal
conductance of the electrode. It also brings the favorable effect of
realizing good etching characteristics without causing contamination

with an impurity, thereby improving semiconductor device production
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the standard. The carbodiim de-containing epoxy-based adhg®i-ipetRBt

contal ning the graphite powler at above 440 parts by weight was difficult
to spread on the joint 10 due to increased viscosity, and it is considered
that it would show an etching rate alnost the same as that observed in
EXAMPLE 6. It is therefore found that the optinum graphite content is in a
range of 47 to 440 parts by weight per 100 parts by weight of the epoxy
resin wt ct to etching rate. The plasma etching el ectrode of the

h.
present i %‘Eelﬁtsl reQven dheelegteede plate can bedoinashimthe padestal eltect r ode
| at f shhi . i my joined t destal b
P adnesi 0ot B eRRlrk Kieflbus H3LabA e MHdteBitnk tainerth ot B anc (b

an epoxy Qlike| ancohRéace nf@ loR@reatbodi i m de resin and carbon powder are
used for the adhesive agent. This structure allows the electrode to work
at a high tenperature at which the electrode prepared with the aid of the
conventional adhesive agent is unserviceable, and inproves electrical and
t hermal conductance of the electrode. It also brings the favorable effect
of realizing good etching characteristics w thout causing contam nation
with an inmpurity, thereby inproving sem conductor device production 23 20
Cct ober 2006 vyield. Moreover, the electrode plate can be joined to the
pedestal at roomtenperature wthout needing the undercoating treatnment or
the 1like, and hence at a | ower cost. 24
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20 Cctober 2006 What is clainmed is: 1. A highly heat-regi L@k Rhasma
etching electrode for dry etching devices, conprising an electrode plate
of silicon supported by and fast, wuniformly joined to a pedestal by an
adhesi ve agent, wherein (a) the pedestal is nade of graphite, and (b) an
epoxy resin containing polycarbodiimde resin and carbon powder are used
for the adhesive agent. 2. The plasnma etching el ectrode for dry etching
devices according to Claim1, wherein said adhesive agent contains 5 to 20
parts by WErahis claimgd@st ycarbodiinmide resin and 12 to 440 parts by wei ght

of carbon,; po r. per.10 arts wei ght of an epoxy resjn. 3 .The plasm
et chi ng effect \r,\gf}élg?‘ix h&Pg"rg?@?ﬁ'%g5&%%%‘85&0@%&&9%&)3@501‘é%%ﬁ&%ﬂ&mer ein
sai d adhegkyieea086Wn S ' : : ' r r . The

pl asma et chi ng ’gl ec rocliegf orelgﬁyf/il(';edtc ﬁg%%ﬁ%ﬁ%@@gﬁ?m to%l %ngi m 3,
wher ei n sanifoconly Hoinedetot a ipedebta Ispapaditesied ageatl whereihhe group '
consisting of an am ne-, hydrazine-, phenol- and acid anhydri de-based

conpound, gﬁﬁbetﬂf‘@e@@li isgnpeemitgraphitesfandl conpound sel ected from the group
am,ne,.and. netalli he

consi stin f Lmdazol.e, a.tertiar C lex. 5. T
o nsrm. et ChAR LS coshbling Rl ARHAS B de BB A dicRED0R Dottt 5.
wherei n sai @ré4idedF¥ordRBladtesid hB@npPronoter is incorporated at 1 to 150
parts by wei ght per 100 parts by weight of the epoxy resin. 6. The plasnma
etching el ectrode for dry etching devices according to

2. The plasma etching electrode for dry etching devices according to

Claim 1, wherein said adhesive agent contains 5 to 20 parts by weight

of a polycarbodiimide resin and 12 to 440 parts‘ by weight of carbon

powder per 100 parts by weight of an epoxy resin.

3. The plasma etching electrode for dry etching devices according to
Claim 1, wherein said adhesive agent contains a curing agent or curing

promoter.

4, The plasma etching electrode for dry etching devices according to
Claim 3, wherein said curing agent is of a compound selected from the
group consisting of an amine-, hydrazine-, phenol- and acid
anhydride-based compound, and the curing promoter is of a compound
selected from the group consisting of imidazole, a tertiary amine and -

metallic complex.
5. The plasma etching electrode for dry etching devices according to
Claim 3, wherein said curing agent or curing promoter is incorporated

at 1 to 150 parts by weight per 100 parts by weight of the epoxy resin.

6. The plasma etching electrode for dry etching devices according to
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25 20, Cctober 2006 daim 1, wherein said polycarbodiim §eqteskmdog an
aromatic-based conpound. 7. The plasma etching electrode for dry etching
devices according to Caim1l, wherein said epoxy resin is a bisphenol A
type one. 8. The plasnma etching electrode for dry etching devices according
to Caim1l, wherein said carbon powder has a Young's nodul us of

elasticity of 6x 109 to 68x 109N n2. 9. The plasma etching el ectrode for
dry etchin?_devices according to Caiml1, wherein said pedestal is coated
with gl asSlaipxd, vehersin said polycarbodémideoresimés poi atomatit-basedel ect r ode
plate of silicon.,10. The plasma etching electrode for dry etching devices
accordingmwgpqﬂgﬂTnQ, wherein said coating filmof glass-like carbon has a
thickness of 1 to 3m 11. The plasma etching electrode for dry etching
devices according to Caim1l, wherein said electrode plate of siliconis

made of sYngl €fhe plasmlal ¢tehing elatrodanfbrdsy ettiHgiiileasacchediry & Y
etching device which includes the plasma etching el ectrode of one of
dai ms 1 ¢kim 1, yéespRT RATrepeorGHESNHEAT bRESISTOANT tpeaske. ETCHI NG ELECTRODE

AND DRY ETCHI NG DEVI CE | NCLUDI NG THE SAME

8. The plasma etching electrode for dry etching devices according to
Claim 1, wherein said carbon powder has a Young’s modulus of
elasticity of 6x10? to 68x109N/m?2.

9. The plasma etching electrode for dry etching devices according to
Claim 1, wherein said pedestal is coated with glass-like carbon entirely

except for the joint with the electrode plate of silicon.

10. The plasma etching electrode for dry etching devices according to
Claim 9, wherein said coating film of glass-like carbon has a thickness

of 1 to 3um.
11. The plasma etching electrode for dry etching devices according to
Claim 1, wherein said electrode plate of silicon is made of single-

crystalline silicon and has through-holes.

12. A dry etching device which includes the plasma etching electrode

of one of Claims 1 to 11.
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It is.an object of the present invention to provide a plssagstCitiony

el ectrode which is prevented from being contam nated with an inpurity,
secures good thermal and el ectrical conductance and heat resistance at the
joint between the el ectrode plate and pedestal (or supporting ring), and
hence inproves the etching characteristics and silicon wafer yield. It is
anot her object to provide the dry etching device including the sane. The
present invention provides a h|ghly heat-re5|stant pl asma et chi ng

el ectrode, conprising an el ect rodeAH ' silicon supported by and fast,

bodeatal LﬁlﬁﬁfﬁéﬁﬁﬁﬁﬁﬁTﬁTﬁﬁgﬂfiﬁﬁm@# BLESRPhE Sip' "°
pol ycar bodi i m de 1 GIRY BICHINGDEVIEAINELODING Teff shfmdnesive agent,

and al so provides the dry etching device Including the sane. (Figure 1)

It is an object of the present invention to provide a plasma etching
electrode which is prevented from being contaminated with an impurity,
secures good thermal and electrical conductance and heat resistance at
the joint between the electrode plate and pedestal (or supporting ring),
and hence improves the etching characteristics and silicon Wafer yield.

It is another object to provide the dry etching device includihg the same.

The present invention provides a highly heat-resistant plasma
etching electrode, comprising an electrode plate of silicon supported by
and fast, uniformly joined to a pedestal by an adhesive agent, wherein
(a) the pedestal is made of graphite, and (b) an epoxy resin containing
polycarbodiimide resin and carbon powder are used for the adhesive

agent, and also provides the dry etching device including the same.

(Figure 1)
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