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 08 facility is required not to produce an inpurity. e fer
t r eat ment 4pYI6ER §eBrodiagtian aftssmisoniduntomgevines;s and, therdry etthingg and

sputtering..: f in a reaction ch er, frequently referred to as
chanber, ﬁﬁ?@% ?%gkaﬁiéé 35_8&?&?8&056%{ P&H?"tr‘}glj tes E?ffﬁﬂi’ Reeatrresistandaf er
treat mentplasAReeatfind et 60 FE; AFY LtdIGHY dEAcEL 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



meet the higher purity standards, as degree of integratiepddgyeeasss for 1
20 Cctober 2006 sem conductor integrated circuits, with the result that

t he chanber and each of its conponents are required to have the materi al
characteristics as free of contamnation with an inpurity as possible.
Taki ng dry "etching as an exanpl e, the conponent nenbers inside of the
chanber are described by referring to Figure 3. The chanber normally

i ncl udes sepaicondicebenitegeieted dircuits, MRS LA fed ANhaURCERAfSr ad@Ci NY
each ot her, hhe Jlower el ectrode being connected to an RF power source to

produce aCpFRMHdtHEPmRANants arsucgwiras txhavddhe Matsridladmravedistics set

I mredi at el ¥t§@$$ éhszlnower. el ectrode via,a nount i.ni; menber, to be etched
with an efchan 85 nigminathion wth an uppurty asopeswibla-he conventional pl asma
etching el ectrodes, including an upper electrode, for dry etching devices

have conplicated shapes to be set in a chanber structure. The plasnma
etching el efaludg dry etfchéng asapesemplé, tHe coRPNERHIBefibads3ngHLEF Pon,

silicon of, si]Jican carbide (SiC), and assenbling these conponents into a

monol i t hi & ehamikarearedesanifed hymefereing be Figste 3 THtteetloambeirhe upper

el ectrod ; ching.deyice is, conposed of an el ectrode plate of
silicon g‘?é"&%‘é’ﬁi” ﬁ&‘él"g‘#\‘?%ﬂ PgFf‘?éF&TCH?Sa i CedUBPST apgrlowes slentrodesg) of
netal or fae a¥h@Rh g W -al . L.odi Qr_silver.
These net al %l?écebr azi ngy’rrg{egri al Sé’l%%%gge@%k(%)ﬁg%ct% #ﬂgpleﬁg%éacqw?ro

el ectri caoud tohemadiceca plasmiavbdtywecHolRY 8sunidt dbSGolYs DagiRgni th a
net al , e.svg. i.ndium involves problens as wafer treating tenperature
i ncr easeV 5T ii%Seb vemediately above the 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



pl asnmp etching device performance. The brazing netal, al Hhough ing a
hi gh adhesive strength, nay be insufficient in resi stanctghto e{ag@@ For

exanpl e, the faces joined by indiumnay be separated from each other, when
exposed to a tenperature exceeding 156C as the 2 20 Cctober 2006 nelting
point of indium The joining needs pretreatnent, e.g., undercoating
treatnment with a netallic filmby sputtering, and other tine-consum ng
enperature, which tends to increase costs for workability

wor ks at hig{&t

and treat fBRUINgBrEdfindinm. hTheijamingnaeds pedtreatayentyese, cont ani nat i on
of the siJif9Q Fowor d for. t.he, [.pi ni,ng, net hod rarely gives good

et chi ng (‘:’h{ar ac?%ﬁﬁgtﬁr%%&?%&t %P@i &%ﬁ@ﬁ? T‘alﬁgby éﬁfrﬂgt?%ngo‘%\éii %ﬁ'l’@' d of the
seni condueirae-cdesieRingoworks e Mghabay ! G n made to
sol ve these probl ens. ggdg;) exarrp%e, Ug;géggﬁef,?%ﬁ%r oposszg&gﬁ&ﬁgggr

el ect r odecpsisnisa weikapility anddiredtrhentl epoxi es, and USP6, 073, 577 proposes
an upper el particl es-containing el astoneric

%ﬁt rode 'g%if Bed .using a netal ain

material s. THEEPYHy sRRing ekl ibsell ey epase contaplinationmf thedest al  can
be j oi negdsy: ot e.nracisely ecause .of .unifor decr eased

t hi cknessglcl)’;cg%lhe‘ggfaéé‘he@%rg a‘:";’/('atii eﬁélrﬂﬁgirygaﬁ)‘?‘?fﬂ?lﬁﬁ%ﬁs %‘é‘?(ﬂ%ﬂ&lg keepi ng
good par athetdcteribatyeendyeteing! addbieritPlo RhlyiRiPsr g avol ding
contami nation with an inpurity. wever, these | nventions have a | ower

t her mal cemBigamduatyr devtogeen silieoremedfer.ode pl ate and pedestal, in spite of
the metallic filler present in the adhesive |ayer, than the case where

they are joined by a
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.



brazing material, possibly causing a tenperature distri b%id%ﬂ)b@ﬁﬁdﬁ%e” t he
el ectrode pl ate 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 joi gUMMERY OB THYRGNVIERITARSN® et ching el ectrode excellent in these
characteristics has been strongly demanded. 3 20 Oct ober 2006 SUVMARY OF

THE | NVENTI ON One or nore enbodi nents nmay seek to provide a plasma etching

el ect rode whi I s prevented .frombeing contam nated with an inpurity,
secures good 9%3’%‘?&%&’8@}?’?8&? n&@gﬁﬁ P PEOXIHE ALIRSMRes st ance at the

j oi nt bebyadRgidectebQ6 tr10Le Rl FicteAl BRAE Hedhg Q:%hltaﬁﬁﬁgﬂer g hhng), and

hence i nproves the etching characteristics and” silicon wafer yield by
sol vi ng tR@uUsHFbbesttasrgeld gdetmat hnd dertrinat icomaluqithaseranet hbang el ect r ode

for d hing devices.. nbodi ment k t i de th
iry o anfen it oRt b Riinhtis orn TRaISTRRge Mot ebR Pk SOl coont
i nvent i oaubgmiﬁglmﬁg), ahlieheRSY im@rofed &S budlin Séﬂ&fia%%ﬂ&i@seé{ﬁgop the

optimum p|l asma etching electrode "for dry etching devices in order to solve
t he abovsilisesbivafas vielkaby tsedving] thet proddepisaineolred] petlest al can be fast

| oi ned t..hi gh t d t th time, .good._th I d
elect ri cap ok RSN SRobE% Qdrirols (BEARBEI RINE BrEETORBSHI pedest a
when  gr apftetembvbireBnts nitPYEAk 66l prb PPl @rr oRtARL kAt Wi th an

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.



inmpurity, is used as the material for the pedestal andjadsstrbood he

el ectrode plate of silicon by a polycarbodiim de-containing epoxy

resi n- based adhesive agent incorporated with carbon as the thermal and

el ectrical conductive filler. According to a first aspect of the invention
t here ngPéﬁ\éleEi%r%he '(ﬁ{gsyvygg ﬁ1{ esistant plasma etching electrode for dry
et ching devices, conprising an el'ectrode plate of silicon supported by and
fast, uniformy joined to a pedestal by an adhesive agent, wherein (a) the
pedestal is niiHe aafhapiwphptrt nandcéhiaiarnt ep Oy patsSi by oeidlad of 9

pol ycarbodji m de resin and carbon powder are used for the adhesive agent.
4 20 Oct BRrashedumyde rgsisyand, 13 fe 44&hpartpdbnyeight dheatheiesi ve agent may
contain i : p iimde resin and 12 to 440
parts byéa‘}e"%ﬁ%eg?f%(z %ﬁ%%%%gﬂ%ﬁ Sgranl%&éggﬁgby wei ght of an epoxy
resin. the adhesive agent may contain a curing agent or curing pronoter.
The curing agent y be of a conpound. selected fromthe group consisting
of an ani ne-,ﬁ?ﬁ/ﬁﬁﬁ??ﬁ‘(@-a}g%éﬁ@y-c%aﬂa@i@erﬁgﬁﬂem&f PH3ed conpound, and

t he curiggbr%gép_)t er is of a conmpound selected fromthe group consisting of
i mdazole, a tertiary amne and netallic conplex. The curing agent or
curing pronoter nmay be incorporated at 1 to 150 parts by wei ght per 100

parts by vei gpltle %furgr?ge aggg%( ¥n£{3§ ier:)'f a compound selected from the group
consisting of an amine-, hydrazi_ne—, 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.



The pol ycarbodiinm de resin may be an aromatic-based conpg Qct ober
2006 the epoxy resin nmay be a bisphenol A type one. the c?r%gjgﬁts%%&der may
have a Young's nodulus of elasticity of 6x109 to 68x109 N n2. the pedestal
may be coated with glass-like carbon entirely except for the joint with

the el ectitedepdhptasiafmalbecabisphensPAtiypg Jrid. m of gl ass-1ike carbon may
have a thickness of 1 to 3 gm The electrode plate of silicon nay be made

of single-crystalline silicon and has through-holes. A dry etching device
whi ch i ncl ude n ne _of the plasm ching el ectrodes, descri bed above.
One or nore e%%&%ﬁ%%ﬁ?or“é%@patygﬁﬁv%ﬁ ?W%g&{l'ﬁ’&'éb-ﬂ%f’gﬁl[%%&%’s et chi ng
el ectrodexflop tdras-atovtWpgdevi ces, conprising an el ectrode plate of

silicon supported by and fast, uniformly joined to a 6 20 Oct ober 2006
pedestal by an adhesive agent, wherein (a) the pedestal is nmade of

graphite, and n QxY. hesin .cagnt akni.n | ycarbodi i de resin and
car bon powderﬂ%?éegggéﬁfg¥ygﬁ%aﬁﬂﬁ§§w %@gﬁﬁﬁ( t)(S’rn?rﬁﬁ']@eyenbodinents
i ncl ude eheeptoforaterjgint WithThe éle@&maee%lfafﬂéwsﬂh&ﬁ{.rode for dry etching
devices which is the sane as any one of those described above wherein the

el ectrode serves
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



as the upper el ectrode. BRI EF DESCRI PTI ON OF THE DRAW N@Oﬁcg’%%@étrode)

schematically illustrates the plasnma etching el ectrode (upper
Figure 2 presents the oblique view of the plasnma etching el ectrode (upper
el ectrode). Figure 3 schematically illustrates the dry etching devi ce.

NOTATI ONpédEstehant af agiHddigs age%alﬁhel?eiﬁi (EF R 9edBeZA & réaﬂf ggma et ching

el ectrode (upper el ectrode) ower electrode 5 Silicon wafer 6 Plasma 7

RF power g5ziiride, 8ngi(bkanciewop! msin gongairivgrpolgcdaetiraide résig)araf graphi te
10 Joint (j;0int face) 11 Etchan as.ejecting hole 7 20 October 2006
DETAI LEDC%&)BVI%%Q%?LW—@?%M? e%awga&e emtq A B ®n is described in
detai |l femiraimdriteThcldde ah@m@;rpggi ng el ectrode The pl asma et ching
el ectrode of the present invention is highly resistant to heat, conprising

an electrode plate of silicon supported by
(1) The plasma etching electrode for dry etching devices which is the

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



and fast, uniformy joined to a pedestal by an adhesive E@%kaeMﬂﬁkﬁi” (a)
the pedestal is nmade of graphite, and (b) an epoxy resin contal ni ng

pol ycarbodii m de resin and carbon powder are used for the adhesive agent.
A plasma etching electrode (i.e., upper electrode) is normally divided
into at | east 2 nenbers, one actually facing the wafer and responsible for
distributing the gases, and the other being fixed to the device. The

menber facgj r esponsible for distributing the gases is the
el ect'rode%ﬁ%%é@%ﬁé%@ﬁiﬁﬁéﬂ@ﬂﬁoﬂ xed to the device (i.e.,
pedestal ) mepy, Ial ong. as ] t. ks highly conductive both
electrically aérigrﬁ%&%v@?ﬁ%nl (liésS%rIng(fng‘f aﬁ%h&l ca F%Bh, ceramic or the
| i ke. The el ectrode plate, pedestal and joint are described. (1) Electrode

Plate An el ectrode plate of silicon is a normal choice for the plasm
et chi ng el cBlassae eg¢hingeeloctrodiet i nvention. It is in the formof disk

havi ng a nughper_.of hol on the plate surface, through which the etchant
gas is e ecﬁdg'&.pl%ﬁgl%f?g%é‘ﬁtg dJsstrode of therpregent iaventiamds Wghlg  passi ng
t hrough the; €%ol he 1 el and . the si.licon wafer,, set on the
| over el ectrode ?g Heétéghgg % § %@Ehag?rgfgg:gﬁq;ep?a&ﬁsoefﬁﬁl%?? SUPPOTEA B, ¢ he
plasm. Gihiday ehdforaf§bioirkid t6 apERisthlBy 3% hilfieBRRGddlt, WhRralect rode
plate is not limted, but preferably single-crystalline, highly pure and
dense si |{2bBie pedestad is opade of graphidgaapties of such silicon is P-type
single-crystal silicon doped. . . .
9 (Kfan €poxy resin co%%ammg 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 and 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.



wi th boron (B), having the crystal orientation of <100>. S vity is

normally in a range fromlpf2cmto 3052cm (2) Pedestal %ﬁgﬁ%%§§#§%etching

el ectrode of the present invention includes a pedestal (or support ring)

normal |y of graphite which cones into contact wth the back side of the

el ectrode plate of silicon. The pedestal of graphite brings the effect of

cooling the heat generated at the upper electrode (the thermal conducting
ei ng kept away from the contam nation during the etching

effect), while.b
process wit hgg-l?anﬁmli‘g' aptherhasesiar therelogirede phate jsedetlimitast, hytaphi t e,
al so servi . )| R4:NQ, 4 ref erapl or .should be_ hi ghly heat
conduct i ngfﬂ? ﬁ%@?%&é&ﬁé’g ﬁ{;%tgytmg’c%’r@%%WF%a&)gﬁﬂsg SHion 15 ‘df‘?c.i'er(g"l‘ﬁe in
t hermal exfansiexBngsles f GLRM silitbhistpL E&{gi@- DA nabbb&‘)“-
QG herwi se, there is a tenperature gradi'ent between the dis enter and
per i pher y with theson |(Bl,thadag thiv atystaloridetation of <1 H@-.c ssessidtdritpieven
et ching charac frj stics. The edestal of |ow heat conductivity and largely
di fferent nPFB’r?:] Yhid 3 range dpem hngrem to 30Qremt expansi on coefficient may
not well cope with the requirenments for, e.g., increasing silicon wafer
size, increasing treatnent tenperature, or adoption of rapidly '
heat i ng/ c(i) Pediesealcl es. Gaphite serving as the base for the pedestal is
not limted, but preferably highly pure to cause no contanm nation with an
impurity ddlienplasma stdhiogrelectrede eff the pyepent inentiot inciudese a hi gh
thermal 9 %OL% ober 2006, conductivity and snmal| difference in thernmal
expansi onPEdet I SHPRELLFing) 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



the el ectrode plate of silicon. One of the exanples of s gpﬂj eis
t he sem conduct or-grade one, and the commerci al productsglsgbé:%l'ij) e 85( 2123,

CX- 2114, CX-2206 and E+25 (LE-CARBON'), and EG-- 262 and EG- 264 (N ppon
Carbon). The pedestal of graphite may be of a conposite of graphite and

glass Ilike carbon. It is preferable that the graphite surface is coated
with glass |ike carbon, at least for the portion exposed to the etchant
process, i.e., the portion other than that

gas durin tge dry etchin . g s
j oi ned to%f’ﬁ UCEIIVEEt%@eS défferenee inchermeleinansion soeflitienfewithe si de
and back " r aphi t urface is coated wth glass |ike
car bon no?ﬂn%}erb?t{(g&éggﬁit%i st égggb?w qe Pg té?nex?ﬂéplgg isﬁ’é"%nmtqg’ss not

i m ted. and semiichedusdaauAlal ¥nsehRa'tRE JmdbRal ABRRI AfGhaRReR: | N
particular, the preferable ones include to coat tlie graphite wth a

certain t£3830CX-Edild, CE-2206 poldyE#25(HE-CARBON[hand EGF-262 mrhy
and fire the resin into the glass |ike carbon.

sprayi ng Qr. i npregpation
When the ﬁﬁ#’%ﬁa 1IBROP, GarbRmM: i s adopted, the glass like carbon may be

formed al so 0, .surfa the insjde, and.,thickness of the
whol e gl ass rfﬁﬁ(éé(?:ar goﬁggg%/@ir“t%gﬁgﬁg%i éfg?' ESEHPY gﬂgracfﬂ“ﬁ%f‘@a #ﬂ@sgl ass
| i ke car bhke ayigsnwor ks as the protective |ayer for the graphite,

controlling formati on of dust fromthe graphite and nmaking it nore
resistant to corrosion. In particular, it controls release of the gas from

the graphit Tt f.snplge?graﬁ)llg Sﬁﬁ%t %I’lgo g?‘ggﬁ{tg s(?.lurrf'.jtgegist ani%r Wietglcgliagg li%coe
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



20 Cctober 2006 process, and prevents contani nation of $heceteiooni th,
e.g., particles of the substances that constitute the oxide |ayer,
separated fromthe graphite surface and deposited on the wafer. dass |ike
carbon is also referred to as non-graphitizable carbon or hard carbon. It
is not limted with respect to the stock or production nethod, so |long as
it is produced by solid-phase carboni zation of an organic substance. The

stocks fo ' ' cel ose thermpsettin esiins,

o oot ur PR e BrEAERS hoEAROR o IS Fater Wil B PREHRSE ave
been pr optisegdubetiesk teagtasstitutk ¢heas-agep 1gy&rpseba?§t%d8&9ﬁi<tﬁ@t erials. (3)
Joint Face (Joint Layer) The above-descri bed two or nore nmenbers are joined
to each ographitepurfaceatnd stepesipdair ithe epaley- based adhesi ve agent,
described later. The joint |ayer should be el ectroconductive, because the
assenbly is set in the device in which a plasma is generated. The joint
shoul d be a t ' t.o inprove. tha.. ngi. ng "
ef ficiency gtﬁatsﬁelﬁgé;’)g%qaohnF??%g%?%ﬁFﬁe&oégﬁgglf&ﬁﬁhgﬂg‘lg@ec%%%gl &(‘) cool the

vaf er fadeart cachdy. Ieipasediniived REtpragpdet thehé Sidtk GMpHddudGor! SO
suffici entlé#gesi stant to heat, because it may be exposed to a tenperature
up to 200tctrrdngo ferg disdt is preddced dy. salid-diessi carbpyimationsofiascr i bed

R T S A A e R
resi st anidibAniRRtind 1BLAILIS  HIRRINERIONG1 2988 nbPhopl Y Pesihe member s

for the present invéntion’ confalns an epoxy Tes .
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.
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and carbon powder, the forner containing a polycarbodiim | 20

Cct ober 2006 A silicone-based adhesive agent nay be coggggg%g%fggmthe heat
resistant one, to join the nenbers at a | ow cost. However, its thermal
expansion coefficient is 10-4/C, which differs fromthat of silicon and
graphite (10-6/C) as the materials for the nenbers to be joined by 2
digits at a high tenperature atnosphere, with the result that they nay be
separated from each other. Therefore, it is not a choice for the present

i nvention. An epoxy-based adhesive agent has a thermal expansion

coef fi ci ent Ailidensbdsed eidhkdind Sgehiits PO PASHGE dyuRd nble menber
separation, ,because of snmaller differencé in thermal expansion
coef fi ci eRgSIStant gue, oajoia dhe memiresiat ahew poky.c dwstiarpitdaheesial usef ul

for the | L may ~be, ..-produced. ari o met hods. Basically,
t he po![ygéarigl Ogﬂ?%gg@fﬁl{gﬂt l?g éf/af;gtvlglﬂgﬁ E"‘%}é? \é{?q;}llﬁg{sét%rs?m%e@n{dil tugg ’
convent i carbodi i e resin (refer to
2,941, 958@2€§T§éagan6e§e ) %%@%%51%?%5% F K% 9%%‘:2073)3,30% B® dised. More
speci fi cadligits at a lighpenshaatuby athespRBASNGRHI QR td3 ﬂia[tgﬂ{egr”ﬂl‘é?l of

ani

carbon dioxide (i.e. decar boxyl ati on condensation) of an or
pol yi socyhacrarated fspgneach pthst. sThyrefaresitds ndte shoickof ehesynt hesi zi ng

th | klm de ingl ud ti | yi te, aliphati
ol yi SocieeBAt L fion "B B8 oR FERc a BRedins 2cbnh Pusen Ehelraat or o

i fi | . _ t Y i t L 4.4" -
3?3?}13&?%?%2% d?ci)ésfgg/égﬁ:qtf(]at?léa 3' . dél}gjh(gﬁ&(g: Wﬁ%‘ﬁ%&%h%f’f tBeyanat e,

1, 3- phenyhembedisepacytions 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



1, 4- phenyl ene diisocyanate, 2,4-tolylene diisocyanate, 2

dii socyanate, a mixture of 2,4-tolylene diisocyanate and2gp%@%%#§P§ne 12
20 Cctober 2006 diisocyanate, hexanethyl ene diisocyanate, cycl ohexane-1, 4
di i socyanate, xylylene diisocyanate, isophorone diisocyanate,

di cycl ohexyl net hane- 4, 4' -di i socyanate, nethyl cycl ohexane diisocyanate,

tetranet hyl xyl yl ene dii socyanate, 2,6-diisopropyl phenyl diisocyanate and
1,3,5-trii,so O the pol ycarbodiimde resins,

ropyl benzene- 2, 4- di i sgcyanat e.
t he one pﬂaaﬁesé’%% examethylensdiisegyanate, aydeherangdl i socyanate is
pr ef er abl g:: ,J[ﬂ‘gﬁ p | 13 | -wherein the aromatic pol yi socyanate
Is the isggégéac.e ea\%‘???ggfé‘? (ﬁaéggiy&g&q’é%@’é%% g?%?ffg?n(ﬂt?’ect |y bonded in
t he ar omatlicyclotikylidthanetd e diigocydieatea iyl dsneesas useful for the

present invention include the aromatic-, aliphatic- and alicyclic-based
conpoundsdiigpcygnath, téteameatbyiyldeneashisoopanate,,padiisapropyiphadf er abl e

for their ,resistance t t .. The organic diisocyanates useful for the
present iﬂ’\}%‘?ﬁﬁa&f&ﬁl%’ﬁ? 1i’%§qW§°PF@ﬂg€§Z%%?e4ﬁBFWﬂﬂﬂéﬁ-i on degree is

adequat el y _ lhi?lgli u ... fonagisocyanate, which is
reactive with t e&%rﬁgr _r#(?la @%gél)&gﬁgt g%?%ﬁ_g)rgﬂq%g %gﬁﬁﬂ%aﬂ'a&eponpound.
The nonoi typeyaioesatibigdlyicasy atate iblisref@abld #r fe pheianbesiibal de to
control its polynerization degree include phenyl iSocyanate, tolyl

i socyanatwherfindbgyargmaatic nolyisoayanate isythledisegydnateshayingatdeabtiy |

i socyanat.e_and napht hyl isocyanate. .The_other co] unds reactjve with the
ter m-yna| 1PQEeN gf%‘ob%aﬁyrpg y ‘Donded in the aromatlgpr?ng in the molecule.

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
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serve: as the sealant include the follow ng aliphatic, arg dﬂ%fﬁﬁb6
alicyclic conmpounds: (i) those having -CH group, e.g., ne hanol et hanol ,
phenol , cycl ohexanol, N-nethyl et ahnol am ne, pol yethyl ene egcoI nnnonethyl
et her and pol ypropyl ene gl ycol nononethyl ether; (ii) diethyl am ne and

di cycl ohexyl am ne having =NH group; (iii) butyl 13 20 October 2006 am ne
and cycl ohexyl am ne having -NH2 group; (iv) propionic, benzoic and

cycl ohexane carboxyl i ci haylng roup; (v) ethyl npercaptan, allyl
ner capat affraitf %ﬂé r-diéz gapapy {iv) prajiepisu REAZRIG/ | ng

epoxy groug @%&g action e organic

di i socyanate J Focee Q%h&%%ééﬁglggo "(?QF{}'EIET?BP B’?SE‘&@]

car bodi i mmlercaptah, alybhicitapafe] HAQ tBIGSRALSICRSVIRS (83 or a

phenyl - 2- phosphol ene-1 - oxi de 3-net hyl -I"- phenyl %hospﬁoﬁuﬁemll- %’Ql de,

1- et hyl - 2cprppElshavingepasy geoupt hyl - 2- phosphol ene- 1 -oxi de, and a
3-phosphol ene i soner thereof. O these, 3-nethyl-I- phenyl 2- phosphol ene- 1
-oxide is nore preferable for its reactivity. The polycarbodiinide resin

for the presg 4k SD?F W [ [ nmol ecul ar wei ght
of 3,000 to 50,000 as Boi yst?rene cflng?ﬂag %%I?‘?Feation '
chr onst ogdipduyfERE)proceeds i ehe prekence 8f 8&&1&&%} % hor e
preferably 15,000 to 25,6000, whether it is incorporat ed wth the term nal

seal ant orarhediimide. sSyghraatnbyists gmrlusllesplatDSphmlenhe:aﬂdesv@g i has a
nunber - av f a I ecul ar wei ght 00 The one havi ng
mol ecul arP Rt RiRRRI g 0o ?‘@)emc;”( "‘Lﬂf‘g&' WICHggangcﬁh@@hQ eﬁée’d‘s a | ong
reaction &yife, i Xth§12 BR85Sholene-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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(2) Epoxy Resin The epoxy resin for the adhesive agent fgp.RgePiRGEN
i nvention may be selected fromthose generally known for epoxy resin-based

adhesi ve agents. These epoxy resins include those having 2 or nore epoxy
groups in the nolecule, such as glycidyl ether type epoxy resins, e.dg.,

bi sphenol A, bisphenol F, phenol novol ac and cresol novol ac type epoxy
resin; and alicyclic, glycidyl ester type, glycidyl am ne type,

het erocyclic, 14,20, Oct pber 2006, and |iquid-rybber-nodified type epoxy
resin. Théy%yhﬂw%ggggem%&ﬁeﬂnmimgpw- iThesomaynbe sed O t hese,

eatn ar e<ineR AARERGLy b iR ARG SO BRpRl A bk BReF Er ol .

The epoxyF, phendl weebldc 408 drBSolhEeRsat t&ﬁé%@bk?&eéﬁa B¢ nhdpgd ted to the
above, but Is preferably hardened acceleratingly in the presence of the

above- deprefenaddepanylchispbdnohifdeypedsi siill a8)reGardbarailewd@re Gaoyon powder
for the adhesive agfnt for the present invention works as the thermally or

el ectri cal §AbRIHEIn e PraseRt JRYERUBR dG inptdigited; ﬁ@pﬂtﬁ/@iaowé?tzﬁaqshor .
neadi ng. PYRG Y HCEaeh AREIAREERLY 5o TR Hres AT b ERERRES: Trtar s, |

e.g., sidesribedi pebraebodiiaiideresmwder, and fine, silver-plated powder. In
this invention, carbon (or graphite) powder is used for its thernmal

stability and ability of adjusting nodulus of elasticity. The effect of
car bon pcw?garggnalg&sa&ye agent conductance varies

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

to 68x 109N/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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depending on its shape, particle size and content in the has a
particle size of 1 to 100m preferably 10 to 50 m and p%ggggégfgbﬁas a
relatively narrow particle size distribution. Mreover, it preferably has a
Young's nodul us of elasticity of 6x 109 to 68x109N n2. (4) Adhesive Agent

Conmposi tion The adhesive agent for the present invention can be prepared by

m Xi ng an epoxy resin containing at | east a polycarbodiimde resin with
r 2006 . .The, a ve agent conpositiqn for the

b wder,. 15 20. Oct ob dhesi
g?resgﬂt p?nvglfhfi %ﬁhﬁWﬁeﬁfﬁéﬁﬁlﬁ'ﬁ?ﬂ@& Y t?@‘;#m&n% pyentien nergradber abl y at
5to 20 : I i ; ' N, Vi d
rom the Sl 'BogEhrbBimidd Rehio et BT e St 20%RERRE FERIE 1"

agent maypeolOppants bjeveighbef the B?bﬁiﬁ resir, Wiewed frdth tRROYEhedvParts by
wei ght, on the other hand, its effect may not be fully exhibited. For

exanpl e, foree gliklag agentaddnbelowe? partsbyyweightdtheragent asiyngejuinal | y has a
t he shear

shear strgngth of aropgnd 15MRa (ayound 150kg/cnP), determ ned b
strength ﬁ}f'g@tel?ota?@ %ﬁn né}éf‘l“ﬂr _“liiia Qvﬁﬁg@fgﬁ%" wt’é’ﬁ’_réff‘g?é“’d'r adual |y
i ncrease r : [ a nmaxi mum
of 20WPa TS MIRCE Ry BoPbe AL LORRIGR, FOFERTIe BlS AUfetRet T
carbon peagtart free ofpolyrarbbdiindtle 10sitogOferdlyt Baby sRdaétroesth 600 parts by
wei ght of the whol e adhesive agent conposition, i.e., 10 to 90% by wei ght,
pr ef er abl&Fo8nd; @W%&mgq@lﬂ&kgmm%’), determined byoduehshear 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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wei ght) viewed specifically fromelectrical resistance o5y blgnLel ARkl ode
itself. In other words, it is incorporated at 11 to 400 parts by wei ght per

100 parts by weight of the epoxy resin containing a polycarbodiimde resin
(pol ycarbodiimde resin + epoxy resin), or 12 to 440 parts by weight per
100 parts by weight of the epoxy resin, preferably 47 to 440 parts by

wei ght viewed fromelectrital resistance of the electrode itself. The
method of mxing is not limted; for exanple, the compaonents are m xed by
mel t kneaHSfg f0g pedestieeamppsBionfowitin imitsanot harmiilifpe theedieshice of an
adequat e | { he p 1 m.de. and e esi;n. The

adhesi ve gg%fg %%éré}?{]%wt‘pa?lgg g‘ntméﬁﬁfeﬁﬁ’iﬁggﬁé"% c?ﬁ@é’éﬁ éocf ﬂﬁ th one or
nor e addi preentdhvEhtibarinched€ fibedus reMbRARG LRMENpoRARH ¥r 16 20 Cctober
2006 wused for adhesive conmpositions within Nimts not harnful for the
effect ofryshelliprefBers {eng.emoléen silim)ppigraents, ratidutingesgeartd =rid | ers for
the present, i nvention include fibrous reinforcing agents, powdery or
cryst al | i SHripg promaoters ywhichpqeslergte icaning by gherdeactiany ketwesy thigent s and
curing pr allc .Gie ri e cti he

pol ycar botg‘?j? %15%120%%9@%%%9 érlg('{s}%tr\l.e‘:"s‘i‘trl{fe ’If:}g? ?ﬁ’dﬁlgg%éﬁ%%oérr %&Enn‘gfeté'\fl\w&ﬁen used,
i s incorpgsed,qd iatofpdratd@@tnaid 350Ypaes By wedihtlfd Peo barkybywei ght of the
epoxy resin, and its content can be "adjusted depending on type of the
epoxy resveight@fdhei appxyoresin, amd itsToentnti can hgadjystededeperiding ¢ pr esent

I nvention include am ne- based, conpounds,, e.g., dicyandi am de,
hydr azi ndYBe S FNESRBIERSIn A Q%%ﬁi&‘@ﬁ%s and acid anhydrides. The

curing promphelchiring agents 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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include imdazole, tertiary amne and metal conplex, whighddseldgdgound to
t he adhesi ve agent while pronoting the reactions between the epoxy resin

and curing agent. These additives may be added during or after the
above-descri bed mxing step, or ‘incorporated beforehand in one of the
resins before the mxing step. The adhesive agent for the present

I nvention can be transfornmed into the final, cured product, when heated
normal ly atf 80 to 200C, . preferably 120 to 200C. It is considered that the
adhesi ve é@@ﬁﬂh@§m@ﬁﬁ€€1@NﬁQﬁQﬁslinking caused by the reactions between
the carbodiimde group in the polycarbodiinmde resin and epoxy group.
EXAMPLES The present invention is described in nore detail by EXAMPLES

usi ng dr ap 0N PMES %Péﬁhﬁ%%a(@(g i e 7 20 Gctober
2006 limt the present 1nvention. ﬁ?ﬁ%s&%hmogg&%ﬁ |%léaof "the plasm
et chi ng ekemnbedgonridg mettiet | oi ni ng met hod The plasna etching el ectrode,

I .e., upper electrode, of the present invention is one conponent of a dry
etching device for production of silicon wafers. The etching device is

oL o, g SO SRR, 8, SRRV e b cr v
silicon (jventidd ROofE ¥ohbor¥ntcol &Urf RtChingl@07c278r PPo@hEGA bFa!
silicon wafers. The etching device is outlined in Figure 3, and 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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resistivity of 15Qcm forned into the shape havi ng di nengg 23. 5mm
in di'ameter and 6.35mmin thickness, and provided with %gggt%ggi%?gﬁt gas
ej ecting holes (dianeter: 0.8m). The graphite ring (pedestal) 9 was of
graphite (LE-CARBOND s E+25), forned into the shape havi ng di mensi ons of
223.5mMmmin dianeter and 19nmmin thickness, and provided with a collar by
which the ring was fixed to the device. The electrode plate 8 of silicon
raphite ring 9 via the joint 10, to formthe plasm

\é\?i h% ﬁ;ngﬁet&%g&s%aaﬁ?wmﬂgosiﬁém? sehin htbe\dgy ctehing dedica desi ve
DoTycar bonBSKAREH AT M oH] wRf el aited Fol el SRARICTIHRRRR, 1

parts by eehdhg rate dheVRRMtARCEDS tAE SR (HUhEAO(ASLRIred Sy ﬁré&rﬂc% by wei ght
of imdazole as the curing pronoter per 100 parts by wei'ght of a bi sphenol

A type epoxgbsescapf tinel sephsatidi afteT it #3ys iipsezbib 6;00M0yqles bf by wei ght

of graphite_powder K ki Steel's HA2500F) per 100 parts by i ght of

t he epoxyw?ﬁiﬂpg%gﬁa\@ﬁﬁ% Qe Rgingites sl eoehng fon 2paiayeshs Tosed as the
conponent Jax ' ' [ o] 1on Qf +sili fers. 18 20
Cct ober 2%‘%?8511%%6%}%2%&% C :‘?é/n'é”% Jleégct'%3 Flglé‘lgg(\gmgég g“é'tarf ' %q{e(i@%d%tsglﬁi ng

devi ce (LANMESHARMCE-TE00). 4A80svalRmtRYAleies at@ civeyeiThbR! BCtri cal.

resi stance, etching rate and resistance of the joint to heat (neasured by
presence or absence of the separation after it was exposed to 6,000 cycles
of wafer etching at 2,000Wfor 5 mnutes and cooling for 2 mnutes). The
overall electrical resistance was determ ned by an anal yzer (M tsubi shi
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Chem cal's MCP-T600). The evaluation results are given igo‘&%grz’lo%lg 20
Cct ober 2006 Table 1 Graphite powder content Overall Electrodes (parts by
wei ght per 100 parts electrical Etching Resistanc by weight of the epoxy
resin) resistance rate (A) e to heat No EXAMPLE 1 12 2.2x106 5980
separatio n observed No EXAMPLE 2 47 4.8x105 6050 separatio n observed
No EXAMPLE3 73 9.2x104 6220 separatio n observed No EXAMPLE4 110 2. 3x103
6290 sepa,&.g.hieol n observed No EXAMPLE 5 257 9.3x102 6310 separatio n

. Overall
Graphite powder content . hi .
Electrodes | (parts by weight per 100 parts ele.ctncal Etching | Resistanc
by weight of the epoxy resin) res:(sgga;.nce rate (A) | e to heat

No
EXAMPLE 1 | 12 2.2x106 | s9go | Separatio
' observed

No
EXAMPLE 2 47 4.8x105 6050 | Separatio

n
observed

No
EXAMPLE 3 73 9.9x104 6000 | Separatio

n
observed

No
EXAMPLE 4 110 2.3x10% 6200 | Scparato

n
observed

No
EXAMPLE 5 257 9.3x102 6310 | Separatio

. . n
observed

No
EXAMPLE 6 440 1.2x102 6320 | Separatio

1
' observed
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observed No EXAMPLE 6 440 1.2x102 6320 separatio n ob§@9\é%g “t%%zo
Cct ober 2006 COVPARATI VE EXAMPLES 1 to 3 The sane el ectrode p?a e 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)(COVWARATI VE
EXAMPLE 1), an adhesive agent conposed of a silicone-based adhesive agent
kneaded with the sanme quantity of carbon (graphite) powder (COVPARATI VE

EXAMPLE - e si ve agent conposed of 100 parts by wei ght
of an epgwmwid%rts by wei ght of dicyandi am ne as the
curing agent and 110 parts by wei ght of carbon (graphite) powder

( COMPARATI VE EXAMPLE 3). They were evaluated in the sanme manner as in

EXAMPLES 1 tFhébsarfkeeleesodesplate 8tilicoR alrbhfaphite Hmo Qt @hRe 18006
Table 2 Overall Electrodes Joint electrical Etching Resistanc e
resi st ancBXAMBLER) 1 tte thwere j¢iQed 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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Separated COMPARATIVE In 1.2x10 6340 at the 8th
Si | i cone-based adhesi ve,
COMPARATI VE wei ght of a silicone-based S
adhesi ve agent and 100 etching parts by weight of graphite cycle
Epoxy- based adhesi ve,
wei ght of an epoxy resin,

3.6X103 6250 etching curing agent and 110 parts cycle
d&kder2 22 20 October 2006 As shown in Tables 1 and 2, the joint

Separ at ed

EXAMPL
conposed of 100 partgogg%g

4.5X 103 6270 at the

i cycle
i
EXAMPLE 2

powder

conposed of 100 parts by Separated COVPARATI VE

at the 50th

EXAMPLE 3 10 parts by weight of a
by wei ght of

graphite
10 of the electrode prepared in each of EXAMPLES 1 to 6 was sufficiently
resi st ant—to-heat—-not— separated during the testing perjod. By
contrast,) the joint 10 of the el ectrode prepeggr%ui nf each of COVPARATI VE
EXAMPLES|1 to 3 was |ess resistant to heat| apd, separ gl g éi | Resigtanlce
testing her ESRFtrofBEr ef or e, t he Jeltdsma et chi nlgesgg{%{r ogie[e? ) the presept
inventioh is Q) to heat
Separated
COMPARATIVE I 1.9x10 at the 8th
EXAMPLE 1 = 2% 6340 | ctching
cycle
Silicone-based adhesive, '
o composed of 100 parts by gffha;ated
MPARATIVE | 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, _ Sflzharastgi

EXAMPLE 3 | 10 Parts by weight of a| 3.6x108 6250 |2 hlfl
curmg agent and 110 parts etching
by weight of graphite cycle
powder
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excel lent to inprove the chip production yield. It is acegpj.efet i the
preferable etching rate standard is in a range of 63003000, and the

el ectrodes prepared in EXAMPLES 2 to 6 neet the standard. The

car bodi i m de-cont ai ni ng epoxy-based adhesi ve agent containing the graphite
powder 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

et ching rate,al nost thﬁ”% me_as that observed in EXAMPLE 6. It is
therefore foftid 13 fabigst 1 and 2githplirind Wdof e clestiodeaprepayeddh 47 to

440 parts | r 0 r by.wei ght of the epoxy resin with
respect tggé%l\(,:\ﬁ}%Eégih%ooélvg%ﬁ&%{i@ﬁpg%r@%%@&&%%&#% Oriegent
i nvent i on sepaba@d qurihgthe!tastinkHd1§ad. B;sp{?@ﬁﬂrﬁéf'gch%goﬁ{tefb r34geP! ate of
silicon supported by and fast, uniformy joined’to pedestal DBy an

adhesi ve glpotrodeprensmd ifaadthef COMPARATIVEBEXAMPLESAPRb R waand (b) an
epoxy resjn con'r.a,c rbodii m de resin and carbon powder are used

I ni.n pol yc . .
for the atfifdsi&e® %éﬁg\lhea’fﬁfnéiaﬁﬁ’%i@tﬁfledlé\mnﬁ\ﬁbetth%tmgQ?@ll" e to work at a
hi gh t enper ' _ ctrpd epared with the aj.d aof the
convent i Onaﬁi‘%ﬁgﬁ@hgﬂ@%&éﬁ&%@%ﬁé;@% : GSEPL SHBENEPRAPr i cal and
t her mal camhlrﬁmrtoa‘n@robb@hglcqﬁprmudﬂoﬁm.bri ngs the favorable effect

of realizi ng_ good etching characteristics”w thout causing contam nation
wi th an i npdkis gccapted dbat the prefargbiestainguatestadrlkickisniiod yaiigen 23 20
Qct ober 2(%?@3 %%ﬁ(? Mor. gﬁ{\éer , the electrode plate can be joined to the
pedest al 9 EnpRidhs lecirodssrispanedin EXAMPIES 840 haneeteat nent or
the 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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l'i ke, -and hence at a |ower cost. 24 20 Cctober 2006 Wabgiosigpkdgmed is: 1.
A highly heat-resistant plasma etching electrode for dry etching devices,
conprising an electrode plate of silicon supported by and fast, uniformy
joined to a pedestal by an adhesive 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_far y etching devices according to Claiml1, wherein said
adhesi ve é@‘gﬂr d@&ﬁ?%Y% etﬁie%o plate eghinedto thepedestabadi i ni de

resin and i . of ,.carbo owder, r 100 rts by

wei ght ofréﬁ"%%%ﬁégFﬂgﬁﬁS”§¥°ﬁﬁéggﬁggﬁﬁh%%HﬁﬂﬂagﬁPﬁgﬁPgﬁ%n¢QﬁOﬁfﬁeetching
devi ces atikel dindohéfce &k @ Wwher cdagr ei n sai d adhesi ve agent contains a
curing agent or curing pronoter. 4. The plasma etching el ectrode for dry
et ching devices according to Claim3, wherein said curing agent is of a
conpound sel ected fromthe group consisting of an am ne-, hydrazi ne-,
phenol - and aci d anhydri de-based conmpound, and the curing pronoter is of a
conpound selected fromthe group consisting of imdazole, a tertiary am ne
and netallic complex. 5. The plasma etching electrode for dry etching

devi ces according to Claim3, wherein said curing agent or curing pronoter
is incorporated at 1 to 150 parts by weight per 100 parts by wei ght of the
epoxy resin.
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6. The plasma etching electrode for dry etching devices a¢6ekdiPoE0 25 20
Cctober 2006 Cdaim1, wherein said polycarbodiimde resin is an

aromati c-based conpound. 7. The plasma etching el ectrode for dry etching
devices according to Caim1l, wherein said epoxy resin is a bisphenol A
type one. 8. The plasma etching electrode for dry etching devices according
to Caiml1l, wherein said carbon powder has a Young's nodul us of

elasticity of 6x 109 to 68x 109N nR2. 9. The plasma etching el ectrode for
dry etchi ﬁ‘&ﬂ%xﬁ@é@n&dé&di ng to Caim1, wherein said pedestal is coated
wi th glassg-1ike ,catbon entirel except for.the joint wiwth the, el ectrode
plate of Silic .lgx}g’.' E‘?ﬂ ’fsﬁléé%‘at Brﬁﬁﬁdetﬁf‘giﬁ? Sgo%rﬁﬁfﬁy&tﬁh% devi ces
accordi ng ' ‘i j ' l~AQf = bon has a
thicknessdtegifc e%?% msn?g%ﬁ'ﬁgcgl%gsérg&z{?gﬂig%ddeﬁlg{?g@%a?b 0* ?yﬁgti_’chi ng
devi ces aundodinty joimedQoca peflestdicrenn sdhebied agehgdehetehe of silicon-is
made of single- crystalline silicon_and has through-holes. 12. A dry

et chi ng deal Radestal isapade oitgraphites gmdet chi ng el ectrode of one of

SN?)I WSDR\l( @#II?R;&%E%B% I(% . HI-G_IL%(JMH T 1EHSI} cﬁeTrAégan}iA‘ Ié/lg\r JI%ONW eI%LECT RODE

are used for the adhesive agent.

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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It is,an object of the present invention to provide a plasaRiBtCIitoRY

el ectrode which is prevented frombeing contamnated 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 i nproves 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 highly heat-resistant plasma etching

el ect r odeClaionds veherginsaid golysubodiimideafesin is enrampaticibegetly and f ast,

uniformy joined o a pedestal by an adhesive agent, wherein (a) the

pedest al £ HE %t graphite, and (b) an epoxy resin containing

pol ycarbodii m de resin and carbon powder are used for the adhesive agent,

and al so provides the dry etching device including the sanme. (Figure 1)
7. The plasma etching electrode for dry etching devices according to

Claim 1, wherein said epoxy resin is a bisphenol A type one.

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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