; e3e8<, |'D6T8ah" s H GHLY HEAT- RESI STANT PLASVA ETCH NG ELECTRODE AND DRY
ETCHI NG DEVI CE | NCLUDI NG THE SAME BACKGROUND OF THE | NVENTI ON FI ELD OF THE

et ot ng devt IMMETAB. <" 355 e Boncuct or aevt ces UMMM
et ching device 1 pgd4di ng the sane, nore particularly to a hi ghlyggs

heat -resi stant plasma etching electrode for dry etching devices with 2 or
nore nmenbers conposed of a silicon electrode plate supported by a pedestal

bei ng j oi ne A " t i devi ce
i ncl udi ng tﬁg%%ﬁggcmi@e%wa*gm %gm‘?ﬁ*‘ evi ces
represented by conpDRY ETCHINGEDEVICE ¢NCLUDINGOTHE'SAME! ed circuit as

the mai n conponent of these devices is increasingly required to have higher
degree of integration. In the production of a sem conductor device, the

wor ks are_conduct i ki at nosphere, e.g., in a clean room
for securi%(1ﬁégﬂﬁ%$@g§wm,rents, because each production step as
wel | as t hersiPelf TREINOENTgNtrenely sensitive to contam nation with an
impurity. It is needless to say that each conmponent for the production
facility is Thiguinveativgl rélatey eslugsiasmd smting)eledirededde dry reeehirgnt
processes, represented by ion inplantation, dry etching and sputtering, are

ef fect ed idgvicasdgetnrodusiiiorbef semiceudnetoy deviess, end gheslrytetabitg whi ch
can be evacuated to.a hi.gh degree of vacuu The fer treatnent processes
are i nor eLEvits origihe U s6Thednolh @A HAB S A R A de e e Mogr e of
| nt egrati Qladinel &4ehesg iotlode MTUEPBAIENEIAAVILEONAIPS & hfdtel s, with the
result that the chanmber and each of” its conponents are required to have the
mat eri al cheambetrscoshpoesedhsf hrgbcof etarttade pdaticosuppottedrby aprddstabs

possi bl e. ‘Taking dry etching as an _exanpl.e, the congonent menbers i nside of
the chanbdelng ouedchy padePoxy-besediatiedveagent and the HN58iNGor nal | y

i ncl udes i I. of ecty od i.e., upper and | ower el ectrodes, facing
each ot he ,69? egqc&@#n%ﬁlé%tsg%b% bei ng connected to an RF power source to
produce a plasma between the counter electrodes. A silicon wafer is set

i mredi ately above the | ower electrode via a nounting nenber, to be etched
with an etRBAGRIGEFONNOE PHEsRRIGREBPhere. Sone of the conventional plasna
etching el ecAg ?gfoﬁﬂhqétqgh%dévri] esapepresented by computers advance, the

D

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., in 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 reaction 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



upper el'ectrode, for dry etching devices have conplicated shapes to be set
in a chanber structure. The plasma etching el ectrode is often conposed of

t he conponents of glassy carbon, silicon or silicon carbide (SiC, and
assenbling these conponents into a nonolithic structure greatly increases
the cost. Therefore, the upper electrode for a dry etching device is
conposed of an electrode plate of silicon or the like which is joined to a
pedestal (or support ring) of nmetal or nmetal oxide by brazing with a netal,
e.g., indi . il : LC i i,al robl em
W th r eapSripanaHeldt it RRERd Bhdums PRI A el Bhlaf e KRIARHBE AR
brazi ng wehBhafeé ebmpsortentsi 1@ itey 8b W ehRPiRteriab chatadtetiséirsi Ng
tenperature increases to inprove the plasma etching device performance. The
brazi ng mewsairee af chotaminatipngvithhag hirgiresi e possdngt h, may be
insufficient in resistance to heat. For exanple, the faces joined by indium
may be separated from each other, when exposed to a tenperature exceeding
1560 as the ; ' [ indi WaTyal e@t rent
e.g., under crg%lﬂﬁr%aﬁ gg:tlﬁg {H Svvlglttlhé a rrggéltﬁggcdflﬁ P%hggt g‘gﬁﬁb g?§%§lﬂgn ot her
ti me- conshe rhambés agé desghibedripe refevriaig tohFipmreedTheccha@bease costs for
wor kabi ity and treatnment. Mdreover, the brazing netal itself nmay cause
cont am naticsmally indudesia paineff dectrpdesei-er.duppercandilawiey elegtiodes.ar el y

gi ves good etching characteristics for . dry.etching, and tends to |ower
Oietd of TRSnEAL AN Shedabier Sleqirodf Heudh Rarer il aFLRF A RuRD o have
been nade eﬁf@% 5 RRRses an
upper el ec%%ggkﬁ@ég%ggﬁg&%ﬁ %g%eéﬁ@f% |nl ed e%%&@?cgﬁgeﬁ'sg%?gm, 577
proposes avafappesceimaiedideclyaibme tis lnywer eletalodeavitia hesawtingai ni ng

el astoneric materials. These jnventions claimthat the el ectrode plate and
pedest al RHMRET; b ReFteBed rkhAmstchaneeas driasplapmaatmpsphsreuni form y

decreased t hi e 0 ' | [ f.ot |_.particles,
decreased | MREKRCTPUR i ANSH! KRN SicAARLEEAL WIOBRE P
avoi di ng gfiieidlBetrode, Yart #rpBtdHTAR ddwced RUWO¥ Romphesed siapdd ebehave a

| ower thermal conductivity between the el ectrode plate and pedestal, in
spite of tskeimet ahdmbefridtiectymeesEne plasmiace tuliiveg iclectrageis oftean t he case

where they are jojn by a brazing jmaterial , possibly caugjng a tenperature
di stri but iCBWM%%ﬁ&E%QOQF&ﬂq%&%ﬁaﬁ%Y GaFph e?‘;’rlcaﬁoo’b%‘jﬂFé’%, CeHi ence
det eri or at¢ i teristi Ther . j iﬁﬁgtype

pl asma et gﬁﬁg%gl%ezg%%%gggpg%%%icsoélaﬁéggﬂgs\/;emg)l%c éﬁ%léﬁmgnéplfl &t vl

conduct anggeatiy iheAdagesshet@mte at the joint, and this type of plasnma
etching electrode excellent in these characteristics has been strongly

demanded. 3 ThegimeRtherupper eleetrededon a diry esphisng devicefis eanpessskaf
invention to provide | asmm et chi | ectr.ode which is prevented from
bei g conEmPREraPRRE SR it or R C i go a0 ke BB ERr | ool
conduct a”%%;ﬁ%@t 'i‘ﬁ?é) JreakelIMIChehl biiRld B Mrabigwith hhReglicelg ode plate
and pedestal (or supporting ring), and hence inproves the etching

char act er iindlivna @ansilwi. | Thasevaianllyc birazimg salteriats cdmesepnobpertdermvol ved in
t he conventjonal plasma etching electrode for dry etching devices. It is
anot her obByidRTrespeel i clgstagrl 4ng t@@&me\%djoamcém%m udi ng the same. The

i nventors of the present invention have found, after having extensively
studied to develop the optinum plasma etching el ectrode for dry etching
devi ces in OHd@eves, PRhME bliSrabRUEwifiohl ©8%al, Ehal indRuf! asidlege pl ate and
pedestal can be fast joined even at high tenperature and, at the sane tine,
good t her rabblands elsewafdrctakatiogdiem perad ucanmnoreasesl toZstpisyevideEn t he

el ectrode and pedestal when graphite, .ch.is prevented from being
cont am nat@ﬂsmat‘htc £ A5iGe ?raffp)lémtm-a h?tpéaﬁgigemeéﬁﬁfaé];h‘?‘ﬁ%hpedestal and

cont ari | i alhe feationian L AN pedest al
bpory r oot RaE eI ABERRE S R nBll, (BRT Y i e R e o

and el ect Hezal Fomekrniple the fages joRaehbpdnthemphegebé sepuediedoffom

each other, when exposed to a temperature exceeding 1560 as the




The. first invention provides a highly heat-resistant plasm etching

el ectrode for dry etching 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 nade of graphite, and (b) an epoxy resin
cont ai ni ng pol ycarbodiim de resin and carbon powder 4 are used for the
adhesi ve agent. The second invention provides a plasnma etching el ectrode
for dry etching devices which is the sane as that of the first invention

wherein t ﬁgﬁ J . Nt NS, . [ of a

pol ycar bogﬁ i BP%@I %%gl%uﬁg @eﬁﬁﬁ Eg?ég%ﬁﬁ\%\%?g%?mgﬁt’g%%b’on powder per
100 part s underebgtingofreatineAeXwith eshietallitefilhibydspintefing)ard ethdles a

pl asma etching el ectrode for dry etching devices which i's the same as that
of the fi tynercorsnithing worksiat high tathperateiragwinicls dands e increaseng agent

or curing prompter. The, fourth invention provides a plasma etching
el ect r ode P8FS yWQF]EQPWg}y(?é'\A]Er&é‘tWﬁIEh is the sane as that of the third

i nvention wh i i ks f t he group
consi st i ng. oftCAeDce THE i IRl kel ity SR in BEL BRI CE U G
conpound, silicbr keafetlr MhgreforePtied joiniwg nfettodpritely ghlesdadl Etadithghe group
consisting of imdazole, a tertiary amne and nmetallic conplex. The fifth

i nvent i on Chegertasisticpiastiy efckhinggastidendsde lpwrerdgrgldeektheng devi ces which
is the sane_as tpattof t he thi rd].i nvent.d on wherein the curing agent or
curing pr SFBEEPRALCIOR GPPSFaPEFIGON WaiC50 parts by wei ght per 100 parts
by wei ght of the epoxy resin. The sixth invention provides a plasma etching
el ectrode for dry etching devices which is the sane as that of the first

i nventi on whSewdral talteernply havb dshiennirdeler €ssolve thase grobidms - wed conmpound.
The seventh invention provides a plasma etching electraode for, dry 5

et chi ng d&xpERRIeW RID,04 4, hed RHPPOSES EFRHPEET p?@ctmd%jomﬁdemﬁmgra wher ei n

H il  sphenol he o ght h i . i
bl asma. o S ol BrORRRy SR S P Bhp R T el Bal A PP TREBRA. "2 T hat
of the fijsinddM8iHd QMméhArRirticles-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.



t he. carbon powder has a Young's nodulus of elasticity of 6x 109 to 68x
109N n2. The ninth invention provides a plasma etching electrode for dry
etching devices which is the same as that of the first invention wherein

t he pedestal is coated with glass-like carbon entirely except for the joint
with the el ectrode plate of silicon. The tenth invention provides a plasnma
etching electrode for dry etching devices which is the sane as that of the
ninth invention wherein the coating filmof glass-like carbon has a

t hi ckness of 1 to 3um The 11th invention provides a plasma etching

el ectrode for dry etching devices which is the same as that of the first

I nvent i on IYRIARY OF THECINVCERTRON € of silicon is nmade of
single-crystalline silicon and has through-holes. The 12th invention

provi des a dityiseac bbpertddtheepndsenh invehtide ot provida snplastih etchislgect r ode
of one of the first ,tg,ll th i?égi)tiog?s., As descr,i bed, ahgve, the present
i nvent i on §1e4t5pds Which igipisvenirdfrom Qedpg contpminated sty @naBYFtYe f or

dry etchi ’l.%cﬁféfé %ﬁ?ﬁd.tﬁ%?Hféhsalr{we%%tﬁkﬁ%éﬁgﬁcﬂiﬁéeea% 1ddt ek HRRY¢t ed by
orfly joined to a

and fast, uni
the joint between the electrode plate and pedestal (or supporting ring),

and hence improves the etching characteristics and silicon wafer yield
by solving the problems involved in the conventional plasma etching
electrode for dry etching devices. It is another object 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
electrode 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,

reaching the present invention.

The first invention provides 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 polycarbodiimide resin and carbon powder



pedestal by an adhesive agent, wherein (a) the pedestal is nmade of

graphite, and (b) an epoxy resin containing polycarbodiimde resin and
carbon powder are used for the adhesive agent. The preferred enbodi nents of
the invention include the followi ng: (1) The plasma etching el ectrode for
dry etching devices which is the sane as that of the first invention
wherein the el ectrode serves as the upper el ectrode. BRI EF DESCRI PTI ON OF
THE DRAW NGS Figure 1 schematically illustrates the plasna etching

el ectrode (upper el ectrode Fiqure 2 presents the oblique view of the

pl asma etchi%838F%@§?5&%e ‘%%?%%Q?Ode). Figure 3 schematically
illustrates the dry etching device. NOTATION O O Etchant gas inlet nozzle ~

0 Discharge nozzle D ~ Plasna etching el ectrode (upper electrode) ~ ~ Lower
el ectrode ~ Théidecond inatatiofs prdlidssa PlasniEepshitg eeoctrodedor drdrect r ode
plate of silicon Cl Pedestal (ring) of graphite ~ ~ C7/Joint (joint face) ~

~ f 7Et chatchyiang dedees wghighl is the sayatAs B tnEStR frstax ver tipHEWhGUERIT| ON
the 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.

The third invention provides a plasma etching electrode for dry
etching devices which is the same as that of the first invention wherein

the adhesive agent contains a curing agent or curing promoter.

The fourth invention provides a plasma etching electrode for dry
etching devices which is the same as that of the third invention wherein
the 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.

The fifth invention provides a plasma etching electrode for dry
etching devices which is the same as that of the third invention wherein
the curing agent or curing promoter is incorporated at 1 to 150 parts by

weight per 100 parts by weight of the epoxy resin.
The sixth invention provides a plasma etching electrode for dry
etching devices which is the same as that of the first invention wherein

the polycarbodiimide resin is an aromatic-based compound.

The seventh invention provides a plasma etching electrode for dry



The present invention is described in detail for each item 1. Plasmm
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 nade of graphite, and (b) an epoxy resin
cont ai ni ng pol ycarbodii m de resin and carbon powler are used for the
adhesive agent. A plasma etching electrode (i.e., upper electrode) is

nor a1y i den Lo b 8aSt 2 SBABSIS NS A% Hol) iy LRG0 4T er _and

r esponsi bl'e SUrT but'ng the gases, eing TIxe o0 the
devi ce. ThBeBpRS relsatiisa HisphembeA égeponsi ble for distributing the
gases is the €l ectrode plate, often 6f silicon. The nmenber fixed to the
device (i.e., pedestal) may be of any material so long as it is highly
conductive both electrically and thermally, and |s de o tal, carbon,
ceram c or tHae Ieil&lét&l wrm%pr%éemaapiﬁsraecféghmgs q%{en&)r ¥ descri bed.
(1) Ele el ect.r od l.ate b 1 J 4 r jce for
t he pl as rré%ttée}?lg% %‘%?g?@}% elgoqh%t %aerplg?éessteﬁr)l t (?fnélﬂeeﬁﬁ?%ﬂnﬁwl%p [E?)s I'n e% El(eﬂ form of
di sk havi nBea&atbohgsowleNbhesa ¥oulpes flathaususf easticithrsfuphi ghish t he
etchant gas is ejected. The etchant gas is converted Into plasm while
passi ng t 08Ug¥N/m2hol es in the upper el ectrode, and the silicon wafer set
on the |l ower electrode is etched with the reactive ions it attracts from
the plasma. 8 Silicon serving as the base for the electrode plate is not
limted, but |46 = j Lahk silicon
s used. One T RATevaligh frbis plimalt @Rty RN AN
silicon depeiting dévibes avhicB)is thavsdifetdietivatyst e firsteirivahition athefeitD0>. Its
resistivity is normally in a range from 1~-52cmto 3052cm (2) Pedestal The
pl asna et éﬁb mgdessal isotmted with g%aeséﬂte ¢carhomn ephirelycexaeps far phageirdl (or
support rin ornal | y .of aphite which conmes into contact with the back
si de of tH‘élg%ltglgﬁq%%t@gﬂ\eﬁlg{eog%{l’lcp@on. The pedestal of graphite brings the
effect of cooling the heat generated at the upper electrode (the thernal
conducting effect), while being kept away fromthe contam nation during the
et chi ng proc€eBlse wehth anwanmton prpvidestd plasthboxiohwad etectiidde foaddst al  of
graphite, also serving as the cooling ring, is preferably, or should be

hi ghl y he&tchingideticas WHali isdhe $ame afetiattehtdic pivth pventpsnal | i n
difference Jn t .0 ffiCl i t.h o] ate of
silicon. %}#e]rre\t}\# gé@%gﬁpega ﬁgﬂia&té%{g)se'rlg{eu(r%e?}bé)\rﬁa&ggn% 8:{1)1%{1( \;?\lé%%% thﬁle&%ji sk center
and periptygiy, of the el ectrode, which can be one of the causes for uneven
etching characteristics. The pedestal of |ow heat conductivity and | argely
different fromthe electrode plate in thermal expansion coefficient may not

wel | cope wi t tequi renents, for, e.g., increasjing silicon wafer size,

et east ng"t PR Eh VRIS SraTidesch pEaR SRBUTE FERSE FEEhg! cool | ng

cycles. GeaphidPasabys Whidh N PaaGe A HACPRACAIR iverniRhn WHBrERH, but
the electrode plate of silicon is made of single-crystalline silicon and has

through-holes.

The 12th invention provides a dry etching device which includes the

plasma etching electrode of one of the first to 11t inventions.

As described above, the present invention relates 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



preferably highly pure to cause no contam nation with an inpurity during
the silicon wafer etching process, and to have a high thermal 9
conductivity and small difference in thermal expansion coefficient with the
el ectrode plate of silicon. One of the exanples of such graphite is the

sem conduct or - grade one, and the commercial products include CX2123,
CX-2114, CX-2206 and E+25 (LE- CARBONS), and EGF-262 and EGF-264 (N ppon
Carbon). The pedestal of graphite may be of a conposite of graphite and

glass lik r rf coat ed
with gl asg’eﬁ%ﬁgﬁ%ﬁ 8%1 é&h$§1$%%§gttbwﬂéﬁém Qdﬁttg %(ep % %%t%hgéfsetchant gas
during therdphite! &h'dngb) RIPELERy rési®: eoﬂﬁﬁnﬁfg bb%a@bb&ﬁrﬁﬁé&e&ﬁﬁhnﬂm ned to
the el ectrode plate of silicon. The portions Include the side and back of

t he pedestarbofimmwdemphaie essdrfbadheislhmsivedgont.h Thiegsef¢irked car bon
normally to a ckne of /1 to,3~m The method is not |imted, and
may be ad@ﬁ%}é@‘g"@e@'@ theyinvenqm énelyilee qgrlgﬂ%"lﬁ‘ﬂes In particular, the
preferabl e ones include to coat the graphite with a certain type of resin,
e.g., polycarbodiimde or phenolic resin by spraying or inpregnation, and
fire the (rge BTHe iplhSmishetchling elédtked € 36Pa Ry eViteingl devit BPRAPRLisaRet T eat nent
i s adopte the glass |like carbon may be forned al so fromthe pedestal
surface t@am@asmw@f thadinshiinkertenovhetrrinyilps elegirade derkes aartben | ayer
can be increase a~m or nore. The glass |like carbon |ayer works as the
prot ect i veHRGf&r C?UP fhe graphite, controlling formation of dust fromthe
graphite and naking it nore resistant to corrosion. In particular, it
controls release of the gas fromthe graphite in the plasma atnosphere
during t h@ERIBF 8ESCRIPTION QFCHEESDRAWINGSvent s cont am nation of the
wafer with, e.g particles of the substances that constitute the oxide

| ayer, seﬁaglar@d sohnmatieally afustratesthepdasme elebing elastorde (epper er .

3 ass Ilkelc (grﬁ is also referred to as non-graphitizabl e carbon or hard
carbon. 189S ™3 1inmted with respect to the stock or production nethod,
so | ong agjjfird 8 Mc%@ﬂ@@@h@Bbb‘iﬁfdedv@aﬁéf?t}?@bpﬁ}héﬂ%tbﬁﬂq?fele%&d&eﬂa”' c

subst ance. The stocks for glass |ike carbon include celTul ose

t her noset {upper eldatsode. g., furfuryl al cohol, and thernoplastic resins.

Vari ous nethods _have been Pro osed to pr oduc }gll ass |jike carbon fromthese
stock mat &rigdre3 S(cj)emarlﬁﬁt Fa ES’(@&?%F E retching device.

NOTATION

[(10Etchant gas inlet nozzle

O 0ODischarge nozzle
[1DOPlasma etching electrode (upper electrode)
DOLower electrode

[ 0Silicon wafer

CCPlasma

OORF power source
O0OElectrode plate of silicon
[I(0Pedestal (ring) of graphite
0O00Joint (joint face)
O00OEtchant gas ejecting hole



The above-descri bed two or nore nenbers are joined to each other by the aid
of a specific epoxy-based adhesive agent, described later. The joint |ayer
shoul d be el ectroconductive, because the assenbly is set in the device in
which a plasma is generated. The joint should be also thermally conducti ve,
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

pl asma. The joint should be also sufficiently resistant to heat, because it

may be exig%?]ﬁl];@)?g% Ig{)l\?dﬁDT ﬁqg 16}\? gas distributed side. 2.

Adhesi ve ove, e joint layer at which two or nore

nmenbers are THejgdstAt aafdht@dmes deScribadiinalbthdl foe eekhcitémeal | y and
thermal |y conductive, and resistant to heat. Therefore, the adhesive agent

for joining the nmenbers for the present invention contains an epoxy resin
and carbon powder, the fornmer containing a polycarbodiimde resin. il A
silicone- t;agp ﬁs%ﬁ'éqm@gé’é“é?ffogrﬁy be considered as the heat resistant one,

to join th t A i '
coet {1 cient B gegefnifil daftodl BT probli bifilin BAMINCC i ve
(10-6/0 a&ekf&aﬁﬂt@ﬂe&kﬁcé?ﬁ)riﬁﬁgfﬁﬂbl%lbﬁrddk Prite @f Rgldcdyy sdpPpogtddbbgt a hi gh

tenperature atnosphere, with the result that they may be separated from
each ot heandrfastetmiformly joingtbto a pevsistel byran Adhgswesagentaydmmeon. An

epoxy- based, adhesi,ve ent has_.a thermal expansion coefficient of the order
of 10-5/ i‘?‘) &éedﬁsfiﬁﬁtagg%?%‘it}?Plfﬁr%f’ﬁ’ttﬁeaﬂgnber separation, because of

smal | er digf Filmdﬁsﬁnﬁ oﬁhiﬁﬁ@ﬁ%@%ﬁ%@%ﬁ%h&é f&lin drld cBPbYfAPRPG, M de

Resin The 'po e resin e present invention may be

produced hyrevadddfor thrt AdHesivBagiesdl | y, the pol ycarbodiinmide with
i socyanate at the term nal, produced by the conventional method of
produci ng pofyRlaspwietching aleetrade (e e uprrenESPctrods) ivgermedlyjdivided e

Pat ent Publ | cat i, on . 47-33279 ca sed. re ecifically,..it is
b oduced. 8754 Ab R TamRare: 05 POTwaly Saeo T VelRrand afShrduiné .°
decar boxylgsf H@étr&ﬁﬂ‘i’ﬁ@iﬁkigé%lasoénﬁrth%rmr%diﬁéﬂ%t@ﬂ% Bevibee PREaNi c
pol yi socyanates as thé stocks for synthesizing the pol ycarbodiimde include
aronat i ¢ poeyilsodpairgg the atdfphanidcrespoyissiole\fan atistritahting thieqaselsyissocyanat e
and a m xture thereof. Mre specgifjcall t hey .i ncl ude 1,5-napht hal ene
2i ,4 :sog-yaﬂé ,el.gfgtgogpiﬂ;grﬁﬂq{gqrha. §1lmqr§0¥b§ﬁaf:g}ber 111XC|CF to th? .dev1ce &.et.,

4 -alp , a- PNed e,
I 4- phenyHassSif Sy e O, SR8l e & £ RMEAS B IREMINE
di i socyanadlgstritally*and @hefmall; baldyisemade 4fSH eyetadt €aitth, befahfibdrene 12

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.



di i socyanat e, hexanet hyl ene diisocyanate, cycl ohexane-1, 4dii socyanate,
xyl yl ene diisocyanate, isophorone diisocyanate,

di cycl ohexyl net hane- 4, 4' -di i socyanate, nethyl cycl ohexane dii socyanate,
tetranet hyl xyl yl ene dii socyanate, 2, 6-diisopropyl phenyl diisocyanate and
1,3,5-triisopropyl benzene- 2, 4-dii socyanate. O the pol ycarbodiim de resins,
the one produced fromat | east one type of aromatic polyi socyanate is
preferable for the present invention, wherein the aromatic polyi socyanate
is the isocy is t i i Ly, 40 ed in

t he aronaticg??%glP%xéﬁgiﬁ%?%%ﬁ?é?%W%§%§égggéﬁrﬁbgggﬁggkﬁgﬁﬁéﬁ ul” Tor the
present i mrefra®ly siggledayshedliae) Mdhiy-pudd haladdtse aitidoal iscysdd.c Grased
conpounds, of which the aromatic-based ones are particularly preferable for
t hei r resicftthecexanplesaef sutle sdiepmis Peliyipsotingleaceestat silidorf depede present

i nvention al i ncl yde.t he ones whos ol ynerization degree is.adequately
cont rol | e iiBibRoR lmbauie 158 1S b ABIesepanates o o FoESIHAAD b w t b
the term j f Qﬁﬁ?i' i de compound. The
nDnoisocygﬁg?%éﬁi%ﬁgﬁﬁgaﬁgg@@?q#ﬁgquﬁﬁina (gglpolycarbodiinide to control
its polynerization degree include phenyl isocyanate, tolyl isocyanate,

dinethylphen§I i socyanate, cycl ohexyl isocyanate, butyl isocyanate and
napht hyl i(@bPgdastied. The ot her conpounds reactive with the term nal

|SO0YENANE G e E OB O -SAR e DL L R P
met hanol , P8 (or rt (8 AOGKANYof NePRIAYLBIANBORAN fifto et Ny ene

gl ycol nononet hyl " et her an ypr opyt ene gl ycol nonone ether; (11i)
di et hyl anwvith thetbakdle gideobfilyd elutraddpldtepfsilican otiflie pedestabofyl 13
am ne and cycl ohexyl am ne having -NH2 group; (iv) propionic, benzoic and

cycl ohexargFaphitsoRiings thejaffasial ggoli egheabgeneated it theewpagt an, al |yl

mer capat an,and thi.Qphenol having -SH gr.pup: _an Vi onpounds.havi ng epoxy
oroup, - T EEaE I Bt e iR, offic R REPD AN o

di i socyanahe qiiieesittich HORidY BFCBEhifL HRIcRLY Hith An RARUHRYNA the
carbodii m de. Such catal ysts include phosphol ene oxi des, "e.qg.,

1phenyl - 2-gphosp v fene- 1- oxi de, 3- met hyl - 1- phenyl - 2- phosphol ene- 1loxi de,

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

3- phosphol ene isoner thereof. O these,

3-nethyl-1-p VA = 1-.0X%] i r e _f its
reactivity. ?ﬁg %e(ﬁ?e%ggfgg%a}%}]ﬁéé @ég%%ry%ﬁﬁzhgrcéfggﬁgbélﬁgé%i on preferably
has a nungmf@‘a@lﬁg& spbail barhightyg heaotoldd0REingo(HeViR@@ RigHPRENSt YT ene,

determ ned by gel perneation ghrgnatographg (GPCO), nore preferably 10, 000
t o 30, 000,condugtivity)arpt smalhin differepge inotixg; > Xpdiesiparededficient

i ith th i nal | 11 is.sufficient] i
Lo hobt, WAL b actatR male onSiitalt (3heliise herdis AopnPaabuts moro.
The one h(a%‘éaﬂger?t Bt Bhe \ﬁ?élg%n?é?‘)élﬁd%%%’elz ofde Pledflddedtwhibgcause it

needs a | reaction tinme for synthesis. ( oxy Resin The epoxy resin
for the adizesbeemgehthd causte fqranentn ietoleirtg chareotehistissl dieed from t hose
general ly known for. epoxy resin-based adhesive agents._ These eggﬁxééfsins

I

i ncl ude t rResiestalPnlpw hert gepduchoktly yrddpresiy difierand isem ghe §
gl yci dyl fé}Q% i ¥ﬁgﬁ§§g?§§8£\ﬁgiorhsmgfﬁgientbﬂn%gﬁﬁgﬂveﬁi’ Cé{}ic S‘I?)gt%”g ¢ P phenol

novol ac arfd”ct esdl ype epoxy tesiny and a yci dyl ester
type, glycledviiraitngs forPe.g. hat@easisd bllickh 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



and |iquid-rubber-nodified type epoxy resin. They may be used either

i ndividually or in conbination. O these, bisphenol A bisphenol F, phenol
novol ac and cresol novol ac type epoxy resin are nore preferable, 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 hardened
acceleratingly in the presence of the abovedescri bed pol ycarbodiim de
resin. (3) Carbon Powder Carbon powder for the adhesive agent for the

present | %%g[gfsdé%ﬂnlﬁ%ha ﬁﬁaglflﬁfﬁepﬁé@‘iﬁ {héf mé} %fib&hg%l&%%fggﬁié‘r& {vKt‘?x filler

whi ch provi roves therm elec rical”con
adhesi ve &herélecmaa platoopsilord O 6f thdyx&itgaek 0f suchegrapbitte is

el ectroconductive fillers include those of netals, e.g., silver and copper,
carbon povhersenairenidunior-gradeons, anstthe segrmereial prediateindlude Q%r bon

Al LSt | hg TART R 51 147 G PR0R AnchiE &7 TLETCARHEAN D dpB o “ar2alndci ve

agent con%@p@ﬂg@ ing on its shape, particle size and content
in the agent. Aagﬁa partlc?lz size of 1 to 100m preferably 10 to 50 Vim

and prefer abﬂ‘he hﬁeﬁ@talebﬁgxra@hye nedy e gfal tonipositezef graphitdunidoglass
Moreover, it preferably has a Young's nodul us of elasticity of 6x 109 to
68x | CON rike cartbgstihesi ve Agent Conposition The adhesive agent for the
present invention can be prepared by

It is preferable 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



m xi ng an epoxy resin containing at |east a polycarbodiimde resin with
carbon powder. 15 The adhesi ve agent conposition for the present
invention normally 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 nmenbers sufficiently fast. At above 20 parts by weight, on the
other hand, its effect nmay not be fully exhibited. For exanple, the

adhesi ve agent free, of polycarhodi.im de rgsin neral,l y has a_ shear
trength DRSS BRI NATEREP ADTC BETE Hiltber By RASTRAl
strength (88 bubtand888: cofdftute! tcotiteddyer e hiaéd Hdihakh gradual |y
I NCreases as p0| ycar bodi I mde resin content ncredases, attalning a maxi num
of 20MPa grapivite salrfddecandrdepusitedd anatedvafero 20 parts by wei ght. The

carbon powder is incorporated at 10 to 90 parts by wei ght per 100 parts by
wei ght of the whol e adhesi ve agent conposition, i.e., 10 to 90% by wei ght,

preferably to 80 parts b i i,e., 30 to 80%.0b i gh vi ewed
Cbect 11 cal 1 Ol ey BArbeR I¥ o Plntic, B s it G ERRI AR IR 8O0 4 "ot ner
wor ds, 'th'a§d'aﬁeaﬁorﬁtig%&t1irkkeh%@pr&§féc% tB¥heeitgRk RShrolRRtRA tS by
wei ght of the epoxy resin containing a polycarbodiimde resin

( pol ycar baskthodd sorlesigrastitaggpuodursidnby sotidighase 446bgaizasiomyofrenght per

100 parts by weight of the epoxy resin, preferably 47 to 440 parts by
vei ght vi efgnicrgrbepsser i the steaksstorrglass dikeneardiare indydeicedlalse, The

met hod of .y Xxi i Jimt ed: e l.e, .e_m xed by
mol - knealinige i L isiosuee o BT ARPRAF anhd P AR FU BT “or o
adequat e YRR nidtRbHs v Bed? propbbed it Prédired]889 Yike' @5bdn FBh
adhesive agent for the present invention may be incorporated with one or
nor e addi thessswmckf inldterialsel ected from t hose conventionally 16 used for

adhesive conpositions within [imts not harnful for the effect of the
present invention. The preferable additives and fillers for the present

i nventi Onéé)g‘%ﬂ?gfé{éeb(ﬁﬂﬁ fé%,&f)or cing agents, powdery or crystalline

fillers ( en si pi gnents, and curing agents and curing

pronot er s WTled adocel disetibeeltwd @r ot enéadets ars jbielete®eddle other
pol ycar bodi i m de and epoxy_ resin. The curing agent or pronoter, when used,
i s i ncor pbydhedigh ofia specET ppexy bepedeaadhnsipe ngent, gesaribes, laterght of the

epoxy resjn, .and jts content, c e adjusted dependi on t aof the epoxy
ool and TGP Iy sHeg Do Aot Seabes e tsskESisis it

| nvent i onih REEUHRIGHTNGIREA S pEATRAYSWEncPatd. SheyBRSY STUR be al

hydr azi ne}%aseﬁéﬁépﬂounéﬁ, %ﬂgno |§ c%gu%%s and c?rgl‘J %ﬁ%ydr?%lgss.o The
curing pr ohetraalyicosidudeivieyitddagrevettiiet heatyesecharegiagdffieiealcycatngieex, whi ch
itself bound to the adhesive agent, while pronoti n? t he reactions between
the epoxyPP8EPR e tthe dexipenwhithdsecopled it \eool khg wales daeridirgetlyg or

after the L 1 Xi ng step, or incorporated beforehand in one of
the resi nse§§§¥%?ggtscﬁg Ar?’lggll.r{r% step. The adhesive agent for the present

invention carhéfoiht ahehodmdaiset suffiteed il absistaheto peatUsécavdien meagt ed
normal ly at 80 to 200 k preferably 120 to 200 ~ . It is considered that the

adhesi ve bhgarpasedctor @ demperatisrd i1pkiond0Qduse dhp\gashdistehut¢dsiddet ween t he
carbodiimde group in the polycarbodiimde resin and epoxy group. EXAMPLES
The present invention is described in nore detail by EXAMPLES

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
joining the members for the present invention contains an epoxy resin

and carbon powder, the former containing a polycarbodiimide resin.
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usi ng draw ngs and COVPARATI VE EXAMPLE, which by no neans 17 limt the
present invention. EXAMPLES 1 to 6, Qutline of the plasnma etching el ectrode
and nmenber joining nmethod The plasnma etching el ectrode, i.e., upper

el ectrode, of the present invention is one conponent of a dry etching
device for production of 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 1552cm
formed into the shape having di nensions of 223.5mmin dianeter and 6.35mm

in thicknessy sﬂﬁ&r%—%&'s@&%d%éé‘v@&?@n@hﬁ&a% i@ Rel 49 ghEHeRS- (di aneter:
0.8nm . The graphite ring (pedesta 9 was of graphite (LE-CARBONO s E+25),

formed i nros1st£mts¢mp,etd1mmrt@eohnnmisemrmt aflo@anstmhlowevegits gnerandl | 9nm i n
t hi ck , d d th || b h th f d t th
dgbfc2?siﬁg8£n§& a@r‘ﬁmeé“velsé"%-%?@p Fitaigh dHieTs B s A RReraHR o i ng 9
via the J Biabndlbe/L910 e plasl RCRIOhEhBEH 00lBs bty By sher e the

joint 10 rls an adhest ve “agent pr epare arts by

wei ght of dagitsaerehi ’éé‘ﬁﬁéra&@ir}é(‘a?eh%%héﬁed%ﬂ?fﬁhé ré%ﬁsdl‘iamll‘he nedgtri es’
Carbodilite 10M SPTM, 10 parts by wei ght of di cyandi am de as the curing

agent andbg separstdy freen giachodther dBaerefores it fenotimi alyipe domtlee per |00
parts by wei ht of a bl sp enol A ype e resin nd also 12 47, 73
110, 257 are ?jPﬂde Fa&m%%aa%? Eaaﬁagla%m%{ eel '
HA2500F) B hl ng
Eaﬁ@ﬁnp%éiﬁ ‘?éht"\@fﬂigofﬁe#ﬁglgo fﬁé rE&ﬁh#hog EBQ% ﬁ@[@%

el ectrode thus prepare was used as t nent ching device

for produat¢mbbepfsepakation, Watause of Smalldrediffeasnee &h@heﬂgaeleﬁphheﬂm was set
in the dry etching device (LAM RESEARCH s Exel 4250) was eval uated for
overal | elreefficienat. resistance, etching rate and resistance of the joint to
heat (measured by presence or absence of the separation after it was
exposed to 6,000 cycles of wafer etching at 2,000Wfor 5 m nutes and

an anal'yz 60 FRT PR mide R 2|\ P 600y - The eval uation resul (s are
given in Tabl‘lee polylchrbodiimide 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 N0.47-33279), can be used. More specifically, it is

produced by the condensation involving 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



Tahl e 1 Gaphite powder contentOverall El ectrodes(parts by wei ght per 100
partsel ectrical Et chi ngResi st ancby wei ght of the epoxy resin)resistancerate
(A)a to heat (NoEXAMPLE 1122. 2x 1065980separ at i onobser vedNoEXAMPLE 2474. 8x
1056050separ at i onobser vedNoEXAMPLE 3739. 2x
1046220separ at i onobser vedNoEXAMPLE 41102. 3x
1036290separ at i onobser vedNoEXAMPLE 52579. 3x
10z6310separ at i onobser vedNoEXAMPLE 64401. 2x 10z6320separ at i onobserved 20

oraphi te BRRGCEABAte hsxetheinying Aty Sial Wehifhdints 4 each other via
the j oi nt giRoEPAARE, RYIAEABIdIGObyhRatedsBPhoLoNE QEMBARTIME EXAVPLE 1), an

adhesi ve agent” conposéd of a silicone-based adhesive agent kneaded with the
sanme quanti¢yclohexydnmthapgr dphidisspcyandée, fethfFsRAIDNRaBXAMPLE 2), and
epoxy- based adhesi ve agent conpased of, 100 parts by wei ght of an epoxy
resin kneS#sacypnpte; ge &P’l’%ﬁw ﬁ‘d’lﬁdﬁ?o‘&%ﬁd? id{isopEOpY; Sﬁng agent

and 110 PGS cPin |

3). They were ®va ua%lgé 1?’%’f_ﬁéﬁg%ngg%@tﬁ%%e@aeéﬁ%&%@A&VE E%(ﬁgP =

results are Qfvie® [;iolyc'ﬁa'bbdiiﬂ;idéjresiﬂs?}bﬂlﬁ @ne produced from at least one
Over al | Resi st ancEl ectrodesJoi ntel ectri cal Et chi ngaresi stancerate (~) (to

heat Separ &ype cOrRPARATICVEOlyisatxan@de49 prefarebl feEtNePpEesent invention,

1. etchingcycl eSi | j cone-based adhesi ve, conposed of | arts bySepar at ed
COVPARATI VEIGEEITY he Gromadiq PBS’H%Q%’%Y?&StIStt SERARFAIA ABaR 2 E‘g&ég% and

10045X 10394 %ragé’géé%g dYe it gBhg(gﬁ iﬂr&féhéxto%ﬁkﬁgiﬁ'ﬁg?ﬂqﬁ%%%ieec@ﬁ@‘y' based
adhesi ve, conpose part y I'ght ~of "an "epoxy
r esi nSepar at’EiEhPAGHTInle réfinganisefud Yorveh g pire séntainvention 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



3.6X 103 6250at the 50~EXAMPLE 3 curing agent and 110 partsetching by

wei ght of graphitecycl epowder 22 As shown in Tables 1 and 2, the joint 10
of the electrode prepared in each of EXAMPLES 1 to 6 was sufficiently
resistant to heat not to be separated during the testing period. By
contrast, the joint Z O of the electrode prepared in each of COVWARATI VE
EXAMPLES 1 to 3 was less resistant to heat and separated during the testing
period. Therefore, the plasnma etching el ectrode of the present invention is

excel l ent to.i ngr ve ﬁ e Cgiﬁ%ﬁfr o?lucti on erl d. _t(. WS .acce teﬂ) t hat the

pr ef er abl &8tth ﬂé FRASA R PEVINE N 2O (B3 96HTCaRENERI

el ectrodegff €§°@lbﬁféxhﬂe@é@%8k§§c act® h@vﬁgth$ﬁiﬂﬁr(9) eﬁ'g}ﬁ ,

car bodi i m de-cont ai ni ng epoxy-based adhesive agent contalnirg the graphite
powder at rabroaptdd( aflyi hseroppatag Endvéisiogitfehiod Hdvinhg -8pt gasupnahbgvijoi nt 10
due to increased viscosity, and it is considered that it would show an

et chi ng r £CENRPWRLS haydng HROXYLIOMR- observed in EXAMPLE 6. It is therefore

found that the optinumgraphite content is in a range of 47 to 440 parts by
wei ght per 100 parts by weight of the epoxy resin with respect to etching

rate. The plppa®cRbEPbREatiRT CoRdRNREtToMErddcRRANbS tIY B8RgA®Iz | S highly
resistant to heat, conprising an electrode plate of silicon supported by

and fast, diisiocyanhye pooceatis in the pdestrate of catalpsthfesiprodageng, wherein (a)
t he pedestal . ig..made o raphite, an b) an oXy resin contajning

pol ycar bod@r PPaEfnPgEi n%‘é%a casplysks m&&@@ %1?%5&2@8%?&1{1@%% %8heki ve agent .
This stru I C e a { gh re at which
the el ect (%%Hér&[%?ie- a?ll\rl%gmvﬁ??xﬁé_ﬁ ﬁégde-ﬁéd St,d?n %/{ﬁé,lf _cldh\}/lgﬁp !—%ﬁgbggﬁﬁéf;ﬁ%\%?égent is

unservi ceaide, bredhi IIQLpM6§%HbI%(HeT—l@iida,ng—mbelﬁﬁlaﬂz—}ﬂ%wféleﬂ@el ekidée
electrode. It also brings the favorable effect of realizing good etching
char act er iagid as3-phosplolene ssamger theraafnd2f tress, Shmathyhduphenyl-Rher eby

el oct 1 ode RHRSHE JoR s g e HHEHERta faf 8\ RBBHIT erper at ur e i t hout
needi ng the undercoating treatnent or the |ike, and hence at a | ower cost.
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-average 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

14



24 . \Wat is clainmed is: 1. A highly heat-resistant plasm etching

el ectrode for dry etching 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 nade of graphite, and (b) an epoxy resin
cont ai ni ng pol ycarbodiim de resin and carbon powder are used for the
adhesi ve agent. 2. The plasma etching electrode for dry etching devices
according to Caim1l, wherein said adhesive agent contains 5 to 20 parts by

wei ght of ol y:cat resl 0 par i f b
po:Mg:Ier peral 0 %Q?ﬂ@%ﬁ%?‘@ﬁ@?&&ﬁﬁ%ééﬁ%gﬁ &g‘feg’?ﬁgypqg{s’lgfg&e?chfﬁg o
el ect r ode ef@ferdhigteRlybOORY L6RbHiA LN 08 thesd] Hisphénolae flﬁél!?_tﬁéﬁblld

e plasnma

adhesi ve agent contains a curing agent or curing pronoter. 4.
et chi ng ellsqthentd riavolde anet crasod ndwelae ty e cpoxly mgsinoax® miane3, wherein

id i i ) d | ected f h i sti f
i ne - hyElTARe. S B SO dEPR T8 SRYLATE TDsiaa e R hoRhd (he
curin r i . q i St f
Ch dagol ¢ 1eeiT sk fudor SnE URAAHRRRYE % HotBrhlieadodie L0600 Bufth °1

el ect r ode greferdbyy dhaebengd devekeatiagboilitheg preséhéé of 8he Wheivel n sai d curing
agent or curing pronoter is incorporated at 1 to 150 parts by wei ght per

100 part s degcvibeghpolytaribedismady resisi.n. 6. The pl asma etching el ectrode for
dry etching devices according to 25 Claim1, wherein said
pol ycarbodiimde resin is an aromati c-based conpound.

(3) Carbon Powder

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 on 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 pm, 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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7. .The plasma etching electrode for dry etching devices according to Caim
1, wherein said epoxy resin is a bisphenol A type one. 8. The pl asna
etching el ectrode for dry etching devices according to Claim1l, wherein

sai d carbon powder has a Young's nodul us of elasticity of 6x 109 to 68x

| ®ON nm2. 9. The plasma etching el ectrode for dry etching devices according
to daiml, wherein said pedestal is coated with glass-like carbon entirely
except for the joint with the electrode plate of silicon. 10. The pl asma

" | . ( St : :
said coati notbf AHeRtvd et CHbAINh IBE AE SRECEROIRAHAH Bplmather 011 1
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wherein said el ectrode plate of silicon is nmade of single crystalline
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y. Ay Ay. iorzqeppf?tfheAag%% RAW?%& R?ptsA%r? Weighh, K}%CA%W. maysRohjoin

. A Aay. A ' . :

Soirupit atuy dosmibers sufficiently fat, At above 20 pasts By seight, an the ofher ) o
ca] ca] ca] ealmblicakifadd aadyl nat beddlly: edltibited. For example, the adhesive

P\ HEXHAHH LS 2SS+ IR &&&&! " e "' ' (=))) }xsnid_Z] c] ca] ca] ca] ca] ca] ca] ca] ¢
a] ca] ca] capeat degecef palycareedisalidereajrca¢renadly) hap cashearcsfrenptiapéa) cal cal ¢
al)*++),-/1112 Ak 77748989; 9=P>V>>>21)" ABB} xsni d,,Z] c] cal ca] calgcal cal ca
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ca] ca! B6 ¥ I c]caJca]ca]ca
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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 + epoxy 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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' 10908 () -presefrifyentidid Bl ude- fibrous reinforcing agents, powdery or
crystalline fillers (e.g., molten silica), pigments, and curing agents and
curing promoters which accelerate curing by the reactions between the
polycarbodiimide and epoxy resin. The curing agent or promoter, when
used, is incorporated at 1 to 150 parts by weight per 100 parts by
weight of the epoxy resin, and its content can be adjusted depending on
type of the epoxy resin and curing conditions.

The curing 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 2000,
preferably 120 to 2000.

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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EXAMPLES 1 to 6, Outline of the plasma etching electrode and

member-joining method

The plasma etching electrode, i.e., upper electrode, of the present
invention is one component of a dry etching device for production of
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) singie-
crystal silicon (Si) having crystal orientation of <100> and an electrical
resistivity of 15Qecm, formed into the shape having dimensions of
223.5mm in diameter and 6.35mm in thickness, and provided with
3200 etchant gas ejecting holes (diameter: 0.8mm).

The graphite ring (pedestal) 9 was of graphite (LE-CARBONO’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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The plasma etching electrode was set in the dry etching device (LAM
RESEARCH’s Exel 4250) was evaluated for overall electrical resistance,
etching rate and resistance of the joint to heat (measured by presence
or absence of the separation after it was exposed to 6,000 cycles of
wafer etching at 2,000W for 5 minutes and cooling for 2 minutes). The
overall electrical resistance was determined by an analyzer (Mitsubishi

Chemical’s MCP-T600). The evaluation results are given in Table 1.
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Table 1

Overall
electrical | Etching | Resistanc
resistance | rate (4) | e to heat

(Q)

Graphite powder content
Electrodes | (parts by weight per 100 parts
by weight of the epoxy resin)

No
separatio
n
observed
No
separatio
n
observed
No
separatio
n
observed
No
separatio
n
observed
No
separatio
n
observed
No
separatio
n
observed

EXAMPLE 1 12 2.2x106 5980

EXAMPLE 2 47 4.8x105 6050

EXAMPLE 3 73 9.2x104 6220

EXAMPLE 4 110 2.3x103 6290

EXAMPLE 5 257 9.3x102 6310

EXAMPLE 6 440 1.2x102 6320
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COMPARATIVE EXAMPLES 1 to 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 agent 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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Table 2
Overall .
Electrodes Joint electrical | Btching Resigane
resistance | rate (A) ©
Q) to heat
Separated
COMPARATIVE at the 8th
EXAMPLE 1 In 1.2x10 1} 6340 | i hing
cycle
Silicone-based adhesive, Se ted
composed of 100 parts by at Itjl'?; a
COMPARATIVE | weight of a silicone-based 3 th
EXAMPLE2 | adhesive agent and 100| *510° | 6270 12,000
parts by weight of graphite o clmg
powder yeie
Epoxy-based adhesive,
composed of 100 parts by
COMPARATIVE | Weight of an epoxy resin, o astce)?h
10 parts by weight of a| 3.6x103 6250 |&ttnae
EXAMPLE 3 . etching
curing agent and 110 parts 1
by weight of graphite cycle
powder
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As shown in Tables 1 and 2, the joint 10 of the electrode prepared in
each of EXAMPLES 1 to 6 was sufficiently resistant to heat not to be
separated during the testing period. By contrast, the joint 10 of the
electrode prepared in each of COMPARATIVE EXAMPLES 1 to 3 was
less resistant to heat and separated during the testing period.
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+30001, 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
difficult 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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yield. Moreover, the electrode plate can be joined to the pedestal at
room temperature without needing the undercoating treatment or the

like, and hence at a lower cost.
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Claim 1, wherein said polycarbodiimide resin is an aromatic-based

compound.

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 6x109 to 68x109N/m?.

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 1to 11.
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