SUBSTRATES x. The present invention relat ratus for performng
Mocessing in the production of sem condu evi ces, such $éb§ie rat ed
circuits. The present invention also relates %% nethod of g? PRy a
deposited 5Imw thin the apparatus from peeling. The apparatus for
treatnment is suitable for dry etching and plasma CYD. 2. Production of

sem conduct or devi ces enpl oys various technol ogi es) such as dry etching and
CVD. They ar MEIRHOD AND APRARATYSHOR PROTCESSING'SEMITUONDUCTIOR substrat es
or formfilns on substrates by pdugsrrAgegPOSsition or thernal
deconposition of gases. Parts of deconposition products are inevitably

deposit and buil d-up ong L the processing chanber,
i ncl udi ng the inner wal mkmsﬁ 10 Eﬁmself. Resulting fil m of
deposi t ed, mat pielddf IRedmnand generates particles within' the chanber or

drops off on the substrate to form apparent defects. In order to circunvent
t hi s probl em The piesent invention selates toanrpparataefor aprferming pwaessing ipthei odi cal | y

e becPREaoe BRRBRA S el S R ek R SR e e oo™ The”
chamber pwestion #5hRlatds4b A niclhotbdfpreventingla deposited SinPwithinahe §pafiisor t 0
restarting the processing. Hence, the nmechani cal cleaning greatly reduces

t he oper fremaecling. cThsf appratusfonieatment is suiaplerdor dry etrhingaad plasma & have been
proposed,t 0 rwm%i es of nechanical cleaning. One of themis
dry cl ea%’l ng I ve gases. Dry cl eaning evaporates and
removes the dpdactiontofseintyondtcordidiceeciplays vitiougeokiclbgies) swsh 8ar ti cl es.
However , excited Therefore, the

d | [ |1 | | - .
cl eani ngd‘iyge)(‘frhﬁlf?ﬂ?ﬁ%: &PU%%%YH{)&@%% ﬁﬁ@pﬁ@am%w@?ﬁ%@rm asma. Thin
Is trot Eﬁ-itﬁé"&af"obﬁ gu%? g@%@%&ﬁ&gﬂkgﬁsﬁﬁ dg&fn?dokﬁbnak Hefmgll ructure wth a

narrow gap) SInce rrow gap apparatus 1's confuted in a
limted geuoinposition bhgdycs. Raralufdbeompdsitivn/produgis adk inevitabbydepasivandn a gas
excited by _nay other brawn nethod than plas cghnat achi eve conpl ete
cl eani ngbil-uken %ﬁ‘d%é@mpam‘dﬁhm °W%%, including the inner

wall of a processing chamber itself. Resulting film of deposited material peels and
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generates particles within the charber, or drops off on the substrate to form apparent
defects.

In order to circumvent this problem, it is necessary to perform mechanical
cleaning periodically on the processing apparatus. Unfortunately, mechanical clcaning
takes a long time because it requires that the chamber be opened. Once opencd, the
chamber needs temperature adjustment and complete evacuation prior to restarting the
processing. Hence, the mechanical cleaning greatly reduces the opcration rate of the
apparatus, Therefore, several methods have been proposed to reduce the frequencies
of mechanical cleaning.

One of them is dry cleaning with various reactive gascs. Dry cleaning
evaporates and removes the deposited materials and reduces the generation of
particles. However, dry cleaning usually emplofs a plasma-excited gas. Therefore, the
cleaning is incomplete in the area that is not exposed to the plasma. This is true
particularly for an apparatus of parallel plate structure with a narrow gap, since the
plasma in a narrow gap apparatus is confined in a limited portion within the chambes.
Similarly, dry cleaning with a gas excited by any other known method than plasma

cannot achieve complete cleaning in the chamber,
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z .., Amethod to prevent deposited filns tompeeling is disclosed in
Japanese Patent Lai d-open ‘Nos. 196421/1994 and 1b3180/1998 and U. S. Patent
W474649. It achi eves the object by roughening the surface of .the inner wall
of the chanber, or the surface of interior conponent' in t he2 Waﬁﬂ)éﬂﬂﬂ for
good adhesion of the deposited filth. This surface roughening is
acconplished by frost treatnent (bgad bl asting)) engraving) etching,

mol ding, or the like. However) the frost treatnent is effective only so

|l ong as the fi ' ' ' 3§ ' as a .
relatively Swﬁﬁb?&?ﬁ?ﬁ%ﬁé@?ﬁgﬁ%&&ﬂﬁ% ﬁgﬁgfgﬁ%%ﬁ%ﬂhgg@gﬁo teas or
hundr eds Patenti.aid open Nos. m&u;w&&/bﬁm%& Patent 6474649, Bty fr ost

t t t . t h to,k it the, i | f ot hamb th

ur f ace. BFEYRS G CRIceHRY resabEng tisuriie offhe BRREWE oh e charbesss Bt er o
. . . . . % ihe chanb

conponentgride &metm%gﬁ?g% ?{)ﬁ nber Yol m%%fn h%}aoglftedt € chamber

Itself of the apparatu etching an ave a surface

coat ed | &jmr Thidusutfacormugheingis rbeomplishedby frost trostaientfbeet blastinglit ed use due
to deteriorat,on. This ISO'&%S@% problemas in the case of the peeling
]

of deposPRERVIRgShIng, M ove. In order to solve this problemn
&HfRnS

there has beepoRfed va ©nlsol EEl E,paﬁ,q igarts. To put
this idea int glopreagltfjlﬁ?ek,r&?ﬁgre ag een proposlglgggq%rglggsm gmchanber whi ch

i s provi deteria isirelativélptiin and has afelativellylsmall atemakstress: t A the depdsited t he
deterioragted part can he renoved, for repl. nt. .However, the inner wall
of doubl gﬁ‘lﬂ ws 9@%&’3&%@?95@%?‘%2“3@%&4@9@ Afucetience it is
hat quitg %kmeéh%:fi1§ﬁ&%sumsée&%ﬁwnaérmmmm&&mer- There

still .exiSts a problem of a operation rate. The present 1nvention
addr essesurfice of twsterioncomspondnisy ol ens. It is an object of the present

I nvention to | d ppat at us_and 1 0 r ocessi sem conduct or
substrates in%ﬁ‘gé 8&‘8@@5@? g‘f*’o&“_ rc%ﬁ‘@ﬁ%?ﬁrﬂd‘é?/ﬁ@g‘s’?m_ﬁﬁ?@&ého; her obj ect
of the pifRhfiiig inAMSRI 8ftht ChBhKR 6 8f 1 apmfatad fop UAVAihg Shddeypsi ted film
In said apparatus from peeling. The apparatus and net hod according t.o the

present ofeehavearsupfacs canteddaynss Suclticartingor e sytfagemay peshaftargepeatedn peel i ng,

t hereby reducin arti.cles,in,the ch r LL1C i t gperation rate
of the appd ua?t'ﬁgf’g%%f’ﬁ'i ﬁ‘Blstabso ??é“a’?‘%@@?mg‘pq?ﬂg‘%&g@éﬁ °.°ﬂ§%ﬂ i on, an
appar at ugepditedmaepaRiméRn¥Pitovecce for production of sem conductor

devi ces conprises a processi 3 chanber 2 5 FEB 2003 3 that mounts the

wor kpi ece, t hén endettosolvedhis » there hatibeeg psopased  idea ofrspieiRE e having a

st epped . regio £J:Sl ' ' RER di vi ded by
st eps. P?g&?;e@ggeflﬁ’gf‘hzo.%ggﬁé&ﬁ%@g%@é%’%bgﬁﬁg%%?%dégfgPng t%gt he
t enper at ghanigr adhich s psvadedowith anicnbewalliof dovbledaydrisguctaresotiemtthedur i ng
operation of the apparatus. Preferably) the stepped region is located in a

posi t i ondefREPted priticen be rerepsdifeeaPligiedital is formed thereon during
operation of Haw&pamn#hg?ﬂ&&meﬁiﬁpmBﬁmﬁqmwﬁom prevent the

deposited fil mtrontpee
replacement. Hence it is not quite helpful to reduce the frequency of opening the

chamber. There still exists a problem of a low operation rate.
SUMMARY OF THE INVENTION

The present invention addresses the above-mentioned problems. It is an object
of the present invention to provide an apparatus and a method for processing
semiconductor substrates in the production of semiconductor devices. It is another
object of the present invention to provide a method of preventing deposited film in said
apparatus from peeling. The apparatus and method according to the present invention
prevent deposited film and surface coating from peeling, thereby reducing particles in
the chamber and increasing the operation rate of the apparatus.

According to one aspect of the present invention, an apparatus for processing &

workpicece for production of semiconductor devices comprises a processing chamber



Stil] preferably, the stepped region is located is a position where a film
of deposited material 'is fornmed thereon during operation of the apparatus;
#nd the scotraned surface region prevents the deposited fil @iggg@@gl i ng
by dividing the deposited filminto sections having appropri-a i :
According to another aspect of the _invention, a nethod to prevent peeling
of a deposited filmin an appar at ud used in production of a sem conductor
devi ce, com prises providing a processing chanmber that nounts a workpiece
to be prdbessmoits the werkpicachthe prosessing ehymbleninchingralinerioncomponernter i or
conponent, having a stepped surface,rtegi an ising,a plurali of
sect | oned’agl'rngé‘ssgmei %F%?%WPWQ%MH&&Q@%% R‘ﬁgﬁe@@‘a‘i‘ﬂi’yhe
pr ocessi rm,tp?hanber while formng s filmof deposited material on the

u

st epped sufface region; wherein tht steps are hvigh ed4ough to prevent the
deposited fil rRréferablyydel sectipnedarsas aieragrapgedaascarding tathedemperturene i nventi on,

St eppod i Piaedth e et o Y srPancRR R BeRbeH of G amaBiell ng "
epped A SR S _
chanber € %@Eﬁgﬁéme&s g%diﬁh Netaedith ¥ Dasitio whkre 391la 7 A8gbsRES 2S

di vi ded by st eps; conductor substrate to be processed iii the
processi noatetiad is focmed theceonrduciag opergtionef the appaeaten; sadthe sepsancdigh wi t hin t he

' nb whil e f ' fil m,of d ited terial th
St epped (FBGHEINO Pievet e depositen BIu SOBLPSEBE ) ovi ded such that the deposi ted
Slrrx is effecdy ki | I i ncl ude a
115y o ST oy RS 0oy RN AR,

plurality of rai I ons ons di vi y the steps)
and .adj aclepdsited infutstiab ixformedtharcon Suring eperdtions tizer appenitusparedthesdct vel y di vi de

the deposjted film Preferably, angles_.of .the st.e jre sufficient to

ffecti vealoPedFHFTage Tegien pr %%@ﬁ?&ﬂﬁﬁ&@&%‘&"?ﬁﬁ@@%

guf ??c: g%?&si%%ﬁ&otsbﬁoﬁﬂﬁv%k?@rb jftb Sieed i vel y divi ded.glg grg FEB 2003 4
ably, 0 rt

,~ Still ptefter the net er conprises repeating the placing and
processi ng untAdcordingtoanathiey aspectof thef invénsiopy paethod tayprevens pesling of a

a~pr cdet enni ne al.ue; wherein the steps arc provided such that the
deposi t edepPPY iﬁ\s(méPﬁEéPPV%tP%“WHH@GU W%&SQWSW’ ¥R m bui | t - up

during thg: ] ' WA RS ] ' ted. '
Accorgi n&ﬁ%{éﬁg{dﬁiﬁﬁg‘e&gﬁgﬁ%%%ﬁvem F(?n‘?&gbiﬁeefwo%pg?&ﬁces_si ng a
sem conduybérein, thelp3édessing claamber ehuding avintériopcomponentimadingagteppedn a surface
of an interior corriponent in a_processin chgﬁbsr t he §tegpe,d regi on

i ncl udi nguea rezlapios’yﬂpafmsaipé‘gah%'@éfﬁcaﬁgf‘gﬁ‘w Y b‘i/b!b’f‘wve’?, S$¥¥%8cing a
sem conduygd Jorpiils it feproslit INARRE Mllo tdhuldien Al06PEPoIRI LT b and

processing the“senvi cortductor substrate within the processing chanber while
f nrnti ng the §teppedshrfderregionpwhersinthe stepd are highgaoughep preyentdhe depositader ei n t he
steps extend. substantially perpendicular relative to the sectioned areas.
Accor di ngfﬁf‘bf’ OCHIRE- aspect of the invention, a method of processing a

sem conduct or &&'a?éiﬁgﬁoemfbﬂ{w&p%e@dfu%mvhfﬁoagaﬁacefoamg&céssuigcan on a surface
(0)

of an interior conpoaeut in a processing chanber, the stepped region
i ncl udi ngemiqonductdr supstndte campristssproviding sipped ragian ong sitaeeof 81 aci ng a

scm coaduct gr substrate to be processed,in th r.ocessi,ng cha r.e and
processi ﬁﬁ"ﬂﬁb%"éﬁ%\'&&(ﬂ'ﬁﬁ”sg‘gﬁgwéqw f'ﬁ?lﬁﬁ¥$@°'b}%ﬁ‘8§§i nggﬁ&r%er whi | e
formng gebudrah agaﬁ?&ddt@ds ! SlhiRg a StnfchRiveio? BRstatc 26 bo procedsed i a t he
grooves arc one-di nensi ondl drooves. _ o

the processing chamber; and processing the semiconductor substrate within the

processing chamber while forming a film of dep?sitcd material on the stepped region;

wherein the steps are provided such that the deposited film is effectively divided.

Preferably, the sectioned areas include a plurality of raised scctions and

recessed sections divided by the steps, and adjacent raised sections are sufficiently

separated to effectively divide the deposited film.
Preferably, angles of the steps are sufficient to effectively divide the deposited

film.
Preferably, the steps are sufficiently High so that the film is effectively divided.



Preferably, the filmis deposited on a ring-shaped area, and the grooves
are arranged generally perpendicular to a circunfcrential direction of the
ri ng-shaped area. Preferably, the interior conponent has an jnner periphery
surroundi ng the sem conductor substrate placed in the proce§§$ﬁ§Bc nb~r,
and the grooves are arranged in a vicinity of,.and generally perpendicul ar
to) the Inner periphery of the condonent. Preferably, a tenperature
gradient is produced on the stepped region durissg the processing of the
substrate, andgtllreferabby tfe médod furtieg comprises repeitingahoplacidg andt i ons of the
tenperature gradient. According to another aspect of the invention, an’

i nteri or presspuinewatil grcumulstivedinag ofthe processing reaches predetermined valus conduct or

arcas. ai TeEh By Sorepes PRKEPLRIE B B dSiet Bl SeRedil plgef so oot T o

per pendi %ﬂt?&lﬁ&' GHlthe/fink Buﬂl\t}? &g thO fréd@t@iified cumulftive pRocsSd Bméscor di ng

to another aspecx of the invention, a focus ring that surrounds a
ser ni eongeementedsubstrate in a plasma processing apparatus Conprises: a

t d i on, formed i icinit f i i phery of the f
Fing, the st epieardniogofet pparha e Byeritdp {Betel LPRE R o i vi ded by
grooves; gihiRoBiNktor KRbaFROYSHprNes: ﬂbﬁﬁiﬁ%‘%ﬁdﬁpe&eﬁoﬁidﬁ!dsﬁrﬁ&_ ofand generally
perpendi cul'ar to, the inner periphery of the focus ri ngithlep?- lis a _
;schtegatlontsacliw_ e?!mwmimmgchmamwﬁmn ipFluding aglurAlity@f aceor d|t ng
o the prese .nvepnt..o i g. (i r quartz
pl at e ug é&*ﬁ‘fﬁf"i‘w }955‘?9&' EEO%YBSr; g@%k@ﬂ%ﬁgﬁ%&wﬁﬁgﬁw%a%@%yﬁar '? i al

enl ar ged i ypWrsRaYh @ ehdrierPid processing thié ser{cohduckdr gubstiat)wikliin shepar t i al

sectional view taken along the Jine d-d' in Pig. ?(b}. Fig. 3(a) is atop
vi ew showpiroggssing:chanvher wiile forming a filn of deposited maieriy of thLFERPER e at t he

center thereq used | h a | S ' wn in Fig.
1. Figs. @t‘ﬁ?{’h?(s ﬁp,s °§Eé8§’ F&%ﬁ%@{lg}b@éﬁ%ﬂéﬁt@g etﬁftgérugee '@?e‘%g of the part
a of the pl at eAcchidity todnbiher adpadt of Hehvenio, Sethod bEprodessingla sect i onal
views respectively talren along the line a-a'" in Fig. 3(b), the line b-b'

in Fig. 3¢mjcondwaonsubstratrcompuisesi providing etepped waionone qurfaes of 4 in Fig.

3{e). Fig., 4. t.ial t.i onal vi i ng ; f
whi oh undiieet SRR dreRRne e St St pkich RERGBAMGAY of7 <7 o ;¢
a graph shigud febdhadividkdby provies P%eg ; middadedorLsuBstavetoc pevoessdd s char ge

tinme and the thiclmess of  The fi . eposited material which fornms while
t he apparinthesprocassipp abambexy and processing the semiconductorsubsiratesiithinitity. Fig. 6 i g

a graph show ng r.eqt.ona.i.n whi.ch ' eé# s.or does
not occurprB‘??s’:'ﬂ%cqag?hfff i“’&ﬁkﬁ?‘&"%ﬁﬁﬁ’?? ﬁle&% @E‘ﬁﬂ?@bﬁ" 0 ?%e :fg ?%égﬁfi | m and

t he area vfierélh h ovel Gird OMESdigidnbibeallgeowwes,quartz pl ate used in plasna

et ching shown i [ Fig. 7 is . a graph show ng t rel ati onshi p between

o1
t he adhesi on &rgkr@?mthﬁﬁlaépﬁpeﬁﬁdpngrﬁn&ﬁaaﬂﬂéme ¢ GFOO¥EAE) which is

b d tus, j e~} ' i dcd
ot t e TREd eibePRR Gl ol ARIIGLAM BeiOq 8P g dhapel arde, P BV C6

Figs, 3(e) andreéferably, tielintediok Gorponeheiatandnnee périphery sumoending thehe gr oove
formed in the |lower quartz plate of the, a%garat us f‘grggl asma et chi ng shown
in ~g.1. semiconductor substrate placed in the processing chamber, and the grooves are

arranged in a vicinity of, and generally perpendicular to, the inner periphery of the

component.

Preferably, a temperature gradient is produced on the stepped region during the
processing of the substrate, and the grooves are arranged generally along directions of
the temperature gradient.

According to another aspect of the inVention, an interior component of a
processing chamber that processes a semiconductor substrate, comprises: a stepped
region including a plurality of sectioned areas divided by steps; wherein the steps

_ extend substantially petpendicular relative to the sectioned areas.

-



2 5 FEB 2003 6 Fig. 9 is a graph showing the rel ati onship between the

hei ght of step and the’,. etching uniformty of silicon dioxide, which is
observed when t he apparatus for plasna etching shown in g. | iﬁ rovi ded
with the lower quartz plats having steps of pattern D shown i |F&2003(e)

and 3(i). Fig. 10is a graph showi ng the rel ationship between the

cwzxul ative plasnma di scharge dne aidd the nunber o particles in the chanber)
which is observed when the apparatus for plasma etching shown in Fig. i is
provi ded wi t h Ade6rdi@ranaheF ispedlofiti: invetition, Bfcetenmptiarsgoands th pattern D
according to'the present invention or with the conventional |ower quartz

pl ate. Fisgmiconductor sybstrate inra plesma\proressing appAatus pempripesiracsiepppditegionsed i n t he
apparatus_for,.pl asrua efching shown ip.Fi |, Fl 11(b). is a parti al
sectional%owe t"avll‘é‘w%%? WW‘%&‘PP%‘Y& the flgﬂ“ﬂ"& “‘Fg‘i‘&B?]d’E%‘g'.‘ 12(a) is a
front vi qnaading 8 pldality o Ydscd Bedions dividddDyUFEsYes;Wiidiéin @RN2oeVes drel OF pl asmm
etching shown Tn"Fig. I, Flg Iiib) is a partial sectional view taken along
t he |i ne afrangddrinRivicinizy af, and-pencrally perpendiculaeton the dnnes periphery ofithew showi ng
anot her e%ﬂnbodi ment of the apparatus for plasma etching according to the
present iAEA€on. Fig. 14 is a schematic sectional view show ng yet

anot her enbodi ment of WS XCRN THESDRASVINGS'O according to the
present invention. Fig. a) 1s atop vie owm ng the upper el ectrode

Wi t h anodi zed Fig.unis aisobermedici sagsional view shewing the appamfpis forplasmer ebebing asna
etching showy, in Fig.14. Fig.15(b) is a partial sectional view taken al ong
the line 359%@”‘56051%’.“%‘3(‘3)’8"%9?‘9. 16 is a partly sectional view showing a
seni conduct or pigf25) (¥R irsgviewdR6WAEhElodeGuetziit Isdduin tHeppaara fatt us shown

in keg. 14.
? plasma etching. Fig. 2(b) is a partial enlarged view showing the part a in Fig. 2(a).

Fig. 2(c) is a partial sectional view taken along the line d-d’ in Fig. 2(b).
Fig. 3(a) is a top view showing the lower quartz plate (togcther with a wafer

placed at the center thereof) used in the apparatus for plasma ctching as shown in Fig.
1. Figs. 3(b), 3(c), 3(d), and 3(e) are partial enlarged views of the part a of the plate.
Figs. 3(f), 3(g), 3(h), and 3(i) are partial sectional views respectivcly taken along the
line a-a’ in Fig. 3(b), the line b-b’ in Fig. 3(c), and the line c-¢' in Fig. 3(d), and the line
d-d’ in Fig, 3(e). :

Fig. 4 is a partial sectional view showing a semiconductor wafer which
undergoes plasma etching in the apparatus shown in Fig, 1.

Fig. 5 is a graph showing the relationship between the cumulative plasma
discharge time and the thickness of the film of deposited material which forms while
the apparatus for plasma etching (shown in Fig. 1) is operating.

Fig. 6 is a graph showing regions in which the pecling of depended film does or
does not occur on the relationship between the thickness of deposited film and the area
of divided sections on the lower quartz plate usid in plasma etching shown in Fig. 1.

Fig. 7 is a graph showing the relationship between the adhesion strength of
deposited film and the height of steps, which is observed when the apparatus for
plasma etching shown in Fig. 1 is provided #’Jith the lower quartz plate having a
stepped region with pattern D shown in Figs. 3(e) and 3(i).

Fig. 8 is a schematic sectional view of the groove formed in the lower quartz

plate of the apparatus for plasma etching shown in Fig. 1.



Fig.1.7 is a graph Show ng the relatior~hip between the' cunul ative plasma
di scharge tirtae and the nunber of particles of dropped alum na coating

‘l ayer, which is observed when the apparatus for plasm etchiz Eﬂgg&i n
Fig.14 is provided with the upper el ectrode having stepped r gio 3
according to the present invention or the conventional upper el ectrode. 2
5 FEB 2003 7 ., p~—~~'"~eT.i.~rr og.~.~~~BB~. E~47a~ENTs Thi s invention was
first disclosed in Japanese Patent Application No. 339978!x998, which is

i ncor porated §; ' ﬂ%ﬁ, itﬂ&‘b s W, with
reference tor ?%;g&;ég%ﬁ aﬁlyl n g‘trcg\hmﬂaﬁgnss) icﬁtns ovslg}tgggﬁ?gﬁl@nbodi ments of
t he appagahivg unitemiiBi dfailicon divxides shichds sbstrved when tley appariatis ifodt pasnac cor di ng
to the present invention and the nmethod of preventing peeling of deposited

51m or cesekingghovs in Fig; hisprevidedowith thedewerquartz platechaying stipgef patteskct i onal
vi ew shoui h or plasma etctrlng according to the present
Y Bwn W FABPREAD) P X 3 :

I nventi on. ing apparatus 10O shown in Fig. | is a dry
et chi ng appar Bigu$0 fsar graptoshoatingthe oélatienshipdetiveen thie cbenuilativs plaime appar at us

gener ates, high.frequency {RFC plasna that etches oxide fil uvcvtl]uas silicon
oxi de fi discharge time prdibs nymber ¢ ¢hipt "é\é@gﬂcg{h‘%‘f ﬂbsﬁ“’ﬁg]?"ﬁ’ﬁ ap bet ween

them Aa | - Or (f LGOS LR cf'ul%)'tz | aced in a
chanber iéﬁ%%%%gﬁﬁg)&gg&&ggss ﬁ?gfﬁgiﬁé%ﬁents.hﬁeom uppgﬁtogenotr of

t he chankffingd@stepped region didipaned Dipeording kothe prsent ivehtionvdrivith thbe gas i nl et
I3 is connected tor introduction of etching gas. At the | ower center of the
chanber agnvestional lowes quartgpdete] ower el ectrode 16, which is provided with an
el ectrostatic 7 e upper

el ectrode 14 F’?@fﬁlﬁ} i(j)stfnft&pg'ébg%yl'}"d %ftri‘p‘ﬁbh\gg%%{?ﬂé‘?‘%%é gP geyd%%?ﬁga? g | ower

el ect r odfor plasira eschiignshodadn Fig. 4n FigpWd() inmpartal stctivgalddew wken alongber 12 is
connected to a 17F po¥:ﬁr splitter 22 which applies high-frequency electric
pover ( FHedingere InBig: hB{apper el ectrode 14 and the | ower el ectrode 16. The
power spl att eFigéiz%fis%%}ﬁ%%ﬂomo&.eﬂ%mgmmwahéedaéme%saemel ectric
units generate asma I n the chanber IZ far dry etching. In the plasna
processi foy ptasprareathirsg stiown inaFig, taFig. dR¢H) ér a partial spetionalouiew takephleng 18 or the
| ower quartz plate 20 has a surface region that includes a plurality of
sect ~i | ofedingfedaim Fig\d2®d by steps. As shown in Fig. 2) the quartz plate

has a surface | s IO ' B d sections
di vi ded by 'rg{ggg?%{ﬁg%ﬁ%mﬁe?h%%g ectptgggén%mcﬁ?nb%g? 12 of the

pl asma pagseatas fog phma eeching aktordingde theypessot inventibsut | 10'i Torr. The waf er
ol cortr ost ati FIE A SeogmAic SoRmal M BNt MR kmBcRhPff ot 025, g
gppar at Ugppiirdtlis 57 Pl Rhirg REMUIRHG witld prbneipmioned | ater. 2 5 FEB 200g
Fig. 15(a) is a top view showing the upper clectrode with anodized aluminum
coating layer used in the apparatus for plasma etching shown in Fig. 14. Fig. 15(b)is a
partial sectional view taken along the line g-g’ in Fig. 15(a).
Fig. 16 is a partly scctional view showing a semiconductor wafer which

undergoes plasma ctching in the apparatus shown in Fig. 14.
Fig. 17 is a graph showing the relationship between the cumulative plasma

discharge tim¢ and the number of particles of dr‘opped alumina coating layer, which is
observed when the apparatus for plasma etching shown in Fig. 14 is provided with the
upper clectrode having stepped regions according to the present invention or the

conventional upper electrode,



" The plasma processing apparatus 10 shown in I~ig.1 is a split-powered
systemin which both the upper aad | ower el ectrodes 14 and 16 are supplied
with ItF power fromthe RF power splitter 22, Qther systens such as anode
coupl i ng system and cat hode coupling system nay al so be used 28 FER 2Besent
i nvention. The periphery of the upper and | ower electrodes 14 and 16 is
surrounded by the upper and | ower quartz plates 18 and 20, respectively.
The quartz plates 18 and 20 functton as the focus ring to concentrate the
pl asma in the spPETAIDED'RESCRIFTION OF PREFERRED EMY IMENTS The upper and

| ower quartz'plates 18 and 20 can be detached for, nechani cal cleaning.’
Reacti on pr odUdissingentiopyvasdirstdisgessd intapanese PatentArplisetiondNe y deposit in

the vi ci jakhi t bhe, upper an we ctrodes 14 and 16, t~espcctivcly
of the ﬂ&éﬁ@%@@‘ﬁﬁ%@‘%ﬁa‘?’é@%@k nd 20. Dcpositiou is remarkabl e
particularly Wdétilﬁ:drde@&i;&i’bﬂﬁ@dmdéBﬁowpﬁtﬁiﬂf&ub@ﬁohﬂ%ﬁﬁ@@lﬁgﬁr ea, near
the inner periphery of the |ower quartz plan Z0. The width of the rcg~on is

aboutd12 g% avhighoshew preferred embpdimentsof theapparatps aad methedofint 1 ol e.OI I
y : ' ' FepST .
o ates. | PbBSREoRIERiptol RISRAER Socobiihe 81 bRt Yo A diPPEC AN T OV

plurali tynaﬁo«ﬁafgdrév@dﬁg pesting of depsited filaglexicdating lagersvia datidappastust he surf ace

regions is divided into rajsed, sections and recessed se?ti ons st eps.

This surface Fgildh ajschematicseetionalyvigk shopdng theApparats frp W“tfé‘?”i’;&wafter.

Maki ng ”l@uﬁaﬁ?'?@g)erp‘i&i Rﬂn%htfoﬁ? | ower quartz plate 20 which is close to
el ectrode F1. 6

the | owe I's particularly desirable) because reaction
byproduct s deihsiplasan ttdatisg aypapatascl( showmdn Eigoll ys a dyetchingmpparatva déron i s

particularly efftaivg in the case where the plas rocessin paratu9 is
provi ded RR?‘{W‘?“%° °§Bf‘?’¥?’é‘("8f F‘%‘"ﬁ%uﬁ% ’WE‘E\H‘S&"B’@@@&W@&E he

deposi t egﬂisﬁiafm%?dhes dP Birh RU&H 2k sBlicoh dRidedAland Sachides platc t he

el ectrostatic chuck. Then, the attracted flakes prevent the wafer from
bei ng' cleleskedes, with @nanpivegapibetween shegp pAn woekpisee todepeatcesped (he | ower quartz

late 20 is,sh in Figs., 2(a~(c), n viewl~ Fig. 2(b) i
5 Darti alseBIRRER THEN opain il e Hing Pufbus fRgtorSbmponante) 211 ) ©
sect i onal Amh& apbér EaE bfhOQAYRE 12 is¥rotndishapéd bppér eldétiade 1@ wotWiticts ur f ace of
the | ower quartz plate 20 is fornmed the sggggd region 30 as shown in | egs.

z(a), 2(bhe pasdnley 13 is capndciadfor introducticnof ¢ &r% Audie lovrey centerofded at

prescribed intervals alo the entire | t f Bé@ ant tul er - shaped i nner
per i pherf’?‘ﬁtf‘g?' 13 B RRYNCETAPT omeéflgc%_quhgvgﬁ &4 dd?d;“g‘;’fdgﬁ'.?so I ttcludes
recessed fREbitaiEctfkk 1790 hold the Wifdr 20@bchrbisiedTho bppdielegtrogyprisand rai sed
se~i ons between the grooves. In the case of the exanple shown, the grooves

are aur arsyagunded by s upperuartz plated & aed thedowe clrstrads 16 is sugeyndgi BE 12 nm

| ' 30a i
subat ant (ipyerdiafer B . S5 hombets 2B ehibe o IRr IR BlMeAZR L DOV 502 1
reet an, gubtdch sgpliey BighIokqueacyaditricpdwe MR pawer) i thatuppéifetectrpds 14 apdart z pl ate

18 surroundi ng the upper el ectrode, 14 _al so has the epped region (not
shown) , MW%H'@WM@EIQWQ&QF teonpecteddp & ep‘%z)”ﬁma?gh@ <(51nd 300

om 92<b) ik Akt G RABAERF BRI chims Wb amigee e[ T enath o

its inner periphery. confrrmt [ fe present

i nvention, an Inxeeplasmeplocousingapparatasi 10t leastteftherithe pppes quarzpyed8i ng
apparatus 10 shown in Fig..1. Plasma is concentrated in the s, bet ween
t he upper°"éhfdl°?"’60\%‘i“ﬁ§aﬂl&glzgl%‘%i‘ aw@cerfé&% ggc’]ﬁgs&pﬁuxp@tya%@%ﬁ%det he upper
and Lower, : fgtﬁfs UB T R Gekirplatl Rasd ffatb® fgfon thhigact i on

bypr oduct's g%)‘géclcﬁ on hé&uﬁ‘ggﬁ‘%@ﬁ?bmﬁ quartz pl at esa_ 18 "and 20,

patti eul dnélydesmaistibselctionseand revnssedcections divideddyisteps rethe vidinityafdheon t he | ower
quartz pl ?te O close to the |lower electrode 16 as shown in Fig) 3(a). The
part a irf 9¢.3(a) has various patterns as sttown in Figs. 3(b) to 3(c;))
whi ch are parthal ' iritus 10 W evaluabdddo aB6dt) . and i ts
Cross section %kcggﬁg%%&ttﬁ%s |nggg{c§ol,ﬁn|%n ?g. 3(b) isashovvn in Flg. 3(f).
Pat t er n A QfaEort. HEheswisfe a2@ miag glsoibe Beldwinithdlowsr elaetrasieiliimany way othor ked)
surface of the lower quartz plate 20 fornoied hi nin Th wer

quart z p|tg%a%rqqggcgﬂg%.F%@S%ﬁmgﬁgig@%ﬁﬁﬁgagﬁg’"ﬁ?g}ﬁag?;ﬁ?%“%e nean
roughnes syt me dal HPR dkblaiRdMatéroughness) : 9. 2% pm Rmax (maxi mum
hei ght ) : 1rO. 5 ‘Ehrfalﬁfpat ???‘R{ﬁﬁ%hoan in Fig. 3(c), and its cross section
taken along the line b-b'" in Firg. 3(c) is shown in Fig. 3(g). Pattern B has
the surface region 2% with frost treatnent 28b, The frost-treated region

has ‘a surface roughness as follows: Ra (center-lint nean roughness): 3.92
urn
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Rz (ten-point mpan roughness): 23,0 pm Rrax {maxi mum hei ght): 27.5 ~m Frost
treatracnt is given to the area 15 nmw de along the inner periphery of the
| ower quartz plate 20. 2 5 FEB 2003 10 ,~ pattern Cis shown_in Fig.
3(d), and its cross section taken along the line o-c¢' in Fig.23(kBBi209shown
in Fig. 3(h). Pattern C has a conccatric circular groove 30c formed by
machining in the surface regi on 28 8of the lower quartz plate 20. The groove
makes the stepped region 30. The groove is 3 nmw de and 50 ~aao deep and

| ocat ed 2 nm, s plasmemroesssing appargtes 1Qshown infFig. Ads s splitqgowend system| ower

aken ol e istott B Bl atd1Sudoups [4ha 1A sopblira i B Povwes or n b nas
grooves 3Jfifin MFME$0W SPRfLY 27, thesybiafs Stk ﬁ%ﬂod@&h?téhﬁae e | ower

quartz plate 20. These grooves neke the stepped reg ey are
r ect angul<athoge ernpliag aystém qray alse berused ingthe presciitinvestiam at intervals of 2 nm

pat torns  anctth PREPIY Bt i BoRy sl Meimotos A0 savondsiiond ool

The bot t Qligwpper ditPloteP Q¥R Rited1 8 aiid 2T; Cesh ity .emgti' 1k ﬁ: the same
as that of t]?; surfaceq“g)f tthe quartz pl aPe bg?ore rin m%s attern A). The

| ower ?usz!cﬂ%lﬂ&ﬂv focnsging F" tafne%xm?m PMesmarinithe space bettvben tbf p&’ﬂigpr ocessi n?

appar at u oW i iq. 1. e pla rocessin ar S was run to

e ot & POeBER | Tnd ufher i fier Budtiad B ia PO B Totear o 26

i ncl udes prechidits @RasipS Remn%d@zs&irfbi(yﬁ@aud& prolatad i hivgﬁén{?lnﬁnl?m t hi ck))
36 (1. S shown

and a patterned photoresist rnasl. 2 lun thick), n Fig. 4.
The nmsk d8pasitiip thewvidigitiss ofitheupper. 2d lowericlectindasddand 18 vespectiveiyiof gas for dry

oo 9, 4 e KPR T 3, Mool BORBAAB el
the ring-shaped area, or circular band-shaped arca, near the inner periphery of the
lower quartz plate 20. The width of the region is about 12 mm. Therefore, steps in
this region play an important role,

According to the present invention, surface regions of the upper and lowet
plates 18 and 20, on which reaction byproducts deposit, include a plurality of small
sectioned areas divided by steps. That is, the surface regions is divided into raised
sections and recessed sections by steps. This surface region is referred to as the
stepped region hereinafter. Making the stepped region on the lower quartz plate 20
which is close to the lower electrode 16 is particularly desirable, because reaction
byproducts deposit on this component remarkably.

The stepped region is particularly effective in the case where the plasma
processing apparatus is provided with an electrostatic chuck, because peeled flakes of
the deposited film near the periphery of the wafer is attracted to the electrostatic
chuck. Then, the attracted flakes prevent the wafer from being chucked.

An example of the stepped region formed on the lower quartz plate 20 is
shown in Figs. 2(a)-(c). Fig. 2(a) is a top view. Fig. 2(b) is a partial enlarged view of
the part a in Fig. 2(a). Fig. 2(c) is a partial sectional view taken along the line d-d’ in
Fig. 2(b). -

. On the surface of the lower quartz pl;ue 20 is formed the stepped region 30 as
shown in Figs. 2(a), 2(b) and 2(c). Rectangular grooves 30a are radially arranged at
prescribed intervals along the entire length of the anauler-shaped inner periphery of the
lower quartz plate 20. The stepped region 30 includes recessed sections at the
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of prossur edeput yl ower el ectrodeupper

el ectrodear Tvrr/cinc~cr-rn2504. 8020205401 ~30 The results of the experinent
are shown'in Table 2 in terns of the peeling of deposited el fhSwWhERH003
occurred when n nunber of wafers underwent the dry etching sua;essively.
The cumul ative plasma dischuge tife is the total of plasna di scharge brae
required to process individual wafers. lu the cane of pattern A the

deposi t eghtionlsBIRElBove3 ahd Paistdisettions deivwien diegirosVes.uln thocdseof heof pl asma
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deposi t extctapgulaggredess30a isadscombstantiallydlabn. 1t is noted from Table 2 that

pattern E with mnute surfacesirreqularifi Voo £ 1 treat a~cnt
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in view of 'the Tact that particles appear when the deposited filmbegins to
peel . Hyloagrand 360 pnpdeepyradially sranged 3t inreavals oh2 mm alopg thereatitedengtlBoc and 30d)
according.ta the present invention did not permt the deposited filmto
peel eveff! 'PB?‘P&BPWTS of plasma discharge. 'this indicates that patterns

C and D are [ Sd&fth estfimehk BEEctdA tHeqirescht v értioh| mséxpbriédtwriet fox ninute
surface irregularities 1n greventing the deposited filmfrom peeling. 'The
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16 owing to the upper and lower quartz plates 18 and 20 surroundiog the electrodes.

Reaction byproducts deposit on the upper and lower quartz plates 18 and 20,

particularly on the latter, Worked surface region 28 is formed on the lower quartz

plate 20 close to the lower electrode 16 as shown in Fig. 3(a). The part a in Fig. 3(3)

has various patterns as shown in Figs. 3(b) to 3(¢), which are partial enlarged views.

Pattern A is shown in Fig. 3(b), and its cross section taken along the line a-a’ in

Fig. 3(b) is shown in Fig. 3(f). Pattern A has the surface region 28 which is the

original (unworked) éurfaoe of the lower quartz plate 20 formed by machining. The

lower quartz plate 20 has a surface roughness as follows:

Ra (center-line mean roughness): 1.57 pm

Rz (ten-point mean roughness): 9.25 pm

Rmax (maximum height): 10.5 um

Pattern B is shown in Fig, 3(c), and its cross section taken along the line b-b’ in

Fig. 3(c) is shown in Fig. 3(g). Pattern B has the surface region 28 with frost

treatment 28b. The frost-treated region has a surface roughness as follows:

Ra (conter-linc mean roughness): 3.92 pm

Rz (ten-point mean roughness): 23.0 ym *

Rmax (maximum height): 27.5 pm

Frost treatment is given to the area 15 mm wide along the inner periphery of the lower

quartz plate 20.



| ~e¢3 13- 71 70- 30! >30 1 unit: x la" dyne/an It is noted from Tabl e
3 that the adhesion strength is lower than 3 x | Gs dyne/cn¥ for pattern A,
3 -. 7 x 10~ dyne% nm= for pattern H, ?,0 ~ 30 x 10s dynelcrn= for pattern
C, sad higher than 30 x | 0s dyne/ans foi pattern D. This indi 2&tEEBt2gst
patterns C and D provide greater adhesion strength than pattern ~
(conventional frosting treatrnent). THA@ adhesion strength o~ pattern Dis
about 10 tines as large as that on the unfreated region. ' It is |v~own
vel | that a depospdtren Ciis shodaein Fighded), andsitd crosyrsectiondikensaontielistsc-t'tin
adhesion strength to the underlying surface. In addition to this gencrai
know edge, tFig. 3dpisshewnin &se&(hLB ag @ cpraspiricsirsulgngreeva e fomadowi ng.
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di schar ge f ogarhsiiito$ the'surfabesof the |quhriziphdte Beforirinding (PattereAlri rable in a
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plate 20. It was Eheslowengunstziphate 20 explaincdakaye wag moynted dn thg plasmadi r ect i ons

d the d ited fil A | : kel | '
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plasma is twncd on and off, and the deposited filmexpands and shrinks as
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because the ring-shaped deposited filmis divided. r:ltg smal | sections in
the circunf . athecropditions for plesmaigeneration re shawm jAcTaBle 1yi sp) accrcat of
deposited f Inf is limted arid the peghipg is effectively prevented. The
effect of dividing the deposited ~I mis supported hy data shown in.logs. 5
and 6. @ischarghB O|\S RF fwver el] at | oG llownétmyen t heTanperuibraoli e Tupersturgof
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The tesults of the experiment are shown'in Table 2 in terms of the peeling of
deposited film which occurred when a number of wafers underwent the dry etching
successively. The cumulative plasma discharge time is the total of plasma discharge
time required to process individual wafers. Iu the case of pattera A, the deposited film
peels in the entirc region after about 25 hours of plasma discharge. In the case of
pattern B, the deposited film peels in 10% of the region after 20 hours of plasma
discharge and in the entire region after 35 howrs of plasma discharge.



2 5 FEB 2003 13 discharge tinme of about 40 hours.
~min thiclaiess has a great
t hi cl aness cxcoeds a certain limt,
adhesion strength of the 81lm causing the filmto peel. The peghig
deposited 81m depends on the thickness gs well
as shown in Fig. 6.
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above-mentioned experimental results suggest the following. That is, the tendency of

peeling is related wi/th the absolute amount of displacement by the internal stress of the



The foregoing is supported by the data shown in Fig. 7. Fig, 7 is a graph
showi ng the rel ationship between the adhesion strength of deposited film
after discharging for 20 hours and the height of the step in pattern D

havi ng di vi ded sections whose areas arc 12 mmz. Figure 7 show?ﬁtpgé t he

hi gher the stop height, the |arger the adhesion strength. As e p?@@ited
fil mbecones thicker) and the stregsg of the fitlrn increases, the deposited
fiLn becones nere readily to peel, however, if the step is nmade higher in
response odiRed filmcr ' i | IS, | eas

| i able todcgeel . ﬂlI'!Ele @%@%ﬁ@?ﬁ%%f@g%ﬁﬁgﬁﬁgﬁgﬁé#g%epygttﬁgt&deposi ted
films ar edeppsitsddilinds paetiimdusionalne adhesi on strength is 3 -~ 7 x 10' dyne%rr

or less. jf steps.of 30 p,mhigh are fornmed, the adhesion strength is 15 x
10" dynelm@tﬂgam{aﬁ%‘“b‘ﬁeﬂ%@mﬂ stieseofdepesiied Silmps kangtlr ofdlgpositadur s i s

conpl et el h &“’:ﬁd‘h‘ Lght is further increased to SO | un,

t he adhesfiﬂg,z/gre gt °ﬁ%@%§§§ﬁ§d3§?gwm and above. The step of 30 p.m
hi gh seems t o This means thathd grater thia éncernmiostiesscol of depogitell ABAGNA e [Argheck
However, jt .s d rstpo‘{i {he}.{%even sych a sma] | step produces ~n effect of
2 5 FEB Shpeizaef | ‘H&ﬁﬂ?%tf fim, the.moers; teadjlythe deposited:film nqe_gn In pdditien,| m

L cknes shodrpdfitentll edulR ¥BpBHal fleqbdlE Beblin Wb (BAS O, OF 12 M2

Thi s suggests that densely I es ar ential fnr the
nai | i ng teffegtivetiulinaitithessing dfthe depaditéd@ilin. oTlee fact thapanerh EPprofided greatnan a
certain h@é ht #rn a cgrtain area are enmmhh It is considered that the step
pins the %b%‘\ 5eththan Ratten & arrspmably respitn frag the fagtthat therdeposiseds ¢ hat
pattern g dabakt i e GRE ' y prevent peeling may be

i nterpreted agbaf gﬁﬁﬁ’%’ggﬂt rea h@%dﬁenfg}'tg?y“ﬁg? ms mnute irnegularitlee
ou t he surfacdheteaction yproduct deposit in 7 ting-sbaped atea on ithei syrface fthe)  of

I rregul ar |1l s anly 27. 5. pm . Such mnute irreqularities, duce neit her
a renar k&B*‘g@f‘?éﬁﬁ"‘o‘ﬁ"‘m%Pﬁ@ﬁ&“ﬁﬁ%&dw&&w@a" F?qq"ﬁ] %F dgpas bl e nailing

ef fect . o beidivideiinort BESGvely(LANL filial bRErADANGPEy R %ﬁg{cﬁe&he rai sed

sections and the recessed secCti"ons am coarJecu y sl opes and
hence se&tioned areas clearly defined by steps arc not formed. Therefore,

tbcy are limted in the effect of dividing the deppsited film and thereby
limting the ﬁ??@@ﬂ}‘é'ﬁ&’é@&ﬁ’é‘r@.a{ts@?gﬁupnpfTW‘Q‘WF‘E‘P@"m i ncrease t he
hei ght, 3thAREOanliAd SRR PRSHE ARSHAEERT 20 BbHS © Itlvhs S8 tﬁ&t%&@i}st he

recessed portion between the agj acent raised sections IS filled
wi th r eatemaskable in varaila zdepatwut t2imnhwidei from the ipner pemiphery ofithe beyposi t ed il m

cannot b R e tivelv. . kn other rds. .frost, t.reat ment does not
forma r %g*sz el%gggb?tlf‘g %ﬁ?x’éd Qﬂﬁ?&‘?ﬁ%é’ﬁ%’&géﬂ“ﬁrﬂ%ﬁw %ﬁi‘@hd?"s clearly
defined Hepesitepfilm pests:SAprobable réiisvn & thdRdidbaaskih@id thatlafintbMal@ess ast ,
pattern C or D on the surface of uartz plate has a plurality of

. SU the q
sect i onelf ¢ Scurafersatipl dirctipriwas developed dugio atemperatwrgeycleTidicet eg” pr oduces

bot t om o ietaledf thepBild A AL 3¢ bilernd SunbF 87 36 0 30H 4B, 10 cod
sect i onsdepuditedfiles exgandenid shrinkedsahe lehpeRiture tivanges; kibpshy debél thei mi ti ng

t he anoupt of displacenent. Consequently, the steps to divide the raised
and r eceddurnal siessiip the circumferentinl dideation. present i nvention shoul d preferably

be hi gh enoug @ hi@ LI r i peeling. . exanpl e,
the step shou?laérgfeop %ugﬁ’@?"‘{’ﬂ%ﬁg%@%‘t” g}é‘% ea% °I°3['¥t|k°é€“el?y?°naﬁs€%rc m  as
shown i nasthglength ifithe citminglicntid! direqtiont dp teansesipaten D,oLad@ivdf 109b or 1" 79b
of the thickn (,abut#f 0 Et of the geposjte filmfor 20 hours of

pl asma dfPO m™§6 gm gf'@l‘“c ¢ ring-shaped deposied.film isidividedimtosseall st rengt h.
Ther ef or si b s Sdybé N-X -inere Qi . E exanple, in
t he case olbésﬁgigéjgg'? ~%£nl1%h|1|:%§{n' par%%gﬁg‘é@' mg%%%qécﬁbnc%orfe not found
even af t dapoSitedHilnl” ipfimitadahdithie peelfrigds etfectivelyprevesteiame during which the

deposited filmbuilds-up to about 750, ,~tmthick, the
The effect of dividing the deposited film is supported by data shown in Figs. 5

and 6. Fig. 5 shows the relationship between the cumulative plasma discharge time and
the thickness of the deposited film. The graph tells us that reaction byproduct
builds-up about 300 um thick after plasma discharge for 20 hours, and the thickness

increases in proportion to the cumulative plasma discharge time at least to the



2 5 FEB 2003 16 the build-up proceeds in proportion of the plasnma discharge
time. The actual data of the particle nunbers will be explained later. In
this case, the height of the step is about 40rb of the filmthiclaless) As
a matter of course) reaction byproducts deposit at different rates

dependi ng oa the type and operating conditions of the procesa n§EBHEY at us.
Li kewi se, required cunul ative procgssing tine, or sumof processing tinmes
for processing individual wafers, between mechanical cleat~dngs to realize

desired i r i,hfer . t:-her: step to
pr event 3@‘@5?‘%%8@%@‘%@5 &'@?éf frghgte a@%@?ﬁ‘?ﬁé&@‘ﬁf@%‘?%ﬁ?&%hi ckness
of the fhsma Preat iternud stensi Whenltthe thicknesstoxueedn s oerteis lingt, thelimerndhe st ep

shoul d be as great as possible fromthe standpoi nt of preventing peeling.

However ) stresstoverrples theradbesiamarengthof the i, spusing the il topett t han t he

t hi ckness of Sigt I i ] i roducca
little additi :)Ilri}glpggggc#dgﬁ?swfé no%@??ggﬂe@%‘%?ﬂ?ﬁ‘% gb%g E}%éﬁgr t han
necessar Mividedosérpisshown in Fig, 50 Iisdthengords,ahe shatle drepapencofithd 0 be wor ked

and the difficulty in working, In additign, an excessively hlqh step wll
pr oduce é%%ﬂ%@?%‘%%ﬁ@ﬁ%@%%&?ﬁﬂpﬁ°%¥§%| IeXymplfe case of a
rocessi t -agtyog' thidk i {hﬁ{n h ste
\?\/i |1 di s%@%ﬂ’éﬁ?%ﬁﬁ%ﬂﬁé’%gﬁﬁ% i ngﬁrﬁ%e p %@PH ergf ore, P

the st ep whenthehrbaytdioied sebtignsis @00 eirnt) 89.5atm?tjand 0.02 mim, raspectivetygas 1 aw.
This experinment was_carrjed out with t | as rocessing apparatus 10 of
nar r ow gdiheSiepae fividejnte iadividyal W%ﬁ\ggﬁﬁ" IPGW"{ &Hﬁ"}l 1&3&419355@!3 is

construc t 16 i i 1 Fin t ce
ot neen. (R préVilus SHOY R e lifedt 16 e Ur GO REDAREY Biin, lEmeRATE |
causes r eexilytie geeling deotiss butalizcprpvothe pexdentiinveatogs finding thas it isnd forns a

deposited filmin the vigcinity of e reqgj er, h | asrrt.a term nates.
Ther ef or(PP“’L"HE‘%P’émﬂéﬂc?lg@i’tﬂwﬂ?&?%a‘m%@ﬁ iﬂsﬁwg‘dh%ﬁﬁﬂﬁdmw of the
waf er 26 ~dé&§éﬁctrode 14 or 16 where reaction byproducts deposit

y. The

consi dera st epped region thus positioned effectively prevents the
deposi ted fil Mhensengfdividedsectiimstis détereningd soos o éffectivelypraventgheient direction

f th i sed and eq . ti i 1) be di d. Thi i t

Carr i od FARRESt R B PR UFRE 98 A B¢ N6 M. Tk aso Araruned Bebe B S par o e
f h B H f . H A f

or this W@ﬁgﬂ.b%@?%@% ir?ga ' 0B ith thick, B R0 of KOV ed BRu6ENT er O

pl asma in In"the case where the processing chanber
i s provi gheuldit smalldrahin atgus400 m’oFora thmkhessgf aboue 60@ ki, thearabi ned ef f ect

Gl Tess. | abevE CRepabin ha oot fimin's AR wpersbn, SremmCiokiaR i ABE T 1,
addi ti On’ﬁmgh%s SHEvA ﬁ'?i%s& RS 10WRY litliéMaPbe fiBeienered @S atidut D 10°0om t hi ckness

variatio gcause t hi ckness of dgposited filno varies due to the

t enper at unm®.gingactics, ankoeanfabour0.Hawh | or gbensds adsquate ineqnsidsratign ohie direct i on
of the tepperatyure.gradient, a supped region with rai sed and recessed
sections ?a&ﬁﬁgﬁ Mg the isothermline of the tenperature gradient, as

in the case ofMpawethEthitknesd sfalepbsied film isiboyt 300wmhalichafteressi ng
apparatus, periodic tenmperature fluctuation occurs,as plasma is turned on

and of f. discheging fon2@ hourscand Aaesthickness incseasesin apPROXIRAVRICPIYOREQ r n i ncreases

the t t fl t uat.i i t: I I t
Govel ops ARBMEEEnT-o e oS iR sRp dRpLBA C D ARuURRYLE | 2L CT0S
peel i g dygh the tHileheSs 61ARE dbpdsitetbfiih. M Fied factthatitingep with isschidwemalitieight ne,

rai sed and recessed sections arranged al on&l@t he normal of the, isotherm
line, i.eroductsibg cffivet ofipraventingpesting suggpyy Betivhetberagnetithe deposited ¢ he case of

O N R L G s SR S R
the | overgRke4t (PHE viGRi/bY (5O sith@atéqihe quirk pime))tealer it ewchinged to, , for

exanpl e, about -5aC. Thi's etching nethod is applied to, for exanple, an
i ruul at i r@nditions stiown ia Table ithe csttain; thickaess segms to by loss,hap ghout ddB8Y at ur e

etching, reaction,byprogdugts. tend, tq .fil i ck ~, 1 mbecause reaction
by pr oductaé‘ﬁd%gﬁﬁﬁ le ét °ﬁgﬁ@§?¥ﬁ°§§?§“§?ﬁ'§ hiélr'rper ature decrca, 9ea. As a
resul t) the dgpaaiitien, dvich i thé stepheight iaksethan teakicknésh bfthe depdsitedef f ect i vel y

avoided if tha stepped region is formed according to the present invention
or the pdilmsthe widthelgraoves, ornthe distagcedctwec adjpceny riged %“Eﬂﬂgr’%ture gradi ent .

faster onernpeitihiae, AR Relct patba P idmdle, (R G RR i y, PROTT P07,

thermal conductivity, 'f6e result is that the deposited filmis liable to
peel. This can be effectively avoided if the stepped region is fornmed
according to the present inverxtion or the pattern of steps is arranged

M e




The present invention is intended to prevent peeling of deposited ~ZIm
bui |l ds-up on interior conponents in the processing ch~tnber of a plasm
processi ng apparatus. The principle of the present invention may al so be
applied to prtvent the coating layer on the surface of inter2d& FEBr#fii8nents
from dropping off. The coating includes alum na coating forned by anodi zi ng
an al um num bane. Anodi zed al um nult coating is used to coat interior
conmponents includic~g inner wall of the processing chanber itself. 25 F
E B 2003 dis&ngn fsabouths eimes lapernthataheim thicknbaéter 26hdurad plasnta peel or drop

off fromthe alumn hase when i I S heat ed ove 130 C, due to the

di  f er enOECHHES ﬁg%"ﬁglln:} s Jargar ﬁm ‘é? W%s‘?‘ﬁhﬁb hovrssef pipsma dischargs) asna
rocessi : | 0 Wt 7 [ L o, ongnt et hot due

o cont | Aa 3BRANA ¥ ropefighal GlIEY) bATISY rBs o RGN B BRTESBEM F01 ccone

i nvent i ottimies 1pperchairtic dickness iter 50 hous @8 pREmS tistiaege. Furthbe tent er i or

conponent,,, the droppi g_? off of the coated |ayer is effectively prevented.
P, XAMY~. Eickncss showadn §1G isthbamaximyun thikness at thedmner peripthery ofithadower be

descri be | e i ) Ex le .1 Thi s exanpl e
denonst rg%l*g&szt@ta%?g's F‘nﬁggﬁ‘&@%@n a%;aébg%%éﬁ %’#’&grfvté@g eORbeni iy | shows

the pl aseddifiomalrsddposition pathetplambQedotion Byprodicts dot notdistally’prebews t he | ower
quartz plate 20 used in the plasnma processing apparatus io. Fig. 4 shows a
waf er 26°@ﬁ°ﬁn§§ﬁ%6ﬁ'ﬁwbm~c@%h‘vmﬂm&“sqnl eHee wald of the stepilsn 34 to ba

et ched.  ind¥? iah QiR Gn 0 NFred sbitioh O WhEre i it i blGHbL uPinld 3ok BBl PP
region 30 on its surpace near i1ts inner pgeriphery. e's gppe region 30

i ncLudesrd&edWli{:uk and ggmse?;e%ﬁensaclldmgisdp%mgéwghlaﬁe?w bi‘vldgfgtdb}%smi 2 xnnr. 5
Eac rogve is nm w de, .nom |, on an \Wn ep, See also pattern
in Fi gs. 8@%&3%%&“&?‘3“%5 yt _rq“'z“b‘f - sﬁ‘?@u%ﬂﬁ&e‘tﬁépupper

el ectrodgroidhgeams.haalgwﬁ QURPHIE dEREIOsh Sbteghied shissuratd! ditRe YBR¢ 1S 1nner

peri phery. The stepped region 30 Includes rectangul ar grooves' 30a arranged
radi al | yeffectivelyalividé the dilm2 theraby peevientngotbe depiasited film fromiepeeliiz. nm | ong, and

300 wm deep. this ezapple, patfern D was | ected becayse jts effect had
been confi rrreJ(iJ_R?ig 15319 .r%°%UB§°§WCFFH§“§%&5€°SM§“FW‘§8§H@?3M long in
view of fifes, fxarstmwﬁtasVhaﬁyﬁg-'dﬁe@@aﬁmatn&gﬁﬂa&.I'maevﬁa &%ﬂﬁxggs!désn an area

12 mro wide aftei 20 hours of cunulative plasm discharge ti I n ot her
wor ds) adepgnding an thechpight of theistepmThis id dnferaed fiom ithbefidct thattplatteraiB withf cr ent i al

corpl. et P (HERUATAR ROTEIS AreaFLABR B! HPRSaROCRSn PEEFOGREY P had been
conf i r megrith BedtichbParehLdivided bythetegh i s effective as shov~tn in Table 3, the
step was made 300 pm high, leaving a margin. This hei%ht corresponds to the

t hi cl a~ess of Thhforegsjngsis sepported hy Hiei deta shawn de Figo7 dBigi Ads #@epbur s oaf

oot onaeefid BETIRGERR fiwidalhe odHiGoR et of HRGHCR B UL E 0o 07000
whol e hagisehatgiag f5720/hatusHAE hdiHvRY tie)stdpif patiert D hading di¥iBePRfonk wal | o~

the groove is not exactly perpendicular to the surface of the %chrtz pl at e.
I n addi t WBose arqas peesl Zmmn| Fiayrs Ashows thatdhs higherithesstoprkaightothie fargssdheof t he si de
wal | is et hel ess, a substantial portion of the side wall has nn
angl e Iaécg'gggﬁggcndéggout 80. In other words, the side waU is substantially
vertical, of Afhthedeppsifed filmbebymésthicBemandthe xra® dfthe fidatincreasas, the

perpendi cul ar tv the sectioned areas. FEor conpazi svn, dry etchjng was

per f or metFPEsitedimsbacorsy moreseadity 11pesls dlayeveg iithe step apads dughebifer quart z

| at es | [ ; f: Ve~ Fi gs.
g(b) an?\;i‘?%g? %g}hgﬁiﬁ%ﬂgg{ﬁﬂﬂ%ﬁ%%&%ﬁ%ﬁ&tﬁgrﬂéilglﬁfﬁnfgétg or n, eandI '?he
waf er 26Gexparimentabrsiles ihTabledwhowed dnit depsitdddfilurisard Babletoqreel whénthe c chuck
17.

adhesion strength is 3 ~ 7 x 10" dyne/em® or less. If steps of 30 um high are formed,
the adhesion strength is 15 x 10° dyne/cm?, md the peeling at the discharge time of 20
hours is completely prevented. If the step hc’ight is further increased to 50 um, the
adhesion strength is 30 x 10° dyne/cm?® and above.

The step of 30 um high seems to be very small for the deposited film of 300 um
thick. However, it is understood that even such a small step produces an effect of |



The chanber 12 was supplied with an etchant gas through the gas inlet 13.

The etchant gas includes CFA, CHFs, and Ar. The plasnma processi ng apparat us
10 was activated by applying RF power to the upper and | ower el ectrodes by
the split system Plasma was generated under the condition SWEP”{Q bl e
1. As nmentioned about, the pla8ma processing apparatus 10 is consStr ed
such that the upper and |owci ~elckrodcs 14 and 16 are surrounded by the
upper and lower quartz plates 18 and 20, respectively) and the plasma is

concent r anidingitna téreaim degree. . Infadtition the fitm pitlresedf 3V0Uneisthehishafes. Because
of this iﬁru ture, reaction byproducts build-up on that part of the upper

and | owe 4386 pettem dimensiog of Ad mymy. \Fhizspegests hetsisaselpformed tegolaritiees. 13ry

et chi ng ' MY . | ower qguartz tes 18 and
20 whi ch af?ﬁ’i‘%ﬁ%e r‘ég%{‘gﬁg @%o@g%e'&%?ﬁ%‘a%?glw39“%1?5@?\'@@&9? B{ﬂsgngul ar

grooves Hiwn.a drtyindteight liga vatirtirsdae 2houghd Imummﬁaﬁgky?gﬂgmeand | ower
quartz pl.at esaql acrd 20 which have ilat surfaces. Results ‘of dry etching

usi ng quafRsit fF Produces awpinpigietiertpped regi ons ate shown in Table 4.

There i s na nqyj | r | Rethe etching rate and

et chi ng uni fo?r‘ﬁé?@a%% g‘élﬁl‘?@gﬁo%%%gtW%%"%"%B’W’%gﬁdwg no

not i ceabmyabbﬁmpmmasmlwanmbnemmmmraymwmww&' iovn. This
nmeans tha{ﬁstu%ere is no difference in substrate selectivity defined as the

quot i ent aee fithhqvstzipiate. The mpximugnbeighs (Rmax)efirragwaritiesisenlyt chi ng' r at e

i1 Toon 1ok Ul mindf® B RIS ridie bARRED Albarkibid tEeclif uPlige “rer
i's no nodéposivd Binthéif eemagableaiailigebe T additibg theab aicgaalies 4 et ched hol e
ift (difference between the dianeter of the hole Itched

and the pattern.s
in sili cw&@&&é““_&‘i‘g@ thtpited aections asbihe secessed scctignsy ar cennpctedpeci fi cal |y,
there i Scdiftiniois) bfies and hﬁn&ggctgqglgﬁ ta:%% %%{ﬁg@@%fbsh#g@teﬁ{'gélg a smal | hole

about 0.3 Ecrrt “Iin diameter ari ults suggest
t hat t hefomppdr Therefore) tiery aneikimited in the effectiof dividivgg the degoailed i o 30 f ormed by

o adver GEreEY NLAE B sFUN IAKBHERTER. SAFR tha Rt & Rercsseyla ( chi ng. The
: oht 5 : | 18) 20 with
appar at Ufeigitoydjadet falsdd sdbiBfSort Q@d&?gﬁ%@p&'mtﬂﬂﬁ%ﬂsé%%& | pAhes 18) 20 wit

a gap of about "2 nmm between thorn. eretare, pm fornmed on
t he quarbetwpimethe adjacent sgiseddsctions ésreadilyfBlsdaFitti faction dpprolictyasposiond i r med
that this step, does not disturb the gas flow and alter the plasma nod

et chi ng PRSI AL fespit.he depesitad film eanpotde divided effactively+ In athervennds, onal ua-~

tareswt %?&5% t chi 4 aLe aal Ligea di axl 3. m ns~z, a
r~r~nUni€%gre?#ty or et (':%?fnog&]ﬁ e‘ﬁlt%%fd sgﬁmlngg]r?? %I%%fé?)agﬂﬁ%’é%?@ nrate of 1
"1 i con78is Zleatly Hefineddysteaps miceszatyitd dividet the dépositedfilny tats of 1 iliaoo5.9
~b6. 2%pattern,shift for 0,30 rn hgle-Q.094-0.075 tnH ched taper utgle for
0.Q_dam E;;s ta.“’f‘_"g;}';sa“%%&é]?“ﬁ’ﬁf é:é#é‘if%%ﬂﬁ‘ﬁ’?’iarﬁw o8, t he
el Chi Ng ge0tdrirdlafdal elehily di G 50 igh, b{;&& lof adversely
affeceed.. Fig. 9 is a %rggﬁﬂyﬁomg th% %@af@g%m et"t;r\/\l/é‘g)rét‘f'te g?step

hei ght dnanipgthedepositedifilp. dheaeasbsed geatian corfthe battoni ofithe gicoxe,del mfine

wide. Thus, deposited film on the raised sections and recessed sections are effectively

divided, thereby limiting the amount of displacement.

Consequently, the steps to divide the raised and recessed sections according to
the present invention should preferably be high enough to prevent the deposited film
from peeling. For example, the step should be Higher than 30 um, preferably higher
than 50 pm, as shown in Fig. 7. This height of the step corresponds to about 10% or
17% of the thickness (abut 300 um) of the deposited film for 20 hours of plasma
discharge. The higher the step, the greater tﬁc adhesion strength. Therefore, it is
desirable to increase the height further. For example, in the case of the step 300 um
high, particles due to pecling were not found even after SO hours of cumulative plasma
discharge time during which the deposited film builds-up to about 750 um thick, the



etching apparatus shown in Fig. | is equipped with the |lower quattz plate
havi ng the stepped region of patters D shown in Figs. 3(e) and 3(1) with
various step heights. It is noted fromFig. 9 that the uniformty becones
poor (4.9~) if the step is 900 p, mhigh) and the uniformty bg§0n€§$ orer
(greater than 5 % if the step is 1200 ~cn (1.2 mm) high. Pre fﬂ@his
I s because the stepped region distygbs the gas flow, which alters the

pl asma and etching characteristics. Therefore, the height of the step
shoul d behd BYRE-uf b@&ea?ﬁfﬁxoéo.%oﬁ%memawamghw ThebudAtorl M The
apparatus shown in Fig. IS an etchi'ng apparatus of narrowgap type) with
t he upperhepaititle numbegs avill be pkplained lfsetaam thisicase,|the baighttof therstepaswabout r om each

ther. The,st i ghts of 300 ~ d 1 tam. mentt-~ hove, Co d
Lo about 10%0f Bn Bfudiress KET mpt St tpcie, PeCgh BYoRGRLGepg R ghe | 5 |
limted agrereathes e@bleﬁbg‘pgmm fag@rmd &p&ﬁfng cBfdiBoRY deikk prBedskig component s for

such a ziarrow gap. er apparatus and conponents,” it Is also desirable
to |imt apparatust bikewisegtequires qumiative prodessing timeatorishm of peocessihgdinkdsB 2003 2|

flowis not disturbed.. The actyal upper,li.m,t, of, the step .height varies
dependi n 3°%J?{gf‘r?ﬁ‘ﬂ§ i"ﬂﬂ‘éffl“‘aﬂﬂi?'&’tlhfgw %{'ﬁdmé:g%?ﬁli m."gﬁ(’g‘?h’rzg desired aph

showi ng toperation aité &Eﬁﬁf%rﬁ%ﬁ&@ﬁﬁhmwﬂmbﬁtﬂﬁ%ﬁyta?mcﬂ' Qi ge tinme and
t he nunber of particles on the wafer processed in the chanber !'2. It is

not ed fr chowldge determined a¢rordingrtocthe estingeded thickness jof thgdtimitiwilds-op d&ringm i s | oss
t han 30 éﬁ-{"}'ﬁgﬁ‘&oués Qf gglrrul a.tivc plasma discharge true if the upper
and | owerTqua PIPEESIG sSteppeg:l regions 30 formed by radially arranged
rectangul ar gIThe$Rp sBAAd bERS gleBaIPobSIBIL froeh the elafidipott ofpfevantag carved out by
using the upper_and lower quartz plates 18 -and 20 with a flat surface as

machi ned Peeling: Haweygs &f tha beightafdhe gep issaval e esgrrateriban the shickness-ofpt n
| ncr ease . 0 o~ : | ' %]éa; -] t s al so
found t hg’t‘eaé/ckgﬁf?q%&’ g{é%ag’%ﬁﬁc}fc}#h\‘ﬁl égﬁ{@‘é ?:llr cuélaiusgn?{a%fref'!éalf}ég usi ng the

pl asma etnohdusiratile vform stdpg higher thamnecessagy inaonsiderinddn ofthe stiragthtoftiged regi on
30 fornmed by radially arrg‘r;‘ged grooves 30a in_the upper and_ | ower quartz
pl at es 18CWRENSAYtaResweorked andthe ditficylein warking e fnjaddifan, agiemcessixely high vi el ds

do not d%&ﬁg@ﬁgr&&ﬁpa@}a&&scﬁ%&@q@% e xyf'anagg%gpﬁ%%?qrge time.

Mor eover, ni ca eani ng 1 conventi oha not  wear out the

pattern @rocessinig appplatisahatieapiosa gabhembicat) aln exabdival§ highategvdid dizaurb n st epped
region 30 in the upper and | ower quarjfz %gt s 18 and 20 is su~ciently
t

hi gh. |t thesgag Siows diereby dishubing the progessing trdhe gepshoukkhaveaR i nuous
oper atio'ﬂdﬁ:{ua&%i Itggmmﬁm:%stait&gqagm@( atus was nore than doubled owing to
pe n I C ac

t he step regi h™char erizes the present invention. The result
i s the reducedhisraxpedmentosasarrivdoiatiwith slie plismraprocessingl eppaeatunitrafased

ti { f t t Th t ' t. i d,with th
orar iz R enp parlEl AR e s SULER 1B ooviids RRRPBCRLE oS sHo! v usoq
for aboukhd® @k pissia is %@g@g? m%ﬁ%tt?@@aeé b&@eétrﬁ%ae dppdr RlecSde ﬂ%ﬁ_ I nuring

this period, there has no troubl e’due to grooves and a high
oper at i otherlawer ¢lectradeds. Thisatmicturaicauses reagtipn byproduststoibe poaducesbiar at i ons f or

70 hours,of cunul ati | as d] ar. | .. (i xcess of 50 urs of

oper at i o TERGAAS, ‘ﬁ?@"‘%’@ Cﬁgﬁ}*ﬁﬁﬁ@ﬁﬁ&ﬁéﬂ?'&&?{}bgﬁﬁ%\%&m ﬁ'FPP , the
nunber  oterfiialdsC IThereisre, the bteppid 8gIoR ShR¥Ebe pdsititned Bfthé ViddatyreTuf cunul ative
di scharge tine, Further continuous operation seens possible, Manwhile, il

was conf MafE@6sshe aleatrode door d @whete rpactior bypredugsedaposit eamsideriblyyo hours of
wi oh 1 ne T8¢ SEtRed BRHH et BhRLIcivly ol O EBSMBE BUTHRLLCC, L O™ T

cracked pestimgt he intervals were extended to 6 nm The

Next, the effect of the arrangement dircction of the raised and recessed sections
will be discussed. This experiment was carried out using a plasma apparatus of parallel
plate type. The apparatus of this type gives rise 1o a temperature gradient around the
center of plasma in the processing chamber. In the case where the processing chamber
is provided with a heating source or a cooling zone, their combined effect produces a
temperature gradient. The deposited film has an interna! stress in the direction of the



2 5 FEB 2003 22 deposited filmon the upper quartz plate 18 is about
one-half as thick as that on the |lower quartz plate 20. Therefore, the
deposited filmon the upper quartz plate 1$ did not peel even though the
gxoove depth was reduced to 200 pm After the continuous operajEQfgg 9@0370
hours of plasma discharge, the used quartz plate is cleaned for repeateéed
use. The deposited fil mcan be rengged w thout danage to the quartz plate.
That is) portions of the filmon raised sections are renoved when the used

plate is wippacurt Pradfenf’ BuddRioh Othy Gitbmal¥idsd My A4 bd ' ingf OOves are
renmoved bé brushing. 'The fact that the portig};\s bet@gg‘?\d&taﬁéeﬁglrngoves are

renoved sBpatbickness variation because the thinknegs ofdepesiied dilmavides dueab thehe il m
deposi ted j . 7 ours of contjnuoys oper.ation is effectively

di vi ded b‘ﬁ%ﬁ’e"ﬂ’g? %@E”gﬁ‘lpﬁf?%&é °é®g‘°ﬁﬁgﬁé’é&° £weﬂqg1r<zfdbfed pattern and
t he conti gy i : B i id.,ot affect
tha |17e orTynaroeadionQh sipped Rt ALl nir Mot L EMT Sudhibar,

deposi t i oHorgdeisvthermiline of tedemperante grpdiantcadif thorsedpatesaC, igf t er 70 hour's

of pl as%harge than after 20 hotus of plasma discharge. Therefore, it
is desira % | engt hen the radially arranged grooves so that the

deposited fil nyi 1‘%’c¥ﬁ I\4l | : i f Q. i (rection. This
seens to be an gfﬁl ecti \?gbmat sgﬂg\#gﬁg?%’}rﬁg‘w&ﬁ%?&flﬁe eﬁgﬁﬁlﬂl&conti nuous
oper at i orks plasmadeuassd: cvknidi dffn Iafthis casepthe imtemalstregsasfake déposied fm! ong ti me
has a thi,¢lne distribution in the radial direction, This thickness

di stri butlﬁgﬁlﬁ?ﬁa’u@giﬁ%ﬂm{%}%&ﬁ% F‘@g&"ﬁ 3 paximpigcand the iggrnal strpssey ent
peel i ng HeQelbs d1bne the 1 i N l'i ke
pattern C i% %ddi_t?on%ﬁé@%??ﬁfmﬁzé%{gag tg'r ?8\?2%1.&%!1{8@&% rcul ar
groove ditQthecstressin thregicestion alopg the isethermal ling riseddind excessed sectionot her wor ds,

the d i f | i i vid O di i ||y, by, the tywo-di i I
bt ter n_asaffed b e obinky SF fhe Ptscen TR S Hionel e irecBon ot Bpeciinte.
one- di mergsadbena, ds\in bu_camo@aﬁemq;,ijgag&cﬁpat tern C or D, individually.

' I wo-di mensi onal, di vision may produce a better effect iu preventing the
peel i ng. Howeyke¥ignifieant sumpasature gradientdevelopsin so-sellediowiemparatore cul ar

caarc 1 oy L Bealiba W ibengh s AT thil it} @8Rl h i ety |
product i enumonéd, dnchboled B¢ fo? @ RAP1E, bBAOSD°Of mibegcﬁm?rrﬁ&w& iefag%li ! gover, it

presents di~culties in renoving de osited filmin The reces art when
the pl at ofjeXagiplendadnsufating flm widhua lowdiclseticichpatanyi fnrthelovhemipeaitiry act i ve

ot oh ng. Pl bl Wprd i S § AR NSt boRsdaiilh ¢ anct
r educi ng depusitlat & greafer tdve aptha benperatdredleEeibes. 0A8 a ZdulvShé Bépogitdd filarisf or egoi ng
factors takep .nto account, it was éonclgged that the ., radial

one- di meRarotighie [ppack Fhis sanjeascifestvely pypidediE the stepped sspiondsformeding 20 in the

et chi ng Wiﬁé | b ; IV tioned
areas should p myggﬁ%ﬁtg‘é&égﬁ%? %frllité?gﬁ@%g%ﬁ%%ﬁ&%g’ﬁ&{gg&xgﬁtgm& n Fig. 8
so that tdmpedaswregradichtf i | m can be effectively divided. For exanple, the

step or side || of the groove should preferably have as average angle
greater than ﬁ%&mraw H“%?‘E’"ﬁ’r“éf‘%%@ ‘b‘f @é?gl’la!‘ﬁ‘hﬁ langen anddester oovever, it

IS not NER&RT WM ; iRGoRR . L cal gle
necessary for t hgaﬂiﬁ e@?&v@%?‘ﬁ%}o{(‘)ﬂhgoarl e?gﬁﬁﬁ%hgﬁo“ﬁn@%gv@]dnposi tion of
t he depodhe teguitisthatitbie desitedfilmmisdiablvits pedl 0 This cabectfdvtivélylavoidddigr ef or e,

t he step,shoul d. be, made in_.an adequate shape accordi to the apparatus and
conponentt® S%BP%Fg}?ﬂt‘ﬁg’?&Qﬁﬁ‘@d‘%Pg&? prese tb‘?"ﬁﬁﬂo“d?\‘cfggﬂgf"é‘i eF@ondi tions
of the agwaﬁédmidgqagh@ﬁm?bﬁn@ a8iepf the step is cuff dent large to
effectively divide the deposited fil'm What is inportant, in addition to
the angl e, i sThprepane inveptorois intentieditd preventpeelingadf dpposited film beitds-uphe . si de

wal | s an he. di vi ded i&%tthonal as e%ﬁ. I n other wards, ,the sectioned areas
i chimbetf 4 pls

shoul d b nﬁ\tmodgamgenqﬁ ¢ Processing SR pracessing2pgadifes are 1 nm
wi de. Thige pfitigle BPiheRReAl inGahtith bitiydlsd LEGPHIN : jt is not
desirabl e t%w rraﬂllg thquxoove g\}%h gxcessi é@??%??éggﬁs% atKEE gstepped
regi on eff densiredeyof interienusnpoaents frgmodropjimpstft The éoating idcudek lamfanpl e) i f
t he | owe Late 20. of the .etchl ag aratus .hoe grooves, . tech 1 nm
wi de, aréoaaﬂggg&ré’tcgibﬁtag i°§ 29 AEIRER b@‘e.&%mgﬂ YR QOMn8 18 XA sect i on
bet ween el Bt coMPONAEs inSluingThner RALIGE B 'ré&@'s'ﬁ'ﬁmm fikets, as mentioned
above. In consi deraPi on of this, it is des?rabl é% at tﬁe groove wi dth
shoul d al so be snaller than 5 mm .Of oowse) honever, the maxi mum wi dth
may vary dependi ng on the apparatus and conponents on which the stepped
region is formed acrd operating conditions of the apparatus. Ga the other

Y " - o e o ~ rr r




2 5 FE8 2003 24 width may vary dependi ng on the apparatus and cvnponeats on
whi ch the stepped region is fornmed and operating conditions of the
apparatus. 1n general, however, it is desirable that the width is |arger
than) or at |east conparable with, the ~Imthickness deposited ggIFHERIogHIE
cunul ative operation tittle betwcn nechanical cleanings required to

achi eve the necessary operation ral8. On the other hand, in cansideratlon
of the ease of working, the groove w dth should preferably be |arger than

about 0. SUnfortihatélpcal Guiba\cOatir 1Rydras istle RYpIBESIRGD 6 kroam.aﬂjuaﬁinu n suns)
e .

grooves shoul d tx provided to provide steps suitable to divid he

deposi t ecP#¢ Whemitiq heated abave H°L, dusito the ditferqucoincthermal caefficientiofdet er ni ned
to achiey requi red, operation rate, . That is) .a depth of the groove (a
hei ght ofexpRnsics QB)““&%\%F{S‘ 103, PRocessing appass H’,‘Wif'r’?'a?ﬁgmsef inggries wal | s of
the gr oow@nipdfe$gdihoPiud Boftifidhs Spétatich. NS Wiehbhed i a width of
t he grooven?g di _stgéange ':E)et ween adj acent rai sed%ﬁ?@hﬁ%\%%y t he

st eps) SHBPEsent inygrtioreis pmvided on the alyminasensteddurfate df thedureiosi vel y | ar ge,

and an i rQ i he raised section) should trot
be too |%@8“@%“%‘*&%@“?8%8&2%@3”%%&W‘rﬁﬂvffi’% 'é"éYPVEW“gi vided. The film
need sot BXABMYPLESVi ded in distinct sections. However, the film should be
effectively divided to limt the length of the deposited filmand the
amount of di spibaPEeressingapparaus qf ke praspndinventiontwillbeidescribed withed. I n this
exanpl e, |yl .. es having the sanme shape are provided wth the
sane int é?f\?%}‘%%]%{%nlp e ?‘C*?‘X?/‘imi onis not limted to this exanple so | ong
as the g fe Provi des steps sufficient to effectively divide the

deposited ftltn. According to the present invention, sectioned areas of the
st epped r egi odhExampleemanstiates/a & provessing appasstiunfor drypetefisg.ar e tr ot

limted to th 1L i L d .Steps. at is
ituportant is 514 g‘lﬁ'géh%%%/%neasp&%esl@gf%%W?&%%%‘%%gﬁ%}gwﬁm erial is
formed dihd loyenqeariztplaie 20 asedtih ehespladnerrocsssing eppafatis B, d8pasibb®d af i | m shoul d
adhere w't ﬁgrtai n strength, into sectjoned areas. The stepped region 30
of the pP‘@E"é of aemicopducter degice baving & gilican dioxids flma3440be etshedas it has t he

step to divid : i i tep sh bc. high

nough o preqS R thalincle the B oQRE 1Rk 9Dt AR RB AL ROR A0SR <1 O

shoul d psefaeabinitsiandripgtiphery.nThe Séppedregion 3intluey rettinguldi@rdovegr quart z

pl ate ZO ahown in pi (a) and 11(b) has stepped reqi on 30 including
d 3oum longe | over

0
secti one %Wé%eﬂmi‘gé'cﬂtwﬂfv O A §UT o EAChEIPOYed8 | g awidss
t ' ' s A N ] 30
el udi e e atBgHsdduid Sikel i bied Heyla 30y e e Rifp ol iE™ =°,
FEB 2003s@toundifigehappper aleatsodenl 4 disoshas tgiéppod eegion 30 wvibesurfads mdar si npl e
symmetrigal structure syrnrnetrical repeated pattero is

a LN such a, case) .a
parti cul &7 FPCERPYH Wvél:heéff@ﬂ°£‘§ﬂ°§§|%d%"fl9d°éﬁ%w' BRsYSREANgfooves 30a
and 30d gdaay ak i ,gg&hb : E o’mgnS(i)) or
concentric ci rcmtgr?ggro(f)g&?sl' 4c %ﬁ%ﬁgilﬁﬁéﬁggqilﬁi%nﬁg@%c secti oned
areas i ndedpe stepped region 30 should preferably be arranged in a regul ar

) h i i i i d hi. B. h
Dect | oned ar clidhis Fxamgle, PSR D on Flostsa drgurel uatheohadiesn costisdahnt | o |y
flat. HOWIRNATin ﬁabm.wggﬁeéedgfs made 2 ﬁ&.ggﬁgg{?'@éw of @Fffﬁim Lﬁﬁyggh' ned

surface has a certai n degree surface ness, 1S su
r oughneséapratens depoisitiopavasicpnmyaddn lag areaH2mm wades aftnp 20 dogrstof cumualativehe

Vo-covor PLeghE BRrbnd GRE: P ahetSyaint Ra AP IAToBRe B EEmPt 5 ERARTIGE it n ¢ e

grooves frah¢eficuiferontiediiceabn, dhd MY ddfosited film iof t58 féiont ib Subs@mbihipned ar eas
may be consi dered substantially flat even though the sectioned "areas are

part |y oeonepieiclyediyided imthe sircuraterdntialdivestion cAlthaugh itdad bieen confistaetbr abl y

| ler phan the step,that gdivides the .sectiagned N i ssive t
ke | nath9role e SR bleb 1 cfectiviabmow R Rbls % e s mads 00 uRCGC ¢ one ar o
i nevi t abhigh fledvilgla ilcjﬁgr%&emsw@ﬂodrﬂ@ﬁaﬁs tSthb AEERsOSF the ?éb?!ifégO@H{ face of a

conponent ., It may possi bl e to form curved sections | W th curved
sur f ace Whichbuilds-up dwmiagh2hbhaus ofpuimdativg plagtmadischargotims. with a round bottom

can be forne in these cas tioped areas may.be.considered
subst anti al | hﬁ‘%ﬂ}d{y r?%cg'"}écﬁﬁ’gg% s %%ﬁ%ﬁ%ﬁ?ﬂ%‘?ﬁ °§deﬁfeBVari ation in
hei ght | Theafoss seetidri sthe Brovvé hs £whote lhys &roatah, ma;ismxmm,tthesibei ght of
the step that divides the sectioned areas. 'I'be plasma processing

. apparatus 10 used in this exanple is, deeigtted such that the wafer ~6 is
feed to the lower electrode 16 via an el ecaoatatic chuck. It is also )
possi ble to use the plasma processing apparatus !~0 as shown in g.13 which

o o o o,




2 5 FEB 2003 26 The pl asma processing apparatus 40 is a dry etching
apparatus of narrow-gap ., parallel plate structure. It is constructed of
t he chanber 12, the upper el ectrode 14 having the gas islet 13, the |ower
el ectrode 16, the anodi ued al um num pl ate 42 surroundi ng the @PSpEEB 2003

el ectrode 14, the anodi zed al um num cl anping ring (nmechani cal clanp) 44
whi ch opposes t he anodi xed aIuninudeIa;e 42 and surrvuads the | ower

el ectrode 16, the RF power aplitter 22, and the RF power supply 24. The

pl asma pr Hek &8 thegreqysds notesactly perpendicular K the 3&fics of tterquaneplaredni n t hat at

| i . . di d.al i 42 he I d al unf
el anpi ng. A%t IS A Surks ifestlirtiey, Ihelvepador de Socmallimetndedons
di vi ded bNofiéthél6ss] asasaanﬁugomanvcﬂﬁe §iBewl RES umglns re'ir&ggfe tggﬁe gﬁ@gg@fs 14 and

16. The sectioned areas I nclude raised sectio ‘ons which

are di vi dBPthSr words, shesgide welk isrsugstantiallyivartizal, bt theatyp famfed byeisk grbéie t he
mechani ca | viided wifh the stepped,region according to the present
inventionLﬁgAggqﬁMﬁggemlgﬂg%?gﬁ%é'%ﬁd does not adversely affect
t he etching peFdQo i ' wn in Fig. 13
fipasison, SRS WEs pUrfifss bﬂ&c%ﬂ(g@gg}pdigdﬁgﬁamw nt

I's provided with an anodi zéd al um num ner hani cal
st epped rt@gupperaod lowdr quantziplafes 48 and PO whichdpveommithived flapsdrfacss a7 or

pattern C, e ep region 30 thus forned has no adverse effect on the
procxssi nﬂ%#ﬁ%?@g”fﬁ%ddi tion, it allowed the apparatus to run
continuousi y e halrBBOES whd Mﬁdg?sowmw@ggagmts%eggg%ﬁg%f i1mfrom

peeling. In above described exara the i vention is
appl i ed tt9 tha lowen cloetrsledldivigtha pleatrastatic ¢huck 7.y et chi ng. However) these

exanpl es are L0t en to lim e SC of .t he prexnt ention. The
i )o(legp of St he pre °e%?’"$ﬁ'\ﬁ‘f’f’oﬁ’l“’hﬁ%i‘¥f'€6" E%R%SEH thepugh, ﬁ);éml‘.'é% 3&’1’
processi raclanpgasaidisdes TR 'CHE,, 8MPALPTRE fastha plobdsling agpaatis %}ﬁ@ﬁéi ng chanber

subj ect t4 deposition of reaction products or byproducts. e present

i nvent i orfCR¥dfGRY applying R¥qiopven fspthe uppar and loweg elsciaedss by thesplit system. f or

producti ' ctqr gntegrated circyits) particular those with

smal | deﬁ%’%&%& “28%%"% W%‘W@%#@WF tes a plasma processing

apparatus for A§peicnbé ' b I i ' : B ,used in
flcaB Bove, the pl i pRouEiinty A85Hs figixgw; sy

this exanple is schematically shown"in se nin I'S basically
t he sane thal thawppst andhigwpr deesnxicn i amhif are surradidedbywtheinppaiand Idsder except for

the stru er electraode 52, Therefore, .the identical

comonenﬁé‘%gﬁgﬁf}gg‘n{l‘?@ '§WY°§»§P§HF@‘W§F%"°&%‘?@& ¢ WA anation is

onitted. betwdkch thdqRrdl () glateelddiRdpd, ABetAuR oI GES finiteuré ABAkioh Y own in

Fig.14 i dryet chi ng apparatus of narrow gap parallel plate structure. It
byl cutha

i s const ShHeuppen and {owprmarts plates/18aad 20 whichaseelosetd al uni num
an | ower & 16, as anodi zed al um num pl ate 42 surroundi ng the upper
el ectrode SZ, an anodi zed al um num cl anping ring 44, and an RF power supply

24 for power ﬂrpptcthgoavamrﬂwnﬁ;bfhﬁsgmdﬁp&anﬂmﬂqawmedeﬁmwe 52 is
pl aced a trlg u&per central position of the chanmber 12) and ii has the

et chi ng éQé" ¢h avesteppecheegions 30 made by sadiallywrmangrdvpetangulasigronts 302, of gas
injectio t ' : ' i S Su i i t he
chanber ?{9 Qilcqg)%rﬁgong |d\r,1}4g‘}k ﬁﬁ“%‘gf‘l}’%f}’@puﬁﬁg%gﬁma%s ?ﬂ&“‘ﬂ?‘gt e 42 and
sur r oundsvhidhchave Wiat suzfaced. rRedaltsl6f dryf Bichink asing Qquartd plated withaadamthea! | y cl anps
downward t he perjphery of the wafer 26, placed on the | ower el ectrode xb.

The pl as EPPILERORS A SB?)‘pél“hT%H“ 40 Thers is pronoticeable @%@M@c@w hemt o suppl y
ropl aced by eho o d Yckihe TniBRRY of U SUBARAGER i A0 SUSVERECY, °°

no noticeable difference between them in the etching rate of polysilicon, This means

that there is no difference in substrate selectivity defined as the quotient of the etching

rate of silicon dioxide divided by the etching:ratc of polysilicon. This selectivity is

important in the dry etching of silicon dioxide in production of semiconductor

integrated circuits. There is no noticeable difference between them in the taper angle

of etched hole and the pattern shift (difference between the diameter of the hole etched

in silicon dioxide and that of the aperture in resist), Spcc‘iﬁcall'y, there is no noticeable




The upper electrode S2 is surrounded by the plate 42 of anodi zed al um num
and the |ower electrode' |6 is surrounded by the clanp 44 of anodized
aluminum Further, in this exanple, the upper electrode 52 itself is nade
of anodi zed al um num The upper el ectrode 52 of anodized al uRiSnkiGB 2808 it s
surface machined so as to formthe stepped region 30 which characterizes
the present invention. ~'ttt stepped20egion 30 formed by machining in the
al umi num tax of the upper electrode 52 was. anodi zed to form an aJum na
coating | ayBffer3haiin emr&{? $oMIERGle abouy 0B5urlin diametenendsabobibt@ pad deepe al umi num
base or the surface of per el ectrode SZ |ch ose t the fer 26.
There are g'FhﬁWE@UMgge.’stmmedl@Pﬁrﬂ lopsersivade éﬁ‘ R\ ﬁ

Tl ot hol edoBet b Rl kmSoaed Thiehia) ey ?’e %ﬁﬁ“ﬁ?@%ﬁ%@@!@."ngre o

appar at us %meﬁbl)cﬁfﬁsa:MeEfunW&dFémmﬁw afthédrygtcngool ysi | con 111 m

or conparison e process is also nmade u an appara qui ppe
with an upper eI'E&&PpU@M&b@‘Hg“HFEB{ hb“sq}ﬂ‘ﬁk‘é'ﬂé% “ﬁ&&g# iJes?ﬁe waf er 2G
used in this.exarn ilonithe! Udes a
silicon sub ?5’%8}38"? &gﬁgﬁ%g{a fefé@oﬂ?i%ﬁgﬁ? |%I§ Ja polysilicon

film35 (U ptité‘cd t@&bbu@l@%tﬁfdusguﬁtltmwnﬁﬁncdﬂpmhihm) havi ng a
line width 0f about O. pm Dry etchln 'S @:%%wthamxed gas of
chl orine andbeenygtsturh:%hasmﬂmsn@ ithe ¥ shown in

Tabl e ~ bel ow. 2 5 FEB 2003 28 TabI?}%‘i Eressure ail orrRF power den5|t|r
Jan' Gae flaw rate (<<xm Tenperature o ower el ectrode ' Tenpt ua of r

el ect r afifer dsvalottion €O~ 0EN500 1. WAtk Ehdy gl Wi t h
t he fl alEtctivgeite of hikod diexile \as i f%2.0pm/mis, her
e eterHBado%ﬁoﬂe&&manmcahc\m In Talsllﬁ 6. Therq is no r?[“’l ceabl e

differe1&§m§n the etchi ng ratfe and etching unifojmty for the polys|licon

film 35 TS ‘Tdf Hutlbcdub d T i Bk €1 LNef 1N { Medmnamn Ng raje for
the sil STTEANS o4l there s no aotsecabl e difference
I n subsjrate Se ect?vity

polysilicon
Pattern shift for 0.30 um hole 0.074 pm <0.075 pm

Etched taper angle for 0.30 pm hole 87.7* 87.5°

However, if the step height is increased, the etching characteristics, particularly the
etching uniformity, are adversely affected. Fig. 9 is a graph showing the relationship
between the step height and the uniformity of etching rate for silicon dioxide. The
ctching apparatus shown in Fig. 1 is equipped with the lower quartz plate having the
stepped region of pattern D shown in Figs. 3(¢) and 3(1) with various step heights. It is
noted from Fig. 9 that the uniformity becomes poor (4.9%) if the step is 900 um high,
and the uniformity becomes poorer (greater than 5%) if the step is 1200 um (1.2 mm)
high. Presumably this is because the stepped region disturbs the gas flow, which alters
the plasma and etching characteristics. Therefore, the height of the step should be
lower than about 1.5 mm, preferably lower than gbout 1 rm.

The apparatus shown in Fig. 1 is an etching apparatus of narrow-gap type, with
the upper and lower quartz plates 18 and 20 only about 2 mm away from cach other.
The step heights of 300 um and 1 mm, mentfoned above, correspond to about 14% and
50%, respectively, of this gap. The step height is limited as mentioned above so that it
can be applicd to the components for such a narrow gap. In other apparatus and
components, it is also desirable to limit the step height to such an extent that the gas



defined as the quotient of the etching rate of polysilicon divided by the
etching rate of silicon dioxide. This selectivity is inportant in the dry
etching of polysilicorl in production of sem conductor integrated cirwts.
This result suggests that tha stepped region having cross-hat @eE¢gpajgher ned
grooves 30g an the upper electrode 52 have tto adverse effect on the basic
performance of the dry etching. CoRentionally, the upper electrode 52 is
usual Iy constructed with conponents having flat surfaces so as to avoid
concent r afleV isna gisturbed.r Bhedactwali uppes hisribofthelstep heiglyararies dbpemding ruous
portions.. Cor to thi,s commpn practice, it has been shown that steps of
imdUR T et adieofpanes
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the gr oo\RAPRIFHAN. dey Lehing Was glso caraed puliby WSing the-yrper mnddewen quartg noted from

Fig. 17 t d‘%d‘@ﬁﬁ 11 C e Shi | Q. is |less
t han 30l ft?tg?igo oursag;“cur%ueggéjw\g/g{% éﬁm&%%g%rné.ﬁ{%%m@% FEB 2~3
Z9 nunberlages thaw 0128 qunp rrcrdasd dafter 20 howrs of ahiletive fidntaiischangt titeschar ge time
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resul t suggestlsWahalgo yickisiof semiconduetor integrated giscuis fabiricated ont i nuous
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and 20 has no adverse e%{egt on yields, In addition, the yields do not decrease even

after 40 hours of cumnulative plasma discharge time. Moreover, mechanical cleaning in
the conventional way did not wear out the pattern on quertz plates because the step
height of the grooves in stepped region 30 in the upper and lower quartz plates 18 and
20 is sufficiently high.

It is apparent from the foregoing that the length of continuous operation of the
plasma processing apparatus was more than doubled owing to the stepped region 30
which characterizes the present invention. The result is the reduced frequencies of
mechanical cleaning and the incteased operation rate of the apparatus,

The etching apparatus equipped with the quartz plates with radially arranged
grooves have been continuously used for about one year in actual production of
semiconductor devices. During this period, there has been no trouble due to the
grooves and a high operation rate has been maintained. In addition, continuous
operations for 70 hours of cumulative plasma di"schargc time (in excess of 50 hours of
operation shown in Fig. 10) have been repeatedly achieved. In fact, the nurmber of
particles has not increased even after the 70 hours of cumulative discharge time.
Further continuous operation seems possibch. Mcanwhile, it was confirmed that the
deposited film does not pecl after the 70 hours of discharge even though the intervals
of the grooves are extended to 4 mm, with the groove v&lwidzh kept constant at 1 mm.
However, the deposited film cracked when the intervals were extended to 6 mm. The



The results in this exanple show that the plasma processing apparatus of
the present invention permts tw ce as tong continuous operation as the
convcndonal one and al so reduces tile running cost. In the foregoing

exanpl es, the present invendon is applied to dry etching appi'gaﬁl.g.ﬁi Tt is
shown that the processing apparatus according to the present 7 hv #08%

effectively prevents peeling of fijgan of deposited material or coating |ayer
on intorior conponents when wafers undergo dry etching in the production of

sem condueh&ired filth OR thSiiper §artz ﬁeﬂeﬁse&oﬁie&gma}lﬁsuﬁefwﬁ&minvention s

not limted t'o such applications, It may b plied to any apparatus by

forni ng doweramprziphatefd®h Meofprsthd deposited filh ion vhenipperquarte plate 18 dids di vi ded
by steps on a,surface of at |east,K one interi conmponent on which film of
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difficultjes i,n dr l.eani ng.. .Jf..an par at capabl e of dry cleaning is
provi dedpb@is'inﬂ dfsﬁg"éf é‘&d@&“&%@i"bﬂ“ﬁé’é%&“ﬂ@’ﬁ“p he present invention, it is
possi bl e to dateare ohWehith GSkSNAYparEnt@epositichpdtici oAk loWet Qaiease the
operation rate. 2 5 FE8 2003 3a .. The foregoing explanation trade with
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of rai sedirsdartgrone dividesithe degositedfibm in the radial direction. In other words, the
deposited film is divided two-dimensionally by the two-dimensional pattern combined
with patterns C and D rather than being divided one-dimensionally by one-dimensional
pattem C or D individually, Two-dimensional division may produce a better effect in
preventing the peeling. However, we have not, if fact, observed cracks in circular
direction even after 70 hours of cumulative plas;na discharge time. In addition, the
two-dimensional groove pattern leads to an increased production cost and a decreased
strength of the quartz plate. Moreover, it presents difficulties in removing deposited
film in the recessed part when the plate is cleaned. Removal would be possible with a
chemically active cleaning sotution that can remove the deposited film solely by
chemical etching. However, this has the possibility of damaging the plate and reducing
the life of the plate, ’



pl acing a sem conductor substrate to be processed in the processing
chanber; processing the sem conductor substrate within the processing
chanber while supplying a gas onto the sem conduct or substraégr@rhd f orm ng
a filmof deposited material on the stepped region; wherein: A0y i or
conponent has an inner periphery surrounding the sem conductor substrate
placed in the processing chanber a”Rd the stepped region is provided in the
vicinity of the inner periphery of the interior conponent; and the steps
are suffici en]t'\‘\ﬂithhillghe fmegding factoes fakémintosacebirdit wastonchided thatithand ar e
sufficiently, [ow,so that the steps do not disturb a flowof the gas. 2. A
met hod of TA0iebaRRsdimmegsiandl pilers s dtsitable SohTbe AUATE RIS andef in e sbetimng

st epped rggi : fﬁgﬁ, an interior conponent in a processing
chanber, gﬁ?tsggggﬁ{esgl on p?JﬁC' uding a plurality of raised sections

di vi ded by st ePis steyl taadivide scctionddcareadishould pseférably b subiseantigilypvarggsed in the

rocessin hanber;, apnd processing the sem condyctor substrate within the
Br ocessi n’8‘°ﬁﬂ%1 !‘gjLBD ﬂ"dhﬁ%d%c’?if‘fdrﬁlﬂ‘caﬁg’ﬁGgF@&lﬁﬂiY@Fﬁ-aFOl'o_n t he
stepped r&Qple, thdSedfortidePall SHRE g&&;fg{%%%:{ﬁﬁﬁ@ ah Qve‘?égsegal%r jePhery

surroundi ng the sem conductor sub e proc g chanber
and t he sgregigrshan ahoub@S, naqre prefetably greater thanabout@0Ai Hpweter ftés natner

i ph £ the interi t. 3 t hod fing to claimi
D wher e TFeessay inge e SO gl BF BEAFRY veric, 138 2Bl RCeafAbk o8 the SHeckie,i ced i n o
ci rcunf era%ioalvaﬁémgbwﬁg Qﬂuier&m?bﬁ%n of thd depdsfibl AR ind dgctfbn 2 ! hod of

conprisin

processing a sem conductor substrate, g: providing a stepped
regi on ormechanismcto graduca theifilme rTherefore the sep should be madeinaniadequatzanber, t he

st epped region jncl udi a plurality-of raise ctions, divided by at | east

one gr op\/szl,gp"'ﬁ%ﬁraﬁff kY t@%?ﬁpé‘g‘ﬁ?f@@f’&f’ %% StEppeliegion s | n the

processi N@niépaHdcsperating cHdISSFIEMEE dpgpRrafB oI kCthe angle Bth 8fepigh t hi n t he

processi ng_chanmber while suppl |qr;g g gas onto the sem conductor substrate
ﬂ@é ¢ a¢

and f or miSNEficient large tretfestively positedsfiim. hWhatis pmpattant ép eiditionher ei n:

the intery h i [ Il raundj ng.the, sem conduct or
subst r at &0 SieRIP FIAE hreSckRs B bRt SRR BOF KoMt B Bl Ty R B 1

provi ded divided yctibmdl fadeadf Int dleriwiiigs, thesettidied Yread sHolRi bedidedby Conponent ;

and a depth of the at |east one groove is sufficiently large to effectively

di vi de t HistEELBepst ed filmand is sufficiently small so that the groove does
not disturb a i QueQl mbidCmdFsoves are 1 mm wide. This width may be varied withia a

certain range. However, it is not desirable to make the groove width excessively large

so that the stepped region effectively prevents peeling of deposited film. In this
Example, if the lower quartz plate 20 of the etching apparatus has grooves, cach 1 mm
wide, arranged at intervals of 6 mm, i.¢., if the width of raiscd section between adjacent
grooves is 5 mm, the deposited film cracks, as mentioned above. In consideration of
this, it is desirable that the groove width should also be smaller than 5 mm. Off course,
however, the maximum width may vary depending on the apparatus and components
on which the stepped region is formed and operating conditions of the apparatus.

On the other hand, the width of the groove should be sufficiently large, as
mentioned above, so that the step does not disa;;pear during the necessary continuous
operation time at least on a substantial area on which the film of deposited material is
formed. If the width is too marrow, films deposited on adjacent side walls join and the
steps disappear. In this Example, the width of 1 mm was confirmed to be sufficient to
effectively divide the deposited film on the lower quartz plate 20 built-up during 70
hours of cumulative plasma discharge time. As mentioned above, this width is larger
than the film thickness deposited during 40 hours of plasma discharg&f The minimum



5. A method of processing a sem conductor substrate, conprising: providing
a-stepped region on a surface of an interior conponent in a processing
chanber, the stepped region including a plurality of raised sections
di vided by at |east one groove; placing a sem conductor substqq;Fqum&F
processed in the processing chanber; and processing the sem conductor
substrate within the processing chgpber while formng a filmof deposited
material on the stepped region; wherein the interior conponent has an inner
peri pher Yaiag' auﬂgy ' e in the processing
chanber é‘rfllgmt-ré\e gr OQ%BP@@?%@@%%%%@B@E or?PJt"@&gg‘etsEe@p? ner .
per i pher yegién istformen andioperatingponditicns of thedppararis N irgeasAR heiveekr! Pisc! ai m 4 or
I S, deposited on a ring-shaged area, and the at |east

5, wherein t i
one gr 00\5’65‘{'&??& ‘B&égé widsh i larger thans or gt leastsampasableyth, herfmethickmeser pendi cul ar

toacir I ' bt I ng- rea, .2 5 FEB 2003 -33
7. An appa g‘?ﬁ&éﬂ#x%rr?é %‘?Igg‘ggfs“?’g§°gj'ﬁ%%%%§‘gwﬁiﬁ‘gg‘g‘8§ﬂﬁ@°h°d"§‘§?ﬂ°@8ﬁ%ct or
devi ces, teachitvieshemecessany apeestion pge.c Oanbesthértand, 1B dorisidetdton WP FHeRagce, the
processin anber including an interi?r conponent havi ng an I nner

peri pherfgfv(é ng; the GFopveVidte shoyldprefesably b laresr thea about 0S5 ummdf ther egi on in a

vicinity '&gﬁﬁ ' rered st epped surface region including a
pl ural i tgf%)ragr"gfge sé’?ﬁﬁ%@gﬁé&li\ﬁnégﬁgby steps; wherein: the workpiece is
processed i n thsuong@6ses situldbepiaeidedhd provide Beby uidbie t9awid'the t he

wor kpi ece and fo!rﬂmb&g‘ a filmof deposited material on the stepped surface

region; &eRpesiterbfi -y duringfarquequlative procespingstime predetermindd tormchisvees f ect i vel y

di vi ded - i clently. | t te not, di sfyrb a fl ow of

t he gas. .“%gpez%%gé{r%teusqhgg%bé)%épﬁgo{-@ghogpg‘%ﬂﬁ8E@‘F ﬁ""?h&mg{dgﬁped surf ace

regi on i sufficidetly high| @varigloofaidswealsef iR gritve (EPRfRIGHLhe SKEF)FuIABet 0 claim 7,
d surface region in¢cludes a plurality of grooves

wherein t St e g i

general | ﬁ@ﬂéﬁ&%%‘?d‘?&fw?%%ﬂ distance, et eapadjacert raisechsectiensc onponent .

10. The gRpRr ' \ in the

st epped surfalgjtetﬂ§seg (r%ﬁ%t%l&tgﬁgﬁﬁgitag?ﬂc}?gﬁl}n%ﬁyﬁot}grcgnsccgggeglzbugg’]ﬁfa second

i nt eri or an tqrexied thef groovey (a width of thetraisédxectiun)sioubdiiot baeb JafpR s6ltgds are not

hi gher than 15% of, the gap. 11, The apparatus according to any one of

cl ai ns 7‘9“81%‘"8 ﬁl%ﬁ?&mvflﬂé‘gé"@psﬂ'&r@nrﬂﬁd potdnbe d’iViéﬁ ipdistingh  12. An
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deposited film and the amount of displacement so that peeling of the film is prevented.

In this example, a plurality of grooves having the same shape are provided with
the same interval. The present invention is not limited to this example so long as the
grooves provides steps sufficient to effectively divide the deposited film.

According to the present invention, sectioned areas of the stepped region 30
are divided by steps. These sectioned areas are not limited to those whose entire
periphery is bounded by steps. What is important is to divide the surface on which film
of deposited material is formed during operation, or the surface on which the deposited
film should adhers with certain strength, into sectioned areas. The stepped region 30
of the present invention is not limited in its shape so long as it has the step to divide a
plurality of sectioned areas. The step should be.high enough to prevent the peeling of
deposited film. For example, the step should preferably be higher than 30 um at least
partly. The lower quartz plate 20 shown in Figs. 11(a) and 11(b) has stepped region
30 including sectioned areas divided by rcct;ngular inclined grooves 30¢. The lower
quartz plate 20 shown in Figs. 12(a) and 12(b) has stepped tegions 30 including
sectioned areas fiivided by V-shape inclined grooves 30f.



a processing chanber that nounts the workpi ece, the processi ng chanber

I ncl udi ng an interior conponent having an inner periphery that surrounds

t he wor kpi ece, and a stepped surface region in a vicinity ofcéglig' nner

peri phery, the stepped surface region including a plurality iBs g3
sections divided by steps, 2 5 FEQ 2003 -34 wherein: the workpiece is
processed in the processing chanbeR3while fornming a film of deposited
material on the stepped surface region; and the stepped surface region is
provi ded only .The drparanisdn mhis yxaniple has 3 chambept2 ofimeple spdimictrizal nt eri or
conponent. 13. The aratus according tq claim112, wherein the stepped
surf ace r@ﬁ‘\cgﬁe'i “%EM“FM? é’&a tterp 28 pagfienlay Y65 S¥@cor ding to

laim 12, ' ' WaT B I ' f
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conponent 2(clind Ripe 3¢)aad 3(i))orezonenticurctlar ﬁmbv&rwc@ﬁoﬁi ini Figs. 3(d)3nd 9. 10,
a

11, 12 13 and 14, wherein the processing chanber includes el ectrodes for
generat i ‘plasma and the interior conponent concentrates the plasma in a

chanber 1 or - pr DaSERELaRAg n et bipfll (sBLR 20 bo I PRARY bERnBeBBET ) 00

chanber for processing a sem con epped
surface regulenpdtermeidowever, thé piessnt jnvehtiamis nonvestriped tohiscy of the interior
conponent where a filmof deposited materjal is fornmed during the

processing of THfcskined st e stprd pask 30 shopd peeferaply b sub Iy egi on
7T, o kBl 0 Bl |

processi ng chanber udes el e r genderati ng

interior cesainadegre of snEaerongtmesst [ithisl sasfaze rongtmessis significiniysmallee
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f"th g; gcgsgg%wty @:.gﬁ@%ggggmnema@ floSiFreafint ELABE s inSdRtidatibs duri ng
with the grooves formed by mechanical grinding. In this case, the sectioncd areas may
be considered substantially flat even though the sectioned areas are partly or entirely
roughened so long as the roughness is considerably smaller than the step that divides
the sectioned areas. It is permissive to make individual sections, as a whole, with a
curvature. Curved sections are inevitably formed if the stepped region is formed on a
curved surface of a component. It may be possible to form curved sections if a tool
with curved surface is used for mechanical grinding. Thus, grooves with a round
' bottom can be formed. Even in these cases, the sectioned areas may be considered
substantially flat if the radius of curvature is large and the variation in height in each
section is sufficiently small compared with the height of the step that divides the
sectioned areas.

The plasma processing apparatus 10 used in this example is designed such that
the wafer 26 is fixed to the lower clectrode 16 via an electrostatic chuck. Itis also
possible to use the plasma processing apparatus 40 as shown in Fig. 13 which is
provided with a mechanical clamp.

The plasma processing apparatus 40 shown in Fig. 13 is basically the same as
the apparatus 10 shown in Fig, 1, except for-the method of fixing the wafer 26 to the

) lower electrode 16 and for the structure of the plates surrounding the upper and lower
¢lectrodes 14 and 16. Therefote, the identical components are given the same

reference numbers and their explanation is omitted.

-



-35 17. The interior conponent according to claim 16, wherein the stepped
surface region includes at |east one groove. 18. The interior conponent
according to claim 16, wherein the stepped surface region i nchgdesp 3003
plurality of grooves generally perpendicular to the inner periphery. 19. An
I nterior conponent of a processing chanber for processing a sem conduct or
substrate, conprising: a stepped s@6face region fornmed in a vicinity of an
i nner periphery of the interior conponent where a film of deposited

material is fdTireplasing progessing appaares 80 isar diiy ctching apparaas Ofitdriv-gapost r at e,

t he stepped Ehjr{ ace regi on_incl udi%ar%gl mi ﬁ; of raised sections divided
by st eps: PAkHIE Blate stuglire, It isconstmet charnber 17 &he uppereleattode 14 or

generat i | L or. ngnt C s the,plasm in a
space bep\%é’glﬁ% ﬁé@ﬁ’g& ?’o%ée]fé’;wcgglﬁd? e ;%t @gﬁﬁéﬁﬁ%@'&‘@d%ﬁzi s provided
only in tdueroundingiticyuppér dlétrode N4y the RidditaiumiRtm chiihing fig (nchaREgponent

according.to Cl4ai 119, wherein the stepped surface region Includes at |east
one gr ooVdeamp)4 WE‘:S"PHP@H&‘@MH‘!“%@?‘GMQ@@@@M&!@WWHei n the
st epped | ' Ll S generally

per pendi %{%ﬁ?é@,ﬁﬁ%ﬁ?#ﬁ&ﬁ%ﬂﬁ%b%%ﬁo lH;éc“?‘thrtﬁgé‘lﬁg\rﬁ'corrponent. 22. The

i nterior conpditenlasneayrockissing hpparatys 4Mshowin in Fig, 18 isldharatiérizdbin il at 20 and

21, vvherﬁi n the inner periphery surrounds the sem conductor substrate
during t Heasheitheg ok thggnodized sjuminympplgte 43er she angdized dlyminumyclawpinguingoundi ng a
sem cond r i Bt ' CQRRLI S¢ Ng: a

st epped ﬂ%éé@?&%ﬁ 3&%@’33%’?1&61 Vi é?%ﬁ?%ﬁdgggfﬁ%ﬁﬁggrﬁ l éi of the

f ocus ri rthe upper anditowen skkstrodes 14 and ¢6NThe sectionediasdas irictudd vaisatsettivhs

processing, the . stepped rface, i on i ncludin |urality of raised
secti ons Wireaedied sfﬁﬂp ¥} ,_%é‘?’ﬁfe_ﬁgyéhefq‘?ﬂn%hépgg‘?‘lid material is fornmed
on the steppedy & EGitiembd tHaPthe Achiiticdl CRnfy 6B With tlf'érbﬂzpped region

according to the present invention does not cause anomalous discharge and does not

adversely affect the etching performance. The plasma processing apparatus 40 shown
in Fig. 13 is provided with 4n anodized alurinum mechanical clamp 44 on which the
stcppefi region 30 is formed. The stepped region 30 has pattern D or pattern C. The
stepped region 30 thus formed has no adverse effect on the processing performance.
In addition, it allowed the apparatus to run continuousiy for a longer time because it
prevents the deposited film from peeling.

In above described examples, the idea of the present invention is applied to
plasma processing apparatus for dry ctching. However, these examples are not
intended to limit the scope of the present invention. The idea of the present invention
may also be applied to a variety of processing apparatus, such as CVD apparatus which
has a processing chamber subject to deposition of reaction products or byproducts.
The present invention may be effectively applied to the processing apparatus for
production of semiconductor integrated circuits, particular those with small devises.
Example 2 :

This example demoustrates a plasma processing apparatus for dry etching.

The plasma processing apparatus 50 used in this example is schematically
shown in section in Fig. 14, It is basically the same as the plasma processing apparatus
40 shown in Fig. 13, except for the structurc of the upper electrode 52. Therefore, the
identical components are given the same reference numbers and their explanation is
omitted.



the stepped surface region is provided only in the vicinity of the inner
peri phery of the focus ring. 24. The focus ring according to claim 23,
wherein the stepped surface region includes at |east one groqve. 25. The
focus ring according to claim 23, wherein the stepped surfac@figgBdmw

I ncludes a plurality of grooves generally perpendicular to the inner
periphery. 26. A focus ring for surdoundi ng a sem conductor substrate in a
pl asma processi ng apparatus, conprising: a stepped surface region forned in
a vicinity of 7heplames pretdispipeipparatustshahéwns insFig Tids b dpy-ctohing appieitud he

sem conduc or”subgtratg during ?he [ocessing,gthe stggped éurface regi'on

i ncl udi ng®5NA5ToN-83n Rarallsl plats stewtuse clt isseastmotadpfa chymberd@san wpperein: a film

o occbe: LR Ruodited AL S GRRR A M iR SRRl
eff ect ! veky suftoinding the1oppet Electiddel 52, @ilinadided Slubtinic arrplify R aftPnd Ot

disturb a_flow of a gas supplied onto the sem conductor substfate during
t he ‘pr oceREPRYer supply@ffor gewer supply ta thearparrriectrade $2 Theagpenslestsidn t he

st epped s ' ' . oNg 5 EEB 2pp3 -37 28.
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electrode 16.

The plasma processing apparatus 50 has the anode coupling system to supply
the upper electrode 52 with RF power. The anode coupling systcrn may be replaced by
the cathode coupling system or the split-powered system.

The upper electrode 52 is surrounded by the plate 42 of anodized aluminum,
and the lower electrade 16 is surrounded by the clamp 44 of anodized aluminum.
Further, in this example, the upper clectrode 52 itself is made of anodized aluminum.

The upper electrode 52 of anodized aluminum has its surface machined so as to
form the stepped region 30 which characterizes the present invention. The stepped
region 30 formed by machining in the aluminum base of the upper electrode 52 was
anodized to form an alumina coating layer about 20 pm thick. Fig. 15 shows the
surface of the aluminum base or the surface of the upper electrode 52 which oppose to
the wafer 26. There are grooves 30g, 1 mm wide and 100 pm deep, which are
arranged mutually perpendicularly at intervals of 2 mm. Between the grooves are gas
inlet holes 55, which are 0.5 mm in diameter.

The plasma processing apparatus 50 in this example is used for dry etching of
polysilicon film 35. For comparison, the proces:s is also made using an apparatus
equipped with an upper electrode having a flat surface without grooves.

The wafer 26 used in this example has the structure as shown in Fig. 16, It
includes a silicon substrate 32, a silicon dioxide film 34 (10 om thick), a polysilicon film
35 (0.25 pm thick), and a photoresist mask 36 (1 um thick) having a line width of
about 0.35 um. Dry etching is carried out with a mixed gas of chlorine and oxygen,
Plasma was generated under tife condition shown in Table 5 below.
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When the plasma processing apparatus 50 shown in Fig, 14 was run
" continuously for dry etching, the alumina coating layer drops off on the wafer 26. The
number of dropped particles varies as showr in Fig. 17 depending on whether the
plasma processing apparatus 50 is provided with the grooved upper electrode or the
flat upper electrode. It is noted from Fig. 17 that the number of dropped particles
larger than 0.30 pm is less than 30 after 200 hours of cumulative plasma discharge time
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The results in this example show that the plasma processing apparatus of the

present invention permits twice as long continuous operation as the conventional one
and also reduces the running cost.

In the foregoing examples, the prcécnt invention is applied to dry etching
apparatus. It is shown that the processing apparatus according to the present invention
effectively prevents peeling of film of deposited material or coating layer on interior
components when wafers undergo dry ctching in the production of semiconductor
devices such as integrated circuits, The present invention is not limited to such
applications, It may be applicd to eny apparatus by forming a stepped region
composed of plurality of sectioned areas divided by steps on a surface of at least one
interior component on which film of deposited material or surface coating is made.

The quartz plate with the stepped region which was demonstrated in this
example may be replaced by a plate with the same stepped region made with different
materials such as a ceramics plate. In addition, the preseat invention may also be
applied to any interior components in addition to the focus ring and clamp shown in
these ¢xamples. For example, a bell jar of an etching apparatus of ECR type or ICP
type may be provided with the stepped region according to the present invention. The
present invention may also be suitably applied to CVD apparatus and sputteriag
apparatus. In etching or CVD apparatus, the deposited film includes reaction product
or byproduct produced in the etching or CVD ga.s atmosphere, While, in the sputtering
apparatus, the deposited film on the interior component includes the same material
deposited on the semiconductor substrate. »

In the forgoing examples, the presentlinventiOn was applied to narrow gap type
apparatus which has difficulties in dry cleaning. If an apparatus capable of dry cleaning
is provided with the stepped region according to the present invention, it is possible to

decrease the frequency of dry cleaning and to increase the operation rate.
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processing apparatus of the preseat invention and the method of preventing deposited
film or coating layer by using the apparatus. The present invention is not limited to the
above-mentioned examples. It is possible to modify the present invention in various
ways within the scope thereof.

As mentioned above, the present invention produces the cffect of preventing
deposited film and coating layer on interior components in a processing chamber from
pecling and decreasing the number of particles in the chamber, thereby improving the
operation rate while maintaining the performance and yields unaffected, Thus the

present invention is of great industrial importance.
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providing a stepped region on a surface of an interior componentin a
processing chamber, the stepped region including a plurality of raised sections
divided by steps;
piacing a semiconductor substrate to be processed in the processing
chamber;
processing the semiconductor substrate within the processing chamber
while supplying a gas onto the semiconductor substrate and forming a film of
deposited material on the stepped region;

wherein:

the interior component has an inner periphery surrounding the
semiconductor substrate placed in the processing chamber and the stepped region
is provided in the vicinity of the inner periphery of the interior component; and

the steps are sufficiently high so that the film is effectively divided and
are sufficiently low so that the steps do not disturb a flow of the gas.

2. A method of processing a semiconductor substrate comprising:

providing a stepped region on a surface of an interior component in
a processing chamber, the stepped region including a plurality of raised sections
divided by steps;

placing a semiconductor substrate to be processed in the
processing chamber; and

processing the semiconductor substrate within the processing
chamber while forming a film of deposited material on the stepped region;

wherein the interior component has an inner periphery surrounding
the semiconductor substrate placed in the processing chamber and the stepped
region is provided only in a vicinity of the inner periphery of the interior component.

3. The method according to claim 1 or 2, wherein the film is deposited on a
ring-shaped area and is divided in a circumferential direction by the steps.
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wherein the interior component has an inner periphery surrounding
the semiconductor substrate placed in the processing chamber and the groove is

arranged only in a vicinity of the inner periphery of the interior component.

6. The method according to claim 4 or 5, wherein the film is deposited on a
ring-shaped area, and the at least one groove includes a plurality of grooves
arranged generally perpendicular to a circumferential direction of the ring-shaped
area.
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7. An apparatus for processing a workpiece for producing semiconductor

devices, comprising:

a processing chamber that mounts the workpiece, the processing
chamber including an interior component having an inner periphery that surrounds
the workpiece, and a stepped surface region in a vicinity of the inner periphery, the
stepped surface region including a plurality of raised sections divided by steps;

wherein:

the workpiece is processed in the processing chamber while
supplying a gas onto the workpiece and forming a film of deposited material on the
stepped surface region; and

the steps are sufficiently high so that the film is effectively divided
and are sufficiently low so that the steps do not disturb a flow of the gas.

8. The apparatus according to claim 7, wherein the stepped surface region
includes at least one groove.

9. The apparatus according to claim 7, wherein the stepped surface region

includes a plurality of grooves generally perpendicular to the inner periphery of the
interior component.

10. The apparatus according to any one of claims 7, 8 and 9, wherein the
stepped surface region of the interior component forms a gap with a second interior

component facing to the interior component, and the steps are not higher than 15%
of the gap.

11. The apparatus according to any one of claims 7, 8 and 9, wherein the
steps are not higher than 300 ym.

12. An apparatus for processing a workpiece for producing semiconductor
devices, comprising:

a processing chamber that mounts the workpiece, the processing
chamber including an interior component having an inner periphery that surrounds
the workpiece, and a stepped surface region in a vicinity of the inner periphery, the
stepped surface region including a plurality of raised sections divided by steps,
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14. The apparatus according to claim 12, wherein the stepped surface region

includes a plurality of grooves generally perpendicular to the inner periphery of
the interior component.

15. The apparatus according to any one of claims 7, 8, 9, 10, 11, 12 13 and 14,
wherein the processing chamber includes electrodes for generating a plasma
and the interior component concentrates the plasma in a space between the
electrodes.

16. An interior component of a processing chamber for processing a
semiconductor substrate, comprising:

a stepped surface region formed in a vicinity of an inner periphery
of the interior component where a film of deposited material is formed during the
processing of the semiconductor substrate, the stepped surface region including a
plurality of raised sections divided by steps;

wherein:

the processing chamber includes electrodes for generating a
plasma, the interior component concentrates the plasma in a space between the
electrodes; and

the steps are sufficiently high so that the film is effectively
divided and are sufficiently low so that the steps do not disturb a flow of a gas
supplied onto the semiconductor substrate during the processing.
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17. The interior component according to claim 16, wherein the stepped
surface region includes at least one groove.
18. The interior component according to claim 16, wherein the stepped
surface region includes a plurality of grooves generally perpendicular to the inner
periphery.
19. An interior component of a processing chamber for processing a

semiconductor substrate, comprising:

a stepped surface region formed in a vicinity of an inner periphery
of the interior component where a film of deposited materiai is formed during the
processing of the semiconductor substrate, the stepped surface region including a
plurality of raised sections divided by steps;

wherein:

the processing chamber includes electrodes for generating a
plasma, the interior component concentrates the plasma in a space between the
electrodes; and

the stepped surface region is provided only in the vicinity of the
inner periphery.

20. The interior component according to claim 19, wherein the stepped
surface region includes at least one groove.

21. The interior component according to claim 19, wherein the stepped
surface region includes a plurality of grooves generally perpendicular to the
inner periphery of the interior component.

22, The interior component according to any one of claims 16, 17, 18, 19, 20
and 21, wherein the inner periphery surrounds the semiconductor substrate
during the processing.
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the stepped surface region including a plurality of raised sections divided by steps;

wherein:

a film of deposited material is formed on the stepped surface region
during the processing; and

a steps are sufficiently high so that the film is effectively divided
and are sufficiently low so that the steps do not disturb a flow of a gas supplied onto
the semiconductor substrate during the processing.

27. The focus ring according to claim 26, wherein the stepped surface region
includes at least one groove.
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28. The focus ring according to claim 26, wherein the stepped surface region
includes a plurality of grooves generally perpendicular to the inner periphery

of the focus ring.

29. The focus ring according to any one of claims 23, 24, 25, 26, 27 and 28,
wherein the processing apparatus includes electrodes for generating a plasma and
the focus ring concentrates the plasma in a space between the electrodes,



