1 DESCRI PTION SI LI CON ELECTRODE PLATE FOR PLASMA ETCHI NG W TH SUPERI OR
DURABI LITY 5 TECHNI CAL FIELD This invention relates to a silicon el ectrode
plate for plasma etching with superior durability. This application clains
priority from Japanese Patent Applicatjon No. 10 2004-108731 filed on Apri

1, 2004 and Japanese Patent Application No. 2004-234961 filed on August 12,
2004, the contents of which are incorporated herein by reference.

BACKGROUND ART Ceneral |y, when nmeldDBSERIRFION) sem conductor integrated
circuits, it is necessary 15 to conduct etching on an interlayer insulating
filmfornmed on a silicon wafer. A plasma etching device is used in order to
conduct etching on this silicon wafer having the interlayer insulating film

(her el naf t s RICN BEECIRGOEPLIEFOR FKSIIA EFORING WPGE SBRERIOR ©! ect rode

materi al insi this device. shown in the schematic explanatory view of a

partial cross-sectionin FIG 1, L1 el ectrode plate for plasm
etching has a structure 20 provi dpgﬁ%??#lg&ghi ng gas ejecting through-hol es

5 arranged in parallel in the thickness direction of the silicon single
cryséal plate. This silicon electrode plate for plasma etching 1 is fixed
approximately at the center inside a vacuumcontainer (not illustrated). A
wafer 4 is placed on a stand 6, TERHNICAL FiEddLency voltage is inpressed
while etching gas 7 flows toward the wafer 4 through the etching gas
ej ecting t hr oubitis mvkestsorbrelatds td lasilizlou cleplradeplatd fhsplganeeahing Wit stperiort he
silicon electrode plate for plasma etching 1
durability.
This application claims priority from Japanese Patent Application No.
10 2004-108731 filed on April 1, 2004 and Japanese Patent Application No. 2004-234961

filed on August 12, 2004, the contents of which are incorporated herein by reference.

BACKGROUND ART
Generally, when manufacturing semiconductor integrated circuits, it is necessary
15  to conduct etching on an interlayer insulating film formed on a silicon wafer. A plasma
etching device is used in order to conduct etching on this silicon wafer having the
interlayer insulating film (hereinafter referred to as a wafer), and silicon is used as the
electrode material inside this device. As shown in the schematic explanatory view of a
partial cross-section in FIG. 1, the silicon electrode plate for plasma etching has a structure
20  provided with etching gas ejecting through-holes 5 arranged in parallel in the thickness
direction of the silicon single crystal plate. This silicon electrode plate for plasma
etching 1 is fixed approximately at the center inside a vacuum container (not illustrated).
A wafer 4 is placed on a stand 6, and high frequency voltage is impressed while etching
gas 7 flows toward the wafer 4 through the etching gas ejecting through-holes 5.

25  Thereby, plasma 2 is generated between the silicon electrode plate for plasma etching 1



2 "and the wafer 4, and this plasma is nmade to act upon the wafer 4 to etch
the surface of the wafer 4. Wien plasnma etching is conducted using a
silicon electrode plate for plasma etching 1, electrical charge
concentration areas (edge portion on m@ich el ectrical charge is 5
concentrated) are generated locally at“the term nal openings of the etching
gas ejecting through-holes 5 that contact the plasma 2, and these portions

are nor easdbk @iffert4) ad@ s pladthd B MARARS Gbt Updntthewslet DitdtcH A% RIrMEE bNGe
t hrough-hol es 5 which are provided parallel to the thickness direction of

the siliggp,al ectrode plate for plasma etching 1, as shown in FIG 2, the
openi ng of the etching gas ejecting through-holes 5 that contacts the plasna

2 becores 10 e)ar 0pd %ty WAL AN 4 Hiflon Seilennud Apardyhe bot tom

Ther eby, abrasion hol'es e con con el ectrode
pl ates for. plas etching 1 which are c osed of silicqn sing]e crystal

D) ates, PP, derBhetbnts Cobmbausnertlodbe BUHER 26 SUCH S AEMTERS h o i n
whi ch_the etchiqg gas ejectin%‘through-holes 5 has uniformdianeter is 15
reduced eRnscrlizatediard generatédlocaly athike epningl openings of the dighipg gasredccding hi ng
operations. Thereby, the wafer etching tends to becone irregular. In order

t 0 sol vethrteghalindeseS thaodintant the dadnac)and tiest podienphateort subjpitas meaet chi ng
has been offered that is made of silicon containing 0.01 ppmto 5 nass % of

a dopant Wath regR¥t @NRe SCRINERbs gjebtﬁfgtmﬂnﬂ‘ghqmsawmcﬁareqﬁovﬁ@d 1810 TR S

silicon electrode plate for 20 plasma etching conposed of the doped silicon

singl e cfyaals dtedlibn bﬁtge%m%ﬁ EEEtr@deeﬁétfeifﬁig]%lasrﬁé)&?l&lﬁgily#éﬁbg&hgFf@)@ the

formation of abrasion l'es 3 due to ‘generation o cal'ize _ectfical
S R R T S U N R S
of e}(? hi Qr%a:%gg asb i %\%gr%saway so that it widens toward the bottom. Thereby, abrasion holes 3
are formed.
In the conventional silicon electrode plates for plasma etching 1 which are
composed of silicon single crystal plates, the abrasion holes 3 are easy to be generated,
and the length a in which the etching gas ejecting through-holes 5 has uniform diameter is
15 reduced due to the formation of the abrasion holes 3 by plasma etching operations.
Thereby, the wafer etching tends to become irregular.
In order to solve the above problem, a silicon electrode plate for plasma etching
has been offered that is made of silicon containing 0.01 ppm to 5 mass % of a dopant of
any one element selected from among P, As, Sband B. This silicon electrode plate for
20  plasma etching composed of the doped silicon single crystal plate has superior electrical
conductivity; thereby, the formation of abrasion holes 3 due to generation of localized
electrical charge concentration areas is suppressed. Accordingly, it is said that abrasion
of the etching gas ejecting through-holes 5 is reduced, the flow of etching gas becomes
uniform, and the lifetime is extended (see Patent Document 1 or 2).

25 However, it is impossible to avoid generation of the above-described abrasion



uniform and the lifetine is extended (see Patent Docunment 1 or 2). 25

" However, it is inpossible to avoid generation of the above-described
abrasion 3 holes 3 due to the plasma etching over a |long period of tine.

Mor eover, since in-plane irregularitiss occur with respect to the generated
amount of the abrasion holes 3 forned Tn the silicon electrode plate for

pl asma etching 1, with the growi ng denands in recent years to keep the

density hbles hduploatepladmdrtdhivigovand lotiy prhial Bf @nieDr 8Mar8bfersiicetis-piang of the 5
wafer 4, the time of use of one silicon electrode plate for plasma etching 1

nust be jRpllarisiBPsdcur M r8FetMo NRPEACLIRINM SN bf PR abRRIMHRY 3 fHhfed BP! aced

silicon electrode plates for plasnma etching 1 are then scrapped, resulting

in a washef : - 3 j.cation,
i ot " putticdiepTaiEfle 3f b R boBE TR g8 erb AR Sn iR et
Applicatjan, FEirst Publication,No.. H10-17393 DI SCLOS OF, THE ENTI ON
PROBL VTS BAInGT P E PR A PIERRY N BER R ORD SHIGPAES been
made in |ight of the foregoi ng..ci rcunst ances, and its_ob{ect is to offer a
si i con ¢ Badims) offuse pbpng,siHeqreeleatrodr Rlptever pinsmastchinge! Busidis kept
durability wwth little wear (i.e., generation of abrasion holes) of the

et chi ng sfast, apdearlyrgplacémentghush bé esndantddwi The septaced bilicon glectralegilases fobut i on
of abrasion holes, even when plasma etching is conducted over a | ong period
of time. pRémd/ERNTgHGR: Han\delippdd;iresBRBBLENS AR fdl meddftusef research fromthe

pertinent standpoint aimed at obtaining a silicon electrode plate for
pl asma et chi ngPaaYt DBcENER1§ %éﬁﬁie&@ﬁterﬁ%p%ﬂbéﬁ&ny FittfubcstiBalNo.1 n- pl ane
H8-37179
10 (Patent Document 2) Japanese Patent Application, First Publication No.

H10-17393

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

15 The present invention has been made in light of the foregoing circumstances, and
its object is to offer a silicon electrode plate for plasma etching which has more superior
durability with little wear (i.e., generation of abrasion holes) of the etching gas ejecting
through-holes and with a small in-plane distribution of abrasion holes, even when plasma
etching is conducted over a long period of time.

20 MEANS FOR SOLVING THE PROBLEMS

As aresult of research from the pertinent standpoint aimed at obtaining a silicon

electrode plate for plasma etching having a more excellent durability with a small in-plane
distribution of abrasion holes, the present inventors and others obtained the following
research results.

25 (A) Compared to a silicon single crystal plate solely containing boron or



di stribution of abrasion holes, the present inventors and ot hers obtai ned
"the following research results. 25 (A) Conpared to a silicon single crystal
pl ate solely containing boron or 4 phosphorus, a silicon electrode plate
for plasma etching including a silicongsingle crystal plate which contains,
in coexistence with boron, either or both of phosphorus and arsenic further
reduces abrasion of etching gas ejecting through-holes, and decreases

i n- pl anepha@phasb,arsifidconagedt@te plagsfor plagih etchirigsinglading aaklicontshigle dripgalcont ent
thereof in ternms of atomc ratio be within the range of boron: 3 to 11 ppba

(parts pgrateh»mbh 08ntaS,Th koec:asten®ivwifiEbor8h, AEPootl BOSIRIRPRdHSs aNgsé@iseni C:

0.5to ppba. The present |nvent| on vvas made based on %e above research

| t t
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t hat con&glns i n Fgrns of atomc ratio, 3 to 11 ppba of boron, and further
cont ai ns*g3% ?l?ﬂgfegb‘ 5 (o 6 ppba of either or both of phosphorus and

arsenic. In terns of aféﬁniﬁf; ratio, in the case in which boron is |ess than 3
ppba br the t otlt isgreferablsshatihe B‘Htt‘l’fltélﬂefp‘?fdgﬁﬁﬁ\s%a@ﬁacE?ﬁ@é?ﬁ‘@ﬂilstheess t han

0.5 ppba, the desired effect relating 15 to the amount of abrasion is not
obt ai nedrangeof beront hter Llrpnbd (parts nen bilbers atons), whil elthdser bathadphesphosisceeds 11
ppba or where the total content of either or both of phosphorus and arsenic
exceeds fndgbenic:t0eto pplaane di stribution of the etching plate becones
irregular, leading to undesirable results. Consequently, the boron content

and the total r%&ggntﬁfven@ﬂ&%maae BRED oR thelRSORQEMEH ARAILAT Senic in the
silicon electrode plate for plasma etching 20 have been set to 3 to 11 ppba

of boron, and f,d Gfi@n Blcta2 pia?e for Bpigﬁla%ich%é Sehe Bfesg}ﬁtnlf’veﬁaon has

10 superior durability and includes silicon single crystal that contains, in terms of atomic
ratio, 3 to 11 ppba of boron, and further contains a total of 0.5 to 6 ppba of either or both
of phosphorus and arsenic.

In terms of atomic ratio, in the case in which boron is less than 3 ppba or the total
of either or both of phosphorus and arsenic is less than 0.5 ppba, the desired effect relating

15 to the amount of abrasion is not obtained; on the other hand, in the case in which boron
content exceeds 11 ppba or where the total content of either or both of phosphorus and
arsenic exceeds 6 ppba, the in-plane distribution of the etching plate becomes irregular,
leading to undesirable results. Consequently, the boron content and the total content of
either or both of phosphorus and arsenic in the silicon electrode plate for plasma etching

20  have been set to 3 to 11 ppba of boron, and a total of 0.5 to 6 ppba of either or both of
phosphorus and arsenic.

EFFECTS OF THE INVENTION
When this silicon electrode plate for plasma etching is used, the amount of
abrasion of the through-pore-holes becomes uniform, and it is possible to conduct uniform

25  plasma etching over a longer period than that in the conventional case. Consequently, the



phosphorus and arsenic. EFFECTS OF THE | NVENTI ON When this silicon el ectrode
"plate for plasma etching is used, the anmount of abrasion of the

t hr ough- por e- hol es becones uniform and it is possible to conduct uniform
25 plasma etching over a |longer period.than that in the conventional case.
Consequently, the 5 frequency of repl%cenent of the silicon electrode

pl ates for plasma etching due to plasnma etching can be greatly reduced, and

a maj or fedqifehtPot lePlc&RtntRE tHBHE:onlddhodd mésqswaéma &thihBaus eplagnduct or
device industry. 5 BRI EF DESCRI PTI ON OF THE DRAWNGS FICl. 1 is a schematic

expl anat &Eh’in¥ 8O breRiy ?—}d?'-ke“f L2 hﬁ?&tcioﬁﬂibhﬂéﬁ b Bgdd © th&dBleRiphdap©

condi tions of use of a icon electrode plate tor plasma etching. FIG 2 is
a secti 05':ta|ﬁ expl tory. view fhat serves to explain abrasion conditions in

t he et chi nge 5%@”%@%“& qrrﬁlﬁv{cﬁg%ﬁ%@'hol es of a silicon electrode plate for

pl asma etching. 10 BRI EF DESCRI PTION OF THE SYMBOLS 1 silicon el ectrode
plate for plasma etching 2 plasma 3 abrasion hole 15 4 wafer 5 etching gas

ej ecting through-holes 6 stand 7 etchin as 20 BEST MODE FOR CARRYI NG OQUT
THE I\NVENTI ON BRIEF DESCRIPTION O E DRAWINGS

FIG..1 is a schematic explanatory view of partial cross-section that serves to
explain the conditions of use of a silicon electrode plate for plasma etching.
FIG. 2 1s a sectional explanatory view that serves to explain abrasion conditions in
the etching gas ejecting through-holes of a silicon electrode plate for plasma etching.
10
BRIEF DESCRIPTION OF THE SYMBOLS
1 silicon electrode plate for plasma etching
2 plasma
3 abrasion hole
15 4 wafer
5 etching gas ejecting through-holes
6 stand

7 etching gas

20 BEST MODE FOR CARRYING OUT THE INVENTION
Preferred embodiments of the present invention are described below.
(Embodiment 1)
Si raw material with a purity of 11 N was melted, and initially doped with B and
P s0 as to prepare a Si melt containing 1 to 15 ppba of B and 1 to 10 ppba of P. Using

25  this Si melt, a silicon single crystal having a diameter of 300 mm was prepared by the CZ



Preferred enbodi nents of the present invention are described bel ow.
(Enbodinent 1) Si raw material with a purity of 11 N was nelted, and
initially doped with B and P so asto prepare a Si nelt containing 1 to 15
ppba of B and I to 10 ppba of P. Usin 25 this Si nmelt, a silicon single
crystal having a diameter of 300 mmwas prepared by the CZ 6 nethod. After
circular cutting and slicing this ingot at a thickness of 8 nmm by a di anond
band sawmethodl | AGeNcisdulig!catting el alicifg @is ingdeatsthiRkidb of Binirh ba adiian®ider of
290 mm and a thickness of 6 nmwas prepared by grinding. Etching gas

ej ect i Ngudrars siNESEEn Yk Chy st ElcBi®dethbffatOwith FRiNRESr dO00BAMAda 5 MM

intervals in this silicon single crystal electrode substrate, and then this

sili conoﬁ&ggs% Of%rdﬁwggg%ﬁgédgggﬁgﬁt rate was immersed in a liquid mxture

of hydr uortc acl nitric acid for 5 mnutes so as to
renove the sur e machining, | ayer; whereby. were_.prepared silicgon_el ectrode
plates for pl dSfNE PRI %ﬁﬁ‘&fi’@aﬂ{h%%‘wﬁ{#%&3 r‘%qrﬁgcf“f“gﬁ,apgl ect rode
pl ates of the present invention) 1 to 14 containing B and P_.in the 10

cont ent smEhENGvalHinthis) stlicon singigery stal glectiodp sulesirate, ard thewthipsiessinge pl asma
etching (hereinafter, conparative electrode plates) 1 and 2, and

convent | apsthl dédtiode substrett wademqialtie e liquid phxaswef byddoflngri¢ iad sicatad t er |
conventional electrode plates) 1 and 2. The B and P contents of these

el ect r odgip it B&ivwiEforsaninued sbys idiemopd HeaduBit @ claning la®E; dtkreiyhat is, a
method in which an Ar laser is irradiated to a cooled 15 sanple, and a

di ffract{,eR @Eakdd\GlISREIEMIIB bRes! for ﬂﬁﬁﬂa ERhile e e frERnEGEMRA
phot ol um nescence. Furthernore, wafers wth a SiQ2 |ayer forned in the

surface (Mefetndtlef: Ri¥chdad Blate@%¥ a'{%cp?eég}{t i&l@&tﬂ?l qytlﬁ'ggntaining B and P in the

10 contents shown in Table 1, comparative silicon electrode plates for plasma etching
(hereinafter, comparative electrode plates) 1 and 2, and conventional silicon electrode
plates for plasma etching (hereinafter, conventional electrode plates) 1 and 2.

The B and P contents of these electrode plates were measured by the
photoluminescence method, that is, a method in which an Ar laser is irradiated to a cooled

15  sample, and a diffraction grating spectrometer is used to detect the excited
photoluminescence.

Furthermore, wafers with a Si0; layer formed in the surface were prepared in

advance by the CVD method.



7 "Table 1 Dopant concentration Nunber of wafers subjected to

Cl assification (ppba) etching until end of |life of the B P electrode plate
(wafers) 1 3.0 1.0 21110 2 3.7 0.8 21080 3 3.7 5.2 20756 4 4.0 2.0 22153
54.6 1.0 22197 6 5.0 0.9 23412 EIec%rode plates 7 5.0 2.0 23213 of the
present 8 6.1 1.3 21157 invention 9 6:0 2.0 21995 10 6.4 3.5 21033 11 7.0
3.0 20816 12 8.0 4.4 23702 13 8.7 3.9 22983 14 10.7 5.8 21033 Conparative
1 2 0.3 18820 electrode plates 2 1274615 17455

Dopant concentration | Number of wafers subjected to
Classification (ppba) etching until end of life of the
B P electrode plate (wafers)
1 3.0 1.0 21110
2 3.7 0.8 21080
3 3.7 5.2 20756
4 4.0 2.0 22153
5 4.6 1.0 22197
6 5.0 0.9 23412
Electrode plates
7 5.0 2.0 23213
of the present
8 6.1 1.3 21157
invention
9 6.0 2.0 21995
10 6.4 3.5 21033
11 7.0 3.0 20816
12 8.0 4.4 23702
13 8.7 39 22983
14 10.7 5.8 21033
Comparative 1 2 0.3 18820
electrode plates 2 12.0 6.5 17455
Conventional 1 5 - 19020
electrode plates 2 - 5 17211

These electrode plates of the present invention 1 to 14, comparative electrode

plates 1 and 2, and conventional electrode plates 1 and 2 were respectively set in plasma



Conventional 1 5 -- 19020 electrode plates 2 -- 5 17211 These el ectrode

pl ates of the present invention 1 to 14, conparative electrode plates 1 and
2, and conventional electrode plates 1 and 2 were respectively set in plasm
8 etching devices, and wafers in which a SiQ2 |ayer was fornmed were al so
set in the plasma etching devices. The SiQ2 |ayers in the wafer surface
were subjected to plasma etching under the follow ng conditions, and usage

life Wasetgkihg Abvithe aROhAterysHIEch E'gi(bzelﬁgérhné%ffoﬁﬂﬁi_ ®ECHid%GePindRS pﬁjsxﬁﬁt ing
t hrough-holes (the |l ength of the part shown by a in FIG 2) provided in the

electrodgcﬂﬁgggﬁcgg the present invention 1 to 14, the conparative el ectrode
plates 1 an , and the conventional electrode plates 1 and 2 becane 1 nm
and t he nunber..of .wafers . whi ch.had _been subj.ected to etchi.ng treatnent
anti 1 the ena B SISy dM S8eg ettt SHEHEP el FRLBF e S hown 1
Table 1. 10 Internal pressure of chanber: 1Q-1 Ton Etching_.gas conposition:
90 sccm flopipemcandiiogscanddmsagslife wasgett dha Rﬁm%hefﬁﬂﬁﬂeﬁ%aﬁ%ﬁ@iﬁimﬁ/\er: 2 kW
Frequency: 20 kHz Fromthe results shown in Table 1, it is clear that the

el ecty odgasgfjesting thrbughrboleg Bheleagimf thenwarhshiovm Yy ¢ in HIf. 2pprosided iythsot h B and
P have a | onger usage life than the conventional electrode plates 1 and 2
cont ai ni elgcteotie\pldle0of the piasert énvehdon 01 4,ahé ve@mpahtiat dladedp bhitest dnd)d 2

containing B and Pin anmounts deviating fromthe scope of this invention
have a shQfthe ds@8tibhd] @lectrb@Yplafes 1'40d Vet ARE € mih FHAQHE MBHberd) wafers
which had been subjected to etching treatment until the end of usage life was obtained.
The obtained results are shown in Table 1.
10 Internal pressure of chamber: 10~ Torr
Etching gas composition: 90 sccm of CHF; + 4 sccm of O + 150 scem of He
High frequency power: 2 kW
Frequency: 20 kHz
From the results shown in Table 1, it is clear that the electrode plates of the
15  present invention 1 to 14 containing both B and P have a longer usage life than the
conventional electrode plates 1 and 2 containing only B or P.  Since the comparative
electrode plates 1 and 2 containing B and P in amounts deviating from the scope of this
invention have a short usage life, they are undesirable.
(Embodiment 2)
20 Si raw material with a purity of 11 N was melted, and initially doped with B and
As so as to prepare a Si melt containing 1 to 15 ppba of B and 1 to 10 ppba of As. Using
this Si melt, silicon single crystal silicon having a diameter of 300 mm was prepared by
the CZ method. After circular cutting and slicing this ingot at a thickness of 8 mm by a

diamond band saw, a silicon single crystal electrode substrates with a diameter of 290 mm

25  and a thickness of 6 mm was prepared by grinding.



200Si raw material with a purity of 11 Nwas nelted, and initially doped
‘"wth Band As so as to prepare a Si nelt containing 1 to 15 ppba of B and 1
to 10 ppba of As. Using this Si nelt, silicon single crystal silicon having
a dianmeter of 300 mm was prepared by he CZ method. After circular cutting
and slicing this ingot at a thickness of 8 nmby a dianond band saw, a
silicon single crystal electrode substrates with a dianmeter of 290 nm 25

and a thi cknesgichfng GafTeVis: B fh%fés%ﬂﬂi&1@ﬂief&of@3rﬁh%r@@orﬁi%ﬁa@lsec'f'ng
t hrough- hol es mnth a dlaneter of 0.3 mMmwere forned at 5 nmintervals in

this si lfnfnp 519} 1250%' “@sﬁe&g tgfjeqecscfbla% <[5 ?In[l]djtéltEFaﬂS El@cén ﬁb%l' con

singl e cry & s e was 1 merse re of

hydr of | uor i Cld acetlc acid and nitric,acid f nutes,so as to
Toove e ARRie e we iy ER Riadiu) iRl hﬁ&f@ﬁ'&?@ﬁﬁ%ﬁ&tﬂ%de ol at es
of the present invention 15 to 28, conparatlve silicon electrode plates 3
and 4, affad archoidig 2k 50T SenBwies saEs Bt wmovs therwalaps maghiping doreromiagedt t hese

el ectrode plates were neasured by the photol um nescence net hod.

Fur t Her noer, provafed destiade platSi dithe present frorenian i hita 26 cempératiee sibean prepared in
10 advance by the CVD net hod. These el ectrode plates of the present

i nvent i ogledtfode@laés 3 anhPandicoirentibedeletede pltt®rs 3 and 4, and conventi onal
el ectrode plate 3 were respectively set in plasna etching devices, and

vaf ers on whi chheap $hiRs cax@ﬁts%ﬁleéeaeaﬁoaeqﬂﬁe%a@ *@urel by ik Pl asma et chi ng
devices. 15 As in Enbodinent 1, the SIQ2 l'ayer in the wafér surface was

subj ecte ng under the followi ng conditions, and usage life
was set @%H@H&Jpo{;@}ce%g&e‘i t he Iength of the etchi ng gas ejecting

through- hol es lgurﬂl%rrlnce)rrégzvgfe(r)f ttg H Sp8 r ayer f%rmec? i tﬁe surface %vere prepared in

10 advance by the CVD method.

These electrode plates of the present invention 15 to 28, comparative electrode
plates 3 and 4, and conventional electrode plate 3 were respectively set in plasma etching
devices, and wafers on which a SiO; layer was formed were also set in the plasma etching
devices.

15 As in Embodiment 1, the SiO; layer in the wafer surface was subjected to plasma
etching under the following conditions, and usage life was set at the point where the
length of the etching gas ejecting through-holes (the length of the part shown by a in FIG.
2) provided in the electrode plates of the present invention 15 to 28, comparative electrode
plates 3 and 4, and conventional electrode plate 3 became 1 mm, and the number of wafers

20  which had been subjected to etching treatment until the end of usage life was obtained.
The obtained results are shown in Table 2.

Internal pressure of chamber: 107! Torr

Etching gas composition: 90 sccm of CHF;3 + 4 scem of O + 150 scem of He

High frequency power: 2 kW

25 Frequency: 20 kHz



2) provided in the electrode plates of the present invention 15 to 28,
~conparative electrode plates 3 and 4, and conventional electrode plate 3
became 1 nm and the nunber of wafers 20 which had been subjected to etching
treatnment until the end of usage life s obtained. The obtained results
are shown in Table 2. Internal pressure of chanber: 10-' Torr Etching gas
conposition: 90 sccmof CHF3 + 4 seemof 02 + 150 sccmof He Hi gh frequency
power: 2 kW25 Frequency: 20 kHz 10 Tiw@bbe 2 Dopant concentration Number of

waf ers supjected to Classification (ppba) etching until end of life of the
B As el ecirode plate (wafers) ant A£905% &1 3.7 5.1
20884 18] 4.0 20 21435 10 b PR PE%@?B%%%&%%&% de
plates 211 5.0 &la%siﬁggt%}l of [the pr E{S}?bnat) 22 6.9 e%éh%ngzglﬁl Zand of T{Fenc;[fl e’
B As electrode plate (wafers)
15 3.0 0.9 20055
16 3.6 0.8 20987
17 3.7 5.1 20884
18 4.0 2.0 21435
19 4.5 1.0 21978
20 5.1 0.9 22859
Electrode plates
21 5.0 1.9 23181
of the present
22 6.0 1.2 20897
invention
23 6.1 2.1 21098
24 6.4 3.5 21298
25 7.0 3.1 20534
26 8.1 4.5 23475
27 8.7 4.0 22845
28 10.7 5.9 21857
Comparative 3 2 0.4 18155
electrode plates 4 11.7 6.3 17211
Conventional
3 — 5 17324
electrode plates

From the results shown in Table 2, it is clear that the electrode plates of the

present invention 15 to 28 containing both B and As have a longer usage life than the



23'6.1 2.1 21098 24 6.4 3.5 21298 25 7.0 3.1 20534 26 8.1 4.5 23475 27
8.7 4.0 22845 28 10.7 5.9 21857 Conparative 3 2 0.4 18155 el ectrode plates
4 11.7 6.3 17211 Conventional 3 -- 5 17324 electrode plates Fromthe
results shown in Table 2, it is clear that the electrode plates of the
present invention 15 to 28 cont ai ni ng Hoth B and As have a | onger usage life
than the 11 conventional electrode plate 1 of Table 1 containing only B and

t he convegstvedficial Ele€@ddeqsife 1IfaLBled @htal@hf 6nk B ahd de '&bﬂﬂm@i@héﬂ efgtrod Nce the
conparative el ectrode plates 3 and 4 containing B and i n anpbunts

deviat ”gllaﬁe; %Pfe Tlife %Eﬁgﬁaﬂfﬁe % | ”%ﬁ@é 2o n@e §l@ 6de H589§ ahd %1 , they

are unde raw mat eri al vmt apurltyo 11 N was

nmel t ed, an 4 ni td dope d As so..as.to are mel t
Cont a i faing ™ §id X3 %?O@W%#aﬂa?inﬁoﬂ%%p%gpeo?f B kbR BR S de &S

melt, silicon_single crys having a di aneter of 300 mm was prepared by the
CZ net holsagadife th qqur%wlci%su Bting and slicing this ingot at a thickness of 8
nm by a 10 di anond band saw, a silicon single crystal electrode substrates
wi th & dfmeedimentf3)290 mm

Si raw material with a purity of 11 N was melted, and initially doped with B, P
and As so as to prepare a Si melt containing 1 to 15 ppba of B and 1 to 10 ppba of P + As.
Using this Si melt, silicon single crystal having a diameter of 300 mm was prepared by the
CZ method. After circular cutting and slicing this ingot at a thickness of 8 mm by a

10  diamond band saw, a silicon single crystal electrode substrates with a diameter of 290 mm
and a thickness of 6 mm was prepared by grinding.

Etching gas ejecting through-holes with a diameter of 0.3 mm were formed at 5
mm intervals in this silicon single crystal electrode substrate, and then this silicon single
crystal electrode substrate was immersed in a liquid mixture of hydrofluoric acid, acetic

15  acid and nitric acid for 5 minutes so as to remove the surface machining layer; whereby
were prepared electrode plates of the present invention 29 to 33, and comparative silicon
electrode plates 5 and 6.

The B, P and As contents of these electrode plates were measured by the
photoluminescence method.

20 Furthermore, wafers with a Si0; layer formed in the surface were prepared in
advance by the CVD method.

These electrode plates of the present invention 29 to 33 and comparative
electrode plates 5 and 6 were respectively set in plasma etching devices, and wafers on
which a Si0; layer was formed were also set in the plasma etching devices.

25 As in Embodiment 1, the SiO; layers in the wafer surface were subjected to



and a thickness of 6 mmwas prepared by grinding. Etching gas ejecting

t hrough-holes with a dianmeter of 0.3 mMmmwere fornmed at 5 nun intervals in
this silicon single crystal electrode substrate, and then this silicon
single crystal electrode substrate imersed in a liquid m xture of
hydrofluoric acid, acetic 15 acid and Witric acid for 5 mnutes so as to
renove the surface machining |ayer; whereby were prepared el ectrode plates
of the pplsgatichingamtbome 281dvwingd donditishsCaD@nad iifcenss det #QRe péihewhéede pl at es
5 and 6. The B, P and As contents of these el ectrode plates were neasured by
the phoglitHpINEshe RES: ti Xt ' i inayer
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and wafers on ich a, SiO2 | ayer was forned re.alsp. set in the plasm

et chi ng Slﬁwqg&ﬁ\é@[%gﬂ@dg o Tnl%r?flgi}}e‘% g af%@@ﬁ‘é’ﬁﬁ‘ﬁdh’ﬁ@’ waf er surface
were subjected to 12 plasma etching under the fol |l owi ng conditions, and
usage® | i subjegta te@tching wepsmprdiuntil thgend of nspge lidnyenoltpinede Eheohtpigedas

ej ecting through-holes (the length of the part shown by ain FIG 2)

pr ovi dedresults dve skdvec ir Babée Bl at es of the present invention 29 to 33 and
conparative electrode plates 5 and 6 becanre 1 nm and the nunber of wafers

whi ch had beenpteralfirestRbficRaib&N1 0Ty Thireat ment until the end of usage life
was obtai ned. The obtained results are shown in Table 3. Internal pressure

of chanber: 10Et'chf5%rg'as E&ﬁﬁ&%lﬂ@@ sS&HBP@HPi;QrH sc%ch?fQ?{q-?ﬁo §ddBofgé scan of
02 + 150 stem of He

High frequency power: 2 kW

10 Frequency: 20 kHz
Table 3
Dopant concentration Number of wafers
{ppba) subjected to etching until
Classification
end of life of the
B P As P+As
electrode plate (wafers)
29 4.0 1.7 0.3 2.0 20084
Electrode
30 4.6 0.9 0.1 1.0 22114
plates of the
31 6.3 3.1 0.3 3.4 20987
present
32 7.0 2.7 0.4 3.1 20012
invention
33 8.0 3.9 0.6 4.5 22876
Comparative 5 2 0.2 0.1 0.3 17233
electrode plates 6 12.0 6.5 0.7 7.2 16211

From the results shown in Table 3, it is clear that the electrode plates of the
present invention 29 to 33 containing all of B, P and As have a longer usage life than the

conventional electrode plate 1 of Table 1 containing only B, the conventional electrode



H gh frequency power: 2 kW10 Frequency: 20 kHz Tabl e 3 Dopant concentration
“Nunber of wafers (ppba) subjected to etching until dassification end of
life of the T BP As P+As electrode plate (wafers) 29 4.0 1.7 0.3 2.0 20084
El ectrode 30 4.6 0.9 0.1 1.0 22114 pH tes of the 31 6.3 3.1 0.3 3.4 20987
present 32 7.0 2.7 0.4 3.1 20012 invention 33 8.0 3.9 0.6 4.5 22876
Conparative 5 2 0.2 0.1 0.3 17233 electrode plates 6 12.0 6.5 0.7 7.2 16211

From t hephespibf FabshD¥éhthiRingdaheP, and ithe dohvehtmkl dlB@tode peateb 0€TaKlde pl ates of
t he present invention 29 to 33 containing all of B, P and As have a | onger

usage |1 @il hiiens.C ORHENk RORbarRli SOLEARSIHIRLSS In cJiRkinsglB GONT @i Ni ng

only B, the conventlonal el ectrode

amounts and P and As in total amounts which deviate from the scope of this invention

have a short usage life, they are undesirable.

INDUSTRIAL APPLICABILITY
The silicon electrode plate for plasma etching of the present invention enables
plasma etching that is more uniform over a longer period of time than the prior arts.
Consequently, it is possible to greatly reduce the frequency of replacement of the silicon
10 electrode plates for plasma etching due to plasma etching, and to greatly contribute to the

developments of semiconductor devices.



plate 2 of Table 1 containing only P, and the conventional electrode plate 3
~of Table 2 containing only As. Since the conparative el ectrode plates 5 and
6 containing Bin anpunts and P and As in total anounts which deviate from
the scope of this invention have a shgyt usage life, they are undesirable.
5 I NDUSTRI AL APPLI CABI LI TY The silicon el ectrode plate for plasma etching of
the present invention enables plasnma etching that is nore uniformover a

| onger period of tine than the priorChAINIS Consequently, it is possible to
greatly reduce the frequency of replacenent of the silicon 10 el ectrode

pl ates for plasma etching due to plasma etching, and to greatly contribute
to the devel opnments of sem conductor devices. 14 CLAIMS 1. A silicon

el ectrodq, pIpaglﬁc&pélea}c@%@at@r&*ylmavutémngwmrsh?éndillah%mtytme stifggn Si I i con
el ectrode plate conprising silicon S|ng crys In terns of atomc

ratio, cq f t he t al of
05 to 6 onsnaiSeti Splfishi SRR et BhSRLnBR iSOG Tl Bt
5 to 11 ppba of boron, and further contains a total of 0.5 to 6 ppba of either or both of

phosphorus and arsenic.





