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Resi n Ml ded ﬁqw B4 or Chanber Liner FI ELD
OF THE | NVENTON 5 The present invention relates to a seanl ess

annul ar resin nolded article for use in a liner wwthin a chanber of a
dry etching apparatus used in sem conduct ofyTfLE nanufacture. Mre
specifically, the invention relates to a resin nolded article for a

| iner, which resin nolded arti clBesisMudel Adtidefordhanthar Iinexxt ended peri od
of time, damage to circuits fornmed on wafers owing to contam nation

within the I|ner 10 by heavy nepglID OF THEINVENPODHucts, and the f|tt| ng

met hod for c his
| NVENTI ON %{Eg?ent inveption relates to a seamless a'ﬁ%uéas#é@fgén% Hirtidle o
enpl oyed recent| yséif a liner withira &ﬁmdmiftardrﬁanhm@appumus \llsedtnln smpbmmMr dry

et ching process, a reactive gas IS lonized wwth a Iasp‘a on| zed
gas is induced tm@@@é@%%ﬁﬁeéﬁWl@CWiﬂie foyention relajes to.a resin mpldsd artic and

Lhe etched mater . ahel RALSTRF ol BHSHOS bl 1BcIRS an cxtonded FURHSE the

direction of etch results rn

cont am nation bynﬁﬁ zr%tt@bﬁaﬂwoﬁ:ﬁd%awdfagbwmgaadommmaﬁmaﬁthidmehnaer
install ed hin the chamber in the d etchlng%{)aratus

Al umite-treal@d hy haawyunctalsnermtmnprodmwv e fittinganeth axbightis simple. 20
Unfortunately, under severe p NS 1 c t he surface
| ayer of al um te det achb;zc L8 l@' £ vc Hrot , resulting in

waf er contam nation it SUES R lhﬁﬁa?ﬁasbeene loyed recéf¥fygRVvVer, to
prevent the dep05|t|o ec nﬁv{/a fer of ?iat portion ofp K reaction

products forned bgmﬂmydmtor Mangfantmm: Hnitlsis pla*smai dyodichigeproasss garsadivieigas 35
remains instead within the liner, ali havi n a cob%;truc ion.in which

t he react i inigadguitica plagmap Sag onig gaﬁéS}“idH t Wﬂh'g‘ﬁtl ng the
:olr gggt ]:a; (r)nmnteggt eﬁbaée ;'f? ﬁ)ﬁ% g&eg%%@étgﬁeﬁ%%%%l Eéoljlaﬁlb%(p%ggﬁorrer atl f:?aﬁof t he
reaction product Howevegthe diebtion ¢f etubitlgthas fotrbpy, which resulfsfin eiafert t o
adequat el y prevent contani nati on of the wafer by the reaction
contamination by heavy metals due to sputtering and etching of the liner installed
within the chamber in the dry etching apparatus. Alumite-treated aluminum liners
have been used to prevent this.
20 Unfortunately, under severe plasma irradiation conditions, the surface layer
of alumite detaches in a relatively short time, resulting in wafer contamination by
aluminum particles.
Moreover, to prevent the deposition on the wafer of that portion of the
reaction products formed by dry eiching which is not discharged as gases but
25  remains instead within the liner, a liner having a construction/_in which the
reaction products deposit on the liner inside wall by heating fhe liner from the
outside, maintaining the liner inside wall at a predetermined temperature, and thus
controlling agglomeration of the reaction product is used. Yet, it could not be
sufficient to adequately prevent contamination of the wafer by the reaction

30 products.
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particles and-reaction products, there has been devel oped an
alumte-treated alum num|iner coated on the inside wall with a
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article for |ifibm thigkrieshgreaterthiar 025 mm cannot e achieveto Mergovexi teaadion peri od of
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easy to fifgi neplaeAnand dRA%kr irdideSHIMS controlled, which catlsis h3 deBERAERIE an
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SUMVARY OF THE®R prel off Staring at scam, tiam nes tpdhesize s wed taliear ch

to resol ve prof.&fik, @gﬁ{]iﬁﬁe B3 the liner, rgﬁngceﬁ%éngﬁﬁhnkrﬁm&aﬂﬁ&%efewﬁﬂ. t hat

darmage to the circul or me waf ers contam nation”w thin
the liner by heavigdoet. al s and reacti on products can be

15 Hence, a need exists for a resin molded article for liners which is able to
reduce, for an extended period of time, damages to circuits formed on wafers due
to contamination within the liner by heavy metals and reaction products, and
which is easy to fit in place and easy to remove.

In is therefore an object of this invention to provide a resin molded article

20  for a liner, which article has excellent plasma resistance and durability, and is also
easy to fit into place and easy to remove. |

SUMMARY OF THE INVENTION
We have conducted extensive research to resolve problems such as these.
As a result, we have found that damage: to the circuits formed on wafers due to

25  contamination within the liner by heavy metals and reaction products can be
reduced for an extended period of time by fitting to the inside wall of the liner a
seamless (annular or ring-shaped resin molded article having plasma resistance,
heat resistance, flexibility, and a predetermined thickness.

Accordingly, a first aspect of the present invention relates to a resin molded

30 article for fitting to an inside wall of a liner in a chamber of a dry etching



reduced for an extended period of time by fitting to the inside wall of the

liner a . wWéedisss (annular or ring-shaped resin nol ded arpcraisseyhissd ng
pl asma resistanee, heat resistance, flexibility, and a predeternined
t hi ckness. Accordingly, a first aspect of the present invention
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> VO 99/ 63%%&511@11&@? %ﬁ%ﬂ&ctor manufacture, where:n the resin molded article is
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dianeter 5  ¢f iofiehe linefrand arvhllahickdess dfnot kmvesthan mmt nore than 2 mm

A second aspect of the invention relates to_the aboye-d scrbb d sesi

nmol ded articl e, Aweserd aspeiief thednvention rlafesiptheabove-descri ??F’é‘é%"la?ﬂ]ul ar

nol ded article . ;hayi n ' X o
100[err]C, a tenfchée’&\ﬁgﬁeg%?’leg%%{n%ﬁ%h%%glgﬁkgﬁgiswgﬁ ﬂé%’%% Elgr ; B;(ur al
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dianmeter fromO0.01 to 0.3%1arger than the inside dianeter of t he
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annul ar 15 nmol ded article which i's nolded of polyinide resin powder and
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whi pg hgs an o thiderspecanfthisrintantion Celdits toa resia moldedgeticle fadittingto
i nside dianeter of the |iner and a [l thi R
m i el a BT i1 a chamter 04 dry ctibing Apparafis used 0" © than 2

semiconductor fabrication, wherein the resin molded article is a seamless annular
15 molded article which is molded of polyimide resin powder and which has an
outside diameter from 0.01 to 0.3% larger than the inside diameter of the liner and
a wall thickness of not more than 2 mm.
BRIEF DESCRIPTION OF THE DRAWINGS
The attached figures show a liner used in the invention, a resin molded body
20 according to one embodiment of the invention, and a fitting tool which can be
used to fit the resin molded article of the invention to the inside wall of the liner.
FIG. 1 (a) shows the fitting tool 3, FIG. 1(b) shows the resin molded article 2, and
FIG. 1(c) shows the liner.
DETAILED DESCRIPTION OF THE INVENTION
25 The invention is described with reference to attached FIG. 1, wherein FIG.
1(a) is a fitting tool 3 which can be used in the invention, FIG. 1(b)is a seamless
annular resin molded article 2 according to the present invention, and FIG. 1(c) is
a liner 1 used in the invention.
The inventive resin molded article 2 (hereinafter, the reference numerals 1

30  and 2 are omitted where unnecessary) for a liner is a resin molded article having a
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enbodi ment of -"the invention, and a fitting tool which can be used to
fit the resin nolded article of the invention to the inside wall of the
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nol ded arti cl ehezt resistince tempefdtide of aflegst $0G7S a ttdnsilé elongation at break of at
DETAI LED DESCRI PTI ON OF THE | NYENTI ON 25 The, i pvention is described
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tool 3 which can | ' | ot | S
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1(c) is préferible at 18asy80PC. rif thecheatwesistancetemperature is below TO§°C, nvent i ve

resin nolded article 2 (hereinafter, the reference nunerals 1 30 and 2
are onitted whescausgrthedwiching progess sempesatprejlacallyexeseds ABPUo degassinglof havi ng
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tensil e el ongajpprat break of .at | east 0.3% and a flexural nodulus
of at least 10,000 kg/cnierr]. The heat resistance tenperature

is preferably at | Thetesihaoplded inGicledsd seamless annulapmelded atticle bavingamst
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article is a semsidedanseruhare than 003%4 lager tharethb ansidegliameter of the liner
causes localized stress when fitted in place, which is not desirable.
The wall thickness of the resin molded article is preferably from 0.3 to 1.5
mm, and more preferably from 0.5 to 1.0 mm. At a thickness greater than 2 mm,

15  when the liner is heated from the outside, the resin molded article acts as a heat
insulator, making it impossible to keep the inside wall of the liner at the
predetermined temperature. As a result, the reaction products cannot be induced
to deposit on the inside wall of the liner.

Moreover, it is critical that the resin molded article be a seamless annular

20 molded article. If there is a seam, the reaction products deposit locally at the seam
and deposit excessively even when the temperature on the inside wall of the liner
is controlled, which causes the detachment of deposits, resulting in contamination
within the liner. When the resin molded article is not seamless, detachment of the
resin molded article from the seam readily arises.

25 The resin molded article of the present invention for use in a liner can be
fitted into place by heating the aluminum liner to about 100°C, causing it to
expand. Alternatively, when the molded resin article has a tensile elongation at
break of at least 5%, a flexural modulus within a range of 10,000 to 100,000
kg/cm?, and an outside diameter from 0.01 to 0.3% larger than the inside diameter

30  of the liner, it can be fitted to the inside wall of the liner by applying a load to at

4



outside dianmeter fromO to 0.3% | arger than the inside dianmeter of the
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The resin nol ded article of the present invention for use in a liner can be
fitted into place by Wheatthewpirt inolded articlenfithe inventiop infitbes intoadacerat pobiegbiusi ng

it to expand. Alternatively, when the | ded, resi [td C

tensile el ond®t i smnerature and prpssuge’bymaking @ﬁ?@gg&xﬁﬂﬁ’é@%@@eﬁl@ﬁ%@za/i thin

a range of 10, 00 . ( tapit ' ter from
BrdaR i EAOFelitly ot least 7%8{.“3%53%’]*‘33’% qjeg?tnl OOk, tamh e fkxarae

0.01 to 0.3% arger I nsi de the liner, it can be
fitted to the i npicdalusas prefifatieithinreerangeof20000itn 60,800 kelomf, anaxe preferably

4 WO 99/ 63584 \ . . :
PCT/ US99/ 11554  within a range of 20.000 to 40.000 kg/cm®. A resin molded article having an

outside diameter less than 0.01% larger than the inside diameter of the liner, when

15  exposed to high heat in a vacuum during dry etching, undergoes dehydration
shrinkage and loosens. As a result, fitting cannot be carried out without using an
adhesive; that is, by relying only on the flexibility of the molded article. The
preferred outside diameter must be decided in accordance with the flexibility of
the resin used, within the range of the present invention.

20 The inventive resin molded article having a heat resistance temperature of at
least 100°C, a tensile elongation at break of at least 0.3%, and a flexural modulus
of at least 10,000 kg/cm? is a molded article made of a resin powder, illustrative
examples of which include any one, or mixtures of two or more, of the following:
polyphenylene sulfide, liquid crystal polymer, polybenzimidazole, polyimide,

25  polyetherimide, polyamideimide, polyetheretherketone, polycarbonate,
polyarylate, tetrafluoroethylene/perfluoroalkylvinyl ether copolymer (PFA),
polytetrafitioroethylene (PTFE), polychlorotrifluoroethylene (PCTFE),
tetrafluorcethylene/hexaflnoropropylene copolymer (FEP), polyvinylidene
fluoride (PVDF), ethylene/tetrafluoroethylene copolymer (ETFE), aromatic

30 polyamide, and polyethersulfone.
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5 molded article produced by compression molding a polyimide resin powder is

preferred.

20 The resin molded article used in this invention may contain well-known
additives which will not become a cause of contamination within the liner. For
example, the resin molded article may be obtained by mixing a fluorocarbon resin,

molybdenum disulfide or the like with a resin powder, then molding.

25 Examplel
A polyimide resin powder manufactured by Du Pont under the registered

trademark “Vespel” SP-1 was loaded into a seamless annular mold and
compressed at a compression pressure (area) of at least 40,000 psi and a
temperature of at least 350°C, giving a polyimide molded article having a heat

30 resistance temperature of 300°C, a tensile elongation at break of 7%, and a



WO 99/ 63584 '

PCT/ US99/ 1155¢yq 99763584 To carry out fitting w thout usipgrescadkssi ve
(that is, by rekying solely on the flexibility of the resin nolded
article), the resin nolded article nmust have a tensile el ongation at
break of at |east 5% and a flexural nodulus within a range of 10, 000

to 100, 000 kg/ cnfigirdl-mAduldsSIf301008 ReR¥AMPhiR ndldidl ddite vias ARchinéd loGiasa 5
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additives which will not becone a cause of contam nation within the liner.
For exanple, the resin nolded article may be obtained by m xing a

f1 uorocar bon resiQamparative Examplgtidenum di sul fide or the like with a resin
powder, then nol ding. . ) . )
A polyimide precursor dispersion was applied with a spray gun onto the

inside wall of an alumite-treated aluminum liner like that used in Example 1,

15 thereby forming a 10 to 50 pm coat, which was then fired at a temperature of over
350°C. Dry etching was carried out using primarily a fluorine plasma within the
resulting liner and under the same conditions as in Example 1, as a result of which
damage to circuits formed on wafers that was caused by heavy metal and reaction
product contamination within the liner was reduced for a period of about 15 hours.

20
Comparative Example 2

A polyimide film having a thickness of about 0.25 mm was attached by
means of an acrylic adhesive to the inside wall of an alumite-treated aluminum
liner like that used in Example 1. Dry etching was carried out using primarily a

25  fluorine plasma within the resulting liner and under the same conditions as in
Example 1, as a result of which damage to circuits formed on wafers that was
caused by heavy metal and reaction product contamination within the liner was
reduced for a period of about 30 hours.

As is apparent from the above results, the seamless annular resin molded

30 articles baving distinctive characteristics according to the present invention are



25 Example 1 A pol yi mi de resin powder manufactured by Du Pont

under the r ayp swesssd trademark "Vespel" SP-1 was | oadeBCT/HS9/14554
seanl ess annular nold and conpressed at a conpression pressure (area)
of at least 40,000 psi and a tenperature of at |east 350[err]C,

giving a polyimde nolded article having a heat 30 resistance tenperature
of 300[err]C, able tmmdu@, &oromgxtended periadrof dkmep vafeydamage to contamination by
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2, as a result of which damage to circuits formed on wafers that is
caused by heavy netal and reaction product 10 contam nation within the
| iner was reduced for a period of nore than 150 hours. Conparative
Exanmple 1 A pol yi m de precursor dispersion was applied with a
spray gun onto the inside wall of an alumite-treated al um numliner
| i ke that used in Exanple 1, -



15 thereby formng a 10 to 50 [err]mcoat, which was then fired at a
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primarily a fW&o"P?%?Fé“m asma Within the resulting liner and under the
same conditions as in Exanpl ﬁ!

of which damage to
circuits formed on wafers thBisl m(‘m ml lm heavy netal and reaction
product contam W thin e | itnef was reduced for a period of about 15
hours. 20 r@#@%tlve Exanpl e 2 A polyimde filmhaving a
t hi ckness of about 0.25 mm was attached by means of an acrylic
adhesive to the inside wall of an alumte-treated_ al um num l'iner |ike
that used in Exahpheesin mbidedattichs foyfitting te an inisidd vealitof adinening ¢hamber ¢f g 25

fluorine plasma within the resulti | i ner .and under_ the .same conditions as
in Exanpl e 4ty eiching 3npataiys "6?‘{1&??%8‘5‘?%@?“6‘%@ E?lflg’ f ormed on

waf ers that was Wﬁﬁ%ﬁﬁﬂﬂoﬂa&f%ﬁcl@%@hﬁﬁga hEA ¢dsiBihcl idsiesdture of at

cont am natlon wi tfif ner was reduced for a period of about 30
hours. 1At 109°@pprensileteldngation didreak of at leass 01305 a fievarabmadulys s

annul ar resin nol ded 30 artlcles havi ng distinctive c cterijsti,cs
according to the poéedeast1000hke/en’, ap gutside diameter from §to Sg%argef than the

7 WD 99/ 63584,
PCT/ US99/ 11554 inside ddiuget? t}t}el%lLﬁneé anfiorvmelllnﬂnecx TR tpnemﬁSO 0 t| me, wafer

damage to contam nation by heavy netal s and reactlon products within
the liner. Specifically, the resin nol ded articles of the present
i nventi on halte bkeA rbmnmldedaamk@vﬁttalgdgﬁamsmetvyalmfalmermeaa@hanxbéhm?% nes

five time. | onger dBHEHIRASRIGRN VRORSeR Rl g iR g 2 About
a seamless annular molded article and having a heat resistance temperature of at
least 100°C, a tensile elongation at break of at least 5%, a flexural modulus
within a range of 10,000 to 100,000 kg/em®, an outside diameter from 0.01 to
15 0.3% larger than the inside diameter of the liner, and a wall thickness of not

more than 2 mm.

3. A resin molded article for fitting to an inside wall of a liner in a chamber of a
dry etching apparatus used in semiconductor manufacture being,
20 a seamless annular molded article from polyimide resin powder and having an
outside diameter from 0.01 to 0.3% larger than the inside diameter of the liner

and a wall thickness of not more than 2 mm.
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d ai ns: Am)lded article for fitting to an inside
wal | of a Ilnelr_unlllwﬂumﬁ‘mtu) ) dry etching apparatus used in

sem conduct or ri SI ng a seamess 5 annul ar nol ded
article that has' (a) a heatgresistance tenperature of at

| east 100[err]C, (b) a tensile elongation at break of at

| east 0. 3% (c) a flexural nodulus of at |east 10, 000
kg/cnferr], Claims: (d) an outside dianeter fromO to 0.3% ] arger
than the inside dianeter of the 10 liner, and

(e) a wall thickness of not nore than 2 mm 2. A nol ded

article according 40 O a fmyheMieft HAfie 458 insfR wALR% iner, in a chiP&'@hU" €
of at least 120[err]C.

dry etching apparatus used in semiconductor manufacture, comprising a seamless
5 annular molded article that has
(@  aheat resistance temperature of at least 100°C,
(b)  atensile elongation at break of at least 0.3%,
(¢)  aflexural modulus of at least 10,000 kg/cm?,
(d)  anoutside diameter from 0 to 0.3% larger than the inside diameter of the
N 10 liner, and
(¢)  awall thickness of not more than 2 mm.

2. A molded article according to Claim 1 which has a heat resistance
temperature of at least 120°C.
15
3. A molded article according to Claim 1 which has a tensile elongation at
break of at least 5%.

4. A molded article according to Claim 1 which has a flexural modulus of
20 20,000~60,000 kg/cm?.

5. A molded article according to Claim 1 which has
(a)  aheat resistance temperature of at least 120°C,
{b)  atensile elongation at break of at least 5%,
25 () aflexural modulus of 20,000~60,000 kg/cm?, and
(d)  anoutside diameter from 0.01 to 0.3% larger than the inside diameter of

the liner.

6. A molded article according to any one of Claims 1~5 wherein the article
30 ismolded from polyimide.
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15 = 3. A noldedarticle according to Caim1 which has a

';Tglnzgljeatra![ :)glggt Jm‘mfm, Pmﬂﬂﬂlﬁﬂﬁm gf V\ETclheﬁZg 20/(1)‘ | exural nodul us gf 20 A

20, 000~60, 000 kg/*cnfertk A nol ded article according

to Caim1 which has (a) a1beat resi stance tenperature of at
| east 120[err]C, (b) a tensile elongation at break of at

| east 5% 25 (c) a flexural nodulus of 20,000~60, 000
kg/crferr], and 7. A methodd)f fittigyh a Gudldédartidicatoaincinsitié willOofOd liher, Eh 3%

| ar ger than the inside diangter of the liner.

6. A nol dedhamber of a dne elhige apparduspised dm seraipondugionsagutsciies cemprising (2)
To | ¢ 70 ! BelMRgiRAtii RTLAR: KASLRpd. () Sting g sypided sl inside gpotded

wall of a lindingr.in a chanber of a dry etching apparatus used in
sem conducLor manufacture, conprising (a) heating the liner to cause
it to expand, and (b) fitting the nolded article inside expanded

liner. 5 8. A method of fitting a molded article to an inside wall of a liner, in a

chamber of a dry etching apparatus used in semiconductor manufacture, comprising (a)
applying a load to the molded article to cause it to deflect, and (b) fitting the deflected

molded article inside the liner.

" 10
9. A method of fitting a molded article to an inside wall of a liner, in a
chamber of a dry etching apparatus used in semiconductor manufacture, comprising
press fitting the molded article inside the liner.
15 10. A method of any one of Claims 7, 8 or 9 further comprising a step of
selecting as the molded article a molded article which has
(a)  aheatresistance temperature of at least 100°C,
(b)  atensile elongation at break of at least 0.3%,
(¢)  aflexural modulus of at least 10,000 kg/cm?,
20 (d  anoutside diameter from 0.01 to 0.3% larger than the inside diameter of
w the liner, and

(e) a wall thickness of not more than 2 mm.

11.  The method of any one of claims 7 to 9, wherein the molded article is as

25  defined in any one of claims 1 to 6,
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8. A pethod of fitting a nolded article
a chanber of a dry etching apparatus

manuf act ure, c@ si ng (a)WORiDmmm%PB%EWIOBWW@Whe mol d&

cause it to deflect, and (b) fitting

i nsi de tIN

de wal | &
m conduchi

Jostt

e deflect ed nol dedart icle

RERNABIONALAPPLICATION PUBLISHFID UNDER FBEHATENE GQQRERATION FREAEY BCT)

art i ¢ksm» hmational PbéntiClasdtidationf: a | i ner,

I A1)3nternational ﬁx!ﬂﬁ’c%ﬁ NuRfer:2 AT Y VROCSD/63584

apparnat ﬁﬁ%ﬂs%"d n sem conductor manufp¢ture, conprising press fitting
the ol ded article inside the |iner| (% International Publicdt®n Date:A Plesmbbr P9 @N2.99)
one ¢f—Crarms—7; 8 ur 9 furthrer-——ctonprrsiyg a step of setectTTgas tie

nol deg1ambenatiots Apprakicadmbért | Cl eponius®his

resi 4t ance tenperature of at

el ong &P Bigrationah FiliogDatst 5t | &SNP 197 §95P)

of at
0.01
i ner,
11.

as 2

| east 10,000 kg/cnferr], 20
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(54) Title: RESIN MOLDED ARTICLE FOR CHAMBER LINER

A resin molded article for fitting to an inside wall of a linerin a
chamber of a dry etching apparatus used in semiconductor manufacture 2
is disctosed. The resin molded article is a seamless annular molded
article having a heat resistance temperature of at least 100 °C, a tensile
elongation at break of at least 0.3 %, a flexural modulus of at least
10,000 kgfem?, an outside diameter from 0 to 0.3 % larger than the
inside diameter of the liner, and a wall thickness of not more than 2




