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; e3eb~bxxy<{p{x}6} T~"pL 2 5 NOV 2002 DESCRI PTI O N CLEANI NG
SCLUTI ON AND CLEANI NG METHOD FOR COVPONENT OF SEM CONDUCTOR PROCESSI NG
APPARATUS 5 Technical Field The present invention rel ates t&js @Vemng
solution and a cleaning nethod for a conponent of a sem con t
processing apparatus. Mre specifically, 10 the present invention rel ates
to a cleaning solution and a cleaning nethod for renoving a b

deposited on a conponent of a sem conductorjprocessing appar @M mwm
derived fromthe deconposed substances of a process gas contalnln

Seni conduct or 15 processing here nmeans a variety of processes exetfif&d to
manuf act ure sem conduct or devi cesp0p (arggt spbstfapeg, such as

sem conductor wafers or LCD substrates, and structures including

i nt erconnections and el ectrodes connected to sem conductor devices 20 by

form ng sem conductgr Al\?ﬁ@d Ssoﬂ.d% éfé’zﬁ\f %@5 %{?I ayers, and the

l'i ke in predeterm f¥%§ fyid Art
Etching is one of t naln senlcon uctor rocesses tching 1's perforned

usi ng an et ching apparatus havi ng a process chanber i n which an upper

el ectrode is arranged to oppose a | ower el ectrode (susceptor). To etch a
silicon oxide (Si02) filmon 2 5 Newhg@pe’al2riakdsurface of a

sem conductor wafer in this etching apparatus, a wafer serving as the
target substrate is pTla%e@reﬁﬁmhelmmtl@meé@l@a@s to ah¢keard®e, RF power
is supplied to the | ower electrode while 5 a fluorocarbon-based (i ncluding
a hydr of | uor ocar¥frst Jlﬁ%e%‘) ft TERRN G Method Wb%s‘é?f“&ﬁ’r&)%’é%soé such
as CF4, is introduced i process chanber. Wth this operatj ? te
process gas is &ﬁWecrql'égu‘?frﬂ% RF O SRTHP I ARPAFRELS | | PR SRECH ’r‘Fﬁ‘ Y s

i sot I hed by 10. this pl this, et cterist
Cich as GEni ng G SHITR: HFACIPRG TR E® 58 OIS TS VeI Ny Che
CF- based d t_produced. from fhe d b
gns. More Speci FHEAT o LieL s MR R R BT B0 T the

silicon oxide f'déﬁéélﬁé%%ﬁ?os, SREEL &S5 ANds LRNS é@&é}?ﬁp%@é@&ﬁzﬁ'e

controll ed by the on a portionto Do ef ¢

i nner surface of, ﬁp&ﬁ%@&tam&er;&h@a f%ﬁ&@%@&@@%@t@&@aﬁ@é@nt! al
20 in the etchlng process, and CF-based byproducts al so deposit on various

conponents in ther P Q8ESSe $H ARSI cofrOf i BXRFPE €an@ ONE 6§ i deh @pPesat us of
this type includes a clanp ring for fixing a target substrate, e.g., a
sem condud or waiedcedimg | 108wE L84 r@deandélty of processes executed
to manufacture semiconductor devices on target
substrates, such as semiconductor wafers or LCD
substrates, and structures including interconnections
and electrodes connected to semiconductor devices
20 by forming semiconductor layers, insulating layers,
conductive layers, and the like in predetermined
patterns on the target substrates.
Background Art
Etching is one of the main semiconductor
25 processes. Etching is performed using an etching
apparatus having a process chamber in which an upper

electrode is arranged to oppose a lower electrode

(susceptor). To etch a silicon oxide (SiOp) film on
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25-a-focus ring for causing a plasma produced in the process chanber to

i npinge on the wafer in a desired state. A baffle plate is disposed around
t he | ower 2 5 Nov ~0~ 3 electrode to adjust the conductance bq%hﬂg
process chanber. A wall protecting nmenber is disposed along th I T |
in order to protect the inner surface of the process chanber. The

above- nenti oned CF-based 5 byproducts cunul atively deposit on all these
conponents. A deposit made of a CF-based byproduct peels off when it
reaches a certain thickness, thereby producing particles. This degrades the
yield of sem conductor 10 devices. For this reason, before the deposit

I's off, th [ i s
peel s o es?._ihfr‘?g@g t@esd@% S i SRR 40 Jﬁ@’aﬁ Eﬂl%‘a@balsne%_o

reduce the down e apparatus, conmponents on

byproduct readi lap AeRASIs,S ARR YA I PUd teHd A W Srddat are 15
easy to exchange. Conmponents with a CF-based byproduct deposited thereon,

after use for aigy edelcdnidied menitigkofe tdd®odd € raimmed fdmd he process
chanbers, and new cl eaned equi val ent conponents are attached to the

correspondi ng p&F tpowes: i20 suppldrid amldhe losrorEldccmddd) whidleposit of a
CF based byproduct attached thereto are renoved and dipped in a

fluori ne-bBased solfMemtrocarbgpn-hzerdd udmodardiory PG dmrf lacetanerbonsr der to
swel | the deposit. Then, to peel the deposit off, the conponents are 25

ul trasonical | y \nasest)edrarqas @asat dr- eand Ginbasgdeprates g3, dsde as

cl eaning, since the CF-based byproduct is renoved by swelling and peeling
the ~ 5 ~OV 2602415 ddggadiced idyspe |amRye Rt N3P gy ne V%thbafsfebs
byproduct particles renain gn the conponents on the mcroscopic | evel even

after they are QOREHIEIOMThENS REGCETIAF yHrIRRHET 1B iR R ed
of f by RF discharge and deposit on the wafer in the formaf particles. In
etching of thi s FYp&nss F oG oD g o -SRI FECHRIGF  of
dumy mafgrs (2 L% 25 dummy wafers) is generally perforned after the

cl eaned & nponenrg'a Ut ed in the process chanber. This seasoning

anounts to coating t fﬂ' & reets&gl%%r e%ﬂ@@e’? séfg Fggg@g?%:e%ﬁggnﬁanew

CF- based byproduct, thereby suppressing generatTon o

prescribed val ug.,{Hha A4 drk t haur Or o JU QEESSE de; {Wgy waf er s
substantial l'y acéghnts Fgf«ﬁgmﬁﬁéﬁgggj%%&ghﬁbaratus.d%%éuségb PFC or
acet one requir es eV eTMa sy Y A% [ &i8adl ke TMONAE Smpbddu t he

deposit nmade of a CF-based deposit attached thereto. This results in very
low work effici gibstdnterddf ithie gideds gadhl ohadravaspadior el Iy cieté much

| arger than C02, although PFC is chemically stable and easy to handl e.
Acet one i1$ a matevdralcdloxarml tphyic #sinthdelony diveaw d agie pi hico\cet one
therefore requires sophisticated settings for use environnment and nuch cost
in storage and meiagerfddim from the active species and ions from
the plasma are controlled by the CF-based deposit on
a portion to be etched, e.g., the inner surface of a
contact hole. That is, CF-based products are essential
20 in the etching process, and CF-based byproducts also
deposit on various components in the process chamber.
For example, some etching apparatus of this type
includes a clamp ring for fixing a target substrate,
e.g., a semiconductor wafer, on a lower electrode and
25 a focus ring for causing a plasma produced in the

process chamber to impinge on the wafer in a desired

state. A baffle plate is disposed around the lower



Di'scl osure of Invention The present invention has been nade in 2 5 Nov
2p02 5 consideration of the conventional problens described above, and an
obj ect thereof is to provide a cleaning solution and a cleagh?i met hod for
a conponent of a sem conductor processing apparatus, in whi 0¥F2B2sed 5
byproduct can be efficiently and reliably renpoved. Another object of the
present invention is to provide a cleaning solution and a cl eani ng net hod
for a conponent of a semiconductor procegsing apparatus, which are highly
safe and hardly cause destruction of 10 terrestrial environnment. According
to the first aspect of the present invention, there is provided a cleaning

sol ution for n@RRVRE &PURS %@%Ctth%erdo\ﬁgﬂléﬁaq{gea GeAUP R sybst ance of a

process gas containing C and eposited ‘on a conponent in a

process chanp@ian®lerad SaMGANdWHIHe dH L TRIME ARRAIGID SR SMHLCting a
target substrate to a sem conductor process with the process gas, the

cl eani ng sol whieoRigentailni 1§ Nriihto Hritdcd ienenmihd e wol
nonobutyl 20 ether, and a surfactant. According to the second aspect of the

present i nverhieoprocesishehhambari.ng 3@ Whse -afentdionfdd Or-ased , an al kal
metal content is |less than 10 ppb. According to the third aspect of the
present 25 i hyproiductst kamlleddived ysaapasart an taid filreste or second aspect
further contains water. According to the fourth aspect of the present’ 2
5 Nov 200z 6ciompomeing:#,. in the cleaning solution of the third aspect, the
water is contained at a content of 5 to 20 wt% According to the fifth
aspect of the prededtersityvamdomt s hrdagahhyRy abiak iRfPEE @Fling to

any one of th% first to fourth as ects, the surfactant is containhed at a

content of 0¥Defo it FeRCHLSAGC SRt ik NGsEn Hheraly Arae fi%sent
sur  act ant L%ﬁ%&eﬁﬁe'eﬁf‘ﬂ;%s°'d%2gi:r%?dcﬁaa‘i“f{e8'ﬁ%§d§aie e G the
preselb ' nver& 'vq_%’es' n tfjg% %lh%.%mxne%so% Utbe%raec%%rdldn'e%ots%taryeels
off, these components must be cleaned to remove the
deposit. To reduce the downtime of the apparatus,
components on which a CF-based byproduct readily
deposits are generally built from components that are
15 easy to exchange. Components with a CF-based byproduct
deposited thereon, after use for a predetermined period
of time, are removed from the process chambers, and
new cleaned equivalent components are attached to the
corresponding positions.
20 Conventionally, components with a deposit of a CF-
based byproduct attached thereto are removed and dipped
in a fluorine-based solvent (e.g., perfluorocarbon:
PFC) or acetone in order to swell the deposit.
Then, to peel the deposit off, the components are
25 ultrasonically vibrated in pure water and thus cleaned.
In the above cleaning, since the CF-based

byproduct is removed by swelling and peeling the



one of the first to sixth aspects, a total content of the

N- et hyl - 2- pyrrol i done and et hyl ene glycol 15 nonobutyl ether is 80 to 90
w% and a ratio of a content of the N-nethyl-2-pyrrolidone to the tgb I
content of the N-nethyl-2-pyrrolidone and ethyl ene glycol nnnqpyumN er
is 0.75 to 0.95. According to the eighth aspect of the present 20
invention, there is provided a cleaning nethod for renoving a byproduct
derived from a deconposed substance of a prpcess gas containing C and F,
and deposited on a conponent in a process chanber of a sem conductor
processi ng apparatus for subjecting 25 a target substrate to a

Semi cONdUCL OF PLOEESS W LN Lhe RLOCESS 0as, Lie dIRLIOd SN SIAG Jdie st eps

of : renovi ng theé €onponent process anber; an 7

di ppi ng the CO’;PQQ@@MEQ 2ehath oh tt'P&EC%'o G 301 1kl ARCUSIRG o any

one of the fir to seventh aspects. cording to the ninth aspect of the

present 5 inventibom) kfehharebearhag meiched sageer.di ad & iihe cal-@adeaspect
t he conponent is dipped in the bath“of the cleaning solution while the

conponent is stgigdolict pageiviel 0@ QA MEHeS RACEISENE ded aHY h

aspect of the present invention, 10 in the cleaning nethod according to the
ei ghth orsni nt hdagpeét, ohheheowpg@eentin :hd @Rt 0T e diatllesaf the cleaning

solution while a tenperature of the cleaning solution is set at 50 to 80C
According to the 11t inasgpetiingf dfhelpresgnde ,1Ssao+nednteédrgedsortiing ciaani ng
met hod according to any one of the eighth to 10th aspects, the
seni conduct or ppgoesssiogpri swmbetrc [oifnguannya et egengiZd itey 28ssmmival |y of a
silicon oxide on the target substrate by using the process gas.
wafers) is generally performed after the cleaned
components are mounted in the process chamber. This
10 seasoning amounts to coating the fine residue remaining
on the components with a new CF-based byproduct,
thereby suppressing generation of particles below
a prescribed value. The time (1 to 2 hours) for
processing the dummy wafers substantially accounts for
15 downtime of the apparatus.
The use of PFC or acetone requires several days
to clean the components with the deposit made of a
CF-based deposit attached thereto. This results in
very low work efficiency. In addition, PFC has a
20 global warming coefficient much larger than CO3,
although PFC is chemically stable and easy to handle.
Acetone is a material toxic to man and having a low
flash point. Acetone therefore requires sophisticated
settings for use environment and much cost in storage
25 and management.

Disclosure of Invention

The present invention has been made in



, 20 Brief Description of Drawings FIG 1 is a sectional view show ng a

sem conduct or processi ng apparatus according to an enbodi nent of the
present invention; FIG 2 is a graph showi ng the experinental {ﬁ%‘vt @%5
about the surface tension of a cleaning solution according to the pr nt
invention; and FIG 3 is a view show ng a state in which ,~ 5 NOV ~ s a
conponent with a deposit nade of a CF-based byproduct attached thereto is
di pped in a cleaning solution. Best Mdde for5Carrying Qut the Invention The
present inventors nade extensive studies by 5 many experinments about

optimal cl eaning agents for renoving CF-based (e. g., fluorocarbon-based)
deposits on a cowrjporznete raft idprserf adiel ued e Pt DEESS | PigolbDgEns adeisct tbéde
process of devel oping the present invention. As a result, the present

i nvent ors obt ai nedovies B @nl ekjert itherest % Gfe besedids pr odledn jmgduced
in an apparatus for etching a silicon oxide filmwth a CF-based gas is
assuned to have &odwitdell @andsta wotaaring methodefeane compérgnoioh a

f1 uorocarbon resin. The fluorocarbon 15 resin is supposed to be very stable
in high and | ow SEFFECANESY FHOALHEING | 3RRAT FUS anth ivhich dLCRMRASRE by
a solvent, such as al cohol, ketone, or ester. However, in sone experinent,
a conponenf wi t h PYRTRAEE Y £8dy by middkike el 3Rb ¢ hetlebn, reifevedit was
used in a process chamnber .of an etchin aratus of ,this type, was cl eaned
with a sol ution nixt uf¥®HREMISP IR a?ﬁiﬂsgm%%w-anw% dbRetPto be

| f dt N\P her ei naft f. NvP t hyl 25 gl ycol
Tonobutyl et her 030 GEalh 6 M SRIHENON TS 1o TR ROBTASY 598 i 1

f d that t - ; ' : 25
NOV 126 N met hyP S OBFETRT Cadn i B e B WA R PSR
K ¥ : . . ; . .
ngg\tla\?i \gles WZISI Sgh\éﬁgﬁ‘z a\l?syeg]lligg*l?\c/gaa&?ee%ﬁ/%ﬁ%dejf%s? iﬂegcqe%és%’flg/ﬁifésh aorfe al so

known 5 wepl as sehverts iwhi &hwdaditedi ssol ve fluorocarbon resins. Since
t he CF-based byproduct produced in the etching apparatus of this type is

simlar to fluorocarbardfsdityg @ tescfibed &t bdhetrdoyLedEnphenomenon
seened to be contradictory to this knowl edge. To confirm whether this

di ssol vi ng phenorerentdan behgarerial ipresh i dedes | dIRsd i Vg $o Itgieown CF- based
byproducts produced under various conditions in an etching apparatus of
this type. As a rfesulrtemolAng anwdspoaduatretet hadd afldon he ddedmsesked
bypr oduct s
substance of a process gas containing C and F, and
15 deposited on a component in a process chamber of
a semiconductor processing apparatus for subjecting
a target substrate to a semiconductor process with
the process gas, the cleaning solution containing
N-methyl-2-pyrrolidone, ethylene glycol monobutyl
20 ether, and a surfactant.

According to the second aspect of the present
invention, in the cleaning solution of the first
aspect, an alkali metal content is less than 10 ppb.

According to the third aspect of the present

25 invention, the cleaning solution of the first or second

aspect further contains water.

According to the fourth aspect of the present:



were-di ssolved in a solution mxture of NMP and 2-butoxyet hanol at a given
m xing ratio. Al so, when a fluorocarbon resin conponent with the CF-based
bypr oduct deposited thereon was dipped in a solution 20 m xture of NWP and
2-but oxyet hanol , only the CF-based byproduct was properly di s0% Wsdl 2008
renoved, and the fluorocarbon resin conponent was substantially not
damaged. A nechanism for allow ng the CF-based byproduct, 25 which is
assuned to have a nol ecul ar structure al nosg the same as that of
fluorocarbon resins, to dissolve in the solution mxture of NWP and

2- but oxyet hanol is not 2 5 NOV 2002 to clear. One possible reason is that
a CF-based |ayer; fiennsided a5 de Lypdotictsdast foDbLCUh&repiFgict ure

considerably different froman ideal state. In any case, the studies of the
present invent orgsma, aewddatis bhedihas Hevercbeesnepsnes vy the
conventional know edge, for a cleaning solution for renoving a CF-based
byproduct deposiZzedstn, a conponent of a sem conductor processing apparatus.
According to the present invention, a cleaning 10 solution is prepared on
the basis of the abovacdomndlimgsto atiei Sifiskdaspecteabvihg prégepnvduct
derived froma deconposed substance of a process gas containing C and F,
and deposik ed oninventwigmponenttie cleaniegssehanber atcardémy comdamy or
processi ng apparatus for 15 subjecting a target substrate to a )

sem conduct or prtesaf \lihe fhespriwcbRurl . agpRCES eathtigSwBf AE LML cbBIt ai ns
N-net hyl - 2-pyrrolidone (i.e., NWP), ethylene glycol nonobutyl ether (i.e.,
2- but oxyet hanol TRPHRAARAD &t | DAV P8 Q- SubP abt Grift?20 The content of
an alkali metal in the cleaning solution is preferably set to be | ess than
10 ppb. This can prev%9ﬁ°¥%%n%F?%l?hﬂeféﬁt?rgﬁPﬁ?Fae i hgSt BXEAB Eonponent

of the sem conductor processi appar at us dur%n . cl eani ng,and can_al so
3 A

prevent a target”b‘éeré T &'y, I - - S i ot BFC P9 P ot Bei ng
t am nated when. t.hi i in_i hanber . 2
S°Nov 2058 11 T St et SRS BT ot Sa a8 ELSFEERSE 18 ¢ ne
cl eaning sol ution is REeS s Al ve5elndlsB0ohond0sbes IBELHE! ghbsEAti O Of
t I a -

the content of NWP to the tot content o ut oxyet hanol i s

preferably set ainfbid5id, Oud5und 0 Fodk £ &" 801 ¥t {6 0a8cbPand, c8Nnpti ||
nore preferably 0.82 to 0.86. The CF-based byproducts were properly

di ssol ved in thasfe rengese | fi3PeEd NSk Sh | Aspbe €, t hec6oaPOsSbALtOAL Of the
cl eaning solution was variously changed, mainly using the mxing ratio of
NVP and 2- but oxyef heins| N-nitey 1 +1Bnbgr el Edehs catdnetby Benahghytde cl eani ng
solution did not contain NWP or 2-butoxyethanol, and resulted in that the
sol ubi Ii ti5s of t heorCFewbigsk detiygr akicB0 was 9Owths andpareatiwtdfa sol ution
m xture of NWMP and 2-but oxyethanol,. The surfactant serves to reduce the
surface 20 tensiarcoitent|ehniie Nonrethnh-2rpyrakbidore cteakiagtadbadti on
readily perneate into the contam nant._ A surfactant for mnimzing the
surface tensi on FINHPNEE 2 Phe N URSERhbndt PYSr ot bdeprabfyd uSkYLeRet hi s

respect, the surface tensions of NVP added with
glycol monobutyl ether 1s 0.75 to 0.95.

According to the eighth aspect of the present

20 invention, there is provided a cleaning method for

removing a byproduct derived from a decomposed

substance of a process gas containing C and F, and

deposited on a component in a process chamber of

a semiconductor processing apparatus for subjecting
25 a target substrate to a semiconductor process with

the process gas, the method comprising the steps of:

removing the component from the process chamber; and




. a silicon-containing surfactant SS and NMP added with a fluorine-containing
surfactant SF were neasured. FIG 2 is a graph show ng the experi nental
results 25 about the surface tensions. In FIG 2, a content AWof each
surfactant is plotted along the abscissa while the surface t en@i®DNOBT00

pl otted al ong the ordinate. 2 5 NOV 2002 12 A broken line L1 represents a
case wherein the silicon containing surfactant is added, while a solid |ine
L2 represents a case wherein the fluorine-cepntaining surfactant is added.
As shown in FIG 2, according to 5 the experinent, obviously, the
surfactant to be added to the cleaning solution preferably contains
fluorine, from (i iinMRH cpdRAUCT Y 4 Ea i ACehd e i the

cl eaning solution. "The content of the surfactant in the cleanihg 10

solution is prefgnallibrSelccrdiny td larfy Wie I8 SHOW tdr R sedredien the

content of the surfactant is 0.1 W% or nore, the effect of reducing the
surface tension afpddtss .cl eani ng sol ution can be obtained, while the surface
tension is not nuch reduced with 15 an increase in the content. If the
content of the surfadamirdixoeeads tthev¥intotadspdet "of atines"presenth on a
substrate after cleaning. Since the surfactant is expensive, its content is
preferabl p as | cwventgessi bire tihe arldan ing aisthoddreeordingose et he
cleaning 20 solution. Preferably, the cleaning solution further contains
water. In this Gishth pengfter tdehteampenenthel ¢| Epped) ol the deatl of
preferably set at 5 to 20 wt% _Since NVP and 2-butoxyethanol have fl ash

poi nts, water add¥d REIHNIhSWEARThP Eotitihm AP SIEH: bt SEPeed | Bh

poi nts. The cl eani ng sol.yti can then be handl ed as a "nondanger ous
article" and fadl IG% é”lsi?b(r)r’g)é)eatfndl 0 MeSh®Ss 2002 13 nanagenent. If the

is | han, 5 w % I ' |uti ill.h fl ash
boi ni . 1T the vator TGRSR S THBRCT et o LRI 79" br AP RaeRly

bypr oduct, decr agsase &\l hddid! SALAG 50141 o0k 50 SR, Agt on

of absorbi'ng inorganic s as an a serve as an

inmpurity to the atsgﬂ'&@ %g&g&&ﬁ?ﬁig&%@& E g{gﬁg@g{hi@pr‘%@i c salts

are renoved is préferdbly u as water. refin wat er has a | owner

L S e R L R e
solution is set at 50 to 80%C.
According to the 11lth aspect of the present
15 invention, in the cleaning method according to any one
of the eighth to 10th aspects, the semiconductor
process comprises etching a layer consisting
essentially of a silicon oxide on the target substrate
by using the process gas.
20 Brief Description of Drawings
FIG. 1 is a sectional view showing a semiconductor
processing apparatus according to an embodiment of the
present invention;
FIG. 2 is a graph showing the experimental results
25 about the surface tension of a cleaning solution

according to the present invention; and

FIG. 3 is a view showing a state in which



- Wat.er ND ND ND ND 1.49 0.66 0.56 Pure Water 2.15 ND ND ND 1.82 2.48 8.16 20
(Unit: ppb, ND. below | ower detection limt) A cleaning nethod for a
conponent of a sem conductor processing apparatus using such a cl eaning
solution will now be described. FIG 1 is a sectional view sh@®b ngya
etching 25 apparatus 100 havi ng conponents to be cleaned with a cl eaning
solution according to the present invention. A process chanber 102 of the
et ching apparatus 100 shown in FIG 1 is negle of a conductive netal, such
as Al (alumnun), to forma process space 104 in the 30 process chanber

102. A susceptor (lower electrode) 106 2 5 Nov ~~ 14 for supporting a
semi conduct or wgf gorfdnerdl $AQHCE IRddis PrRRRSSCIATIA tiifsHREERt Of

106 is fixed in the process chanber rough an 1 nsul ating er 108. A

baffle plate 11Qthavhaa heHERer i&f & JgU¥PUG HA1eunkita fdidiqinded is
attached around the susceptor 106. A pllasma is confined in the process

space 104 by the SuscepB@étlﬁsdandoEatzakeKath eutl@nheArah@MR ibnng 112 is
arranged to hold the peripheral edge of the wafer Wplaced on the susceptor

106. 10 A focus ring The4 drersdmc usiventaor €ecte iextered vonstihdiewmfley Wi s
di sposed around the wafer W An RF power supply 116 for outputting RF power
i s connecbed tomany sxpegprents0@bolit wptamad! ectaaodiand yerersvifar as a
counterelec 15 trode to the susceptor 106 is arranged at a position in the
process chamber reg@wingr £Fi-basgded &8k /s fPpmmocandadasgfed hdepastidin or

106. The upper electrode 118 is fixed to the process chanber 102 by a
peripheral ring®R2@ SPFRRFERtatduRd SISTE ABITRIC ta e RHFHRS S ARPIR Yrdunded

t hrough t he procgess chanber 102. nunber, of gas di scharge hol es 118a
connected to a g&s GpRLPCESS OF ér?d’te];%r%‘\w g}ee HISSRAE i P YeRE 1 iber

el ectrode 118. A process.gas, .e.q., a gas mxture of CF4 and . Ar is

i ntroduced int o®th@ Fr&&ddy H&cgr’ﬁ%r’t AOUYSH tHE ??tgadsned:?gcﬂ%rge hol es
118a. The,at nos ne. J: I, ss space 104 is evacuated through the

t hr ough Egles 1 ggl% 4 @%nﬁﬁﬁégﬁlate 110 and the gap between 25 NO0vV

~p2 15 the baffle plaf egl3) ahd ddner %&auﬁf%%gfaﬁgﬁﬁl%ﬁ?%sgace

104. The inner side surface of t proces 2 1s covere

val | protecting %y H2%ii1N o IBSRRNASNGE Wid 4 her WAEs yaPace 104 5
in order to prevent the plasma fromdirectly contacting the side wall of

the process charfehmb2 tolhaviealsf hd Rlcatied K rydwtime rd bskl Zhd afdige i NY
114, peripheral ring 120, wall protecting nenber 122

as that of a fluorocarbon resin. The fluorocarbon
15 resin is supposed to be very stable in high and low
temperatures, chemically inactive, and not to be
changed by a solvent, such as alcohol, ketone, or
ester.
However, in some experiment, a component with
20 a CF-based byproduct deposited thereon, after it was
used in a process chamber of an etching apparatus of
this type, was cleaned with a solution mixture
(mainly containing N-methyl-2-pyrrolidone (to be also
referred to as NMP hereinafter)) of NMP and ethylene
25 glycol monobutyl ether (also called 2~butoxyethanol
or butyl cellosolve), and it was found that the

CF-based byproduct on the component was dissolved.




. are made of a ceramc, Al whose surface is covered with 10 A1203, A1203,
fluorocarbon resin, polyimde, or Si in accordance with their application
pur poses. These nenbers are detachable singly fromthe process chanber 102
and i nterchangeabl e wi th new equi val ent conmponents. The etchi nqsplpg@ra‘ S
100 is typically used to 15 etch a silicon oxide (Si02) filmon the sUr4ace
of the sem conductor wafer W In etching, the wafer Wis placed on the
susceptor 106 and fixed with the clanp ringgl11l2. A gas m xture of CF4 and
Ar is introduced into the process space 104 20 through the gas di scharge
hol es 118a. The process chanber 104 is evacuated and kept in a

predeterm ned r gdyeRa Lgﬁgﬁ; LSRN £ed ] is then
" 1 nEo %hﬁ%(ﬁ?g%ess 8%29§§§ﬁé§héég$¥l

applied to the susceptor to 1onize t nto the

process space 1Q4he3b alrkenelyrogrRaratid s WisBhidle S ivd mon the
wafer Wis then etched using this plasma. Wen the etching is perforned for

a predeterni nedvegrieay @f syhthdide ry¥linl Gndtdealdere®l edndVd s WE&ded
fromthe process chanber 102 and transferred to the next processing
apparatus. Durirg et chimgtya afeddtdlas by wrehectsd svqritsl unesl 4154 hengrmwcess
space 104 and attaches to a variety of 5 conponents (nmenbers) arranged in
the process spacell0ss oleesyecivihicdl Idg rest idigdvlsveenfioth merdrbavhen t he
Sio2 filmon the wafer Wis etched using the gas mi xture of CF4 and Ar, a
CF- based bypr od&é&sidtst-aches to the conponents, such as the baffle plate
110, clamp ring 10 112, focus ring 114, peripheral ring 120, and wal |l
protecting menber 12810Mf% td@p&sﬁ‘t%%ﬁﬁdarﬁﬂmodﬁct Her @iugrd ebh byle oduct on
t hese conponents increases in proportion to the process time. \Wen
t hi ckness of t hEFEI0S PPRAYE I e WMH-HAIRE 15 Bt ddAR 1t eaches a
certain val ue, tﬁ? dg@psit peel s of f toégngn te particles. These particles
cause diel ect ri & BPESEESRT of ESMScoffu FHC HRAL APVE 7 SR yiel d of
product s,aFor this r , re . the de it peels off, these conponents
10 tﬁﬁ%r}og\%%%@l s%eé ¥ £ad'%e cPoq%{aat J].cg'.,oréro rﬁ)do nté}ﬁ

nmust be cl eaned renove the deposit % with the

CF- based by pr odyslo, alaghed el POt in & RISHRFSHAed peri od of

tinme are detached from™he process chanber and repl ace ew cl eaned

equi val ent COMP@AGHchiend Al bel Y rfeda 13 L ILIIE Rh RETIOE Hadd By
components, such as the baffle plate 110, clanp ring 112, focus ring 114,

peripheral ringck2®asaad bdgidoduct s5 PNOGwRRP under various conditions

in an etching apparatus of this type. As a result,

15 it was confirmed that all the CF-based byproducts
were dissolved in a solution mixture of NMP and
2~butoxyethanol at a given mixing ratio. Also, when
a fluorocarbon resin component with the CF-based
byproduct deposited thereon was dipped in a solution

20 mixture of NMP and 2-butoxyethanol, only the CF-based
byproduct was properly dissolved and removed, and the
fluorocarbon resin component was substantially not
damaged.

A mechanism for allowing the CF-based byproduct,

25 which is assumed to have a molecular structure almost
the same as that of fluorocarbon resins, to dissolve in \

the solution mixture of NMP and 2-butoxyethanol is not



. 17 protecting nmenber 122, are replaced with new equival ent conponents. In
this case, when a series of etching operations for the wafer Ware conpl ete
and the final wafer Wis unl oaded fromthe process chanber 102, the 5
interior of the process chanber r102 is replaced with an inact2 §eNOyago)2 and
conponents which are required to be replaced are renoved fromthe process
chanber 102. As shown in FIG 3, these conponents are dipped in a bath 12
containing a cleaning solution having the ghove 10 conposition according to
the present invention for a predeterm ned period of tine, e.g., 7 hours to
perform chem cal cleaning. Note that the focus ring 114 is exenplified as a

t ith i . CE- . t t i
EOeM g 1 e ol AR E LA St (iR GRS HREeto 1
mai nt ai ned in thRdHIRPaLAhd HBRGANE BAS &f %y%&ﬁ%dé & B0+ @

result, the cleaning solution perneates Into the Cr based byproduct

attached to the ceorgierenblil4i fHe <t Fasnd Hypreductsds 20 digsglyed at
| ow speed while swelling, and thus the CF-based byproduct peels off from

the conponent 1bhsehi ntheClsthakiesd RO O Ese sdtieh dwditt 31 rayai . afey he
conponent in chem cal cleaning can be dissolved with the cleaning solution.
25 In chedical ¢lagdni ndpicds hsisowmevier Ee@n Jpdriwl donpanredodvieht ot pped in
the bath 12 of the cleaning solution while being kept in a cage 14 with 500
to 2 5 Nov 20&nawsetige ndsires clieanGRg asd thyqr dohictremestioty af f from t he
conponent 114 is renoved together when the conponent 114 is renoved from
the bath 12. ThiCF-di&est bypricsiucdqdenas teshe a mongamtithesol ution
according to 5 the present invention dissolves the CF-based byproduct while
per f | uor ocar bon 2orS SHEEH HLEd PSS idsh\ARRATATAIS ¢l eani ng sol ution does
not dissolve the CF-hased pyproduct. That is, when the CF-based byproduct
peel ed off fromthe %&F&ﬁﬁ}e)‘ﬁ{)g R QRGP HHEHE 1 2 FFL93IRT eani ng

sol ution, .t he byproduct gradually djssolves.in .the bath 12 to change the
conposi t Fdn of %é%elugﬁlé)é]n%ﬁg PESIRGES6 .°h ﬁ:\{'i ibéf"sci:f‘sé’,éjttﬂ’éa t?i”t‘ﬁ’elz cont ai ni ng
t he cl eani ng solayt. S g re i th a new.ong. .15 The
conponent 114 hgy%ﬁgﬂlnderé%ﬁéstﬁ%%gﬂé#¥bﬁé%§%§§$:%;qy Eﬁiaﬁﬁjiéfﬁ%ﬁqned

Lo 1 20 ettt iiles s O e GO

attached to the conponent uring t

removed. The corpamentr,lihd HePds8d NG HNYY R i 4 %?edstfs SS

chanber 102 agai n when the correspondi ng conponernt 1 n the pr chanber

102 i s requir edchembesplodC anMgrini cd ARSI A AR I8 MPad&uL! ®ani ng
conponents with a CF-based byproduct deposited thereon was 25 conducted

usi ng anléxanpl eubfjetchd nabave aalgeanisupsitahed tand & pdididie exanpl e of
the conventional nethod. The conponent to be cl eaned was the one nade of Al
process with the process gas. The cleaning solution
contains N-methyl-2-pyrrolidone (i.e., NMP), ethylene
glycol monobutyl ether (i.e., 2-butoxyethanol or butyl
cellosolve), and a surfactant.
20 The content of an alkali metal in the cleaning
solution is preferably set to be less than 10 ppb.
This can prevent the alkali metal from attaching to
the component of the semiconductor processing apparatus
during cleaning and can also prevent a target
25 substrate, such as a semiconductor wafer, from being

contaminated when this component is used again in the

process chamber.



. 2 5 Hov 2002 19 having the surface covered with A1203 and was used in the
et ching apparatus 100 shown in FIG 1 for a predeterm ned period of tine
generally requiring periodical replacenent. 5 In the exanple %; t he present
i nvention, a cleaning solution had a conposition consisting 8 NBV va002 NP,
15 wt % 2- but oxyet hanol, 0.5 wt % surfactant, and 9.5 wt % water, the
tenperature of the bath 12 containing the cleaning water was 50C, and the
10 dipping tine of the conponent was 7 hoursy In the conparative exanple of
t he conventional nethod, the cleaning solution was acetone, the tenperature
of the bath of the cleaning solution was 15C, and the dipping tinme of the

conponent was 5 hourSThéStaethecanéaﬁ‘eBo@hﬁngeﬁnhn2%%1;65&?@%%:1@‘1 particles
attached to wafers, when the conponent was processed by the exanple of the

present inventi ofn atile VaSe aBRLAG esoldtibe péOﬁ@ésegaa esedO0g8tf b ebchi ng.
Each wafer used was a 200-mm SI wafer, and the size of each detected 20

particle was 0. 290mwo%. NOTke WngRﬂeratlowbenthéecshiénefoﬁeNEPIQd paeticle
is set at 0.2 a mor nore for a 200-mm wafer, the wafer having 30 particles
or less is regardedal occeatéstyof hkMBt anda2dbufbayetbanad shoppefaribble 2,
according to the exanple of the present 25 invention, when only one dumy
waf er i s ptocesseelt @to@eﬁﬁlh@ ®f95n mereaprefeeabiuntbedsBatbed.9, 2n8 NOV
Z002 20 Table 2 Wafer No. 1 2 3456 7 8 No. of 5 Particles 215 10 6 2 0 3

6 6 In contrast,SaEEbrEPTe Prefeeakbyplr82i te @x8hpl eThe E€Rebasadenti onal
met hod, the 20t mafeé had 30 or |ess Eartlcles each having a size of 0.2
umor nore 10 foPYRFRIVG TR WeTeePTIRGF LY sd188RbVafngnt BhERE EBAPEFainve

| f th t hod 20 f
O seed proccoyenliene IR ety Uph 53,20 0t tor e dumy ?ﬁsgé?agéisi g
f 20 d fe h bst .
gomntlngng¥ rﬁe %%d%?gfﬁ &a%b §¥ é?%régégﬁ ?l@?gﬂiﬁeP§¥Pgd ggcgﬁglgﬂrg[
waf er of the exappl &, of¢ tfigo Py &e@tbw&%g%mynwe E‘Qﬁé%gﬁ niegeﬁgzﬁe( Ener gy

Di spersible X-ray spectroscopy) in desce or der St Ze.

result, no 20 CFaP@ée@oMét&é%héﬁ“@h@eéfééﬁﬁn?a@QlGQﬂPhnngOﬁétOf Al 0.

and S accounted for nost particles. The cause o his can ought as

follows. That i Scoftdie MMEOSPONESRELtERPeehandle SXQerbBDteliSiABERaRl Al
havi ng the surface covered (anodized) with 25 A1203, Al and O are present

on the surface ofhé¢ hsoTwnpbhentof Sche @k sbape@sepproduebewasriage of the
conponent because sulfuric acid is used in anodi zi ng the conponent.

Accordingly, Al,a®ceamphiSdanitie geselatbonhyiktucéi of MAPnahle conponent
is mounted in
15 2-butoxyethanol, .

The surfactant serves to reduce the surface
tension of a cleaning solution and make the cleaning
solution readily permeate into the contaminant.

A surfactant for minimizing the surface tension of
20 NMP and 2-butoxyethanol is preferably used. 1In this
respect, the surface tensions of NMP added with
a silicon-containing surfactant SS and NMP added with
a fluorine-containing surfactant SF were measured.
FIG. 2 is a graph showing the experimental results
25 about the surface tensions. In FIG. 2, a content AW

of each surfactant is plotted along the abscissa while

the surface tension ST is plotted along the ordinate.



. 25 N~~ ?002 21 the process chanber 102. These particles are weakly
attached to the surface of the conponent, and nost of the particles are
detached fromthe surface of the conponent by initial RF dischay ggvifnn
etching. 5 The particles are then exhausted outside the process chanber
102. Therefore, the nunber of detected particles is greatly reduced from
the second wafer. In contrast, in the conparative exanple of the
conventional nmethod, a fine CF-based byproggct probably 10 is attached to
and remains on the conponent. Since the CF-based byproduct is strongly
attached to the surface of the conponent, it cannot be peeled off at once
by the RF dischar gedk@netighicnd TReNe:URs & IallehHurdier e dimcdipf ers

have to be processed, that iIs, 15 Seasoning Is required. An experinent was

conducted to cheghthieing alirgaghian tbalsweriadd)e wanreratsyia of1 e ¢l eani ng
solution according to the present invention and the solubility of the

CF-based byprodueprelsenttlsi & 26 sexpérdreE@nt tHeh & laloganiag sdiiniaiy had a
conposition consisting of 75 wt % NWP, 15 wt % 2- but oxyethanol, 0.5 w %
surfactant, andsarfant@nwatier addeconpayserghomint hint Fa CF-2ha sexdt dyydaimad ucd
deposited thereon was di pped in the cleaning solution for 3 hours. 25 Table
3 shows t he reshes experdaemti, n@hviousdiyubithe isaxr fafcttans R e edidydr oduct
at cleaning solution tenperatures of 20C, 50C, and ?0C. As shown 0~ 2p0'L
22 in Table 3, tRe thiegfdeani@dcisednitigns drafiegrblamsandtaims flhohHingher t he
solubility. The |arger the thickness of the CF-based byproduct to be
removed, prefer & he NiGHEP1Me off &83UTESoIthS St e ¥Ry ©f

However, when th teg@grature qf t,he cl eani ng sol uti on excessively
i ncreases, wat e CevAdRG @4 d e cl eani ng sol uti on conmponent s

e 207 S0 0L IR T8 Ui R i e o

T I nitjal i f idd i gh c [ $

200 2 0018 00 0oe gL BrFer Pt sd bt - N " Sileptn®

above, the cl eaning2ol i, gdaCaolediighdont 1 RS- duuatd g can o e
e

efficiently and reliably renove CF-bas yproducts than the 20

conventional cl gani REssrlimiore, M2 (¥Feith\s %d%ﬂdiQJ% dope)s ehce

2- but oxyet hanol (et hyl ene glycol nonobutyl ether) are less toxic and rarely
affect human healenls.iod Ee t¥P carG nd-mytspiiaiian@an eadidbt gigpanpose in

outer air, use of these materials does not 25 becone one of the causes of
gl obal war m ng. wliinee tNeP siux fiavex peEmsE v dseadf nudls medwredalwiddes not
increase the cleaning cost of the conponents of the sem conductor
processi 3§ apparat usicreaseplies tdfe tdmntentter i Alf dfhe eedmrporsshtthe be
cl eaned are ceramc, Al whose . . .
surfactant exceeds 1 wt%, dot-like "stains" remain on
a substrate after cleaning. Since the surfactant is
expensive, its content is preferably as low as possible
in order to also reduce the cost of the cleaning
20 solution.

Preferably, the cleaning solution further contains
water. In this case, the water content in the cleaning
solution is preferably set at 5 to 20 wt%. Since NMP
and 2-butoxyethanol have flash points, water added to

25 the cleaning solution can eliminate the flash points.

The cleaning solution can then be handled as a

"nondangerous article" and facilitate storage and



2 5 Np~ Q02 23 surface is covered with A1203, A1203, fluorocarbon resin,
polyimde, and Si. Note that polyimde readily dissolves in the cleaning
solution according to the present invention and a pol yi m de conmponent nust
be 5 cleaned within a short tine. Sem conductor processing whici@ Dgperahes
CF- based byproducts is not only etching but also CVD. The present inve % on
has been described with reference to a preferred enbodi nent of the present
10 invention in conjunction with the acconpanying draw ngs. The present

i nvention, however, is not limted to this. Various changes and

nodi fications can be anticipated by those skilled in the art within the
range of techni def i.ped,.i.n a | ai_ng. _Thes hanges
and nodificatio%gkgﬁgﬁggtbe ggngpkugéggg %@ﬁggggrégrgfgénﬁﬁa$h§ gg%ﬁnical

scope of the pr esent1bAKSRE GB1uc 1805 NOT 12K 24 GoAlhBobind ol eani ng

solution for renoving a byproduct deri froma deconpo substance of a

process gas contai Rhagy&tardcbntand deRelsed00ts ,a thMRINGMR: 11iRy2 Process
chanber of a sem conductor processing apparatus for subjecting a farget

substrate to a 5@nt@oadu@aobyg&@aaggswub&rbage@nocess gas, the cleaning
sol ution containing Nnethyl-2-pyrrolidone, ethylene glycol nonobutyl

ether, anB a surfact aatterwinh the alleainintetsallutdrirenilsef Haasard tildh ~ o
ppb. 2. The cl eaning solution according to claim1, further containing

wat er. 3. The cbéanbrgrbihgt ioprgendcdisad tiso shahmad, arherldial it mebsdt,er is
contained at a content of 5 to 20 wt%

which serve as an impurity to the target substrate.
Refined water from which inorganic salts are removed
is preferably used as water. The refined water has

10 a lower content of inorganic salts than pure water, as

shown in Table 1 below.

Table 1
Component Al Cr Ni Fe Cu K Na
15 Refined
Water ND ND ND ND 1.49 0.66 0.56
Pure
Water 2.15 ND ND ND 1.82 2.48 8.16
20 (Unit: ppb, ND: below lower detection limit)

A cleaning method for a component of
a semiconductor processing apparatus using such
a cleaning solution will now be described.
FIG. 1 is a sectional view showing an etching
25 apparatus 100 having components to be cleaned with a
cleaning solution according to the present invention.
A process chamber 102 of the etching apparatus
100 shown in FIG. 1 is made of a conductive metal, such
as Al (aluminum), to form a process space 104 in the

30 process chamber 102. A susceptor (lower electrode) 106



. ~5 4. The cl eaning solution according to any one of clains 1, 2, and 3,
wherein the surfactant is contained at a content of 0.1 to 1.0 % 5. The
cl eaning solution according to claim4, wherein the surfactant ﬁ&ﬁya%ﬁf
fluorine. 6. The cleaning solution according to any one of dz% and
5, 20 wherein a total content of the N-nethyl-2-pyrrolidone and ethyl ene

gl ycol nonobutyl ether is 80 to 90 W% and a ratio of a content of the
N-nethyl -2 pyrrolidone to the total content;pf the N-nethyl-2-pyrrolidone
and et hyl ene gl ycol nonobutyl ether is 0.75 to 0.95. ~N 5 NOV ~pp2 25 7.
A cl eaning nethod for renoving a byproduct derived froma deconposed

substance of ‘a brogessss: C05! 21 0LAGG 00, QOddofost ! 80, 00.84cgpponent

in a process chanber conduct or processi ng appar at us J ecting

a target substratige {9rdcE&N CIRAMNEE OL 0PI OC@ﬁé %é@e{:@&rpi%%ﬁ pigag the
met hod conprising the steps of: renoving the conponent fromthe process

chanber; and di pmntghérpr@@éwr@mmb@ral@@tbh@éu Céﬁ‘aﬂhé‘ﬁll§9§.ﬂ§'0n
containing N 1o nethyl -2-pyrrolidone, ethylene glycol nonobutyl “ether, and

a surfactant. 8.mdtisec! B@®i noa nieaholle aTatEi DYO t Rael By Na Tnumber ebh the
conponent is dipped in the bath of the cleaning solution while the
conponent 3 s stotlexbugh shebge Wid 800 gpoifdedessesttOchdiieacdbendi e

met hod according to claim7 or 8, wherein the 15 conponent is dipped in the
bath of the cl ea¥$eeREPLt]OMH. W | Rlasnanpereonftned ihetié epnomgssol ution
is set at 50 to 80C. 10. The cl eaning nethod according to any one of clains
7 to 9, wherein %W%e*ﬁ‘bot?ﬁdu‘é}?%rmb?%%ﬁbgrcb%r@%‘ésb@gf:hﬁ!n]glatﬁa}'be

consi sting essentl of ,a sjlicon oxide on the target substrate by using
the process gas.? q_p FH o} Bant fi@ et heed ake orei dgt ke Beyipherat clains

7 to 10, edge of the wafer W placed on the susceptor 106.

10 A focus ring 114 for focusing an electric field on the
wafer W is disposed around the wafer W. An RF power
supply 116 for outputting RF power is connected to the
susceptor 106.

An upper electrode 118 serving as a counterelec-

15 trode to the susceptor 106 is arranged at a position
in the process chamber 102 where it faces the support
surface of the susceptor 106. The upper electrode 118
is fixed to the process chamber 102 by a peripheral
ring 120 arranged around the upper electrode 118 and

20 grounded through the process chamber 102. A number of
gas discharge holes 118a connected to a gas supply
source (not shown) are formed in the upper electrode
118. A process gas, e.g., a gas mixture of CFy4 and Ar
is introduced into the process space 104 through the

25 gas discharge holes 118a. The atmosphere in the
process space 104 is evacuated through the through

holes 110a of the baffle plate 110 and the gap between



~ wherein an alkali metal content is |less than 10 ppb. 12. The cl eaning

met hod according to any one of clains 7 to 11, wherein, in the cleaning
solution, a total content of the N-methyl-2-pyrrolidone 25 W %p&g 26
and et hyl ene gl ycol nonobutyl ether is 80 to 90 wt% and a ratzi b8 2
content of the N-nethyl-2-pyrrolidone to the total content of the

N- et hyl - 2- pyrrol i done and et hyl ene gl ycol nonobutyl ether is 0.75 to 0.95.
13. The cl eaning nethod according to claim@, wherein the ratio of a
content of the N-nethyl-2-pyrrolidone to the total content of the

N-net hyl -2 pyrrolidone and et hyl ene glycol nonobutyl ether is 0.8 to 0.9.
14. The cl eanin ccqrding (to ¢l ai , rejn t | falo
content of the %Lh%:b%%ﬁ:l% ?/'ra%o ?‘(}(Qnea%tag ﬂ%%lnoril%e “gdol% e%%f(r)%[ét FlbeP

N-met hyl -2 pyr raljdong and eidadLng 4l yedle MpUiaLidf sdce GB8%H 0. 86.
A Asy.AAy. AR An .Ay. Asy. Ay. ALHY. A e. A As . AL

e. Ay. Asy. A . A. Adr&cRls lehAsRr A02 is covered with a wall protecting

A AsLr.AL[ . AL. AL#% gl m} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
Ra] ca] ca] ca] ca] erinkjrc aj2ea)ienjceajrerigalda] e Maia]ic <l gl @ Bgadé 104

Y+2j #[ , ef {vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca
] ca] ca] capca] calica]oralera Jtea jpraivealll] ddlec af leeainldV/ ot )d de)ed tiryntoxin d cctad rog ] ca
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]ca]ca
] ca] ca] ca] ca] calthg' side Jall of the process chamber 102.

ul tremog: "W """, #e####| w mhc” Y] ] cal ca)]a]ca] ca] ca] ca] ca] Caiajcg ca] ca] cal] ca] ca
] ca] ca] ca] ca] ca] ca] cdhen]e folg daljatg chl Ca]cgnm] e ¢ al kol 8T $T $SHER- & &
&&E&&E!

) 6% 7* G+ S*V+Wk+|mﬁu+p,q%prﬂﬂ;vaﬂ AT 2] ¢ e REq ke e T f1emfa] ¥4 cal ca) ¢
1 1500) 1 1k X (S AR DA o PSS o A A4 o (S PRH S R o] ca
%%2163?133%0%?][ gg]g@am] Ca]ggs?ﬂzg%] ,:C:aﬂ_l_cufﬂr?oaéacradc?na] S8l gal qalgaleat] cal catd cal 666666
wenen o] oo caleateal Salorlal 626 £l Sl SRl 58] cobral gl cal cal ¢

aJ ca] ca] ca] ca] ca ca

;1 <<<O==>>H>| >2! - 9?@%3%%9?%[]%?%?%?: ANy

] ca] ca] cal] ca] caﬁeéna g:a cal cal ca] ca] ca] caJ ca cg{éﬂﬁtaﬁgc%’lg% cafgda%%]cgg]cg
a] ca! CCCCCDD D2OWNER )iidfexfdfangeable with new equivalent components.
G=G>CEEEGHNHHHHHHHH-Yt 0 e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] cal] ca] cajra] sedicil ¢ adsgd £&f €4 a] €@ £6 af gisd €4 Ly HEbRA ntol 3JJIJJIK
KKLULLLL" MAMMVVMVMMLNE NNN} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]c;\:a] ca] calsca] calexadicad i lniajara] @i daa] €sd @) ciid ] ora] ohed csaj iofd dINNOCOGOVOND)

PAPBPPPPPP, Q. (0 GepMRRRRRRRjowr et 3] ca] ca] ca] ca] ca] ca] ca] (fa] caUlca]ca]calc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! RRSTRUVWWVVWIK
XXXYY2Zj ZZZ[ [ [ % 2\ 5\ | I ejali g, gtherwhEer] €] 9] rajeed ca chreafeafenyes] caj
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal caUl calcalca]ca)lca]calg "aa
aabbbbbbbbbbcd3 coebefifgdgrith the clamp ring 112.° A gas mixture

! kf s N N N (
T e A e e
%. r}xsni cal.cal.ca] ca] ca] ca] calcalcalc ca] cal cal cal cal cal ca] ca
]pgan]ch] g cal ca]?h‘%% rba‘%kbea]‘é%é c‘g%%é}%ﬁ%%g}%g%? ?szg; 8l G888

SSSDsKsMscsvsyss

t 4t W nt ot t Y; I ' aljcal ca

] ca] ca] ca] ca] ca]ccsrgﬁré%ﬁrcﬁ&;%] J(‘:Sg] %%%%“2#%?3%#%2%@%} %&a?gé’f%l%%f@%g] I:Aa} ca
N Y . .

1,%31,;31,;35?]2;?{%%‘{%%‘%Y%{%%% cai caq P(I:%T%é] 0%1] %Ié. C(1:?:1 %%1 %:%(]a%alcha %vg]ega] ca]
}Cg]} }c?15 ca] cal cal cad cal gl sgpredaalsatrel sabeapeal cobeatb{ abhi1ad ohe|
3g| wrmheY] ] ] ca] gpdead £ af £2] Ll £cd eadgal sodceheapeat 683 capsadcapeal] calcaj c
aJ ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]cal/v ?4J! b5
3g| wr the”q ] ] ca] ervd s o o £81 Log ca] prasmica) the calog] £almadnathba] ca] ca] ca
] ca] ca] ca] caU] ca] ca] cal ca] ca] ca] cal]ca%F s10% u& ()-91 z10% & ()-@ .
10% u& () - = 10%9adend W) 1 &S¥hed 08t cRed ) us DA% hRS (pLrdkmag) "When the
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102 and transferred to the next processing apparatus.

During etching, a reaction byproduct is produced

in the process space 104 and attaches to a variety of

5 components (members) arranged in the process space 104.

More specifically, as in this embodiment, when the SiOj

film on the wafer W is etched using the gas mixture

of CF4 and Ar, a CF-based byproduct attaches to the

components, such as the baffle plate 110, clamp ring

10 112, focus ring 114, peripheral ring 120, and wall

protecting member 122. The deposition amount of the

CF-based byproduct on these components increases in

proportion to the process time.

When thickness of the deposit made of the CF-based

15 byproduct reaches a certain value, the deposit peels

off to generate particles. These particles cause

dielectric breakdown of semiconductor devices to reduce

the yield of products. For this reason,

before the

deposit peels off, these components must be cleaned

20 to remove the deposit. That is, components with the

CF-based byproduct attached thereto upon use for

a predetermined period of time are detached from

the process chamber and replaced with new cleaned

equivalent components.

25 After use for a predetermined period of time,

components, such as the baffle plate 110, clamp ring

112, focus ring 114, peripheral ring 120, and wall
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protecting member 122, are replaced with new equivalent
components. In this case, when a series of etching
operations for the wafer W are complete and the final
wafer W is unloaded from the process chamber 102, the

5 interior of the process chamber rl02 is replaced with
an inactive gas, and components which are required to
be replaced are removed from the process chamber 102.
As shown in FIG. 3, these components are dipped in a
bath 12 containing a cleaning solution having the above

10 composition according to the present invention for
a predetermined period of time, e.g., 7 hours to
perform chemical cleaning. Note that the focus ring
114 is exemplified as a component with a deposit made
of a CF-based byproduct attached thereto in FIG. 3.

15 In this case, the temperature of the cleaning
solution is maintained in the range of 20°C to 80°C and
preferably 50°C to 80°C. As a result, the cleaning
solution permeates into the CF-based byproduct attached
to the component 114. The CF-based byproduct is

20 dissolved at low speed while swelling, and thus the
CF-based byproduct peels off from the component 114.
Fine CF-based byproducts which tend to remain on the
component in chemical cleaning can be dissolved with
the cleaning solution.

25 In chemical cleaning, as shown in FIG. 3, the
component 114 is dipped in the bath 12 of the cleaning

solution while being kept in a cage 14 with 500 to
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100 meshes. The CF-based byproduct peeled off from the
component 114 is removed together when the component
114 is removed from the bath 12. This operation is
required because the cleaning solution according to

5 the present invention dissolves the CF-based byproduct
while perfluorocarbon or acetone used as the
conventional cleaning solution does not dissolve
the CF-based byproduct. That is, when the CF-based
byproduct peeled off from the component 114 stays in

10 the bath 12 of the cleaning solution, the byproduct
gradually dissolves in the bath 12 to change the
composition of the cleaning solution. 1In this case,
the bath 12 containing the cleaning solution must be
frequently replaced with a new one.

15 The component 114 having undergone the chemical
cleaning is dipped in refined water and washed with the
water. With this operation, the contaminant attached
to the component 114 during the chemical cleaning can
be reliably removed. The component 114 is dried and

20 then mounted in the process chamber 102 again when the
corresponding component in the process chamber 102 is
required for replacement.

A comparative experiment for cleaning components
with a CF-based byproduct deposited thereon was

25 conducted using an example of the above cleaning method
and a comparative example of the conventional method.

The component to be cleaned was the one made of Al
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having the surface covered with Al;03 and was used in
the etching apparatus 100 shown in FIG. 1 for a prede-
termined period of time generally requiring periodical
replacement.

5 In the example of the present invention,
a cleaning solution had a composition consisting
of 75 wt% NMP, 15 wt% 2-butoxyethanol, 0.5 wt%
surfactant, and 9.5 wt% water, the temperature of the
bath 12 containing the cleaning water was 50°C, and the

10 dipping time of the component was 7 hours. 1In the
comparative example of the conventional method, the
cleaning solution was acetone, the temperature of the
bath of the cleaning solution was 15C, and the dipping
time of the component was 5 hours.

15 Table 2 shows changes in the numbers of particles
attached to wafers, when the component was processed by
the example of the present invention and was mounted in
the process chamber 102 for etching. Each wafer used
was a 200-mm Si wafer, and the size of each detected

20 particle was 0.2 um or more. In general, when the
size of detected particle is set at 0.2 um or more for
a 200-mm waferj the wafer having 30 particles or less
is regarded to satisfy the standard. That is, as shown
in Table 2, according to the example of the present

25 invention, when only one dummy wafer is processed,

processing of an actual wafer can be started.
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In contrast, according to the comparative example
of the conventional method, the 20th wafer had 30 or
less particles each having a size of 0.2 um or more

10 for the first time. That is, according to the
comparative example of the conventional method, unless
20 or more dummy wafers are processed, processing of
an actual wafer cannot be started. The processing of
20 dummy wafers takes 1 to 2 hours, which substantially
15 accounts for downtime of the apparatus.

About 20 larger particles detected on the first
wafer of the example of the present invention were
analyzed by EDX (Energy Dispersible X-ray spectroscopy)
in descending order of particle size. As a result, no

20 CF-based particles were detected, and combinations of
Al, O, and S accounted for most particles.

The cause of this can be thought as follows.

That is, since a component used in the experiment is
made of Al having the surface covered (anodized) with

25 Al;03, Al and O are present on the surface of the
component. S is also present on the surface of the
component because sulfuric acid is used in anodizing
the component. Accordingly, Al, O, and S can be

generated by friction when the component is mounted in
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of the particles are detached from the surface of
the component by initial RF discharge in etching.

5 The particles are then exhausted outside the process
chamber 102. Therefore, the number of detected
particles is greatly reduced from the second wafer.

In contrast, in the comparative example of the
conventional method, a fine CF-based byproduct probably

10 is attached to and remains on the component. Since the
CF-based byproduct is strongly attached to the surface
of the component, it cannot be peeled off at once
by the RF discharge in etching. Therefore, a larger
number of dummy wafers have to be processed, that is,

15 seasoning is required.

An experiment was conducted to check the
relationship between the temperature of the cleaning
solution according to the present invention and the
solubility of the CF-based byproduct. In this

20 experiment, the cleaning solution had a composition
consisting of 75 wt% NMP, 15 wt% 2-butoxyethanol,
0.5 wt% surfactant, and 9.5 wt% water. A component
with the CF-based byproduct deposited thereon was
dipped in the cleaning solution for 3 hours.

25 Table 3 shows the results of measuring the
solubilities of the CF-based byproduct at cleaning

solution temperatures of 20C, 50°C, and 70C. As shown
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in Table 3, the higher the cleaning solution

temperature, the higher the solubility. The larger
the thickness of the CF-based byproduct to be removed,
preferably the higher the cleaning solution tempera-

5 ture. However, when the temperature of the cleaning
solution excessively increases, water is evaporated and
the cleaning solution components undesirably exhibit
flash points. From this viewpoint, the temperature of

the cleaning solution is preferably set at 50 to 80C.

10 Table 3
Temperature Initial Weight after Solubility
Weight (g) Cleaning (g) (%)
20°C 2.00 1.99 0.5
15 50°C 2.00 1.77 11.5
70°C 2.00 1.67 16.5

As described above, the cleaning solution
according to the present invention can more efficiently
and reliably remove CF-based byproducts than the

20 conventional cleaning solution. NMP (N-methyl-2-
pyrrolidone) and 2-butoxyethanol (ethylene glycol
monobutyl ether) are less toxic and rarely affect
human health. Since NMP and 2-butoxyethanol readily
decompose in outer air, use of these materials does not

25 become one of the causes of global warming. Since NMP
is inexpensive, use of this material does not increase
the cleaning cost of the components of the semicon-
ductor processing apparatus. Examples of the material

of the component to be cleaned are ceramic, Al whose
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dissolves in the cleaning solution according to the
present invention and a polyimide component must be
5 cleaned within a short time. Semiconductor processing
which generates CF-based byproducts is not only etching
but also CVD.
The present invention has been described with
reference to a preferred embodiment of the present
10 invention in conjunction with the accompanying
drawings. The present invention, however, is not
limited to this. Various changes and modifications
can be anticipated by those skilled in the art within
the range of technical scope defined in the appended
15 claims. These changes and modifications should be
construed to be incorporated in the technical scope of

the present invention.



10! 3#10%&' ()-z! 3#10%&' ()-z! h(#10%| & ()-K ! " h(#10%& ()-K h
y&10%&' () - aaaaXbbbQcr S1C0! “ " 109%& ()-c¢ 10%& ()-Y !'10% & ()-z! xY
110% , & ()-zI 109%& ()-$ 10%& ()- 10QccKddZeee}~?1C0! "~ v
[ 109&' () - L&#10%&' ()-f!L&#10%&' ()-f >, "10%& ()-z!", " 10%& ()-z‘"10@/&"i‘3-m”f
ffffrS40lY 109%&' ()- YL0%&' () - &$10%& ()-m é?t 10
10! L1#10%&' () - ~! L1#10%&' () - ~f gg' gggh} ~<r 811 sy 100xx& ()-zsm' 10%g& ()-!snt
10%& () - S109& ()-! SLOUKKE ()-9310%& ()-Jg&' éjj kkz[ <140 10l
5109 ()-s.!10% & ()-'s.!10%& ()-!s"" 109 W G!s""10%}& ()-G
sY"10%&' ()-zkkkkkl | @j H40 10l !'i> 10%& ()-B !i> 10% & ()-B F
E10%&' ()- Y109%&' ()-"$10%& ()- 10 10@mInnooowXx9H40 10h
0s10%&' ()- & ' 109& ()-f! & ! 10%& ()-f!sy#10%AA& ()-!sy#10%& ()-! sy#10%&' () -
op" g#0q%$q%q. q1qqoP103 MROSIE&niaY -sOBRIDMTEF (Omodfhd G \pRodlict dedivéd from a
10! “1#10%&' ()-P ! 1#10%1& ()-P
decomposed substance of a process gas containing C and F, and deposited on
5 acomponent in a process chamber of a semiconductor processing apparatus
for subjecting a target substrate to a semiconductor process with the process
gas,
the cleaning solution containing N-methyl-2-pyrrolidone, ethylene glycol
monobutyl ether, and a surfactant, with an alkali metal content of less than 10
10 ppb.
2. The cleaning solution according to claim 1, further containing
water.
3. The cleaning solution according to claim 2, wherein the water is
contained at a content of 5 to 20 wt%.
15 4, The cleaning solution according to any one of claims 1, 2, and 3,
wherein the surfactant is contained at a content of 0.1 to 1.0 wt%.
5. The cleaning solution according to claim 4, wherein the surfactant
contains fluorine.
6. The cleaning solution according to any one of claims 1, 2, and 5,
20 wherein a total content of the N-methyl-2-pyrrolidone and ethylene glycol
monobutyl ether is 80 to 90 wt%, and a ratio of a content of the N-methyl-2-
pyrrolidone to the total content of the N-methyl-2-pyrrolidone and ethylene

glycol monobutyl ether is 0.75 to 0.95.
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the method comprising the steps of:

removing the component from the process chamber;
and

dipping the component in a bath of a cleaning solution containing N-

10  methyl-2-pyrrolidone, ethylene glycol monobutyl ether, and a surfactant.

8. The cleaning method according to claim 7, wherein the
component is dipped in the bath of the cleaning solution while the component is
stored in a cage with 500 to 100 meshes.

9. The cleaning method according to claim 7 or 8, wherein the

15  component is dipped in the bath of the cleaning solution while a temperature of
the cleaning solution is set at 50 to 80°C.

10.  The cleaning method according to any one of claims 7 to 9,
wherein the semiconductor process comprises etching a layer consisting
essentially of a silicon oxide on the target substrate by using the process gas.

20 11.  The cleaning method according to any one of claims 7 to 10,

wherein an alkali metal content is less than 10 ppb.

12.  The cleaning method according to any one of claims 7 to 11,

wherein, in the cleaning solution, a total content of the N-methyl-2-pyrrolidone
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pyrrolidone and ethylene glycol monobutyl ether is 0.8 to 0.9.

14.  The cleaning method according to claim 13, wherein the ratio of a
10  content of the N-methyl-2-pyrrolidone to the total content of the N-methyl-2-

pyrrolidone and ethylene glycol monobutyl ether is 0.82 to 0.86.



