26 March 2007 PLASMA CHAMBER SYSTEM AND METHOD OF
ASHI NG PHOTORESI ST PATTERN FORMED ON SUBSTRATE HAVI NG
LOW K DI ELECTRI C LAYER USI NG THE SAME BACKGROUND OF
THE | NVENTI ON The present invention relates to a
sem conduct or manufacturing apparatus and net hod of
manuf acturing a sem conductor device using the sane,
and nore particularly to a plasma chanber sy2tMaichiep7
nmet hod of ashing a photoresist pattern fornmed on a
substrate having a low K dielectric |ayer using the
sane. In order to cope with requirenents of naking
highly integrated sem conductor elenments m nute and
highly integrated and of increasing the driving speed
of the highly integrated sem conductor elenents,
researches on formng interlevel (or internetal)
insulation layers of lowK dielectric materials have
been w dely performed. Since the dielectric ratio of
SiO2 that is wdely used as an interlevel insulation
layer is 3.9 to 4.2, which is too high, it is not
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sem conductor el ements. I'n particular, according to
the road map of th&JIINGAHESAMBEal Technol ogy Roadnap
for Sem conductor (ITRS), it is expected that a
material used as wiring lines be changed from current
Al to Cu wth low electric resistance in a
sem conductor_ el ene ey i mension is
0. 13m and mhd%%é%ﬁﬁgﬁﬁ§@§§3@ﬁ£ﬁﬁ?éﬁyl rch 2007 is no
| ess than, 2, 100MHz. In such a case, .the interlevel.
et er i al Tof TASRL SVETOR] HEFSS| fond SHIERBPE P RPN
material having a dielectric, copstant ,of no nore than
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more particularly to a plasma chamber system and method of ashing a photoreéist
pattern formed on a substrate having a low-K dielectric layer using the same. |

In order to cope with requirements of making highly integrated
semiconductor elements minute and highly integrated and of increasing the driving
speed of the highly integrated semiconductor elements, researches on forming
interlevel (or intermetal) insulation layers of low-K dielectric materials have been
widely performed. Since the dielectric ratio of SiO, that is widely used as an
interlevel insulation layer is 3.9 to 4.2, which is too high, it is not appropriate to use
Si0; as the interlevel insulation layer for increasing the driving speed of the
semiconductor elements. In particular, according to the road map of the International
Technology Roadmap for Semiconductor (ITRS), it is expected that a material used
as wiring lines be changed from current Al to Cu with low electric resistance in a

semiconductor element whose critical dimension is 0.13pm and whose driving speed



Year of First Product 2000 2001 2002 2003 2004 2005
Shlpnent DRAM Hal f Pitch 150 130 115 100 90 80 (2000
Li t ho ITRS) MPU Hal f Pitch 180 150 130 115 100 90
(2000 Litho I TRS) Nunber of netal levels 6-7 9-10 10
10-11 10-11 11 w th ground planes Interlevel netal
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In particular, as suggested in TABLE 1, low-K dielectric materials
whose bulk dieleciric constant is no more than 2.0 are expected fo be applied to
highly integrated semiconductor elements after 2004, This is because, when the low-
K dielectric materials are not used as interlevel insulation layers in the development
of semiconductor elements whose critical dimension is no more than 0.13um,
parasitic capacitance that causes RC delay, increase in power consumption, and noise
due to mutual interference rapidly increases between wiring lines. Since the increase
in the parasitic capacitance becomes an obstacle to increasing the driving speed of
semiconductor cleﬁents, to reducing the power consumption of the semiconductor
elements, and to making the semiconductor elements highly integrated, as described

above, researches on using the low-K dielectric materials as the interlevel insulation

layers are performed.



However, when the low K dielectric materials are used
as the interlevel insulation layers, it is difficult
to performthe ashing process for renoving the
photoresist pattern. This is because the conventional
ashing process is performed using an 02 gas at high
tenperature such that the lowK dielectric
characteristic of the interlevel insulatiogmMagy@no7
deteriorates and that nechanical firmess is reduced.
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the interlevel insulation layer through the exposed side walls (for example, the inner

wall of a hole) of the interlevel insulation layer to be combined with Hz or CH; or to
destroy the pore such that the low-K dielectric characteristic or the mechanical
firmness deteriorates. When a photograph (refer to FIG. 1A) taken before performing
the ashing process is compared with a photograph (refer to FIG. 1B) taken after
performing the ashing process, it is noted that the side walls of the interlevel
insulation layer with the low-K dielectric characteristic are significantly damaged
afier performing the ashing process. Since the activity of the O; radicals increases at

high temperature, it is difficult to apply the ashing process in which the O, radicals



are used at the high tenperature to the interlevel
insulation layer with the lowK dielectric
characteristic. In order to prevent the [ owK -
dielectric characteristic of the interlevel
insulation layer fromdeteriorating due to the 02
radi cal s, another ashing process of using H2 and He
at high tenmperature is suggested. Since thesggREOHNO
operation of H2 is used for the aching process, the

are (AN St @R nigh@nelafifd & {18 Sneflevel RishifWnKagh SHBChE ilev-K
['ayer are not changed due to the ashing process.

dieldSANEY S acteRGEOT ding to the ashing process, since the
ashing rate is low, productivity is |low and the ashing

Pr OCes SRk o eveRethE RIWIRGiAbctiY dhbrab@ARR 0B tHdReridval t he
other hand, 1t is difficult to performthe ashing

insugigiﬁll? Eagér tdh d?ﬁ@i&hinﬁ; e (P tHe A5 re @b aSs, BhRhdd SQnSprocess bhe

process mus e perfornmed at high tenperature

| usin% ?Id 3{19?5 aﬁ%l‘?t%ltnk)ﬁgthlee it g%g%r?chd.r ﬁ?bé’tﬁé feductREdpRIa06:of HN

0 sofve pr is requested to

is u%gvfgl} gigiagigﬁé ﬁ%,g@vgiﬁg%cﬁ)f%ﬁ:@ﬁ'émtof GRO ALK | N@dclid he

erature. However, a comonly

Iayexg%?%%of ?@a@ﬁ%& YueGO YR Jsﬂﬁé RLASRRHENARD Gcor ¥ IR lashing

C O Increasing etching ratio by 1ncreasing

proc%%iﬁ%%eﬂﬁee né{/r\lgtrétg 1 l%ﬁoﬁcgghﬁﬁ iRy dfartAEAkhinB ptddBss must

ver, ca trol the uniformty of
| as I.n ccordance with position. As a result,
bep %ﬂﬁia%g%gmgggtg?ef ates -are recently made |arger,
pl asma ghapber syst.e REISald ffcdPlin
i ncr easéniqﬂéof’rﬁ?g X@Shgglﬁt%?fg?ﬁ{o% géfrfogﬁasna angldﬁtg%é !

reaseifH EHE “Eon i ne.
whichot U ar A o R i SR s ufbe BB e

2T Dy 2 A, Pyl b,
proégrggig iﬁﬁ‘gtﬁl&t@ﬂﬂtﬁpﬁ&z«?ga%ﬂgsn%gg&m%ﬁ% rs?s@e?f thiapca}l Rtivate | the O
radicals at low temperature. ' -
However, a commonly used capacity coupling plasma chamber
system is effective to increasing etching ratio by increasing the concentration of the
plasma formedl in the chamber, however, cannot control the uniformity of plasma in
accordance with position. As a result, according as substrates are recently made
larger, plasma chamber systems capable of compensating for increase in the

concentration of plasma and the non-uniformity in the concentration of plasma in

accordance with position are required.

SUMMARY OF THE INVENTION



non-uniformty in the concentration of plas [
accordance with position. It is anot herpobj ect of the
present invention to provide a plasm chanber- system
capabl e of renoving photoresist formed on a | owK
dielectric layer wthout deteriorating the
characteristic of the lowK dielectric layer. It is
anot her object of the present invention to2gmaihdeo7an
ashi ng net hod cafpabl e of .renpvin cPhc?t oresi st, .wi t hout
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source electrically connected to the wafer chuck, a top electrode arranged on the
wafer chuck, top Helmholtz coils arranged on the process chamber, and bottom

Helmbholtz coils arranged under the process chamber.

According to embodiments of the present invention, the plasma
chamber system further comprises 2 top power source for supplying first current to
the top Helmholiz coils ‘and a bottom power source for supplying second current to
the bottom Helmholtz coils. At this time, the first current is preferably direct current

of -10 through 10 A and the second current is preferably direct current of -10

through 10 A.

Also, a controller is connected to the top power source and the bottom

power source to control the magnitude of the first current and the second current



chanber are corrected. In order to achieve the third
and fourth objects, there is provided a nethod of
ashing a photoresi st pattern capable of activating 02
radicals at low tenperature. The nmethod conprises the
steps of formng a lowK dielectric |layer on a
sem conduct or substrate, form ng a photoresist pattern
on the sem conductor substrate including 24Mfalch280%
dielectric layer, |oading the sem conductor substrate
such el telicogtehthetiopand aniésnity of fiet asmai generated ghthagpresissnber
i ncluding top Helmholtz coils and bottom Hel nmhol tz
char¥r b conettal. t op el ectrode and a bottom el ectrode, and
removi ng the photoresist pattern while supplying an
ashi ng agddrne lttdévegh® thitdant Heurthi etgécthe thefe is tpeovideRiang
chanber. At this tine, in the step of renoving the
metiJA0bOishfigSd phasicsiar paiterhi dapibledof ectivatng Ogmedieairdatsbeiond
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temtrslurle MEnRdth@aokipkisda ahd steps of fesmingesipedt divkettsic laykd dne
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a S&h@g}ﬁg&oﬂ BubRBirdté)r RugiAg &0 photdesiar phitteg bo tearsaticerdneter of
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lndﬁﬁﬂaﬁkghmbﬁgggﬁﬁa He gas, g)an Ar gas, a H2 gas, a H2He
and gl?O§Mm H:;mlt a9ils Ghdta @pUeledablis afdid Bottofi elyatsadeArnd hi s
e ing gas is preferably supplied to the

remgéiggg‘g: h%tb?:%ﬁ?ﬁatﬁéhﬁ Whie dupSIying ah @stirdg £6 indhdingy®:; to the -

the first direct current and the
insifé SPH% agHi £ Banbl IAEHis TR, iAahe itglepremdeing he wotvresist | ed

er t control the concentration of the plasna

84 &hadherent afe il Wainctep Helntholtz
patt8161S 11['sgd1re'cpc gtr IﬁE%th L GRaThae esen?@) e alnoip Hebibo!

it e RS o e
temperature c?leQe ashing chamber in 0 through 80°C. ‘
According to embodiments of the present invention, the ashing gas
comprises at Jeast one gas among a N; gas, an inactive gas, 2 reduced gas, and a CF
based gas and an O gas. For example, the ashing gas comprises at least on¢ gas
among a N, gas, a He gas, an Ar gas, a H; gas, a H.He gas, a HyN; gas, CFs, and
CHF; and an O, gas. At this time, the ashing gas is preferably supplied to the ashing

chamber with a flow rate of 30 through 3,000sccm.

Also, the first direct current and the second direct current may be
independently controlled in order to control the concentration of the plasma formed
in the ashing chamber in accordance with position. According to the present

invention, the first current and the second current may be controlled in the range of -

10 through 10 A, respectively.



In the step of renoving the photoresist, power of
about 100 to 2,500 Wis preferably applied to the
bottom el ectrode and the inner pressure of the ashing
chanber is preferably maintained as 10 to 600 rT. The
| ow-K dielectric |ayer can be forned of one materi al
sel ected anong nethyl sil sesqui oxane (MSQ), hydrogen
sil sesqui oxane (HSQ, SiOF, SiOC, a-uorocasbarh281K,
pol yi m des, spin-on-glasses, fluorinated p i m des,
di anondn the e afaeioving Dle@hotoyist, poeerex, ab@éﬂ@%@éﬁﬂ
Poly (arylene ethers), Poly (arylenes), Poly
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acconparhgi Iog-Kldadctigslager ecah roe | fonchesd  ¢fooner metexda sglected
further understanding of the invention, and are

amohg) fRIPRN&EQfbxale AMSIQY GRGbEdnKileesquipame (HBQ), HiQF, SiOC,
specification. The drawings illustrate exanple
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i ng metHod; FIG ZSchermtlcaIIy illustrates a
AR lgcgarrber system according to the present
MesB ventllon FIG. 3 and 4 are graphs illustrating the

effects of the plasma chanber system according to the
present invention; 7 26 March 2007 )

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanymg drawings are included to provide a further
understanding of the invention, and are incorporated in and constitute a part of this
specification. The drawings illustrate example embodiments of the present invention
and, together with the description, serve to explain principles of the present invention.

In the drawings:

FIGs. 1A and 1B are scamning electron microscope photographs
illustrating the sections of an interlevel insulation layer before and after a

conventional ashing process in order to describe the problems of the conventional

ashing method;

FIG. 2 schematically illustrates a plasma chamber system according to

the present invention,

FIGs. 3 and 4 are graphs illustrating the effects of the plasma chamber

system according to the present invention;

7



FIG 5is a flowhart illustrating a nethod of ashing
a photoresist pattern forned on a substrate having a

| ow-K dielectric |ayer according to the present
invention; FIG 6 is a sectional viewillustrating the
ashi ng process according to the present invention and
the characteristics thereof; and FIGs. 7A and 7B are
scanni ng el ectron m croscope photographs 44 Mdghbéd7 ng
the sections of an interlevel insulation |ayer before

and af t piG.tG A8bWart MCORESSa il 6fgashing aefHomedsist of
the ashing process according to the present invention.
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eferred enbodi nents of the present invention wll
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acconpanyi ng drawi ngs. The present invention may,
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substrate, or intervening |layers may al so be present.

FIG 2 schematically illustrates a plasma chanber
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invention may, however, be embodied in different forms and should not be
constructed as limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thoroﬁgh and complete, and
will fully convey the scope of the invention to those skilled in the art. In the drawings,
the thickness of layers and regions are exaggerated for clarity. It will also be
understood that when a layer fs referred to as being “on” another layer or substrate, it
can be directly on the other layer or substrate, or intervening layers may also be
present.

FIG. 2 schematically illustrates a plasma chamber system according to

the present invention.
Referring to FIG. 2, a plasma chamber system 100 according to the
present invention includes a process chamber 130, a supply pipe 170 for supplying

process gases to the process chamber 130, and a valve device 140 for controlling



process pressure in the process chanber 130. A vacuum
punp 150 for exhausting the process gases and
reactants at uniform speed is connected to the val ve
device 140. While the process is perfornmed, the inner
pressure of the process chanber 130 is preferably
mai ntained in 10 through 600 nT and the tenperature of
the process chanber 130 is preferably mai g4 giRgdodn O
t hrough 80C. Therefore, the vacuum punp 150 is
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180 serves as a bottom el ectrode for form ng pl asma.
chambeen 8F & gefetdbly mhiutked 80 0 though 8810 iTheatefoyre,chaveamad t o
a bottom RF generator 120 arranged outside the process
pump D506 prefetafly  Tft® theledudarpedp (EMBXe 180 recei ves power
fromthe bottom RF generator 120 to dissociate the
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ions, electrons, and neutral radicals. According to
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ions, 2LICARAE darQUchte e iR Bls P hRERSifig 46 RHPBAImMERR- of9the present

invention, the bottom RF generator 120 can supply power whose frequency is about
13.56MHz with 100 through 2,500 W.

A baffle 160, a top electrode 210, and a channel 230 for controlling
the flow of the process gases supplied through the supply pipe 170 are arranged in
the process chamber 130. The baffle 160 and the top electrode 210 are arranged in
the process chamber 130 such that the process gasses are uniformly diffused. The
channel 230 is arranged in the process chamber 130 such that the process gasses and
the reactants are uniﬁ.mnly exhausted to the outside of the process chamber 130. At

this time, the top electrode 210 may be electrically connected to a top RF generator

250 arranged outside the process chamber 130.



26 March 2007 A gate door 240 for taking in or out
the substrate 200 is arranged on the side wall of the
process chanber 130. The gate door 240 is closed while
a process is perforned such that the pressure inside
the process chanber 130 is maintained highly vacuous.
Top Helmholtz coils 11 and bottom Hel mholtz coils 112
that can be independently controlled are a4 Kk@rRgesh?on
and under the process chanber 130. A top power source

113 andy gadaddr ) EAWEKiInS@Ur@at the 4ulfstrite 200 3l ayiangpd fonr st
current and second current are arranged in the top
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source 113 and the bottom power source 114 are

is pefBddOtbR thad YhefpresRiir@ ARdi®S 1hE pesteSURaIBr| IS0 i2 afdintaliel
controll er 250 controls the nmagnitudes of the first

highlgWabuhs. and the second current in order to correct the
concentration and uniformty of the plasm generated
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enbodi nents of the present invention, each of the
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e?%o, however, may vary if necessary.

According to an embodiment, plasma 99 formed in the process
chamber 130 may be concentrated on the top of the substrate 200 by controlling the
magnetic field formed by the top and bottom Helmholtz coils 111 and 112. In such a
case, the concentration of the plasma 99 increases such that it is possible to increase
the productivity of a process.

FIGs. 3 and 4 are graphs illustrating the effects of the plasma chamber
system according to the present invention. FIG. 3 is a simulation result illustrating
the magnitude of the magnetic field formed in the process chamber 130 when current
applied to the top Helmholtz coils 111 changes to 0, 4, and —4 A while applying

current of 4 A to the bottom Helmholtz coils 112 illustrated in FIG. 2. It is noted
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10 26 March 2007 fromFIG 3 that the magnitude of
the magnetic field generated in the process chanber
130 can be controlled by controlling the magnitude of
" the current applied to the top Helmholtz coils 111
and the bottom Hel mholtz coils 112. The configuration
of the top and bottom Helmholtz coils 111 and 112 may
vary in order to spatially minutely contr odmaies 2007
magni t ude of the magnetic field. FIG 4 is a graph
fromi FIGu$t that thegmagnitudes bf e magnstiadigld Benctatads By Hie tpjocess
measured by the ashing device that adopts the plasm
chambbalifenn by ameaniléd Hyusniraitiegithe magitude opthe Rufrent ppphigd too
FIG 4, the graph of the reference nuneral 1 is
the tapoHelinhelt coilsan] mod thebowert Hebnleftp lcoidgd] 120 Thé eonfigyration
Hel mholtz coils 111 and the bottom Hel mholtz <coils
of thd 16 arddh@tigmapdimbbliz dudls et end hiZemay venyah opder g0 epatidlned
when current of 4 Ais applied to the top Helnmoltz
minu€®y écntrdllthe mBghifubeotin magnetiefiettiol t z coils 112,
respectively, and the graph of the reference nuneral 3
i s obt F@ed iwhepraphiihenttinf thé askingnedtecandr tiat ungfbrmity A
are applied to the top Helmholtz coils 111 and the
meas@RH b9 Mhe dd8InglaeVite thaDidosts He2plashasthembérsgbtym illdstrated mot ed
fromthe experinents that, when the sanme current is
Fig.applied to the two kinds of coils 111 and 112 (refer
to the graph 2), simlar uniformty is maintained to
the Cas@fdring¥8IFG. AQhE praplest the seferpilei mechesat d it beainghi ng
rate increases. This Is because, as illustrated in

wherfidZurnt i88pp6d & the fipl REAhEBQRES L 1) didahelbtormBembyitz.
over | appi ng magnetic fields affects the acceleration

coilsquZ,ellhggf'aE)H 8 tHetefePRcdh@fidral DR obtiiedd wheatcutrbie of 4 A is
concentration of the plasma increases. On the other

i ' bRt Soils N 1di fdde RNbot@nl elethiis aile 112,
thggggfg%nﬁg}ﬁyﬁe tmolﬁinds of coils Ill and 112 (refer
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ubstrate than in the center of the-
A and bk A mcsaﬂpﬁecp RF RSy Hefuholtz coils 111 and the bottomn

Helmbholtz coils 112, respectively.

It is noted from the experiments that, when the same current is applied
to the two kinds of coils 111 and 112 (refer to the graph 2), similar uniformity is
maintained to the case in which no current is applied and the ashing rate increases.
This is because, as illustrated in FIG. 3, an axial uniform magnetic field formed by
overlapping magnetic fields affects the acceleration of electrons in the plasma 99
such that the concentration of the plasﬁa increases.

On the other hand, when currents in different directions are applied to
the two kinds of coils 111 and 112 (refer to the graph 3), the ashing rate increases at
the edge of the substrate than in the center of the substrate. This is because, as

illustrated in FIG. 3, 2 non-uniform magnetic field is formed in accordance with the
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illustrated in FIG 3, a non-uniformmagnetic field is
formed in accordance with the 11 26 March 2007

di stance of the radius of a wafer such that the effect
of increasing the concentration of the plasma due to
the confinenent of secondary el ectrons on the
substrate is larger at the edge of the substrate.
When the ashing rate is slower at the edges@ff.icheno7
substrate than in the center of the substrate, the

distARD b e PAREETS Waller WIEICMaSHE Bif@Dof iabre Stz tBORGHcét@od S
appl i ed can guarantee the non-uniformty thereof. FIG
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according to the present invention of renoving the

at tk&h Qag?rcﬁ”st'h@ tsul%ﬂ*ﬁt% er‘leﬁ W TBAiR raleNi8 sFREF GO MRUSHOTof the

rate is a sectional viewillustrating the

subs?r%&' tﬂ%n o Qe %@lﬁeroéf tf]@ D, &Q%sm@“%égsﬁd YhicRahdresm

on an interlevel insulation layer with a | owK

off'S% cgkcﬁ&gnr is Q}I;pih%@@:{ a%ﬂgr%ﬁt]'eé' Ihe‘;ion-ﬁﬁfb%wt‘}/ erebP FI Gs. 5 and

Interleve nsulation layer wmth a | owK

AR A R

sem con I nterl evel

pI’CSﬁIgtl ul af) g0 of éﬁfe FGPesi P]Itﬁ%gnéﬁfonaﬁle sﬁﬁ%&nd‘a%)@r

rla ron1 ﬁB sesqul oxane

sub ggf &oi% Ials%f %%ilv?&glﬁl%gélﬁ@he aﬁllﬁé: Brogsgg‘ggegnéwmg the
phOt]élgpgg{)Pagat R B Rl ggny| g&%@gﬁer R dilfke

aryl enes), Pol y(nor borrens) Pol yi mi de- SSQ
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uorocarbon, SiLK, polyimides, spin-on-glasses, fluorinated polyimides, diamond-like

carbon (DLC), Cyclotenes, Parylene N, Poly(arylene ethers), Poly(arylenes),
Poly(norbornens), Polyimide-SSQ hybrids, Alkyl-silanes/N20, Teflon-AF, Teflon
nﬁcroemulsion, Polyimide nanofoams, silica aerogels, silica xerogels, and
Mesoporous silica. In the step 10 of forming the interlevel insulation layer 320, as
illustrated in the conventional art, process gasses such as H and CH; may be added.
Pores for reducing dielectric ratio may be formed in the interlevel insulation layer
320.

A photoresist pattern 330 used as an etching mask is formed on the
resultant material in which the interlevel insulation layer 320 is formed S20. The

photoresist pattern 330 may be used as an ion implantation mask. The step of
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resultant material in which the interlevel insulation
| ayer 320 is forned S20. The photoresist pattern 330
may be used as an ion inplantation nmask. The step of
12 26 March 2007 form ng the photoresist pattern 330
includes the step of formng an aperture that exposes
the interlevel insulation |ayer 320 in a predeterm ned
regi on through exposing and devel opi ng pr o¢RERES007
after form ng a photaresist |ayer ysing a spin-
formigg 4b¢ pleptoresis qulterRet0 aclydss dhentih RE ISR PR EHCERTe) Bifer |
an auxiliary layer 325 such as reflection preventing
expogea ythe ,mtaﬂc\'é{emfu gors st 1380 er , 2 prdelgrpingd degion drpugher
may be further formed on the interlevel insulation
expoging and deyeloping pswgeseneitsy foming p ShetgresisBRyert UsHE shises
‘the under layer thereof is fornmed in a predetermn ned
coatingeyrthed. Refosa tarming thyphotsesishlayen aw ayxiliany 1ave 328 Sushadfer
320 530. Therefore, the side walls of the interlevel
refledting wireventing lexsrern 3EBingrsopelRyrssa B Proteqive Aper Py e327.
The patterning process is preferably perforned by
furtheaforset oo giedntedevehinsidatignilaygr 32Re phot oresi st pattern 320
as an etching mask. After perform ng the patterning
pr oces Sybstqrenthih et apaBire$27pbatteapere8 8@ undgdayenthercngils
etching mask is renoved 540. At this tinme, since the
formei tlea pradidtemifed trbgion bptpattdmgne thei instbvel insnlatienylayer32§ ar e
exposed, when the conventional ashing process
$30. Phertoregren sicki wadls@Z thor inteflevet inkulgtion eypei2ftate exppsed by

applied, as illustrated in the conventional art, the
the agéralre GRT.i Thec patteadnge piostss ds peeferatdy eveifomzedebyo pnisdiegpic
interlevel insulation |ayer nmay be nechanically

etchitfeusi@akt phSteedsisapatenid 20rs amstching meske come by  per f ormi ng
the ashing process using the plasma chanber system
t hat i pgeupeforhing the patteatitg frotdsgnthéiphorbebistzpagtem| 30111 -
and 112 as descri bed above. To be specific, while the

used BY DR @fhinghasEhas rehided S40r@itnhiaitinedsiate thheide vatipef thcur e
of about O to 80C, .an ashing gas is supplied to-the

interlBVed GRERHGN REEEI201520 exd3sd) wdien tiiecamuapioyalpishieg pr@essi t h
a flowrate of 30 through 3,000sccm At this tine,

performed using O; or Hy at high temperature is applied, as illustrated in the
conventional art, the dielectric characteristic may deteriorate or the interlevel
insulation layer may be mechanically damaged. Such a problem may be overcome by
performing the ashing process using the plasma chamber system that includes the top
and bottom Helmholtz coils 111 and 112 as described above.

To be specific, while the process chamber 130 is maintained at the
temperature of about 0 to 80°C, an ashing gas is supplied to the process chamber 130
through the supply pipe 170 with a flow rate of 30 through 3,000sccm. At this time,
the inner pressure of the process chamber 130 is preferably maintained as 10 to

600mT. In addition, power of 100 through 2,500 W is applied to the chuck 180.

Therefore, ions 350 generated by the ashing gas move toward the top surface of the
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the inner pressure of the process chanber 130 is
preferably maintained as 10 to 600ml. In addition,
power of 100 through 2,500 Wis applied to the chuck
180. Therefore, ions 350 generated by the ashing gas
nove toward the top surface of the 13 26 March 2007
substrate 200 as illustrated in FIG 6. The 02
radi cal s 340 are activated by colliding wWdfaicheng7ons
350. The activated 02 radicals 340 renove the o
supstateo2 (9sds SHustradead Go 6 HEre Oramadicals B are adivated by colhding
the plasnma forned on the substrate 200 increases and
wittlsthe doiis 360, ITael adviyatet ©, redipals 3@ refriowt the phtonceistl ed by t he
top and bottom Helnmholtz coils Ill and 112. As a
resul t, vhaheotherhindatlicoconcdntratiom ¢foths pla8Be formed on the
activate the 02 radicals 340 increases. Therefore, the
suBZraterlioGatreaseddhd dacontieflédacigy thw alagnetie fieMecotitnaled by the top
phot oresi st pattern 330 under a process condition in
anéfbo@bmtH@mhdi@meRs alluad 113. Aok résuightheicdncreration offtee ions
conventional art. As a result, the profile of the
350NhRTAcBYRY the HULdEiOBA] AyREseOThatefad thh1©; rakidalsro can
process according to the present invention is

efRet el ABR v the bRdtorkfstiphem FH) urider a pro@ssamditiars int wiech the
profile of the interlevel i'nsulation |ayer on which

tefabGa@ gk A8 HYhARBRSIn thescol@intipedl hor med (refer to FIG
7A). That is, according to the ashing process of the

present iARuGBitOMe ptdfild & tROfEdriel@ instlati@nye dnlvehich the
phot oresi st pattern wi thout damaging the interlevel

ashiﬂg:;&l‘cﬂzﬁés%cdrdmg fo itk bisdn enviertivnks pirdraed fréfer to FIG. 7B) is -
characteristic. According to the present invention,

thi &find %Rh@ﬁx?ﬁﬁ@ﬁ%ﬂéﬁéﬁh kégtiond®et 6n Whinh teadshiRg process
|

ndependently controll ed are arranged on and under the

i AR rhat 16 S4cESrBIRE to thB Qi &¥s¢ of then
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ma generated in the process chanber can be

pr%s%ﬂtt iEth%dti%ﬁj, it 3 REHNE dPRERBYIMHe: PhoBRbik RRemAlifut daaping

ossi bl'e to renove .t he photoresi st wthout damagi ng
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gﬁra];greT Qgcgr&gg % tﬁjlenlgre&:ﬁp ffvermionS iHa%op BRa BbATIMeRAIVNESS
coils that can be independently controlled are arranged on and under the plasma
process chamber. Therefore, the concentration of the plasma generated in the process

chamber can be controlled in accordance with position.

Also, it is possible to remove the photoresist without damaging the
low-K dielectric layer under the process condition in which the temperature is not

high by performing the ashing process using the plasma process chamber.
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14 26 March 2007 WHAT IS CLAIMED IS: 1. A plasma
chanber system conprising: a process chanber; a wafer
chuck arranged in the process chanber; a bottom
radi o-frequency power source electrically connected to
the wafer chuck; a top el ectrode arranged on the
waf er chuck; top Helmholtz coils arranged on the
process chanber; bottom Hel mholtz coils arsap@et 2007
under the process chanber; a top power source
supplying first current to the top Helnmholtz coils;
and a bottom power source supplying second current to
WHRANES I0hiAiMEDHR] nhol tz coils, wherein the first current
is direct current of -10 through 10 A, and wherein the
second current is direct current of -10 through 10 A
2. The plasma chanber systemas set forth in claiml,
f udt heplasseahamissr ggstea comaprisingll | er connected to the top
power source and the bottom power source to contro
thg prddBgRhdnitde Of the first current and the second
current such that the concentration and uniformty of

the plasm, dencrplef |0 Lg.f.acess chanber are

a bottom radio-frequency power source electrically connected to the wafer
chuck;

a top electrode arranged on the wafer chuck;
top Helmholtz coils arranged on the process chamber;
bottom Helmholtz coils arranged under the process chamber;

a top power source supplying first current to the top Helmholtz coils; and
a bottom power source supplying second current to the bottom Helmboliz coils,
wherein the first current is direct current of —10 through 10 A, and

wherein the second current is direct current of —10 through 10 A.

2. The plasma chamber system as set forth in claim 1, further comprising a
controller connected to the top power source and the bottom power source to control the
magnitude of the first current and the second current such that the concentration and

uniformity of the plasma generated in the process chamber are corrected.
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