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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 Si0, ihat 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
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line nust be forned of a nateri al

constant of no nore than 3.0.
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In particular, as suggested in TABLE 1, low-K dielectric materials
whose bulk dielectric constant is no more than 2.0 are expected to 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 elements, 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 interievel insulation

layers are performed.
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above, researches on using the owK dielectric
materials as the interlevel insulation |ayers are
performed. 2/ 17 However, when the lowK dielectric
materials are used as the interlevel insulation
| ayers, it is difficult to performthe ashing process
for renoWoawgven hehghdborlewilst diplatirier mateTinlss ares ukndc asigbe
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h a, phot ogr.a ref.er to FIG. 1B) taken after
radkféh‘ﬁ?‘?‘rf%ée‘?ﬁ’énggl?ﬂ(t?fﬁmb ocess, it is noted that the
side walls of the interlevel insulation Ia\éer wth the
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damaged _ _
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 H; or CHj 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 1o apply the ashing process in which the O; radicals
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after perform ng the ashing process. Since the activity
of the 02 radicals increases at high tenperature, it
is difficult to apply the ashing process in which the
02 radicals 3/17 are used at the high tenperature to
the interlevel insulation |ayer with the | owK
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However, a commonly used capacity coupling plasma chamber
system is effective to increasing etching ratio by increasing the concentration of the
plasma formed 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
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4/17 1t is an object of the present invention to

provi de a plasma chanber system capabl e of

conpensating for increase in the concentration of

plasma and the non-uniformty in the concentration of

pl asma in accordance with position. It is another

obj ect ofit 158 YHes Oftths pRFeF iiBYENteN {1 BipVifS aplasrag ghamber

chanber system capabl e of renovi ng photoresist forned
sysemaapahhe &f cirepansatiriscior ayesase w thhsancadetern of plasnmrgandribe

characteristic of the lowK dielectric layer. It is
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asking nethod capabl e of renoving photoresist wthout

damagi ngJit heahAMerkole! SCtifel prebay Ghventibii tb Spraviat heplasma
object of the present invention to provide an ashing
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tenpefature. In order to achieve the first and secon
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ndepen y contr ol tz coils on

and under. a process ch er. The.plasm, chanber system
conpr i segt i Og&eés@”??ﬁéﬁbnigﬁpresgnb\b véa’lghoéjhboc Igma‘l?a%a%ng)eés M
t he process chanber, a bott.om radi o-frequency power
mediog<Bpals BRieRION A RrokERHE At Gaeins B v K (BRSNS lpgp
el ectrode arranged on the wafer chuck, top He| mholtz
coi | s ar Haisguethsn qbirst of dhe PsesehaHyeRiiong fog Prswideosn ashing
Hel mholtz coils arranged under the process chanber.
metodaapibigo f remeringdihoentsist of lowiiemperetent i nvention, the
pl asma chanber system further conprises a top power
sour ce fof oRieppd yéhigvef the Sirstcandr ndnd objedthiethérops provided a
Hel mhol tz coils and a bottom power source for supplying

pla§ifi& eRAnisdy rs?sﬁ&h chpriking ifRpéiite tomeilea Hemhdltz cbils bin sd
time, the tirst current is preferably direct current

undk a;pé(?cg {13)5/1‘% r.ll%e?hlﬁ% éh%b@&?@@ﬁ‘m &OMiprRBY a bfocess chamber,

pre Irect current of -I0 through 10 A. Also, a
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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
Helmholtz coils arranged under the process chamber.

According to embodiments of the present invention, the plasma
chamber system further comprises a top power source for supplying first current to
the top Helmholtz 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
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power source to control the magnitude of the first
current and the second current 5/17 such that the
concentration and uniformty of the plasna generated in
the process chanber are corrected. In order to achieve
the third and fourth objects, there is provided a

sunk ttha dho tomshirngpnandhotforresy sf thpaplagny gewpadd e tk process
activating 02 radicals at |ow tenperature. The nethod

chaompr rs esrrédigl. steps of formng a low K dielectric |ayer
on a sem conductor substrate, form ng a photoresist
pattern qp drfh&@ t59hieANHHCthRl and UBSHH 8bj8cts, NGk dl Rebidia a
low-K dielectric layer, |oading the sém conduct or
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suppl an ashln as in Iudln 02 to th i nsid
a Fﬂggag gﬁ %Wé%%r f“gt Ai mfc?fﬁ% PRICthE s '?‘épseB’Fcon 8l
renovin e phot oresi st attern, first direct current
SUBFERLS é@gﬁiﬂ?gdﬁhﬁé@‘{" e dicdestiic laye Jgginedhe semicarductys substrate
Hel mholtz coils and the bottom Hel mholtz coils, .
ineladipg ¢ photoresistpatten imamasking dgmbhieinsindiag ton Helpwholie aeils
of the ashing chanber in O through 80C. According to
an@ g thnrditismholiz ©bids pnésendp iclvientd om] at hettams hElevroda sand
conprises at | east one gas anong a N2 gas, an inactive

reid8%ing ahd plibiI6e8 siqRSernansl Psupplyiltesesshgiasgaisclading 2, gashe
For exanple, the ashing gas conprises at | east one gas

mﬁ&@ﬂgth% Mm@ BamBer Rt YRS tmﬁn 1rNheg;?e§> ofrelidvii@She Bhdtiebist
gas, N2°gas, CF4, and CHF3 and an 02 gas. At this
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ow rate of
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e SR B S0 R0 B
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position. According to_ the present
According to embodiments of the present invention, the ashing gas

comprises at least one gas among a N gas, an inactive gas, a reduced gas, and a CF
based gas and an O, gas. For example, the ashing gas comprises at least one gas
among a N gas, a He gas, an Ar gas, a H; gas, a HoHe gas, a H;N; 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.
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invention, the first current and the second current may

be controlled in the range of - 10 through 10 A

respectively. 6/17 In the step of renoving the

phot oresi st, power of about 100 to 2,500 Wis

preferably applied to the bottom el ectrode and the

i nner pr €ssig gepdf tdmvarhiha ghooiesishgrovies of neduri@blty 2,500

mai ntai ned as 10 to 600 nif. The lowK dielectric |ayer
Wdaprdierablgrappliedofo thabottmh efdcabdsaldeht éther prmage of the ashing

met hyl si | sesqui oxane (MSQ, hydrogen silsesqui oxane
chbiiB8dis pRiféhbly RldXmine@asd i@y B@AOREN, Si LK, pol yi m des,

spi n-on- gl asses, fluorinated polyin des, dianond- li ke

car bon ( %g)low(%(‘aufl&qﬁ@?aye? @E%{ lb%nf%n d BPb¥e (Y £ Blected

et hers), (aryl enes or nens)

anyggﬁnahﬂaxs%%&%ﬁé g30) @ﬁ&@ dJﬂ@él afog%% n@se@ | 8ofFsioc,

mcr sron,

e Tt e

VVI ngs _are |ncI uded to provide a fu
hkaﬁa@ogt%&)ngyweme PF‘WJ/‘%‘ﬁtN %olyé?férle&?eetl}fﬁfc?o?ﬁ'dr(éfy‘éﬁle?)n
and constitute a part of this ecification. The
Polyt norpryseris),| RedyimadeeSeRanrids, eﬁ%ﬁﬁl@m@z@f Teflen-pedefion
invention and, together with the description, serve to
mievopinalsfonpr Pn]gfimildes nafofodres, prsd®entaciogelent siies.  xdrogelshe and
drawi ngs: FIGs. 1A and 1B are scanning el ectron
Mdibpdroscalie. phot ographs illustrating the sections of an
interlevel insulation |ayer before and after a
conventional asking process in order to describe the
probl ems of the conventional ashing nethod; FIG 2

schemati cal by hHSERBRSNORIBRTBRAWINES System
according to the present 1nvention;
The accompanying 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 scanning 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 iltustrates 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;
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FIG. 3 and 4 are graphs illustrating the effects of
the plasma chanber system according to the present
invention; 7/17 FIG 5 is a flowhart illustrating a
nmet hod of ashing a photoresist pattern fornmed on a
substrate having a lowK dielectric layer according to
t he preseRIG. § nverflavehart BlIGtrabng s @methed tof aalahg \ai gwtoresist
illustrating the ashing process according to the
pAiteds Sineil oM arubofteatngidchelosaatdctid Bidrascdring @oflie ppodent
FIGs. 7A and 7B are scanning el ectron m croscope
iRBatRgraphs illustrating the sections of an interlevel
insulation | ayer before and after the aching process,

h t f £
thV“pPgseﬁ?} R TR N S USRS LS s i it

REFERRED di t f th
(e D TR e P B LTSRS bt ow i o or o
oot Tl G0 B, e v, SReC R on R Pt graphe

~different fornms and_ shoul d not be constructed as _
iluptptingdhe seatines ehbbditeravesInsationlayer prdpreiand afist Hgrashing
these enbodinents are provided so that this disclosure
proidsk, shewireshoafftcteeiihe avhpiggresesanrgordimg to thapresentignenion.
the scope of the invention to those skilled in the art.
In the drawi ngs, the thickness of |ayers and regions
are exaggerated for clarity. It will also be
under pirged] EDabEERIPTRONGYE PRESERRES EMBODIMENT®I ng
"on" another |ayer or substrate, it can be directly on

the ot herplayes e,%boaﬁﬁéhg At Ghe Pleskitt BVMRINNG;1 BY QleforiFRY

also be present. FIG 2 schematically illustrates a
oI O8] PR For A RO e

m%gn%o%"ﬁ%,d "o cver tbe 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 thorough 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 ié referred to as being “on” another layer or substrate, it
can be directly on the other layer or substrate, or intervening layers may aiso 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
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present invention includes a process chanber 130, a
supply pipe 170 for supplying process gases to the
process chanber 130, and a val ve device 140 for
controlling 8/17 process pressure in the process
chanber 130. A vacuum punp 150 for exhausting the
PIpPesE RESSRHENC AFpgesschanbght 1S 0af VasHUmbPHIR he@ forieghausting the
connected to the val ve device 140. Wile the process
prosesp gasfos rang deactants 4t nmeformp spesius somfected o phovdss deviembét
130 is preferably maintained in 10 through 600 ml and
While the ppeestiuperfofmddh eéhepimeesessuehaftier prad8s ichamber 130 is
preferably nmaintained in O through 80C. Therefore, the

r¥REBINM ARARed HP 10 ShRLgh @0abhy adt tie hempah@ed bAthedprdBess
p(TI\/P). Furt hernore, a chuck 180 on mhicﬁﬁa Substrate is

chfn?&i 4961 id Fre®lriAP IRAntainBd iR PRAGRSH CNERERFord 3MheANEuAn
refrigerant pipe 220 to which refrigerant is ‘supplied

m%%%ﬁgggﬁgggggygt&%gnﬁﬂg@ﬁ¥éﬁﬁ$éggﬁ?substrate 200 is

have "prede enperature while a

process i erfaorme e refrigerant.. The.. chuck 18
Cerves aduREBtebm cnen O Fsh o BEhRRlege By Y tendt
. Therefore, the chuck 180 s electriéﬁlly foHne ted ta
in ghp Jireesas REeRFett 87 fzf?f%fifﬁﬁglﬁaez? P NICH e EFERE 45
chanmber 130. The bottom el ectrode 180 receives

supplisth shesmesiedo f° Chyghdisr dhe Pabstias 20% & epniradles Hp have

process gas supplied to the process chanber 130 into
prédetessmiredeiempengye avhdlene procass Fsapéréuaimsd bac ther wifingerang. The
enbodi nents of the present invention, the bottom RF

ch@& B3 (adepies 220 betasm sleppdde foofvemingdssenal Therafone thd shuakb o230
13.56\Hz with 10Q through 2,500 W A baffle 160, a top

is EleBiEicaIPHEnAdAed 8BNSl bt RINGIneAdR? R0ran@AFdd Qltsite the prbess
flow of° the process gases supplied through the supply

ch@'é?%l 110 #he RibANaedrdde 1807ScRRE Gves NRERCHhe 18Gtom! HeF

e 160 and the top el ectrode 210 are arranged in
T L R e e
iortgﬂ g:léc):grggs? SasndcIrllea}artrrtz)l{3 rl'ad]ig’a?s. S}{gc%réig é‘ Yol g‘n‘labd%gnqgnetg Sof9f2 Sper%sent
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 uniformly 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.
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the reactants are uniformy exhausted to the outside of

the process chanber 130. At this tine, the top

el ectrode 210 nay be electrically connected to a top RF

generator 250 arranged outside the process chanber

130. 9/17 A gate door 240 for taking in or out the

subst r at eA20@ dosr 240 fvdaldngim ot the the eebstwatke|200fis ainnged on

process chanber 130. The gate door 240 is closed while
thé@ side ST thd ok tigdiire 1 30) Ohe tobRtdob 240 e RSel Bhil S prdeess

the process chanber 130 is maintained highly vacuous.

is HRffobRddTRQh BaCBE | Restire aRddb alet patddelcAhabirz1 05| rﬁa.ﬁtl%ed

that can be independently controlled are arranged on
the process chanber 130. A top power source
ln@ﬂgvﬂagﬁg botton1pomer source 114 for supplying first

bot 1 om HorRr P3ouoerds 1t e R TREE oels 1ig sl Raf e

. sour e 113 an the bot t power source 114 ar
indepIRdesy é&nw arg, AKANEE Pﬁmaﬁeameﬁﬁf 1% BIOCESS %Iagerﬂﬁ& A top

controller 250 controls the nmagnitudes of the first
powigt sewce dAd aAa baltoahaover saee | I Sirdwpplymeclyst ewrent gad
concentration and uniformty of the plasm generated
se¢andtduerept ave ewangel amthertonl 30d battoeo Heimigpltzeotlhéll and 112. The
enbodi nents of the present invention, each of the
top i positer casreent 13andd tthe teaomngowar seurte i144 paref @mirblisd bPC2
current of -10 through 10 A in order to prevent

préRepelined doh@bltkr250NTRREIoNGol1&TS6! datlolbYhd hsgrioeesShe first
chanber 130, however, nmay vary if necessary. According

cuﬁg uQHp%bﬁHemrrenphﬁﬁH& 18 Lot MRS dnPerftiafo® Eﬂpﬁﬁﬁmmtv of
anber O may be concentrated on the top of t he

R T i
o R oA R AL D R e

S B OESES E6  0c
shielded by the process chamber 130, 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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system according to the present invention. FIG 3 is a
sinmulation result illustrating the magnitude of the
magnetic field fornmed in the process chanber 130 when
current applied to the top Helmholtz coils 111 changes
4, and -4 A while a urrent of 4 Ato the
Q5B K1in HSHRHHBE BALaBhdc of 156 .nngu%tcr fitlaeserisdain she process
noted 10/17 fromFI G 3 that the magnitude of the
chamgpret30ccanibs|cantged ledrbatcentrphing the prodiade of disanient appided to
can be controlled by controlling the nmagnitude of the
the topr Belinhapiplcpiéd] tloand the bbtpm Hédlimholtz goitsoi 12s Thd tomigirdtioe
bottom Hel mholtz coils 112. The configuration of the
of tthg t@NghdoedtioaimHeihindIel dofls A land 112 mlayansty lid Drddyto epatatly
in order to spatially mnutely control the magnitude

miglitelN@niB e agnfth Rl & thdh&eneficifgid graph illustrating
the 'ashing rate and the uniformty nmneasured by the

ashi ng d%\fgcg ;Sh%t%%gp m\%rr%nhr’?g B{eaﬁémmlﬁ_l?ﬁ@bﬁ{d ﬁﬁsﬁrﬁf‘&mﬁy

|Ilustrate errrngto e grap
Lenc

meagurg%g)ly %hén ew e at'_ziéif)%oﬁfi ](g)la%n&alr nleaninl_e\i\'{ggﬁamt I,]usltlra{cg )il

& onrkblnholtz corls 112, the graph of the reference

FI ral 2 is obtained when current of 4 Ais applied
to the top Helnmholtz coils 111 and the bottom Hel mhol t z
coils 11%€ CYF%%B’eEItq \ﬂeFI}F grapiyof e f@ﬂeéﬁﬁﬁe gpmerpb 1 1s Obtamed
reference nuneral 3 is obtained when current of 4

whan docurertiis applied4o thegtop Habpholedeails 11 heng e b%ﬂomwﬂrltréwltz
coils 111 and the bottom Helnmoltz coils 112,

coile$ i ahé geabl .of the tefermnteetimarard {shebt@xrpewhae nnsextthém, A is
when the sanme current is applied to the two kinds of

applRidl S0 el i@ deldhBollx ebd 110 ddde tigr Bptord) Helsiimitk adoils 112,
uniformty is maintained to the case in which no

resgwtfv%rcsﬂ ah trﬁrg%ﬂhe& B0 LfERBcARMGA T RlDdIRT RRGESurentlél £
ause, as illustrated in FIG 3, an axial uniform

A 5539&3%&& og'_a'ﬁ aréf e@gr%d by LV LaiRiong BRY rm 'aﬁ? ftreei,&t%m

e acce tiron o ectrons In asna

Helmholtz coils 112, respectively.

It is noted from the experiments that, when the same current is applhed
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 plasma 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, a non-uniform magnetic field is formed in accordance with the
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such that the concentration of the plasma increases. On
the other hand, when currents in different directions
are applied to the two kinds of coils | | 1 and 112
(refer to the graph 3), the ashing rate increases at
the edge of the substrate than in the center of the
dstdnst pathe.radibs of & svafiecacisthat de effiebtd afdheredseg the chrlcentradion
a non-uni formmagnetic field is formed in accordance
ofMhelpldshR dud 1 thé cdhfieaitmeo DiccbitRry aelittoss 61 th sWBdtRle i§ W}er
that the effect of increasing the concentration of t

af? Hf%s edbte tHeCsubBEatE OWhE S %hn?é ra?t@ G9 EQ%?/ aBRCEARNSY B

substrate is larger at the edge of the substTate.

t he
Ssuggtte ? ﬂfﬂ n&nfe?t tf’les sfPife! l%tfhshﬁg J%Q% ?J wthpzﬁ such an

ann t e ce er b
kin process t0 t condition is
offieheraiion aaeﬂg%ﬂacml S P B BB S8R cor . Fi G
5is a flgwch |II str an ac net
accor di nglg{% $her wégaétn*?luﬁtﬁﬁ?@ﬁﬁw E%C?%arde%to the
phot oresi st pattern forned on the sen1conductor_
PI&BA tipvenion FF wmgiigsthy pheiergsish anttsp deymict jogsthe apmisgndugier
achi ng process of renoving the photoresist pattern
substraredFlgh Gais a settionabview illnsratiag itbnashageamoseiss hf semcyingikthe
dielectric characteristic. Referring to FIGs. 5 and 6,
plsloriesitiepdtteseformss vh ahiinrribwey énsulsition lavet onhia losi-Kl delbetiic
characteristic 320 is forned on a seni conduct or

clapRedisate 200 S10. The interlevel insulation |ayer 320
can be forned of at | east one material selected from

met hyl si 'E&%Hfﬂg%?ﬂ?s 6MR&k, alhm@rrfegarlnﬁﬂdﬁ%,ﬁs% QHB0w-K
(HSQ, SiOF SIFCC, a- uor ocar bon, Si'LK, polyinides,

digRet Oéﬂl(j%ﬁ@mé szq gsgféﬁggﬂ &]%&ﬁkplsgsqb@f(amg 4 el'Ok?he
iy e a AP g b el B8] REH e sl rom
mét?s%ﬁ%sg@oééq%.e””' by Bisipgen’ SR TBEBRAOR: SiPFoSTOfy
uctgg&rgcgig Fs)lLlIg p%flmfnﬁiregn sggl—ct:nrlglalssgg eﬂrulogXaetLd ;Iyoq;lxjrllc?etsl ccl)lrz].mloﬁ1 (Iellr<e
carbon (DLC), Cyclotenes, Parylene N, Poly(arylene ethers), Poly(arylenes),
Poly(norbornens), Polyimidc—SSQ hybrids, Alkyl-silanes/N20, Teflon-AF, Teflon
microemulsion, Polyimide nanofoams, silica aerogels, silica xerogels, and
Mesoporous silica. I the siep 10 of forming the interlevel insulation layer 320, as
illustrated in the conventional art, process gasses such as H, and CHz 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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illustrated in the conventional art, process gasses
such as H2 and CH3 nmay be added. Pores for reducing
dielectric ratio may be forned in the interlevel
i nsulation |ayer 320. A photoresist pattern 330 used
as_ an etching mask is forned on the resultant nmaterial
formingHhe pheteecsish paitera B0 inplydesathi citepl al) By an epepirendhnt
S20. The photoresist pattern 330 may be used as an ion
expogsh atht ainteslevetaBisulativre layeep326f in B2pledefeonmiedgegior through
photoresi st pattern 330 includes the step of formng an
expysng ané deveddpingppesass e fonhipl epkbtoteBisulagtt 0dind aypin-
320 in a predeterm ned region through exposing and

coflEUEMeRbABHHRCPESRS thd bRftorbasMhNg,  ABGLAY %Jeﬁgzﬂ AXBlas
uS|ng a spin- coating nethod. Before form ng the

rere? é&eﬁ&né £, ana@tc g'étélﬁfaﬁlerl WAa é?&eé%ha@é may_be

tion ent1 ng étchin op | ayer, "and

fur?h fg e%t n\{ﬁel 31‘%%(/61“9&/ Ql%n lzﬁ)%éaﬂ?r formed on the

evel ThEUTat Ton g ayer Subsequently, an
aperture 327 t 0Ses ayer thereof
formed | Suasegbeily 87 Arntte PegahoRysHabE apRiE © ﬁ'éereofls
interlevel insulation |ayer 320 530. . Therefore,
forgiedait PIede SIS ST PY SoEArALLY MPUYE] gpukatian é)ayef é20
exposed by the aperture 327. The patterning process is
30, Bharians Jhopeits oear iy aisriov naiationdetsi By Arpirgeehey
photoresi st pattern 320 as an etching mask. After
thepapdroweni3dd The pptitrnmgnpregesp rio pesfsrabtyh pendrotedr s iasisotropic
pattern 330 used as the etching nmask is renoved 540.

etchingtRing the piwtorssingatteme29iasien wahing nokskt he interl evel
i nsul ation | ayer 320 are exposed, when the conventiona

ashi ng pA%ﬁ‘%Erfoxﬁﬁﬁé M TP ﬂteHﬁh%‘Br&gsso'ihé‘Bh&éreElthﬁhttem 330
tenperature is applied, as il ustrated in the

usétCVRB IR m§§kt Jﬁev&i ﬁime%ftrthfs tﬁﬁf‘rsﬁ%%f %fdbqwmexef the

eteri Ol' at or t e Interleve I nsul"ati on | ayer

intfF¢ vgg fiRloy 1HR0IH0 G LA A RLE WAy psaxoa\gﬁagg, ce@/

ng proceés us

per%/ mustlrrl]gat()zl cr)]rC 2desh1tg£] tempgrature 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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and bottom Hel mholtz coils 111 and 112 as descri bed
above. To be specific, while the process chanber 130 is
mai ntai ned at the tenperature of about 0 to 80C, an
ashing gas is supplied to the process chanber 130

hr ough. t he supply Di 70 Wit ow rate of 30 .
subriran g & BBk ih BB e o radheds Ho M e s iisiog
the process chanber 130 is preferablt){ mai nt aj ned as 10
witlpthegomndp?. The acddnted On radiahie}4Ooemevpihe RRYQERISL, 500 Wi s

applied to the chuck 180. Therefore, ions 350

gener at edJibyhet ptberakiidn gheg eencamivasion ovfethel pldsmat opnegliph doe

of the 13/17 substrate 200 as illustrated in FIG 6.
subiet 200 adieasds and40carellad by viat maeriatic ¢eldl dodiroided i thh top

the ions 350. The activated 02 radicals 340 renove the
anBatiemeR kigtholtEoilshEl 104rfder 1 2haRdy rebllg teORGRE Falibh @D t1Rfions

the plasnma formed on the substrate 200 increases and

350ShAORHL AL RAODYadilifs BRONRIdACes! TRLAIRONEE O, Ir&flcddy 34d18an
top and bottom Hel mholtz coils 111 and 113.7As a

| 0 -at | [ hat -
ctfs LY ot VR O BRRRL S 0 hfer a3 ese il lfin whicp he
02 radicals .340 can .effectively renove the photoresi st
‘G'B%fiff‘té%lsé'ﬁé’lglhﬂ'élﬁma{“ BISRBEL O8H A i on i n which the
tenperature is not hi unli ke in the conventional, art.
ne o1 stz epHb s BRI e cher el BV vt Rrich e
| ayer on which the ashing process according to the .
ashing prasess svperdingdn thapisegnt srveadon isereprmig (refer toAd(s. (7B) is
the same as the profile of the interlevel insulation
thd seyreer asathe phifidhof the intefdvelinguleters kyeri an woch ger fsbingwepcess
(refer to FIG 7A). That is, according to the ashing
is potqeefosmed (refee to Pr@sAAN Thavienidconding o ths aghigspiotess ©b the
renove the photoresist pattern wi thout damagi ng the

prasBitahl&@idh, it iSpdsaiblcon reapes thel phatdréest pateeri wiiheheduntdging
characteristic. According to the present invention, the

the iﬂ%ﬂ%@&l Oillki’s%ﬁtti‘aﬂ‘l 1 SR eAowS dlctectritadhakeRriBg.
I'n y

ependent controll ed are arranged on and under the

plasma  procas t%hl%gti)?%se}l{g nt%ﬁtﬁoq{ %he {({;Bealﬁioﬂ&ﬁﬂﬁ R R

of the prasma ¢generat'e Re pfoces

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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chanber can be controlled in accordance with position.
Also, it is possible to renove the photoresist w thout
damagi ng the lowK dielectric |ayer under the process
condition in which the tenperature is not high by
perform ng the ashing process using the plasma process
WIHAGNBSTAIMED TSWHAT | S 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

thelngf gsmagﬁé}ﬁgerS?St&grgoﬁbg%éode arranged on the wafer
chuck; "t op Hel mol coil s arfanged on the process

cha ottom Hel mhol tz coils arranged under the
progggoée%%g%%ba 2. The pl asma chanber system as set

ort er COTTE ber a top power

sout el s eleed b RS TRE S b Lop vl ol L2
coi l and bott om power source su ? secon
cur?iﬁftomora&ﬂefr%a?lt nm%éqrrﬁﬁmcwece%ﬁ% lg %crtf‘éii fp thgewater

first current is direct current of-10 through 10 A and

chugler ei n the second current is direct current of-10
through 10 A. 3. The plasnma chanber systemas set forth
i n ziopichacRpdd araniged ox theprafeialgcls control | er connected
to the top power source and the bottom power source to
contop Melmhdiez goilg airing@dd oafthd precdss tlsdmiswy anént and t he
second current such that the concentration and

uni paorl H¥InfHoltk B6ilPArRn iR GRREIMRpestebicHaibeRr 0OCess
chanber are corrected. 4. A nethod of ashing a

phot oresi st pattern, conprising the steps of:

2. The plasma chamber systemn as set forth in claim 1, further comprising;

a top power source supplying first current to the top Helmholtz coils; and

a bottom power source supplying second current to the bottom Helmholtz
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,

3. The plasma chamber system as set forth in claim 2, 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.

4. A method of ashing a photoresist pattern, comprising the steps of:

forming a low-K dielectric layer on a semiconductor substrate;
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formng a lowK dielectric |ayer on a sem conduct or
substrate; 15/17 form ng a photoresi st pattern on the
sem conduct or substrate including the lowK dielectric
| ayer; | oading the sem conductor substrate including
the photoresist pattern in an ashing chanber including
top HRIMHADRIPIOKBFISS PAHGM Bt Hﬂsrﬁﬁmomtqrz%amtﬁsuamdmg@g
on and under the ashing chanber and a top el ectrode and
low-Kolialentmielaget r ode arranged in the aching chanber; and
renovi ng the photoresist pattern while supplying an
ashi mgadgasthe sehicdhdgtddXubstentd helidigy the phibtokdsest psidrndn an
chanber, wherein, in the step of renoving the
asﬁh@tc%ﬁﬁérshclﬂaﬁﬁgQé}ﬂHefnhHo‘ittz BHIE @fd bSttbnt BRImhAMRA o€ 69N ked
direct current are applied to the top Helmholtz coils

d dnaer BRI cHflbehld Ziop QidcGodd ﬁﬁ%%tttbﬂleél%tro\ﬂ@hrlrﬁlged

ITB.I ntaining t he i nner tenperature of the ashing

ugh 80C. 5. The nethod of ashing a
m%h "P% Gll‘lg%lg%raﬁ(grn as set forth in cl a| m4 wherein

the ashln l.east .one .sel ect
amonEERAETG BO@E%Q ey i € A Mg A A R s 0
% s, .a reduced g and a CF based gas and an 02 gas.
to ghe ippide ppthg dehipg © hg a photoresist pattern as set
forth in claim4, wherein the ashing gas conprises at
| easwhesin, g dheswercet wnoxingnige phetomsishipalisah st diregt epreat
N2 gas, a He gas, an Ar gas, a H2 gas, a H2He gas, a
anbiXsPorgiadirecCrarrentingte GpBed b thentop2Helgdeliz ToilThrd thest bejtbm
of ashing a photoresist pattern as set forth in claim
Hehnhvheesiis)respértivélly) whildinaandiningnhemheaatipetiars et thadshing
direct current are independently controlled in 16/17
ch@¥hB&in0qnaph B@IC.t he concentration of the plasma fornmed
in the ashing chanber in

5. The method of ashing a photoresist pattern as set forth in claim 4, wherein
the ashing gas comprises at least one gas selected among the group consisting of a N,

gas, an inactive gas, a reduced gas, and a CF based gas and an O gas.

6. The method of ashing a photoresist pattern as set forth in claim 4, wherein
the ashing gas comprises at least one gas selected among the group consisting of a N;
gas, a He gas, an Ar gas, a H; gas, a HyHe gas, a HoN; gas, CFy, and CHF; and an O,

gas.

7. The method of ashing a photoresist pattern as set forth in claim 4, wherein

the first direct current and the second direct current are independently controlled in
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accordance with position. 8. The nethod of ashing a
phot oresi st pattern as set forth in claim7, wherein
the first current is determined in the range of -10
through 10 A, and wherein the second current is
determ ned in the range of-10 through 10 A. 9. The
orgast thaxpnisp! HisHioneendaipdTo o b Hhesplasmap farmed nn dke gding ehankpar An
claim4, wherein the step of renoving the photoresist
accndprceseth fgdsiiost eps of : appl yi ng power of 100 through
2,500 Wto the bottomelectrode; and nmaintaining the
i nner pressure of the ashing chanber in 10 through 600

mr. 17/ 17
8. The method of ashing a photoresist pattern as set forth in claim 7,

wherein the first current is determined in the range of —10 through 10 A, and

wherein the second current is determined in the range of —10 through 10 A.

9. The method of ashing a photoresist pattern as set forth in claim 4, wherein

the step of removing the photoresist comprises the steps of:
applying power of 100 through 2,500 W to the bottom electrode; and

maintaining the inner pressure of the ashing chamber in 10 through 600 mT.

17/17



