ADAPTGVELY PLASVA SOURCE AND METHOD OF PROCESSI NG
SEM CONDUCTOR WAFERUSI NG THE SAME BACKGROUNDOF THE

wo bMERII0ON Fi el d of the Invention The present POUERR20S001585
relates to a sem conductor manufacturing apparatus and
a method for processing a sem conductor wafer using
the sane. More particularly, the present invention
relates to an adaptive plasm source and a mnethod for
processi ng a sem conductor wafer using the sane.
Description of the Related Art In general, an etching
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Description of the Related Art

In general, an etching process, in particular, a dry etching process is a process for
removing a predetermined portion of a lower layer according to a photoresist layer pattern or a

15 hard mask pattern over a semiconductor wafer using plasma. It is necessary to generate
plasma in a reaction chamber in order to perform such a dry etching process. Sources for
generating the plasma can be classified into an inductively coupled plasma source (“ICP
source™) and a capacitively coupled plasma source (“CCP source™).

Fig. 1 is a schematic view illustrating a conventional capacitively coupled plasma

20 source.

As shown in Fig. 1, an etching chamber 100 employing the capacitively coupled
plasma source comprises a lower electrode 110 located at a lower portion of the etching
chamber 100, and an upper electrode 120 located at an upper portion of the etching chamber
110 so as to face the lower electrode 110.  Both upper and lower electrodes 120 and 110 have

25 a planar shape, and plasma is generated within the etching chamber 100 using characteristics of



a planar shape, and plasma is generated within the
et chi ng chanber 100 using characteristics ofa
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such a CCP source, there is a disadvantage of |ow
pl asma density, |eading to high power consunption, in
spite of advantages such as high reproducibility of
the process and hi gh photoresist |ayer-etching
selectivity. Fig. 2 is a schematic viewillustrating a
conventional inductively coupled plasma source. As
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source, W'AE &L}n&@ﬂ)o@fﬂg‘ﬂbﬁjﬁume and ICP source are contradictory to each other in

terms of advantages and disadvantages. As a result, in any of the conventional plasma

sources, either etching selectivity or satisfactory etching rate can be secured, but not both,

20 SUMMARY OF THE INVENTION

Therefore, the present invention has been made in view of the above problems, and it
is an object of the present invention to provide an adaptive plasma source, which can provide

both characteristics of a CCP source and characteristics of an ICP source.



both characteristics of a CCP source and

characteristics of an I CP source.lt is another object
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source, which allows an etching rate and a

phot oresi st-etching selectivity to be adjusted,

thereby permtting a higher etching rate and

phot oresi st-etching selectivity. It is yet another

obj ect of the present invention to provide a nethod

for processing a sem conductor wafer using the

adaptive plasma source. In accordance with an aspect

of the present invention, the above and other objects
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i nvention, an adaptive plasna source is provided,
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center of a reaction chamber defining a reaction space for processing a semlconductor wafer so

as to face a planar electrode equipped at a lower portion of the reaction chamber, and having a
first surface and a second surface formed on upper and lower ends of the column shape,
20 respectively; a lower coil assembly spirally extending from the first surface of the first bushing
and coplanar with the first surface while surrounding the first surface of the first bushing; and an
upper coil assembly spirally extending from the second surface of the first bushing and coplanar
with the second surface while surrounding the second surface of the first bushing.
The adaptive plasma source may further comprise at least one second bushing

25 equipped to surround at least one of the first and second surfaces.



upper coil assenbly spirally extending fromthe second
surface of the first bushing and coplanar with the
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the first bushing. The adaptive plasnma source may
further conprise at |east one second bushing equi pped
to surround at | east one of the first and second
surfaces. At | east one of the upper and | ower coil
assenblies may conprise a plurality of coils. In
accordance with yet another aspect of the present
invention, a nethod for etching a sem conductor wafer
is provided, using an adaptive plasnma source
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1(? oi ls, Spg\@?nﬁbcreasmg the etching seléctivity relative to the €tching rate, the adaptive
plasma source may be set to have the characteristic value X of the adaptive plasma source
close to 0.

The adaptive plasma source may be set by controlling the number of coils, spacing
between the coils, thickness of the coils, size of the bushings, and a material of the bushings.

20 In accordance with yet another aspect of the present invention, an adaptive plasma
source is provided, comprising: a planar bushing equipped at an upper center of a reaction
chamber defining a reaction space for processing a semiconductor wafer; a support rod
equipped to protrude from the center of the bushing in an opposite direction to the reaction

chamber; and a coil assembly spirally extending from the support rod and surrounding the

25 support rod above the bushing.



between the coils, thickness of the coils, size of the
bushi ngs, and a material of the bushings. In
waewonsiance wi th yet anot her aspect of the preBENKR2005/001585
i nvention, an adaptive plasma source is provided,
conprising: a planar bushing equi pped at an upper
center of a reaction chanber defining a reaction space
for processing a sem conductor wafer; a support rod
equi pped to protrude fromthe center of the bushing in
an opposite direction to the reaction chanber; and a
coil assenbly spirally extending fromthe support rod
and surroundi ng the support rod above the bushing. A
portion oh pérdgor@Rboll ssassamPivtafRybudMer | ap t he bushi ng.
The coil assenbly may conprise a plurality of coils.
The bushi iy crhayeriipe coppes tRgI% ¥hape, the center of
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such that_a ent er of the as |stan1 bushing i.s .
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support rod protru
equipped to penetrate the center of the bushing and protrude through upper and lower ends of

15 the bushing; and a coil assembly spirally extending from the support rod protruded from the
lower end of the busing, and surrounding the support rod below the bushing,

A portion of the bushing may overlap the coil.

The coil assembly may comprise a plurality of coils.

The bushing may have a circular shape, the center of which is defined by a point

20 connected to the support rod.

The adaptive plasma source may further comprise an assistant coil spirally extending
from the support rod protruded from the upper end of the bushing, and surrounding the support
rod above the bushing.

As apparent from the above description, the adaptive plasma source according to the

25 one aspect of the present invention provides all advantages of a capacitively coupled plasma



| oner end of the busing, and surrounding the support
rod bel ow the bushing. A portion of the bushing nmay
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plurality of coils. The bushing may have a circul ar
shape, the center of which is defined by a point
connected to the support rod. The adaptive plasm
source may further conprise an assistant coil spirally
extending fromthe support rod protruded fromthe
upper end of the bushing, and surrounding the support
rod above the bushing. As apparent fromthe above
description, the adaptive plasm source according to
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ot her advant ages of the present invention will be nore
clearly understood fromthe foll ow ng detail ed

descri pt i % at)o@ggxﬁ] otllerr] ob?eagjfe%%tajldooquer advantages of the present invention

will be more clearly understood from the following detailed description taken in conjunction
15 with the accompanying drawings, in which:
Fig. 1 is a schematic view illustrating a conventional capacitively coupled plasma
source;
Fig. 2 is a schematic view illustrating a conventional inductively coupled plasma
source;
20 Fig. 3 is a schematic view illustrating the structure of an adaptive plasma source in
accordance with the present invention;

Fig. 4 is a plan view illustrating one embodiment of the adaptive plasma source of Fig,

Fig. 5 is a cross-sectional view taken along line A-A’ of the adaptive plasma source of

25 Fig. 4,



with the acconpanying drawings, in which: Fig. 1 is a

schematic view illustrating a conventiona
W@ apanstivel y coupl ed pl asma source; Fig. 2 i SPEI/KR2005/001585
schematic viewillustrating a conventional inductively

coupl ed plasma source; Fig. 3 is a schematic view
illustrating the structure of an adaptive plasm
source in accordance with the present invention; Fig.
4 is a plan view illustrating one enbodi nent of the
adaptive plasma source of Fig, 3; Fig. 5is a
cross-sectional view taken along line A-A of the
adaptive plasma source of Fig. 4;,Fig. 6 is a plan view

i I'l ust r at iFRQ iAPEE VISR hbHR At ientoNE: AFRPhiMEsoRa5 M8
sour ce of Flg 3; Fig. 7 is a cross-sectional view
t akerfiabong | ine B-B' of the adaptive plasma source of
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enbodi nment adaptive plasma source o

Fig. Beés a cross secti onal V|em1taken along I|ne CC
of the ada tlve |l asma source of Fig Fi g IS a
pl an vi ew %538 ‘gwﬂﬂﬂmW%Fmﬂﬂﬁfﬂ@@mgﬁﬁ&GWWEWPMHP“Fﬁé
adaptdrmgspl asma source of Fig. 3; Fig. 11 is a

graphi cal representation |Ilustrat|n? a nmethod for
process in élg &Y is a cross-sectional view taken along line C-C’ of the adaptive plasma source of

Fig. 8;
Fig. 10 is a plan view illustrating yet another embodiment of the adaptive plasma
10 source of Fig. 3;

Fig. 11 is a graphical representation illustrating a method for processing a
semiconductor wafer using the adaptive plasma source in accordance with the present
invention;

Fig. 12 is a plan view illustrating yet another embodiment of the adaptive plasma

15 source of Fig. 3;

Fig. 13 is a cross-sectional view taken along line D-D’ of the adaptive plasma source
of Fig. 12;

Fig. 14 is a graphical representation depicting characteristics of an etching rate and an
etching selectivity of the adaptive plasma source of Fig. 12;

20 Fig. 15 is a plan view illustrating yet another embodiment of the adaptive plasma
source of Fig. 3;

Fig. 16 is a cross-sectional view taken along line E-E’ of the adaptive plasma source of
Fig. 15;

Fig. 17 is a graphical representation depicting characteristics of an etching rate and an

25 etching selectivity of the adaptive plasma source of Fig, 15;



sem conductor wafer using the adaptive plasm source
in accordance with the present invention; Fig. 12 is a
W@k@o/osioew i | | ustrating yet anot her enbodi nent PGF/KRR@®5/001585
adaptive plasma source of Fig. 3; Fig. 13 is a
cross-sectional view taken along line DD of the
adaptive plasma source of Fig. 12; Fig. 14 is a
graphi cal representation depicting characteristics of
an etching rate and an etching selectivity of the
adaptive plasma source of Fig. 12; Fig. 15 is a plan
view illustrating yet another enbodi nent of the
adaptive plasma source of Fig. 3; Fig. 16 is a
Cr0SS- SeCtig0Bal a i M tiake@Ry @ ARG dnlbBincir dEthe Qbptileasma
adaptive plasma source of Fig. 15; Fig. 17 is a
gr aphpeabiFeépr esent at i on depi cting characteristics of
an etching.r . ' ChJ Vi f the
adapti ve gllg'a@%%mg%gcru %Ee] Vlo‘% &E‘} %ng @? Ei"é@‘e %%F @asnéa Sﬁ a ﬁf
vi ewHid 1sustrating yet another enbodi nent of the
adaptive plasma source of Fig. 3; Fig. 19 is a
éross-sec?@&ﬁﬁ?gv*@ﬁf?%%@ﬁmﬁ? hirgofgrgstiqeoffen ctegipe fipygpd an
adapt doii itBHBnSQERsisoufcl @rig. 1, Fig. 20 is a
graphi cal representati on depicting characteristics of
an et chi n§isrZatser ripp clieva fusestieettilhagothep ¢ngbedithopt of {he agfptiyepiasma
adaptj ve nl asma source of Fig. 18, Fig. 2 1 is a plan
viem1|Tﬁus§Tating still another enbodi nent of the
adapti ve pkasacsoutticel @ takdn@ong Bije G-G of the adaptive plasma source

10 of Fig. 21; and
Fig. 23 is a graphical representation depicting characteristics of an etching rate and an

etching selectivity of the adaptive plasma source of Fig. 21.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
15
Preferred embodiment of the present invention will be described with reference to
accompanying drawings.
Fig. 3 is a schematic view illustrating an adaptive plasma source in accordance with
the present invention.

20 As shown in Fig. 3, an etching chamber 300 employing the adaptive plasma source of
the invention comprises a lower planar electrode 310 equipped at a lower portion of the etching
chamber 300, and adaptive plasma sources 320 and 330 equipped at an upper center of the
etching chamber 300 so as to face the lower planar electrode 110.  The adaptive plasma source
320 and 330 comprises a planar bushing 320, and a coil 330 spirally extending from the bushing

25 320 at the upper portion of the etching chamber 300 and surrounding the bushing 320.



Fig. 22 is a cross-sectional view taken along |ine

G G of the adaptive plasma source of Fig. 21; and
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characteristics of an etching rate and an etching

selectivity of the adaptive plasma source of Fig. 2 1.

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Preferred

enbodi ment of the present invention will be described
with reference to acconpanying drawings. Fig. 3 is a
schematic view illustrating an adaptive plasma source

in accordance with the present invention. As shown in
Fig. 3, an etching chanber 300 enpl oying the adaptive
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15 Fig. 4 is a plan view illustrating one embodiment of the adaptive plasma source of Fig.

3, and Fig. 5 is a cross-sectional view taken along line A-A’ of the adaptive plasma source of
Fig. 4.
Referring to Figs. 4 and S, an adaptive plasma source 300a according to the present
embodiment comprises a first bushing 320a-1 located at the center of the plasma source 300a, a
20 second bushing 320a-2 separated a predetermined distance from the first bushing 320a-1 while
surrounding the first bushing 320a-1, and a coil 330 spirally extending from the first bushing
320a-1 to the second bushing 320a-2 and surrounds the first bushing 320a-1. Accordingly, the
adaptive plasma source 300a according to the present embodiment has the single stack structure
comprising a single coil and multiple bushings. A column 340 is disposed on the first bushing

25 320a-1 to electrically connect the first bushing 320a-1 to an external RF source (not shown).



in addition to the bushing 320 and the coil 330
| ocated on the first plane of the upper portion of the
wee@biosiichanber 300. Each of the single stackPGHEBRRI03H01585
pl asma source and the nulti-stack adaptive plasma
source can be classified into a single coil structure
conprising a single coil, and a nulti-coil structure
conprising a plurality of coils. Both single coi
structure and multi-coil structure may have a single
bushi ng structure conprising a single bushing, or a
mul ti-bushing structure conprising a plurality of
bushings. Fig. 4 is a plan view illustrating one
enbodi mentig @fs aplheicadRbinyQotRt @S6MBneR OLKG@ptRE pldthdFourcd of
and Fig. 5 is a cross-sectional viewtaken along |line
A- A T 3. e g4 &&ﬁioﬁsuéeéﬁopﬂl veiakenalgnglipeB-Bfof a@e}pﬁv& plasma source
Refeg&ﬁgg to Figs. 4 and 5, an adaptive plasnma source
300a according to the present enbodi nent conprises a
first busRéfmipg B2k 6 lndl 70madapitle desmd srnece §edh begardirgfio thetpeesent

pl asma source 300a, .a s nd bushi ng 320a-2 separ at ed
B o R REAT SPGBy BT R 8- P S BN PRy Bk |
Whi | EecSildlbhisRAb6bA GepdrdR a fridtSrindd Uisthhcd Y8 m3 EB-blishing@-13vhilO1 |
330 spirally extending fromthe first bushing 320a-
1t o trewsiebmies behie Pib! 3P0 didbuding S0brp FoenrivdiE 2 prergeringds t
bushi &a%ggogﬂh scbond HERRT 5k Qhﬁé surbu 8o AR RSnls ¥iGyind 525 5 he

sour ce according to the present enbodi nent has
t he sidmgyk gassi @ede 369b fuetcompgsecanipwstrablyr3gp vehic ipirdfy wtergofidn

and nul tiple bushings. ol 340 is di sed t he
B stestrs v 5 0 S b e i oot BB Py o
bushi Agwi2 Qally eliddsiom @ beedndBikhinRB206.0 W theChir( Bdking 320b-3 and
shown).Fig. 6 is a plan view illustrating another
enbodtureit thoeondpeshing B3 4 Ui s g calasepily 8¢ coppriges a st
and R’ lin@ 08 %S hild G131 Ml LAKRA BhQRE ohkn®
B-B' of the aaaptlve pl asma source of Ig. 6.

Ref erAckaniinely,ohe dlagiiye pl§maseatce BY0bavordiakatp the yresenp fnabsdiraenigauthec e

300b accordin
15 s%gle stack structiire goglpritsill;]gem t1£lee c%x?s g&d multiple bushings.

Fig. 8 is a plan view illustrating yet another embodiment of the adaptive plasma source
of Fig. 3, and Fig. 9 is a cross-sectional view taken along line C-C’ of the adaptive plasma
source of Fig. 8.
Referring to Figs. 8 and 9, an adaptive plasma source 300c according to the present
20 embodiment comprises a bushing 320c located at the center of the plasma source 300c, and a
coil assembly 330 which spirally extends from the bushing 320c¢ and surrounds the bushing
320c. At this time, the coil assembly 330 comprises a first coil 331, a second coil 332, and a
third coil 331 uniformly separated from each other. Accordingly, the adaptive plasma source
300c according to the present embodiment has the single stack structure comprising multiple

25 coils and a single bushing. Meanwhile, the adaptive plasma source 300c according to the
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enbodi nent conprises a first bushing 32Cb-1 |ocated at
the center of the plasma source 300b, a second bushing

wW@2@bAo210skepar at ed a predeterm ned di stance fr oPCT/K&2005/001585

first bushing 32Cb-1 while surrounding the first
bushi ng 32(b-1, and a third bushing 320b-3 separat ed
at a predeterm ned di stance fromthe second bushi ng
320b-2 whil e surroundi ng the second bushi ng 320b- 2.
The adaptive plasma source 300b further conprises a
coil assenmbly 330 which spirally extends fromthe
first bushing 32Cb-1 to the second bushing 320b-2 and
surrounds the first bushing 32Cb-1, and which spirally
ext engiSenf Bk 8 dSREOMA s BinR Go03ARR 15 ik of RQerkchbd s
bushi ng 320b-3 and surrounds the second bushing

320b- 4@BﬁWmWhN§WP@ﬁBmhhhﬁw@wkwmb§§%nﬁﬁwmggmﬂ@aﬂﬁﬁwges

a first ¢ 33 second and . t
a1 URPrERk b BRIt e TR ot ol TG,

t he &d&ﬂMhMEe@hﬂﬁﬂﬁaﬂ@ﬂ%ﬁ@Iﬁ@ﬂhmaﬁ&@ﬁHMﬂ@e&@ﬂhhﬁmwme
present enbodi nent has the single stack structure

c,50 np rdoss Ny by ‘F‘}“ﬁ’rgéevli"&?f’ Pglasﬁﬁ‘li“s%ﬂ‘l‘ﬂf“i‘ PIEBiishi ngs. Fi g.

8 is a plagy Ils%\e&ogs lsdetbsd Vidd dlid3Bing ?& 2RRQ LAREMENRQE bR

of the adaptive plasma source of Fig. 3, and Fig. 9 is

a cr odpsnssectdBaadl view taken along line G C of t he

adaptive pl e of .Fi g r 8

and 9, anaéimﬁtlv% pl?gﬁgme Fgémﬁﬁggﬁé%%%r I'ng ?gﬂﬁhe
pres&ﬁhmamh@dmﬁﬁﬂ%ﬁB@ﬁﬁﬁmﬁﬁSmﬁmﬁuﬂhuBQMBQ@thﬁﬁﬂﬁaﬂlat

the center of the Hgasna source 300 and a co

BssenBsyf23g52gimen ?tﬁﬂéfmeffmsfe%ﬂ@ﬁh%wf%fiﬁo?dhe‘\ Sa‘iffgdd?%
320c Rad $d45 9 datn%re&umdﬁ&m&@@&n théNirst iRerSudihdea- t hE

coil assenbly 330 conprises a first coil 331, a second
coi | 'Bfiosurroymipde the firgh joped busiie]32083.1 Aélmthfﬂ@rsmny loy@rbwhla.zt%@ -2,
from each other. rdingly, th IARY l.a

source - 'g]d‘ Lo .8‘?1%3 lstsecﬁ’ar?ﬁ)eét ori g% en 991 03 ?m hEE

t he ammggew$tamﬁe@mmmw@umemm@mpmﬁﬁgngwmurnmphﬁwcmmms
and a single bushing. Meanwhile, the adaptive plasm
Sour cBrs é%f: acepeog g Hr@”’lt %T‘b?‘?‘i@B AELERPPTSTS BH?r FEATPY 330,

di SpPO&RE spilly Seeh@RIAEHe FEODR: BARg 320 16 e dednd 1EWLKBRE 32842
the center thereof
and surrounds the first lower bushing 320d-1, and an upper coil assembly 330, which spirally

extends from the first upper bushing 320d-1° to the second upper bushing 320d-2’ and
surrounds the first upper bushing 320d-1°. In the adaptive plasma source 300d according to
20 the present embodiment, the structure disposed at the lower portion of the plasma source, and
the structure disposed at the upper portion thereof have the same planar structure as shown in
Fig. 4. In some cases, the adaptive plasma source 300d may comprise an integral structure of
the first lower and upper bushings 320d-1 and 320d-1°.  More specifically, the bushings can be
formed in a cylindrical shape having a predetermined diameter, wherein the bottom of the

25 cylindrical shape constitutes a lower surface of the first lower bushing 320d-1, and the top of the
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and is gradually decreases in thickness towards both
ends. Wth this structure, a distance between the
whe®hiosiy1B820c and an i nner space of a chanber PEI/ER2008601585
done 600 is different froma distance between the coi
assenbly 330 and the inner space of the chanber bel ow
t he done 600, thereby reducing deviation in plasm
density within the chanber. Fig. 10 is a
cross-sectional viewillustrating yet another
enbodi nent of the adaptive plasma source of Fig. 3.
Referring to Fig. 10, an adaptive plasma source 300d
according to the present enbodi nent conprises first

| Ower cy@iashal AR bnst SR nfdet Suri@e Ml FirstAfpel baRfh2dd 1. € Gl ARSI

at both ends of a vertical colum 340 |ocated at the
cent eiftasiprf soyrdy @00 pegpeding toghs pieseies erhOdiknt hay aseudticrtaek sirugiwe having a

bushi eparated at a predetermn ned
di st an %mgggW%?Lﬁmuﬁgst | ower bushing 32Qd-1 while

surroundi mg. the £ ighgical | rgwehtatbil Sidrage 326Hhod for pABesiMgt
t he second | ower bushing 320d-2, a second up

Bus hi Fgcosdigier. wler e dhenadipie eplysmay souree p Seerfaage *ﬁé{‘f present
di st ape@od romthe first upper bushing 32Qd-1 ' while
surroundi ng the first upper bushing 32Qd-1'. The
adaptive ﬁ@@@m&0§@uﬁbém3@&ﬂwaé@mw@Wﬁgmvwmeheﬂpﬁ@@@mt
enbodi nent.. f se

330, Whi C eﬂyse%ilbftsa f/cgegx eh SI% rs%mﬁeta%e ?I rsfmﬁ’ wgmbcmybe
bushi ingraB@(He the flavidghgaisecond | ower bushi ng 320d 2 and
surrounds the fjrst | ower bushing 32Qd-1, and an upper
Coi | asseﬂ%Fy(§§@? “Ghi ch spirally extends from t he

first UPPehedyShi NenaR@ie tal&ooftutaead@ﬁ@o% MRRE! ushi ng
320d-2' and surrounds the first upper bushing 32CQd-1".

Int héar?a@'amvw\we)f muetéfﬁncowe Pleea @@@@eﬁmlmpman@ecttodﬁ apdhige
presen the structure 0

| over 01?3 gnr%{gleglrs] a CO c etistic vaJ]ue n%am vel coupleq p a£1 %e? ?y the gltanu o
d|Sp&&ﬁd@&Mﬂkhamwpmer portlon thereof have the sane
pl anar structure as shown | some case

'The adapt iV E=Hradige: %%“Bﬁ’aété“‘?b‘éﬂw F?BV‘“?SGH rfﬁ‘fpie%%"‘s‘a%m"‘“de a

i nt € tHigh lpho%kglédg&ﬂflé ﬁleéﬁfqty 810 and a low etching rate 820, whereas the characteristics
of the inductively coupled plasma include a low photoresist-etching selectivity 810 and a high
etching rate 820. In the above equation, if the adaptive plasma source has a characteristic
value 830 of x= 0, the characteristics of the adaptive plasma source are the same as the

20 characteristics of the capacitively coupled plasma, that is, CCP, and if the adaptive plasma
source has a characteristic value 830 of x =1, the characteristics of the adaptive plasma source
are the same as the characteristics of the inductively coupled plasma, that is, ICP. As shown in
Fig. 11, the adaptive plasma source may have a characteristic value 830 of X from 0 to 1.
Variables determining the characteristic value of the adaptive plasma source include the number

25 of coils, spacing between the coils, thickness of the coils, size of the bushings, the number of
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the first | ower and upper bushings 320d-1 and 32Cd- |

. More specifically, the bushings can be forned in a
wa@loesadioical shape having a predeterm ned di anRCBEKR2005/001585

wherein the bottom of the cylindrical shape

constitutes a |l ower surface of the first |ower bushing

320d-1, and the top of thecylindrical shape

constitutes an upper surface of the first upper

bushi ng 32Qd-1'. The adaptive plasm source 30Qd

according to the present enbodi ment has a multi-stack

structure having a single coil and nultiple bushings.

Fig. 11 is a graphical representation illustrating a

et hoglshh @I RGeS &k Righind aSBIRAITEO Nk, WhEH iR fcaskSthd M@nih €

adaptive plasma source in accordance with the present

i NV ertes elpive (R fichipg splegtivitpbyprggolling these Yatigblesy Higagartivg alasyk wateen

SOUT Gty BPE! A e D U Bk QDG OREMI LG 1 1

exhibits characteristics of source and a

sour ci, contdiry, oﬁhexcmhaslng thé étdhtug ierecﬁtne &1atu® itd‘t@a etchi@ rht© tht @Mting

equation. ¢ = | CP & re x is

Char AESPEE e R 4T é‘aVthe f*ﬁ’é“teﬁiff%\?ff‘iuf ve fﬁ'i‘eai’gﬂ*i’ﬁe T e

| CP ig&sdocharacteristic value of inductively coupl ed

pl asma determ ned by the planar el ectrode and the

coi |, andFedp iSi @laa vigw Apstigtingerel ayethegempeingpat o fhe adaptive plasma

capacjtiv dete byL B nar

electroaepg d t ﬁ?@?“s°snuﬁﬁwg%§ 8356%?% gmgggne

t he qm@ﬁﬁmheﬁmguzcs of the capacitively coupled plasm

i ncl ude a_hi gh photoreS|st etching selectivity 810 and

4 1 ow et chfffigerdiss 18201 RabraRsphere APEetiE ' B rest of

the i eﬂgﬂ%ﬁt Vc@rlp%esci QH'QII b%gngulb@ealﬂ@edl al llﬂﬂ&l Eenter 01F &3Wetion chamber.
phot oresi st-etching selectivity 810 and a hi gh etching

rat e 8p@gh thﬂadavtheplaawe é‘lﬁflsr%ttwl Pespit eiptfodimppbis debst! infig- 12 as
pl as S % lc':l1¥c ar shh aesit may e 0l % gtsdp onyo% n%x?pged% the center 0,
? da ti Ias

thec acterls ics o ource are
t he S(ﬁﬂiEbuaﬁlg #40@uch that it protrudes from an upper surface of the bushing 420 opposite to

15 the lower surface of the bushing facing the reaction chamber. Although not shown in the
drawing, an RF power source (not shown) is connected to the distal end of the support rod 440,
The bushing 420 may be made of the same material as the support rod 440 or may be made of a

different material. In either case, the support rod 440 is made of a conductive material.
The adaptive plasma source 400 further comprises a coil assembly 430 including first,
20 second, third and fourth coils 431, 432, 433 and 434. Although the present embodiment is
described as having four coils, the present invention is not limited to this structure.
Alternatively, the adaptive plasma source 400 may comprise any number of coils. The first,
second, third and fourth coils 431, 432, 433 and 434 spirally extend from a side surface of the
support rod 440 and surround the support rod 440.  Accordingly, the first, second, third, and

25 fourth coils 431, 432, 433, and 434 are located above the bushing 420, and a portion of each coil
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characteristics of the capacitively coupled pl asma,
that is, CCP, and if the adaptive plasna source has a
W@ b@sasgtoer i stic value 830 of ¢ = 1, the char acRE€r/Kg2105601585
of the adaptive plasnma source are the sane as the
characteristics of the inductively coupled plasna,
that is, ICP. As shown in Fig. 11, the adaptive plasma
source may have a characteristic value 830 of x fromO
to 1. Variables determ ning the characteristic val ue
of the adaptive plasma source include the nunber of
coils, spacing between the coils, thickness of the
coils, size of the bushings, the nunber of bushings,
the naieasd ads 00§34 LiBapDUSRINRE 4202 PEwel B Grarkhik from the RF power
Accordingly, when increasing the etching rate relative
t 0 t hewrgrcehicrdo Sediwbad efite rrey rod dAqtq tesl firs prepnd. khisg; end fourth
var i , ' ource may be set to
have t%gﬁéﬁéggg?ggﬁék¥%e@%@ﬁgﬁ%ﬁof t he adaptive plasma
sour ce cl ogel4is@ giphicADrprésdd@tiot Gefiitth@dhytacte’id Bf ah AInSaAS hnid Gh
the etching selectivity relative to the etching rate,

the aUARFCE I SR EREFCE fdyele set to have the

char act er irstrify 8k UL idEmt BencLRR kY Be RIS s OMES Q00
close to 0. Fig. 12 is a plan view illustrating yet

anot hastordiagris dhy ipveism embedimentighighef 435 finidigated b lns AR 0B g 14 ¢harothe
Fig. .an ' i 0ss-sectjonal view.take

0 onge AR e bl B SLASEASARRL AR S PR,
12. Refiglicitédrng ddnal lind §8 of Fig? 4@nid). 1L84ditianly il @fpts oMe: fdtasina
source 400 according to the present enbodi nent _
Conpr TS AY- A5 P B Bl g2t aering fete mpenameensaris
cent efigh@fas AditaREGHOP0 &R NTEK:N hMalphR YA, bR A a8 1V e
pl asma source 400 of the present enbodinent is

i |1 usimbegimsels flugrafy wjth refepencg 9 Flgn ¢ fo Ayasdndisitqd byidosad liept§2péFigs t
may h otk es.A.support rod.440. 1 s Ui pped
Lot naY By AR URE S e REP loB i S EW L RS
pr ot rtd @8t of thOAahigratt) ydiet mcBns AR @habifteribtiacof I SApdcift@ly4dPled
opposite to the | ower surface of the bushi facing

I K n

The TP EHTHTAGEPERY © HOMGH" ROE RO phfge o
dr aw Thg rcaséH Tor RfengdOiHR fn 1R QlMfaG@istils30he SRAWAY colipked GIRRRGELE]
to the distal end of the support rod 440

that the adaptive plasma source 400 of the present embodiment comprises the bushing 440

having a larger cross-section than the adaptive plasma sources of the embodiments illustrated

with reference to Figs. 4 to 10. A strengthening degree of the capacity coupled plasma source
20 can be controlled to a desired value by controlling the cross-section of the bushing 440,

Similarly, the characteristics of the inductively coupled plasma source can also be controlled by

changing designs of the first, second, third, and fourth coils 431, 432, 433 and 434.

Fig. 15 is a plan view illustrating yet another embodiment of the adaptive plasma

source of Fig. 3, and Fig. 16 is a cross-sectional view taken along line E-E’ of the adaptive

25 plasma source of Fig, 15.
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The bushing 420 may be nade of the sanme material as

the support rod 440 or may be made of a different
woraioe03®@io I n either case, the support rod 440PCHKRaAES/001585

of a conductive material. The adaptive plasm source

400 further conprises a coil assenbly 430 incl uding

first, second, third and fourth coils 431, 432, 433

and 434. Al though the present enbodi nent is described

as having four coils, the present invention is not

limted to this structure. Alternatively, the adaptive

pl asma source 400 nay conprise any nunber of coils.

The first, second, third and fourth coils 431, 432,

433 and 43derSiRiorak. hyanet 2 adpild REmhaGousck S8 2&bHlifgas®e ffentt he

support rod 440 and surround the support rod 440.

Ac c oregpadigies; is diffpjent fomyths pdaptiveplagspg gource 49 feppribed pih refesenpertFies.

coi | I

Bushi a0 13l T e pRRC Aty Al HGRLEH RO Sy

or 434uipriabdveyasil dskrablylsdrsitindig, fékEﬁmplPﬁMBEcondStlnidr aact‘fam fofised

fromthe RE power source connected to the d|§% end

ot el SUpPErR! PbdMa TG Y HE PP S lamE Y Of i Rt
and feabdainnt 6HplisSs adndih plméx?ozshmélsaﬁeqaﬁgd 3l Ve e bl
support rod 440. Fig. 14 is a gr ical representation
depi chimhg; aehﬁlraéﬁé% pyshangSg2spogifoned Pfeﬁgeﬁlimﬁ’gdlﬁtaaqe ebogmtbF naml
et Ch'b%gmg g% betkad a{recgin Ime p@geaeaaox&eneh@mam%ﬁ
erring t , Interns o e etc |ng
rateanmhemaﬁamm«V®npha$ﬂmmﬂmwmgﬁl4H®wam®mmdmm@hmmﬁhhe
present enbodi nent. i s hi s indicated b i ne 480
0f  Fi %Y SR et ﬁw%m%\%}%\%-iﬁeré&wggﬂag%ﬁ% gac) %’y“%%‘l’a&i ng
to thgngypodi ments illustrated with reference to Flgs
4 to 10 (as indicated by dotted |ine 810 of Figs. to
10). Addi tisennea pd/S40 is pauipest frigueh fhe eorier oh oMt @@?’@?@ta&h‘b%g
Sel eC Sis ! e's extddatf il g
Rt bla 12 BNl AETE cBP AR S S SoR
| i ne bwag £ tobvardy the dsdtantbhsbing 221 end pabenpts the@ssighnalsiing S8 atfoee S

accordin to the s i1 1.ust ate

Bof orHee sy pip e e boeitnshetp BByt
l'ine Rk bodie@San R pbvRr blhe (ko) is@@mMbtld tolu dishi &d otk
increasing ratio of the photoresist-etching

sel ecrpyrt @(1/549 S Tlmxrgﬁélfshmg 521, the assistant bushing 522, and the support rod 540

may be made of the same matetial or different materials. In either case, the support rod 540 is

made of a conductive material.

20 The adaptive plasma source 500 further comptises the coil assembly 530 including the
first, second, third, and fourth coils 531, 532, 533, and 534 between the main bushing 521 and
the assistant bushing 522. The first, second, third, and fourth coils 531, 532, 533 and 534 are
equipped to the adaptive plasma source 500 in such a manner of spirally extending from a side
surface of the support rod 540 between the main bushing 521 and the assistant bushing 522 and

25 then surrounding the support rod 540. Accordingly, portions of the first, second, third, and
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than that of the etching rate, which neans that the
characteristics of the capacitively coupled plasma
wWeoeo108r € further strengthened in conpari sonPCDKRR@®5/001585
i nductively coupl ed plasnma source. The reason for
strengthening in the characteristics of the
capacitively coupled plasna source is that the
adaptive plasma source 400 of the present enbodi nment
conpri ses the bushing 440 having a | arger
cross-section than the adaptive plasm sources of the
enbodi nents illustrated with reference to Figs. 4 to
10. A strengthening degree of the capacity coupl ed
Pl as NBurs @kl B E sR.ABB BE53EQHaF & haBiBushifh 581 FERI LsBht Mhikd ©22DY
controlling the cross-section of the bushing 440.
Si mi | espdeypely.-t RevedHarsaged&pn ke REpawepourge gendetprdeitbe distglehdpf the

coupl &d p) @sﬁlﬂ% QN s%c% dcm b 8908 %9352[ %'ﬁ ',an%§34%(mu the
changlﬁ des ns of irst, secon Ird, an
fourtimwmmﬂsg)43 1, 432 433 and 434. Fig. 15 is a plan
view illustrating yet another embodi ment of the

adapt i ve pledd i SSH ERSGrioEfg gy iepign o opis pg g an
CT 0S SqchiflGlidc R hdbhBie fakBReRgs. | i ne E-E of the

adaptive plasma source of Fig. 15.Referring to Figs.
15 and 16Rdam¥adapﬂ7veﬂp$ﬁ@w&myamﬁeéeEﬁwwam@mwﬁwwgmto
the present .enbo ; flerent from

plasﬁgméo %ce 2%?|Em%w(”l " %?%ncepf%?ﬂlgs
and ladaptiva plﬁshaiomtehaecoad@xp thé emodp:leasmﬁm@wm Geferebd O Figus b hE r
conprlses an assj stant bushi equi Eped above a

ol T ety S50 FLHIH Adh 0 oRSBRaHgh B pf pegpoonst
Seco na@hmé :J@llec!ﬁgty t@r&gapiivg Hgslgnb so@d d06 acﬁ)?ﬁlng t051§e2pres§18§nb§ﬂ1@nt5§ 4.

More specifically, the adaptive plasma source 500 of
t he ﬁmé@éﬁmmewwwdm#@%ﬁFedﬁpmm@e@%ﬁ%mHWﬁﬂﬂkawawwmuyhlng

5 2 1 € gngodg‘rgxﬁ glus%ated Wi r&p nce to PC g qttcyﬁl'b ﬁsalgdéc%tgd% do%ead(i}lel 89({] of Fx%s 4

an assi st ant osI t1oned
predememnnneﬂmdm&h&n&ﬁmah@vamhh&umgmmobﬂﬁhmﬁgmﬁﬂ&mmm
t he vertlcal di rectian. he present enbodi nent, the

Sssi ST Fiightt iy tsosd cing oy R PEBL BGTTFE Bhor
t hat cQ;facntvg? coﬁﬁf!d Blas!ﬂxlaﬂ gtﬂr'c% f@%gr strenéﬂ@ﬁe@ M%Smpaﬁ%n tg' ﬁ«lélildutiﬁélﬁ g

limted to this structure, the assistant bushing 522
may heavplsd eigimesgues]  lopartipulay @ewei@h@@gdcg@éftr the ppuigldd atlasme fparce
mai n can be controlled to a desired value by controlling the cross-sections of the main bushing 521
and the assistant bushing 522. Similarly, the characteristics of the inductively coupled plasma
20 source can also be controlled by changing designs of the first, second, third, and fourth coils
531,532,533 and 534.
Fig. 18 is a plan view illustrating yet another embodiment of the adaptive plasma

source of Fig. 3, and Fig. 19 is a cross-sectional view taken along line F-F’ of the adaptive

plasma source of Fig. 18.
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bushi ng 521. A support rod 540 is equi pped through the
center of the main bushing 521 and the assi stant
whe®hiosiy1622. That is, the support rod 540 extRCHERRI0S5/001585
the center of the main bushing 521 towards the
assi stant bushing 522, and penetrates the assistant
bushi ng 522 above an upper surface of the assistant
bushi ng 522. Al though not shown in the figure
illustrating the present enbodi nent, an RF power
source (not shown) is connected to a distal end of the
support rod 540. The mai n bushing 521, the assistant
bushi ng 522, and the support rod 540 nmay be nade of
t he same n@ﬁxﬁﬁgi t@l}igs.QR a9, gneaﬁa@ﬂg plRL ﬁﬁr&e@b()sdccmldigg St B@Ent
case, the support rod 540 is nmade of a conductive
mat er fmpdimentrrampsists p Plagiebuphing §3Perqdnpesdrat en HEO cfnigr ¢f @ reaction

conpr | t ' 530 i.ncl udi the firs
cecond ity {iobl PSSR Lot (iR ER LR | il
bet weim ab ty@er sfhcRofitid Buding §20oabbsitaim elloddn Srfas & ths busitz cloushd Ng
522. The first, second, third, and fourth coils 531,
532, BIRUghdEbgy Alpushagdirhiabe dying R Epaepiortrdnopheratin
SOUr CE&madBo b MstPHER 1&suspBRlo. Of spiral ly extending from
a side surface of the support rod 540 between the main

bushi ng 52%e agantéiec plivea uesioWifiather cotporistyia erd) asSRBly 639 dhelpding first,
sur roundi t 5 ccor dj.n ~.portions
of 1 e B bR EuBuRRRL, @ 25 e TR R b v
532, &B3 famcthesdé sotierof ap sipfe rded4n add uatdind gheDdppdt M@0t he
assi stant pushing 522, respective '

ly. P
Wran§NFFP@H”¥Pﬁh??ﬁ@mﬁﬁmﬂﬂﬁ%?m@@dpzéﬁégﬁﬁéﬁ%%ﬂ“Pﬁthe

di St age l&ﬁfjs_u@af:e d tﬁ@bt@ﬁb@ BRlatd tl(eQQcti%Qan‘FoQ. t"Iﬂa(i2 is,ftlinera&hive plasma
second, third, and fourth coils 531, 532, 533 and 534
t hr oughce tWet Baprpraembodigent i differentfiog the gdptijeglagnagrueetdP braihg

repr etﬁeecgk ﬂ)uteg QDO%% b etk éqg) ag L’}]lgvsrma}lg: Igi eFi ’S%At ﬁlg 9r,fs cg'nr&, tﬁltdcarrlu ng

rate and an etching s€lectivity i the a aptive plasnma

sour cleurtoilste 10632, 3 and R fae lotaiediglow be brdhigg 62d.7, in ternms of

t he etchin% rate, the adaptive plasma source 500

15 Fig. 20 1s a graphical representation depicting characteristics of an etching rate and
etching selectivity of the adaptive plasma source of Fig. 18.

Referring to Fig. 20, in terms of the etching rate, the adaptive plasma source 600

according to the present embodiment is higher (as indicated by line 680 of Fig. 20) than the
adaptive plasma sources according to the embodiments illustrated with reference to Figs. 4 to 10

20 (as indicated by the dotted line 810 of Figs. 4 to 10). This is because the coil assembly 630 is
located closer to the reaction chamber (not shown).  Additionally, in terms of the photoresist-
etching selectivity, the adaptive plasma source 600 according to the present embodiment is
higher (as indicated by line 690 of Fig. 20) than the adaptive plasma sources according to the

embodiments illustrated with reference to Figs. 4 to 10 (as indicated by the dotted line 820 of

25 Figs. 4 to 10).  This is because the bushing 620 of the adaptive plasma source 600 has a larger
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according to the present enbodi ment is higher (as

i ndicated by line 580 of Fig. 17) than the adaptive
WQEk@sasiosdur ces according to the enbodi nents PCT/KR2005/001585

illustrated with reference to Figs. 4 to 10 (as

i ndicated by dotted |line 810 of Figs. 4 to 10).

Additionally, in terns of the photoresistetching

selectivity, the adaptive plasm source 500 according

to the present enbodi nent is higher (as indicated by

l'ine 590 of Fig. 14) than the adaptive plasma sources

according to the enbodinent illustrated with reference

to Figs. 4 to 10 (as indicated by dotted |ine 820 of

Fi gS. crofs-stcBon B thos&\SF thia&aEhv& ﬂﬁmﬁ@@&ﬁof@ﬁbﬁéieﬂmﬁr&m deBrBed

increasing ratio of the photoresist-etching

sel ectitf {rfereyee fodighitdhidr Meppyhiletap @ereagie rytip ef thotcchiperveje i highe,

whi Cl']‘hal;n?hgt ¥ thte Igﬁottore%lg gchlgi @[ealglg'e\l;lﬂlcﬁ trrle&é thgfﬂ%e cn cteristics of the

capacitively couple asnma source are er
stre ngihdn@lyedlplemplaexmte lag Ginhet s:rerxetlmedlun@imp}tbsovelﬂy c@mmpﬂlye d

pl asma sour ce. ﬁartlcular t he strg E%?gnlng egr ee
f50r tREIC BEBP é"d‘CTol SOt Rl 95" £h e g™y
desi rfthakébcti@n RYon&MEiid 2QbslrdaRhe Bﬁ&ugm@%aeg@m&a&ssaﬁbxyt he
mai n bushing 521 and the assistant bushing 522.
Si mi |64 pnyg the difrnce diegerpibetreaptiprschgmbes angfhe goff @ssqmigly) G0t | Sirelkpy. the

coup | cﬁagactQAéﬁg’me §agag§\$él§ﬁ) @EP plglng' &mg%an (gate e (Jllcr.%gy Qxélﬁlag the

changli ng designs o irst, secon
f our tdwsse@tion sf i Bibhing 582, 533 and 534. Flg 18 is a plan

Yoo LR R oS0 SEPO IR 8 IR e

Cr 0SSoBR 6 Hid Nahd ivd £ & AKE i 009 takeh Bing Find -G Or thE Bildptive
adaptive plasma source of Fig. 18.Referring to Figs.
18 arrpsmegueedifigdlapt i ve pl asma source 600 according to

the pr eSGﬁ% @g’v Qe 9ERS zz%rmgdvgp@grﬁa%mp& m&co&ﬁgﬁgﬁl se§20A

equi pped a upper center o e reaction ¢
S Upp Gnboditr@ is GidfEent Hmelg udaplpﬁthsmsomm @0 gaanibed wvittofferénlrgo Figs.

bushi 1ngndGZO Sue h t hgt1 I Ce 0f %‘% S rnr om an upE11 -
Sur f dé@&vdf ‘“tﬂﬁ’}s HIEHT A8 FyiEs 4Py S Pace
of t heo huani, RYxtl, dearst, Rebnd, tmi dEBGth hsQnCBBMNET2, 733 and
Al t hough not shown in the drawi ng, an RF power source
( not Bh ébw(?)a bpsging 720. More specifically, the adaptive plasma source 700 of the present
embodiment comprises the planar bushing 720 equipped at an upper center of the reaction
chamber, a support rod 740 equipped at the center of the bushing 720, a main coil assembly
20 750, and the assistant coil assembly 750 equipped to the lower and upper portions of the
bushing 720.
The main coil assembly 750 including, for example, first, second, third and fourth
coils 751, 752, 753 and 754 is equipped below the bushing 720 such that the main coil assembly
750 spirally extends from a side surface of the support rod 740 and surrounds the support rod

25 740. As with the main coil assembly, the assistant coil assembly 730 including the first,
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connected to a distal end of the support rod 640. The
adaptive plasnma source 600 further conprises a coil
w@s®emdloyo 630 i ncl uding first, second, third, BEHKR2005/001585
fourth coils 631, 632, 633 and 634 bel ow t he bushi ng
620, which spirally extend fromthe side surface of
the support rod 640 and surround the support rod 640.
Accordingly, the first, second, third, and fourth
coils 631, 632, 633 and 634 are | ocated between the
| ower surface of the bushing 620 and the reaction
chanber. That is, the adaptive plasm source 600 of
the present enbodinment is different fromthe adaptive
Pl asnBcobDtirCad A adsai Big 781182,00 73k Qe RONSuERE
bushi ng 420 as shown in Fig. 12 in that the first,
secont sthhat te asaief opile (0 e fim the sggsuface IR supBB Iodgfhnds 34
are | oeal sehuRle Qpok RE7B UKD O, ?o?ﬂgns of theBist, &nd, RireBnd fourty
graphi cal representation depicting characteristics of
an et ol ng 7R2at5eand AW, aad hibns gf teedirse etdnd ithiry and foudit isistant coils

dapt | S source of Fig. 18. Referring to Fig.
%’O, i%r?}/’?%%’gan%%‘fvﬁlépﬂgﬁ'ﬂﬁgﬁ@’rSﬁ“‘ftgf’ly‘the adaptive plasna
sour ce 60Qigas ¢Q kihidd repr@entatdte de@f:tﬁ‘@@ﬁ&cte%ﬂ@@ﬂh BBk rafe $nd an
hi gher (as indicated by Iine 680 of Fig. 20) than the

adapt §toiee speciréyrh hedaie damagewceriiedy to t he enbodi ments

illus‘:ratq{gf%{iltp' %%l’ IIe i 4 'velasaasso

i ndi cated by tgﬁeFI%Iot’t e%[a??fr%e%té%q% thf:fi%@. Ig rtilo 1)

Thi s 4dc®rdpe®ais pesett lrebododni is Egherdtidipated BOlink 380/0OEiAt B Ghan the

cl oser, to the reaction chanber (not shown). ,

Rddi t BRSPS P %%’PW%?@?“???&“B%HF%%‘%‘F‘&P&PC& iFiggyto 10

sel ectsindickid by hdWBucREHR P bikgs. Ploa®MBAISRAMIE & (BRQr AGHALEENT
to the present enbodinment is higher (as indicated by

| i ne &Yee Wectify.ghe agapljve plisam soprpre0 abagtini \kethpiraenhambedimsntde s
accorg] 4 1.118 Ie 1§er%(pglF . t hl , duv(ylést h rdin

r ef er]gégcgast o°aF‘|hl§sf. 4t og?% L%Iési %d?@%“@%%”gé“ By a‘fc%% g&%t?et ed
i ne BR@inedts ifistgid with rdfegenck @)Figs. Tl 19 (& BdibetBuUBRotienihe 820 of

ushing 620 of the adaptive plasm source 600 has a
]lk%ar gelfl] r'd% go_) 'sgédc?‘i" VR ﬁ‘%eﬁs"lg Fia&ig %f%g%t“ﬁéamdﬂ%l%‘fri%mﬁl%@?m
Sour GfiSor@fi-ckii@ sbdIB) witiNRRAl BR Mt SitlRSEs bﬁﬁ‘ednd\ﬁ\ﬂtitet}_coupled
reference to Figs 4 to 10 Meanwhile, an increasing
rati PEFe PHE aé’tfé‘ﬁ?rrf&ngﬂ}ﬁ’feé iny oé)mPWiSQh @rthe capacitively coupled plasma

source. This is because the assistant coil assembly 730 is added. A strengthening degree for
the inductively coupled plasma source can be controlled to a desired value by changing designs
20 of the main and assistant coil assemblies 750 and 730. Similarly, the characteristics of the
capacitively coupled plasma source can be controlled by altering the cross-sections of the
bushing 720.
The present invention can be applied to an apparatus and a method for manufacturing

a semiconductor employing a plasma chamber.
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than that of the photoresist-etching selectivity,
whi ch neans that the characteristics of the

wo paaosiovel y coupl ed pl asma source are furtherPCI/KR2005/001585
strengthened in conparison to the capacitively coupl ed
pl asma source In particular, a strengthening degree
for the inductively coupled plasna source can be
controlled to a desired value by controlling the
design of the coil assenbly 630, and the distance
bet ween the reaction chanber and the coil assenbly 630
Simlarly, the characteristics of the capacitively
coupl ed plasma source can al so be controlled by
changi ng hhRuE mefSensdmbddibntOf thd fAeniiSdiongye 620didklo@d Br 1
is aplan viewillustrating still another enbodi nent
of t HEsHiapTcsTRhese Klstdr te gt Vil eppigfateiptyargus madifipatiopspadditpny o
& Cr QRBaRGEHR B2 bosytheSWnbP i RRlinPh RN sbobd Vs Gl 1@ fvenfdf as
adaptive plasma source of Fig 2 1 Referring to Figs 2
1 andiis@@:d gl agalmptingeleimpl asma source 700 according to
the present enbodinment is different fromthe adaptive
pl asma source 600 described with reference to Figs 18
and 19 in that the adaptive plasma source 700 further
conprises a assistant coil assenbly 730 including, for
exanple, the first, second, third and fourth assi stant
coils 731, 732, 733 and 734, above a bushing 720 Mre
specifically, the adaptive plasma source 700 of the
present enbodi nent conprises the planar bushing 720
equi pped at an upper center of the reaction chanber, a
support rod 740 equi pped at the center of the bushing
720, a main coil assenbly 750, and the assistant coi
assenbly 750 equi pped to the | ower and upper portions
of the bushing 720 The main coil assenbly 750
i ncluding, for exanple, first, second, third and
fourth coils 751, 752, 753 and 754 is equi pped bel ow
t he bushing 720 such that the main coil assenbly
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750 spirally extends froma side surface of the
support rod 740 and surrounds the support rod 740 As
Wawaok/0stee0 mai n coil assenbly, the assistant coPCT/KR2005/001585
assenbly 730 including the first,second, third and
fourth assistant coils 731, 732, 733 and 734 is
equi pped above the bushing 720 such that the assistant
coils 730 extend fromthe side surface of the support
rod 740 and spirally surround the support rod 740. As
a result, portions of the first, second, third and
fourth coils 751, 752, 753 and 754, and portions of
the first, second, third and fourth assistant coils
731, 732, WHA31andiMEB4s: over | ap t he bushi ng 720,
respectively. Fig. 23 is a graphical representation
depi cting characteristics of an etching rate and an
et chi ng sq%gg&&&%h%mg%uLgﬁmg%aptive pl asma source of
Fig. 21. Referring to Fig. 23, in ternms of the etching
rate, theaédaphdr tuehifglequippr atso upe eentéiQ a aag@rchhimbg défibing he
resent . enbodi nent i s higher gas i ndicated by Iine 780
of Fi'ge o173 PR YRE RO VA ST B R “OBRF TEEIHEEH ng
t 0 t heowerphi bR RbhSonicladiiSini at ed wi th reference to Figs.
4 to 10 (as indicated by the dotted line 810 of Figs.
4 to 10). 2 Adamseblyieirllyyxenipg fopthydisigushiog g an upper portion of the
Phot GLe3) skl GRLAGNEELERY Wity the adaptive plasm
source 700 according to the present enbodinent is
hi gher (as indicated by Iine 790 of Fig. 14) than the

daptive plasma. squrces accordin o the enbodi nents
BT st at Bd AP PEPEEHEE P 17D il i ( o
i ndi cat ed athbyst b Qscdd@ﬁuﬁlﬁlg eq'tﬁbﬂ@(ﬁat 8\2@;:& f)ort%ﬂl &She regcti$nQ:ha1n©9r S0
Meanwhil e, an increasing ratio of the etching rate is

hi ghe¥ o e heligtbusipe. t he phot or esi st - et chi ng
selectivity, which neans that the characteristics of
the inductively coupled plasnma source are further
st r engt hepéldle pdapticopipay fogoncdoding helaga padiertin he kol Sethiyl ed
]Elasna sour&gIit ¥ .S 1S because the assistant coi

'S

assendly™" S0ded. A strengthening degree for the

i nductively coupl ed plasnma source can be controlled to
a desired val ue by changi ng designs of the main and
assistant*é%?@mﬁ§é€ﬁWWWé§W?563and 730. Similarly, the

charact er h §1jétlpﬁr$ar nghil‘l% I;/]eetically equipped in a column shape at an upper center of a

reaction chamber defining a reaction space for processing a semiconductor wafer so as to face a

20 planar electrode equipped at a lower portion of the reaction chamber, and having a first surface
and a second surface formed on upper and lower ends of the column shape, respectively;

a lower coil assembly spirally extending from the first surface of the first bushing and
coplanar with the first surface while surrounding the first surface of the first bushing; and

an upper coil assembly spirally extending from the second surface of the first bushing

25 and coplanar with the second surface while surrounding the second surface of the first bushing.
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capacitively coupled plasm source can be controlled
by altering the cross-sections of the bushing 720. The
W@e@sOB010 nventi on can be applied to an appar aPCEKR2A@5001585
met hod for manufacturing a sem conductor enploying a
pl asma chanber. Al t hough the preferred enbodi nents of
the present invention have been di scl osed for
illustrative purposes, those skilled in the art wll
appreci ate that various nodifications, additions and
substitutions are possible, wthout departing fromthe
scope and spirit of the invention as disclosed in the
acconpanying clainms. WHAT IS CLAIMED I'S: 1. An adaptive
pl asma source, conprising: a first planar bushing
equi pped at an upper center of a reaction chanber
def i ni ng & Thexdket e Prmasprate wcofding o pliry b &gt copppriging:
sem condu , f n | ect rod
caui ppod at ok TRLEl o8 Bick P B R AP R 120
and asutosdfthafrseustidley spirally extending fromthe first
bushi ng at an upper portion of the reaction chanber
and surroundi ng the first bushing. 2. The adaptive
pl asma SOWrmEadahkPhdh Biroela@orlihedd dind4, whebinlaf18% one of the upper
conprising: at |east one second bushing equi pped at
t he upperer brerie caprisshelugiggieeibon chamber so as to
surround the first bushing. 3. The adaptive plasma
source according to claim1, wherein the coil assenbly
conpri ses 7aA plktobd ddr iething @fsenGaidhctor wéker Akingad abtivy flasph sufidE
source, Qon?gisin .a first planar bushing vertically
dqui YT U BB OHhnes PR 23t PR Cpi petreiahihipber dpfinige 2
I eact kafin HhafiRkesilRh leRicdd@ictdt WS 38 ds lo®ie a%ﬂ@agcﬁecéogé' equipped at
processing a sem conductor wafer so as to face a

a lower portion of the reaction chamber; and at least one coil spirally extending from the first
bushing and surrounding the first bushing at an upper portion of the reaction chamber, wherein
characteristics of the adaptive plasma source are determined by x = ICP/ICP + CCP),
15 where X is a characteristic value of the adaptive plasma source, ICP is a characteristic value
of inductively coupled plasma determined by the planar electrode and the coil, and CCP is a

characteristic value of capacitively coupled plasma determined by the planar electrode and the

first bushing.
20 8. The method according to claim 7, wherein, when increasing the etching rate relative

to the etching selectivity, the adaptive plasma source is set to have the characteristic value ¥

of the adaptive plasma source close to 1.
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pl anar el ectrode equi pped at a | ower portion of the

reacti on chanber, and having a first surface and a
w@ewomshosur f ace formed on upper and | ower endsPOF/KRR@5/001585

col um shape, respectively; a lower coil assenbly

spirally extending fromthe first surface of the first

bushi ng and coplanar with the first surface while

surrounding the first surface of the first bushing;

and an upper coil assenbly spirally extending fromthe

second surface of the first bushing and coplanar wth

the second surface while surrounding the second

surface of the first bushing.5. The adaptive plasna

source acOOmEind@d Lcbordhh Blllin4, whirkht, WS incrG@R el Yoty

| east one second bushing equi pped to surround at | east

one OFaFHRINFqichiag =g Rejadaphye e wiperiseldndasthe shrecteristie wiue X

bushi Rgle ,afrive Il BBRLLYE Pl asma source according to

claim4, wherein at | east one of the upper and | ower

coil assenblies conprises a plurality of coils. 7. A

qpthod foq g%ch%n a_.sem conduct or. wafer using an,

adapti ve pi-ASAEDLSEEEe R dMRE P WG e HePe plage Sps is set

bus hi #3@on@sliAl BOREbEALE caRE sphbP Bwet R EHE, thidknedd of i BRI, LiNdf the
chanber defining a reaction space for processing a

sen ciyfEgcieambeyafating g masal pighepuging: a pl anar el ectrode
equi pped at a | ower portion of the reaction chanber;
and at | east one coil spirally extending fromthe
first bushi ngadatd plsus oo naipiget he first bushing at an
upper portHon o& the reaction chanber, wherein _
Char act er B RENg eIrRE AIYERT U °€5’1 TipRrhasRy fpinggyrection
det er Pacd 1R Groddinga semidofdRof dafP + CCP), where is a
characteristic value of the adaptive plasma source,

| CP is a eém®pgcretie] © Py &onpt cdutprdhf de ibyskineyin @ opppsisd

pl asnp. detarmped. ) Lhe planar el ectrode and the
coil, and CCP is a characteristic value of

capaci t i vekoyl acobylsigraly phadinydrod ét epmwit e ehdlbyrodntiey (o saipar
]%Iecgr e and the first bushing. 8 The nethod

Bithivg, | ; . ;
accor'i’ig° 10"¢%i m 7, wherein, when increasing the

etching rate relative

12. The adaptive plasma source according to claim 11, wherein a portion of the coil

assembly overlaps the bushing,

20 13. The adaptive plasma source according to claim 11, wherein the coil assembly

comprises a plurality of coils.

14. The adaptive plasma source according to claim 11, wherein the bushing has a
circular shape, the center of which is defined by a point connected to the support rod.

25
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to the etching selectivity, the adaptive plasnma source
iIs set to have the characteristic value x of the
W@empo3Meo pl asnma source close to 1.9. The net hBGI/KR2005/001585

according to claim?7, wherein, when increasing the
etching selectivity relative to the etching rate, the
adaptive plasma source is set to have the
characteristic value x of the adaptive plasm source
close to 0. 10. The nethod according to claim8 or 9,
wherei n the adaptive plasnma source is set by
controlling the nunber of coils, spacing between the
coils, thickness of the coils, size of the bushings,
t he nunbens. mﬂea@yﬁmmgscumeaccsmﬁgwdaa{uaﬂmetdaﬁpnmgshi ng.
11. An adaptive plasma source, conprising: a planar
bushi ng eduPpaidbuskine spirsh phare teesnit esrembly sugh i Acsertep et the
chanhg&mggghgkggaébﬁ§ﬂg&hgqﬁspace for processing a
sem conductor wafer;” a support rod equi pped to
protrude froma center of the bushlng in an opposite
@lrectlon g&hthq reacti on chanber, and a coi |l assenbly
Spirally &xt&id WCP?PEWWF A dig St et figpssistant bushing
SUr r chandi-cig sm;taahewta@mﬁch ik QFhe R MRt AR DHBINN IS 0dl 2. The
adaptive plasma source according to claim1l, wherein
a portion of the coil assenbly overl aps the bushi ng.
13, The aqARklufiPhas B Qi ARKOH N hOwGLA T
wherein the coil assenbly conprises a p ura Ity o
COI | chas atalss-seqiioesmalidetlph hay f thphugh@ga sour ce according to

| aim 11, wherein the bushing has a circul ar shape,
Yhe center of which is defined by a point connected to
t he suppong Ak kit BasmdHee adpRat:ve pl asma source
according to claim 11, further conpr|3|n% an
assi st ant » BUERISHEE BRI gsrerpeatsey ef sreonchrimper desmiesrpiy

such LAk pee SRS cofcol s

a support rod equipped to penetrate a center of the bushing and protrude from upper

acsyton

15 and lower ends of the bushing; and
a coil assembly spirally extending from the support rod protruded from the lower end

of the busing, and surrounding the support rod below the bushing,

19. The adaptive plasma source according to claim 18, wherein a portion of the

20 bushing overlaps the coil assembly.

20. The adaptive plasma source according to claim 18, wherein the coil assembly

comprises a plurality of coils.
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assi stant bushing is penetrated by the support rod.
16. The adaptive plasnma source according to claim 15,
WoR@se3191¢ he assi stant bushing has a circul ar BCEE&2005/001585
the center of which is defined by a point connected to
t he support rod. 17. The adaptive plasma source
according to claim15, wherein the assistant bushing
has a cross-section smaller than that of the bushing.
18. An adaptive plasna source, conprising: a planar
bushi ng equi pped at an upper center of a reaction
chanber defining a reaction space for processing a
sem conductor wafer, a support rod equi pped to
penet r at e 28 TeCdkpefe pRfna kdiee Lessihy RGLANG, PO ik G@nifd m
upper and | ower ends of the bushing; and a coi
as s e Py se385 et of arhishdsdeliped By apeins epmerird todhg pyprott 1od-r od
protruded fromthe | ower end of the busing, and
surroundi ng the support rod bel ow t he bushing. 19. The
adapti ve pl @spapisQlingeuaacoitiditarint1d, fictheadonpidi®; wher ei n
portion of the bushing overlaps the cojl assenbly.

0. The aa"aaﬁ%“fa’e}é"ﬂﬁﬁ’“&@ g %’e%ff’%%fjei imdieapat B,
wher eirihe m&g,ﬁﬁgﬁoﬁcﬁ@&@wr&ﬁmﬂk$@ﬁg.a plurality of
coils.21. The adaptive plasma source according to
claim 18, wherein the bushing has a circul ar shape,
the center of which is definedby a point connected to
t he support rod. 22. The adaptive plasma source
according to claim 18, further conprising: an
assistant coil spirally extending fromthe support rod

protruded fromthe upper end of the bushing, and
surroundi ng the support rod above the busing.
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