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applicati ority from Korean Patent Application Nos.
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2002-47888, filed on August 13, 2002, 2002-70648, filed on Novenber 14,
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i's incorporate ereininit tir refe ce. 1. Fie of the
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apparatus for 15 20 25 manufacturing a sem conductor device, and nore
particularly, to a plasma etching nethod and apparatus for manufacturing a
sem conduct or devi ce, i nBARKEEROUNDORAHECINVENIVGNI npr oved shapes,
respectively, thereby enabling the density of plasma in a chanber to be
mar nt ai ned uniform Further, the present invention relates to a plasna
et chi ng nmet hpwls apdlicaM Ghines pRGrityTom Roredh Patent liegfickiffogr device, in
which a light emssion tip has a curved end exposed to an interior space of
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sdr ce HUHUelyiRysrefer@RERi ¢ powers are applied in a proportion of 1:x, in
which x is at least 6. 2. Description of the Related Art Etching signifies
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density of plasma in a chamber. Also, the present invention relates to a plasma

etching method and apparatus for manufacturing a semiconductor device, in which
one of four-arm to eight-arm spiral coils is installed and source and bias electric
25 powers are applied in a proportion of 1:x, in which x is at least 6.
2. Description of the Related Art
Etching signifies a process of eliminating an unnecessary portion from a
silicon wafer by utilizing chemicals or gas in a process of manufacturing a
semiconductor device. Further, a proportion between etched rates of different thin
30 films under the same plasma condition is called “etching selectivity”.
Conventionally, wet etching in which chemicals are utilized has been mainly
used, and dry etching is now becoming more widely used resulting from a trend in
which circuit patterns become more delicate and precise. The dry etching is an
etching which does not utilize a chemical solution but an activated gas or plasma.



Large Scale Integrated circuit (VLSI). According to ways of creating the
pl asma, conventional plasnma etching can be classified into |Inductive

Coupl ed Plasma (I CP) etching as shown in FIGs. 1A and 1 B and Capacitive
Coupl ed Plasma (CCP) etching as showmn in.FIG 3. FIGS. 1A and 1 B are
sectional views of chanbers of plasma etching apparatuses enployed in
conventional |IGWvettetthing, |mhp|dsetchmgu§1barrvedsm4t dtleGo dhemsicalsctoonctvanber la
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Hereinafter, the plasma etching apparatus shown in FIG. 1A will be
20 described as an example for the convenience of description.
Inner surfaces of the chamber 1a are formed of an aluminum layer coated
with oxide, and a wafer is placed and etched in the chamber 1a.
The dome 2a is a member for sealing the chamber 1a and can be classified
into a flat shape as shown in FIG. 1A and a concave (or convex) shape as shown in
25 FIG. 1B. The dome 2a is made from alumina Al,O3; having a dielectric constant 1
ranging between 9.3 and 9.8.
The coil 4a is disposed on the dome 2a. The coil 4a receives electric
current from the inductive power supply section 5a (also called “a power source”), so
as to generate an electric field.
30 As shown in FIGS. 2A and 2B, the coil 4a may have a single-arm or
triple-arm spiral shape. The coil 4a has a flat shape in the case of the single-arm
spiral coil, while it has a convex shape in which its central portion is convex upward
or downward in the case of the triple-arm spiral coil.
Therefore, the electric field generated by the coil 4a is introduced into the



the wafer 3a than that at an edge portion of the wafer 3a due to the
arrangenent of the coil 4a. As a result, uniformty of the etch rate is not
secured, since a density of the plasnma produced in the chanber 1 a is in
proportion to the intensity of the electric field. Therefore, in order to
secure uniformty of the etch rate, a plasma etching apparatus capabl e of
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20 1500 W, and an electric power applied to the triple coil shown in FIG. 2B is 500 W.

However, in the conventional coil 4a having the construction described
above, an arc discharge is generated at an end portion, that is, at a grounded portion
of the coil 4a.

FIG. 3 is a sectional view of a chamber of a conventional plasma etching

25 apparatus employed in a conventional CCP etching method.

In a chamber 1c of the conventional plasma etching apparatus employed in
the conventional CCP etching method, inner surfaces of the chamber 1c are formed
of an aluminum layer coated with oxide, and a wafer 3c is seated on an inner bottom
surface of the chamber 1c. Further, a single-layer dome 2c¢ having a predetermined

30 dielectric constant €1 is disposed at an upper end of the chamber 1c, thereby sealing
the chamber 1c. Also, the plasma etching apparatus further includes a bias power
supply section 5¢ which supplies a bias electric power of 90 to 100 W, thereby
increasing ion energy in the chamber 1c.

FIG. 4 is a diagram showing a construction of a conventional plasma etching



gas to a wafer 13 placed on a |ower surface of the chanber 11. Valves 17a
and 17b are provided at the nozzles 16a and 16b) respectively) so as to
control the quantity of the supplied gas. The CCD 20 radiates light into
t he chanber 11 through the Iight em ssion tip 15 and receives the |ight
reflected by the wafer 13. ~5 From anong conponents of the |light received
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The gas supply section 50 supplies gas into the chamber 11 through the
nozzles 16a and 16b. The gas supply section 50 controls operation of the valves

25 17a and 17b, so as to control the quantity of the supplied gas, in response to the
etching completion control signal outputted from the determination section 40.

In other words, the conventional plasma etching apparatus controls the
operation of etching the wafer 13 according to its judgment for the etching
completion time point.

30 However, when it is confirmed that the wafer has not been uniformly etched
even after the etching process, the conventional plasma etching apparatus must
perform the etching process again. In this case, the etching process is carried out
by changing various etching conditions such as the quantity of the gas supplied by
the gas supply section 50, time for which light is injected by the CCD 20, etc. Also,



rangi ng between 9.3 and 9.8, and the electric field generated by an

I nductive power supply section (not shown) is introduced into the chanber
t hrough the dome having the dielectric constant s1. In this case, the

i ntroduced electric field discharges the gas contained in 20 chanber,

t hereby changing the gas into a plasma state. Further, neutral radical
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r&oe. chamber, thereby changing the gas into a plasma state. Further, neutral radical
particles produced in this process make chemical reaction with charged ions on an
etched object, thereby etching portions of the surface of the wafer which have not
been covered by a mask.
Hereinafter, a description and comparison will be given of the conventional
25 ICP and CCP etching methods.
(1) etching selectivity
An etching selectivity signifies a relative proportion between speeds at which
thin films of different kinds are etched when the thin films are etched under the same
plasma condition. Therefore, the larger the etching selectivity is, the more
30 preferable it is.
A photoresist (PR) etching selectivity has a proportion smaller than 3:1 when
a photoresist film applied on a predetermined layer is etched in a plasma etching
apparatus according to the conventional ICP etching method. In contrast, the PR

etching selectivity has a proportion between 3:1 and 6:1 when a photoresist film



(3) plasma density (see FIG 15A) Since a wafer is etched by plasma, the
hi gher the plasna density is, the 25 better it is. Al so, the higher the
pressure in the chanber is, the higher the plasm density is. Therefore, a
| ow pressure in the chanber is not preferable in views of reproducibility,
repeatability, and stability of process. In a plasma etching apparatus
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Since a wafer is etched by plasma, the higher the plasma density is, the

better it is. Also, the higher the pressure in the chamber is, the higher the plasma
density is. Therefore, a low pressure in the chamber is not preferable in views of

25 reproducibility, repeatability, and stability of process.

In a plasma etching apparatus employing the conventional ICP etching
method, in the case where the pressure in a chamber has a value of 30 mT, a
plasma density is about 2.40 x 10'" cm™ when an electric power of 1000 W is
supplied, and is about 10'2 cm™ when an electric power of 2800 W is supplied.

30 That is, the plasma density abruptly increases according to an increase of pressure.
In contrast, in a plasma etching apparatus employing the conventional CCP etching
method, in the case where the pressure in a chamber has a value of 30 mT, a
plasma density is about 3.20 x 10" cm™ and increases at a considerably slow rate
according to the increase of pressure. Therefore, the ICP etching method has a



In both the plasma etching apparatus enploying the conventional |CP 30

et ching nethod and the plasma etching apparatus enpl oying the conventi onal
CCP etching nethod, when the pressure in the chanber is 30 ml, the ion
current density is about 1 mAcnR, although it is neasured as slightly

hi gher in the ICP etching nethod than in the CCP etching nethod. However,
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of the ivhernéddmds bngereratthapbsoiataienpgratyreny Kenan temperitbadKiis
required. pfu RY OF. THE INVENTION 5 It is a feature of the present

i nvent i 8 Q}”\égjﬁ%ﬁ/?a@'téfﬁ@eﬁ@t\é&hi eNarheifca e E‘;ﬁﬁ&?r&i‘% qf silectron

manuf ac i ! dami i { il i ma
Chanbor "R fesnf TeAnARHKeRle RIKe hsol e thFerRy U, Bk B BT,
space othet st ohthettempesatuténaf elelotrod pastialgs 0F2,40G Kneorraspohds ¢habbat 1can be
mai nt ai n@j to be uniform It is another feature of the present invention to
provi de® ‘pl asma et chi ng nmet hod and apparatus for manufacturing a

seni conduct or i @ tempehatafe af #RElesPe bARicR s AGNEhaBARIatlfs oftHelr ved
inner surface facing an'interior space of the chanber, a central portion of
whdch bplagew indhe ishamberés alsoHewi se thatslamagete theavafenbydhgeplasma oan of t he

curved | suy f i i { St A ~ avi ng

G cf e AL LIF S TR RSB ol FEUstth b B o

pl asma highar, theslestrobgsartieleshiaving a1 Aightendrgy wiayl permedte intd the waddi t i onal
feature of the present invention to provide a plasma etchin ngt hod and
appar at therely cagsing nctien sgmagss ni herelare dhedavetthe tﬁmn?rﬁaté'%?)P they four-arm
to eigh i (o] :s0n the dome, thereby preventing an arc 20

di schar%Eegr%%&%%%ggﬂr?e?%@%ﬁpgf a grounded portion of the coil as well as
mebnt ai ni ng t Wheaetheiprgssifrepn dserahamber ishdlhvtndr, thenicfropenature oftheetedtron

appar at BEtPlss s iRAsEed pP Aokt 304 L b atherche by Sotfhg APBAATES "o | T ght
eni ssi ogmbldyintthe EbrivetilosAMEF &toRingaiethodhdrthe Pradifa EfeHing aﬂ)él‘é‘hﬁﬁce of

the 25 lower end is curved upward) thereby increasing the refl ectance of
t he |i gemplayvingiie eatyentienal LGP siaking methed. ahhefafargs atlIPWEIeCtEdht act
portion . i cehASl i i rat ed,
Gepos: + Sastfie i€ fiot o3l (FEIRS BR, Alesmalofind SPpardig RAIAING B0 ° 2 o
waber . ¢tonventianak @QEP dtehingmeethibdtdrehe péasena etchirgnapparatus employityg thepl asnma

et ching_ 30 t ho d ar at,us, for manufacturing a sem conduct or devi ce,
i n whi Cﬁoqﬁ?ﬂg?ﬂfﬁe@ﬁﬁp@@ﬁ'}q% | i ght components according to wavel engt hs
are conpared @)@bmymmtdérgit?,ggée Freresmred into a plasma chanber is

adj usted according to a result of the conparison by utilizing a light
eni ssi on ti p) TRe ciient densityafdons/indheplasma is measuaghpinitsof MA/GMm: nt ai ned

to b i Lt fgat ; i i ;

or ovi e e Sl he ohicurenf 8BS is, 6! Widerihe ohihifl SHEKH of fHeFch ¥ &

SaBi coln'diberte@q)redﬂ'lé laegen/tll'lé@dm eunué:ﬂyc(ljérisgimtis,ethéwttfen tidps di sposed t hrough a
centra orti1o at east e edge portio one, ot

roporti onal  hdB&ng plasi etebing S spts b Ryda herrorvricnaliCE <

ext 1 26t gidnfg BhokPid tHe ABSAIIENRG dpRRatuSlerdByG e cBVeliopl COP Of g2s

i ntroduced through t ge portion’is adjuste asi s )
di f f er eetebingamethask wheprthepsessuse in theoehamher is\d) ods the iesr eustentslensity ni ng

br esent & aRputch BT ahflofiaf M€ Blastied 86 ol Bn@ER NG Ik AdbPE o or
napuf acinethatthansiathe OCR etching!metiied. | Howbier ithag saen hotivedparerrion
source electric power and a bias electric power has a value of 1:(6 to 20),

the pl aswEenttdansity degp Aohingseasemugh eyesehest thegresawi® indhe chaMbEF m spi r al
coil s, EFé ih BRIP4 ?o&?%rrﬁéih%tds( PR) etching selectivity, which is
one of e characteristics of the plasma etching apparatus. 15 It is

anot her f eat As destribdtbalpoves exaichiof tha {CR retthing nuethdd andihe OGP eteHingg net hod

and apparatus, for manufacturing a,sem,conductor_gdevice, .in which a

o opor ¢ MElLbaR En CAMas AP esd RESHIARROEHY TPErI oL delePPebatR has a
value of 1:(6 to 20), the plasma etching apparatus including one of
four-armto eight-armspiral coils, thereby inproving an etch rate, which
is one of the characteristics of the 2b plasma etching apparatus. It is
anot her feature of the present invention to provide a plasma etching nethod
and apparatus for manufacturing a sem conductor device, in which a

o o o o R " o o o



proportion between a source electric power and a bias electric power has a
value of 1:(6 to 20), the plasm etching apparatus including one of
four-armto eight-armspiral coils, thereby inproving a ion current

density, which is one of the characteristics of the plasnma etching
apparatus. In accordance with one aspect of the present invention, there is
provi degeiv plagfizPetehmy MethiPiRdvihg dnfyotheBRIVahesdds dfMtEieawdaibhoad WHdO4
device, the plasnma etching apparatus conprising a chanber in which a wafer
to be eteMeaPp afusaed@ioyiNg thesnewsnethedds reairgd. upper end of the chanber; a
coil wi nded on the done and generation electric field into the chanber; at
| east one light emssion tip disposed 1o through a predeterm ned portion of
the done, so as to emt |i GUMMARYDF TEHEMNYENTHON ecei ve |ight reflected
by the wafer; a plurality of nozzles, each of which is di sg,osed ar ound

|7 dht eni ssi dhisid teatiirg Qfhe pgesamidnyantigade ieYida aRjpsmarrtshingaetivofeando as
t I j i i t; : I i
or ovi 0od PEaRRES O Bp R FIRR o GARBIEt 48 s, 1 vl B e S8AT 0" s
suppl i egldsina chamblee hak antueved wiresresunfackdating stinddlouigingateward batibiedioout er

f d d i f faci. interi f the chanber,
cent ral ShAFE OIS FNTRESE DAY e S Rasrha o e pUrTREF CERER an edge
porti on hhiatedd tPpaLRifbhe, | nteri or space of the chanber. According to nore

speci fic enbodi ments, the apparatus further conprises a 20 second done
att@ched to thie angther featura of the prasent inventido e psevdde awnlagma elthinget ri ¢

Gt oF eor b B e il 07 eyt dfiapd BéermiEBRaucEdRhRE iniBngFotss one
of a fogealngratplaging thaaber haisratuvbd eser sUrtadel fabingean Fréor spagelofthe

concave | ower end which prevents the |ight em ssion tip from protruding
beyond &hBBREN 3 GERERIPQSHIOR § “@HﬁPePUIQSS%H@"%t@WP"ém%&t%rﬂPftSR?cﬁsthﬁFﬁ@osed

t hr ough ] LR i | e §S By di sposed
ot _onl R FSH B QG eA ifter sHfiate The dqifcinllilingatieaiub Brers C gt
pot& i on havinghdieléstric. cortséants alifferest fromepcipptineat sosthfal thé densibnpl plassaainbi as

el ectric powesr supply. section i ch |ies bias electric power to a bottom
of the @h@lﬂ% ?r?gpl?%%_%@f%vﬂbwpﬁgﬁﬁot her aspect of the present _

invention, tesen addiiondl destube bf R BreebahinbenBeP &S piovidd aiplagmaesting i Nng a
sem conduct or device, the plasm etching apparatus conprising: a chanmber in

whi ch aMgthed and appasatusdar manuizeldENg a Semisendustar Q@\éﬂpﬁan‘dhié? Q!BB'@V &nd of

t he cha ' ' | : ' dtofigld into
the chatparamate fshtafiSHioPlol AEcA TR B ARERNBIIqpEYERtg B ik o

przdet edischagefrom beingfgenkeatddrat a grounded podiart of thghtoiltaswwel ashe waf er and
receive li.ght .refl ecgted bgfthe waf er ; nOéZ| es. each of which is disposed

ar ound I"i'?jﬁ "EHQ&? gﬁn?'fyp a‘?{asmﬁr'aﬁg‘t“h"‘lrﬂ erp'f@fﬁmarm' ned portion of the

dorme, so as {ids anpEHer fEARIS of tHedpldientimIBRESN to/ proveide a\PrasHa @téhiig ovi ded
each at each of the nozzles, so 5 as to adjust quantity of the gases

suppl i edethed aﬂH@Rﬂ?&ﬂ%‘érf?f muaqturé%a S@H@%@@?‘é%@ﬁﬁ?@-l WB@Btﬂ_fﬁwoyrﬁ:I udi ng
a | ight ;GRMBARSMN @hé@iﬁ 'aoébﬁc%%'ABWer én ,r\ﬁﬁﬁﬁtrh?ﬁ'ﬁé tﬁq?'tHélsEFfﬁlgé'B’f tH!
section, a conpari son settion, and a control section, the ['Ight conponent
exas act lawersercd iswureed upward)dherebydneneasingdtheirgfiectanop ofithe kghtr om anong t he

L e e S S
sect i on|ight éMRsidtifaRd @Pdrhe Fith béHg SeptithRE depBSitéd bANKE SUFfEce of the

K
extract eg | i ght conponents, the conparison section conparing the estimated
pr opor t Wafel, andithen fprming impuetieser thexwaer. t he control section controlling

cect on. 15 Kt gl 6gnRE BRUE ARsBE RUBRIGH I fRtide Rbiastia BUTAL' h2s
f 130 t ed ngathed apdrdpparateis formanubissiurimgarsemicondectordevice ain wiiitler i or  space
of the chanber, a central portion of the curved i nner surface bul

f ur t her IntaBsitiah obseRCic Hahtsompriants ?CWQi%PaWQV%@“QmstE\‘f@rcmﬂngg%? a

d .at . . i
i of oct AR of BESiA oM Cchin®l'p Plastis chamERr S Afusld P Ao LAiRGABS JRNKE 1.6
a di el ethe comparisomby utilizing ex lightt @missian tipf so likatdtbeatensity of plasnea fn ast coi |

has one pf four-armto .eight-arm.spiral shapes. The light em ssion tip

has a c8ﬁ§§®@r98Q@P'Bﬁﬁ&ﬂﬂﬁgﬂ)ﬁﬁévgﬁﬁy'the light emission tip from

protrudi ng beyond a | ower surface of the done. The light em ssion tip is

di sposed through the central portion of the done. The light em ssion tip is

di sposed not only through the central 85 portion but also through at |east

one edge portion of the donme. The plasnma etching apparatus further
conprising a bias electric power supply section which applies bias electric

. e . oa Y " Ly




pl asma etching apparatus, the plasma etching apparatus including a chanber
in 1o which a wafer is | oaded and etched, a done sealing an upper end of

t he chanber, one selected froma four-armto eight-armspiral coils placed
on-the donme and supplying electricity into the chanber, and a bias electric
power supply section applying bias electric power to a bottom of the
chanber, thejtp aﬁameerémufegofnmbfmés@rqrrwerﬁldmtot;imwabeep@a@fna SteRplgyi ng an

el ectric power, wherein a bias electric power 15 having a magnitude of n is
appl i edmethachand gpparatesfar mnmuf@cb,lrlﬁ\g@swwpdu@topd@wcehwmqhgerapl@dd@ht ude

ol aomn. Rt fisBaney LN 2 ifief potleR AT A ERst 856 pBBEPEROTH . o) o

t her ebydgeeesathatproposional vaiaes cbrngteheutmroe speetﬂcﬂught @cﬂ’ﬂpdh@f@tst s of the
above pl asma etching nmethod, 20 min is a value between 6 and 20, and n may

be®a vaﬁﬂ@%@@@éb’?ﬁ téﬁi@"ﬁcﬁﬁ&%@@@on%tﬁ‘ﬁthﬁ #opeaand ayantilyt diedA$ 900 and 1000
Watt s. s at

| east 6”;'“%%i ({l%r%ﬁ tﬁtéhéisg e E}iem%e E%\(}Bg a%'%%o d rr#Wnéé: eﬂréet he

pr essur petween thbetwbq:ropaﬁloaamm&s beﬁ&b@ﬂﬂdﬁt&iﬂﬂig&ﬂe menaityl ofiplaisas i@l &ctri c
power has a val u? of 1600 W The plasma density has a val ue 25 between 4. 40
x 10' ~CREMBELUTOMy, x 10'2 cm 3 when the pressure in the chamber has a
val ue betweep |s4Qné‘t'H€r otk é’ﬂﬂe%@séﬂ%%t%b%tﬂrbﬁdg@’ﬁésin% SBRRgW The

el ectron particle tenperature has a val ue not larger an 3.0 eV The ion
culr ent Mt agpd Aapatatvsfaranartfactiing(a senicobdupios devigeein whishm essure in

| < 100000000 et Ee o Rk A o B B8 Sl BT B il &1 7"

f eat ures; (@wlze;i\tﬁ@bm efchﬁ@ammm”stmcmm&@ o offdur-dreCteNgighoaen appar ent
by descri bi ng In detail exe nmbodi ments thereof with reference to t he

at t acheSPIERH &R ﬁgbetabymmpéwmgg phth@slst {RR) gtehingsselestivitye Whisteis aflesdls o

chanber ching apparatus utilizing an
| CP mtﬁo%ﬁ%{gﬂsg% QQ%&‘%}#%% '%&\%pé%ug% coils shown in FIGS. 1A and 1
Bi15FI G 3 i sltis aratheofedture ca‘xzﬂwefpresemmmmnftoq)romdeamlasmletplhuagma et chi ng
5 appar at | oyed in conv onal CCP. et chi hg et hod 4 is a view
el ua R tiedAB ARRRraNS B CAURE B8 A e TISEPEHERY VB FenbiB Al pi acrm

et chi ngpRPRicH bstiweeh@ séﬂce%léctﬁegbmﬁahd\a bitls @lectri¢ paWePhadha vallké 86 M
et chi ng (é)tarat us according to an enbodi nent of the present invention; 1o
i

FI G 5B1 @28k dhe plasma e Irtg al@pamwsbaeluafngaprpﬁ a&mr@trmm@gfatpqrm at us
di gg h
Show no i SoledhalbyABRURT Y fon Fal8, BRERTD ok Hfe CRBacte 3R ring' 07 2P
20 plasma etching apparatus.

It is another feature of the present invention to provide a plasma etching
method and apparatus for manufacturing a semiconductor device, in which a
proportion between a source electric power and a bias electric power has a value of
1.(6 to 20), the plasma etching apparatus including one of four-arm to eight-arm
25 spiral coils, thereby improving a plasma density, which is one of the characteristics of
the plasma etching apparatus.
It is another feature of the present invention to provide a plasma etching
method and apparatus for manufacturing a semiconductor device, in which a
proportion between a source electric power and a bias electric power has a value of
30 1.(6 to 20), the plasma etching apparatus including one of four-arm to eight-arm
spiral coils, thereby improving a temperature of electron particles, which is one of the
characteristics of the plasma etching apparatus.
It is another feature of the present invention to provide a plasma etching
method and apparatus for manufacturing a semiconductor device, in which a



FIG 7 is a plan view of a coil enployed in a plasma etching apparatus 15
according to the present invention; FIG 8Ais a viewincluding a block

di agram whi ch shows a construction of a plasna etching apparatus accordi ng
to an enbodi nent of the present invention; FIG 8B is a plan view of a

waf er on which projected |ocations of the light emssion tip are marked; 20
FIG 9 propbriib®Pelifédn 8fsotrdd SRBRicP e EhdB bideRefR sbvasr h&s Ahalw ssent

i nvention, which utilizes a plasma etching apparatus shown in FIG 8A, FIG
10A i s 4:(Bitew()nbeudasiya£ichiog lapparajyaincluding ionerfieumacone eighttdaron of a

pl asma i ccor di her | ment t he present

I nventi ghﬁgl‘ﬁ%@a&%@a@@&@ B0 l@r}g‘?‘i{ﬂe’@{%ﬂéﬁ&‘ﬁﬁgﬁ% gﬁgﬁf&%’ ch projected

| ocat i ogRaictetfsticof thedplaseid sehing apparatue. narked; FIG 11 is a flowchart
of a plasma etching nmethod utilizing the plasna etchi \r}g apparatus shown in

FI& 10A; FI &y agcorpanes withi aneyaspent @& the plgsent veptienwiBeraigeproviggda a

i ght emssi [ i tchi s_agcordi to the
bor Soent Pt Brchirty AP RKR oL hadh Rt & SthiGBnGRERF BbyReCHRODELRR 0 ' I
a pl as mtc&ﬁr@gpgarammwh?lssiagﬁomam?euﬁ vallmigll\D faalva’@rrml démahe@fs Ibheleara?] ent
i nventign; Fl 14 is a owchart . of the Al enployed in a asma etchin
met hod ﬁ%&Pm%$$@&%UBP@s Ofﬁ\?e?h%ﬁ‘?fi érﬁPr'r'E‘@'” egloést.hel € "Gugh 152

are grageﬁeﬁﬁe 'JIECtRE FBRY in&PthePHANREEY, Ta'f'ﬂea%t‘éﬁ?(ﬁpﬁf bitlidsion 9{) g‘glibﬁ)s'lég and

according to the present Invention and those o e convent
COR. DEMpbugiDaprsdsliermirgd @prtiohef the/BNmeDNoRsetoeemit digbhtovdirddhe svadér t he

present _invent.i o 1 1L be described in greater detail. Fl Al

Pectt onand ek o retiediarafel s atlegl of nogaRsy sadl SRR ng 1o an
enmbodi MaRposéd bcuriy I@'ﬂ%ié@%ﬂﬁlﬂéﬁﬂtﬁb@‘ghﬁ%bﬁeo%témﬁihéél’p@rtidri @fl\th@f a lo

chanmber of a plasma etching apparatus according to another enbodi ment of

t he predeme, sp@sHeisyRplygasesgniathe ¢hiaupbers rodiaplumlly phvalasi whish aree t he

e B B o e S S el Y st

enpl oye appar atus ac present enti on.
Fi1sst , into theblaarnber, Whereimhtherfirsiddrhe.has/A flathed oater surfacetanaincuaveédivarer
surface

surface facing an interior space of the chamber, a central portion of the curved inner
surface bulges further than an edge portion thereof toward the interior space of the
chamber.

According to more specific embodiments, the apparatus further comprises a

20 second dome attached to the outer surface of the first dome and having a dielectric
constant different from that of the first dome. The first dome has a dielectric
constant smaller than that of the second dome. The coil has one of a four-arm to
eight-arm spiral shapes. The light emission tip has a concave lower end which
prevents the light emission tip from protruding beyond a lower surface of the dome.

25 The light emission tip is disposed through the central portion of the dome. The light
emission tip is disposed not only through the central portion but also through at least
one edge portion of the dome. The plasma etching apparatus further comprises a
bias electric power supply section which applies bias electric power to a bottom of
the chamber.

30 In accordance with another aspect of the present invention, there is provided
a plasma etching apparatus for manufacturing a semiconductor device, the plasma
etching apparatus comprising: a chamber in which a wafer to be etched is loaded; a
first dome sealing an upper end of the chamber; a coil winded on the dome and
generating electric field into the chamber; at least one light emission tip disposed

10



15 of a donme 62a exposed to an inner surface of the chanber 61 a bul ges
downward in a view froma front side of the chanber 61 a. That is, on the
basis of a wafer 63a placed on the bottom of the chanber 61 a, the distance
bet ween central portions of the donme 62a and the wafer 63a is smaller than
that between edge portions of the done 62a and the wafer 63a. 20 Further)
the dong6dgh hpréQEterindd ﬁorﬁbﬁ‘@)'fﬂwé ¥Rk, 58AS tbepAlt AgHtTbWErd R Wafed
dielectric constant sl of 9.3 t . According to another embodi nent of

t he presethiegaivehghtaaflectad bcydhe wﬁyr heozzlesneach of wbichds gispgised|aagend but  at

case. of IohteRERonR AP iibvalp iREbsPEREfacd RaftRhritRd tioge BB 4o el e
that t hgasiseinesthd charmbéit #alves 2whichtdie prdvidedeach &Yeacnbptmaﬁlomeé £
exterior of the chanber 61 b is larger than a dielectric constant s1 of the

| ofer | 8§ & adiugbaeantity of e gasas sunplief intedhe chambersangat n@sgnmtatn Fig.

6, inc ] . ; coi |

o acod” EottdISegfioR hellaifly'aYight EompBRARL Sltisvdiof sciibd ™ BRINTRNA AL

el ect ri estimatich sectictea dmfnpéﬂswoédctianplammtarmu@ede¢trdrpthéwﬁagmfwnﬂqmne’m 61 a
or 61 b has a higher value at tcgtaﬁcent ? tportlon of the wafer than t hat at
the edg®RAIONSS PnnxﬁaﬁH?%Pre terimaed light casnronRNta fiosmagongthe light

char act%cgf‘;egq?ﬂi %ﬂlﬁ ctrl B%nﬁ%ﬁt@i‘ﬁl l‘ﬁ?é?{%‘itlésraﬁﬁéle%géa o

in
FIGS. 5 d passing tthrough the 2b has
a 1aeak ecomporerntst meapropbﬁlomahmlae qstirrtatlon sectiomestimating 2gpropotidpnal 62b t han
at the \?Pjge %ﬁhr,tlo F 62 o%dqé&_l so t hat t@_l density 02 of

pl asma 35’ ‘Eﬁ"{é ]Aree gf PPBWOSPth &SPEPag or 63b

t han at sédli%n&ﬁﬁﬁpém’fg ih@bsﬂfmétéé p‘ﬂ@é(ﬁ’tloﬁﬁla/afhﬁe aith-a rEférentenalug, the

consi deration of the conbination of the conventional coil and the 5 dones

accor di e@pttqi senrtiopeerteplting pperations of thr:valves aceeding a sompared eesultdym
densi t| n@éﬁiso%&)ﬁohhe conventional coil and the domes according to the
pr esent | nventi on are coibi ned together, so as to yield a characteristic of

a 1eonbi ned pAecordindetoanore $pkcific mbbdwﬂrentbethplfastrdaomlerhmlsta/flawedmufeor m from
tion of the wafer. 10 In addition, the

t he centr ortion to, the ed
e e TR A8 it lnet SUTare fraing B BFGRSIRcS Of Jo3 S Mbeact SRl - s m

to ei ghgo@bR\ctithé BlirvediihnerSSurtdtatbulybefurtheititdh 8h %Pé';forf?&‘{‘@ferééf apmd ed
fromthe inductive power supply section, the hig ectric power is divided

into el apRarRtisfuRBEE compriaes a seegnd dome aftached todhmcalt@rf surfa@emfghe dirgdctric

I
PO ARl BB S EbE R BN B AR, B8 ARG ST, e
paot i Ondomé MQﬁdmdtIrl@oenstént $raalierithan Iﬂumttdfehe sec::ond)deméer Athedfirsbéoit he

fact that the ctric ower Iledtothe t he | nductive power
supply E%%Pn%ﬁ?ﬁ Quisalm| %8' ﬁ%&ﬁ?"@é?ﬂ%@@? 80 tﬁ'@és'ﬁ?q@%@%@ arm spiral

coi | ascSfiane 1bleFéfd whidpraRehts? ﬁfll\gh?@hﬁssm??tl&?roh? pFolARirsg b&forfd §ctric

power to be divided Iinto as nmany l ectric powers as possible while 20
pr event lowgr shdfaga pf theedomen {The light emissien tip imdisppseq thiough theacentratl G 8A

ot o noP BB ik BB, ety fiehn BH i HispB8PE rRLSAVhalich e B o™
shewn, pdrtioplbas atsoetha&ugtgataeaarcmwedgé\ pbtiddofahe domer Tie plasnra étchingt e
control section 100. chanber 61 c .includes a done 62¢ gﬁfer 63c, a

coi | 64@ppazst%rfartaer F%’P?P"é'ﬁgéh'éﬁ e@qsqsr"eeowqeﬁ@uematsecmwm lesdvias 0o
i ncl Udeéle@tr%v@eq]to aabéttcﬁﬁg; BEERAIRBEr EXL I act or 102, a K estimator 103, a
, a menory 1 g

conpar at or a controller 106, a gas supply section 107,
and a tiner IbG&cordande WItImasfenhemsnac&sﬁmeepr(elsenglnaperattherermpra\adeda

conbi nat i n of ffﬁh' 6(? [ G'éb shown in é nd the six-arm
ol ral & BfAer, slahing Meg r MarlisrhBd S demicofitudty evigs, BRPTAay: ng. an
elzgngat g@hingtHeModsdbmsTi s'mgi tﬁéf\@tepaldf %xﬁﬁcﬂ'h’—gz ﬁiea%t&ﬁuﬁéui li§t orSponts t ed

through a central portion he nozzles is

provi dekeflgrted ky aewafer rclaﬁeql m a |chgrrbbeqmd pbtplmng gﬁgnﬁjﬂ@% phtherexteacted ¢ he

o7 ana 151 affrinehis: E3fuist's AEPONeR kpbe Bhedlth W RidRR OB’ 107 1LTS,

15 extracted light components; comparing the estimated proportional value with a
reference value; and controlling quantity of gases supplied into the chamber
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63c. Especially, as shown in FIG 8A, oxygen gas 02 is supplied through a
pair of nozzles 67 into the chanber 61 ¢, and CF4 gas is supplied through a
pair of nozzles 68 into the chanber 61 ¢c. 5 In this case, a | ower end of
the light em ssion tip 66, which is exposed to the inner space of the
chanber 61 c, may have a concave surface, that is) a surface curved upward,

as shovmacc@rdﬁ{ cbhpdeedresigntly fromlight em ssion tips enployed in the
conventi onal asma etching apparatuses, the light em ssion tip 66 having

the constr ucﬁcgﬁrddreetq Mese SaBGHie eshpdimenisthe héedetgﬁnmemltgmaomp@ﬂeﬂhe

light e C ility

t hat thgbﬁﬁ)léﬁgscan %’Qd sj;t():ﬁég p%ﬁbﬁ%eq'géﬁﬁ&(s:e of &h gt hg'%\%gtagr\'ﬂ%ﬁ&}%l so,

t he Ih| gIetsttmgltezspm?pow;]mwaﬁ@ah@wsnwgehmmh referehoa vd&mwrmﬁdqmmweoﬁeal solhve
anot er probl em of the conventionpal t emission tip, that is, the |ight
eniBs si 0§98 1 nseeased When e caimaietRoPBBIaNAbNabE ReBIAleR AN the regereaston
tip 66 ggglet he done 62c from bei ng separated, deposited on the 15 surface
of the vvafer 63c, and then forming inpurities on the wafer 63c. The CCD 101
emts |ight tmaou;(g'tianhewlmgamotlean aspent of the B@seot/\mventmre thafeis @Beided t he
chanber 6 recelv S L ht reflected b the er 63c, The |ight
componeAbasTA RS Tihad fodtpabfiiid s seticera Sarie s hy rsart ae oxi de
Si Ox sepifmad b@hingappaaary, $hé bm ﬁd‘@pﬂ)é@his inBRIdiAEE ch@rﬁb@i’ i’CD 20
101, and obtains intensities |I~FX a | s~ox of the extracted |ight
cowponemhtph Fmeafer isdoaded and ﬁtxah%istau dmne§eallm epompesead afdhe ehambernween

conpone S SR E ot x 39 41818 Blonls 3 Seftel b8 Olate @SR PE oo BY va e «
with a seﬁﬂzm@embmﬁmﬁ thieeehbmbematdmea veasoe g cthicpowdsr s%l;prSbcﬂ@ntO a

result of the co son, the controller 106 controls val ves provided at
the two2BRYING Q}?Sﬁi%‘é'i“éEOW%toaé OHHPﬁ rmbernihe plasia eich eﬂtﬂ? of

t he car r I
conpar ecoPIHhESERoR S %@?@ét?f*e rel % EROROEBON . it
a ¥ef er baviegta mgnnudeaﬂnﬂs appliecctonthvespiral 661 whild achins eddatric poweCbating and

t he gas_suppl. e ion_30.1 S to L.niti te _cantral eration
accor o AGREMHIECE Inde apPlistle.d ReRPm Suraksoftng hatnier anthoergraRE o mum
time caprighea, Q\fhéTBlrﬂhéla”ppﬁ@dtU’& éb@frﬁﬁ;ﬁcﬂnel%tgeheratet&@c@ub&l@kﬁfthﬁﬁbb@ during
operation, also signifies a period fromthe carried-in tinme of a wafer to
the car BPREratingMiagEMa next wafer. The gas supply section 107 supplies the
CF4 and 02 g : el r e
controller 1%‘28&' @EH fﬁg"'@g%ﬁtﬁ’%’b‘gﬁ% (fr)#etﬁgv\és an égr@%eés?alt"ﬁg nb%trh Pght
ti2ge. He/piisiafvabrg beMeIeaﬁranét’Z@h'ang meialde avalwediatyweeo Gthanghrl 66 dNatts,

i nventiqn ,w bed h re to-Fl G A 9.1, a

fl OV\ChaPPd(W lhgsa\é?g %gm%?mébbrépﬂo{ﬁfgﬁw i ndF h[eoo 8'%’%45@ et%'e%tl on,
whi ch ubélectify i8 xP1,d6 WhicH Iid a0leaBPBr aTHE etdtPrdie iid1aMafae Bétween 8000 Ahe
control Ler é\/@iperl ‘odj cal | y reads a current tinet fromthe tiner 108 and

conpar e 800 &V woes tbe Presfure i asoamaes hasa waueheatweandOiand 80 ml #pdn t he
| ast 1 t d
t rom t ne Hiag SleLHpGher P VBRSOMMER W thdblesrid Behsbietataldd™ 0 e
hsr s. wanveenenoat 18t ane'® ahdt1he4 sht0them hwhen tiee pregsuné irethedechambett he

f t f t chi t i h
manner | TRS.E Veue,BotYRarcAE snd i RIrS e S0} mER SIS G ROWRES {000 Vet oFBce
tinme haélé&%ﬁ%rﬁélé mpefFaiid I%é Qrtaﬁfe AotlaRYErdNEn 350 evchrnhe iBRRUAhEN.
Therefore, accord |n? to a result of the copparison, when the reference tine

to is sdensisrhasmavaluecbetwees:thard 20mAlcswhen 48 pressuredn thenehamber 106

the. i 1725 SN BeBeriO R timd SRR RHCPORRr i RSP0t cp ™"
Sl ), the controller 106 controls 20 the CCD 101 and the gas supply

section 107 to start their -- he .CCD 101 supplies
light into the charmber BRIER DE i3S, | p 66 and receives

2RV
l'ight reflec é‘éﬁr r@J&h\, Next
the |ight comgr?ebﬁyé%?ﬁ@@tsgr fgex ract x gme%%hﬂﬂvéh srp@’grrponents
f r om anbegormeandriegppareplby describing dmatlMmpIMrmbOMmtsnmgeoﬁwdhsi ties
| cFx and . siox of, the extracted |ight.conmponents, and the K estinmator 103
esti mt e ?%PJB&P?P@ﬁ&ﬁeQ/Br%"ﬁSHgWMh the obtained intensities |IcFx and
I siox of the CFx and Si Ox |ight conmponents (step S802). The estimated
proportional value Kis Isiox~ICFx. 30 Thereafter, the conparator 104
conpares the estimated proportional val2ue K with the reference val ue K*
read fromthe nenory 105 (step S803). Accordi ng to a result of the
conpari son, when t he two val ues are the sane ( yes |n step 8803) the

.. . - . o AN " o '




store the current time until a next state control operation is started. In
contrast, as a result of the conparison, when the proportional value Kis
not equal to the reference value K' (step S803) and is |arger than the
reference value K* (step S804), the controller 106 controls the gas supply
section 107 to increase the 5 gas flowrate rcFa of the CF4 gas (step
S805) , Wwhi ChrIIB r e BAAAB Ak seclidRAITiBws OF cAbnibies BRIEVdd PNRboMaiidnafo as
to equalize the proportional value to the reference value, so that nore CF4
gas canplBemaugphing @pparaiuswéiliznampelCh methedi t he CF4 nozzle. Further, when

t he proporti ' I t r v <+ (step
S804), the C@%gféﬁgf&é%ﬂgﬁgﬁ&% hﬂ@talgsg@l%rﬁnsﬁ I?(;%ﬁ%%hqgﬁfto i ncrease
the lo gas fFI@YY igtesectional vieheofclganbesbta coRléNtionshblsnepetchiigonds to a
nunerator of the proportional value, so as to eclual i ze the proportional

vaPue KeRRATEWS qraployed dpaonyentienal (LR eighingmetiodgas can be supplied into
t he chanber : e, i : n ; tion as
descri bed ab'::)'\lg..’éQ‘uhlgts}’l @E@A@'gﬁﬁgﬁ gagv%ﬁé“@gﬁ]t%ﬁ%?%%gé{r?ﬁwgqﬁzes t he
ti mer l1d8hventioha dasmamiching appackdasy i bed above, 15 so as to enable the

timer 108 to_cont,inuously renew and store the current time until a next
LLare cont 1 orICA B Sactal g ST cRRAPST Bha PIASS PN BPRRIAHES o bi ack
di agr anycdehding t8 AASmBogiRiEHt lof Bid Qﬂes@ﬁt ﬁ‘w@hﬂéﬁ;ﬁ et ching apparatus according

i
to anot her enia)odi ment of the present invention. Further, FIGs. 10B and 10C
ane pl an vi evs. OB ised eectional viewcof ® cbambeedf a plasmariching apparatus i ght

em ssiopn_ti I F i . hart of a plasma etching

met hod %‘E‘%"I’@E‘ﬁﬁ‘g aﬂﬁ@%%&%ﬁ@%@bﬁ%ﬁa’%’%&éﬁi 'hggﬁ{‘:‘%{m in FIG 10A It is
presuned t haf|G. Iteis il graiph stiowing plaspiRpdensities mowve dhanfbdss shaivn inFIGdes t he
dome shown in FIG 5A or 5B, the coil shown in FIG 7, and the |ight

em ssi ﬁf‘ﬁ Biown in FIG 12. 25 The previ ous enbodi nent proposes an
apparatus a et s 4 I LGt j i ight em ssion
tipis insepﬁgT’Ergg@gﬂﬁ%\gbﬁgﬁr’lmg%@gﬁ&g?a%rhge or'reg,’]aggg'g!tsus?o cause the
phasma atoosdding to theoprasent omwventiont he central portion of the done. However,

in the pres odi nent.,, the light emssion tip |s inserted pot only

{hr ough 1 he TG EPe upH RUBE PRskeRgRgh virich shiws GrensiyelBb ot Pon o

the 30 glagMa etehih§dpphlsud adsomintEsan BnfbvdiriaMEofthePre8ém indéntRpnnot only
at the central portion but also at the edge portion of the done. Mreover)

t he appar at G &&isd Blgntview 198 apvafer an vwhieh areiesiedilaeatiansofihe dakh t i onal

conpone cﬁb§%gﬂge§ét he plasma density at the central portion of the

donme w |St e?t a e portion of the done, so as to equalize the two

deasities. 1HG. 9is a flewgharbeha pasoal etobinig metiiodatgorting tbithatpresantsi on ti ps

are inserted throygh.the central rtion and at | east_ane ,edge portion of
g b FlEN:I

the dorfBYeRaN. WUATHze5 A Plastia SfEDIN0APPYrAUS;SHEYLER FIPoBAY each of the
light em ssimg, opSis@NdeRaANUAING ABIORR HAGEM, WHIEKWYhERE avddridtraicen Beaf or
controlling the gas flow rate through the nozzle, 5 as in the previous
enbodi rasmaleiching appartys geeprding-ie annther embodinent af the present inyentiedi ssi on
tips each w i f ge
port i ons. of S DEPad 1pE arB3dn RN el S GfcA froieb et UL,
i 85t he thedighbémissiamtipaed marked;or di ng t o anot her enbodi ment, in which |ight

em ssion ti each haying two. pajrs of nozzleg around it are disposed at a
central por t16h dra & tchaitel 4 olaemsetcbing methasha) e RlosBe Srapdct ed
toward %ﬁg@@,@n iR-FI6G. 18A;and a of the surface of the wafer as shown in

FIG 10 pl asma et ching apparatus according to the present enbodi nent
i ncl udes fi rHG. d2ds anmniargedaside viem: ofod corcavelowep endanf@ light emissien fipndi ng

coti macs DRodedth BFadte st BBohrue Botoifint BtbR e SdR VTR  foen” "
pe@porti onal Fil136s aksectivakdewsfiatistabéyernphyktiint rﬂéﬁné@@ﬁiﬁ%ﬂ ate
control sections 210 and 220, respectively. A controller (not shown) in the

second apparatus@eceeling ¢ anethep emhastinent eftbepresertinyentiom: 1 f er ence val ue 0K
received fr : i i i ! L LR of a
reference dﬁ?ﬁébgr{gg @’féu@wfﬁpfe?@br@?%%‘r?r%%s\ﬁhéggdhclﬁg ﬁ%?. hen,

accor di agpording be theeprésenbinvehtionesired mi nati on, the controller section
controls a gas supply section (not shown) to adjust gas flow rates r~Fa and
roe through the nozzle inserted through the edge portion of the done by
means of its valve, thereby controlling the quantity of the CF4 OR 02 gas
supplied into the chanber by the gas 25 supply section (not shown).

Herei nafter, the operation of the plad%m etching apparatus according to the
present enbodi nent will be described with reference to FIG 11. Further,

al t hough el enents of the first and second state control sections 210 and

oS o " o _ = . o — b1 e 4 ' .



conponents fromanong the light inputted to the CCD 101, and obtains
intensities IcFx and Is~oX of the extracted |ight conponents, and the K
estimator 103 estimates proportional values Kc and Ke between the obtained
intensities IcFX and | S~ox of the CFx and Si Ox |ight conponents (step
S102). The proportional -values Kc and Ke are estimated by |IS; oX~I cFX. Wen
the proporti a0y utted to the
oK esti natloﬁ[tggc){%ﬁ%%' § t he rg%rgéﬁié %ﬁ)iﬁ@ secp?ﬁsnd@%%we%q ﬂr&%t es a 15

di f f er enbaractdristics-kf tmAﬁé’hactdmdmgdmth@tprQMtm\cqmlonlamhﬂhosalqiélse (step
S103) and tl’% W@Dthﬁéﬁ ference value ~K to a controller 106 in the
second SPRYEOHA | a8 ron 220. In this case, the estimated difference
value ~K is defined as an expression, Kc - Ke. The controller 106

det er m nes whet her or not t he transmtted dlfference 20 val ue belongs to a
rafge of a reference bEhBe 2o Efip bl l@Mory 105 (step

el ongs Lot REPARIE o*?&ﬁw% L, ceS%fﬁg%Eﬁ%i“@Q*?%“g%ﬁfl’%&" &) i he

state cdetallol operation is stopped and the controller 106 initializes the

tinmer 108, thereb enabling 25 the tinmer 108 to renew a,nd store the current
time until aFKex@A i asecig! vaw eharchemherial aRirsmarighingARRAAIUSSt , when

the t

Fof er enaecoiHrBor cbBARTert e BReSed FyetioR PG ok ' SERGTAViRDS 2 |
gas fl ocharmaber ofa piasem Sibi)g appartatis amord'rr@rtsrartdtlaek etmbbdnmmmf\thé ue
conforns to nce difference v wor ds) when

. 0 the re'._t@r(a6 ue gg Ln ot
the dif PESEREEVEAIRR AF FePraP aﬁ‘i‘%@gP %HEB £$ fruths, 'UQ‘FE?e whi ch
nmeans WeledwiKn FﬁG$ %N%hdtgl?}”hd@FlG hplscé’PIafrP\héﬁrof]aoéolP CETdSJe%I ih réaeplﬁgﬁwsulolf)' y

section 107 to increase th e% low rate rcF4 of 4°gas, which
cor r espeithing appargkiscaroesding @ﬁhQ peesent inverdionso as to enabl e the

G0t hat v of Etaired chahibef 8Ta MR I 1SS WA THE RRRel Lo TR i Pt "0
naszl e. ofaidbhey 62averpoddbtadar friree saefacalofithe shambel 61atbuiyes dewnwbes mnce
di fference V?rl ue, whi ch neans ngen Kc.is smaller than Ke, the controller

106 con@ MgV Pﬁbaéféé‘tQid&Rfﬁh? Be5 81807 to increase the gas flow rate roz
of the 02 ga’Fh?tWQ'Srh‘tﬂ'é)Bfiéi\%W%%afe?%a%%cﬁ&ﬁ"th?ﬁoﬁaﬁl @h?%h‘é‘ﬁwbé“f%

enabl e t he _dlf erence value to conformto the reference ference va ue
range, the distancenbetween gestralgportiens opthe domerida amd thehwafar63anissuggilerne 02

nozz1 ¢y WSt etk SugeBiiBhs SPHELLAR 65 4R3THL Bafortdgaye has been

conpl et
20 Further, the dome 62a is formed of a single layer made from alumina having a

dielectric constant €1 of 9.3 to 9.8. According to another embodiment of the present
invention, the dome may be formed of not a single layer but at least two layers
having different dielectric constants. Especially, in the case of a dome 62b having
two layers as shown in FIG. 5B, it is preferred that the dielectric constant €2 of the

25 upper layer exposed to the exterior of the chamber 61b is larger than a dielectric
constant €1 of the lower layer exposed to the interior of the chamber 61b.

As shown in Fig. 8, in consideration of only the characteristic of the
conventional coil placed on the dome 62a or 62b, the density O of plasma
generated by an electric field induced by the coil and introduced into the chamber

30 61a or 61b has a higher value at the central portion of the wafer than that at the edge
portion of the wafer.

Further, in consideration of only the characteristic of the dome according to
the present invention (shown in FIGS. 5A or 5B), the electric field passing through
the dome 62a or 62b has a weaker intensity at the central portion of the dome 62a or
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lo the controller 106 initializes the tiner 108 in the sane manner as

descri bed above, so as to enable the tiner 108 or 108 to continuously renew
and store the current tinme until a next state control operation is started.
In consideration of the conventional plasna generating nmethods which are
called CCP) 1CP) and so forth) a nmethod of generating plasma according to

the 15 B5E#H at t’P\‘éeéHdné)%?ﬁfYob% 8?61&‘&6ﬁb'8¥4 & 62’@@0@(%9@% c?eﬁﬁl‘?t@t iy gy Coupl ed

Pl asma generation net 13 7s a sectional view o hanber
enpl oyeulasmaahaps asm@hesrtvalumgt thprandnal podionmfdhe gvafer @3 bh68b dndrodt thent  of

t he present | as etching system according to the present
enbodi nﬁ&g HQB %’J&R&W@? %Bfggp coil (see FIG 7), and includes a source
el ectric powehefidid, ¥ é&ﬁld%tnéﬁ‘éf%&béﬁbﬁ‘ia@i@h%f@hé’%ﬁ&erﬂ%@i YoiP 8R4 't!‘?é‘
FIG 14 is a flowhart of the K In a plasma etching nethod

&Fr

acéor di dgmes aceerding tethe pnesent muenﬂomd @raclemttce of the plasmgr d@msitishowi ng
conpari gon e.c terl stl t he_ ACP . accor, to,the present
55 | nvelld R i s r SRR El ShiiRe o et R e he et (or " the
ACP enpinqgatlon BrélcomBETE tohethendsd1Bs ko dieRr § ehdfatderifictdfe GorabRRY | nvent i on
will be described with reference to FIGs., 14 and 15A to 15C. First, the

source BlagH densiynd) 18 whith thecplasma dansity és uaifora e the gasuial peftioyotor o 100
Wto thﬁecé)deiﬂ%ﬁlﬁﬁ%f?}?em??rdom (step S301 ), and the bias electric power

30 supply S onI's connectéd with and applies a bias electric power of

9(;46 to 100]9 m;]adletl?le, thetplasmaktdhivey apparatus éecfcm)m@&ﬁ&‘he pkeﬂsdrhum/ﬁmsa, V\/n:an
the size of the wafer urce electric po av val ue
of 50 ¢ 63 O0BUNAHR S Al B A-SAURLEOI S0 BBhaMaTG A QBT GaIaNs I¢ 3P0BeS 0 2500
w 21 e density of
t he |onfsr5|9‘;1thge ﬁé&?%ﬁ)&f’v&%ﬁe g%%lé‘%tﬁhfﬁ{émﬁanberﬁc EQ%%F &glﬁiggh 0ectr| cy
power deleetrici pasversihavingsa magsitudeofiiéhto 1/8ofithe rmfeelmtrmpmm andtthet he

proportion, bet Leen e ce el ect we n s eI qwer
e o A QeAHISEIR Saers 3rE SBafdh heddS!  Ae Aol ol SRetli Told i BCe. o
the pl %@Bly%&féra'@da@ﬁr@ttthé,grmﬁhd&d pmbhé‘brbhgeﬁiwﬁ@fse@ﬂ tﬁb doffR) et chi ng
selectivity, etch rate, plasma enS|t¥ nperature of electron particles,

and ion cur rEHﬁh@eﬁkPQ@ﬁ'dWEOF&ﬁhﬁ tac h?étg%ﬁlqgé”%ﬁ%?r applieg togheeeilbi as
| h
el ectri S%pﬁé‘ﬁggﬁﬁw&gvgltag?l?%&secﬂd‘?]zﬁa%é‘\/éﬂfeeréil@ ?15§dd d‘?BOQlWUt the

above- ne CS W e glven ereaf
el ect r i 8 shx-ainol spiralgenileasashaivibin Fl: Bisumost pmﬂerables selasdbrenablmﬂmr s appl i ed

as descrjhb d abov st ep. ,.S303 sQ _as ., to n asme | he ,chanber
(Step’ Hloafic duaria b dhiosdidbias Bedh 1odePERRR st Shosdine HuR8e o ng
appar at y@vehﬁngg/fne:bawsemewmeIe%ul@ﬁﬁ@rfadrﬁcbemg tdeecomapadts descri bed above,
wi |l be described 1n 15 sequence gl) PR etching selectivity In the present

enbodi ment  enplGyi/is a MewAaPuRing @ 8lookiiagmmy (viHem ghews éceanstiugtionof & val ue
of X: 1, hla8mLtehing dppaihtul$2ebrding to an embodiment of the present invention.

As shown, the plasma etching apparatus includes a chamber 61c and a state
control section 100. The chamber 61c¢ includes a dome 62c, a wafer 63c¢, a coil 64c,

25 and a light emission tip 66. The state control section 100 includes a CCD 101, a
light component extractor 102, a K estimator 103, a comparator 104, a memory 105,
a controller 106, a gas supply section 107, and a timer 108. In this case, the
plasma etching apparatus may have a combination of the dome 62a or 62b shown in
FIG. 5A or 5B and the six-arm spiral coil shown in FIG. 7.

30 Further, a light emission tip 66 having an elongated tubular shape and two
pairs of nozzles 67 and 68 are inserted through a central portion of a dome 62c, and
each of the nozzles is provided with a valve controlling a quantity of gas passing
through the nozzle. Preferably, the light emission tip 66 and the two pairs of
nozzles 67 and 68 may be disposed so that they are faced to the center of the wafer
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The |l arger the PR etching selectivity is, the better. The PR etching
selectivity 20 has a proportion smaller than 3:1 in a plasma etching
apparatus enpl oying I CP nethod, while having a proportion between 3:1 and
6:1 in a plasma etching apparatus enpl oying CCP method. That is, in the PR
etching selectivity, the CCP nmethod shows better performance than the |ICP
met hod. gdewever, the ACP nethod according to the present invention shows
pertormance better than even the 25 CCP nethod. (2) etch rate In the

present enbodispasialynds showy in IRGABR, margesugas Re iesupplied birowgh a pail ofe

chanber "THeRs e Hie tarREL 1 Aty EFE 8RR RO prolio s BTz isae
el ect ri GBiptptheethdiabedsv@l ue of 1600 W The | arger the _etch rate is, the

better. In the case of a plasnma etching apparatus errpl.o%/l_ ng the
corfvent i onal IndpsoaeR; Adpwet drediof thedight senissiag 4ip Q6. iwhigh imaxarseditadhg val ue

bet veen e A% The chBfRF B! A5 (155 Scakde Qlidd0%his 2090 saly  and

i's inverse?y proportiona essure. I'n contras e case of 22
a pl asneuetechupgaah @arskiovsn el yi2ng Differendlp\feomh ilighbémESkoretipdh enplogdod,

when the pressure . jn chanber has a vaJ ue bet n 40 and 80, mI and.a bias
ol oot 11 dn B eeTventional BRSaH SIshiNG aRRAsa\Fos B erieaon b 56 Jay 08 the: woen
8000 o ' ' ' i

an%o%gegct.cﬂg g'éébrg%?]di %ﬁugcgagfgﬁéveﬂﬂihé nz;[r& lePniREG DM The Wé;rgreﬁ%%%n e

CCP et ching net . er characteristics than t et chi ng
metthod, G6nfromdeeing dispensedcand inciease Byprobabilitytthat theRight caodedfocuseld ng t o

t he presgnt inventi.on,has od gharacteri,stic _simn.l to.that of the CCP
et chi ng NESHEACS Phinehgaterode;’, (e, 2ie fontemissiontip PROaYing®R: " enbodi nent
enpl oyi n@nktiactisrPdesdrived abdve ¢irasoiRe d@bEHdrprofienfol/ tlelsorhentienal light0 x 10"
cm3 and 1.04 x 10'2 cm 3 when the pressure in the chanber has a val ue

bet ween eR0issiRA tio that isthedight emissien tp 88iqancpisyart acontaph potjoncetaees) | v
when th h: ' t ' : 10"
o 3. ' 1 S TEREEnRslch A7 pEnd 8 Ui BRc KT bt Cendtalkt WepBhicy S the 1|
hi gher tsuefat® ob tlees waferedBa, apdithen fornainglimporties ohitng wabeaB3d.us enpl oyi ng

chanbor  has. a 11 GED10 Gamie G5t Hirauat e i e SRR 60 JSuBrERgvsieh s

when t hg3zqH e cRARBEF BQC%%céﬁeéq}@ﬂt Nfleded hyptiabRbfer B3c2 cm 3 when the
source electric power is 2800 W That 1s, the lol asma density abruptly
lu

i ncreases accdhéi light compenent extaacton 02 extrgelsdluorecarbaniGh seres amd a pl asm

t ohi : . . e :
case whSTIROIBide SRIPLENd Wtk MonRHeris hBRPamPHE e S oliRb %6 e E o
dezesi I:I y 1041, abdtdbt@nﬁ%tenéiﬂésmandngoxid$_ﬂeex$acmi Iigr:ncf)mm?aﬁd_.y sl o¥v rgt e
ing to e jncrease ressure. eref ore, e i ng, net ho
hoc n bt or aie k BRkials f3 R aks “empsctiarl Nals & betwaSh fhe PlidRed . 1 o
the pl asp@ngBBS il%py andNgo ShERSFOEh R SROL ﬁ@rﬂ&:dn@péﬁ&té?f esent invention has a

good characteristic nore simlar to that of the ICP nethod than the CCP

met hod. (4) elldecamparaten t4ecemppeasdherastimated praportignal value Kewibh 8sent

enbodi ' o rle;hﬁ] | ectron particle 30 tenmperature
has a v E&égﬁgé%gg%%ggﬁqqﬁég%mﬂ n %e pressure in the chanber has a
vapsie bet ween Aording &0 an@sulEepthe cdrmpariduer thé eoptrelesyUi(s contdls valveshe

el ectron particle tenperature has a val ue of about 2.3 eV. Further,, the
el ect r oPrRVAed @t ghq BRI Gf BOZZES, 502 U?eaﬁ%H?t 93g Hew ratgsics: 8n fPZngdh?dl ess

of the RLASGHfiGoride ERG andHYGEn Ggases. Also, the controller 106 compares a
current time, when a wafer is carried into the chamber 61c with a reference time tp
read from the memory 105, and controls the CCD 101 and the gas supply section

30 107 so as to initiate a state control operation according to a result of the comparison.
The reference time tp is a maximum time capable of maintaining the characteristic in
the chamber 61c during operation, also signifies a period from the carried-in time of
a wafer to the carried-in time of next wafer.

The gas supply section 107 supplies the CF4 and O2 gases according to the
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The lower the electron particle tenperature is, the better it is. Wen the
pressure in the chanber is 30 nml, the electron particle tenperature has a
val ue of about 4.0 eV in either the plasma etching apparatus enploying the
conventional ICP etching nethod or the plasma etching apparatus enpl oying
t he conventional CCP etching nethod. Therefore, both of the plasma etching

appar at Eé@ﬂoﬂﬁﬁté&’éeﬂ&réll@ﬁ woheesdintrengt 168P et chi ng method and | CP et ching
nmet hod have simlar characteristics in regard to the electron particle

t enper at ure. HogdRer 1G&eontinuoHslyisaews apadtaesttbetaverept EBent i nventi on
h h i Shi i Y . t . nad. (5
Ton'curront dosisinghed aifha Yelif o] bGPl SiesehTinTBARI WL ) 1o

ACP net bed)esthibed Withaefgrente tteRK3.t9, has a val ue between 10 and 20 mA/ cn®

when the pressure in the chanber has a val ue between 40 and 80 nil and t he
sodrce el ect r FEGpdise? fipwchadof a/plasma edehieg methodiaerording k theskriesents 30 n,

cur rent "YELoT WHERSU ey SRIEAE KA adgarti Sowr 1FFIGH 8. pparat us

enpl oyi ng t heFusttestoninzller 0B periokicady neadeod carent timept fesmahe tioterid8
R T LT T
al t houglydh afér ITRAFIEE G heSERaMbEN6 1Y @itRthe Pefb%deﬁ?métt[? het0froRi fhed t han
in the CCP etching nethod. However, 1t has been noticed that the ion

cutor ent mameiyt 40&oes not i ncrease much even when the pressure in the
chanber increases. ip both of t ahove t ods.  2s refor ot hh of
t he pl asna ef’%HPﬁ)@ tﬁﬁﬁgﬁeé?rlfsee@g\x%Fscﬁﬂ?%@r‘#ﬂ\%o%rm&ﬁéﬂi%ﬂ enfﬁgﬁﬁr'@ﬁtagfeﬁi ng
net hod giglchdmbet MishBe Bhtroled devmetHed reférencBavee. S| Théraforehtieasihemiast i cs
in regard to the ion current density. However, the ACP nethod according to

the pr estahing aARRAfAiUISHRbWESUCT-A Mannes thait advancesi teranatheri ¢tAkINGt he 1 CP or
the COPoBEIHIRA-wikh (i hdeREe gi?rf‘é“héét’ pERdAFatt ! aQEBHb%tiotnggfl #BRYFagescri bed

enbodi nents according to t resent’ rnventron can be a regardl ess of
t s ki nétahfingeopératignand si zes of wafers. Also, the present invention nmay be

enpl oyed especjally in the.case where the size of th fer is 8 inches or
121 nenes. - andhaiefis. EHRIREER 3 [FaTotS CBERREN aWBeh 1o SR R n o
conposi tJ Rsmalferthan Wi @ifféreritedimés (stép SaN) dheioitrionsr 108 Wveshehi ng, and
met al -etching. As described above, the present invention provides a plasm
et chi ngcapiiiebulstaps theestatricontrel @pesatipnralimeantrast ieher the diffesengs Boea

uni formJ r » d

ot hod -2l 0187 Ribethal e FRre ine 1ot S0, e artioiRR B TlEoRTC,
geger at ¢k 6Cr10viahdthagad sapply sdetien dD7ao cartrtiesir operatibat an el ectric

according toABbresothe LRV s Grpiies 5Bt b s BRanReEE1E BielBb A lotieen a
light eghfisdion tipies aitfretefl@dRight RIMeRBd By the wafer 63c through the light
emission tip 66.
Next, the light component extractor 102 extracts CFx and SiOx light

25 components from among the light inputted to the CCD 101, thereby obtaining
intensities Icex and lsiox of the extracted light components, and the K estimator 103
estimates a proportional value K between the obtained intensities Icrx and lsiox of the
CFx and SiOx light components (step S802). The estimated proportional value K is
Isiox/crx-

30 Thereafter, the comparator 104 compares the estimated proportional value K
with the reference value K* read from the memory 105 (step S803). According to a
result of the comparison, when the two values are the same (“yes” in step S803), the
state control operation is stopped, and the controller 106 initializes the current time t
stored in the timer 108 to zero and controls the timer 108 to continuously renew and
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separated and then formng inpurities on a wafer. Furthernore, the

appar atus and nethod according to the present invention can inprove the PR
etching selectivity, which is one of the characteristic values of a plasm
etching apparatus, so that they may be utilized in a critical process
requiring a high PR etching selectivity. 15 In addition) the present

i nvent i giorehé @UABnBIimetHlil hatext vhité BohfroPiseratioh e si@pdact eri stic val ues
of a plasma etching apparatus, thereby inproving a throughput. Moreover,

the present IMg@RNagnas afesvibsof thecamparisemwign e plopostiasa value i és not

h t I «a
oot caPalatcantetiiend A8 KSFRASE0 MhE RNAIE fHan Ml RARIC K
mdeéI hods (step r;ElﬁEM’z);othefcfosmrtoulereN(5)6 genfrolsrthe g&istsh{aplyassdétmm'l @m}?nﬁéhéwihel n f
addi tion, the present .invention asma de t ich is one o
£ cha R 1O S forg 5 8 Chp 035 SPHERSEUD WY GRRSRATES, 1o AP RBIALeN O 21 ng
damage pﬁgﬁf rtidhal VBRI s8 o dluEértﬁé‘BP rMbﬁélq/aNe [ eTRRSEAL Vﬁ%awlen
addi ti on, present I nvention | nproves on current density
one 25 &b thatemoremChe igasicani e sapplied iofo mepntrmnlaemhcd)ugtgtrmp@m abmsle t her eby

bl | fecti tching tq. be f t .
Wi Te the pr oSuRnel it g Pingtisen Palupk Bt eapuR st et FaiBBdC L «
refer enweptswa? rmbado\ht@wbpom@eahﬁorshﬁé k. sdptplw\‘séétldi"e‘l g tlmé those

of ordinary skill in the art that various changes in formand details may
belOnade 988 dlow rrat%aozv@ftthgmz grptsten BGOB) ovhieh sogpepoRdsiinda siwioparatsr of ke

PeeoT RIRHonA el 15 4 Bledial8 e BrosiiG (el Kol eithBhed Jatis. e,
t he pI agpsetiedtimorea@pgasican beosypplied igto the Shvardissr throughi the @, MoiAe. t o be

etched is |lo a first dome sealln upper end of the chanber;
coi | wi nded @ﬂh%mﬂﬁie awatr‘gémrats%as éerﬂbé)c@aw\eﬁ aaw@@ntwn!ﬁt%er at

| east Ofgy éérQFEIIe‘?%Bﬁhiﬂﬂ‘niésﬁth@'tﬁﬁ@ﬁ% rﬂrh% Jﬁfk‘?ta%r&@ %{Hdv n of
I ght er an

the done, so as to emt toward t ecel ve reflected
by1st he wafasrtp enaplasthe imegr $08 rlmmh@womdgctermw ahd storesthelucs«presétimermumd

![i)ggbpg%)s(é%ggeséérﬁfog%l%ﬁgaroug%ééﬁe%predet erm ned portion of the done, so as
FIG. 10A is a view including a block diagram, which shows a construction of a
plasma etching apparatus according to another embodiment of the present invention.
Further, FIGs. 10B and 10C are plan views of wafers on which projected locations of

20 the light emission tip are marked, and FIG. 11 is a flowchart of a plasma etching
method utilizing the plasma etching apparatus shown in FIG. 10A.

It is presumed that the plasma etching apparatus shown in FIG. 10A includes
the dome shown in FIG. 5A or 5B, the coil shown in FIG. 7, and the light emission tip
shown in FIG. 12.

25 The previous embodiment proposes an apparatus and a method utilizing the
apparatus, in which one light emission tip is inserted through the central portion of
the dome, so as to cause the plasma density to be uniform at the central portion of
the dome. However, in the present embodiment, the light emission tip is inserted
not only through the central portion but also through at least one edge portion of the

30 dome, so that the plasma density can have a uniform value not only at the central
portion but also at the edge portion of the dome. Moreover, the apparatus
according to the present embodiment includes an additional component which
compares the plasma density at the central portion of the dome with that at the edge
portion of the dome, so as to equalize the two densities.
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a plurality of valves, which are provided each at each of the nozzles, so
as to adjust quantity of the gases supplied into the chanber, wherein the
first done has a flatted outer surface and curved inner surtace facing an
interior space of the ~5 chanber) a central portion of the curved inner
surface bul ges further than an edge portion thereof toward the interior

space of thenaRaphesentemddtimen®Siet oRlhCitieNGhRBRASAON SipSlaré irieel, wherein
the apparatus further conprises an second donme attached to the outer

fsur f ac ethepughhibergandral pertiorandatlersionryedoel pertion of thestnme. it alsa twe ent
wher i Ao A2 AR oA Goufl SN ITIR: TR RBRIT M cBbn S " e
second gsyes idprévidéd avith asamedoctontmliizpiveadassiiow rateahrough theatedzie,t he

coil has one of a four-armto eight-armspiral shapes. 5. The plasma

et hi ng@aiithearaviods eprhadiment.wherein the 1ight emission tip has a concave
| ower end LGA; e ' L S 3| | t & A10] beyond a
| over surf ach O e Hisiected IocHiBhs Randbaf the ol AFISRICH ot odth dftn D

wher ei niwidheaits gfhmiozntessisiag icotiegposd th seatsaldaridhedgeypottivas of anrwpgyor ti on of

t he done. 26 7. The plasma etchin pparatus of claim11, wherein the
light etHEaseRf th?ﬂ"e{}@r%ﬁﬂ‘é’@d“ EE(% g@ﬁy through the central portion but
al so thr Ougkoﬂfoﬁrgasm t@@%a@gcm aﬂﬁ{ma?atuefac&;gﬁdﬂ@ anSthef BARIARERL, §h Chi ng

apparatus of claim1, further co sing a bias”electric power supply
séet i orwhichdighhemission tipseaeh bavingdwppains afmoxzlestaroundit aradisgosedeata 9. A

pl asma et ching .apparatus for mnufacturi a sem conduct ar devi ce, ,the
Pl oo Gt AErERLAIEIAE o dBoS S et eVt Pt b SoaBRiPREL be
et ched [pgafigtri®d, i df bhdle SRIAB stffabe o i wdRdtels shislvioin FIB @Wgrber; a coi |
wi nded on the dome and generatin electric field into the chanmber; at | east

one |ight enfReP@IMa ptchingrrratatusanegrdiag e trpw@senhembggimertineludese 15
dome,  SgfSnd Qe?'(m& statd E{)r(ljt?&:%{cg%ﬁ@%Waa\fngbﬁ‘@oﬁ%sfpﬁiéﬁﬁdg oAk disfel €cted by

t he wafer; "nozzles, eac I S di sposed ar t emssion tip and
t hs oughcdntel peetitat ¢0Mnimthe: mrevious rendtbodiment el a K estimaticrupgdtiong2d®s i nt o

t he chanper; val ves, i ch are proyided each at, each of the n | es, so as
o ad] unchestinales aifernga eyt beRies Rar T NaSSIKE RATE at | cact
one st adQintAtBHMHY the TRst 4HY $6Lndditae corltidd BEclSHEPT®Rhd 2201 AsspeRtivaigction, a
proportional value estimtion section, a conparison section, and a control

section, theAicpgtiellerdppbslown)dnithe serond siade contrelagciionid?y detedainesni ned

ti 5 andVBBRar A g eI aReobEh i By BR et adEion A ser = "
e & e ert ot o e Lo
cect | onThgaaepig b Tiesenk CE e eBamTesRar M aTralet ACSIaLFaHETR 8 vai e,
the Cor@éé)éuﬁﬁfbé&ibrpﬁi&%ﬁbwbvh?ﬂ) aqas éé)ﬂ@wéte%f‘r@pﬂéﬂd/?qé tRfotghdhay a
conpared result by the conparison section. 30 10. The plasnma etching

appar at ezl inseeechtiroughdheiedgeportion ef thestame by meansiof ésivalve ctheseh¥ ace
o P B o SR 35E05 B} SObBlerPRRE Er bbb fen e
pesti onsupply sedtiond(hot shown).

Hereinafter, the operation of the plasma etching apparatus according to the
present embodiment will be described with reference to FIG. 11. Further, although
elements of the first and second state control sections 210 and 220, which have the
same names as those the elements of the state control section 100 shown in FIG.

30 8A.
First, the controller 106 periodically reads current time t from the timer 108
and compares the difference time with the reference time tp read from the memory
105 (step S101).
As a result of the comparison, when the difference time t is smaller than the
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11. The plasma etching apparatus of claim9, wherein the apparatus further
conpri ses a second done attached to the outer surface of the first donme and
having a dielectric constant different fromthat of the first done. 5 12.
The plasma etching apparatus of claim1l, wherein the done has a dielectric
constant smaller than that of the second done. 13. The plasma etchi ng

appar at usfepénad tiinen garioah@tep 8101y, tiié cshtroier! 108ad¢oeyRoOperforivblt ﬁbfﬁa
ei ght-arm spiral shapes. 10 14. The plasma etchi ng apparatus of claim?9,

wher ei n State conget oré%aélgnoﬁ?ntths Ratagy, whenihe Jiiarancerids gaLahtoprdatars t he
' ' ght e’fﬁﬁh@"re’féﬁénfz&‘ﬁ?ﬁé’BQFléHgésthfélg?ﬁg{‘@\eacdrﬁmér%Ué ﬁf‘rP%ftHU@Cé

sma et ching apparat wherein th t emSS|ont|p
|s d| spmddhétgasugﬂugdimseﬁrdrrﬁa@? tmsilairtdhemfonelnalcdnne 16. The pl asma et ching

P Rough the ASA reRul i B6 Bat Sapelit hardine e ht@iaﬂférihgtﬁﬁt@e%ﬂgérf "o
of the @?rﬂ?smﬂlg éﬂlﬁrd@eﬂ/@gﬂl t Fdfdeted P%é‘Wé?erQBV@g?L I’ft'é%%@én tlg[ cctric

conprising a s el ectric power supp y sectlon |es
power to a bc}temrthefhghheompanbmextm}:tdj810mepﬂracstﬁnﬁ@amnl SgOirhgfhtod for

ot 1 act CHOFONERS B ABaS 1k (SRhRned R R GEEE Oh A o Mol "2

chanber | 2afdalt,20fthe @xtrabRiaslight eenfPonkehes, @nrtpetiesiirmattr W@Qﬁﬁétb% 30
estimating a proportional value between the intensities of the extract ed

| itht cORRATEANR! valirfpkeiang K%be@mnrmee@btpmgdmar@ﬁ@s loed and laiog A the
oo S SioM RIS e M EHINAGR IRRARE,
cl ai m 1@re ebtimateu bylg,opﬁl@det ermned |ight conponent conprises CFx and Si Ox
bropor t1 onal  Yile e Bropogiartl Naliesifes PEF BecemiErates s way ar inputted
to the AK estimation section 230, the AK estimation section 230 estimates a
15 difference value AK between the two inputted proportional values (step $103) and
transmits the difference value AK to a controller 106 in the second state control
section 220. In this case, the estimated difference vailue AK is defined as an
expression, Kc - Ke.

The controller 106 determines whether or not the transmitted difference

20 value belongs to a range of a reference difference value AK* read from a memory
105 (step S104).

As a result of the comparison, when the transmitted difference value belongs
to the range of the reference difference value AK* (step S104), the state control
operation is stopped and the controller 106 initializes the timer 108, thereby enabling

25  the timer 108 to renew and store the current time until a next state control operation
is performed.

In contrast, when the transmitted difference value does not belong to the
range of the reference difference value AK* (step S104), the controller 106 adjusts
the gas flow rate r, (step S105) so that the transmitted difference value conforms to

30 the reference difference value range.

In other words, when the difference value is larger than the reference
difference value, which means when Kc is larger than Ke, the controller 106 controls
the gas supply section 107 to increase the gas flow rate rce4 of the CF4 gas, which
corresponds to a denominator of the value Ke, so as to enable the difference value
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5 while quantity of Oz gas is increased when the estimated proportional
value is smaller than the reference value. 20. A plasnma etching nmethod for
manuf acturi ng a sem conduct or device by neans of a plasna etching
apparatus, the plasm etching apparatus including a chanber in which a
wafer is |oaded and etched, a dome sealing an upper end of the chanber, one

sel ect e ddrdoma td e redérentce cﬁ!ﬂférbhc@wm&niahgé SOt MbRCEH, §8s chR béone and
supplying electricity into the chanber a bias electric power supply

sect | onsiRiiiediing the aghay thioughdtie CRa"QZzisot t om of the chamber, the net hod
conpri si ng: M?:B#dé@ Q@leﬁrfhgldﬁféréhe? legﬁtls sr}%%ﬂ I'J%' r@? e Wﬁgtd f’fecreﬁc?é"er

havi ng a nagni
el ect r i valpeywhichaneans whendu rSlsmaltefr timan Keathel a:cmirdller aoammmefme of

th hanb d f wh d bj | ect
Sy 1550 T o 5 i s s
pl asma f?}t'ﬁ g\%réﬁ%? BPthePfalé ?('e”ﬁg%s Bt diffERshc \)éfl’uélﬂo &%ﬂ.‘)ﬁﬁ@o thénd

20. 22. asma etching ne claim 21, wherein n has a val ue
bet weenredereand diffsremnse tvaluearadge: $aathad mereu@; Has veer heXPppliad intddbeWatts. 25

23. The C of claim 20, performed at a photoresist (PR
et chi ng '@%’Pégaﬁ l{q?]@_%qe e x is at least 6. 24. The pl asma et ching
net hod of cl@yHanBe s@@t@fcﬁwwoaéra%n%tsqhbefc%ed%bwewsr&é?ﬁ&amstété@oo and
9000 ~4/min when the pressure In a chamber has a val ue between 40 and 80 nil

aflél a bihgscantreder 166 jnitielizendke imes|108 intha semevinapper b deperibathakovshi ng

10" om S 2R 48 BB BTt fTRkoC ot LARERAUE et HESER W Hfhe" 1o

vaI ue thMI 4 hexhstald coiftralroperatiorsislstated! ectric power is 1000 W 26. The

pl asma et chi hg od of c¢laim?20, perfornmed at an el ectron s particle
t enper at ur e |l'i‘a‘§ﬂ’\§{jr atjen @ th?o‘ioﬂvﬁf‘ﬂg?alt 8 genet@ '@meﬁwsﬂ’ﬁ@ﬁﬂ“r@t chi ng

net hod vaI ue
bet vveen%O a@g%g@ﬁﬁ en lE]e‘im)rdegf; ?ﬁejérléﬁné F?e cha mg]@atﬁval ue
bdb weenpréSenhigventiomwilne hawmﬂmm"eﬂ AR (Adaptively Csuml@@d’laerrw 30

 AYY. A '$ﬁ \9 AL tﬁ %AAQ A9. A{L. AA . AL. A9. Ay9. AAL. AhL. AL. Ah9. A9. A9. A. . A{9. A
9. Ay{ & FENSXGUONMERONA A" pos Ok , / 2X[ A

FIG. 13 is a sectional view of a chamber employed in a plasma etching
apparatus according to another embodiment of the present invention.

The plasma etching system according to the present embodiment has a

20 six-arm spiral coil (see FIG. 7), and includes a source electric power supply section
and a bias electric power supply section.

FIG. 14 is a flowchart of the ACP employed in a plasma etching method
according to the present invention, and FIGs. 15A to 15¢ are graphs showing
comparison between the characteristics of the ACP according to the present

25 invention and those of the conventional ICP and CCP.

Hereinafter, the ACP employed in a plasma etching method according to the
present invention will be described with reference to FIGs. 14 and 15A to 15C.

First, the source electric power supply section applies an electric power of 90
to 100 W to the coil placed on the dome (step S301), and the bias electric power

30 supply section is connected with and applies a bias electric power of 900 to 1000 W
to the bottom of the chamber (step S302).

In this case, when the size of the wafer is 200 mm, the source electric power
may have a value of 50 to 1000 W and the bias electric power may have a value of
100 to 2500 W.
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The larger the etch rate is, the better. In the case of a plasma etching
apparatus employing the conventional ICP etching method, when the pressure in a
chamber has a value between 40 and 80 mT, the etch rate has a value of 4000 to

5000 A/min and is inversely proportional to the pressure. In contrast, in the case of
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25 etching method, in relation to the plasma density. The ACP method according to
the present invention has a good characteristic more similar to that of the ICP
method than the CCP method.

(4) electron particle temperature (see FIG. 15B)
In the present embodiment employing the ACP method, the electron particle

30 temperature has a value between 2.0 and 2.5 eV when the pressure in the chamber
has a value between 40 and 80 mT. Especially when the pressure is 30 mT, the
electron particle temperature has a value of about 2.3 eV. Further, the electron
particle temperature has a value not larger than 3.0 eV regardless of the pressure in
the chamber.
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In the present embodiment employing the ACP method, the ion current
density has a value between 10 and 20 mA/cm? when the pressure in the chamber
has a value between 40 and 80 mT and the source electric power is 1000 W.

15 Especially when the pressure is 30 mT, the ion current density has a value of 11
mA/cm?.

The larger the ion current density is, the better. In both the plasma etching
apparatus employing the conventional ICP etching method and the plasma etching
apparatus employing the conventional CCP etching method, when the pressure in

20 the chamber is 30 mT, the ion current density is about 1 mA/cm?, although it is
measured as slightly higher in the ICP etching method than in the CCP etching
method. However, it has been noticed that the ion current density does not
increase much even when the pressure in the chamber increases in both of the
above two methods.

25 Therefore, both of the plasma etching apparatuses, which employ the
conventional CCP etching method and ICP etching method, respectively, have
similar characteristics in regard to the ion current density. However, the ACP
method according to the present invention shows a characteristic superior to either
the ICP or the CCP method.

30 As can be seen from the foregoing, the above-described embodiments
according to the present invention can be applied regardless of the kind of etching
and sizes of wafers. Also, the present invention may be employed especially in the
case where the size of the wafer is 8 inches or 12 inches, and may be employed in
various etching according to the kind of compositions of the wafers, such as
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parated and then formmg impurities on a wafer.

Furthermore, the apparatus and method according to the present invention
can improve the PR etching selectivity, which is one of the characteristic values of a
plasma etching apparatus, so that they may be utilized in a critical process requiring
a high PR etching selectivity.

15 In addition, the present invention improves an etch rate which is one of the
characteristic values of a plasma etching apparatus, thereby improving a throughput.

Moreover, the present invention improves a plasma density which is one of
the characteristic values of a plasma etching apparatus, thereby enabling a critical
process, which cannot be done by the conventional ICP and CCP methods, to be

20 effectively performed within a short time period.

In addition, the present invention improves a plasma density which is one of
the characteristic values of a plasma etching apparatus, thereby minimizing damage
to wafer by the plasma and increasing yield of the apparatus.

In addition, the present invention improves an ion current density which is one

25 of the characteristic values of a plasma etching apparatus, thereby enabling an
effective etching to be performed with a low electric power.

While the present invention has been particularly shown and described with
reference to exemplary embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and details may be made therein

30 without departing from the spirit and scope of the present invention as defined by the
following claims.
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a plurality of valves, which are provided each at each of the nozzles, so as to
adjust quantity of the gases supplied into the chamber, wherein the first dome has a
flatted outer surface and curved inner surface facing an interior space of the
15 chamber, a central portion of the curved inner surface bulges further than an edge

portion thereof toward the interior space of the chamber.

2. The plasma etching apparatus of claim 1, wherein the apparatus
further comprises an second dome attached to the outer surface of the first dome
20 and having a dielectric constant different from that of the first dome.

3. The plasma etching apparatus of claim 2, wherein the first dome has a
dielectric constant smaller than that of the second dome.

25 4, The plasma etching apparatus of claim 1, wherein the coil has one of a
four-arm to eight-arm spiral shapes.

5. The plasma etching apparatus of claim 1, wherein the light emission tip
has a concave lower end which prevents the light emission tip from protruding

30 beyond a lower surface of the dome.

6. The plasma etching apparatus of claim 1, wherein the light emission tip
is disposed through the central portion of the dome.
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10T T 109 4 bhainb8P R which a wafer to be etched is Ioaded

a first dome sealing an upper end of the chamber;
a coil winded on the dome and generatin electric field into the chamber;
at least one light emission tip disposed through a predetermined portion of the
15 dome, so as to emit light toward the wafer and receive light reflected by the wafer;
nozzles, each of which is disposed around light emission tip and through the
predetermined portion of the dome, so as to supply gases into the chamber;
valves, which are provided each at each of the nozzles, so as to adjust
quantity of the gases supplied into the chamber; and
20 at least one state control section including a light component extraction
section, a proportional value estimation section, a comparison section, and a control
section, the light component extraction section extracting predetermined light
components from among the light received through the light emission tip and
obtaining intensities of the extracted light components, the proportional value
25 estimation section estimating a proportional value between the intensities of the
extracted light components, the comparison section comparing the estimated
proportional value with a reference value, the control section controlling operations of
the valves according a compared result by the comparison section.

30 10. The plasma etching apparatus of claim 9, wherein the first dome has a
flatted outer surface and a curved inner surface facing an interior space of the
chamber, a central portion of the curved inner surface bulges further than an edge
portion thereof.

27



10M 10M 10M@10%V&' () - &6- #10%VE' () - 4#10%V&' () - F* 5{ dEbC

101111 FfZ109%& ()-109%&' ()-,"10%& ()-$10%& ()- 10%& ()-'S 109%& ()-{CaBbC
101111 109%& ()-"109%& ()-"109%& ()-fF 109& ()-!10%& ()- 109%& ()-  TdEbC

100111 y$109& () -#! 10%& ()-"! "109& ()-f 109&' ()- 9#10%& ()- $10%& () - #vWIEDC
1001117 109%& () -y, #109%& () -f*S

109&' () - S) GLA%&' ()The'dlastha(tehingHpisardtus -of Eldim 9,0viér@nl fstagpar&is0v&’ () -

10@ Losaitsr oSt 3 fedar e atiashoseths ouls#IaCs altherisidame and

10%,&025?*_5}/1’“@ déé:ellei&i}%\/g‘c&%stﬁpé‘ﬁ‘f&réﬁt “ttoth QAL &F the Tirst dA@E () -y " 109& () -

"100v8 ()-! 1098 () - Lgl0%v& () - nPA0%E () - &10%VE () - #10%& ()-'adE:/ 1011

OB ()3 AT e SRR S O P B i 1

109%v& ( Hieteertic ¥dhstah®EnialléPiiak thit bf theld¥dohd(dorhd 10%& () - f f

10% & ()-!s!10%t& ()- !, #10%t& ()-36K}"<YNC

10! &T&I0%&' () -' &4 0% & () - Z! & 0% () - Z! &4 09&' ()-Z$10% & ()-f f
10% & () - _{\ 3. The plasma etching apparatus of claim 9, wherein the first coil has one

of a four-arm to eight-arm spiral shapes.

10
14.  The plasma etching apparatus of claim 9, wherein.the light emission tip
has a concave lower end which prevents the light emission tip from protruding
beyond a lower surface of the dome.
15 15.  The plasma etching apparatus of claim 9, wherein the light emission tip

is disposed through the central portion of the dome.

16. The plasma etching apparatus of claim 9, wherein the light emission tip
is disposed not only through the central portion but also through at least one edge
20 portion of the dome.

17.  The plasma etching apparatus of claim 9, further comprising a bias
electric power supply section which applies bias electric power to a bottom of the

chamber.
25
18. A plasma etching method for manufacturing a semiconductor device,
the plasma etching method comprising:
extracting predetermined light components reflected by a wafer placed in a
chamber, and obtaining intensities of the extracted light components;
30 estimating a proportional value between the intensities of the extracted light

components;
comparing the estimated proportional value with a reference value; and
controlling quantity of gases supplied into the chamber according a compared
result.
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20. A plasma etching method for manufacturing a semiconductor device by
means of a plasma etching apparatus, the plasma etching apparatus including a
10 chamber in which a wafer is loaded and etched, a dome sealing an upper end of the
chamber, one selected from a four-arm to eight-arm spiral coils placed on the dome
and supplying electricity into the chamber, and a bias electric power supply section
applying bias electric power to a bottom of the chamber, the method comprising:
supplying an electric power, wherein a bias electric power having a magnitude
15 of n is applied to the spiral coil while a bias electric power having a magnitude of m is
applied to a bottom surface of the chamber; and
generating a plasma, wherein the applied bias electric powers generate
electric field, thereby generating plasma.

20 21.  The plasma etching method of claim 20, wherein m/n has a vaiue
between 6 and 20.

22. The plasma etching method of claim 21, wherein n has a value
between 90 and 100 Watts, and m has a value between 900 and 1000 Watts.
25
23. The plasma etching method of claim 20, performed at a photoresist
(PR) etching selectivity of x:1 where x is at least 6.

24. The plasma etching method of claim 20, performed at an etch rate
30 ranging between 8000 and 9000 A/min when the pressure in a chamber has a value
between 40 and 80 mT and a bias electric power has a value of 1600 W.

25. The plasma etching method of claim 20, performed at a plasma density
ranging between 4.40 x 10" cm™ and 1.04 x 10'? cm™ when the pressure in the
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27.  The plasma etching method of claim 20, performed at an ion current
density having a value between 10 and 20 mA/cm? when the pressure in the
chamber has a value between 40 and 80 mT and the source electric power is 1000

10 W.
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