12 Septenber 2005 PLASMA ETCHI NG METHOD AND APPARATUS FOR MANUFACTURI NG A
SEM CONDUCTOR 'DEVI CE BACKGROUND OF THE | NVENTION 5 Thi's apphb &abteRBeClods M
priority from Korean Patent Application Nos. 2002-16148, filed on March
25, 2002, 2002-39468, filed on July 8, 2002, 2002-47888, filed on August
13, 2002, 2002-70648, filed on Novenber 14, 2002, in the Korean

I nt el | ect uap| RSMAEEOHING METHOD AND Apbﬂ%ﬂmfﬁoﬁ{mﬁw@dmhﬁ% at ed

herein in its 10 entirety by reference 1. vent1on The
present invention relates tos%lwlﬁ%fgﬁﬂc@mpﬁylfﬁﬁt hod and apparatus for
manuf acturi ng a sem conduct or device, and nore particularly, to a. plasm
etching 15 nethod and appar at us for manuf acturl ng a sem conductor devi ce,
in which a done and coil S £ HYENTH3Nect i vel y, thereby
enabling the density of plasma in a chanber to be mai nt ai ned uni form
Further, the present invention relates to a plasm etching nethod and
appar at us f or Thinappliation ciagnapsenty fomddorean Paéerit é@plication Wosch a | i ght

A s, ¢ n@ORPA8ER Hetlin rush 45 P2 0o AP Lucd Suvith e §BAE oa e

appar at uslelian Augwf a&tMOQngO@-$W&ﬂ@d%tmvéﬁﬁérQﬂ, 2088, Ghtheadbrashi eve a

uni form rg E?S g R&?}fﬁ‘? n%r& chanber. Al so, the present jnvention

rel ates {8 b‘la Efpp Gdh FﬁBﬁ”ﬁl‘i’(ﬁWQﬁ?ﬁd?chﬂ?olf@Pdﬁﬁfﬁﬂ &dtsuring a
senm:ond@ﬁﬁr@fybj,e»éfee@mé n which one of four-armto eight-armspiral 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 Rel ated
Art Etching qr,galoffltr%smae,mdp,cess of elimnating an unnecessary portion from
a silicon wafer by utilizing chemeals or gas in a process of manufacturing

a semncond uch@rprewt@yenm faketes tqa plaspi ¢triing mathrcbandapnasetus fares of
di ff er engnahiaBtudfg biseficotiiefor HB@cS 3R rﬁel"éﬁfg?ﬂ&mﬁ?@vh c% Qlabr?na‘e?éﬂ r?gd ‘et ching

selectiv " Conventional Iy, wet etching in mcals are utilized
"\?éwm

has'een apd apparptusiod manpfactingriysensicarivdies denicaginieh adomey used
resul tingnd Mma@etlrhsmeﬂ BhaMdy, ?ékp%bf\ﬁ‘éﬂ} tthé?@is Ehdbiing BILEE Ff?ﬁ?p d&hicate and

precise. The dry etching is an etch oes’not utilTize a chem cal
sol ut i onnNghagibeséq bey gtaé'galggg ugp‘orm é@.ﬁ%er the present invention relates to a

plasma etching method and apparatus for manufacturing a semiconductor device, in

which a light emission tip has a curved end exposed to an interior space of a
20 chamber. Also, the present invention relates to a plasma etching method and
apparatus for manufacturing a semiconductor device, which can achieve a uniform
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 pottion 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 resuiting 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.



-1 12 Septenber 2005 In wet etching, isotropic etching is carried out due
to chemcal action by strong acid, so that even a portion qg@@&@ﬁbgyums
mask may be etched. In contrast, dry etching utilizes reactive ion
etching, in which activated chem cal gas such as halide is enployed in a
pl asma state and ions in the plasma performthe etching. 5 Therefore, dry
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FIGS. 1A and 1 B are séctional views ers of plasma etching
appar at ugRl¥ I%WSIVW@EI irection Al arfubsihaie: $@ab@wmt¢{y19r§t%ade Nn this case,
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FIG 1 Bpshows a seal ed avi ng concave shape.
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4a or 4b, and an inductive power supply section 5a or 5b.

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 eiched 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 E:onvex) shape as shown in

25 FIG. 1B. The dome 2a is made from alumina AlzO3 having a dielectric constant £1
ranging between 9.3 and 9.8. ' '

The coil 4a.is d‘isposed 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 sﬁape 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 infroduced into the



spiral coil, while it has a convex shape in which its central portion is
convex upward or downward in the case of the triple- arn1spugg&mﬁmﬁr2mﬁ
Therefore, the electric field generated by the coil 4a is introduced into
the 2 12 Septenber 2005 chanmber l1la through the dome 2a having the
predeterm ned dielectric constant El. Therefore, the electric field
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smabl er fiethn 2000 Win the case of oxi de-etching, the wafer 3a having a
size of eight h_cas ducti v ower supply section
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power applied to tha triple coil shown in FIG 2B is 500 W However, in the
convent ilGHACEREFIUES: having the construction described above, an arc

d:c scﬂar ge : S permnefaérae, muuarve%i@bm@p@werrappnétato thé,coﬁiﬂa Byﬂ{éﬁﬁaﬁiﬁﬁepo” i on
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an inner bot tWhen the inductive power supply section 5a applies a high inductive electric
power of 1500 W, an electric power applied to the single coil shown in FIG, 2A is
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. o
FIG. 3 is a sectional view of a chamber of a conventional plasma etching
25 apparatus employed in a conventional CCP etchmg method.
In a chamber 1c of the conventional plasma etch:ng apparatus employed in
the conventional CCP etching method, inner surfaces of the chamber 1¢ are formed
of an aluminum [ayer coated with oxide, and a wafer 3c is seated on an inner bottom
surface of the chamber 1c. Further, a single-layer dome 2¢ 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.4isa diagram showing a construction of a conventional plasma etching



surface of the chanber 1c. Further, a single-layer done 2c having a
predeterm ned 30 dielectric constant EL is di sposed at an um@gét&ﬁgmqmoshe
chanmber 1 ¢, thereby sealing the chanber 1c. Also, the plasna etchlng
appar at us further i ncludes a bias power supply section 5c which supplies a
bi as electric power of 90 to 100 W thereby increasing ion energy in the
chamber Eaﬁh@L 4 is a diagram showi ng a construction of a conventiona
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portion of the done 12 toward an interior _ of the chanber 11. Further,
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t he |i ghgusraipeitreupsietiigast i on section 30 abruptly changes (i ncreases or

decr eases), t ctjon, 40 .S . RO1.NL. time to

be the etchi ngﬁ\?gcﬁéﬁgp 8% esﬁgh oﬁﬁe hﬂ“gﬁ'ibth&ﬁ'té gﬁhtr‘neén'%s'?rﬁ%tlon -

control $59ﬁai‘edé%rsel$epmmref@cteﬂ Hyltee etabdrit3y conpletion tinme point. The gas-

sup Iy secti'on. 50 supplies gas, i t cha nozzl es 16a
516b. The 3:55 (ﬁf §'?e°é)?‘98tﬁ‘ ng" W?F%ﬁeéngg’é’rté? P?E{%[?ql?%ﬁgmsal ves 25 17a
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When the component of light having been extracted by the light component
extraction section 30 abruptly changes (increases or decreases), the determination

20 section 40 judges this point of time to be the etching completion time point and
outputs an etching completion control signai corresponding to the etching completion
time point. )

The gaé supply section 50 supplies gas into the chamber 11 through the
nozzles 16a and 18b. 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 wafer13 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 etéhing 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 stich as the quantity of the gas supp!ied by
the gas supply section 50, time for which light is injected by the CCD 20, etc.  Also,



etching conpletion control signal outputted fromthe determ nation section
40. In other words, the conventional plasma etching appar atlgsseﬁﬁﬂlbémagst he
operation of etching the wafer 13 according to its judgnment for the etching
conpletion tinme point. 30 However, when it is confirmed that the wafer has
not been uniformy etched even after the etching process, the conventional
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In this case, the introduced électric field discharges the gas contained in
20 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 eiched in a plasma etching
apparatus according to the conventional ICP etching method. In contraét, the PR
etching'éelectivity has a proportion between 3:1 and 6:1 when a photoresist film



been covered by a mask. Hereinafter, a description and conparison will be
given of the conventional 25 |ICP and CCP etchi ng nethods. (lé)SeﬁtE&B'%OS
selectivity An etching selectivity signifies a relative proportion between
speeds at which thin filns of different kinds are etched when the.thin
films are etched under the sanme plasma condition. Therefore, the |arger
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when a phbaotoresist im.fi Il m 5 12 Sept enber. 2005 applied on a predeterm ned

| ay is etched, i | asma et chi ng apparatus according to the
con\elgentional %Détgrtl?:%gng nmet hod. Therefore, the CCP etching nethod
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! W the etch
and is p?%@ﬂﬂqr@hgppt%dﬂ'ﬂ%"ﬁ?%ﬁw@ the Prseie M8 chembehasialde hi ng met hod

.exhi bi t s4@td 80 B8 arRl£hiak aleRtricidiver ReincrebR Rl i 1GDOTRL fiedetch rdtéfasase where .
the pressure in has a val ue between 40 and 80 nT. Also, the-

t he chanber 5 a val |
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Therefore, they 6Br Rbfddl the EP BeshirRpibibld ©xhiBité Gllarger etch rate than the

ICP etching method in the case where the pressure in the chamber has a value
between 40 and 80 mT. Also, the CCP efching method shows an etch rate
proportional to the pressure. Therefore, the CCP efching method exhibits better

20 characteristics than the ICP etching method, in relation to the etch rate.

(3) plasma density (see FIG. 15A) '

Since a wafer is eiched by plasma, the higher the plasma density is, the
betteritis. Also, the higher the pressure in the chamber is, the higher the plasma
density is. Therefore, a iow 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" em™ 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
methed, 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
accordihg to the increase of pressure. Therefore, the ICP etching method has a



20 characteristics than the I1CP etching nethod, in relation to the etch
rate. (3) plasnma density (see FIG 15A) Since a wafer is etjglgstebeddoasny,
t he higher the plasna density is, the better it is. A so, the higher the
pressure in the chanber is, the higher the plasna density is. Therefore, a
| ow pressure in the chanber is not preferable in views of 25
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temperature is not found in either the plasma etching apparatus employing the

20 conventional CCP etching method or the plasma etching apparatus employing the
conventional ICP etching method. '

(5) ion current density (see FIG. 15C)

The current density of ions in the plasma is measured in units of mA/em?
The larger the ion current densily is, the larger the etching speed or the etch rate is.

25 Therefore, 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 the chamber is 30 mT, the ion current density
is about 1 mA/cm?, although itis measured as slightly higher in the ICP efching

30 method than in the CCP etching method. quever, 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.

As described above, each of the ICP etching method and the CCP etching
method has its own advantages and disadvantages. Therefore, development of a



enpl oyi ng the conventional |ICP etching nmethod or the plasma etching
apparatus enpl oyi ng the conventional CCP etching nethod. Thepgtgiebera200SW
electron tenperature is not found in either the plasma etching apparatus
enpl oyi ng the 20 conventional CCP etching nethod or the plasma etching
apparatus enploying the conventional |ICP etching nmethod. (5) ion current
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method and apparatus for manufacturing a semiconductor device, which employ a

(')

four-arm to eight-arm spiral coil placed on the dome, thereby preventing an arc
20 discharge from being generated at a grounded portion of the coil as weli'as
maintaining the density of plasma in a chamber uniform. '
It is another feature of the present invention to provide a plasma etching
method and apparatus for manufacturing a semiconductor device, which employ a
' light emission tip having-a concave lower end, which means that the surface of the
25 lower end is curved upward, thereby increasing the refiectance of the light
transmitted into a plasma chamber and preventing a contact portion between the
light emission tip and a dome from being separated, deposited on the surface of the
wafer, and then forming impurities on the wafer. '
It is another feature of the present invention to provide a plasma etching
30 method and apparatus for manufacturing a semiconductor device, in which
intensities of specific light components according to wavelengths are compared and
quantity of gas introduced into a plasma chamber is adjusted according to a resulit of
the comparison by utilizing a light emission tip, so that the density of plasmain a

charhb'é'r can be maintained to be uniform.



15 having dielectric constants different fromeach other, so that the
density of plasma in a chanber can be nmaintained to be uni flgrs@ptellnbeﬂmogn
additional feature of the present invention to provide a plasma etching

met hod and apparatus for manufacturing a sem conductor device, which enpl oy
a four-armto eight-armspiral coil placed on the done, thereby preventing
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spiral coils, thereby improving an etch rate, which is one of the characteristics of the

20 plasma etching apparatus.
It is énother 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 piasma 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



1:(6 to 20), the plasma etching apparatus including one of four-armto
eight-arm spiral coils, thereby inproving a photoresist (PR S@IStE;Bbé}@OOS
sel ectivity, which is one of the characteristics of the plasna ‘etching
apparatus. 15 It is another feature of the present invention to provide a
pl asma etching nethod and apparatus for manufacturing a sem conductor
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manuf acturing a sem conduct of. 2005

pr opor t | FINBSORSHR SHPRY 9rees 'ETOe*g' r"?‘@mSSU«éPdérR!PrﬁmﬁPéga'@?g nqbarﬁower has a
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our-armto el
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appar at Ugfage ra“cufy:@rwn@am Epadel ¢F the ehérﬁ@@fcé c@rfntrél Ipert@hezﬂ@xﬁé curd¥@itiheon, there
dov| co. SHEoBPUBRA TEIEE HER PRS2 (iR 1D e RSB SGe PP ch & v er
to be etdhbﬁfber s |l oaded; a first dorre seal ing an upper end of the chanber;
a coil w ndeg«ccordmgqto%ore speéjn" ic 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 fo
eight-arm spiral shapes. The light emission tip has a concave lower end which
prevents the light emission tip from profruding 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 portioh 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 efched is loaded; a
first dome sealing an upper end of the chamber; a coil winded on the dome and
generaiihg electric field into the chamber; at least one light emission"tip disposed

10



generation electric field into the chanber; at |east one light emssion tip
di sposed 10 through a predeterm ned portion of the done, solgge tgmgépg_tow
light toward the wafer and receive light reflected by the wafe
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2005 t hromgRe And %\%ﬁfe%r:ﬁﬂé?%rfﬁ&r fabfag aAfintbhér sngB@ of 18 ABmbER a®Bhtrall | ght
toward the wafer receive light reflected he wafer; nozzles, each
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are provi ded each at each of the ngzzles as to adjust
quant i t ylogte anbhaying:a diglRstic onstent differeat o tatof ﬂ@ffﬂs%‘{onl'eeaérﬂ‘eone state
20 dome has a dielectric constant smaller than that of the second dome. The first 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. The light emission tip is disposed through the central
portion of the dome. The light emission tip is disposed not only through the central

25 portion but also through at least one edge portion of the dome.  The plasma etching
apparatus further comprising a bias electric power supply séction which applies bias
electric power to a bottom of the chamber. -

In accordance with a further aspect of the present invention, there is provided

a plasma etéhing method for manufacturing a semiconductor device, the plasma

30 etching method comprising the steps of exiracting predetermined fight components
reflected by a wafer placed in a chamber, and obtaining intensities of the extracted
light components; estimating a proportional value between the intensities of the
extracted Iight components comparing the estimated proportional value with a
reference value; and controlling quanttty of gases supplied into the chamber

gk



control section including a |light conponent extraction section, a
proportional value estimation section, a conparison sectioOfyg Ber0@0s I Ol
section, the light conponent extraction section extracting predeterm ned

| i ght components from anong the light received through the |ight em ssion
tip and obtaining intensities of the extracted |light 10 conponents, the

proporti gRadrdiglatenfstrddRisu@n section estimating a proportional value
between the intensities of the extracted |ight conponents, the conparison
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quant i t ygeHergidggtasnepl i ed into the chamber 11 12 Septenber 2005 according
8 DA b bing S sadehOeMBhGmeREob he aBIRHLRA Hanid ethod,
20 m/n is a value between 6 and 20, and n may be a value between 90 and 100 Watts,
and m has a value between 900 and 1000 Watts. The photoresist (PR) etching
| selectivity is x:1, in which x is atleast6. The etch rate is a value 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. The plasma density has a value
25 between 4.40 x 10" cm™ and 1.04 x 10'2 cm™ when the pressure in the chamber
has a value between 40 and 80 mT and the source electric power is 1000 W. The
electron particle temperature has a value not larger than 3.0 eV. The ion current
density has a value between 10 and 20 mAfcm? when the pressure in the chamber
has a value between 40 and 80 mT and the source electric powér is 1000 W.
30 ,
BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present invention wili

become more apparent by describing in detail exemplary embodiments thereof with
' reference to the attached drawings in which:
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conprises CFx and Si Ox conponents, quantity of CF4 gas is increased when
the estimated proportional value is |larger than the referem@geﬁf@,{lb@,gog@i |l e
gquantity of 02 5 gas is increased when the estinmated proportional value is
smal l er than the reference value. In accordance with another aspect of the
present invention, there is provided a plasma etching nethod for
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pr & sur acganding to brpresant INYGRUOR; val ue bet ween 40 and 80 niT and the source

el ectric povgg, BA sl 8 Qfewihci38ingBIbidek Plhieh! s6bwd HeoRRAWDIGS: Ihe above

and ot her features and advantages of the present inventjon will becone
mor e appEFEREIBINGRARATFEF AECAANA A af P"@?_@W”&P&hgﬂ?ﬁﬁ"ﬁ’é‘ﬁ?@@herem with
reference torishgp#d 4 prnSsew! bANMVAES ohWhidH rajected locations of the light

emission tip are marked;

20 FIG. 9 is a flowchart of a plasma etching method according to the present

inVention, which utilizes a plasma etching apparatus shown in FIG. 8A;
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 invenﬁon;
FIGS. 10B and 10C are plan views of wafers on which projected locations of
25 the light emission tip are marked,
FIG. 11 is a flowchart of a plasma etching method uti.!izing the plasma etching
apparatus shown in FIG. 10A;
FIG. 12 is an enlarged side view of a concave lower end of a light emission tip
- employed in a plasma etching apparatus according to.the present invention;
30 FIG. 13 is a sectional view of a chamber employed in a plasma etching
apparatus according to another embodiment of the present invention;
FIG. 14 is a flowchart of the ACP employed in a plasma etching method

according to the present invention; and
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12 Septenber 2005 FIGS. 1A and 1 B are sectional views of chanbers enpl oyed

in a conventional plasma etching apparatus utilizing an | lezrgégtgﬁger;jﬁbg;s
2A and 2B are plan views of coils showmn in FIGS. 1A and 1B; FlI 31s a

sectional view of a chanber of a conventional plasma etching 5 apparatus
enpl oyed in a conventional CCP etching nethod; FIG 4 is a viewincluding a

diagram whi GHGBNPUR tRoG1Pic Held: &Qih&,.ngce&rr\g&g}ngoﬂ%pémﬁgﬂ etchi ng

apparatus; FI G IS Sect1onal Vview of asma et ching
appar at u@wara@@mﬂ@s%ﬁh@d\%amdmrﬁ@me peset énventicreand thwsemf then; 10 FIG 5B
I's a Secédr%ﬁi,onﬁj cghamber of a plasna etching apparatus according
t o anot her rren o the present invention; FIG 6 is a graph show ng
pl asma densities in the chanbers shown in FIGs. 5A and 513; "FIG 7 is a

pl an view of a coil 5@?' %cfi‘a@‘rﬁ%ﬁﬁ e ﬁﬁ’R?r(lat us 15 according to
t he “present inventi On—é&yéﬂgg_rs_a—m‘evrr‘ntﬁu%rﬁgﬁ—bl ock di agram which
shows a constRrefetred emblodinend abiime peesEnt inyepinmarii besdeackitmrddn ggedter an

enbodi ment gf the present invention; FIG 8B is a plan view of a wafer on

whi ch pr%ejt ted locations of the light emssion tip are marked; 20 FIG 9

is a fl O\A/chanfﬂGo5A&aaéetﬁuaﬁalaﬁ@hbﬁ@cnmh@obfaqﬂﬁrﬁ% Biching dgpargauiesent
i nvention, which utilizes a plasnma etchi ngt; ]parat us shown in F@? 8A; FI G
1 OA is 3FCRIUg R fraPetmen fé’&%PEﬁSSEﬂr‘aYﬁ BBy diF- 9Rd$8 sgclimasYieW®i fon of a

pl agma eér%mvégoﬁ@B@%ﬁb@cﬁ@é@hrﬁ&s@éc@rﬂ%h@%n@ﬂﬁ*é@ém'ﬁaﬂfméhfc offag present
I nvention Fl GS are plan views of wafers on which projected

| ocat i orf¥esnt inventions FIG ghis a8l |SBHW{"9[5"9§P@ densitieg.in theghatbers a f| owchart

of a pl as‘-}mnqﬁ?hs@%m&l@@ aHd FIGZ 7N8 atgéh WERSFB Bl eRiphed #PPPlBRMS shown in
FIG 10A; FIG 12 is an enl arged side view of a concavé | ower end of a

li ght erﬁt%ﬂ%ﬁpﬁﬁfﬁtusé‘ﬁﬁ?TBVQGO RrepeRtdmeerdiehi ng appar atus according to the
present ' i nventi 1 e G1aLhoivh IR FRCRA, @RALertérqHrRén 3 IGRRABGRCELPI 0yed i n.

a. plasma etchin appar at us_accordi ng to anot her od| nent of the present

i nviént i oif:a ganeg 6 mexp@sad fq IWEREF %uréacetq{éh%@hﬂr@?ﬁsﬁa?éw 96§ dewWHWaEHR et chi ng

met hod 3 view from a front side of the chamber 61a.

That is, on the basis of a wafer 63a placed on the bottom of the chamber 61a,
the distance between central portions of the.dome 62a and the wafer 63a is smaller
than that between edge portions of the dome 62a and the wafer 63a.

20 Further, the dome 62a is formed of a single layer made from alumina having a
dielectric constant €1 of 9.3 0 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. 6, in consideration of only the characteristic of the
conventional coil placed on the dome 62a or 62b, the density @ of plasma
generated by an electric field induced by the coil and introduced into the chamber

30 61aor61b 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 mtensﬂy at the central portion of the dome 62a or

14



according to the present invention; and 13 12 Septenber 2005 FI GS. 15A

t hrough 15c are graphs showi ng conparison between the char @@Qﬁ;&ﬁﬁé&@og)f
the ACP according to the present invention and those of the nvent i onal

| CP and CCP. 5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Preferred enbodi ments
of the present invention will be described in greater detail. FIG 5Ais a

s%t 11 onatszwgw aﬁftheaemjwﬂmnsc&fuae pbras Baa of 60b Y tABIAS déhtﬁty @ceprdi Pg to an
enbodi ment of the presen F ecti view of a 10
Chanber BlEsRa s OtE YAt Hiner SeLRSToh of B NEre 38 BaB A BINe nent. of
t he preg@ggpcbrﬂm@aﬂh@mafé}lﬁa 06665 a graph shovm ng pl asma densities in the
chanbers shown I n GS. HA and 513, a Is a plan view of a coil

d F
enpl oyed in a "lﬂr%@Fﬁi'" %Q”él‘i’PF?é'oaﬁ’ﬁgTea‘f% %@arq'j*th?gcqrwe@wab%m henventi on.
Firsgt, i Borﬁe@ B@éﬁ?&iﬁ g folife Preumnt inﬂeﬁﬂoﬁ t!%ha?ét‘?er?sﬁég & th@ﬁfa%h%rhe%slt@wer

surface one 62a exposed to an inner surface of the chanber 61 a
bul ges d@/ma@ bnthegopyesiiopainiol and tmeorspsiaceordingio brMerENt 61 a. That i s,

an the begk ichlare obfbfies SRu 364, 1yidlee hatdoRil of Meafbigher 012 the

di st ance between centra tions o a an 63a-is
smal | er plasma denhsity @k imebich Sugelapoadensity ivtinifaren frumihescentrahportioetonaf er 63a.

20 Furth g%g formed of a single |ayer made from al um na
havi ng aﬁ (?dépg’cﬂfr&l C COI’]S%%.II:]'[ sl of 9.3 to 9.8. According to anot her

enbtadi mant ofln lditipm, dbe plasma wiching apparatheadmw@ngtq/thb@résanMemﬁomot a
single I Y t . e

const ant %E%'g@f’ﬁt‘? Sﬁ%n{%ﬁm&%g o A;a"&'b)%a g@b e rf% gque['? R gﬁgpzi'egrs as
shown i nfrdih@e bBuctive posJepsmprb,rsezﬁon,rtae higheelebitréd mmerus:dluuadnraot 62 of the 25
upper | ayer, .exposed to the ext or f 1b|sla er than a
0ol et roigbig pRERS ey alfediilBh st A Fr SE BRB e ot adlfEL, ' or ' he
cﬂanber dilidéd elés%rﬁ:fpﬁmm are Rppliedto thea coutslnsnldeurre*émlt) rthe)ilectrib fieltilvan be ) X
characteristic of, the ventlo (o8] ce n t 62a or 62b, the
oSy bRl skt Son AR inc s & eROE PotPef PERERER booi he ool and
i ntroduced i fRuetheh)én ednaidkemtioB ©f 61k facithaithe blotie pawer gpeliedvaltheecalt t he
central t?yotﬁﬁgalit%)&ucg;e BQ&GT%E&& Sé&ﬁﬂl ﬁa@aé[ va%e }a'HSinS%gﬁvee%cg&O' a% 'fgoot\n,e waf er .

a six-arm spiral coil as shown in FIG. 7 is most preferable, so as to enable the
electric power to be divided into as many lower electric powers as possible while
20 preventing the gaps between the coil arms from being too compact.
FIG. 8A is a view including a block diagram, which shows a construction of a
plasma etching apparatus according to an embodiment of the present invention.
As shown, the plasma etching apparatus includes a chamber 61¢ 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 controf section 100 includes a CCD 101, a
light component extractor 102, a K estimator 103, a comparator 104, a memory 105,
a controller 1.06, 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 62¢, and
each of the nozzles is provided with a valve controlling a quantity of gas passing
through the nozzle. Preferably, the light emission tip 86 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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Further, in consideration of only the characteri.stic of the done according
to the present invention (shown in FIGS. 5A or 5B), the el qgrsg}t;t mbl®ods
passi ng through the donme 62a or 62b has a weaker intensity at e central
portion of the donme 62a or 14 12 Septenber 2005 62b than at the edge
portions of the done 62a or 62b, so that the density O of plasnma has a

hi gher va&3ge at the central portion of the wafer 63a or 63b than at the
edge portion b. Theref i n consideration_of the

f
conbi nati on o%fspﬁ% B‘Q’%@gwffbwﬁb g& O%96" Gf 25é m@g%ﬁ’ﬁgrﬂ?ﬁé'r% t he

present iroezees smmtotﬁmcﬁdmma@ﬂerar&i CEsg& is shppiRldapfoagH et dfepzzignd O by
t he conv%%tlor{ﬁ ﬁ é d the dones according to the present invention are
combi ned PP ABLFIABRETIC o yield a characteristic of a conbined plasma

density 3), ity el dRwRl 3pd0f BN hfé’mls&oH@tPfSEr thdhngicﬁb%ee%weal portion
to the edge gortlon of the wafer. i on, the-pllasma etching

I
appar at udi E8ReR #ghe 6NamBerdiiss BYaY hane arroneave %@C& thalis- apwifaee ei ght - arm
spiral cQitvedip vJaFtﬁTas SHBRA IPFIE. 9B, eb%trﬁmg Ri réht'e?n@é?& h&d%fn@rogéa the

I nductive mer sup section, the hi ower I's ed into
electriclip vwwnéi@ﬁmm@hmmawuwﬁedlgm emiskionHip 66 higvirgd thet ri ¢

esal ¢, CRLEPtof uecBEd LA o0 e Rt AR Finife IR e I 3  oundea
por t@ ons 66rfr0mig%ln9dt8per(3ﬁ§ apé indneaseod probabilityieat,thé figlt@asibedoausedronof  t he

fact ¢ hated NeeRLo b i AN ToaRPPhIcBd Lo NEREBLh o LR Iguct ] ve pover

supply section al ue betrwe a six arm
spi ral cobhstastishdescribed Eb@e tim ss:[vm&totlp&rm‘rehlaﬂnlcﬂ thescoraentianad fighil e t he

B e e e

FI G 8A i ngh\‘/eewssmndipLﬁﬁargi ﬂaekﬂlomEi@Zh fegn deing\sepatatah) depositedamsthe uct i on of

h f h '
B TR Elrite BRRE RS RRRER kR hBARSIPRE B oL RO PLe
and a state chet €OD 194 emitsrighDibroubhdhe higirtiearisHdr tip A8 fawhed tlee dafee 62c, a
val or 6330 i 8ol 1 3teied b o BRI he efl B The state cont rol

section i nél-u nent extractor 102, a K
esti mat or 103, The ligbhpamparent exirgcter 1@£rﬂnr§lct$maprocarb@orﬁﬁ>melnes am06 a gas

Some LSS0, AR it Bl i Bin g Ry B IS 70
20 101, and obtains intensities Icrx and lsiox of the extracted light components.
The K estimator 103 estimates a proportional value K between the obtained
intensities lerx and lsiox of the CFx and SiOx light components.
The comparator 104 compares the estimated proportlonal value K wnth a
reference value K* read from the memory 105. '
25 According to a reéult of the comparison, the controller 106 controls valves
provided at the two pairs of nozzles, so as to adjust gas flow rates rcrs and rop of the
carbon fluoride CF4 and oxygen Oz gases. Also, the controller 106 compares a
current time, when a wafer is carried into the chamber 61¢ 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 resuit of the comparison.
The reference time tp is a maximum time capable of maintaining the characteristic in
the chamber 61c¢ during operatioh, 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 O, gases according to the
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FIG 5A or 5B and the six armspiral coil shown in FIG 7. 30 Further, a
light em ssion tip 66 having an el ongated tubul ar shape and; te;ﬂﬁérrz%of’f
nozzles 67 and 68 are inserted through a central portion of a donme 62c, and
each of the nozzles is provided with a valve controlling a quantity of gas
passi ng: through the nozzle. Preferably, the light emssion tip 66 and the
two pai rga&ﬂowmieszbmﬁrcﬂié’d apthet@niralferbi®6di sposed so that they are faced to

the center f pt e Especially, as shown in
FIG 8A, oxyge-ltr{1 SE@B @8 gﬁ%’ﬂéﬁéﬁ”?ﬂﬁ%ﬁﬁ%"?ﬁ% PUBt I'Irt"%ﬂ‘(?zzl es 67 into the
chanmber 61c, dueinkHergaplasmasatehihg edtidaraneghiirg Pahe premdzvdiivn wiB i nto t he
chanber wer end of the light em ssion tip 66,

1g. 5.1n this _case
whi ch isg%ﬁﬁ%'gag%tﬂr fgreqc:ﬁ;i'%F(l% ace of the chanber 61 c, nay have a
congave surfawgG. ¢ kad fiovichadt cﬁurpﬂm et@umgeﬂbtuwm@mlﬁ@tosmgwﬂeséht FIG 12.
foerentl%_gfromj sion ti nployed in the conventional plasna

et chi ng BYeHioR: WS tl@z;ngqﬁ@sﬁpa gl Sl@ﬁaﬁ“ﬂﬁ YWD MG #he construction
descri bed aboygsgaf E5REREL10E ribdiigily reaaéa%drréﬁtqmémommm@m&w on tip
10 66 from being di spersed and increase a probabil that the light can be
f ocused ¥l carpRarss tiiedidtersnce tire bawagarthe cement tfmesﬁ.ﬂdt Admeiwian 1BRi ssion tip
66 havi ng | | t obl em of

t he convenﬁ}%ﬁ% %?%é’d%tbetf;j’né‘g}ge?@t%értqqgfévﬂ?ﬁg&?efééﬁciéqﬂrln?é% ﬂe{éﬁgﬁnﬁésﬁn tip 66
cartopr evsamogy t¥nt act portion between the light enmission tip 66 and the
dome 62c fro S f waf er
63c, and thenrﬂ$'§“ rr]?g%?&éﬁéeeﬂnegﬁg%é{t%:&v%? g%'d?ggéé Tﬁ'(qaé %g%n%ﬂé%%ft s |ight
thr ough thaehainlbr mest bestamtrotiedhddgitoaeeferenbe timef e'ﬂ'heréfmeithe plemahanber 61c

and r eceligie bholiby kSE LG SR maAfe LA afihoed BuldiilHgpONeN!

extract esoand. xi de Si Ox

series Immtlmatrdefenoaﬂmﬁd@ pekeed a@ema ¢amppietiopcbftacprevieuCCD 20 101,
andlsobt égé&%ﬁéﬁ ies IcFX and Is;ox of the extracted Iight conponents.
The K e estimtes a pr oportlonal val ue K between the obtained

intensiti es | Thstedord, alcs:bmﬁmgjb a resulOpfithacdmseadson, imphn ﬂwwﬁ&mmﬂﬁme The
conpar atok et h a
refer encB élrﬁélle? g#ﬁ'&gﬁlwéﬁeﬁg égoqggﬁé 5@“@(’:‘%'\(;?6 I n to a result of

t he conpeoantigembuyt atm tbeﬁtate)mréﬁol mamiht Ingogtrgst] when the difference time
is equal to or |arger than the reference time (step S$801), the controller 106 controls

20 the CCD 101 and the gas supply section 107 to start their operation.

As a result, the CCD 101 supplies light info the chamber 61c¢ through the light
emission tip 66 and receives light reflected 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 lcpx and lsiox of the extracted light corﬁbonents, and the K estimator 103
estimates a proportional value K between the obtained intensities Icrx and Isiox of the
CFyx and SiOx light components (step S802). The estimated proportional value K is
lsiodlorx: _

30 Thereafter, the comparator 104 compares the estimat_ed proportional value K -
with the reference value K* read from the memory 105 (step S803). Accor'ding toa
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
stored i the timer 108 to zero and controls the timer 108 to continuously renew and
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provided at the two pairs of nozzles, so as to adjust gas flow rates rcF4
and r02 of the carbon fluoride CF4 and oxygen 02 gases. Al SIQSg;(Bj;QrﬁberzOO
controller 106 conpares a current time, when a wafer is carri I nto ]Ele
chanmber 61c with a reference tine tD read fromthe nenory 105, and
controls the CCD 101 and the gas supply section 30 107 so as to initiate a

st at e cosforotheapuereat iirma uatticonakt Btatd Cordtrd] eperationfs stdreedconpari son.  The
referencetirﬁet bl e, of ., mai nt aj. ni

Dis a maxi time capa ni ng the .
characteristi't CPHtra‘vtsth%S ﬁﬁ%sr'r’gu t'%elcq{“%fgpﬂgw%'ﬂbmﬁtﬂr%‘?ﬂr{'%ﬂ%galg? g(d?f‘?tes a
per.iod fequaltdtedafdremsdvalud KeteplS80B) WAl & latger tHi@ tha@kdreRAce Pallb®® of next

wafer.. The gas supply section 107 supplies the CF4 and 02 gases according
to the 1 t%}zg%ﬂt Mt@fﬁﬁgoéﬁnwlﬁwqg@%%“ﬂ?@rﬁetcm”l‘ 487 k/inerease 81t r ol | er

106.5 Th e?éeér 5 rangCFg @f‘ﬂvle@l’?%lg%@(stéﬁ BB0B), HHSERFRB ok diSoG W RAindtbNeF:

Her ei naf , a plasma etching nethod according to the present 1nvention
will  bethgdserq | ¥plUR: $e2% lizepthe |peppagtionsl plae tothegeterancewwehier t of a

plasime. el et Lo dadesbdlsithied il Tndumtit: oDy 6 nathich utilizes a

pl asma etc |n% gtgp tus shown in FIG 84 Irst, the con er 106
peri odi cal | y fa@ber, vhenithepropprtigpalvajuedfnis sroaltsr than the geferande welupdi™es t he

differen {d i the.1 ] | ast wafer
s carri @gepi %@)Eﬁ%‘%@ﬁgﬂ%ﬁogﬁﬁt&ﬁ% FlHetgfw% sﬁ@ﬂgrsgﬁté&eﬂ Wn@ﬁ%e%geg@ef romthe 10
menory 1@ flowsaderdayof then@: gaf tanB3808)] wieich coirssppats &sa abmetatéroafithéhour s. The
I nt er nal . f h : t | ' the reference
s, | T PPt el 8o S RESRRE e MERS PN Bl Bk Bhe Mol vafiRaner ¢ hat
it advanktsotiatanart @ gastaahibegupplist iatd the chbmbet theoughfthe €3oeztlene has

D e VIVGEER s 0ol B B el AR EREE R B 1
snal | er thbaontrdiier dD6 iretiainestheitimert1 081 the sadid )nanbéreascdeserioed asoveé06 does not |
COnp el o R R 08 PO Rl b B BB e )
t he contmeot btate ddifirot operatidrsis3fartéde CCD 101  and the gas supply section 107
anmer | os " PGP REL R b B i Bt Ui BBl P ™0 e
r ef | ect guladiga efcbingeppard@addordingte arinthdriegitodiment of the present invention.
Further, FIGs. 10B and 10C are plan views of wafers on which projected locations of
20 tﬁe 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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em ssion tip 66. Next, the |ight conponent extractor 102 extracts CFx and

Si Ox light 25 conponents fromanmong the light inputted to the g@] 5005
thereby obtaining intensities IcFx and |Isiox of the extracteg |g%%

conponents, and the K estimator 103 estimtes a proportional value K
bet ween the obtained intensities IcFx and Islox of the CFx and SiOx |ight

corrpﬁnent fs (Sh@mhﬁa@éat.eﬂm;m@itj metionly the Q@ﬁretrr]'rili@él@ﬂl tiysaéﬂégnéérﬂeﬂ I Si 0<; | CFf(
30 Thereafter, the c yator 4 conpares the estimated proportional val ue
< wi th PRUGPIPS PR POdPT R 2 RaStoTe et G orIG Jems, platp B803)
Accor di ngaitsofdozZles dild disfostl ardl@aisach 90the HESMIsBRNYS adld8$ ofhe the same
("yes" in ste SSO%P’Q t he aj\;%loe control operation is stopped, and the

| ]

R , |
cont r ol | R92ZiESds provided withegv Eeertelingthegas flow fade diyough theaozzlger 108 to

zer @ andaSipnhé PleviduB@mbodRhent08 to continuously renew and 17 12 Sept enber
2005 store the current tine until a next state control operation is

started. |n doHTease, peiecied lesations grandHeofdbefialit esaipsiombiseadhewiir opor t i onal
val ue K4 Sl | nd is |arger

t han theﬂlvr%(gé g%gﬁﬁe vaSI ﬁt}gy F(‘EWES? g%%?‘%’%@ﬂ%#ﬁ%&c%é@é@o?éﬁ qL%%%fﬂcontrol s the
gas suppiwfaseof therwafer7as ghawngn &dsellthe 5 gas flow rate rcF4 of the CF4 gas
(step 5805), i car. n t nom nator of .. the .proportional val ue,
so as to equél:}[ﬁilE ggnl%{a h@ t%%%%%r&isagna%p %\r/ag Sugggto{) [?%‘[:‘o ?’é%“é‘?reeﬁ’bb%“\'iﬁ‘?fﬂe'f‘ so t hat
norie CFavigelslightemissicuiis esetl haning twd paichafmnerlet laraungtit drb elispbdedhaizz | e.

Furt her, tk rti.onal ..val K,is smaller than the reference val ue
e (ot a5 BRI Rt oo BBy B S0 BebBRSEHE Ton 107 1o
i ncr easdotdiiend 8, gas df Aude pathe subfacebf thb evalst sgashowatie fiGSIME).' , whi ch
corresponds a,.nunerat.or _of the roporti.onal val u SO as to, equalize
Che oroporti JRaPIbRERRG sBearatis erBiERE L0 Y Mestettogiadindiiis 105 gac
can be Singtrindesdcomd stateh@ntrobsdations 2itcargie2thenr3pandiag & thékente t he state .
control operatipn described abgve. has been gonpleted, .th ontroller
108 ni PBTPEcha, 100 iR PR FRBRE MR e AR S hT 89 BB bove, 15 o
as _tlo envatitieedtineatés aﬂtﬁew&letvemmm batweers bsopoetiopal \a:mﬁbFI sﬂ(c?&or? kée current time
until a __next state.control operation i,s started i,S A view

el udt AP lnedEhe A8 Ah Sect RS RBeor 3 BlE il A g0 eRetip s o et chi ng
appar at us acaaodtroiierimotashowhein teertemdndstdte obnttdl segtionAGtdetendnesi on.

rg{:;? ?gw’zelz;)t%r "cheI di%re%g v%gg A?{rgcé)nl.réad" fré’rh %@ARfes%];%nSse%rﬁo%b& Ps proj ect ed

20 within a range of a reference difference value AK* read from the memory 105 or not.
Then, according to the result of the determination, the controller section controls a
gas supply section (not shown) to adjust gas flow rates rers and rop through the
nozzle inserted through the edge portion of the dome by means of its valve, thereby
controlling the quantity of the CF4 OR O3 gas supplied into the chamber by the gas

25 supply section (not shown).

Hereinafter, the operation of the plasma etching apparatus according fo 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 thé
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20 the light emssion tip are marked, and FIG 11 is a flowhart of a

pl asma etching nethod utilizing the plasna etching appar atyjsséﬂgmrmofl G
10A. It is presuned that the plasnma etching apparatus shown in"FIG

i ncludes the donme shown in FIG 5A or 5B, the coil showmn in FIG 7, and

the light emssion tip shown in FIG 12. 25 The previ ous enbodi nent

lpr OEOS eSewnemm&nab%@(mtbpﬁSt%t)hﬁd cohirdlier 11 0§ dbbe noﬁmrratbu@ stfobsl thﬁhi gh one
|gtem33|on I p is.ingerted through t nt ral ortlno t he done,
so' as t¥? tgé;ﬁggokq??gr%ﬁoas R AR eﬁ'etpﬁﬂ e F’ﬂ‘éa'g %'?%ﬂerportlon of

the dorr&hadrlﬂwwrendemrﬁé\pemcﬁwﬁsmquérmmtrouetrheechﬂtlﬂélsqm@@mrmﬂ ipis

I nserted not only cent rﬁ%portlon but al so through at | east

one- edge§dPe 8% éf'p Ylée l§’nd O sigit PPEREOB asma density can have a

uni for m val uasiPesOIf ithe ew 1 sqphieslight RRG EHé)éhé?l%er%r%ngﬁhet!@ﬁt edge portion
of the done. I\/breover t he agr paratus ~accord to the present enbodi nent

i ncl ude<nassiarip aneregeives digbhefiectas by fhe \@@‘ﬁbﬁvwhm hshtaﬁmﬁs'areﬁel ty at the
central portih@g: e ngha@cﬁgasnamtemréa&t@te)&rlaetsﬁtgqe Qrdxllgﬂt of the dome, so

as to equalize the two nsities 005 I'n the present
enbodi meemponentsdienyampeg theyaht l@ﬁﬁ%@tﬁhe@q& 1at eandr@ztam%mtenﬂme@ugh t he

cental | POLhi0Y, Aok ERSgAIORAARNRO!] B K0LsiiSi oI MPestitiod! SO t W0
| aro él he |§tlgl

pairs of A 829 1408 O spose nd eat em ssion tips and
eadh of prowortiorat valess Ks apd dia kikbdeon the @tauaed/mtefrtsiﬁeedm aod Isiongf thee gas fl ow

or of ect S Ay Dy R Eofpernstel 108y PR o BT EBE kel 5 P ¢

of nozzlaes estimated by bgpityrd to central and edge portions of an upper surface
of the wafer @ﬁ}gshown i n QUL S8 ‘

; :

according to SRETHE PeRBOierRbYALeS K b RuRR el h e AL b B e

ha\él Pg ltmmdqm{ estindtionczztiors 220,dhe AKidstimatiordsegiioa @3 0aistimatesent r al pf)(r) tC ia'?inons'
our, e

o, O A R Brflocfe S Bp L IR PSP ETREP S RSN o *The

pI asma e:tanththpﬂfé&rancsv&iueﬂKdo ageontyoliend 0B ire ergeconth sidteeoniirol ncl udes

first andsecond § MleoRaniioloieild 9psA10.A00 A0 ERILRPANTI g to the

state 15°CUHt € preévious nent
esti mat |eapresaon|!(m—l2é10 Whl ch estimates a difference val ue AK bet ween

proportional ‘Yﬁaé &ﬁ'&mﬁgr ‘ﬂj%ddégnnines 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 corhparison, when the transmitted difference value belongs
to the range of the reference difference value AK* (step $104), the state control '
operation is stopped and the controller 108 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. '

tn contra;st,_when the transmitted difference value does not belong to the
range of the reference difference value AK* (step $104), the controller 106 adjusts
the gas flow rate r (step $105) so that the transmitted difference value conforms to

30 the reference difference value range. 7

In other words, when the difference value is larger than the reference
difference value, which means when Kc is targer than Ke, the controller 106 controls
the gas supply section 107 to increase the gas flow rate rcr, of the CF4 gas, which
corresponds to a denominator of the value Ke, so as to enable the difference value

20



estimated by the first and second state control sections 210 and 220,
respectively. A controller (not shown) in the second state goRLLQLLSSHHEON
220 determ nes whether the difference value AK received fro E’% EA%
estimation section 230 is 20 within a range of a reference dlfference val ue
AK* read fromthe nmenory 105 or not. Then, according to the result of the
det er m ntet ¢anfprmt thdhe mfereote differsmce |Velne¢ax1|ger ob thad mga R wapleyin ect i on ( not

shown) t?f@%&'ﬁ{toﬂ% hgl'r%\é.{r fﬁ{)tﬁ(};ﬂ ﬁc,],glf-ﬁ: %BQZ%OZ through the nozzle inserted

t hr ough edge por I on o ans of its valve, thereby
controlling trFelﬁhalammenyhe)dlﬁeMC@Falum dtalgathasithp réferbnica differdresec hanber by

t he gas C 0, re he .o ation of the
pl asma e¥€§ﬁ| ﬁ%m%pﬁéﬁ%%@aggé%r%?%%?mt@% Oég@h?r 13%&) r‘?@ﬁf‘eﬂﬁl be

deser i beslippiy $ectierd é@étmacreasditrﬁ gak]ﬂomﬁ'atd fagof thalOpigoWhichlcenesiondef t he
first antd second, st {h 3“03251 %_@0 ﬁnd 220, which have the sane
names asPthBdBera|eL o %1S°taﬁ 0 gpahle Medifersnce walpe dhcadormsiedih i n FI G
30 8A. Hiefarbncd diferentyd valié fdngéoﬁn@ﬁf otk 99@&§cér€8§'§uﬁﬁ4%ﬂ%5tﬁé me t fromthe
timer 10 nd co aresthe ifference tine with the reference tinme to read

from t he® {hrougiethe Qad1928€01) . As a result of the conparison, when the
di f ference tlvvﬁeﬁthb%taiérabﬂxt&n ob@n%'ﬂoﬁ Q@dé@cr%%d%ﬁ@@@ggfﬁeép%ﬁ?ﬁl%ﬂrence time

period (step S101), the controlle 06 does not ormf stops the
st dfe cdhﬁrcentrqilséﬂgﬁMﬁh&@wth@ﬁ@%éﬁ% indhe sameénamneéaaudes@rpi:@d@@oveu s equal to

or |argeg, agﬂ@aabeqhé ﬁnfn@F e 6r 109 daﬁf.ﬁmsg%&ﬁaméﬁg%% eméecu?r%ﬂt roller 106

controls the and the gas supply tion to start their
oper at i diine gntAg f@ﬂ%@@lqontmee@Dnlﬁifaﬁﬁ@pl ies light into the chanber

t hrough the | SHof t he waf er
t hrough the I(ljé;% t Ideem ss%ﬁ%‘?dd@emarﬁg&h énén‘aﬂﬁ%n{e‘ﬂidr?g%{ﬁ %Hréactor 102
d

ext r act scafhest IGH7. @adisodhrh, @Wpﬁ\@drﬁgemer@hmgamﬁgataneordlrgm thenputted to the.
CCh; 101, r@%tﬁﬁéﬁlﬁ]e i Bb PRI cal AR kAt 5,% plelPigsthg act ed 11 ght

conmponents K estimator 103 esti opor I onal val ues Kc
and Ke tgenaeadianmahasht ai ned i ntensities | CFx and ISI ox of the CFx and Si Ox

esti mat o0, by s o PR ot e e M e e e et mat ed i n
thi s wayErRpERtysRReetding to another embodlment 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 15c¢ are graphs showing
comparison between the characteristics of the ACP according fo 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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to the AK estimation section 230, the AK estimation section 230 estimtes a
15 difference val ue AK between the two.inputted proportionals¥gltaserb8bspP
5103) and transmits the difference value AK to a controller 106 in the
second state control section 220. In this case, the estimted difference
value AK is defined as an expression, Kc - Ke. The controller 106

det er m Pes Wrt?irheferemrcgnt?fe sbhleetetami&mbdvmdiecﬁrhgwtsaneeenaﬂ} of thauiend @l ?ngs to a
range of a reference di rence val ue, AK*.re roma 05 (step
s104). Abeplasey,genesatedin dﬁ‘?ﬁﬁtble&&?d ‘@F‘t@ﬁ‘s trﬁ%ﬁ’(&% eé@"ésft%%r ence val ue
bel.ongs ergrgy bEtheasge Of thelppedent emaamaﬂfthepmﬁlmadeueeémhe(@h@ S104),

t he state caontr ol @E%r tioqls stog ed an g ontroIIer 106 initializes
t he- t i mefleatig PovRERLe glﬂi‘o?‘?q@" pawveRas: 2 yalve 90t (] 10 U PRId store the

cur zent 6ﬂtﬁiﬂzé‘0&ﬁdus%hﬁ@é§er§ﬁ@t6f tﬁé’ Ptarsma éwﬁrﬁgfléfbmatus Swiigh frifudRdne |
contrast, when the transmtted erence. va does not belong to the

range ofpft%@'eﬁ'éf Sromtehing W‘%ﬁtfé'ﬁb@'ﬁ%ﬂ% phaga dansity, S&@Q?rﬂﬁtfﬁé’fcont roller 106

adj ust s 1

differ en%%&\ﬁpa ue l%%ﬁtgggﬁr‘%@%%%ngééﬁﬁtgsrgtﬁéerragﬁccgm?ié?%dgre%hée vg pt}}e range. In
ot her wohddjasvgiesiric peweri supplydhisel v36R0. Agnergrdgéailedidescriniionabput ibace

differe ger than Ke, the controller 106
cont rol %Vﬁgh%g?n%Bg%?%@%%ﬁQ%gﬁFg%ielﬁg{ ease the gas flow rate rCF4 of

t hetoCF4 gas, Theresditer, corelestiiofialks istgererated byrtheaswirceéind bies elictie Ke, so as to
enabl e t e 0 t he
r ef erencgb‘?"c?q# %é@gﬁtr:% Q/e\é' h%é%rgab%vé%ﬁg@%g?% agqggﬁﬁ&a{é Fﬂ; gﬁﬁesuppl I ed
into the:hahmeb(astem BBddigh t he CF4 nozzl e. Further, vvhen the di fference val ue

is smaller than .th i f.f val Kc is’
Lt Tor ¢ han Hedeindfer’ B3 8 affiaftelib R 15 pthER1cl SEhaPRALS WAER 1F | ° ) o/
t 0 i ncr ehe pldshe iggsnérated in tHeewayp2s désdribed @Bogm svill béndedrribed uresponds to a
nuner ator of the value Ke, so as to enabl’'e the difference value to conform

to the TEH'EP%hce difference val ue range, so that nore 02 gas can be
suppl i ed i nt ¢1)tPR etobirgrdedactivityr ough t he 02 nozzl e. When the state control

operation as,desolLhet ARONRARSTBRGAIACE finogActiE Ry of o 106

initializes t manner escri
selectivity has a value of x:1, in which x is at least 6.

The larger the PR etching selectivity is, the better. The PR etching selectivity
20 has a proportion smaller than 3:1 in a plasma etching apparatus employing ICP

method, while having a proportion between 3:1 and 6:1 in a plasma etching

apparatus employing CCP method. That is, in the PR etching selectivity, the CCP

method shows better performance than the ICP method. However, the ACP

method according to the present invention shows performance better than even the
25  CCP method. |

| (2) etch rate
_ in the present embodiment employing the ACP method, the etch rate has a

\;alue between 8000 and 9000 A/min and is proportional to the pressure in the

chamber when the pressure has a value between 40 and 80 mT and the bias electric
30 power has a value of 1600 W. ’

- The larger the etch rate is, the better. Inthe case ofa plasrha etching

apparatus employing the conventional ICP etching method, when the pressure in a

chamber has a value between 40 and 80 mT, the efch rate has a value of 4000 to

5000 A/min and is invers'ely proportional to the pressure. In contrast, in the case of
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so as to enable the timer 108 or 108 to continuously renew and store the
current tinme until a next state control operation is startgglgeﬂté}nberzow
h

consi deration of the conventional plasna generating nethods whi‘ch are

called CCP, ICP, and so forth, a nmethod of generating plasna according to
the 15 present invention will be hereinafter called ACP (Adaptively Coupl ed
Pl asnma  @elrematsteningeppryalus emp@yingthesonvertional G etshing raéthad Glaagmber

enpl oyediy ' r r di o_anot her enbodi nent of
the pr egtg%{b “%r?@h%ﬁ%ﬁ%%?éﬂg? 5‘3’9‘@%&?&&‘&%@‘?@%@%@5@%‘?6%@@ qethe present
enbodi nepAwerdsingrezged UR tad GG, th etchrdte haee vaIUG. befleer@BO0G Akd SEbBS a source
electric : len ..and a bias electric _power supply section.

Fl G 1 MAHERA R R R ol ifRiettrentie GFldveg eRRg et hoo

a(r:] cor di r@(hihitstbleﬁepqlmgmieridtiuyﬁﬁhitmhlcmgﬁhﬁgﬁgfhd@ﬁ? t—égﬁl-d gptcgg(eﬁ;hgggphs ]
showi ng conpari,son_between t characteristics of the according to the
present 25 | ygﬁg-.g’ﬁéeg%n}eﬂ&cﬁac&pr 'WﬁetoégﬁP@?FFUH‘éﬁn“PGFhaéﬁcB@@P.

Her ei nafdheractériztic ARlae tothaysfdhé CoP &bﬁﬁ%&e@ﬁd&]i ng method according to the

present inventjon wll b escribed with reference to FIGs. 14 and 15A to
15C. First, t@pi"'t‘ﬁﬁ'?%@e‘@ﬁ% BiFdCp&r supply section applies an electric

pover of 90 jihéQesbht Embbimei tmplodifif hORCPfLtAONEL BlER- ALY and the

bias electric power 30 supply. segtion I's connect appl’i es a bias
el Bt ri dasaaiuabetvigen 440200 wn~tamdt @4 d Bt eam bivhemthegtrasduee inthe ep  S302) .
In this | [ rC |l ectric
pover et MR vEIE beivn o et e Eltod Bleckd ol i gBler my
have a W¥I uEsrgciallyodepdhepreswe i930 1, Swpplasta dediyhaBar vales efrotte, t he
source glgptghLe power deternines the density of the ions in the plasma
generated i n the chanber, and the bias electric power determnes the
energy of t heltisdisfered thaithe highentheqreestirerimihe chéreberispthe thighar thet ween t he

oS, PSR SRR A0S A LRI S Bl cE 1, 0 1
appar at §Chinginethodnithrieaseryeherp st peesiire in 4 PR)Mistrdtisegvaled efcddmirty, et ch
ons: o I FBEI ol ERROA Al OB e b,
and is about 10’ cm™ when the source electric power is 2800 W. That is, the
plasma density abruptly increases according to an increase of pressure.  In contrast,
20 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, the plasma density
is about 3.20 x 10" em™ and increases at a considerably slow rate according to the
increase of pressure. . ,
Therefore, the ICP etching method has a better characteristic than the CCP
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
glectron 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.

23



the bias electric power supply is to 1 : 1620. A nore detail ed description
about the above-nentioned characteristics will be given beh 9Weptdfiber 2005
Thereafter, an electric field.is generated by the source and bi as electric
powers applied as described above (step S303), so as to generate plasm in
the chanber (step S304). Hereinafter, the five characteristics of the

pl asma et chi ngTradpwelamaaledtnon\mrtde tetperglessehe befjemitisat @hanrthé he way as

el cet i vPEoRE o et Bk SRt e B et e PR B e pr
et chi ng alsrﬂjt@cﬂ eViint gntﬁmmeaplaahaetdﬁng(apparatus etmpldying the catvdntiosdl I6P The
| arger t ter. . The PR et chi

he, PR et I ng,sel ectivi
sel sct | vPE)o SRR BRI Flshhgrakpaiats FEHoEhg thehSorverERRIEER i ng
appar at ustchingIngathod ICP nmet hod, while having a proportion between 3:1 and
6:1 in a plas et.chi ar at us | oyi n CCPrrethod That is, in the PR
et chi ng sel ec'?ﬁ\‘?ﬁ fore, Bﬁ%‘ plﬁﬁmﬁggcr@}%%%oagqgﬁ%srerﬁgpy@gﬁ%ce than the | CP
met hod. EMeM&snal COP Aéling mwamwdtbﬁﬁgmtﬁ&ﬁhweeﬁ@ﬂér i nvention shows
performance better than even the CCP nethod. (2) etch rate in the

present @Rsecienics intiegrel forte ?WétrWWﬁ'PH%Peﬁaﬁgeet aweyarethB LR val ue
bet ween I%Q%d%gor%%({o% Bre%@ﬁlt lh%rﬁbﬁﬁﬁéﬁé Qr&ﬁéra‘i:féngh@s drppty ﬁthbﬂet he

chanber when the préssure has a val ue between ml an bi as
el eBtri ctheéﬁPmeﬁBsn%thoﬁl ue of 1600 W The Iar ger the etch rate is, the

better. In th?%@ﬁ@uﬁént%eﬂél odEﬁvﬁms@ apparat us enpl oyi ng the

conventi onal etchin en the pressure in a chanber has a
val ue bet weenImtﬁmeame,lsmembodtnmnt@ntpr!pwrmtéeM‘é?aD aethgduthedbn ga@entt o 5000

Amn a it%hgegivéﬁ%éeﬂ%egg{d éﬁn{ﬂé‘b e Gndh b&suré th 8 E%Br in the

case of asma etching apparatus errp oyl ng the
convent i hasea vaigpbeiwesien 4§ andt om, améhesoweep}eg’wmowarns HH4ber has a

valye b sed up to
1600 e%%?%%’@%h?ﬁ?‘"e@%e@%% Gt B, Bh Gl enB i aRall 58 £70 00 112
proportlmﬁéﬂm o the pressure. Therefore, the CCP etching nethod

The larger the ion current density is, the better. In both the pltasma 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 efching method, respecitively, 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 regardiess 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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5 exhibits better characteristics than the ICP etching nmethod, in regard to
the etch rate. Further, the ACP method according to the prese eﬂﬂgb\fgogg on
has a good characteristic simlar to that of the CCP etchi ng thod. (3)
pl asma density (see FIG 15A) in the present enbodi nent enpl oying the ACP
met hod, the plasma density 10 has a val ue between 4.40 x 1011 cm 3 and

1. 04 x 1&dde-etohing, pdheetching, amdaastmﬂ-etdhmgt he - chanber has a val ue between 40

and 80 niI ang _t e trc i.al 'y when the
ressure. i o 45 detEHeBRKE I binshal BYSios hio\dR APBFTE BRI 1011 cm 3. 1
i s pref @rpipedatménarﬁd mithed hivgible cath heaiaigghe tendity of BRseRAMIemirsa t he hi gher

the -15 enS|t In a plasma etching apparatus enploying the
conventl%‘ﬁﬁﬂ G@PE#HG met hod, in the case where the pressure in a

chagber has EuMﬁérUiﬁ thé apdarsilis and n@étﬁ@dfﬁcéiﬁﬂﬁﬁgltdthbspr@@ﬁfnvgnﬁ% %nl011 cni'3
when the source el ectric power is and i's about 1012 cm -3 when the

source ErgBtReEniRsjEem b@'”ﬂ@?ﬁewedrﬁtaﬁ' cqnlsplasgqqieorbqa domg Qi@rﬁ'ﬁﬂ}bealﬁoupt ly

I ncr eas eRatHRCAEdiideld Qaﬁﬂemiﬁé%%@ nePdtESSUr €. In contrast, 20 in a _
pl asma et chi Rg aﬁ%par atus enpl oyin he conventi onal CCP etchl ng nmethod, in
Ot

the case whe g apparatusr-and fﬁefélo lrgp®dingHa theapreagntdnuehtieocam, the pl asma

density rév%nf‘?%ﬁtaétrf%%dh 6'&%1?3 1l lig @ﬂﬁg{%&%ﬁ?ﬁﬁ& aq}onfenfef&ﬂagﬁg ably slowrate

accordl crease 0 erore, chi ng- et hod
hag0a bsepeataﬂmdatberefqrmmgomphamestmamﬁer. 25 etching nmethod, in relation to

= good char abl Brpres 1 AidardtEt 1A nRSARY LR lo e Bl b o ¢ he cop
net hod. c(an)mw‘pee thed?R ptohingsletectidtyp ahixthius ené sétheléhaact’éisBuc Valuéshef pr esent
has a vEITEaE i APhArefs S HEED iy SRS MR e e tihEer - has o
val ue bethigleRR4&fchingisebctivily. Especial |y Wnen t he pressure is 30 nT,  the
ol &t 1 on " pariaisfishy BB BEAH fuRba b IE SR B wik A fene St OV 1T
r egar d|l ebaracteristirevahresd arpdasimma etchieg @Ipaalths tH2BebyAmPBepirend dwo@fHpht. The | ower
the el ect r OnMBIaé’o%f jch(?e ﬁrgég?ﬁ irREHESh ii‘r?pro‘\'iegea &gér{‘ng rdehéitfvﬁ*licl'me&etoqe
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 wilt 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 sbope of the present invention as defined by the
following claims. |
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pressure in the chanber is 30 nT, the electron particle tenperature has a
“value of about 4.0 eV in either the plasma etching apparat U3 Septphbari2005 t he
conventional ICP etching nmethod or the plasma etching apparatus enpl oying
the conventional CCP 5 etching nethod. Therefore, both of the plasm

et chi ng apparatuses enploying the conventional CCP etching nmethod and I CP
et ching nethod have simlar characteristics in regard to the electron
particle tenperature. However, the ACP nethod- according to the present

i nvention shows a characteristic superior to either 10 the ICP or the CCP
method. (5S)wH21k Sdimeent density (see FIG 15C) In the present enbodi nent
enpl oyi ng the ACP nethod, the ion current density has a val ue between 1-0
and 20 mV cn2 whlen t Heplpsraaeiohiag pppardies fohmatefactutizgsa semicdndectbedemen 40 and
80 niT and rce. el ] . 1. 1000 W 15 Especially when the
pressure iEQ%&%%%,G?@%%a&’%%lra%:ugrcglgﬁﬁs%%nsi ty has a value of 11 mNcnR. The
| arger the ion cadshambér idevhidhi aywafsr totbeetdbed isdbadelln both the pl asma et ching

appar at us enpl oyi he coriventi onal | et chj ng nethod and the plasma
et chi nggl appar atifgrg W?lﬁlprﬁr&?gé’%eéﬁigp{’@& et chi ng net hod, when the

pressure in 20 theiGhaddedn the ddRe Ba gdnBRribPAGHE HeRlindeNSitahblS about 1
mA/ cn2, although it is neasured as slightly higher in the ICP etching

met hod than in tadeagCPuselighti ergissiome tiholsposkshviwargh 4 predetsrmisech porsion addhe hat
the ion cur t S|tV i ncrease mucgh,even n,the .pressure in

t he chanbefl&lg?fcsf) %ggoeéslﬁ%(%lg@g%ﬁﬁg#het‘ﬁ%%% 5\9%51‘femk$h? e?lﬁ%t\é\@.gy%“ﬂg%r efore, both
of the plasma etacplurgitappacaddss esch sfhwhich dsmdispysett h@oundokpte riigial tifoekd

et chi n? met hod _and | et_cky'djng_netpod respectively, have simlar

char act®r i drovgh thypredgaminidpartien ¢ighe dams &nas QeHBRYY paseriie thechambrs, AcP

met hod accgggling to the present invention shows a characteristic superior
to either the ICP or the CCP nethod. 30 As can be seen fromthe foregoing, -
t he above- descr iarderabiyied dplves) vhichaecprodidadeach at eeshof twawezleshseat i on can be

applied rega S t i i |.Z f fers, Al so, . the
present i n%e%@#%n&ﬁag@wboﬁ%%flg pgfsegﬁ)g}éelagﬁhf ?Hglﬁ%rhg’ﬁerggst\é@ fecsatr%oni‘%gg‘o’s? ze of
t he waf er flsttdll omehesfacs ad® curved vdsr safide fRdind en @aicd\spatel of thy @haries, a

etchi n?S ac gé)x{trda. Bgmlog (;[fh tﬁe lgnr']v%d Qane%OsqlPtgcsei {)rlill(,fge?ssfu(rj'tfhe;E &%nva\%f ee'\c{gse’po?tlflocnhth%xseof
toward the interior space of the chamber; and
wherein the apparatus further comprises a second dome attached to the outer
surface of the first dome and '
wherein the first dome has a dielectric constant smaller than that of the second

20  dome.

2. The plasma etching apparatus of claim 1, wherein the coil has one of a

four-arm to eight-arm spiral shapes.

25 3. 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 beyond a lower

surface of the first dome.

4, The plasma etching apparatus of claim 1, wherein the light emission tip is

30  disposed through the central portion of the first dome.
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24 12 Septenber 2005 oxi de-etching, poly-etching, and netal -etching. As
~described above, the present invention provides a plasnma etdhSagembg2@05t us
and nmet hod, which can maintain the density of plasma uniformin a chanber
of the apparatus. 5 Further, in the apparatus and nethod according to the
present invention, an arc is prevented from being generated at a coi

pl aced on a done of a chanber, so that an electric field can be nore
stably generated. Al so, the apparatus and nmethod according to the present
invention can prevent 'a contact portion between alight em ssion tip and a

dorre from being s 10 Wl&hﬁ%mﬁ%é@%ﬁs%%ﬁﬂ1jwp&éihttﬂeel§gh?an@,si\‘}ﬁfﬁ b

Furthernore, the apparatus and hod according to the present invention
can i npr ovéispored pRt endy Hirpeghstbe eential peryion ki ake thsoughert ddastt dne edpapartivenf st i ¢
val ues of g .Hl3gpR etching apparatus, so that they may be utilized in a
critical process requiring a high PR etching selectivity. 15 In addition,
the present invention inproves an etch rate which is one of the

characteristic values _of a plasnma etching apparatus, thereby inproving a
t hr oughput . Nor ver,Th%a%éth RGBS 06 Alaminhy [HUtEY camprisiaEa biensi ty whi ch

i s one of cfehificphREAGbEIsSIHoR Mé&‘ﬁﬁh@bﬁs LS v?ér?@ﬁﬂ%tcﬂxpgﬁﬂmg%ﬁnbe}.herEby
| whi ¢ e e I

enabling a critica pr ocess, cannot be done by t conventional |ICP
and CCP nethods, to be 20 effectively perforned within a short tine

period. In additjon, jthe present invention inproves a pla density which
is one of the ?ﬁar aé%?slngaf %@%?Pwééa%b%%‘“ﬁ?“ﬁ%m&%%Pﬁa)naﬁ%%%"&& t her eby
m ni m zi ngtidapimga etchingphaatudyorhpigsigd:asma and i ncreasing yield of the
apparatus. In addition, the present inventjqon inproves an ion current

densi tswwhi ch i §-%‘F‘|‘€ger23W(E‘f"ht-ah‘@af%‘érbééfcg?‘g §8?"él°d/§al ues of a plasma etching
apparat us, ther gfi¥sifeaf sefttheai upBld g b MR Bihtd:Ng to be performed with a

| ow el ectric power. While the present invention has been particularly shown-

and descri bed wiatchil windedromvibedame adegeptratiy cleetbo ficldentoshe ¢hamber;, it will be
onder st cod 2, (1036l R Ao gk lpd R RPN
and scope démé¢,hke aptocsEnlight nwest itlenwatsr ahdfrededa 1iplt feflected B thewtaltg; cl ai ns.
15 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 ' -
at least one state control section including a light component extraction section, a
20 | proportional value estimation séétion, 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 estimation section estimating a proportional value
between the intensities of the extracted light components, the comparison section
25  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.

8. The plasma etching apparatus of claim 7, wherein the first dome has a
flatted outer surface and a curved inner surface facing an interior space of the chamber, a

30 central portion of the curved inner surface bulgeé further than an edge portion thereof.
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25 12 Septenber 2005 What is clainmed is: 1. A plasma etching apparatus for
manuf acturing a sem conductor device, the plasma etching app&epgttmber 2005
conprising: a chanmber in which a wafer to be etched is |loaded; 5 a first
donme sealing an upper end of the chanber; a coil w nded on the dome and
generation electric field into the chanber; at |east one light emssion tip
di sposed through a predeterm ned portion of the donme, so as to emt |ight
toward the wafer and receive light reflected by the wafer; a plurality of
nozzl es, each of which is disposed around |ight em ssion tip and 10

through the predgt er rijaefl.ROr tkRRe %Epérgﬁs %@%1ms’f’ Wertif tﬁb‘ Qggéf%ﬁé%ﬁ&ek nt o

the chanber; and a plurality of valves, whi are provid at each of
t he nozzl esompuseas segorxbleme atjachad ite yhﬁof)uileheu@seé tbturﬁpdtr@mer andohaving a

chamber Wﬁleie%‘;rﬂzéopl Jt'dﬁﬁer?&%%?n{ﬂ%?oﬁhe ﬁ%s?ﬁ]e&' outer surface and curved
i nner surface acin interior Space 0 e chanber, a 15 centra

portion of the curved i nner surface bul ges further than an edge portion

thereof . toward the jnterior space of the g@g and wherein the
appar attis f ur t heh® cohfs plagee sfclung epparafiisial c §cw ﬁerhﬁﬁen%WFéMhdgﬁQQace of

the first g&ﬂﬁmgﬁngQQQEMQubhﬁwS&%ﬁgdegE has .a dielectric constant smaller
than that of the second 20 done. 2. The plasnma etching apparatus of claim

1, wherein the coil has one of a four-arnrto ei ght-arm spiral shapes. 25

bas e Donenye e r TR BRAR iRl Bt Tbfat F hiHoRd B8 sk 4P pET RS 1P

protrudingﬁh@mﬁﬁdgagmamﬂqmﬁummgge of the frrst done. 4. The plasnma etching
apparatus of claim1l, wherein the light emssion tipis 30 disposed
throughOthe central portion of the first donme. 26 12 September 2005 5. The

plasma etchi ng appar aid$1Rfha clclinda %gar%?ﬁ?élﬁn{E%ﬂel‘&bﬁhc%}?@éﬁ@ﬁoﬁ {iPhdsS

di sposed not only through the cent portion but also through east one-
edge port i eongfave lower end which prevents the light emission tip from protruding beyond a lower

surface of the dome.

15 13.  The plasma etching apparatus of claim 7, wherein the light emission tip 1s
disposed through the central portion of the dome.

14.  The plasma etching apparatus of claim 7, wherein the light emission tip is
disposed not only through the central portion but also through at least one edgc'portion of
20  the dome. -

15.  The plasma etching apparatus of claim 7, further comprising a bias electric

power supply section which applies bias electric power to a bottom of the chamber.

25 16. 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
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the first done. 5 b. The plasma. etching apparatus of claim1, further
conprising a bias electric power supply section which appli 42 Septambex 20061 i C
power to a bottom of the chanber. 7. A plasma etching apparatus for

manuf acturing a sem conductor device, the plasm etching apparatus
conprising: 10 a, chanber in which .a wafer to be etched is | oaded; a
first done seating an upper end of the chanber; a coil w nded on the done
and generatin electric field into the chanber; at |east one |ight emnm ssion
tip disposed through a predeterm ned portion of the done, so as to emt

i ght towatgmphienMafer and receive light reflected by the wafer; 15

nozzl es, each of which is disposed around |ight emission tip. and through
the predeterm rredwpang thewgstirhatedprogoviena orales with & efirenceyabesaridrootroltieg
chanber; v es . [ | d ch .at.. each of the nozzles, so as to
adj ust quaﬁ‘{‘?\ﬂ?@ %wsfs%é‘ lgeéi gétg\s{%ep%qugr ?Cﬁf}gm%ﬁaecog}?grﬁgé?s}l R'and at | east one
state control section including a |ight conponent extraction section, a 20
proport%onal val ue estinmation section, a conparison section, and a control
section;y the light conponent extraction section extracting predeterm ned
| i ght conmponents from anong the [|ight received through the |ight em ssion
tip and obtaining intensities of the extracted |ight conponents, the
proportional value estimation section estinmating a proportional val ue
between the intensities of the extracted |ight conponents, the conparison
section 25 conparing the estimated proportional value with a reference

val ue, the control section controlling operations of the valves according
a conp éed result by the conparison section. 8. The plasm etching )
apparatus of claim7, wherein the first dome has a flatted outer surface
and a curved inner surface facing an interior space of the chanber, a 30
central portion of the curved inner surface bulges further than an edge
portion thereof. 27 12 Septenber 2005 9. The pl asna etchi ng apparat us of
claim7, wherein the apparatus further conprises a second done attached to
the outer surface of the first donme and having a dielectric constant
different fromthat of the first  done. 5 10. The plasma etchi ng apparat us
of claim9, wherein the dome has a dielectric constant smaller than that
of thelggcond donme. 11. The plasma etching apparatus of claim7, wherein
the first coil has one of a

20

25

30
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four-armto eight-armspiral shapes. 10 12. The plasma etchi ng apparatus of
claim7, wherein the light em ssion tip has a concave | oweil2 8astembérc005
prevents the light em ssion tip fromprotrudi ng beyond a | ower surface of
the done. 15 13. The plasma etching apparatus of claim7, wherein the |ight
emssion tip is disposed through the central portion of the done. 14. The
pl asma etching apparatus of claim?7, wherein the light emssion tipis

di sposed not only through the central portion but also through at |east one
edge portion of 20 the donme. 15. The plasma etching apparatus of claim?7,

further conprisipg a- elegiyil p -] j | 4k bi as
electric power to a bote'f%% gf&%t&iéé:gﬁz%f.&%@ il%\a%?%+g% E(g,éfic I ng llrlr@t%hod
f or manuf acompénegt congeisecCRdant SiOxdempossnts, heantig cfS0E get hnaepsedkwhacthe

conprising. extractin redeterm ned, | i ght conponents, refl ected.hy a wafer
ol meed | n gt mepotaRt BB Frarg tan R ey iR B NEIE VTN SHOT FEHE
conponent s incdAs@bwhdiBthé Binfitdd ROSYTtioRN My BlsHRNEShNERE rdfftendeMaRiRSi t 1 es of
the extracted Iight 28 12 Septenber 2005 conponents; conparing the

esti mat éd proporti onal value with a reference value; and controlling
10715 26 25 30 28a 17 Qe adaind BRURIORY FhnRBpaE Wrd CARALE RN i a7
16, wher ei meaheofprrdabetactehingeapphiatist the phaspe aehing eppapatismslu@isg aand Si Ox
conponent s ’chﬁn%%?gxil \Ev ic fd w(e:llt:'efi' igl%gdéds anid %gc%g&%eﬁmmgﬂh}ggg upper end of the
chamber, one selected from a four-arm to eight-arm spiral coils placed on the dome and
10 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
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
15 | generating a plasma, wherein the applied bias electric powers. generate electric

field, thereby generating plasma.

19.  The plasma etching method of claim 18, wherein m/n has a value between 6
and 20.
20
20.  The plasma etching method of claim 19, wherein n has a value between 90

and 100 Watts, and m has a value between 900 and 1000 Watts.

21.  The plasma etching method of claim 18, performed at a photoresist (PR)
25  etching selectivity of x: 1 where x is at least 6.

22,  The plasma etching method of claim 18, performed at an etch rate
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. |

30 ' '
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estimated proportional value is. larger than the reference value, while
quantity of 02 gas is increased when the estinated proport l?8apterbdr®O05 s
smal l er than the reference value. 5 18. A plasma etching nmethod for

manuf acturing a sem conductor device by neans of a plasm etching
apparatus, the plasma etching apparatus including a chanber in which a
wafer is | oaded and etched, a done sealing an upper end of the chanber, one
selected froma four-armto eight-armspiral coils placed on the done and
10 supplying electricity into the chanber, and a bias electric power supply
section applyi ng3, bi g Qheed étélﬁngjﬁh\é@bdchlQiiné,Tp@ﬂ‘bl‘?ﬁed_tahﬁgfégiﬂﬂﬁﬁ{sftyt he

nmet hod conpri sing: supplying an_electric powey, wherein bias electric
power havi repgmebebyienddd x UF " em? endippd kd@  tcon t Whersthe pressugoinithevhi | e a bi as

el ectric power having a magnitude of mis applied to a bottom surface of

t he chanmber; and 15 generating a plasma, wherein the applied bias electric
powers generate electric field, thereby generating plasim. 19. The plasm
et ching_nethod of claim 18, wherein nin has a val ue between 6 and 20. 20
20. The5plasna etching nethod of claim19, wherein n has a val ue between 90
and 100 watts, and m has a val ue between 900 and 1000 Watts. 21. The plasna
etching nethod of claim 18, perfornmed at a photoresist (PR) 25 etching
selectivity of x: 1 where x is at |least 6. 22. The plasma etching nmethod of
claim 18, perfornmed at -an etch rate ranging between 8000 and 9000 Am n
when the pressure in a chanber has a value between 40 and 80 ml' and a bi as
el ectric power has a value of 1600 W 30 29 12 Septenber 2005 23. The

pl asma gtching nmet hod of claim 18, perforned at a plasnma density ranging
betweeh?4. 40 x 101L cm' and-1.04 x 1012 cm 3 when the pressure in the 5. 10
15 20 -

15
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25 30 29a 12 Septenber 2005 chanber has a val ue between 40 and 80 nmrl and
the source electric power is 1000 W 24. The pl asma et chi ngla8eftendbaf2005 ai m
18, preformed at an electron particle tenperature having a val ue not

| arger than 3.0 eV. 5 25. The plasma etching nmethod of claim 18, perforned
at an ion current density having value between 10 and 20 nmA/ cn2 when the
pressure in the chanber has a value between 40 and 80 ml and the source

el ectric power is 1000 W 30 '

chamber has a value between 40 and 80 mT and the source electric power is 1000 W.

24.  The plasma etching method of claim 18, preformed at an electron particle

temperature having a value not larger than 3.0 eV,
25.  The plasma etching method of claim 18, performed at an ion current density

having 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.

30



