| NDUCTI VELY COUPLED CO L AND | NDUCTI VELY COUPLED APPARATUS USI NG THE SAME
FI ELD OF THE | NVENTI ON The present invention relates to fittings for
a sem conduct or wafer processing equi pnent, and nore specifically relates
to an inductively coupled coil and an inductively coupl ed apparatus using

t he inductively coupled coil. BACKGROUND OF THE | NVENTI ON At present,

that the | nINPWEHVELY GOURLEECAILANRINGUCTIMELY T 1 ghe:
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pl asma apparatus has been widely applied to the manufacturing process of IC
(integrated circuit) or MEMS (mcro-electronic nechanical system device.

Meanwhi | e, EIELDCOK THEJNVENTIONIPI ed pl asma) apparatus has been widely
applied to processes such as etching. Under |ow pressure, after a reaction

gas i s excitetnh®ypréden( nventionf rekesetocHitfingsofuera séroorEBicioo wafes pocsseioed t o
generate a plasma. The plasma is conposed of a |arge nunber of active
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free radical. There are various physical, apnd chem cal reactions occurred on
t he surfa@épleéaBE“éWéHé’@ﬁWd”%F“éﬁW?‘%‘pl?egé’ﬁﬂ't ant is produced, and
accordingly the surface performance i s changed. The structure of the
i nductively coupl ed plasma apparatus as shown in Fig. 1 is now used by nopst

of sem condgR @KERGVUND OF I THEMPVENTIGN course of sem conduct or

processing, the process gas introduced into a reaction chanber 3 through a
gas inlet 2 | agptRdntaivith bR BeNdevtlopinents bif @ecelbdtionionectanivgy, it s requileded by an
‘inductively coupled coil 4 on the dielectric window 1, and a plasma is
produced thai thé intsgragedeta obthelintedratedipirbuitsebedfigheread dighgr, whigshtngedsthist em a
nmol ecul ar punp is used to punp the gas in the reaction chagb_er 3. out

t hr ough aenjersrienstthatimanufactirg fhedntegrated glrcuit fuinpregsingly IMRIONGIRST FPREIYt hat can
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coupl ed Cr%%uféctﬁ%gaﬁroz:&se&fth(ﬁxtelgli'atja@ circuit) or MEMS (micro-electronic mechanical
system) device. Meanwhile, The ICP (inductively coupled plasma) apparatus has been
widely applied to processes such as etching. Under low pressure, after a reaction gas is
excited by RF (radio frequency) power, ionization ié produced to generate a plasma. The
plasma is composed of a large number of active particles such as electrons, ions, atoms
and molecules in excited state and free radical. There are various physical and chemical
reactions occurred on the surface to be etched and volatile resultant is produced, and
accordingly the surface performance is changed.
The structure of the inductively coupled plasma apparatus as shown in Fig. 1 is
now used by most of semiconductor etching equipments. in the course of semiconductor
processing, the process gas introduced into a reaction chamber 3 through a gas inlet 2
located at the center of a dielectric window 1 is ionized by an inductively coupled coil 4 on
the dielectric window 1, and a plasma is produced which is used to etch the surface of a
wafer 5. In the system, a molecular pump is used to pump the gas in the reaction chamber
3 out through a gas outlet 6. In this process, the radio frequency power that can ionize the
gas and generate the plasma is from the inductively coupled coil 4. At present, a radio

frequency at 13.56 MHz is applied to the inductively coupled coil 4 so as to excite it in



such a manner that there is a radio frequency current flowing in the
i nductively coupled coil 4 and accordingly a varying magnetic field is
generated. According to the Faraday's Law of El ectromagnetic | nduction,
this varying magnetic field will induce an electric field and accordingly
the reaction gas in the reaction chanber 3 is ionized to produce pl asnma.
The excited plasma reacts with the work piece in the reaction chanber 3, so
t hat t he sugr & nEneerthatsthetedhadadie feegrencyraueent flowingga dhe mdudlively isaumiedt k pi ece.
Normal Iy, the work piece is a sem conductor wafer with a cjrcul gr  pl ane.
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bet ween the edge and the center of the reaction chanber 3 will be nore
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to adj ust acturing process and brings a very large limtation to
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di stributed non-uniformy, the etching depth on the wafer or the thickness
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greatly in the plasma and a non-uni form plasma density is produced. As a
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when the size of the inductively coupled coil increases, the inductance
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pl asma. Such capacitive coupling increases kinetic energy of the ions.
Therefore, it is difficult to control 4 he process precisely. Therefore, the
m crol oadi ng effect of the wafer will be increased and the yield of the
device will be decreased. Additionally, particle pollutions will occur on
the inner wall of the plasma chanber with the ion collisions of relatively
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The purpose of the present invention is to overcone the problem as

menti oned above of the prior art, that is, to provide an inductively
coupled coil and an inductively coupl ed apparatus using the inductively
coupled coil. In the inductively coupled coil as the core of the present
invention, the coil is constituted by a plurality of respective branches
and each respective branch conbi nes a planar segnent and a

t hr ee- di menicdi with dbcreangrtbatyietit ofdthe davits: Espacillytwhen thegizp o water ingregises r i but ed
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On the other hand, when the size of the inductively coupled coil increases, the
inductance will increase correspondingly, and accordingly, the voltage at both ends of the
inductively coupled coil will increase as well. The large voltage will bring capacitive
coupling between the inductively coupled coil and the plasma. Such capacitive coupiing
increases kinetic energy of the ions. Therefore, it is difficult to control the process precisely.
Therefore, the microloading effect of the wafer will be increased and the yield of the
d.evice will be decreased. Additionally, particle pollutions will occur on the inner wall of the
plasma chamber with the ion collisions of relatively high kinetic energy. Moreover, the

large inductance also can cause unstable impedance matching and low coupling

efficiency and correspondingly the non-uniformity of radial plasma density increases.

SUMMARY OF THE INVENTION

The purpose of the present invention is fo overcome the problem as mentioned



Wherein, the nunber of the respective branches is n, wherein n is an

i ntegral nunber being equal to or nore than 2. According to anot her
techni cal solution of the present invention, the present invention also
provi des an inductively coupl ed apparatus which applies the inductively
coupled coil as nentioned above, conprising: a reaction chanber and a
dielectric window provided on the top of the reaction chanber, an

i nduct i vabyvec ok guiocait,| thatsis ploowpddel anrindugivelli edupledrdoll apt ronduptively s
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other in paral]el and thep are connect to sai t cher . Wher ei n,
each res 68@[‘%\}@9 Brrea?ﬂfhm’(?f’p%iﬂlf ?Oﬁdﬁﬁ?rfs\%g'ltegﬁyo%B'?’reaﬁﬁc%ir?sﬁegtlvgobﬁ%rgg? ®d to the
RF mat PheEdrgaste{%tséé/c%l/é( ‘branch cor}m%s[e'anp!ahge séﬁﬁ&ﬁcéddv & PrGRRRsiGa Sai d
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and are arranged symmietrically with respect to an axis.

Wherein, said each respective branch comprises a planar segment and a
three-dimensional segment, said three-dimensional segment extends along the axis
direction and said planar segment extends all around along a plane that is perpendicular
to the axis, and an end at the bottom of said three-dimensional segment is connected to
an internal end of the planar segment smoothly.

Wherein, the planar segment of said each respective branch is approximately
constructed as concentric circles. Preferably, the planar segment of said each respective
branch includes a plurality of bow-shaped patterning portions and at least one connection
part which extends and is connected between the patterning portions. Said patterning
portions extend along the concentric circles respectively.

Wherein, the length of said each patterning portion ranges from one-fourth circle to
a half circle.

Wherein, the three-dimensional segment of said each respective branch rises up
spirally along the axis. The diameter of the spiral curve of the three-dimensional segment

of said each respective branch is the same, or become smalt gradually or become large

gradually along the direction of rising up.



In addition, because the respective branches with al nbst the sane structure
are connected in parallel and symetrically in the present invention, the
i nduct ance of the inductively coupled coil decreases, consequently the
plasma with a |arge area can be obtained easily and the uniformplasm in
the process for a large area can be inproved. Meanwhile, such a structure
of the inductively coupled coil nmakes the distribution of the
el ect r omagnetWeerkine ke nhumbdreofriba céspentivehzrabehes Sy meheredah iamd iftegieher nakes
the plasma distribution at the center and at the edge nore uniform The
gn};orn1dusbeﬂMﬂuﬁﬁwanopmﬁgﬁhamﬂ-the reaction chanber will make the
ifference in the rate of chemcal reactions on the sruface,to be etched
become rel at i ARGy pnothergtechrical; (g ‘?fa'?‘s RrESSIhi TYEPHN: dB€ (RIRSEBE chi ng
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the etching quality of a wafer can be inproved using such inductively
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Wherein, each respective branch of said inductively coupled coil is connected to
the RF matcher respectively.

Wherein, the respective branches of said inductively coupled coil are connected to
each other in parallel, and an input end thereof after parallel connection is connected in
series with a variable capacitor and a output end thereof is grounded via a ground
capacitor.

Wherein, all input ends of the plurality of respective branches of said inductively
coupled coil are each connected in series with a variable capacitor respectively, and then
are connected in parallel, and output ends thereof are grounded via a ground capacitor.

From the technical solutions of the present invention as mentioned above, it can be
seen that each respective branch of the inductively coupled coil of the present invention
éomprises a planar segment and a three-dimensional segment, and the three-dimensional
segment is located in the middle. For this reason, such a structure makes the electric field
strength generated in the middle of the reaction chamber by the inductively coupled coil
smaller than the electric field generated at the corresponding place in the reaction
chamber by the planar segment of the coil. Thus, the defects of the inductively coupled
coil of the prior art can be overcome and accordingly the distribution of plasma at the
center and edge of the chamber becomes more uniform.

In addition, because the respective branches with almost the same structure are

connected in parallel and symmetrically in the present invention, the inductance of the

inductively coupled coil decreases, consequently the plasma with a large area can be



art. Fig. 3 is a schematically perspective view of a structure of an

i nductively coupled coil of the first enbodi ment of the present invention.
Fig. 4 is a schematically top view of the structure of the inductively
coupled coil of the first enbodi nent of the present invention. Fig. 5is a
schematically front view of the structure of the inductively coupled coil

of the first enbodi ment of the present invention. Fig. 6 is a schematically
per spect byinéd eusigfand tisd unilotr plasoik idthel proeess ifored Igrgecugs eah be improved.

Meanwhile, such a structure of the inductively coupled coil makes the distribution of the
electromagnetic field in the reaction chamber symmetrical and further makes the plasma
distribution at the center and at the edge more uniform. The uniform distribution of plasma
in the reaction chamber will make the difference in the rate of chemical reactions on the
sruface to be etched become relatively small, and the etching rate is uniform .So the
etching quality of the wafer is ifnproved.

Besides, the inductively coupled apparatus which applies this inductively coupled
coil according to the present invention also has the advantages of uniformly distributed
plasma in the reaction chamber, small difference in the speed of chemical reactions on the
suﬁace to be etched ,uniform etching rate etc. Therefore, the etching quality of a wafer
can be improved using such inductively coupled apparatus for manufacturing process

such as etching.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view of a structure of an inductively coupled plasma
apparatus of the prior art.

Fig. 2 is a schematic view of a structure of an inductively coupled coil of the prior
art.

Fig. 3 is a schematically perspective view of a structure of an inductively coupled
coil of the first embodiment of the present invention.

Fig. 4 is a schematically top view of the structure of the inductively coupled coil of
the first embodiment of the present invention.

Fig. 5 is a schematically front view of the structure of the inductively coupled coil of
the first embodiment of the present invention.

Fig. 6 is a schematically perspective view of a structure of an inductively coupled
coil of the second embodiment of the present invention.

Fig. 7 is a schematically front view of the structure of the inductively coupled coil of
the second embodiment of the present invention.

Fig. 8 is a schematically top view of the structure of the inductively coupled coil of



coil of the second enbodi nent of the present invention. Fig. 7 is a
schematically front view of the structure of the inductively coupled coi
of the second enbodi ment of the present invention. Fig. 8 is a
schematically top view of the structure of the inductively coupled coil of
t he second enbodi nent of the present invention. Fig. 9is a
schematically perspective view of a structure of an inductively coupl ed

coi | of tieesechind embeodioeritobtie noésenhigventiesent i nventi on. Fig. 10 is a
schematically front view of the structure of the induciive]g coupl ed coi
of the third EatdEiaeshemgtically perspacvp viswRfehtiusiire of an inductively coupled

coil of the third embodiment of the present invention.

Fig. 10 is a schematically front view of the structure of the inductively coupled coil
of the third embodiment of the present invention.

Fig. 11 is a schematically top view of the structure of the inductively coupled coil of
the third embodiment of the present invention.

Fig. 12 is a schematic view of a structure of an inductively coupled apparatus of the
first embodiment of the present invention.

Fig. 13 is a schematic view of the structure of the inductively coupled apparatus of
the second embodiment of the present invention.

Fig. 14 is a schematic view of the structure of the inductively coupled apparatus of

the third embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The inductively coupled coil of the present invention comprises a plurality of
respective branches nested in each other with the same structure. The plurality of
respective branches are coaxial and are arranged symmetrically with respect to an axis.
The present invention will be explained in detail in connection with the
accompanying drawings of Figs. 3 to 11.

As shown in Figs. 3 to 5, the inductively coupled coil of the first embodiment of the
present invention comprises two respective branches nested in each other with the same
structure. The two respective branches are coaxial and are arranged symmetrically with
respect to the axis. Each respective branch comprises a three-dimensional segment 10
and a planar segment 11. The internal end of the planar segment 11 is connected to the
end at the bottom of the three-dimensional segment 10 smoothly.

Wherein, the three-dimensional segment 10 extends along the axis direction.
Specifically, the three-dimensional segment 10 can rise up spirally along the axis. The
diameter of this spiral curve can be the same or different, for example, the diameter may

become small gradually or become large gradually along the rising up direction. Moreover,



Fig. 11 is a schematically top view of the structure of the inductively
coupled coil of the third enbodi nent of the present invention. Fig.
12 is a schematic view of a structure of an inductively coupl ed apparat us
of the first enbodi nent of the present invention. Fig. 13 is a
schematic view of the structure of the inductively coupl ed apparatus of the
second enbodi nent of the present invention. Fig. 14 is a schematic
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gradual I'y al ong sﬁthrﬁ\ ihiFkdsN@ ta1P, tHé E@Edtdre Bf thividR@iely, coupled coil of the second

embodiment of the present invention is the same as that of the first embodiment. But the

difference between the first and second embodiments is that: the inductively coupled coil

of the first embodiment comprises two respective branches nested in each other with the

same structure, while the inductively coupled coil of the second embodiment comprises

three respebtive branches nested in each other with the same structure. In the present

embodiment, the length of each patterning portion is about one-third of a circumfefence.

As shown in Figs. 9 to 11, the structure of the inductively coupled coil of the third
embodiment of the present invention is the same as that of the first embodiment. But the
difference between the first and third embodiments is that: the inductively coupled coil of
the first embodiment comprises two respective branches nested in each other with the
same structure, while the inductively coupled coil of the third embodiment comprises four
respective branches nested in each other with the same structure. in the present
embodiment, the length of each pattering portion is about one-fourth of a circumference.

It can be understood that the number of the respective branches included in the
inductively coupled coil of the present invention is not limited to two, three or four in the
above embodiments. Theoretically, the number can be n, wherein n can be any integral
number being equal to or more than 2. As a matter of fact, it will do as long as n meets the

relationship as mentioned above and n respective branches of the inductively coupled coil

are coaxial and are arranged symmetrically with respect to an axis.



pitches of the rising up spiral are not limted, and can be an equal

di stance or an unequal distance, for exanple, pitches can becone | arge or
smal | gradual | y. The pl anar segnment 11 extends all around al ong the
pl ane that is perpendicular to the axis. Specifically, the planar segnent
11 of each respective branch is approximately constructed as concentric
circles. The planar segnent of said each respective branch includes a
plurality of Hewsisapethversionealsnd meovidsst o risdugtivehacoleds @pparatug omMhieltt i on
part which extends and is connected between the patterning portions. The
pat t er ni 8gPligsithe Bructacly spupled el gsimrnticpedainve; EWilibe@lingdbedsttl il y.  The
so-cal |l ed RatternLﬂg ortions arec{hewﬁa&;s Wchq4ponstitute concentric
circles CRANPERIOR WHEhe2aeRAIRANY S dAWings Fig%s'en? ¥hbodi ment, the Iength of
each patterni | i hou | £, Ofi. .2 -G shown in
Figs. 6 to 8, Hg?ésf'téteﬁ'c%t? u@eﬁgg ) {1%2@ i irf:'zlu{:htei wgp@&ggzc%pgg&%gﬁragg c{fﬁﬁ,\e second
enbodi Mentesht ihiiith EsiftHses BYQIRibrPEhantbel Do SRR 936 whithta wifertdie placsst .
enbodi nent. But the difference between the first and second enbodi nents is
t hat: t herdvivdddhitvelrgactiouphambet i, la diblettie Windast 1qbddiidmemthecioppfitses t wo
respective branches nested in each other with the sane structure, while the
i nduct i veé¢actiom aiaretkr Soalgasfinletiklosated irutherrpiddie é e delagirc wingowHrand a
respective branches nested in each other with the me structure. én t he

o obont ERBARHESoN dese) S5 HOGHORS 1P Brabess 975 5o P (ESFOT ShABBeT

-t hi f i . . i i . 11..
T uct ur davorn st MRk B AT Guctusly pousfe L prblhabd ffng UiddburknddPr
present i}\@"iﬁﬂﬁti &Ha 6f5tn% hﬂ?juﬁm é’tﬁthela%oiloi it Binbite§ o QMO GaBBHequBidy) t he

di fferenc et ween t Irst "and third enbodinents is that: the inductively

coupl ed GBiie of vit i@ RF madtcremiposiaTRAt matengy i1 2eAn ooput esp et theviadimtiaslg hes
nested in each other with the sane structure, while the inductively coupled
- coil of tchepléhiaidt isghmoiiedyit aguemdicapacitbolf. Andsdustive glecttie fisld bensratedt ed i n
each other with the sane structure. In the present enbodinent, the | ength

of each patheciadring gambess exsites Bie 9asnibat Bufefshintr thg repstion Ahambprca to 't
can be unde({ystopd t hat tk&zey nunber of the resgﬁcntiv%hb‘% e(r:ges included in
t he i ndu®fqayes Plagmae dhereny; Rerighm PRogess HER AP SIRII T IRFE ot limited to

two, three or.f i i i i er can
be n, mhereinmgﬂﬁéﬂkﬁghgﬁvﬁﬁﬁ%e ?gFgﬁﬁgﬁgP&€g$%§9gﬁﬂgﬁﬁ%gy%?&ﬁﬁfgﬁgﬁan 2.

As a mat Yedre @bnddtdd to ichcibthbr i Qaftfiel sHA0ha npt SRR thehslutity af feapsdiive as
menti oned above and n respective branches of the inductively coupled coil

ar e coaxibrdnches can e awnaautptliinssemer twithcavajeble tépacikapett Threughnchardisy
The present invention also provides an inductively coupl ed apparatus which
appl i es tcapadityicif cterigleie ycapasiter £d. ds impesdapemof GALY repEGYe Rrandfy F3n Be
»? )(;pllii- ne%h!ar?ge%?:[rﬁé Igroiurrlld gé)prz]arc]i c%t .Ooc?an\%.e ehrrntlnré:ethg1 %8g%nasrw46?gth%rr€%\éinqa% aﬁ& gs. 12
minimum values of the current and the voltage in the coil are, therefore the current and the
voltage of each respective branch can be adjusted. Thus, the plasma density distribution
can be adjusted through adjusting the current ratio of each respective branch and
accordingly the uniformity of the plasma can be controlled further.
As shown in Fig. 12, in the inductively coupled apparatus of the first embodiment of
the present invention, the plurality of respective branches of inductively coupled coil 4 are
connected to each other in parallel and then are connected to the RF (radio frequency)
source 7 via the matcher 12.
As shown in Fig. 13, in the inductively coupled apparatus of the second

embodiment of the present invention, the plurality of respective branches of the

inductively coupled coil 4 are connected to each other in parallel. And the input ends are



-‘is |l ocate

Wth reference to Figs. 12 to 14, the inductively coupled apparatus of the
present invention conprises a reaction chanber 3, a chuck 9 on which a
wafer 5 is placed provided in the reaction chanber 3, a dielectric w ndow 1
provi ded on the top of the reaction chanber 3, a gas inlet 2 located in the
m ddl e of the dielectric window 1 and a gas introduction device 8 for

i ntroducing the process gas into the reaction chanber 3 through the gas

inl et 2. cémecteduin tseried witle thepvasbleotdpaditar £ hewrd, theadare wonnasted; | ket ¢ wi ndow
1. An input end of the inductively coupled coil 4 is connected to a RF
(radi o f fredigdicaygncybrpurce 7vigthe ma{cher Tdat cher (i.e. a RF matcher) 12. An

t put d of  the inductivyel | il i i d
capaci tor  COARAE ot By dhePeBe Ty qoytd Pattd PRotnt BB L oer
3 exciteg the g ofttlna%r?&mt flentloR! Re P&?ﬁ&ﬁ@%"dn‘aﬂe%m%ve@ c’bQ;f)[Qﬁ 9651MPG

pl asma, TO Pﬁere y pertorm process su as etching on thé wafer 5. In
the appaggl soh dofRedibdiindehity wi varRbRESpaYifr Dranadsinglt chbeandthentare/ el y
coupled coil 4 are connected to each other in parallel and the input ends
of the plkofirctddytoodachasipdhipaeallel, aindtben camedstedctorthe RFeltadin femuery) with a
vari abl e capacitor C . Through changi ng capacity of variable capacitor O ,
t he i npedawrce 7¢fa thawotatahesPect i ve branch can be changed. The ground

capacitor CO can determ ne the pqgsitions vvhg\rai t he maxitnug%rang ogit i mum
val ues of t heFrety thefboys desqriptiony i cRiePs seeh L PPN LPRECHRAUBE The

current and the voltage.of. gac ks - i ust.ed. . Thus,
the plas uﬁtévr?gﬁ ??}‘piﬁ%s?‘?li %fuﬁfaoﬁe’(g:eﬁg@%%ggj 82@@%%? hér:g’%a%eg‘gﬁ‘%}?laﬁg T he
current ﬁ@,ﬁ-}d altsegRicAl 18 Waatddhe theinfdarei ty of
the pl as%@g%gﬁgﬁﬁgn@?p@? e f%?tﬂﬁgﬁmrém %sé@shom in Fig. 12, in the

i nduct i veloy tfiPrpke sagpasaticteredhalidsand ietestric distdagtinamtdd infthd imidier efsbat
invention, the plurality of respective branches of inductively coupled coil
4 are comemtibedhbmberaby toe Heductivehpapupled|cohe smelerathan dom rsdfigldy t he RF
(radi o frequency) source 7 via the matcher 12. wn in Fi 13,

\ ] As sho g.
in the i geneniedatyhecemssrendingpriace indhereactien chardrg by MSHURRE SEIBFN He
present inventjion, .th | ural it f respectiv I ctively
coupl ed & ?O"4%5%tf@§f?ﬁ%&ggh? Bg'ég'c\,’ﬁlyg? ﬁ@? ?or%leoggﬁegﬂfogﬁﬁ C%E'lg&tla ﬁee'{:%%ut ends
are connegt i 1.5 t Lah! e CRRRE! dridr a8inthel BfdnbEy €
connect e%ﬁﬁO%H@WEH%%?%&@?&%R%%@sourge 7 via teﬁgerratcﬁer 12. As
shown i N pekémeslihore Uhitbia@ | nductively coupl ed pl asma apparatus of the third
enbodi ment of the present invention, the respective branches of inductively
coupl ed coil K aiddiosaodtagsnihegesmbctive branches wilht dimesirthe lseme slipetdietase C  at

their input ends and then are connected to each other in parall e‘J and then
connect egoneeddrkinARlIchanb syr@giiedlyyn e aresentzn\anion. Hee fgtieiRere githe

F the ab d tion, it b hat h. ' h of
he | ndudtigney TR Ba aoiesse SR o mracany vt i EGF hiebE=Ro8c .7

segrent angl.d | e FEHORAy o WTBRLmAM 1N foddis 56 4l rbaah baegTeNt

nt ason, such a structure nmakes the
el ectri ¢ jhbR\Ed. IABSHWAIEdsich 4 RerudRdbeef inbilvelpaslpien coinaahenakeythe he

i nductively coupled coil be smaller than the electric field generated at
t he cor r efighadbmef dbaomagneticifieldria et ieactionlthaiber dypnidvicapdraifarthasewphent  of
the coil. Thus, the defects of the inductively coupled coil of the prior
art can Hee plema distribatich atdtorelitergng théedes wore Wifemp I hgrunfierastistriaytiophe

center and edge of the chanber becones re, ynifor ,
of plasgna in the reaction chamber wi?l make the leerence mthe speed of chemical

reactions on the surface to be etched become relatively small, and the etching rate is
uniform and accordingly the etching quality of the wafer is improved.

It can be understood that the inductively coupled apparatus which applies this
inductively coupled coil according to the present invention also has the advantages of
uniformly distributed plasma in the reaction chamber, smali difference in the speed of

chemical reactions on the surface to be etched, uniform etching rate etc. Therefore, the

10



In addition, because the respective branches with al nbst the sane structure
are connected in parallel and symetrically in the present invention, the

i nduct ance of the inductively coupled coil decreases and consequently the
plasma with a | arge area can be obtained easily and the uniformty of the
plasma in the process for a large area can be inproved. Meanwhile, such a
structure of the inductively coupled coil can nake the distribution of

el ect r omaghirigi quakity ef ttle wafdricen be airow shrgrdmeh irslyetively coepied sprdrdtugfoher nmake
the plasma distribution at the center and the edge nore uniform The

uni f or m daswufachuing oreceds chgagichingt he reaction chamber will make the

di f f th d of ch | th facetp t ched
become el at 6111 HADFISR At TR gEheh oo (i PSR SPHCAn o Bd gl y

the etchin &ﬂ‘; qupi%fyg%b%%ﬁ fn"?ore ' rﬁ .’eB'PJrQMS ﬂrurahgl of resple%| tive Bk ﬁesurlﬂgf rstood

t hat thepr Apparatas. whi I's 1 nductively

coupl ed ﬁ&@%{ [ 1h Re@dvant ages of
uni form y%(flcstrl uttgg pTga%gﬁeﬁuﬁ?%Oggdgm“%&aﬁ%ﬁ i%gb& dl?fference in
the speed of ghef palkurhendidicansl Bat theanduttiteayg eolipled eoibamht@, indurdtifaly m
etching rate etc. Therefore, the etching quality of the wafer can be

i npr oved cospled) appmiatdsmjumwm@mye dolugtively eqypiadacails afeomaimiynapriied deithe process
such as etchi ng is to be indicated that the nunber of RF (radio

f r equenc\PpMiLen mwﬁwm@ssﬂmewm bRt fimjterhtodhat. ¥ GRLeFPPifdie.
Moreover, the plurality of respective branches may be connected to the RF
(radio fr r@ﬂ@?'fe'g%urce 7 via the matcher 12 respectively. It isto

L “?'ﬁe%?e? mﬁ;%&cr@ﬁ?nhfs%ﬂ ﬁé Y&hi cﬁfﬁg@ﬂ% tetiOhd ofmn@é?ﬁoh epctively

coupl ed apparatus uctlve oupl ed coil are mainly applied
to the sepd QREUEHEInVERIRNs RStARRESioBe BidsibsUIE Bl tRe pﬁéfﬁrreﬂ@t‘nbbdlmehﬁdhéo t hat ,
and can be applied to other equipnents. The foregoing descriptionis
only t he misfifeatied andEgeivalbhiatio drse efmbblimentsvbattmanbe Sitinedheasily bpenef t he
invention is not limted to the disclosure of the preferred enbodiment. The
modi f i catskifed inthelaw yitheul departing fiom thesecopariobiie PEAsES! ibveatiomery iNendssitai ned
easily by aone skilled in the ar% \/cxgd khut de artlnﬂ fromthe scope of the
present ingJRGdegvithinghe SeapRAs fetinpaja t erﬂf?’?ﬁﬂ’ BYGRi n the scope as defined

in the present invention.
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Clains 1. An inductively coupled coil, conmprising a plurality of
respective branches nested in each other wwth the sanme structure, and the
plurality of respective branches are coaxial and are arranged symetrically
wWith respect to an axis. 2. The inductively coupled coil according to
claim1l1, wherein said each respective branch conprises a three-di nensi onal
segnent and a pl anar segnent, said three-di nensional segnent extends al ong
the axis direction and said planar £dgierg extends all around al ong a pl ane
that is perpendicular to the axis, and an end at the bottom of said

t hr ee- di nensi onal segnent is connected to an internal end of the planar

segnent snmpothly. 3. The inductively coupled coil .accordjng t | ai m 2,
BIRRPTS e i mat el y

wherei n fih@n ﬁda%té’ﬁfys%'ﬁﬁﬁtco&‘ CUBRFnga? W'W&@p@fcfelsﬁ?%cﬁﬁ?
t t ) tri ircles. .. 4. The, i Lyel d i

cecor di nget, BPa B8 Spie uhitch eng ik el RSP LN e RPEeBREL

b h i o f: : | tt i ti d at | t

one connald E ot Ynthohialf Wi RELSARER BY. o o bef ween the. pat ter i ng

portions, and said patterning portions extend al ong the concentric circles
respectively. 5. The inductively coupled coil accroding to claim4,

wher ei n LhEenhd iadgptielp toupdadobod actorgiag teeclaimnnt) wherdin said eagigrespdotivmbraneh f ourt h
circle to a half circle. 6. The inductively coupled coil according to any
one of ckeampises a thres-dinysesienah segreentiandea BlRARTSSAIRAE! SdiihEstdipensidiel each
respective branch rises up spirally along fhe axis. 7. The i.nductijvely
coupl ed &sgmert&isnds Alpne dﬁ% F‘gf‘ rgCtiap e Plﬁgard?%mﬁ‘%?’d%?&t ﬂgar%ri\ al curve
of the thyree-di nensional ifd.e IWNE RRGACH iy t he
same, or a[?@goe}r@ga?‘g 'h?tl 'Sg‘?ezrgéulamﬁ/argg) @%c%ﬁé%%aéﬁ%ng%gc}ual Y alégnégédt he
rising ug,gd-btdnsiBRal segment is connected to an intemal end of the planar segment

smoothly.

3. The inductively coupled coil according to claim 2, wherein the planar segment of said

each respective branch is approximately constructed as concentric circles.

4. The inductively coupled coil according to claim 3, wherein the planar segment of said
each respective branch includes a plurality of bow-shaped patterning portions and at least
one connection part which extends and is connected between the patterning portions, and

said patterning portions extend along the concentric circles respectively.

5. The inductively coupled coil accroding to claim 4, wherein the length of said each

patterning portion ranges from one-fourth circle to a half circle.

6. The inductively coupled coil according to any one of claims 1 to 5, wherein the

three-dimensional segment of said each respective branch rises up spirally along the axis.

7. The inductively coupled coil according to claim 6, wherein the diameter of the spiral
curve of the three-dimensional segment of said each respective branch is the same, or

becomes small gradually or becomes large gradually along the rising up direction.
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8. The inductively coupled coil according to any one of clains 1 to 5 and
claim?7, wherein the nunber of the respective branches is n, wherein nis
an integral nunber being equal to or nore than 2. 9. The inductively

coupl ed coil according to claim®6, wherein the nunber of the respective
branches is n, wherein n is an integral nunber being equal to or nore than
2. 10. An inductively coupl ed apparatus which applies the inductively
coupl ed coil according to any one of clains 1 to 9, conprising a reaction
chanber and a dielectric w ndow provided on the top of the reaction
chanber, &hbe Heveivply squried epiaccerHiag it%amcwwlcialre%uﬁﬂ eaneeaim {.avhgrevi ded on
t he dieI ctrlc mﬁPﬁom/anq S Qnected to a % h? sai d [ RE .mat cher.
11. The Uerhsr of Pe Lonprie \&-1 UsW'A‘%!‘E'Br“d? ﬂ'b'" gy rf’@’”gxﬁﬁﬂ? &n the
pluralitg)ﬁjréﬁé gctive branches of said inductively coupled coil are
connecte 0 eac other in parallel and then are connected to a RF matcher.
12. The inductively coupl ed apparatus according to claim 10, wherein each
respective branch of said inductively coupled coil is connected to said RF
mat cher reeFhetidustebly couliéd collecorditly ¢d clsiel §, wheuph the rapier oftthisreapeativeli ng to
any one of clains 10 to 12, wherein the respective branches of said

i nduct i vdirgncbesiisinewhersin n igap idegralesnibgr beingaaual ttdramore thapar al | el , t he i nput
end thereof after parallel connection is connected in series with a

vari abl e capacitor and the output end thereof is grounded via a ground

capaC|to |nd iLve co appar.atus. 3¢¢9 to any one of
s 200, AT houd{iR RS mittus ften BOORBRR Fltidvaly SRl et
i nductiv | &y ly &8 &R S5 B9 WMl cBiciainki@db! e
" capaci to(r% )éngg}ggt(?\%ﬁqﬁban% fghen a?@ggﬁ%gg%egﬁ? n rgar al %N [ekécalr?d og(?vgut ends
t her eof r&viGRAWNARE topl ot ti reEtRH REaBBHAEHdradterized in that the inductively coupled

coil is provided on the dielectric window and is connected to a RF source via said RF

matcher.

11. The inductively coupled apparatus according to claim 10, wherein the plurality of
respective branches of said inductively coupled coil are connected to each other in

parallel and then are connected to a RF matcher.

12. The inductively coupled apparatus according to claim 10, wherein each respective

branch of said inductively coupled coil is connected to said RF matcher respectively.

13. The inductively coupled apparatus according to any one of claims 10 to 12, wherein
the respective branches of said inductively coupled coil are connected to each other in
parallel, the input end thereof after parallel connection is connected in series with a

variable capacitor and the output end thereof is grounded via a ground capacitor.

14. The inductively coupled apparatus according to any one of claims 10 to 12, wherein
input ends of respective branches of said inductively coupied coil are each connected in
series with a variable capacitor respectively and then are connected in parallel, and cutput

ends thereof are gounded via an ground capacitor.
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