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BACKGROUND OF THE INVENTION

The present invention relates to apparatus and methods for processing substrates such
as semiconductor subsirates for use in IC fabrication or glass panels for use in flat panel
display applications. More particularly, the present invention relates to improved plasma
processing systems that are capable of processing substrates with a high degree of processing
uniformity across the substrate surface.

Plasma processing systems have been around for some time. Over the years, plasma
processing systems utilizing inductively coupled plasma sources, electron cyclotron resonance
(ECR) sources, capacitive sources, and the like, have been introduced and employed to

various degrees to process semiconductor substrates and glass panels.
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20  supplied RF energy couples through the dielectric window 106 and a large electric field is

induced inside chamber 102. More specifically, in response to the electric field, a circulating

) - current is induced in chamber 102. The electric field accelerates the small number of
electrons present inside the chamber causing them to collide with the gas molecules of the
process gas. These collisions result in ionization and initiation of a discharge or plasma 118.

235 Asis well known in the art, the neutral gas molecules .of the process gas when subjected to
these strong electric ﬁe.lds lose electrons, and leave behind positively charged ions. Asa
result, positively charged ions, negatively charged electrons and neutral gas molecules (and/or
atoms) are contained inside the plasma 118. As soon as the creation rate of free electrons
exceeds their loss rate. the plasrria ignites.

30 Once the plasma has been formed, neutral gas molecules inside the plasma tend to be
directed towards the surface of the substrate. By way of example, one of the mechanism

contributing to the presence of the neutrals gas molecules at the substrate may be diffusion
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directed towards the surface’of the substrate. By way of exanpl el fomMAYoR00k
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are created by asymmetries that are found in the power transmission characteristics of the

power coupling, e.g., antenna. the dielectric window, and/or plasma. Ifthe power coupling is
asymirnetric, it stands to reason that the circulating current of the induced electric field will be
asymmetric, and therefore the ionization and initiation of the plasma will be asymmetric. As

a result, variations in the plasma density will be encountered. For example, some antenna

arrangements induce a current that is strong in the center of the coil, and weak at the outer

diameter of the coil. Correspondingly, the plasma tends to congregate towards the center of

25 the process chamber (as shown in Fig. 1 by plasma 118).

The standard technique for overcoming an asymmetric power coupling has been to
compensate or balance out the asymmetries. For example, using a pair of planar antennas to
increase the current density at weak current areas, joining radial members to a spiral antenna
to form more circular loops at different radii , varying the thickness of the dielectric wi'ndow '

30 to decrease the cumrent density at strong current areas. However, these balancing techniques
tend not to provide an azimuthally symmetric power coupling. That is, they still tend to have

azithmuthal variations that lead to variations in the plasma, which makes it difficult to obtain
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25

30

mentioned, process variation may lead to non-uniform processing, which lead to device
failure in the semiconductor circuit.

In view of the foregoing, there are desired improved methods and apparatuses for
producing uniform processing at the surface of the substrate. There are also desired improved

methods and apparatuses for reducing the capacitive coupling between the antenna and the

plasma. .

Summary of the Invention

The invention relates, in one embodiment to a plasma processing a;pparatus for
processing a substrate with a plasma. The apparatus includes a first RF power source having
a first RF frequency. The apparatus further includes a process chamber. The apparatus
additionally includes a substantially circular antenna operatively coupled to the first RF
power source and disposed above a plane defined by the substrate when the substrate is
disposed within the process chamber for processing. The substantially circular antenna béing
configured to induce an electric field inside the process chamber with a first RF energy

generated by the first RF power source. The substantially circular antenna including at least a
4
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azi nutgﬁacﬁ%/cngg%%rg r EABP%%WFWS G substantaihheieadar aptspaseand the plasmappar at us
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yof t hi F‘FP%"’HR'RW&EH@FWS?fﬁ@rﬁPfQﬁé&'aﬁpé’mfﬁhz fubstrateit er i or of the process

chanber. Thg iaP&Rich ' i -a first | ayer and a second |ayer. The

second | ayer ‘bei ng ggﬁ#’gﬁ?}éﬁc}n%c?h%gg?%‘ﬁﬁ %f‘f@%‘iﬂﬁ’r%‘%ﬁwﬁmn@apaci tive

coup TRgBEBIEer Ietareiop a stlistratelistidna prvkess chifhbet The aRkRIBrAREmLRe Pl asma.
antenna and the coupling w ndow wor ki ng

coupl’ HetRtios
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subst apt ially circul ar antenna arrangenent procesﬁr%cﬁsﬂ"% rate
i nsi &833“?)?‘5%&_5‘9%‘&%6?. The antenna arrangenent

a first pair of concentric loops in a first plane and a second pair of concentric loopsina
second plane. Thg'second pair of concentric loops being operatively coupied to the first pair
of concentric loops. The second pair of concentric loops being substantially identical and

20 symmetrically aligned with the first of concentric loops. The second pair of concentric loops
being proximate to the first pair of concentrjc loops, and the first pair of concentric loops
being disposed above the second pair of concentric loops. The substantially circular antenna
arrangement forming an azimuthally symmetric electric field inside the process chamber with
a first RF energy generated by the first RF power source, wherein the azimuthally symmetric

25 electric field forms a substantially azimuthally symmetric plasma, which produces a
substantially uniform process rate across the surface of the substrate.

The invention relates, in another embodiment to a coupling window arrangement for
processing a substrate with a plasma inside a process chamber. The coupling window being
disposed between an antenna and the process chamber. The coupling window being

30 configured to allow the passage of a first RF energy from the antenna to the interior of the
process chamber. The process forming capacitive coupling between the antenna and the

plasma, The arrangement including a first layer being formed from a dielectric material, and
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bei ng operatively coupled to a first RF power.source and di sposed jaboMaY a2((
pl ane defined-.by 15 the substrate when the substrate is disposed within
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. . ; t 3 ress%‘tgenent
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the interiqr of th rocess. ech i . 1R GuGRRA Ik V@
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"")fi rst | agghitheildgedtOirddad whichkn a dielectric naterial, and | | MAY 20( WO
701145134 PCT[ USOQ 42174 a second | ayer being forned froma conductive
material that is substantially resistant to the plasma present within the
brocess_ charmbgio Uil i 5 S 18aucte pREIRE pibol Bisgircdopirnat ibased Gaf lasntahe
first |ayer, and the secon ayer formng part of the inner peripheral
surface afrocdskieg.pr ocess chanber. The second | ayer also being configured to
substantially suppress the capacitive coupling formed between the antenna
and t'the pl asma during processing BRI EF DESCRI PTI ON OF THE DRAW NGS The
present i nventgigm jifuskdtbstSplaahe prooyssingsyném cnelnging an anignprorangeest 2p6 a
limtati Oc%upling window arrangement, in accordance with one embodiment of the present invention.

Fig. 3 illustrates the multi-turn antenna arrangement, in accordance with one

20  embodiment of the present invention.

) Fig. 4isa cross sectional side view of the multi-turn antenna arrangement, in

accordance with one embodiment of the present invention.

25 Fig. 5 is a cross sectional side view of the multi-layered coupling window, in

accordance with one embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

* The present invention will now be described in detail with reference to a few preferred

56 embodiments thereof and as illustrated in the accompanying drawings. In the following
description. numerous specific details are set forth in order to provide a thorough

understanding of the present invention. It will be obvious, however, to one skilled in the art,
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t he Qbﬁ& dotirdaiagl b Ypratatd erambcxf. Ofhe plasma processing system further includes a

15 substantially circular antenna operatively coupled to the RF power source and disposed above

a plane defined by a substrate when the substrate is disposed within the process chamber for
processing. The substantially circular antenna is configured to induce an electric field inside
the process chamber with RF energy generated by the RF power source. The substantially
circular antenna has at least a first pair of concentric loops in a first plane and a second pair of

20 concentric loops in a second plane. The first pair of concentric loops and the second pair of
concentric loops are substantially identical and symmetrically aligned with one another along
a common axis.

The plasma processing system further includes a coupling window disposed between

the antenna and the process chamber. The coupling window is configured to allow the

25 passage of RF energy from the antenna to the interior of the process charﬁber. Further, the
coupling window has a first layer and a second layer. The second layer is configured to reduce
the voltage drop formed between the window and the plasma by absorbing at least a portion
of the voltage that passes through the coupling window. The substantially circular antenna
and said coupling window are arranged to work together to form an azimuthally symmetric

30 plasma inside the process chamber that produces a substantially uniform process rate across

the surface of the substrate.



exanmple, it is expected that the etch rates-at different points onl thfAY 20
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likely that one _area of the substrate will be unduly over peraiResiszatd | e
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circulating current in response to the induced electric field. These transmission line
characteristics tend to produce standing waves that foﬁn fluctuating areas of high and low

20  voltage along the length of the antenna, which as a result form fluctuating areas of high and
low current densities in the induced electric field, i.e.. when the voltage is high, the current is
) low and when the voltage is low, the current is high. As is well known to those skilled in the
| art, power deposition into the piasma depends on the current density. For example, where the
current density is high the plasma density tends to be high and where the current density is
25 low the plasma density tends to be low. Accordingly, an azimuthally asymmctric plasma is
typically produced when the current density has fluctuating areas of }ﬁgh and Jow current.

To be more specific, when the wavelength of the RFleneggy::‘is Smaller than the length
of the antenna more nodes will appear in the standing wave patte‘iéh”.‘ : éénerally, standing
waves are governed by the equation, antenna electrical lengtﬁ =Y, (Wa{relength)*n, where n =

30 the number of nodes. Most antenna arrangements are about 1 1/2 to about 2'2 wavelengths in

length, and as a result produce about 3 to 5 nodes. These nodes correspond to the low

voltages mentioned above.
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surface of the substrate.

20 Another aspect of the multi—tum stacked antenna arrangement is the self-shielding
characteristics, i.e. the plasma is shielded from the antenna terminal voltage by the turns
adjacent to the window. This leads to a significant reduction in capacitive coupling and

- ) subsequent window erosion, both of which, will be discussed in greater detail below

In accordance with another aspect of the present invention, an improved coupling

25 window is configured to reduce the capacitive coupling that occurs between the antenna and
the plasma. Most power coupling arrangements (e.g., antenna, coupling window, and plasma)
create some capacative coupling between the antenna and the plaéma. Capaicitive'coupling 18
created by a voltage drop that occurs between the antenna and the plasma. This voltage drop
typically creates a sheath voltage proximate to the coupling window. As is well known to

30 those skilled in the art, the sheath voltage may lead to additional variations in the plasma, for
example, the sheath voltage may push the plasma away from the window causing a reduction

in the inductive coupling coefficient. Additionally, the sheath voltage may even produce

9
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aspect of the present invention, an i-nproved coupling 25 w ndow is
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antenna and t Mb&kﬁ&f@m%ﬁé sHQWRE 15RHR eldegicany %ﬁoaﬂmﬂﬁorﬁ&dcfmm ant enna,
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wel | knowpyef Accordingly, the sheath voltage near the surface of the couplmg window is

20 substantlally reduced whlch as a result i increases the inductive couphng coefficient and
reduces the power loss due to the unproductlve on bombardment of the coupling window.

. ) | Furthermore, an ungrounded electrostatic shield will produce a uniform electrostatic
field, shielding only the vanatlons of the electrostatic fields over the area of the shield. This
last feature roay be used to faoilitate striking of the p_lasma. Additionally, because the

25 shielding layer is exposed to the interior of the process charnoer_, it is preferably formed from
a rnaterial that can resist fhe' thermal, chemical and physical effects of plasma processing.

The features and advantages of the present invention may be better understood with
reference to the figures and discussions that follow.
Fig. 2 illustrates, in accordance with one embodiment of the present invention, a

30 plasma processing system 200, including a process chamber 202 within which a plasma 204

is both ignited and sustained for processing a substrate 206. Substrate 206 represents the

work-piece to be processed, which may represent, for example, a semiconductor substrate to

10
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202, and substrate 206. It should be understood that a symmetric placement of the antenna
arrangement may enhance the plasma uniformity across the substrate surface, however, it may
not be required for all processes. Antenna arrangement 210 and coupling window 212 will be
described in more detail below.

A gas injector 215 is typically provided within chamber 202. Gas injector 215 is
preferably disposed around the inner periphery of chamber 202 and is arranged for releasing
gaseous source materials, e. g., the etchant source gases, into the RF-induced plasma region
between coupling window 212 and substrate 206. Alternatively, the gaseous source materials
may also be released from ports built into the walls of the chamber itself or through a shower
head arranged in the dielectric window. It should be understood that a symmetric distribution of
gas may enhance the plasma uniformity across the substrate surface, although, it may not be
required for all processes. An example of a gas distribution system that may be used in the
examplary plasma processing system is described in greater detail in a co-pending patent
application entitled, "PLASMA PROCESSING SYSTEM WITH DYNAMIC GAS
DISTRIBUTION CONTROL", U.S. Patent Application No. 09/470.326, filed on even date and

incorporated herein by reference.



| ast feature may be used to facilitate striking of the plasnma.
Addi tionally, because the 25 shielding |layer is exposed to the i htlerMAY 2804
the process chanber, it is preferably forned from a material that can
resist the thermal, chem cal and physical effects of plasma processing.
The features and advantages of the present invention may be better
understood with reference to the figures and di scussions that follow Fig.
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Furthermore, in the case of semiconductor processing, such as etch processes, a number of parameters
within the processing chamber need to be tightly controlled to maintain high tolerance results. The temperature
of the processing chamber is one such parameter. Since the etch tolerance (and resulting semiconductor-based
device performance) can be highly sensitive to temperature fluctuations of components in the system, accurate

) control therefore is required. By way of example, a temperature management system that may be used in the
examplary plasma processing system for achieving temperature control is described in greater detail in a co-
pending patent application entitled, "TEMPERATURE CONTROL SYSTEM FOR PLASMA PROCESSING
APPARATUS"; U.S. Patent No.: 6,302,966, filed on even date and incorporated herein by reference.

Additionally, another important consideration in achieving tight control over the plasma process is the
material utilized for the plasma processing chamber, e. g., the interior surfaces such as the chamber wall. Yet
another important consideration are the gas chemistries used to process the substrates. By way of example,
both materials and gas chemistries that may be used in the examplary plasma processing system are described

in
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di sposed around the inner periphery of chanber 202 and is arranged for
rel easing gaseous source materials, e. g., the etchant source gases, into
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For the most part, plasma 204 predominantly stays in the upper region of the chamber (e.g.. active
region), however, portions of the plasma may tend to fill the entire chamber. The plasma generally goes where
it can be sustained, which is almost everywhere in the chamber. By way of example, the plasma may fill the
arcas below the substrate such as the bellows of the pumping arrangement (e. g., non-active region). If the
plasma reaches these areas, etch, deposition and/or corrosion of the areas may ensue, which may lead to

particle contamination inside the process chamber, i. €., by elching the area or flaking of deposited material.

Furthermore, an unconfined plasma tends to form a non uniform plasma, which may lead to variations
in the process performance, i. . etch uniformity, overall etch rate, elch profile, micro-loading, selectivity, and
the like. In order to reduce the aforementioned effects, a plasma confinment arrangement may be used to
confine the plasma. By way of example, a plasma confinement arrangement that may be used in the examplary

plasma processing
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specifically, by placing the turns closer together the current producing capacity of the antenna is

increased. For example, if the antenna is formed of four turns that are proximal to one another then the

__ ) current through the plasma tends to be about four times as strong as in the antenna. Correspondingly, this
concentrated current carries over to a concentrated plasma that is more uniform. As a resuli, the diameter
of the antenna, with respect to the diameter of the process chamber, can be made smaller, which in turn
decreases the length of the antenna. The actual size of the antenna will be described in greater detail

below.

Multi-turn antenna 402 is substantially circular and includes at least a first pair of concentric
loops 406 in a first plane and a second pair of concentric loops 410 in a second plane. Preferably, the first
pair of concentric loops 406 and the second pair of concentric loops 410 are substantially identical and

symmetrically aligned with one another along an
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engt h tﬁ%ﬂt H?I (gﬁaiiy, Rt szflpéfeconcenknc loops fﬂ)G pref%rag@ include a first turn 416 and

a fourth turn 418, and second pair of concentric loops 410 preferably include a second turn

- ) 420 and a third tum 422, Further. first turn 416 is substantially identical to and disposed
above second turn 420, and fourth tum 418 is substantially identical to and disposed above

25  third turn 422.

First turn 416 is operatively coupled to- second turn 420, second turn 420 is

operatively coupled to third turn 422, and third turn 422 is operative coupled to fourth turn
418, with each of the turns being arranged so that the current flow is in the same direction
around antenna axis 414. In one implementation, the multi-turn antenna is formed from a

30 single conductive element. However, it should be noted that this is not a limitation and that
the multi-turn antenna may be formed from separate parts that are structurally and electrically
coupled together. Additionally, multi-turn antenna 402 includes an input lead 424 and an

1
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406 are pr@ihallYeiiinaithraRebewebthe inner and outer turns. By way of example, Teflon

or ceramic materials having a space between about 0.2 to about 1 cm. work well.

20 Furthermore, the multi-turn antenna is generally formed from copper. In one
implementation, the multi-turn antenna is formed from copper coated with silver. However, it
) should be noted that the muliti-turn antenna is not limited by copper or copper coated with
silver and that any suitable conductive metal may be used. In one embodiment, the cross
section of the antenna loop is rectangular to facilitate a repeétable location of each loop with
25 respect to the window and each other loop. However. it should be noted that the this is nota
| limitation and that other cross sectional shapes and sizes may be ﬁéed. Altematively, the
antenna loop may be formed from a hollow conductor to facilitate tempei‘éture control (i.e.,
flowing a fluid therethrough). |
With respect to the overall size of the multi-turn antenna, i.e., the outer diameter, it is
30 generally preferable (but not absolutely necessary) to size the antenna to be smaller than the
cross-section of the process chamber in order to keep the plasma concentrated in the region

above the substrate and to prevent undue plasma diffusion to the chamber walls, which
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oper %‘j’wé/d‘%%%’iéﬁgc to fogﬁ)h turn, Accordi ngly, TEPENES i s made to
1ow tHough Tt cPabrut e ahout 12 doches: ang profierably datweEn vbbiitdas abeiiween t he
i nputll kreches, AP drdenth prbeess 2uh Bich shf@died 20 il ferring to Figs. 3 & 4,
fourth turn 418 has a | arger di anet &7 ?ﬁ}éoﬁmﬁ’?g?te‘i’g‘f’?‘l’eﬂqﬁ,g‘a”hls'S

not a limitation and tha_t the actual size of the antenna may vary according to the specific size

of the substrate (e.g., the antenna size may be scaled as needed when smalier or larger
substrates are involved) and the specific design of each plasma processing system.
With respect to the RF frequency employed, as a general guideline, a lower RF
frequency (e.g., less than 13 MHz) tends to decrease the effccts of the transmission line
characteristics of the power coupling by reducing standing wave effects. That is, a lower
: ) frequency tends to make any inherent azimuthally asymmetric coupling characteristic of an
antenna less pronounced. Furthermore, at a lower RF frequency, the capacitive coupling
betweep the antenna and the plasma is also less pronounced, and therefore ion bombardment
of the coupling window is reduced. Therefore, the frequency of the RF power source is
generally configured to be less than or equal to about 13 MHz, preferably between about 0.4
MHz and about 13 MHz, and more preferably, at about 4 MHz. It should be understood that
the use of lower frequencies may not be required for all processes, However, if a high degree
30 of uniformity is critical, the use of low frequencies can be quite beneficial.
As can be seen from the foregoing, the advantages of the first aspect of the invention

are numerous. Different embodiments or implementations may have one or more of the

17



and third turn 422 has a larger diameter than second turn 420. Al tHRoliglAY Hé

outer tur
pr ef er abl

ns (e.g., third and fourth turns), have larger dianeters they are
y di sposed proximate to the inner turns (e.qg.,, fi econd
pepgseglth

turns). Thaioiwss134t he fourth turn 418 is preferably arrange
proximate to the first turn 416. and the third turn 418 is preferably

arranged

to be 10 proxinmate to the second turn 420. As a result of their

cl 0se propIGinidg advaagas! Onetadvantegetod tieanventok s thatan agimrthallysymmsirifgl e turn

antenna (e.g., substantially no s e ,bet yween twur.ns) . ' - I.he
hi gh or | p¥Frawisrepducsd @sideithe Pfﬁéesggﬁ% T F%E?F‘gdné%aese% ﬁ%&?%ﬂ%“.“%ﬁv ks
reduced. A3;d\RaWehich m@@@esfslﬁlbétfh@esﬁr@Fh;bdt,Qdddces &dveceAuilure, 2and TAdrbaseyxhe e

y

bet ween two conductors w

typi cal create arcing, betweep . the two

conduct or sverdthprogfigity of e supsttrtesthsingaaeresssd Another, pdyantage of thsdaveplppds | s

limted b

i npl erent

di.st t hat el |m ' ; ive cotnlin
? gﬁlug\fc%gﬁgarﬁrgrgeﬁ hg@nlﬂ:% ﬁ%eﬂ@ﬁblﬂﬂrg, m"ﬁé’r@for? ﬂlhle |°g%&\‘/3 ; hoapl g

nvention, the space 1S

di el ect i gerRbtHeahtehfa ald tawplatine is redesed aGdrrespbmtinglithe iondopwaringé od as

cl ose as
bet ween t
materi al s

Furt her nore,

e s et S U 2 S e 1
aﬁ‘aa;‘:@frﬂge%ﬁi&ﬁ%ﬁh&B%aatea%ﬁhtio@b&nmdﬁaﬁui redu@d®l work well. 20

(1 -turn antenna i s generally formed from copper. In one

i mpl ement at i on Actdrdingub hisedond aspeat efithainventions #elgsra POFSSHESPPEYME Bd wi t h

silver. However, it should he noted.t [ - . i S not
linitWd byravégsgerito? m&‘gbg‘_é!}"?ea&%\“’gﬁ‘g\ﬁ‘{‘%’% as'H}‘ %‘Ewatk‘lz’js‘%%a?t% yl?gﬂl?t abl e
- )conduct i V@ag!;ra’éft@’e cBEMinRbetiod thd ant@ing andriveglazmat Totfslisreakicussievefithis of the
P

antenna |l o

| oop with

Is rectangular to facilitate a re e?rte?ble | ocati.on of each

agct efshepresard inveation. Febw iHvRraies 8 Fubf SOFPIMBRISY it “shoul d

be noted that the: 5y En LC%OH'.% céaYvitﬁ b rAtddftRer B tHe PAdseliReintioh 0T he ARM- onal
nay be ed. A

shapes and"8igFEL™

us ternatively, the antenna | oop nay be forned

from a holidyeredapapliy windbw ahmogdmdna 5€0 meyyrapestively cemespers} torthe GRUPY 8 1 ui d
therethrough). Wth respect_to,t overall si. had HidAsPNERANA,
i . e. !%he wm%fa' 243 Qh’é?%‘gg m Figj & p@‘&“ HED 5?‘1@%?’@4‘185‘;;@@%%?&%& ‘
absol ut el Y, NEeEs 3! ¥ dechRtl Riy&es06h PreforaBIpNfrst layds 06 ieebbdnded tofmeporidayer 506.
cross-secti'on of the process chanber in order to

K t |
concent r atledné implhmentatiors the bigdaxers #e thepal Yr‘é’t“ée%wgg‘gﬁ" Bf%"geé%fs r{ﬁsﬁ' quid tﬁl asma

di f fusi on

30

ofedihs SHATPEE: AthitRion %k ¢ht der¥drdipprdcddsed mby WA Yis@)0

Alternatively, it should be noted that a gap may be disposed between the layers, i.e., a vacuum
gap or a gap to allow gas”ﬂoﬁv between the layers, while still obtaining the benefits described.
Furthermore. second layer 506 preferably forms part of the inner peripheral surface of the
process chamber.
Referring first to the second layer, the second layer is configured to act as an

electrostatic shield that reduces the potential difference on its surface. Further, the second
layer is arranged to be electrically isolated and preferably formed from a conducting or semi-
conducting material that can facilitate the passage of .inductive RF energy from the antenna to
the plasma. Additionally, because the second layer is exposed to the plasma inside the
process chamber, the second layer is preferably formed from a material that is substantially
resistant to a plasma. In a preferred embodiment, the second layer is formed from Silicon
Carbide (SiC). For the most part, SiC can resist the thermal, chemical and physical effects of
plasma processing. In addition, SiC is generally classified as a dielectric, yet yields some

resistance to the flow of current. The resistive property is what produces the shielding effect,
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significant capacitive power coupling,

) Referring now to the first layer, the first layer is preferably formed from a dielectric
material that can facilitate the passage of inductive RF eriergy from the antenna to the

plasma. Further, the first layer is configured to be strong enough to structurally hold vacuum

25 and robust enough to be easily handled during periodic cleaning of the chamber

Additionally, the first layer is generally formed from a dielectric material that has superior

thermal properties to enable temperature control of the window. By way of example,
dielectric materials formed from Silicon Nitride (SiN) or Aluminum Nitride (AIN) work well.
However, it should be understood that this is not a limitation and that other materials may be

‘ 30 used. For example, alumina and quartz may aiso work well,

The overall thickness of the multi-layer coupling window 500 is configured to be thin

enough to effectively transmit the antenna RF energy to the plasma, while being sufficient to
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15 window 212 illustrated in Fig. 2. Miulti-|layered coupl.ir | y
)i ncl udes proteceths firg lnjer fpm H@f@?ﬁ%@%‘f r‘ﬂa‘rl Y ?‘é%r&%‘ag |P5§?é$"“%‘8”gs. @Fé“e’?‘é-‘k g‘gﬁgy,

first layer i SoiDORAER ib QorEs M thaMMErROEHowEVerOib shoultPbeaoredt thini thix,  t he
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| ayers, i'.“él.’,ﬁe SoRfigy ISR tggsef%ggoﬁgtogﬁlq@%aﬁg?# %ow bg’t ween t he

| ayerg, WhiibfaStil| obtaining the benefits described, Furthernmore, second

| ayer 506 preferably forns part, of the inner ri pheral .surfac f
process chambeNoterbatdhere igng FeANTerapt fqﬁéthg &6 HEEF gﬁf“gtvﬁlgg %ggg%&[l é@g’% i s
confi gur egzé Or @& &)[;ﬁﬁxa%?ocessing chamber. In general, however, a small coupling window may

reduce cost, particular when expensive materials such.as SiC are empioyed. Inone
embodiment. the shape of the window coupling is configured to coincide with the shape of

20  the antenna arrangement. and therefore, the éoupling window is configured to be substantially
circular. In another embodiment. the outer dimensions of the coupling window may be
configured to extend a small distance beyond the outer dimensions of the antenna, in order to
reduce any coupling to electrically conductive elements which may encircle the antenna. In
one example, the outer dimensions of the coupling window is arranged to extend about 1 inch

25 past the outer dimensijons of the antenna. In yet another embodiment, the coupling window
may have a shape that is substantially the same as the antenna, i.e., hoop shaped.

With respect to the dielectric properties (e.g., dielectric constant) employed, as a
general guideline, a lower dielectric constant, e.g., less than about 10 tends to decrease the
effects of the transmission line characteristics of the power coupling by reducing standing

30 wave effects. More specifically, a lower dielectric constant tends to make the wavelength of
the transmitted energy longer, which makes the antenna look shorter and therefore fewer

nodes are created in the standing wave pattern. Accordingly, a lower dielectric constant tends
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generally reduced, and as a result, process variations associated with a varying thickness window

(i. e., deposits or removed material) are decreased. Additionally, the present invention utilizes
pure materials, i. e., SiC, which tend to reduce process variations.

Furthermore, it is contemplated that additional elements may be employed, along with
the aforementioned multi-turn antenna and multi-layered coupling window, to further enhance
the uniform processing of a substrate in a plasma processing system. By way of example, a
magnetic arrangement can be arranged with the multi-turn antenna to control the radial variation
of the static magnetic field within the process chamber in the region proximate the coupling
window and the multi-turn antenna. An example of such an magnetic arrangement may be found
in co-pending patent application entitled, "IMPROVED PLASMA PROCESSING SYSTEMS
AND METHODS THEREFOR". U.S. Patent No.: 6,341,574, filed on even date and
incorporated herein by reference. |

While this invention has been described in terms of several preferred embodiments, there
are alterations, permutations, and equivalents which fall within the scope of this invention.

It should also be noted that there are many alternative ways of implementing the



and therefore there is a large voltage aiding ignition (e.g., in r?eM ?o
initiate the discharge, a capacitive electric field is typically AY 200
necessary). After ignition the lower part has a | arge 20 Ggaagdob@sed such
that theWQPMV4d#¥ i s substantially reduced, and therefore it does not |ead
to significant capacitive power coupling. Referring nowto the first

| ayer, the first layer is preferably formed froma djelectri erjal

t hat canmfethods padenpapaisep akthe gesgtt "P"ﬁﬁ%\'rrﬁvé ‘é&f‘%ff‘é‘f’ §}d‘1"df ﬁ%tﬁﬁg’@ﬁﬁlﬁ na to
the plasma. ,Funthen.. : ' ; {1 Su@ et Bdh € Peirutt®dnsf 4odng enough to
structur 3?‘fc§}d?1&jo?l pn\%abédh{r%ﬁf‘%%%%m%%%ﬁétﬂlengﬁgh to bg) easi |y handl ed during
peri odi cegliedlaitngs fall witlén teardeepirit amdtistiops P pyesentpRvepiont | ayer is
generally formed froma dielectric material that has superior thernal
properties to enable tenperature control of the wi ndow By way of exanpl e,
dielectric materials formed fromSilicon Nitride (SiIN) or Alumnum N tride

(AIN) work well. However, it should be understood that this is not a
limtation and that other nmaterials may be 30 used. For exanple, alunm na
and quartz may also work well. The overall thickness of the nulti-I|ayer

coupling window 500 is configured to be thin enough to effectively
transmt the antenna RF energy to he plasnma, while being sufficient to 19
I 1 MAY 2Q0 WD 01/45134 FCT/USOQ 42174 withstand the pressures and heat
that are generated during processing. Preferably, the thickness of the
mul ti-layer coupling window is between about 0.5 and about 1 inch. Mre
preferably, the thickness of the multi-Ilayer coupling window is about 0.8
inches. Further, the first |layer 504 should have a thickness greater than
“the second | ayer 506. Preferably, the 5 thickness of the first layer is
bet ween about 0.5 and about 1 inches. Mrre preferably, the thickness of
the first layer is about 0.6 inches. Furthernore, the thickness of the
second layer is preferably between about 0.1 and about 0.5 inches. Mre
preferably, the thickness of the second |layer is about 0.2 inches. It
shoul d be understood that the actual thickness of |layers may vary
according the specific material chosen for each layer. to In one

enbodi ment. the second | ayer is configured to cover the entire first |ayer
to protect the first layer from plasma exposure, and to ensure that pure
materials (e.g., SiC) face
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the plasma region that is’in contact with the substrate. Howeverj f tM/g{hnggd,}d
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t end 4. .t ke any i nherent. azi tuthal | symmet ri ¢ coupl i-ng
char zi(r:%eri tlé(}:ﬂg\glf'%%r%mgﬁ esﬁrglapg§§cm§raﬁ?8f]"’r‘ﬁ'§é‘.‘i‘qgnatg‘?‘?éy"eﬁ%ﬂflﬁﬁﬂt, t he
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conf FYIFFRECI A R AR £ ALY P39 And A serqind ipakr 9T eanstAtrig (pops in apreghd plsse.saider st ood
that the use of lower dielectric constants may not be required for all

pr oc 85 gair of ppnegatyic lopps and saidhserend prinefepncentric hops being substingially azi mut hal
symmetry and the sinplicity of structural and thermal design is typically
needtignti¢ad ed, smmetricallyrdlighediwitheace efiotberi fornity is critical, the use of |ow
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15 said substantially circular antenna forming an azimuthally symmetric plasma inside

said process chamber; and
a coupling window disposed between said antenna and said process chamber, said
coupling window beihg configured to allow the passage of said first RF energy fror:n said
antenna to the interior of said process chainber, Said coupling window having a first layer and
20  asecond layer, said second layer being configured to sﬁbstantially suppress the capacitive.
coupling formed between said substantially circular antenna and said plasma,
said substantially circular antenna and said coupling window working together to

produce a substantially uniform process rate across the surface of said substrate.
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constants can be quite beneficial. As can be seen fromthe foregoj r‘ig,MAtyhggm
advant ages of the second aspect of the invention are nunerous. Different
enbodi ments or inplenmentations may have ane or nore of the |
advant ages¥YOPY#S1d%anpl e, the invention provides a coupling ﬁﬁgg@wgt
substantially reduces the capacitive coupling between the antenna and the
plasma. As a result, variations in the pllgs .are ﬁubstaptfj atl I){ r.educed.
For exanplZe, t A&ePHID@PIAFESSIEAPPRTARS @S EHFEINE™ SWRSTRD S8 NSt BRS Rt ai ned,
the ion bonbardnent of the coupling windowis generally reduced, and nore
pover s canamiraibeps is proxiraatedo wicheeend pAF oficongentricdoppsyher pl asma density
for a given power. Furthernore, because ion bonbardnent is reduced,
particle contam nation associated with ion bonbardnment is generally
reduced, and as a result, process variations associated with a varying
t hi ckness 30 NdaWe pidsmaroceshiipOfpphanaras Feid dclsint Ewhetkin saiddindepaieased.
Additionally, the present invention utilizes pure materials, i. e., SiC
which ten | @ld @BSnd (A dfleendraIrR lodgs. | S cont enpl at ed
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mul ti-turn antenna and nulti-|ayered coupling window, to further enhance
the uni form processing of a substrate in a plasnma processing system By way
of exanple, a gnetic arrangenent can_ be.arra i [;=tgrn
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”‘}f ound in co-pending patent application entitled, "I MPROVED PLASVA
" PROCESS| NGo@ESTEMS AND METHODS THEREFOR'. U. S. Patent No.: 6, 341, 574,
filed on even date and incorporated herein by reference. Wile this
i nvenygon has been described in terns of several preferred enbodi nents,
there are alterations, permnmutations, and equivalents which fall within the
scope of t4ii s iTheqhdnRiprocedséing Aspatausdsyecited imolaird | thatein suid Grapair ofiny
alternative ways of inplenmenting the wo 01/45134 | | MNAY 20(

PCT/ USCOl 4 & ARRAIRL A8 Afm AR RE@RIGAlr df BMRRhirizloopthds 2
t herefore 'T%rl? %’r?g%ga?ﬁat t é foll owi ng appended clains be interpreted as

LS T8 gl B R, O e g et
said third tum having a larger diameter than said second turn, said first turn being
15 substantially idc;ltical to said secona turn. and said third turn being substantially identica[ to
said fourth turn, said first turn being disposed above said second turn. and said fourth tarn
. ) being disposed above said third turn. said first turn bt;ing operatively Foupled to said second
turn, said second turn being operatively coupled to said third turn, ssid thirf:l turn being

operative coupled to said fourth turn, each of said turns being arranged so that the current

20 flow in each of said tums is in the same direction.

6. The plasma processing apparatus as recited in claim 5 wherein said first tim is

proximate to said fourth turn and said second turn is proximate to said third turn, said
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22 WD 01/ 45134 PCTJUSOQ 42174 CLAIMS What is claimed is: 1. A pl aspg  May 20
processi ng apparatus for processing a substrate with a plasma, conprising:

5 a fiwgtoi@Biz@ower source having a first RF frequency; ecRhraegIssshanber; a
substantially circular antenna operatively coupled to said first RF power
source and disposed above a pl ane defined by said substrate when said

Subst gk ofika qﬁﬁqumt{@g%afm%npg% SISO ol e RRh R 00cosi no

sai d stantla 'y circu antenna’ |ng CONt duce an

electr rocess mnth a first RF energy generated
sai !ﬁgm{‘“ s’? eﬁﬁﬁ%g\r,%{% ol ’(985 ugsg;d‘ésug%gqaé By lEya¥eRByl ar ant enna

|nclud|ng at least a first pair of concentric loops in a first plane and a
second pair of concentric loops in a second plane, said first pair.of
concentric_| oops and sajd second pair of concentric |oops being

subst dnt i allhplapgeaocessinganparsipspetecitahinlclaiml i wherdinwhidsubsientiatigt her , 15
said substantially circular antenna form ng an azinuthally synnetrlc pl asma

i rsi deirculariadtepnosedignathmyrimtricalydbentah fEnten o f Viid g chRasahnaghween sai d
antenna and sai d process chanber, said coupling w ndow being configured to

al | owsitiseatp aden gsid elhibskraieds Hispsded Rﬁlcﬁrkﬁiaq%oée%@maﬁﬁieg nd¥HeRERs 5@ the
interior of said process chanber, said coupling w nélow having a first |ayer

and 2QitBta8RARNSchRY Sitenial HisS6L A0y ubst ntially
suppress the capacitive coﬁ% |ngg§égﬁggugﬁkﬁggﬁggéﬁgm%ﬁ%m?a f
C|rcuh@ﬁegﬂaggR§$L%gn g d plasma, said substantially circular antenna and
sai d coupling w ndow wor ki ng together to produce a substantially uniform
‘)process rate across the surface of said substrate. 23 MAY AN WO 01/ 45134
PCTI US00142174 2. The plasma processing apparatus as recited in claim!l

wher e d first pair, of concentric |oops is proximte to said second
dgi ; %f Cg'hteé:mlsmacp %ﬁgg apparatus as recited in claim 1 wherein said substantially

circular antenna is disposed proximate to said coupling window.

9, The plasnia processing apparatus as recited in claim 1 wherein said first layer and said
second layer of the coupling window are bonded together.

15
10.  The plasma processing apparatus as recited in claim 1 wherein said second layer

) forms part of the inner peripheral surface of said process chamber.

11.  The plasma processing apparatus as recited in claim 1 wherein said first layer is

20 formed from a dielectric material.

12.  The plasma processing apparatus as recited in claim 11 wherein said first layeris

formed from a material selected from the group consisting essentially of Silicon Nitride or

Aluminum Nitride.
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3. The plasma processing apparatus as recitedin claiml wherein spnthsza
pair of concentric |oops are stacked above said second pair of concentri

| oops. 4. The plasma processing apparatus as recited in cl dhpsiAi n
sai d secoMOBH3Hf concentric | oops shields a terninal v%cf?égse t%at is

produced by said first pair of concentric |oops. 10 5. The plasna
processi ng apparatus as recited in claiml1l wherein said first pair of
concentric loops has a first turn and a fourth turn, said second pair of
concentric loops has a second turn and a third turn, said fourth turn
havi ng a {®r geThélplasma procéssimg appardiuf by sritedinrlaimd whesdin saithseagnd layer avi ng a
| arger dianeter than said second turn, said first turn being 15
substanti ﬂ{r{.r&diﬁ%%pﬁ E&tuctw makshisecond turn. and said third turn being
substantially identical to said fourth turn. said first turn being
di sposed above said second turn, and said fourth turn being disposed above
said third turn, said first turn being operatively coupled to said second
turn, saig, secqgnd turn being ope [ . - 0 R sai d
Pl 15t ar hbel A PBER AR RESapr Al ho s E AR, (n R Ao MR T
bei ng arranged so that the current.20 jlow jn.each, of sai ns i.s in the
same di r efarmss frophgiCrhayings ssisiatysirom aé‘ﬂ'ﬁ\z,i\‘rdgtqﬁ@'% 9 %bcolufl l@oﬁﬁa?ﬁé‘i@ﬁ 5
wherein said first turnis proximate to said fourth turn and said second
turn is proximate to said third turn, said 24 | 1 MAY 20 WO 01/ 45134
PCT/ US00/ 42174 proximty of said first turn to said fourth turn, and said
second t ung. t o Thaptismhipratessing apphatuans resited/inrabaimdi whereingpidisecand;layer said i n
‘ysaid substantially circular antenna.. 7. The plasnma processi ng apparatus as
‘recited i g fhabdfrbmiastetil thaiigsubsiastizlytregisthnyt to siid plasraa prsane within spidl | gned
symmetrical ly about the center of said process chanber and said substrate
when said i i ekdigg. de sai d process chanber, and wherein
sai d ﬁsubgﬁgﬁ%%g? 33i§¥§ﬁ§§?%§§ien§% i s di sposed above said substrate when
said substrate is disposed inside said process chanber. to 8. The plasna
processing apparatus as recited in claiml wherein said substantially

circul ar ?Bt e ipfasgnias gc%sesgn z{p%)a(ui'a%tag rdcted H HaifP5Ahe?bin Waidd@%nd layer is

formed from SiC.

15 17. The plasma processing apparatus as recited in claim 1 wherein said second layer is

configured to be electrically floating.

18.  The plasma processing apparatus as recited in claim 1 wherein said first RF frequency

being configured at about 4 MHz.

19.  The plasma processing apparatus as recited in claim 1 wherein said process chamber

is a substantially cylindrical plasma processing chamber.
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The pl asma processing apparatus as recited in claim! wherein sailr M&t 2004
| ayer and said second | ayer of the upling wi ndow are bonded together. 15
| 10. The plasna processi ng apparatius as recited in claim1l wherein said
second layer fornms part of the inner peripheral surface of said process
chanber. 11. The plasma processing apparatus as recited in claiml wherein
said first layer is 20 forned froma dielectric material. 12. The plasm
prog@ssi Nth afpaiaktigngemenitc €ort ghetaling ani dlectdcaM vl @iinsidah brbédss chhrab&@t i S
formed froma material selected fromthe group consisting essentially of
Siligg 8 grlde or AlumnumN tride. 25 1 1 MAY 2_ WD 01/45134

PCT/US 0142174 13. The plasnma processing apparatus as recited in claiml

wher ei n %q-ll &lg%ccg%sé&%g d&nén%ﬂﬁ%%ﬂsr% a conductive nmaterial. 14. The

pl asma processing ap us as recited in claim13 wherein sald second

| ayer is for d fro i a relstllt from bo hmcmto
about 103 6BPBIMRSHIES 10 THE ToTidesh SHRsEwud SR | n

claim| vvherel_n sai d sec_ond | a er said is forned froma rraterl al that is
subsgeametiyaef spid Sst doopsaidsegendilopp bsing divresehbelowtsaichiisshieepiamdresnds s
chanber during said processing. 16. The plasnma processi ng apparatus as

r ec bdi entemmacdxad, suchStheitsaideiint aml stceelonps drayenmietrichlly aghefirelnti®i 1G.salds 17.
The pl asna processing apparatus as recited in claiml wherein said second

| ay giterinf 2&O) Edid fik® @nd Sedofd 8dope being atraygdd| to @hirng.cud8nt thérethpduglMh@ehcessi ng
apparatus as recited in claiml wherein said first RF frequency being

) CONf.H8F 8 188psaeOittartbeddthe #Ow current in the same direction around said antenna axis,

21.  The antenna arrangement as recited in claim 20 wherein said first RF frequency is

configured at about 4 MHz.

22. A coupling window arrangement for processing a substrate with a plasma inside a
process chamber, said coupling window being disposed between an antenna and said process
chamber, said antenna being configured for generating R¥ energy, said generating forming
capacitive coupling between said antenna and said plasma, said coupling window arrangement
comprising:

a first layer being formed from a dielectric material; and

a second layer bonded to said first layer, said second layer being formed from a material
that is substantially resistant to said plasma present within said process chamber during said
processing, said second layer forming part of the inner peripheral surface of said process
chamber,

said first layer and said second layer being configured to allow the passage of said RF

energy from said antenna to the interior of said process chamber.



19. The plasma processing apparatus as recited in claim1l wherein $apdy 2004
process chanber is a substantially | indrical plasma processi ng chanber”
26 | MAY 20N 27 20. An antenna arrangenent for generating an el ectrical
field inside a process chanber, conprising: a first |oop disposed around
an antenna axis; and a second | oop coupled to said first |oop, said second
| oop being substantially simlar to a geonetry of said first |oop, said
seco?s] | oD bmipligg dviados attafeient saiaditéd istlaino@p verdeiaseidnecomlaiageraist enna
axi s, such that said first and second | oops are symetrically aligned

r el atdn¥igule 6 3hbtan®alif Sbressistid apadtivd EctpliAg forkRE BabivdcAQRRI Lind 234" anged
to carry a current therethrough, wherein "each of the |loops are arranged to
t he [ direction around said antenna axis. 21. The
anté%%ﬁﬂgg%%ﬁggﬁgﬁﬁééﬁ¢9c'ted in claim20 wherein said first RF frequency
is configured at about 4 MHz. 22. A coupling w ndow arrangenent for
processing a substrate with a plasnma inside a process chanber, said
coupl i ng wi ndow_bei ng. di sposed between an antenna and said prqQcess ,
charMer , si eunling naadoyeprangesiont g resited dn clidmer hivhsE 1 s4rORGayesds d
generating form ng capacitive coupling between said antenna and said

pl adomnedszom acoupictimgmatenidbw ar r angenent conprising: a first |ayer being
formed froma dielectric material; an a second | ayer bonded to said first

| ayer, said second |ayer being formed froma material that is
substantially resistant to said plasnma present within said process chanber

durigg sghd plRhRCHDeENg agfbbﬁuﬁ%%ﬂité@ifﬁﬂaﬁ@ DA WHerbiaf daidbedoh@® lay2Ras
peri pheral surface of said process chanber, said first |ayer and said

S ecg&ﬁleh%ﬁ{ Sm%ggms{sﬁygfﬂo#]%bahﬂ dmgr()tcl)n%gcﬁ@& Eg,gg%?ﬁm%ﬁid RF energy from

sai d antenna to t Interi of sal Ss C 1 MAY 2001} 28 23.
The coupling w ndow arrangenent as recited in claim22 wherein said second
| ayer is

26.  The coupling window arrangement as recited in claim 22 wherein said second layer is

formed from a dielectric material.

27.  The coupling window arrangement as recited in claim 26 wherein said second layer is

formed from SiC having a resistivity of greater than 10° ohm-cm.

28.  The plasma processing apparatus as recited in claim 22 wherein said first layer is formed
from a material selected from the group consisting essentially of Silicon Nitride or Aluminum

Nitride.

29.  The plasma processing apparatus as recited in claim 22 wherein said second layer is

formed from SiC.



configured to substantially suppress said capacitive coupling forned

bet ween said antenna and said plaspg during said generating. 124. MAhe2004
coupling wi ndow arrangenent as recited in claim23 where said second | ayer
is formed froma conductive naterial. 2 The plas rocessin aratus as
reci 8&d i hhecPRFHR PIOGHAURS PPPASAHTY 2% E¢Of IF;fi%é‘B f%%ﬁ@ﬁ’eﬁm rSB?ﬂq‘gﬁgpﬂa’\?i ng a
resistivity fromabout 100 ohmcmto 10,000 ohmcm 26. The coupling w ndow
ar r acogfigered tabe clectricaly flortivgai m 22 wherein said second |ayer is formed from
a dielectric material. 27. The coupling w ndow arrangenent as recited in
claim 26 wherein said second layer is formed fromSi C having a resistivity
of greater than 106 ohmcm 28. The plasnma processi ng apparatus as recited
in ol meg YGHR ﬂj&?bﬂeﬁt' dsStecit@V & clafin f20r Whélein! @A fRstN@idesdoand fipect ed
fromthe group consisting essentially of Silicon Nitride or Al um num
Nitride..29. rQcessi ng apparatus as recited in claim22 wherein
sai % ggﬁ%p}u@gy%g&r@rﬁtﬁggﬁpiom SiC. 29 MAY 2004, 30. The pl asna

processi ng apparatus as recited in claim22 wherein said second | ayer is
configured to be electrically floating. 31. The antenna arrangenent as
recited in claim20 wherein said first and seconﬂﬁ]o gs ﬁg@giise g
pl ur3d i t Y'hefentespe antngement asiecitedin clagra 34 wherein sl Hﬁg ORobis aldeasaifsty jn
claim 31 wherein said first loop has at least a first turn and a fourth

t ur nyrnaind asfeiidh Swopamd dasbseconkloap hreatdeash a seeond dumang agthitd durahsaidifitsr n,
said first and second turns having a substantially simlar first geonetry
and aadisebondi thths SHashrigOd) Bibstantislhs sintifay ifing geometry taad tsaiall third sindi foarth $wosnd
geonetry, said first turn being di sposed above said second turn and said
f ouny

Eﬁng W&y disiPR s6cbnaRYRe R did fiist Gird béifg dIsE@seHQB@ﬁe &ed sgoad r anged
so that™ the current flows fromthe first turn to the second turn, fromthe

sec Lot j . i t ALK h turn.
33 B Rubl B o BB L ! B AR e Sl L

f OuEl;[ehcutrrlérrJtnﬁo“?sr fom the first turn to the second turn, from the second turn to the third tern, and

from the third turn to the fourth turm.

33,  The antenna arrangement as recited in claim 32 wherein said third and fourth turns are

position further away from said antenna axis than said first and second turns.

34,  The antenna arrangement as recited in claim 33 wherein said third and fourth turns are

positioned proximate the first and second turns.

35.  The antenna arrangement as recited in claim 34 wherein a dielectric medium is disposed

between each of the turns so as to eliminate arcing therebetween.



position further away from said antenna axis than said first and second
turns. antenna arrangement as recitegd in claim33 wherein said thilr ¥Ana004
fourth turns are positioned proximate the first and second turns. 35. The
antenna arrangenent as recited in claim34 wherein a dielectric mediumis
di spd@ed Hes sidemaagangesment pereciiodia chamz) whereinithg ﬁrét andgseepnigloppehavBét ween.
30 MAY 2004 The antenna arrangenent as recited in claim 20 wherein the

f i r stonairdeds keogthdhhtde pmalienvtbam theombietengthl ainagetgyt thesmittedsthaiule thet ddentahe
wavel ength of energy transmitted through the antenna arrangenent. 37. The
ant egpmgamemngenent as recited in claim20 wherein said second | oop
effectively shields a termnal voltage of said first |oop. 38. The antenna
arrangenent as recited in claim?20 wherein said first and second | oops
cooperate to forn1an azinmuthally symmetric electric field inside a process

¢ har%er enna a'tsr{] ang ent ré%rrg e-nerlge Erf 90 Wh eln ‘%lt seB(EncP oy set%arﬁffgl?;il ly

wherein sal ez y synne rlc Frc 7e1°q'% ST &

azi ric whi ch produces a substantiall y uni form
procrgglfz‘?sr%% M@g‘fﬂﬁsaﬁﬂﬁ fe8P-of a substrate di sposed inside of said
process chanber. 39. The antenna arrangenent as recited in claim 20 wherein
said first loop is positioned in a first plane and said second |loop is
positioned in a second plane. 40. A plasna processing apparatus for

pr od8ssi e antmbs tarmnhgement chs hragiiedginaclpino @ seharbiandagt first modhiecéndalgoipasma i s
both ignited and sustained for said processing, conprising: a nmulti-Ilayer

ant epsyRr&ond g Adatiduihally yp@neiticcdlestic ifield insidel a\préceR-clemeed withnsfieie sai d
process chanber, said antenna having a top |oop and a bottom | oop, which

ar e peulRt ééﬁéi’dté/d by aBirsARFURWRP ‘§01ﬁ'99t\ﬂ?errem%ﬁﬁl WihGihaBy SyraMeRRtdbqat !y

al i gned re ative to an antenna axis; ‘and a rru ti-layer” wi ndow configured to

al | t%nga%%ﬁgﬁaﬁ lﬁaéﬁnﬁﬁaﬁfesérﬂ%fn{ 0 with POk S SAAFSS

chanber sal aving a an a se ayer, sal

Y SRt ARG e SRR gﬁ[slgqﬁ&te'a%s'p%se QURLLPYsa WALSD MBKpQCCUr

39.  The antenna arrangement as recited in claim 20 wherein said first loop is positioned in a

first plane and said second loop is positioned in a second plane.

40. A plasma processing apparatus for processing a substrate, and having a process chamber
in which a plasma is both ignited and sustained for said processing, comprising:

a multi-layer antenna configured to produce an electric field via RF energy inside said
process chamber, said antenna having a top loop and a bottom loop, which are substantially
similar to one another, and which are symmetrically aligned relative to an antenna axis; and

a multi-layer window configured to allow the passage of said RF energy from said
antenna to said process chamber, said window having a first layer and a second layer, said
second layer being arranged to suppress capacitive coupling, which may occur between said

plasma and said antenna.



