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- SYSTEM FOR THE PLASMA TREATMENT OF LARGE AREA SUBSTRATES 5
FI ELD OF THE | NVENTI ON The invention relates to devices for
pl asma treating substrates and nore particularly to rf devices
-for plasm treating large area substrates. 10 3

BACKGROUND O™ RveENTI ON Pl asma treat ment of s??r‘é%a ar ea
substrates such as gl ass or sem conductor substrates used in the
fabrication of flat panel displays or 300mm silicon wafers
respectively pose a 15 series of probRems that do not occur in the
processi ng of - smal | area substrates. One problemis sinply the
generation of plasmas of sufficient area to treat the |arge area
substrate. A second problemis the naintenance of the uniformty
of thke plasma density and chem stry-over such a 20 | ar ge ar ea.

The use of inductively or_transforner coupled plasm sources (ICP
and TCP, respecti v®¥ 3m%ﬂ¥”%ﬂ?@b?@6556tﬂﬁﬁémnﬁéi OF LARGE AREA{FUBFIRA

mai nt*ai Bi ng plasma uniformty using inductive coil antenna
designs and the cost of fabricatin P TH hBidi Ni ng such systens
which require large and thick ggar W Ndows _f or c¢ou Iing t he
antenna radi ati on i nt ghphdnvention relateg tp,de¥figapeforTRéagia GFeshing
thi ck quartz w némbstrates and meszel particabarlyrtasefi deviceswEor ( phasma

reduction in treatinﬁfigfbgngygacgﬁbgggangg di ssipation within the
wi ndow, 30 he uSe of Electron Cyclotron Resonance (ECR) and

Fblicoﬁotype sources are limted by the difficulty in scaling t he
resonant magnetic field to | argcBACKGROUND: OFATHE NIBVENTION ant enna or

e e CuAMBREFanls SE MBS, ppetgaved ek 3= gyqee

electrically. T semigenductentsuhptnatesnuseduincthe fabricationsgft £1ah

the contam nati opapklt GesplagsboLNIDORRNEILicbif wafers respectively pose a

15 series of problems that do not occur in the processing of
small area substrates. One problem is simply the generation
of plasmas of sufficient area to treat the large area
substrate. A second problem is the maintenance of the
uniformity of the plasma density and chemistry over such a

20 large area.

The use of inductively or transformer coupled plasma
sources (ICP and TCP, respectively) are affected both by the
difficulty of maintaining plasma uniformity using inductive
coil antenna designs and the cost of fabricating and

25 wmaintaining such systems which require large and thick gquartz
windows for coupling the antenna radiation into the
processing chamber. The use of such thick guartz windows
results in an increase in rf power (and reduction in
efficiency) due to heat dissipation within the window.

30 The use of Electron Cyclotron Resonance (ECR) and
Helicon type sources are limited by the difficulty in scaling
the resonant magnetic field to large areas when a single
antenna or waveguide is used. Furthermore, most ECR sources
utilize microwave power which is more expensive and difficult

35 to tune electrically. The use of hot cathode plasma sources
results in the contamination of the plasma environment due



- 2- to the evaporation of cathode material, while cold cathode
:sources result in contam nation due to exposure of the cold

cathode to the plasnma generat ed. The present invention

avoi ds these problens encountered . 5 by previous |arge area plasm
processi ng SYShE Poasrs _ SUMVARY OF, THEcole NMEANTT ON
The present invention relates to an easily scal able and .

mai nt ai nabl e system for producing a uniform plasna of any 10 si ze.
In one enbodinent a plurality of rf plasma sources are removabl y
attached to the dielectric windows such as gl @ss or quartz of a

vacuum processi ng .ch er, while,in apother enpodi nent .each of.
the plurality of sttﬂus"ggs %"ﬁ@P‘u’&&%g 0‘6\?1&°de materia\h,nggwanao}g RFErrdfed
to the chanber. sRuxces mesultiim ckhtaminatipno@es tw texposulre ofiatiercold

provi de informati athddeh@oPtAe Blrasma generatddlformty and this
i nformation is used to_control energy applied to each of

the rf
the rf plasma sources SHEEregent invention avqids Fhese Rroblems BRPPERTRNSA
I n one efbodi ment byt previous large @Ereanmplasmauprocessioke systemsangnuir
pr obes. I n anot her 20 enbodi nent, the probes are Faraday cups.

In yet another enbodi ment . the probes are optical probes.
I n anot her enbodi ment, a pl asna so§¥¥¥A¥¥K9£ﬁ$§¥-;ﬂaéﬁfigﬁ wi ndow

with an integral tube The presentt iostention.rdéiatesako an easily séakable and
pl asma sources USkldnBhihSHEO! sPRE&ET FEY Prodntiitige &ﬁfoml r?las&aaéf G

i bstr at es ninline
oY g o SeOuglL! Ar LR Siaert S bl ot iy pEocfminER punees are

rocess
EIGURES removably sattached dio ithepdieiledtpit Hiﬁdbwgﬂéddnﬂigig§a§s1
the 30 a d i gB. : Y Ss

e DPRREects 8.+ TR UL Y Lhhol 27 o i

i nvention may be bett under st oo ) 1
descri pti on ?akeneP °§%ﬂ?§ﬁuﬁqqgﬁ°ﬁiFﬁetﬂﬁ¥r311ty of sources includes its own
window and is attached to the chamber. Plasma measuring

15 probes within the chamber provide information on the plasma
uniformity and this information is used to control the rf
energy applied to each of the rf plasma sources so as to
maintain the desired uniformity. 1In one embodiment, the
plasma measuring probes are Langmuir probes. In another

20 embodiment, the probes are Faraday cups. In yet another
embodiment, the probes are optical probes. .

In another embodiment, a plasma source includes a quartz
window with an integral tube for gas introduction. Several
of such plasma sources using different gases may be combined

25 in a linear array for the sequential treatment of substrates
in an inline processing system.

BRIEF DESCRIPTION OF THE FIGURES

This invention is pointed out with particularity in the
30 appended claims. The above and further advantages of this
invention may be better understood by referring to the
following description taken in conjunction with the
accompanying drawing, in which:
Fig. 1 is a block diagram of an embodiment of the plasma
35 treating system of the invention;



acconpanyi ng drawi ng, in which: Fig. 1 is a block diagram of
an enbodi nent of the plasma 35 treating systemof the invention;
WD, 97104478 - 3-

Fig. 2is atop viewof a configuration of sources to provi de a

= large area pl ‘Zﬁ;ﬁvg%verage using small area plasm PCTYOSH6A €83
Fig. 3isa5’Fl ew of an enbodi nent of a wafer holder 5 wth

built-in faraday cups; Fig. 3ais a plan view of an

enbodi mrent of a Si test wafer with inbedded faraday cups;

Fig. 4 is a perspective view of an enbodi ment® 6f the I nvention

configured as a vol umanource. 10 ective view
pI

of an enbodi nent of a top g&ﬁ?’cgfo? Fﬁ'éff‘%%ﬁﬁﬁog}ﬁ R%Otsf?uirﬁteggi’:gl
gas feed,; provide arilgrge axea pdasys- ceveragrilusingnsnhllarsh Gdiaspat

of a. cog&.\kfu-gg;-s pI asma treatment device using a plurality of
pl asma sources shown i

che
di agram of a system utﬁlq ZPndtt ?N(?ia" view of ﬁpagﬂgoimﬁrités?fs VLEe! horder
Fig. ‘8 @epicts arWwitibdmiddminofanaday respsnent of surface magnets

for ECR plasnma generatpiqfl iga ad W PN Glew of an enﬂb%&ﬁn@htaaﬁ 40si test
Fig. 8a depicts an her‘ggiggg%ngﬁ doé andarran enment of surface
magnets for ECR pf' pgfed taraday cup DESCRI PTI ON OF THE
PREFERRED EMBODI MENT Fig. 4 is a pexnspegtiye mwb&ma@n(#mﬁémenhgototﬁbg.
1, an enbodi ment ﬁ&enuon c%fﬁaﬁréassera aio:ma bB\éEBébOﬂ 10 includes a

hanb d t
Bi‘.ﬁg“?"n&a T ey PR R BRSERENE Pt o REBSTRR £} lerHdes
ser i esowfcediof] &ber mvanhﬂmsnm integraliegasdfésd p-ri ngs 30
a”d attached by rermVGl*lqE @ ?.Epﬁ ééoéé’-%}élﬁu‘b%‘ir vilé&féf ar 2entbdiment of a
enovabl y SO

t he vacuum chanber attac
continuous plasma treatment devxce us:.ng a plurality of

plasma sources shown in Pig. 5;
15 Fig. 7 is a schematic diagram of a system utilizing two
- plasma sources;

Fig. 8 depicts an embodiment of an arrangement of
surface magnets for ECR plasma generation in a two source
system; and

20 Fig. 8a depicts another embodiment of an arrangement of
surface magnets for ECR plasma generation.

SCRY OF T EFERR E

In brief overview and referring to Fig. 1, an embodiment

25 . ©of the system of the invention 10 includes a vacuum chamber
14 having a vacuum port 18 connected to a vacuum pump (not

shown). In the embodiment shown, the system 10 includes a

series of dielectric windows 26 vacuum sealed by o~rings 30

and attached by removable clamps 34 to the upper surface 22

30 of the vacuum chamber 14. Removably attached to some of
these dielectric windows 26 are rf plasma sources 40, in one
embodiment having a helical or pancake antennae 46 located

within an outer shield/ground 44. Other embodiments of the

antennae using capacitive or inductive coupling may be used.

35 Cooling of each antenna is accomplished by passing a cooling
fluid through the antenna. Cooling is typically required



these dielectric windows 26 are rf plasma sources 40, in one

: enbodi nent having a helical or pancake antennae 46 | ocated W t hin
an outer shield/ ground 44. O her enbodi nents of the ant ennae
_using capacitive or inductive coupling may be used. 35 Cool i ng of ]
“each antenna | | i shed by passing a cooling | roug
t he ant enna. wa(f%‘f‘?ﬂg Is typically required PC'HUH%%HQ
-4- only at higher power. The wi ndows 26 without attached rf
pl asma sources 40 are usable as viewing ports into the chanber
14. The renovability of each plasma source 40 perm' ts the
associ ated dielectric window 26 to be cl eaned, or pl asma

source 40 repl ace@MWt ABUPLEREY \BRYRMN wi The n"}’l‘%ws 26 Wlth°“§y§\té:rﬂcl‘6dbé‘fng
renoved. Althoughplhsms soongces e arsedusable as viewing Sperttodineat the

other dielectric gﬁgﬁ%@ ﬁuch i‘ﬁeq%htazraﬂiht% °ﬁ eatchbg%y%}y' &G 88Y 4136

used for the w ndow I S connhécted

to a rf generator PEEMibS the asspriated diekactmingwindaw 26 59, berelraned or
coupl i ng capaci t othe plasma soux¢e Eocheﬁmeémawmoah:seneneam within RGe

CapacTLOr 58 ayaten £PHSRLCHehOvaE! a1 Ehollbh uidsh, LARABEL! A% WA

46. Each uanrng capac by a sig
D D, this %ﬁ’-&‘%nt?ﬂl‘?’érﬂ’@-e"%}cl prfrer inta s P?haﬂ? L%H‘?ﬁ} PRe
15 t uni ng pappethiyiene8mayt be osédutopous windswematerfiabnt enna

46 can be adjusted to gt ghPehds 48! f1Y Loy f’étécf'ettpl Qs@f generator 66

generated. Qther tunin rreans SUCh as zero reflective
tuni ng ¥Pay al so bEh mafchdng; Ret¥erk 5Q.0 thxought a n‘Fl%!éPllng capacitorp,
one enbodinent, t&e.rf Egehelaam:ehnﬁmss aleot rigidladebyaa td®ing capagigbsl s5&

from the control '&'Sm?gc gﬁr‘%'ﬁ%g Wﬁ% i‘:gerespectlve a[%qgl_&}ngl 48, %ach

controls the power tot 0 the
mat chi ng net wor k &% the tuning capaci.qqres @@nﬂ-FoF?’&r@éeédPﬂsPsS%mlt ®hi BG -
capacitors 58 andd’’ from a hatrbllienceatlor B6 indivdsnanie Taﬂj&sth.ﬁﬁah'.hé

from a,gensor 25 tum Ja%a@ﬁ‘é%@'saﬁﬁ 5 B?é‘loﬁ%}‘l\ftr ?ggg{ét ?fox?yea ant%%ga

Beverly, arin he ant'ennae

signal B froma f%%tc%ahﬁlaﬁguﬁﬁﬁgnﬁ?rmﬁ%WM| peifpymity of the plasma
measuring the pl agemerkaresi.t yother aburi igigaime@nbr sueln a8 2epbi fgflective power

tuning may alsc be used to adjust the power to the antennae.
In one embodiment, the rf generator 66 is controlled by a
20 signal E from the controller 62. In one embodiment, the
controller 62 controls the power to the antennae 46 by a
signal F to the matching network 50.
The controller 62 adjusts the tuning capacitors 58 and
the rf generator 66 in response to a signal A from a sensbr
25 70 (such as a Real Power Monitor by Comdel, Inc., Beverly,
MA) monitoring the power delivered to the antennae 46, a
signal B from a fast scanning Langmuir probe 74 directly
measuring the plasma density and a signal C from a plurality
of Faraday cups 78 attached to a substrate wafer holder 82.
30 The Langmuir probe 74 is scanned by moving the probe (double
arrow I) into and out of the plasma. With these sensors, the
settings for the rf generator 66 and the tuning capacitors
58 may be determined by the controller prior to the actual
use of the system 10 to plasma treat a substrate. Once the
35 settings are determined, the probes are removed and the wafer
to be treated is introduced. In another embodiment of the



of Faraday cups 78 attached to a substrate wafer hol der 82. 30 The

Langmuir probe 74 is scanned by noving the probe (double arrow 1)
into and out of the plasna. Wth these sensors, the settings for
~the rf generator 66 and the tuning capacitors 58 may be
" determ ned by th ntroller prior to the actual FeSf -
system 10 to% 9alg‘f?g‘g)treat a substrate. Once the 35 settlsgéélsﬁgyrae
det erm ned, the probes are renoved and the wafer to be treated is
i ntroduced. In another embodiment of the
- 5- system the probes are |eft=i% -pl ace during processing to
permt real time control of the system . In such an

enbodi ment  usi ngS¥SteMgnthe PYORRS LR clefktihPiage Ribingprocessing to
contami nate the peasita weal paiheclamtervdpoofit ithe f sgstéhe 5In suchprabe

and 10 not shadomg@,f el R{]saﬁq?hgr act ﬁcﬁi»%s@ chPe must behtalégf-l 20 der

enbodi nent of the's ristrcs syst em are
deternined at nmafeRtRRinate, khe mRlaspa é’ﬁl%&értlcles evapeyating (fkem them

pr obks .5 probe andf®s roty shadeiwg th2, substeabéi haing i procéssEdis mdn
sources 10 eéoamegfeﬁusgiﬁéﬁé ¢k B Qr% «fa.fm Ofe R RLEGkt Ur $0B &€ 0 s
pl asnma sour ces uce a uni asha over_an area greater
t han t Fhe %fs%‘iﬂrPGP deterpingd 5t pAR F%‘a?‘%‘r'%l (P4 £her s¥sten foag
enbodi ment of t heotairielpdeniplasmahprabegéour four-inch di anet er

plasma sources 40 spaggrbydls g Eocﬁq"eﬁs &l %o%‘i"i@ﬁfaf]:%on of plaéfnﬁsééhfé@

centers produce a plasnma subhstanti

a ui,va
generded by a sthdray dgesyeh; that @ ﬁﬂﬂ-’gﬂig&ﬁ%@hyﬁcany smghler piasma,y
providing a VaCUH@ihﬁé’éﬁH‘ﬁ@r pitéd\\i\d:é fa anREdiAlpldema over an d¥eayPEQYEr Ahari he

various configurgtions, o sources t
produce a uni for%1 ?a%qrf"wfo ﬁg'%ghﬁﬁgaﬁn%f e indiv he o?ﬁ?’f?eﬁtasﬁrb&he
Ant ennae such asembmbienqmm ofedthe neenfiguration r ébokn,i nfeur| nfeursinaice
bet ween sources gi@ietEORARSNa sources 46 Fpakbd@dadstitd @¥tners of a square

Ml ti H.l e ri pl asg@ %_Q;UERSE %&R‘.e?%ctﬁ:g%\?cg %t BQQSI?X CA\PDJt%Q\ttlallg equivalent

resonance in the presence o ol'esurtace magne

field. Such a st®fthkat sepanated hy @ \ﬁé@lg(}e F-UPlt!ﬁaFmFb dpameter source.
approximately 1 mﬁfdﬁa By prévfeing G WadhtdmdeRgmbér a4 @dth a plurality

of windows 26, the various configurations of plasma sources

40 may be formed to produce a uniform plasma of the shape and

20 uniformity desired. Antennae such as those depicted do not
result in rf interference between sources when properly

shielded as shown. |

Multiple rf plasma sources can excite electron cyclotron

resonance in the presence of a multi-~dipole surface magnetic

25 field. Such a surface magnetic field would, for example, be
approximately 1 KG at the pole face and would drop to a few

Gauss at about 10 cm. from the pole face. In such a system,

electron cyclotron resonance may be established, with the

electron cyclotron resonance frequency (in Hz) being given

30 by the expression v = 2.8 x 10% (B) where B is the magnetic
field strength in Gauss. Thus, if the fundamental electron

cyclotron resonance frequency is 13.56 MHz (that is, the

frequency supplied by the rf generator) the magnetic field

required (as applied by the magnets) is 4.8 G, for resonance

35 coupling to take place. Higher harmonics of the fundamental
resonance frequency may be achieved by increasing the



Gauss at about 10 cm fromthe pole face. In such a system

el ectron cyclotron resonance may be established, with the

el ectron cyclotron resonance frequency (in Hz) being given 30 by the
expression [err] = 2.8 x 10[err] (B) where Bis the magnetic

- field strengfh dn fguss. Thus, if the fundanmental el ectropermysosnians
cyclotron resonance frequency is 13.56 MHz (that is, the

frequency supplied by the rf generator) the magnetic field

required (as applied by the magnets) is 4.8 g;, for resonance 35

coupling to take place. Higher harnonics of the fundamental

rgsonance freque%ﬁ&n@%¥c$f1€ﬁ@' r?Xohgf%F§3'$%ﬂ§h%or a ggggﬁd ?Eﬁﬂﬁﬂ%c '
- 6- magrietic fie roportion
(o be coupl ed, (1 BRGHREPISd,; Eha BRURCE g BENIG dava B Be increnzed,

9. 6G Such ECRtooupJ 6a\g | SuchstECR femipldngatis omest effectiveprméssiowexr (P .

< 1 nfforr). Thegﬁgsﬁ}aéhgpsqah' sfford) 35Mmed useof (HEER P A

magnets_to be poSitione s to_nm el e¢ otro

resonante possi bS@urces perm {t sucn 'H?@"Ie&rsa&gybEuBQs?'S"%% §9 iU Mrkene
uniformty of electront tpclotatoh ametohhacelpeswilihse i n one enbodi nent,

are posi ti opgd Béf‘&dzﬂﬂec ‘%8! st%ﬁe tSUhEﬂﬁﬁertﬁé‘eux‘(‘Pf&‘mLW fo"
10 82 (F| e flat 86 waf er 90 |

ed o
the wafer hol der S{W‘{]haf‘ fé:lh:?daQ ﬁﬂ% 4858 e %?ere‘“ oalnant, t‘?&ieder
82 are exposed tposhelpheérmaﬂ rorehiedigraint tize Surfiawe of the watimscholder

experiggced by tBS gr :\?\g,f Cai‘ibeb?lqltr Eﬁﬁeysg"?@ﬁé{a%r 90 1s R%sz.tioned on

Al ternatively, a
fabricated with 5 ﬁl UPQPF tholdex a?r%cF&%F”cGﬁ@Wﬁ%ﬁB@ﬂd’é‘éP? n'78 of the wafier .
wafer 90'. This aptdenl 8dvdre eXPosed tsathd plaemat heln fthis way the gelrzamal or

66 and the tuni "406BPELHLOLendh by A5l VAteG0 can be aifESLIPhalaBE

density and unlformté erating par amet ers
determined, the &pLEraptively. 'SPP§126 wafer 94/ mi\?eé’rhaﬂﬂ tReFigs Sty 9@ t o
be prot&ssed pl ateﬂrmnatw wititera plurality bl dera8y cups 78 embedded in

Cor e of o' oy Bnofnd waELE BN | H18YepdilaT) d20r 66T s used to HEERHOTE T

terms of a planar arr asma So e upper
surface of the vgeﬁﬁﬁ?gﬂ’énﬁgr apd thge tuning capacitors 53" to achieve the
desired plasma density and uniformity. Once the operating

parameters have been determined, the special wafer 90’ is

20 removed and the wafers 90 to be processed placed on the wafer
holder 82.

Referring to Fig. 4, although the system 10 has been

described in terms of a planar array of plasma sources 40

located on the upper surface of the vacuum chamber 14, the

25 plasma sources 40 may be distributed over other surfaces of

the vacuum chamber 14’ to generate a uniform volume of

plasma. Such a system is particularly effective in batch

processing.
Referring to Fig. 5, in another embodiment, a quartz
30 window 100 is not attached to the vacuum chamber 14, but

instead encloses one end of the shield 44 of the plasma
source 40’. In this embodiment, a tube 104 attached to an
opening 108 in the guartz window 100 provides a gas feed to
form a plasma of a specific gas. In this case, the plasma
35 source 40’ is not attached to a window 26 in the wall of the
vacuum chamber 14, but is instead attached to the vacuunm



25 pl asma sources 40 may be distributed over other surfaces of

t he vacuum chanber 14' to generate a uniform vol une of pl asna.
Such a systemis particularly effective in batch processi ng.
Referring to Fig. 5, in another enbodi ment, a quartz 30 wi ndow 100
i's not attaq&g%h‘a’ he vacuum chanber 14, but |n§5$,%g96ﬁrgﬁl_,,oses
one end of t I'eld 44 of the plasm source 40'. In th

enbodi ment, a tube 104 attached to an opening 108 in the quartz
wi ndow 100 provides a gas feed to forma plasma of a specific
gas. In this case, the plasm 35 sourte€ 40' is not attached to a

w ndow 26 in the pghleOf 14Nqegere.  sudPCHIMAFN2LBGEdE 4BY! dan 'BRUSRL

attached to the vacuum )
-7- plasmaer from ¢ specific SEASSESasA® AR c&eIsdred anbr FRe
pl asimas from speprbtesHPss esaremile suehUplagnlys6lfyes 40/ can be FHIIRMeEeS.

Several such pl S b leqne . lally
Creat o var or oot FRaupTrill e 8 Wrdicho with, aigrerddh WS 35
the Y nid ne systemsmmﬁqudmgntﬁof Flﬂe inline systemhsaosnbwum 6-nafllr s
90 are noved by enj:@néﬁ»aazﬁéat wafers 90 tdreugbvaaqugnta aboi‘l@é?&r 2

thi s enbodi ment %Q@ u C i ne
114. Each zone i s se %ra ekxk:’ial Zonea, T‘m tﬂ}'ﬁge d‘;%ceq‘t% ggﬁég :Esa%'w(hf’f l e
116. In one enbo®f r%rﬁ°“t11"@°“s procesginghdipg ibhe IEﬁ‘%‘ ZPPRcis ]sqmtleﬁ
Si - CVD processi nfiromitiiec adjacent zoned by gaBaffle As.| | Thsofkilentd@inent,

dopi n I n anof a: ¢l Wet t

| oad- qucks to |so$§t%as irlll zone I%%ﬁg%ggs%ﬁgggh%eﬁﬂ#rom g’l%r
chanbers, and eqth®paaswiirh zone II is BHy obsed | kvl ddpdinghke rIanmbher
sour ces 40 of t hemihdyBRErtON a é'f?uster toJloﬁa95ﬁ§ Modd\2 ek Qbafé@lﬂé:@a%ﬁ

Fig. 7 depicts an enbo |rren e s em I pventiqQn
using two pl asnePsoTh a’f‘%?ﬁ féﬁ?ﬂ%ﬁ‘#’ﬁe‘fﬁ%e&aﬁﬂa“‘hets' and equipped with,,
I nducti ve pancaka mmm&wemm rifnplasma sourcesli 40rsdferthe Baotendribanna

:16 |slgonétrﬁct eflm_of 1%4séi(a4dv'ibcﬁnd291asma et i GORRE' Eube ansl ﬁont alngtSV\,(S)l’E 50
urns ach antenn cted to_a chin
t hrough a respectlveap '7 depicts a5 E %’r °q'h§ FatHRYRP netwdhe so

i ncludes a 0. 03 irverntion using two plasma sources. In this embodiment each
source is an inductive pancake antenna 3-4 inches in
diameter. Each antenna 46 is constructed of a 1/4 inch

20 copper tube and contains 5~6 turns. Each antenna 46 is
connected to a matching network 50 through a respective 160
pf capacitor. The matching network 50 includes a 0.03 uH
inductor 125 and two variable capacitors 130, 135. One
variable capacitor 130 is adjustable over the range of 10-250

25 pf and the second capacitor 135 is adjustable over the range
of 5-120 pf. The matching network 50 is tuned by adjusting
the variable capacitor 130, 135. The matching network 50 is
in turn connected to an rf source 66 operating at 13.56 mHz.
A series of magnets 140, 145 are positioned around the

30 circumference of the chamber in alternating polarity every
7 cm to form a magnetic bucket.

With the chamber operating at 1m Torr pressure, the
power to the antenna 46 is 25 W per antenna or about 50 W
total. With the pressure in the chamber reduced to 0.1im

35 Torr, the power is increased to 200 W per antenna or 400 W
total. The resulting plasma at 50 W total power has a



i nductor 125 and two vari abl e capacitors 130, 135. one

vari abl e capacitor 130 is adjustable over the range of 10-250 25 pf
and the second capacitor 135 is adjustable over the range of
5-120 pf. The matching network 50 is tuned by adjusting t he

" variabl e capggit.ar,.330, 135. The matching network 50 is in turn
connect ed toa@n}'&f“ ource 66 operating at 13.56 nHz. Pcrmsgﬁ/lAZIgeri es
of magnets 140, 145 are positioned around the 30 ci rcunf erence of
the chanber in alternating polarity every 7 cmto forma
magneti c bucket . Wth the-chanber operating at 1m Torr

pressure, the ' ower to the antenna_ 46 ig,25 Wper antenna .or -
about 50 W s“bsta"%?fi}x unRgforn ﬁ"@“ﬁriggsﬁfelpnﬁ{ ﬁ@s'chafm%r“'?’e%lfé‘@%yto
0.1m 35 Aodr thehdepsiky nay ibe rfatheért dmpooved pesingtfoma off siedh W
total. The resuls%,'hggegl_ asma at 50 Wtotal power has a

substantially uniformdensity of 1Q "/cnferr]. . The uniformty

and the density may bReFe¥EiNg tofigvel. (20¢ FHRAGINGNtsQE hthe "arrangement
sour cess of magnetisefferr ECR) genekayiol utdld zesbadlmnail ity dhamagnets

arrangenent 5 mpe-Tel) f EfRaogRer atipgn {tid i 26808 al i of
magnet s 1525§d§g}acenﬁ%egéﬁtenna%?é. ,I?'n t #s % oc?ﬁ%#', t’?%e
plurality of thePREEALLLY 1RF | theeAINRFHeldRBenls hFeversed betygen,,the

Fi g. 8a depicts antehmaeenikidy.m8at depivhs cinatdsr embodiment simrwieichhasachi t s

own set of nogpggiée hadt NBEs "BEWCledd of madHitid.OUr AlgtHeY nfagnet

O

possi bl e. vi ng shown the preferred enbodi nent, those
skilletPin °°“f19W€#p9"%%1rP PesEtHienany variations are possible
which wll . Baving ishownt the priefexrefcenibsl inEnt,t thbséhsk il idrda

i nventi on. Ther{lr [ PR s j it th : s | i on
only as indicat eg Ef‘f%é} islgoﬁégg%é€w glgﬁ?s'.gtibﬁg are .Soéélble which W11
still be within the scope and spirit of the claimed
invention. Therefore, it is the intention to 1limit the
15 invention only as indicated by the scope of the claims.



-9- 1. A systemfor treating-a substrate with a plasnma, said
system conprising: 5 - a vacuuntchanjﬂ& having a plurality of rf

;Lanfspgreﬁgt ator wi ndows onu“mmmr“ﬁ “ ai d chanber;

ma sources, each said
- plasma source ~ electricafly® connected to said rf generatqs,.and

j uxt aposed TYO704478 5 3 respective one of said plurality r? transparent
W ndows. 2. The systemof claim1l further conprising at |east
one tuning circuits, each said at |east one tuning circuit
el ectrically connected to one of said at l-esast two plasma 15
sour ces. 3. The systemof claim2 further conprising:
at least one sensor neasuring at |cChAIM®Ne characteristic
of said plasnsg; and 20 a controller receiving fromsaid at

| easi one sensor A systeBlEpglé%egg*n§r$r§“g§¥§éﬁl(bf%& %?'ia%hés”éaﬁad

controlling sal&' Ing-circurts tnr
t her et o. system4comwne55y§tentof claim1 wherein each of sald

plural gty of 25 a vaktulhdBRRABEA! haVPVE prurelity Oft ¢ drafigpatént

5. The system aim 1 Ne.£ac f | [ty of rf
transparent win c?tﬁ?m'? 88n£?§u ?E%ag rl"Eloassaé% hgbﬂeﬁ : The system of
claim1 wherein salda@trfeQSBebﬁED%ensor is a Langnuir pr obe.

at least two plasma sources, each said plasma source

electrically connected to said rf generator and juxtaposed
10 to a respective one of said plurality rf transparent windows.

2. The system of claim 1 further comprising at least one

tuning circuits, each said at least one tuning circuit

electrically connected tc one of said at least two plasma
15 sources.

3. The system of claim 2 further comprising:
at least one sensor measuring at 1least one
characteristic of said plasma; and
20 a controller receiving from said at least one sensor at
least one characteristic of said plasma and controlling said
plurality of tuning circuits in response thereto.

4. The system of claim 1 wherein each of said plurality of
25 rf transparent windows is constructed of guartz.

5. The system of claim 1 wherein each of said plurality of
rf transparent windows is constructed of glass.

30 6. The system of claim 1 wherein said at least one sensor
is a Langmuir probe.

7. The system of claim 1 wherein said at least one sensor
is an array of Faraday cups.
35



- said waf er hol der.

7. The systemof claim 1l wherein said at | east one sensor IS
an array of Faraday cups 35

- 10 - The syste Ia|m7 ‘wherein said system furt her
conprises a waf er hoI der and sai’ cn;“ mﬂw wm,ﬂm attached to

claim 7 yosnabiusdl d

syst em f ur t hB0 97/04478 conprises a test vvafer aving a plurality of
Faraday cups on the surface of said test waf er . 10.
The system of claim 1 wherein said at | east one sensor 10 s an
optical sensor. . 11. The system dP claim 2 wherei n each of said
tuni ng circuits conprises a_tuyni ng ca ac.l tor ectrical

connect ed 8. ThpasSYSteEr 8% hCiaty res% h Rl ? mEYSES ceé/‘ml er
12. A pl asna souomprisegra stafigr holder and said at“aa‘rmdah(dcupsnalae atfaghed
end and having ag,a a second end; an rf
antenna, positi o%edggmiéﬁ?ﬁfﬁ he d|e(’a:l'd and 20 a dielectric

wi ndow positioned to enclose said first end of said shield, said

di el ectsic w ndow.def The ngyatenpasst uckaim 7 wherein baid ngyatémelfintthier
gas inlet tube eéhﬁ@ﬂl&&s fd %’Eg%ahgfer havin aapf{;m&y S phiadhf! S5 ion

wi ndow and throu al d_shi ture, to'permt gas to pass
t hrough sai d shi &8 ﬁ‘hﬁf?%e of said ﬁFBEg‘ﬁa %’Fﬁ di el ectric wi ndow aperture.

10. The system of claim 1 wherein said at least one sensor
10 is an optical sensor.

11. The system of claim 2 wherein each of said tuning
circuits comprises a tuning capacitor electrically connected
in parallel with said respective plasma source.
15
12. A plasma source comprising:
a shield open at a first end and having an aperture at
a second end;
an rf antenna, positioned within the shield; and
20 a dielectric window positioned to enclose said first end
of said shield, said dielectric window defining an aperture
and having a dielectric gas inlet tube extending from said
aperture in said dielectric window and through said shield
aperture, to permit gas to pass through said shield and
25 . through said dielectric window aperture.

13. An inline continuous plasma processing systen
comprising:
a housing including a plurality of baffles located
- 30 within said housing;
‘a plurality of RF plasma sources positioned along said
housing between said baffles;
each said plasma source comprising:
a shield open at a first end and having an
35 aperture at a second end;



13. An inline continuous pI asnma processl ng system

.conpri sing: sing_inc ty of baffles

| ocat ed 30 Wi t hin sald houi“i‘""“"ll“”| “ ﬁ a plurality of RF
EI??FB sources positioned al ong ﬁ t si ng between said

baffl es; each said p asha ‘sour ce conpri s&fs

a Zhl el d openV@P78478 (st end and having an 35 apertu?e el econd
en an rf antenna, positioned
within the shield; and a dielectric

wi ndow positioned to enclose said - fikret end of said shield, said
dielectric wi ndow defining an 5 v gpgé%ure aq? ggélg ﬁéﬁlg%ec

inl et tube extending Ao Mt s @R ESRRr (RAE 5HPNEE ow
and through said and shield aperture, to permt gas to pass through
sai d shield and thro“%“d?:é‘i&'cxghf‘é @Faab& wsa@qwnaaeea uaelbeaq,-as@ d
housi ng; and 10 a conveyor ocat ed hin said_housjn

sai d conveyor bel £iEghveRd mf &aﬁ&f%91%&44u%?1§a?ﬁe}ﬁﬁﬁﬁ%ﬁgw‘" ow defl
bel ow*a | asna geapegtere banéahavihg sai di&fFeqimiragas inlet tuwbrirextending

between sai d baffkgam.said aperture in said dielectric window and through said
shield aperture, to permit gas to pass through said shield
and through said dielectric window aperture into said
housing; and
10 a conveyor belt located within said housing,
said conveyor belt conveying a wafer within said housing
and below a plasma generated by each of said RF plasma
sources between said baffles.



