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Summary of the Invention

20 [0003] In one embodiment, a semiconductor wafer processing apparatus is disclosed. The
apparatus includes a first electrode exposed to a first plasma generation volume. The first
electrode is defined to transmit radiofrequency (RF) power to the first plasma generation
volume. The first electrode is further defined to distribute a first plasma process gas to the first
plasma generation volume. The apparatus also includes a second electrode exposed to a

25  second plasma generation volume. The second electrode is defined to transmit RF power to
the second plasma generation volume. The second electrode is further defined to hold a
substrate in exposure to the second plasma generation volume. The apparatus further includes
a gas distribution unit disposed between the first plasma generation volume and the second
plasma generation volume. The gas distribution unit is defined to include an arrangement of

30  through-holes that each extend through the gas distribution unit to fluidly connect the first

plasma generation volume to the second plasma generation volume. The gas distribution unit
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plasma generation volumes into the interior cavity of the chamber.
[0005] In another embodiment, a gas distribution unit is disclosed. The gas distribution unit
includes a plate formed to separate an upper plasma generation volume from a lower plasma
generation volume. An upper surface of the plate provides a lower boundary of the upper

25  plasma generation volume. A lower surface of the plate provides an upper boundary of the
lower plasma generation volume. The plate includes an arrangement of through-holes that
each extend through the plate from the upper surface of the plate to the lower surface of the
plate, so as to fluidly connect the upper plasma generation volume to the lower plasma
generation volume. The plate also includes interior gas supply channels that are fluidly

30 connected to an arrangement of gas supply ports defined on the lower surface of the plate to

distribute a plasma process gas to the lower plasma generation volume.



WD 2012/ 018449PCT/ US2011/ 041524 3 [0006] O her aspects and advant ages of
the invention will becone nore apparent fromthe follow ng detail ed

descri pt iwo,20t22489i n conjunction with the acconpanyi ngpdTASROGSH+1524
illustrating by way of exanple the present invention. Brief Description of
the Drawi ngs 5Figure 1 shows a sem condgictor wafer processing apparatus, in
accordance with one enbodi nent of the present invention; Figure 2

shows a o) ' f the shawerh el ect.rode,, ,i n accordance with one
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the present invention; Figure 3B shows a top view of the gas

di st ri bullpgratingiby wayref sseopld drecrresant mventéiorenbodi ment of the present
i nvention; Figure 3 Shﬂs a ,gas supp port, cross-section, in

Aok UESCEIPAIGT) O the AEMIASoN; 15Fi gure 3D shows
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present dnibyihb@ide tHd [godeat tbetions a flow control plate di sposed on the
upper surface of the gas distribution unit, in accordance with one
enmbodi ment of Fighe Jpkoyent bpttemnitew ol the gheveeri®dsfientrode, ingscetidangeowith lvee f | ow
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f or f|ow&?ﬁ?@mgﬁ°§ﬁ_el{rﬁ%68ﬁlé‘ﬁ?rfﬂﬂnes_ defined within the underlying gas
di stribution Egide, 3A Bh@des @bdaoHEyivkIdT RO 8aLaRAMUNBN inRf int R8oRLLSLRIth one
invention; Fi gure 4C shows a top view of the flow control plate
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i nvent i odmbodiment of the present invention;

Figure 3C shows a gas supply port cross-section, in accordance with one embodiment
of the present invention;

15 Figure 3D shows a cross-section of a through-hole defined to extend through the gas
distribution unit and an angle, in accordance with one embodiment of the present invention;

Figure 4A shows a flow control plate disposed on the upper surface of the gas
distribution unit, in accordance with one embodiment of the present invention;

Figure 4B shows a top view of the flow control plate positioned such that a hole

20  pattern defined therein allows for flow through all through-holes defined within the underlying
gas distribution unit, in accordance with one embodiment of the present invention;

Figure 4C shows a top view of the flow control plate positioned such that the hole
pattern defined therein allows for flow through only angled through-holes defined within the
underlying gas distribution unit, in accordance with one embodiment of the present invention;

25 Figure 4D shows a top view of a flow control plate assembly defined by a number of
concentric rotatable flow control plates, in accordanée with one embodiment of the present
invention; and

Figure 5 shows the chamber of Figure 1 with an upper plasma and a lower plasma, in

accordance with one embodiment of the present invention.

30 Detailed Description

[0007] In the following description, numerous specific details are set forth in order to provide

a thorough understanding of the present invention. It will be apparent, however, to one skilled



25 Figure 4D shows a top view of a flow control plate assenbly defined by a
nunber of concentric rotatable flow control plates, in accordance with one
enbodi menvoabi#dssspr esent invention; and Fi gur e 5pshassottilogisehanber

of Figure 1 with an upper plasma and a | ower plasma, in accordance with one
enbodi ment of the present invention. 30petailed Description [0007] In the
foll ow ng description, nunmerous specific details are set forth in order to
provi de har.ough..under st andi ng of the present..invention. It will be
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al | oned gemetatian elolfmo aret fiewerippea cphtasihed mamer dtroogh w as distriitutiohamlitoieethe

pl asma generation vol ume throu t he gas.distributjon unit which separates
the uppel®™ShA aﬁlawneaﬁtw?gaﬁ F%rﬁl?yow%v@m&@e raqiaNageral spesies cgatikiate@ri n
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flux. plasma generation volume represent the charged species used for wafer processing.
[0010] The upper and lower plasma generation volumes are independently controllable, such
that the radical/neutral flux contributed for wafer processing is generated independently from
25  the ionic plasma generated in exposure to the wafer. Therefore, the upper and lower plasma
generation volumes of the apparatus disclosed herein, provide for decoupling of
radical/neutral flux from ion flux during wafer processing. Thus, the radical/neutral species
can be controlled separate from the ion flux.
[0011] Figure 1 shows a semiconductor wafer processing apparatus, in accordance with one
30  embodiment of the present invention. The apparatus includes a chamber 100 formed by a top

plate 100A, a bottom plate 100B, and walls 100C. In one embodiment, the walls 100C form a
contiguous cylindrical shaped wall 100C. In other embodiments, the walls 100C can have



[0011] Figure 1 shows a sem conductor wafer processing apparatus, in
accordance with one 30 enbodi nent of the present invention. The apparatus

i ncl udes wochenens100 formed by a top plate 100A, a botrtweospéiainssi90B, and
wal | s 100C. In one enbodi ment, the walls 100C forma contiguous cylindrical
shaped wal | 100C. In other enbodinents,sthe walls 100C can have WO

2012/ 018449PCT/ US2011/ 041524 5 other configurations, so long as an interior
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envi r onneetveerbhg Ghahbérriow plateol¥) Ae bbidath piat¢ $00B,ed twabls pDOE ¢o H0Dikate Izotatiom

pl ate 100B, and.wal | C t he ch r 100 can be forned of a netal that
is a g_ooﬂP @SHﬁE}'&CFc?F‘V’sz’f il@q%éefﬁfhfeﬂ%fg}beﬁﬁgﬁr@mt C SN SRVITUMRE i cal |y
conpay i b[(fbl%! InlvdrfdSs BRBSERRnS2HE Sof PlaltioBA, bbtforh Blak | BB, GRY Wals 10RDof fet ©
be exposed during wafer processing. For exanple, I n various en%odlnents,
nmet al s scieimbes 100 can baufoymed af anetd that Bal good cohdietdriof elecmizith endibent], and thiaor m

t he chanber, 100 conmponents.. Also, 10 the seals 139 can.be e] astoneric_ seals
or consulfe e@“‘f?é]ty&%%péng]@a‘?’gﬁlﬂ%ﬁ pr&ﬁVS(ﬁa%rtotV]b‘éﬁélFe yEeior VY 199D ig o bgng
as the s . j i-i.e 1 i t

whi oh-t hetoed 3rfE & ANPRE R, SRMRARNDIES i aRoBt SARBAIALTIAGIL N o0
139 pr ovaldmisuw,fstanless stéed,alrahé bie, afaybdresednd ésrmothechainbyr 1D0@Dmpoantd. Adso,
ext er nal _environpent  outside the chanber 100. [0013] It shoul d be

appr L0 7 athegenlnded cp b ﬁ%ﬁm@}?ﬁsa?%ﬁ% consymablg maigihie sealtior japnathepyRe of sel 15

menber s : [ ' - t A,
Dot t om plarE 1 GHEo T reuh M d Y cRRRcaty EhhFadc 11, pOefid RatipE o
depl oy mewhichpbeintéror cavidi 100nwilbbe atposdd, andisi ag at tlensals A9 ptavideadulficierdt he
top plate 100A, _bottom plate 100B, and/or wa C can be fastened to

[ 100
these adiriafignsf ths|inferer GvithdAYe fromythe 5&6?%?@@%0@@6& oytide Higrohpmberal00.
i npl kPR h : P dj t Op 0A,
bort om pl el TisbaoS g R at b At Efbod RERNTLAGH! Bbwd AU f1AR Y

condutt i mgmeisesahdle dispdsédsoabide by 618 drymorerufahé agh plated 00AL Bstee plagy DOOB]
potenti al . [001&% The chanber 100 includes an exhaust port 135 which
provi desOF Bplly 109G asopgsessanole wfistyrbamherellodeniexmeny-sperols eenditipns,ar eithes|

h : : ' [ h
xhaust Beisbns HEGDAY, e REARG HBoR SORML AaEETOoRF oR0R b IOCRADe" "

ates from w

interior fgaved ytol 088e |dddiidaalefised n&Ntmerhbes Caanipropiifle afos O theN GJautitisara
gate valve 102 forned within a section of the chanber wall 100C to enable
i nsert i oinRpmgntgaene rIhechamperol Gorarurtyre incdidipg thettop pboD] 0% dottemdaipdABBng

ol IR R KRBT LSRR kOB bl s

i nteri or toCanfdrynckQRéuddppterdiiae ext ernal environnment. In various enbodi nents,
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applied through the exhaust port 135 to remove gases and/or particulates from within the

25  interior cavity 100D. In one embodiment, the chamber 100 also includes a gate valve 102
formed within a section of the chamber wall 100C to enable insertion of a wafer 113 into the
interior cavity 100D, and corresponding removal of the wafer 113 from the interior cavity
100D. In its closed position, the gate valve 102 is defined to maintain isolation of the interior
cavity 100D from the external environment. In various embodiments, the exhaust pump 137

30 can be implemented in different ways, so long as the exhaust pump 137 is capable of applying
a suction at the exhaust port 135 to draw a fluid flow from the interior cavity 100D of the

chamber 100.



WO 2012/ 018449PCT/ US2011/ 041524 6 [0015] A dual plasma processi ng apparatus
is disposed within the interior cavity 100D of the chanber 100. The dual

pl asma prwoessingsappar at us i ncl udes an upper pl asnma chegbars20iid4ishat

i ncl udes an upper plasnma generation volune 103. The dual plasma processing

apparatus also includes a | ower plasma ghanber 114 that includes a |ower

pl asma generation volunme 5 109. The upper and |ower plasma chanbers 112/114
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ot her cohp8iEh ch interface with the insulating nenber 141. [0017]
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MHz. The pl asma Ity i's control primari | power source 105.
[ 0018] Asinlixxte’rlmaéleleptrodml@lnfs fastbmmli toethe fort lbieteslrmmebthayl o€ he dsutadiag hnbes
connecte DC bi.as so abl e control, of plasma potenti al
within t ﬂ%l Qﬂﬁemsblﬁ%%aw Endd g #ega?ﬁ%pm 4 Faepesdentlaggn. tfﬁ%wweas

densi ty hribSr B0 B

shower helagﬁ.lg ect ro e 101 %’? O\J;%r P%(ﬁts d;\f;‘f)}n? g%eehglglﬁ% ?gﬁcgﬂog%tegg%flghéﬁlﬁ)&%rr@gr om
ground. ¢lactestie 16iiaod oﬁend:qmpdmn@@dbc}amtaﬁm oith 120inedlatidyemsinberer4iead

el ectrode 101 can be defined to operate in a pul sed manner to synchronize

the pl asH917hDurBe gpgation ralofeqienst @tF)@ﬁWWSJF?@smﬁ@dvﬁqm ap R m\&@rrﬁauwﬁ the
| ower Dg@ﬁ% € %@&h&?%&h&!&? 3% o %)%&b&ﬂ htf H‘eﬁiﬁ f‘%"g&gg{fgg@ﬁ gencftﬂl%hr ol

of the as source can e used to co
vol t age i firbeide RH miwebat mekipld fiequeheissras onmembmhmpmefre@redcilesmethe R Fasoveer
generat| gorlllré/eO{ OUSrre?rg séLtOv:v)’ltI%Q g rathr?gge extending from 1 kHz to 100 MHz. In another embodiment,
20  frequencies of the RF power source 105 are set within a range extending from 400 kHz to 60
MHz. The plasma density is controlled primarily by the RF power source 105.
[0018] Additionally, in one embodiment, the showerhead electrode 101 is connected to a DC
bias source 120 to enable control of plasma potential within the upper plasma generation
volume 103 independent of the plasma density. The DC bias source 120 is defined to control a
25  bias of the showerhead electrode 101 at various voltage settings extending upward from
ground. In one embodiment, the DC bias source 120 of the showerhead electrode 101 can be
defined to operate in a pulsed manner to synchronize the plasma in the upper plasma
generation volume 103 with the plasma in the lower plasma generation volume 109. More
specifically, this pulsed control of the DC bias source 120 can be used to control a time-

30  dependent voltage differential between the plasmas in the upper and lower plasma generation

volumes 103 and 109.



WO 2012/ 018449PCT/ US2011/ 041524 7 [0019] A heater 143 is di sposed above and
in contact with both the insulating nenber 141 and the outer structural
menber 10#0 200x@1B@at er 143 is al so secured to the top plratrasi@@Msis24

Addi tionally, a number of cooling channels 145 are defined within the top
plate 100A. A coolant fluid is flowed tfirough the cooling channels 145 to
draw heat away fromthe top plate 5 100A. In one enbodi nent, the cool ant

fluidis ek . I. er, enbodi hent s Ut i coolant fluid t her
than. it OOTSICA neBRESHS s ARBOSE BAPE R FLb R at borh e BSRIERE et 0A T ne
mat er i al andf tht atdr prupdusdl Gnelﬁ&éﬁ-loh.nl‘@élﬁgeﬁé’fbpﬁﬁ o sdcDRENBGRY EHp?plﬁ!%aﬁWA‘?d
tenperature feedback fromvarious portions of the chanber 100 is used to

control Afditipeaiye aanumber off qopking ehansielst k451 @G Adefingd twithimdlzet top 1146 HWA. A

Tae, | a0 HRRR B 5 o i B s chifine PRER 58 o B iR nEH ESRubo B Wi e e
genersat i DA GnUsR: 4@BodifRAt, hBe ¢8HkAONLRIds &v@@aoﬂlowe&‘ersmwé@%&%aékn?éngs;ﬁ{a9de

101 is electricall % isolated fromthe outer structural member 104

i nsul at i WHizejcegkant Jyids jothes eanewiietisrdong as He dookut Auidiy chemislly 43maatitslor
the ins i nber re far of _quartz. In other enbodinents, the
i nsul at Nﬁgﬂ rtﬁggrglgtfﬂgl gﬁﬁ%%(r%o? Rty sFP4h W ORg mgperfﬁ%}e@&ﬁc%@l? 6‘?%‘53& a
mat er i al te@pbRturé EIHAYRfEAn SAribANPoRfonk NEr THRL Bdnfer PIOBVisdgsdf rc&{tf'oqttﬁgcal
insul ation while also providing for thermal conduction. [0021] Figure

shows a BEPE@HIG pEthedpp plate KNdweinlecalibatdr dd8 rand eodli, channalc t4. Bynesy of th one
enbodi nent . of, .the.present inventiqgn. The showerhead el ectrode 101 i ncl udes
an glg)lr angeél}%rli'flg gpd escoé)ﬁﬂ%fcga"ﬁs t@g’fﬁ“a’éf% Prithe F%Paﬁleg%% PHYed8s gas
to the URBEs upferpIBmA GeBRRRIAIIGA: Y03, ¥AR bd Bdntrolfag, Pl asma process gas is
supplied fromone or nore plasm process gas supply sources 116 to the
shower hel@82@| ‘Bt shodertpad elettrodehidl | isl eloetrigaltiersetaddrdrh die dutersametueirbashibeent s
t he gas |y sources epresent.. mul tiple gas supplies and/or gas boxes
that pr o@#&g' ’%8‘?512‘%%3 %’&ﬁsﬁéﬁ iS’f(Pn&er? Pp%i‘ct’etll’gé}?@gm&ﬁ%i‘ 1yhandierdhemsalating
flow t hrigugbert NA §HYRIdAGHYUBHE Oh REIS i i I's
defined to tfr:ansn‘it RF p(?ﬁwglru to 25 tﬁg%idlr%ét}ﬁ%ﬁg’é;%ﬁlgg%%ggéseg%égggmﬁgé
fl oW t hnsulging membbroiver teadet Bleed phHel enatdibl bhet emnaquasn ge et asathe gaserklippl y

Po022)  TovaFs Bisleclseirmimes Yhe JHower Huoenears as e can be foi i i ed
g‘;}eg?z:: Hogf@g%g%e%?% %ﬁat et\gc%v(vj %E é@egﬁ%&ﬁéahyel&%dpqehinaaragor‘ilgr?é[e With
one embodiment of the present invention. The showerhead electrode 101 includes an
arrangement of gas supply ports 121 defined to supply plasma process gas to the upper plasma
20  generation volume 101. The plasma process gas is supplied from one or more plasma process
gas supply sources 116 to the showerhead electrode 101. It should be understood that in some
embodiments the gas supply sources 116 represent multiple gas supplies and/or gas boxes that
provide for selection of appropriate gases and/or gas mixtures for flow through the
showerhead electrode 101. The showerhead electrode 101 is defined to transmit RF power to
25  the first plasma process gas as its flows through the showerhead electrode 101 to the
arrangement of gas supply ports 121 for distribution to the upper plasma generation volume
103.
[0022] In various embodiments the showerhead electrode 101 can be formed of metal that is a
good conductor of electricity and heat, and that is chemically compatible with the processes to
30  be conducted in the upper plasma generation volume 103, such as aluminum, stainless steel, or

the like. In one embodiment, portions of the showerhead electrode 101 that are exposed to

plasma in the upper plasma generation volume 103 are protected by a covering of plasma



30 be conducted in the upper plasnma generation volune 103, such as

al um num stainless steel, or the like. In one enbodi nent, portions of the
shower heagioebeatisade 101 that are exposed to plasna in the/usppensBhasm
generation volunme 103 are protected by a covering of plasma WO

2012/ 018449PCT/ US2011/ 041524 8 resistan material. In one enbodi nent, the
pl asma resistant material is fornmed as coating. In another enbodinent,

the plasnma resistant material .is fornmed as a protective structure, gl|n
plate, tIf&SaRLMASH AR gneevedimente therpigimaresiatapt wateriakie famed a3 C@F‘F% of

t hese e %Qﬁg I

shower hg%% el ect rodéagb%ef%g%}]agﬁﬁfgﬁggg%}%tﬁg? glé'tsdrs’?‘c e%gcf't ?tﬁ& ermal o8
conduct i platep éaneaifoinhalypdoasivahe sivivadiaat chatrodé ad)l aﬁdlthéra)fsthém&h{beaﬂnents
el ectrode 101. In various enbodi nents, the plasna resistant

coat i ng/@é%@wgrea@@at pglepabiseteeuren do Hiroshomisehead lestpdod@l roansuemadsguater med
of si 'CQQctnﬂledrx{lgotgerﬁﬁ'i Qbﬁl(ﬁrctl hb&%ﬁ%t dgx% %( Eédeﬂ ériia? aE&’ ftg%éeh%édekﬁ%%d

[ 002 | N one I ment suc as t gure as supply

ports 12dlecifodehi®]. mﬂvmmhfbeaﬁh@kse cHer }ﬁldﬁna].f_bhs&!’ne c@dti’n@m@ed'lﬂgmsad il phéct Of
concentric radial zones 101A, 101B, 101C faC|ng toward the upper plasnma
gener at | 6§ showerkead ggctropigd 04 £8n be foymed b stlisonostligan arhide sdisor onidenytimgn

radi al g{l}g\ ]O%Y%é 01B, 101C are pl unbed to a respective gas flow control
devi ce 2 201C, such that supply of the plasma process gas to each

concent r [0028 PR @le a@bRlikhedtAsuchQlBhat Hegictddsin imglepentdrtab Yuitypo@ | Bbbethel t
shoul d be appreC| ated that the 15 independent control of the plasmm

procky eslzq@élﬁ}e%r@d@ ABL gigl arramged ébh@émbﬁi ef g%e%tasrsa@lalzmé% 1Qb‘$A10113918

101C of rhe el ectr rOVI Jicr.e ent ge
ol asrm ubl PG oHaR e roookp B o i lile 408 MRGRE AR SR kg8
shows t hgRe ©abGRN Fddeal @8e 3ORR| H01BYNOSC Lo flumbd Bo ak@%@ctwa g W doiol
under st ood that the showerhead el ectrode 101 can be de ed to include nore

or | ess devieptHdedOly, 2UL suﬂhl thail sgpxglwf theppasyna rocess aessto epgdy camgentp¢ eadialn

th nb h | ect 01, i f d t de t
ndepondait 0 Bont 04h1 Fte R iRRReRD GhEcaRh 1 Bl b Birsheted it e "
pr evipus|estindertssekol bh ﬁaéﬁlﬁé&&[ bﬁ)@ékseézﬁ Gupplgao ¥R nfudipl® cameHiPiRedas SUpplace
of the upper plasma generation volume 103, wth the gas distribution unit

115 f or nzoengs t1R@AL dOEB, ijrG aﬁéxe@howméleubpbarcmeagﬁaprgm@ &riieregesH eqptetdB. | n

nmbodi th d 25
ol ect r oatisraasmt Ui o B Rl AonBrh et Ao, §f aled d¥ toree.
the Showecsr{&@%c%a%&ﬁW%oﬁtho@Ad1@11? 192€, 6 shbhldtyet drerstididtthak ke Siwbridad
appr oxi mat e one-t o- one” power -t o- gr ound surface area. [0025] In the

enbodi rrenllecwddeFl Quean Ye defitedtthandhdenverone an lass dntepetisntly tontrdikablepgre rsupplas ma
SRR g T S T R R R I
measur ed; rﬁﬁfdlé%g'1x§déhé'r’ideﬁt1§9€(§1%ﬁ)@labl’é|&€néeﬁﬁ’f‘cfga§‘dﬁﬁ;ﬁ?%ox@s the showerhead
el ectrode 101 and er surface of gas distribution unit 115, is
set w t h{0024d] Aarm;anmxdiyedxdcusgecf tlenshabstitcad eotrode dbofrmS apmppémsuoiaee of the
upper plasma generation volume 103, with the gas distribution unit 115 forming the lower
surface of the upper plasma generation volume 103. In one embodiment, the gas distribution
25 unit 115 provides a ground electrode for the upper plasma generation volume 103. In one
embodiment, the showerhead electrode 101 and the gas distribution unit 115 form an
approximate one-to-one power-to-ground surface area.
[0025] In the embodiment of Figure 1 with the showerhead electrode 101, the upper plasma
chamber 112 is a capacitively coupled plasma chamber. In this embodiment, a vertical
30 distance across the upper plasma generation volume 103, as measured perpendicularly

between the lower surface of the showerhead electrode 101 and the upper surface of the gas

distribution unit 115, is set within a range extending from about 1 cm to about 5 cm. In one



WO 2012/ 018449PCT/ US2011/ 041524 9 enbodi nent, this vertical distance across
t he upper plasna generation volune 103 is about 2 cm |n another

enbodi nrenvo 2birmistiower head el ectrode 101 can be functi oralrlus2ei@pkseed by an
i nduction coil, such that the upper plasnma chanber 112 is an inductively
coupl ed plasma chanber. In this enbodi ngnt, the vertical distance across

t he upper plasna generation vol unme 5103 can be up to about 12 cm [0026]

The | 1 f d t b t t t |
ronber - 1OBRIRERe 8T GUFE e HISE GEF PP Bh A SR RG A/ 081 2
one enbogh MiNinotHeh 8mB&difTend thd SHoWetheal RIREE IR Qh Herlﬁnét%ﬂy Pé;%@@gg'&ﬁ”ber

114 is rigidly connected to the outer structural member 104 of 'the per
pl asma chdntteon qoi Sbglh éhah Llhtbelpp@‘f plasmaichamlzdr 1I1|2niS| angintQctivehp eowpleds plabmtb hat

t he outer s e | ower sma chanber 114 effectlvely
hangs fr 9t E(inB ”U\fa"\y‘lbgfanf’%%% t8¢ URRer RS gensratigYolymg of
the uppefoPtAHYTRp qgggagrlzje;@ I n this enbodi nent, the structural |inking
menbers can extend t hrough the exhaust channel 125, but are defined to

avoi d adl0d2ekThk bxrweptplasmacthafber di14 isofermbd oupdrt bhen exbassiictohd mmshbet 266

15[ 0027 as distri utlo it 115 is di bet ween the upper plasna
geLer at } 6??‘\‘78%&?1'@ 2 RPP SWdO‘?tlkié PR 2L e 5136 ﬁi‘? ARV spyiodaenioye oplgE gas
distri bu§t¥&ﬂlr!ﬂn1'n’émﬂaéi51(b§ ofigfd %sﬁqap&ﬁ}rﬁ)e; i gred gﬁﬂ? eBARIA e %%gr

pl asma generation vol unme 103 rom t | ower plasma generation vol une 9,

such th a$tmn1raipqnembezutﬂdaoﬁ thef udpee pipama duhsmberbmtz ona umtrtbeiL b!B splatal finkivgdes
f t he upper pl as ration vol unme , and such that a

| d
 onall 2088 ar?egm i Ta ST SR DRl BRMITR 106 26 BF dpaerPlmded T,
bound |

oot PhuetfCevils HaAUEoR! AP FRRCIGHA B 40 TR Ji8 RG] mdBeOfts ot the
menber m@eofplatshxa dhamder pladmahic rmmﬂrmérﬁAtheEhacngm lﬁhkﬁigl’mbmbbl@ rcatl Rixtend 15

is defined t efiped to suppl pl asma process gas to the | ower pI asma
gener at i gﬁ lwgw Lgﬁéxli@é P%Ggﬁz%rp%@f%ﬁ?fmééﬁé’f@do@v@% @ﬂﬁmgp poflug oy,

The gas is further defined to include an arrangenent
of througlh Itgé;é)%%gm%ﬁbﬁnr%\%?sde controlled fluid conmuni cati on between the

uppets pl poa® gka ga[sailsl;tﬁhut’mi uie] 103 dispdsddieth @nehe phiRs Plasganenahii@nvolahny e
109. Each of the through-holes 117 extends through the gas d| stribution
unit 115 %atdethﬁ m‘ﬁrup@en@;ﬁ%ﬁra@m volumetl§9; The gaémnwmaz@é 1305 dofl agpgur e

3A shows oy DRI sEWrAL thOSpBaSpHimS R vk 105 from tRAGREABNEG W LD

generation volume 109, such that an upper surface of the gas distribution unit 115 plate
provides a lower boundary of the upper plasma generation volume 103, and such that a lower

20  surface of the gas distribution unit 115 plate provides an upper boundary of the lower plasma
generation volume 109.
[0028] The gas distribution unit 115 is held in a fixed position by the outer structural member
106 of the lower plasma chamber 114. The gas distribution unit 115 is defined to defined to
supply a plasma process gas to the lower plasma generation volume 109 through an

25  arrangement of gas supply ports 119. The gas distribution unit 115 is further defined to
include an arrangement of through-holes 117 to provide controlled fluid communication
between the upper plasma generation volume 103 and the lower plasma generation volume
109. Each of the through-holes 117 extends through the gas distribution unit 115 plate from its
upper surface to its lower surface.

30  [0029] Figure 3A shows a bottom view of the gas distribution unit 115, in accerdance with
one embodiment of the present invention. Each of the gas supply ports 119 and through-holes

117 are defined in open fluid communication through the lower surface of the gas distribution



one enbodi nent of the present invention. Each of the gas supply ports 119
and t hrough-holes 117 are defined in open fluid communication through the
| ower surweceeimfisidne gas distribution W 2012/ 018449PCpLiosR0d1/00k2H524 10
unit 115. The arrangenent of gas supply ports 119 is interspersed between
the arrangement of through-holes 117. The gas supply ports 119 are plunbed
through the gas distribution unit 115 to one or nore plasma process gas

| h t hat t i d t ts bet
The’ gas GUBH Tho At G ae s AR POUG AL B Bierpred) %?a‘vehf hearsggament o
di stri buhR@nHalds 11315rhe[ HR3Wp1Fhems ﬁ&ﬁe%hﬁﬂﬁed%foﬁ \ s Astrid@oR @Rt 115

di stribution unit 5 1n accordance wth one enbo |men of the present
i nvent i oo, okacdr (nr[tore hpiamha oprgtesk ogass sdpiply i szbud@‘si hy i;uchopieam fid wlicket fluid

comuni cation throu surfa e of tr| un
However Cmuﬂﬁ@%‘d’g‘bﬁt@ ‘?rgt §£9S arp Y\B‘me ﬁ}%ﬁ‘iﬁgﬁ g&gwl%‘ﬁ’eﬂl‘ﬁpper
surface sdﬁé@ﬁbxﬂ?ﬁdﬁﬁ Syl but| on unit 10 115. Therefore, the gas supply

ports 119 are de to fl ow pl asma process gas into only the | ower plasm
gener at i [@030joFigne 3B Showna cgnticwsdf, the izes tlhtrdmybn hunitelsl 5 lih7acaoeladef witk dnt o

enable flujd.comruni cati on between_the u a | ower_ pl asma, gener ati.on
vol umes FBR9digent of| the greserd\inYariigtigachid tﬁ% ngalgaqa hdeset! 711%ﬂa f;peq %boxgeesfﬁt'ug
di stribu I e rentd.al
betveen (qiauttBidon bl EO0bIR o itkcS &8 dhs MishibuoR kAR B bl G R4S
15gener aupply pmtsulrte ai@ﬁot fhﬁﬂ)l&Je]scpdmtedshcugldtﬁaelppmdmr&b@oﬂthe hat distrébugas unit

di stribution unit serves urn path el ectrode, plasm Process
gas Yani o1 éfhelfelfcuﬁdhf: ZBP PRI w@spll 1&9@6 deﬁﬂfd. tgr{loy plagipa plf%e%aaﬁ &fg only the
nbodi f |t

good condnet PSuRREndhrhl vtk 200 chptds, GRRER AR B 80 (A RLo Al 2 ©

wth t heﬂ@lﬂ%ﬁﬁﬁtﬁﬁcdtlenlbet\mﬁdlmﬁmﬂr alli’d R)@vdr peastippeficratich Valwees pOHB0OA Fluid
generation vol umes 103/ 10 such as al um num_ stain|ess steel, silijcon,

si l'i con Hawihrgagh die|throggh- bszlueﬂ &17 gk the Igasﬁlé%beeon Bt bkXis ﬁpntawlie;é wrér Rep

I
Tnd t hor Risrotks IERIAEELALEH Bl Bl TEBk SAGHARCFotufl 16} Bhd Ao RAICUELLA"
[ 00314 |g|eﬁéﬁ3[tioﬁu/$)hﬁlﬁﬁ)ﬂﬁl ments, the gas distribution unit 115 is connected
toits own DC bias 25 source 124 and/ or_ RF power source 122 to _enabl e the

gas di st 10084} ftohouldi ke mm@@dpth@tvﬁh@ega&ﬁl%}*’@ﬁrqn&t Sgtesirichs reRBrAupBPHhf or
the RF power ces 105 and 111 % ng, to
affeot | SRErRn I RRaRPReSE s i) AdachaR BRER bl daf 38 s iyl
power s Ob'rhﬁgdlﬂn%ﬁts(lﬁ@ gl (ﬁgnbﬁtlcﬁﬁiﬂlﬂﬁﬁj ¢ H forthéeleoRnefabil@at 15&1 godd|cbh@logor of
frequencies. Additionally, in one embodinent, electrodes 130 are enbedded
wit hi n t blectyigity @n@matb@n ®at igrshemiplly ampaibla mathciba peracads o be endyctad; ias

4 t de bj | t f flg 0
et pi ntrgEadY kives PiETn at RS Pl o 08 MR Shffleyhudehe
el ectr Odeﬁc&ﬁ%lmdnhedablubes@&ﬁl gkige,r ythilin deemotr e@,sb'ﬁua[ﬁa@gebtme@laaérw nHatt he

t hrough- hol es 117, WO 2012/ 018449PCT/ US2011/ 041524
provides adequate plasma resistance, electrical conduction, and thermal conduction for the

plasma processes to which it is exposed.
[0032] In various embodiments, the gas distribution unit 115 is connected to its own DC bias
25  source 124 and/or RF power source 122 to enable the gas distribution unit 115 to provide an
appropriate ground return path for the RF power sources 105 and 111, while also providing
appropriate bias to affect ions generated in the upper plasma generation volume 103. The RF
power source 122 can also be defined to provide RF power at multiple frequencies.
Additionally, in one embodiment, electrodes 130 are embedded within the gas distribution unit
30 115 and are connected to the DC bias source 124 to provide bias voltage for influencing ions
generated in the upper plasma generation volume 103. In one embodiment, the embedded

electrodes 130 within the gas distribution unit 115 are defined around the through-holes 117,



11 such that bias voltage applied to the enbedded el ectrodes 130 can be
used to either accelerate or decelerate ions passing through the

t hr ough- hwbes12l0k§449Al so, in one enbodi nent, the enbeddedcelsesmodsss 130
within the gas distribution unit 115 are defined in nultiple separately
control | abl e zones, with each zone conngcted to its own DC bias source 124.
This 5 enbodi nent enabl es i ndependent regi onal biasing across the gas

di stributi 5. to.pr de f.or i onal cont

acr oss tﬁe?’gg%%d O&Eag%?ﬁp&%dg% }{e cﬂhfdd‘f%%%‘%fo T%% ‘&8? ﬁ%ﬁlf%ef S[o18 eﬁ‘?r?)tﬁs of
the gas gt Séédlé?b'tte' i0s Waisingl RoldhatheafhPoRARIQA1 10 RlsESHRohd eRibbidient, Nie
upper or lower plasnma generation vol unes 103/ 109 are protected by a

cover i ngewbedsled sefectradss slt3§ntN1thmt dre ghs dlsirlbutementmocﬁlﬁemte deffveedp ira gmtiple

resi st ant rial a coatln anot her . enbodi t,, the
pl asnma r %é’msa% FOW'EHI%P ea@“f’% “f E RS “Q8° 50186 g(’i? ﬂ\slé’wgﬁﬁé’t‘ﬁrséurcéqéﬂ Thisat e,
that Tongapsdhdedt eMBRSiniBRndaT [dbidhil Gﬂd&hg MhckiRs fthel %és d sﬂnlﬁl'tlhﬂ%ltof1§ hgse
enbodi ments, the plasnma resistant naterial is secured to the gas

di st ri bupioyrdedr indgpeBders regisnal @raquuhaceoaltb@gasl(hﬂmblam unktdrl fal conductl on
bet ween asma resi.stant teri and the.gas dist on unit I n
Dhe orn lGaP " B2 bRt piBert of i Bes, G fIGEn ek L3 that e pgsed
protecti ¥Rs@b ﬁﬂ%ttﬁéﬁhmmpaeoﬁew 86isina éeﬁ@raﬂ@:? vefuﬁ{eymghb@ %rypfo&e&écﬁb \4 a

pressure differential between the upper and | ower plasma generation volunes
103/ 109, C(merlag refndesmapfesistemt aratari]. lor ortwerab@d)mbnmama plasmh eesisfint| matedali Bus
enbo t he pl asma reslfsltant coati nghprot ective structyre used to

pr ot B¢t ‘Wé‘eée?é HFQingLH It PeheInsRbodBeRt, the Rlasmgp wesstayyt material g founed apa
car bi de, ,5jidckic0 B tydee. g%/gtae Rt Qéﬁfﬁﬁnalﬁfco%l%%ﬂﬁi g@é Alymﬁw%@;gﬂ 19784 %ﬁha'

t hat 20 provi des adequ I'asma resi st'ance ctrica ucti on,
t her mal  obthdsecembodiments tthe pkmlsma mesigoarn cemaes id secutet ¢h th'etgais ﬂlsmmmedlmt[10634]

The gas distribution unit 5 is defjned as a, swappabl e conponent
Di ff erent® GRNUET BIRIMRIS W%ﬁ%@r’é‘ﬁi pepelugtaan BFISEFR BiR PRI PSRt anatgielne

defi ned hlgq %%é; 'disk?%fﬁ[ i3h @Hl E}'f'geHP e efﬁi)o&lﬁfengé? the! s}ﬁapf%E%ﬁme I:b?ot@&gle

t hr ough- |ona I'n the event t hat asnma deteriorates
t he tfas sfnmtmrbbuhb ipeedtive Btrﬁ&ﬁreonay tiesseburred tté dreadak ﬂ;stnttulnen gas 1d5 dy ni;iﬁw‘silmn
unit 115 can be_ repl aced. [0035] Each of the s supply ports 119 an

t hr ough- Atfesentieh betveenyibe upaer and 1oWen MasBa gongr OPIVBW“MHQS/Q}H% By awbe of

si mul tangausky Fbrre%! | BELAAUES SeloBE " S LARoQF e&'b@&ﬁ?en ”ttﬁe 'ﬁlas Esqst oW
% an

and plasma 1 nttusi hrough/Tnto each of e gas sup

t hough- hccbaﬁlglblﬂtect% stmcdtres asdd 1o pﬂ’o@em}lﬂh& gamalistributibs u&iltZHS aanebeafccrmed oft is
necessary to define each of the gas supp orts 119 and t hough- hol es 117
such t habilicen, sdheqn carbidgmpsijici,gxige Yi§1 é\)‘é‘%ﬁ o5 geesndelly ps pther mratersl dhati nt o

W1 G VR AHelihtd BlaGiia FOQUE ! Qle%%‘c{f S6haRATH ARG chirtafl EARMLAFOHER T T

plasma processes to which it is exposed.

[0034] The gas distribution unit 115 is defined as a swappable component. Different

versions/configurations of the gas distribution unit 115 can be defined to have different

arrangements of the gas supply ports 119 and through-holes 117. Additionally, in the event
25  that plasma deteriorates the gas distribution unit 115 or its functionality, the gas distribution

unit 115 can be replaced.

[0035] Each of the gas supply ports 119 and through-holes 117 is defined to optimize fluid

flow through it, while simultaneously preventing adverse intrusion of plasma into it. Fluid

flow and plasma intrusion through/into each of the gas supply ports 119 and though-holes 117
30  1s directly proportional to its size. Therefore, it is necessary to define each of the gas supply

ports 119 and though-holes 117 such that its size is small enough to prevent adverse plasma

intrusion into it, while remaining large enough to provide adequate fluid flow through it. In



WO 2012/ 018449PCT/ US2011/ 041524 12 vari ous enbodi nents, the dianeter of the
gas supply ports 119 is sized wthin a range extending fromabout 0.1 nmto
about 3 nwo 2b/Meugbous enbodi nents, the dianeter of thepchnsoghohches 117
is sized within a range extending fromabout 0.5 mmto about 5 mm It

shoul d be understood, however, that inqgarious enbodi nents the gas supply
ports 119 and 5 through hol es 117 can be respectively defined with

essent i r.Si nme si.ze r.ovi des for
adequat ?aﬁé értgétﬁg%?}gﬁ of, (%ﬂeigg Sﬁﬂ?ﬁqy §8u]tsll 1oP6H g‘f fAofans
adequat eemmmgeﬁrsmoaboaf 0l BEMR ABduf BSh@n It h&ﬁ@isrbmﬂdaﬂﬁélts Bee austdr th ui d
flow pressure to the gas supply ports 119 is directly cont rol | abl e, it is

possi bl ethfeyighdpiasel If7his sg?&é @ﬂpmayrapm extending fionh ahant £.5 mat lto eboutghnsi.Zée t o

essentl P ru5| on int orts

agho 1d% i & g‘%%&%%&} a og%?’% éha i e 8 ‘i%‘&“‘g;ﬁ 6%8‘?%’13%8?‘?% lﬁgngo
s mal |5 aSthidmgﬁ&kb&@ 1&0%&5&%@&&%@ déﬂi&)& Witk @gg@ﬁuélnea@acﬁaﬁa@p bive, ps%f 1bﬁg hdo.
To av0|d supersonic fluid flow fromthe gas supply ports 119, the gas

suppl y pbetdiamewr sige peovilss f@écﬂdﬁ@lﬂﬁ‘a\i@l v ftherer thedvgpewhile tsimiikanerigly f r om

the | owe f t.he gas dis buti.on unit 115. Figure 3C shows a gas
suppl y p‘5 ?lld@ FQUAtE SURTEREION;9 p 8@89‘3&%&%%&6}? 15 one enbodi ment of the

present [0036MBécAlse the GuliSows BRRéUe RPMhE g&é‘-&ﬂpg }%i"%vm 9LOIRRVIG cBnbiidbus ?crls
shape 307 at its exit location fromthe gas stribution uhit 115. [00

The gas Riissible toudefion thengas sany ipags LdR o haveer $noall gansigh sizplty essentiaib prevdnmu dI y

cupplty anamenEisPh AR AR sudin B BHY BlokeReoh Trameonie e pi ol e
suppl y s@idrsgpsly bbés 119 s§ Retdlidshe cb{fk@% ?ér@&ﬁlc gt NS0 tltujaﬁ%ﬂ HeSak %ﬁpﬁgz’oﬁyppl y

channel s and aSsoci ated gas supply ports 119 are defined between
ar r angenkl® Tofavohd mpgnamolfbsd flow fserokihe bast supply pirtssii®, fheamesspgppoits 119

di stribute neratl on vol 9. and is_not

di st ri burBcbs detng iipfate BIGCHEraBner a fORF GOt Hen 100 1N BRECEMSBE e
the pl asqBriBLOSEeSt I8 F%%JRPBM SROWE 5§§s skbBlyf gt fhecr!)s%%&uo%' A IR oRBAG Hth ON
vol unme 109 are separate om the pl dsma process gas supply sources 116 for

t he 125 utpmearnhﬂdasaa of elmema&mbmvvmiamnﬁ’ hd @35 supphtparhblt9 i kloown &t lese afdiffises ma

pr ocess o the er nd ower en tion volunes 103/109 are
indepen 30 ?Hfsre&ft 18“ ﬁgase‘i]fg%’g g“ ﬁ?: or more shared pl asma

process ﬂ@§’\7/]5?1963"%éé EQHb o RN 1@%&1&&@ Jn% oSk ng%;g? ch@ﬂ@fsttﬁlm% L OYRE R GS MR

generation s 103/ 109. However, iIn t Is e ment , I'asma process
gas fl owhefarcmgeaedt shgasestipplyapoms pﬂ@cé‘hssegﬁﬂ;emmrgalswupplys&panm aky ﬂuldly
controlled 30for each of the upper and | ower plasna ﬂener ation vol une

103/ 109, cqné%@@fq QRS §F MOLE PLSMADTALEH #a3 Sﬂgplﬁﬁa‘érf@%% Heatishaild bg ugdgratood that

382(2)2/80184%35%#% @%ﬁ?ﬁ%ﬁ@%@éﬁ%ﬁ&ﬁe& g %Sﬂftpdml 119Rk€ deRd between the

arrangement of through-holes 117 such that the plasma process gas is distributed to the lower
plasma generation volume 109 and is not distributed to the upper plasma generation volume
103. In one embodiment, the plasma process gas supply sources 118 for the lower plasma
generation volume 109 are separate from the plasma process gas supply sources 116 for the
25  upper plasma generation volume 103, such that flow rates of plasma process gases to the
upper and lower plasma generation volumes 103/109 are independently controllable. In one
embodiment, one or more shared plasma process gas supply sources can be used for both the
upper and lower plasma generation volumes 103/109. However, in this embodiment, the
plasma process gas flows from each shared plasma process gas supply is separately controlled
30  for each of the upper and lower plasma generation volumes 103/109, respectively. Also, it

should be understood that in some embodiments the gas supply sources 118 represent multiple



13 gas supplies and/or gas boxes that provide for selection of appropriate
gases and/or gas m xtures for flow through the gas distribution unit 115.

[ 0038] | nwoneixm®adi nent, such as depicted in Figure 3Apcrhsemberseor gas
supply channels within the gas distribution unit 115 are defined to fluidly
separate the arrangenent of gas 5 supplyy ports 119 into nultiple
concentric regi ons/ zones 115A, 115B, 11 C across the | ower surface of t he

gas di st but n unit 115, suc hat s _of. the plasnma as
Po°the ols"ingBry s A5 potii el Rbids, N S<fielonuns smpretili Bt randor e

r egi ons/m@n@&sidr%w tﬁéé&&s’%ﬂb&ﬁnﬁﬁﬂ@rl@tel y controlled. In One
enbodi nent, the gas supply ports 119 within each concentric radial

r egi on/ 29938 Insae anBRliments Suchr & ddpintbkth Figuse BAS fecinievier gas sippbyclemntis ol
10 d 305 05C, th |y af the plasnma proce as to
eac hegbﬁ@ﬁ @8 df %Tlgl}t?& ‘gﬁﬁg%é‘reié%%‘ea%?)é@ldli’ls\?@ﬁ? § ﬁ%é&%%’cstl gsas
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i ndependen Iy control lable nultiple concentric regions/’zones

115C pr osrirfhes of dre ga@rd.l&’émbutmnedgel @asucsuthﬂ flow gates of theipfldsima firbeesk gueto theasma
generati on volune 1\%'? wﬁ) ;g)gl |itates center t 0- edge 15 pl asma

uni f or mi $85 SUBRY RIS 4ilP pYLHRiR ﬁ%: HECRFEREICJEFIORS/ 48es Ak A0S BAllll%ugh
the exa%eb@@bﬁéih borfolIEl It hiige |

 egi ons/ 20n6s T16A 1158  T150 %??%5%8%9%6 o BB SBRD, bofls 89 (3B dhch

di st ri butdngentriniradidl I6giommonmel Ibe, ﬂrlnéH 115G aelphdebaboe mpelc&seSgasrmﬁ@emdﬁﬂt ly
control |l abl e e n /zon For exanple, in another enbodi nent,
t he @as VaG© rﬁ%gé‘l’ ?’ﬁﬁgﬁ\@. %fg tﬁzg SH%H V REhenlasmagIragess BaidO ieAdcioBRerErE raglial

20cont r o} I i . [0040] In one
enbodi mﬁ%@zﬁggggﬁﬁglsg?lgﬁgag% %lggf?@éélﬁ%ﬁr ger than the nunber gas

suppl y pi®08¢] Sd@ration pf thd des fsoppladentsal £9 riawdi aalepardeiitiyalcofitrsllabier amitiple
upper plasma gener.ation vol gXElloi% to the | ower plasm generati on vol une

109. Al sYRCEIHEC rrgigRRFngS 1&eA1 1 PR aH Shepigurdes der ?‘8“%&9@ & Bay spphsFemral han
the gas gippl bﬁep mf:Hs %816%1?)}{' \dcfiulfﬂgr (%dwa% € t f'a%ﬁ QQ LG Lalg k! ow
ene 103 to &ion

fromthe upper ation vo asma gener

vol uife mgsmﬁwﬂmmxy asmpﬂewﬂuusthy ldw&cp&smd,geh&etlsn z/elu@fe 10% Atﬂlﬁ&tgﬁl‘thbol es
117 is li mt revent adverse plasma intrusion fromeither the upper or
| over pl %ieﬂﬁ) fgs P meahox?&ayﬁee%Al@smdbreprﬂoacetnﬁéc 24 Bgh- resloas/zaner. 1158041]

| J6f
extond arlly T30 it SRR B (BobrsBha (B8 T MeBEh G195 Eaf B B8Rel o s
cr oss- semtiuda mdreaort 1bmmgbpdndéxelyldozmdﬁﬁme afds tsoplﬂytregidnst/imﬁy qkbrt SAnPES in

distribution unit 115 and an angl e 303, in_ accordance wi th one enbodi rrent
of the podsatembodapentothe gﬁﬁéil%tw?lmp@hmnb LES 13 defingddfefinplade two endepprientlym

the 200 &%ﬁ%ﬁ%@%g@f ggclé%ggﬁlp%}pr%é%%é/zones.

[0040] In one embodiment, the number of through-holes 117 is larger than the number gas
supply ports 119, to provide for adequate radical/neutral flow from the upper plasma
generation volume 103 to the lower plasma generation volume 109. Also, the through-holes
117 can be defined to have a larger size than the gas supply ports 119, to provide for adequate
25  radical/neutral flow from the upper plasma generation volume 103 to the lower plasma
generation volume 109. However, as previously discussed, the size of the through-holes 117 is
limited to prevent adverse plasma intrusion from either the upper or lower plasma generation
volumes 103/109 into the through-holes 117.
[0041] In one embodiment, some or all of the through-holes 117 are defined to extend at an
30  angle through the gas distribution unit. Figure 3D shows a cross-section of a through-hole 117
defined to extend through the gas distribution unit 115 and an angle 303, in accordance with

one embodiment of the present invention. The through-hole 117 is defined to extend from the



14 upper surface 302 of the gas distribution unit 115 to the |ower surface
304 of the gas distribution unit 115 at the angle 303 offset froma

r ef er encewdizoeatiz@am 301 that extends perpendicul arly beregasdihestspper and
| ower surfaces 302/304 of the gas distribution unit 115. [0042] The

t hr ough- hol es 117 are angled to |ncrea§g the probability that charged

constituents, 5 ., 1ons, wthin the upper plasm generation volunme 103
wi |l encounter the eI eg i cal ly ounded as di tr| but i OI} un|t 1 5 as they
travel tWPEUSHTIRIThe d@fﬁ%ﬂ&% uriongipi d 1p Jopide rlgngy atrfaceoi4 of the gas
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of the t roug ne enbodi nent e angle I's surficientl
| ar ge t peppeddizniarigbetivdentties uppet edl loiveesuwfacsd II2Y3 04 dﬂthmgatshhstﬁhrtmmgimthdﬁe 117
t hrough t he gas dlstrlbutlon unit 115 .in 10t he reference direction 301.
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radi cal /neutral flux. [0044] In one enb ment, a flow control plate is

di sposedvawme H&3 Lasp @ﬂowaqi fapessothraugh thegasdistriiusioniwi L to thedower plgsime ol

whi ch t hr ough- hol e sed.to t.he er
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surfpce é%dwuohhﬁtogﬁ@m%ibrabllaufgbmatwm@1&&5109Bymyafdﬁnm@u h@le@mm In
enbodi ment of the present invention. In one enbodinent, the flow control
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Gt | nod Peteoies H et € A, ok SPostabEny SEHeROTEARE it %9%?
through R0MBl&hdifdc@oni 01t arHie eeB88dinRhl pebvided RRoRTEDREL TBe mihd WithWhe
control plate 401 disc is defined to have a dianeter that covers the upper

sur f ace oilicatecugab flaxsthati Bows Gronu Hiet uppes p@@nasgftn@ratw) volume 103 to the lower
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pl ate 40 ornmed of an electrically and
concentration within the radical/neutral flux.

[0044] In one embodiment, a flow control plate is disposed on the upper surface of the gas
distribution unit 115 to control which through-holes 117 are exposed to the upper plasma
25  generation volume 103. Figure 4A shows a flow control plate 401 disposed on the upper
surface 302 of the gas distribution unit 115, in accordance with one embodiment of the present
invention. In one embodiment, the flow control plate 401 is defined as a disc having a
thickness 403 within a range extending from about 3 mm to about 6 mm. The flow control
plate 401 disc is defined to have a diameter sufficient to cover the through-holes 117 through
30 which flow is to be controlled. In one embodiment, the flow control plate 401 disc is defined

to have a diameter that covers the upper surface of the gas distribution unit 115 so as to



thermal |y conductive material, and is secured to the gas distribution unit
115 to ensure 5 adequate electrical and thermal conduction between the flow
control plete12Ag44and the gas distribution unit 115. | npomasenboedisoent, the
flow control plate 401 may be secured to the gas distribution unit 115 by a
pressure differential between the upperlsand | ower pl asnma generation vol unes
103/ 109, by a nunber of fasteners, or by a conbination thereof. Also, in

vari ous enbodi nents, the flo onfrol .pl.ate 401 can be covered an
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present conphiplase 40N is slefined &1 kepose rbdidferaah mymbener mdifferene spadiel pattesn of

hol es, 405 in.the flaw.control plate 401 ar fined to.provid ar

it £ 2 enfirafiiigye Y2 ERRLE s ity SR hali i oh Fodis HRuBHRYAE rgilroush
di stri buteqTbw! Bbrtrol biate 4O048H neh&UihfougR tB@Wdigrib@Ronvingivl 15, can bt evatemREr ol
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control py aettisg 4e7Aow s0nBol AREC0] af apatcdantsatignghpesiéorerdbdtyierterihe vpperhe
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Specifically, the flow control plate assenbly 401A includes a central disc
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concent rhgleg Il rllgsdeﬁggcp (NLilt?uYnCthe underlying gas distribution unit 115, in accordance with one

30 embodiment of the present invention. Figure 4C shows a top view of the flow control plate

401 positioned such that the hole 405 pattern defined therein allows for flow through only
angled through-holes 117 defined within the underlying gas distribution unit 115, in



15 respectively include nultiple patterns of holes 405A1405B/ 405C

extendi ng there through. Each of the nultiple patterns of holes

405A/ 405By@0b3/mbkiqgns with a different set of through-heceasidiiiowisthi n t he
gas distribution unit 115, such that disposal of each of the central disc
407A and the concentric rings 407B/407Ggon the upper surface of the gas
distribution unit 115, at a particular rotational position relative to the
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gener at i on vo(f unes can be separat ety and epen y con

I n one esibstiifent thet dttckf 0P GyvintBOkE&Erddhlthe SVaﬂlefooanf the dhamseld £0(Rfn RAWET
and nultiple 25 frequencies. For exanple, the RF power source 111 can be

def i ned #Bbystimentgtherfugioliis ar cleepiaiscihusk and proxides amdleqirade farrersmiting. | t
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t hr dggh dubetrite QUB, iMERtWATENDI 3) &t ¥okSretto tiRNRRIE plabdd gBiERidVodimé 169 R dpewer
to the showerhead el ectrode 101 and the chuck 107, respectively. As

pr evi oustybasiimenis satrler pdgsring bridrisodispasad ont the chaek ¥k abaubirg perinhery ofias
SErves agpfudif fﬁg%&%ﬁg@gfaﬂqg%%g ﬂg c'hﬁ'clg t116\’7 %":1 various embodiments, the wafer




power return path for both the upper and | ower plasnma generation vol unes
103/ 109. WD 2012/ 018449PCT/ US2011/ 041524 18 [0053] The upper plasnma
chanber iwodefdnedot o i ncl ude an exhaust channel 125 througls20hiosiszgases

wi thin the upper plasma generation volune 103 are exhausted into the
interior cavity 100D of the chamber 100 The exhaust channel 125 is defined
to circunscri be the upper plasma generation volunme 103 outside a radial
periphery, of . t he .sho 101 and,5 out i de

ber i pher Seedyrini s BT QFRh Tl VAR TR el ittt ittt dspprsd
exhaust BéawBE wilD c8d ©ME 849, Andis dh&tedior BRI O bth@&meﬁ%h helviEr cggbiihgce

of the outer structural nenber 104 of the upper plasnma chanber and uppér
sur f aces14t Bt ehuckel Ofais adijosdefinsdtto oncludeé Q‘Dllﬁgemdommf @Dolsltg uhzttmelalandmmer
. asma_c

106 of t [ a 005 ur ttI is
defi ned Gring T el BRI, S ReR sy EDE Of dfic so sy [1b ot ARG R ow
-e.,5 1 prk@l g8asfion Vohie 1de upper plasma generation voI ume 103 t hr ough
the exhaust cﬁannel 125 to the interior cavity 100D of the chanber 100. In

one enboll0Athihe tCheckpﬂ@"é deirdefindrt 6 tmhaver vergedl37 withindéfei imgatior ccanity el 00D, as
vertical | in a conf,o L1y defi sed. region wthin ut er
struct ur 5%/1 C\r%eﬂlthé' 1&? Erhn@ Su% ptgﬁgw?(cﬁ?rﬂ?@rbeig eregl £ fei‘iF‘é(eIS thent |
the presgib@att hrlgttfuloﬁgﬁ 'tﬁw%ajégzaﬁé‘@()@eanméﬁ%e' Hiséd fbkhochéﬁéiv WH&le SIPIWQ 15

into the exhaust channel 5 to reduce a flow area roug e ex aust
channel b2&r gigsméa gempationhvatimkel @heAlso,un dvettiaaly distame taveoss therlowtaphmma
generation v Jurre 103. Hi?'n one enbaodi nent,. the essure 1 hrot Ie rlng 127 is
def i Hod BEeen| EoIUmE oHish o cmeptieh PIoFndisy £ SR S Ghbr | dusieihe gas

t
Cavity 100 O TRt Es clf BURT sha S TREDY Rl %!9*@%“2}%‘ rSit?’S‘oé*’ﬁfé%‘B%he

pressur el(ﬂhrﬂtet Ive“umtlnaystm awodsi arlatveo pladmpi ganechtipm vielugue €09 cas henﬁat to
exanpl e e nt atio her. enbodi nent s,

|
pressur e Gf"(?tat b lql?rﬁﬁe‘itﬁrﬂon%g Hﬁﬂ’ﬁgﬁf(‘)‘f denity. fad & AR bs Set§% aYQifg as
the pr esﬁx‘i‘ﬂtﬁl SH B Wafer199 igtz OP% Vﬂcgﬁﬁﬁg%glx ﬁnlg%g Qlé)pg{pcfr{ﬁ'lg ailhf?)Wt}ﬁ?&eg}H?Q

t he exhaust annel 125. one e essure nanome

di spbsedhdles ﬂria’aslur\eribhreerpbc&hmante thie tviettivat tistanp esroR5he ﬂmlmg@ktﬁbn
vol une 10 r} éhl s, enbodi nent, this npeasured pressure wi thin the uppe

pl asma g¥MEMS03 152y BF Shieviira raes S¥andIe fonkibave | cadashent St om 8 out
control | »pg thRGoRaSe Ehon of the pressure throttle ring 127, which in turn
provi des active control of the pressure within the upper pI asma generation

vol une 1[®52] Ub&6Huckn®7 liofirthepdaiea t@bl&ppﬂ)ﬁRFlp@wdEﬁbﬂﬁdl RB power soueceal 19ab  of
slotted xhaust channel s 129 30 through which gases within the | ower plasma
gener at i B 1QBFUReSH gengraionypdrae 469, sieh that hueis £97 W%ﬁlap)ﬁklmée der thee

charker M0s bAoA som il SRRLRIER e S P 1 o
peri pher thedbwehplagha Clkarnber is separate and independent from the RF power source 105 of the
upper plasma chamber. Therefore, the RF power supplied to the upper and lower plasma
generation volumes 103/109 can be separately and independently controlled. In one
embodiment, the RF power source 111 is defined to provide RF power and multiple

25  frequencies. For example, the RF power source 111 can be defined to provide RF power at
frequencies of 2 MHz, 27 MHz, and 60 MHz. It should be understood that each of the RF

power sources 105/111 for the upper and lower plasma chambers 112/114, respectively, are

connected through their own matching networks to enable transmission of the RF power to the
showerhead electrode 101 and the chuck 107, respectively. As previously discussed, in one

30 embodiment, the gas distribution unit 115 serves as a reference ground electrode in the RF

power return path for both the upper and lower plasma generation volumes 103/109.



WO 2012/ 018449PCT/ US2011/ 041524 19 107 and outside of a radial periphery of
the gas distribution unit 115. In one enbodinent, as depicted in Figure 1,
the set ofomitiegdvexhaust channels 129 is defined in arhwniszenbalsby
oriented portion of the outer structural nenber 106 of the |ower plasnma
chanber 114 |ocated at a vertical positjigon near a top surface of the chuck
107 upon which the substrate 113 is held. 5 In this enbodi nent, the set of

| ot t ed t ch s 129 t tically th h t i tall
or Dent oolihsst The Seier Plaata hanoeos fiths 5 ol vgustiflnied 125 Svigrudie”
chanber 114 wE@O5HL Mpbf SHSHE Sef@MIOvolihBd 033t bonAlek 8E the ifBNS dougr d

and away fromthe set of slotted exhaust channels 129 to throttle a fluid
flow, i.&00D folf she ohangtzes el0. fIhe maxhimest Ichavel pLassdefiddl tpeoiecuamtscobe Vel upper 109

t hrough the set of. slotted haust channel.s, 129 .into the interi or i
100D of PHENE EeeEion6tims A0 LA Rks Guidieriphérk & i ceuPeRdpiEs e 10 gnd 31
I's def i ngdsias ofia %A@%ﬂfﬁéﬁ;g&;@ghﬁ%&ﬁeﬂ W@t 135 aReHis toaG MGl theSexRYRD! e

in a vertical directionto away fromthe set of s%otted exhaust
channel schhdfel Mfeexemdssir e radint dtctiongpti&h 2 Sodef surbde tod thooater tshectssd  of

75 agai noETPHGI Lt BF VBRI S AR O RREH s g hoTbihe i g 4R
agai nst @}g %@fﬁ%‘é?f%%gﬁ%l%’%%@fﬁf?ﬁmf YasPlicBhBg portion of the outer

structura e set of slotted exhaust channels 129
i s formef0sEPASHEEssutaitidottleamg & 2id Befiledwe rmpveasmthirg dreeexdbig chaoeliies X609
thror{gh the set of slofted exhaust channels 129 to the jnterior_cayity 100D
of tHE chueier fhabilewn heflow obgpseedrom the uppen a%%g?rﬁrqt@a,vomwgﬁ Bi cal

novenent ,of Al i Ng: ]ﬁﬁgj I . of
slotted tg)% heé{hg\%t gﬁ%ﬁ?\%f% %(Z)tgg nﬁlf:\n%ﬂn%gg%g%odtlﬁ %E\Pﬂe,dct eeg\rf\gos{s%ro ggqg%lﬁt&rho htr’i ng
131 is defei preshuteotirorbl ing 12D ripldefigeds utmivé veftidallpwitiiom toefotmallyr dgfined ma

generation volunme 109 through the set of slotted exhaust channels 129 into
the i nt eFdceysed sgiany withwrihe Putek stra¢iwishsempgnl 04apisthe uppergplasamphsisehi2- 1y
pressure,nan er | ' r}ggg It whower
pl asma g'éhﬁ%;% Hiéﬁ‘e%ﬁ%%é&?%@ﬁg%h@eh| ginﬂ/g%a&illhﬁn%ﬁ{o,@é?%l{ g Cﬁég%flfjgrd elghlglreglsa gur e
Wit hif t ffo leyvexhiakasimnge s & ratucy @l fiowe at@Othreughsthd dxhage vhnatet 128emback
signals for controlling the position of the pressure control ring 131,

whi ch i ntheiaby pretile b Beidi JlewcBaty gie gprar nRlapne SSUFatioR tYolHng Hé)gi Fhestne

Cpper pi Seecef iy bied ropie gl is AR o J5HRACLIRARE IRl JOROW NE
respect i ¥onC et iipiRe PisasimBenerAichowdlimed 08l tsoughi the bxhedst whahnel 126 hato ites

residence tinme can be controll ed bg control ling volunme, pressure, and flow
wi t hin t irgenirasvity F&0 ehtheichanberi0Phi n t he upper and | ower pl asma

gene581 ti ?&)5%? &tusrﬂ%aldlt?es{u% e:%s’toc-)rci1 thaP ltl?esgr%ssu}‘/g)th%gtﬁg/ %Sﬂfﬁggﬁgu%%ﬁ ]de%@eﬁzﬁ 20
Figure 1 is one example embodiment of its implementation. In other embodiments, the
pressure throttle ring 127 can be implemented in different ways, so long as the pressure
throttle ring 127 provides for control of fluid flow through the exhaust channel 125. Also, in
one embodiment, a pressure manometer is disposed to measure the pressure within the upper

25  plasma generation volume 103. In this embodiment, this measured pressure within the upper
plasma generation volume 103 is used to generate feedback signals for controlling the position
of the pressure throttle ring 127, which in turn provides active control of the pressure within
the upper plasma generation volume 103.

[0056] The lower plasma chamber is defined to include a set of slotted exhaust channels 129

30  through which gases within the lower plasma generation volume 109 are exhausted into the
interior cavity 100D of the chamber 100. The set of slotted exhaust channels 129 is defined to

circumscribe the lower plasma generation volume 109 outside a radial periphery of the chuck



residence tinme affects the dissociation process, which is a factor in
radi cal /neutron formation. The upper and | ower plasna generation vol unes
103/ 109 awe 281mliB44and wel | -controlled with regard to presswseoianas24
tenperature. [0060] As previously discussed, the upper and | ower plasna
chambers 112/ 114 have their 5 own respgetive RF power sources/controls,
pressure controls, tenperature controls, plasma process gas

/ | s.. fl |s. l.n.vari di .
ar it G bR BEn R gy seBbh R i vl et RicmtRL oM pOF PuogieRl. 255 ©
range exdépidedieh Figm abard sdOSF SR ekiusdeithnds TOH s Rfinéd dMadikRHonfl)

mlforr to about 600 mforr. In various enbodi nents, a pressure within the
| oner pl ersantedopastiers of thg outsir wivectad membeb 0@ ofithe ddWerdblastanhahibar 414 hegted

extendi ng from about 5 niforr to.abo 100 r, or,.frgm about mlo to
about - S0MASTC pavea i gur GrER Bhina haeE T sien Laigh BF Spgtie hS G an
uppers pl gsiils &bodene thOWRI ofdIGEMBe2ddst dhanRds P29l aRERIM Eriic ARt dingent
of the present invention. The process gases fromthe upper plasma 501 are

exhaust elprizootally lveicnipp eprtivhad e ouercstauciuorl nerhibard 06 08 thtJowhr plasyha theenber
exhaust ﬁﬂﬁnnel 125 into the interior cavity 100D of the chanber 100, as
i ndi cate y arrows 505. The process gases fromthe | ower plasma 503 are

exhaust eﬂ»ogvpmﬁr&%uﬁe%ﬁﬁomr%sm 19 8BSHALth Ao W WAR ahl Awh HBHOMRe s rSR)itedf

sl otted exhaust channels 129 into the interior cavity 100D of the chanber

100, as é¢xihdigathadndly 139 rtovtbrdbily 2 fridcieor, pas fdewaofegerhafishetiie flowar plasma
interjor cavity 100D he nmber (100 t hrough. the exhaust pqort .135 as
i ndi Cat eBM57198 V8 g rougf 3t of Flogs B G B hemirdy LoBEP s dptepipecavity
 ndependenin 6PMHe! Alanfblr 10 THRAE enfbRdim iChe PhaITe c8ﬂ@61tl‘ﬁ{gsl3hl%/cﬂe§§é‘ig@%§’¥(' des

for extensive possibilities wth regar fer processing recl ,
parti cul borizpntatly eeienicd gnilier-shapebdiad emichcio miavableah arvadicahdirevtioh talartllang

relative to jon flux. coupl.e of exanple fer processes. are praqvided
bel ow. ~ FONBUERT ¢ ?seéwé/SMO&e%sxfwﬁa&@w@% e EFSHE CREBING LdfeACERIdRs ses

di scl ose j ' FRVE- TaTo IeN any
i at o o et B FoREEUIGEH ARnfSTE) B B cA bavly 1008510 3B 32
hereim. §£0GBIhelsot ofwdoteedapinet elmrnndis i@y} i e. twienghiaet @agait @ lowermefict of the
performa wafer process that utilizes high fluorjne radi‘%g}llneutral flux

wi t h |omhwﬁmwa@qeaﬁﬁdomr@wf(tbﬁFeal,ter@amgt,uraéﬂe@rb?rnlQwi Ahigh dieesing
pl asnma. ]Ell)ttéchéfhaﬁgi%Mn@lsqggqgfoﬁﬁg&’ a mxture of Ar and NF3 is 30 supplied
e

as the plasnma process gas to t upper plasma generation volume 103. The
upper pl pH58] grid flatvi fomviat Uoweerlfldsm:s gogredtihedblahe N0Ghhmougls sho sct aifdidiiegh RF
frequency (60 MHz). The high fluorine radical/neutral flux is gener ated in

t he uppefXisnaisthanediadto fipsinigriprjcavitynd)id 0 the shamshse 00 bey broiteds iz
fl t t - f i i i i Th
o1, D A ) B LRI o

i ons gener asha processin

the gas hesdet bbslbit@nexhaudt chimneld 086 4h oAk £mbodimednt)ithe prasit eomrdlatign31tis a
m xture Ar_and CxFy gas is supplied as the plasma process gas to the | ower
pl asma geéefiredttp snable auseEpigo shatall of sy fiomnivdoyenplasing ganeration volume 109

through the set of slotted exhaust channels 129 into the interior cavity 100D of the chamber
100. Also, in one embodiment, a pressure manometer is disposed to measure the pressure
25  within the lower plasma generation volume 109. In this embodiment, this measured pressure
within the lower plasma generation volume 109 is used to generate feedback signals for
controlling the position of the pressure control ring 131, which in turn provides active control
of the pressure within the lower plasma generation volume 109.
[0059] It should be understood that both the upper plasma chamber 112 and the lower plasma
30  chamber 114 enclose respective confined plasmas. A confined plasma is beneficial in that its
residence time can be controlled by controlling volume, pressure, and flow within the plasma

region, i.e., within the upper and lower plasma generation volumes 103/109. The plasma



5 volune 109 is operated at | ow pressure and |low to nedium RF frequency (2
MHz and 27 MHz). The | ow RF frequency of the | ower plasma generation vol une
109 corraespantisaol ow di ssoci ation of CxFy in the pl asraTmspmasdisto t he
wafer 113. It should be appreciated that the high power required in the
upper plasma generation volunme 103 to %8ner ate the necessary fluorine

radi cal /neutral flux would cause high di'ssociation of CxFy if applied to
the |l ower 10 plasma_generation volunme 109. Therefore, the dual plasma
chanber residenssdimeatists the dipserieions proerss.aiiiaigle idie fstar e srdigaysayon fogodsn. | n

or ocoss TRAPPHST A St fraive -0 PETBEneSi0aliBy Wb sBERE M Bholl iy

hi gh pr eggatdeo yeksn€and tefparafirgh density Ar plasma in a | ow pressure
volume. In this exanple enbodinent, a m xture of 15 CxFy and Ar is supplied
as the pl08steAp pravessslygdiscuseed; Hlee upprsrand| lawien plpsme rcipmbersvid2(iig hoz. thaike

upper. pl asma_generation vol une 103.is operated at. hjgh pressur nd, hi gh RF
P Daencs T emenpye 1 e SO e o, APt R o Pliay e beRiE RhRoG 1l
di ssoci aBeesOEhYsIfREL keSS, iald LR REAtrdlk a8 RBriGlRasmdin&s, fal pvsulchviggh

the through-holes 117 of the gas distribution unit 115. The ions generated
in the uthpewppt plesma prassesng Molums! LidecanoBe geriralipdfwithie raeringy exigadigg srom

di stributio it.115. JAlso,.in this exa embodi nent., . Ar_gas s _supplied
as the p?bé’élﬂé&g%é% ﬁbé’élﬂf oT%eorlr}%)%raé?)‘ﬂ?soﬁamggﬂg? %F?%tnm@orpg%' %’O‘é%n#‘ge
lover pl &5p&iRERS! AbtRSurY Withie (H0Rwich pRRAhrecksdhg oMY BESEHnELABshttdMed t O
medi um RF frequency (2 MHz and 27 MHz) to generate a hi gh density Ar plasma

wi t hithi ghithiare fahgxextfBtigsTromraboneS opleratol abont 1Whiddir omtaheutpklemd grrdo

control rin 31 of the lower plasma 25 chanber 114 is closed, and the
upper pl @é’t‘?’&@ﬁéﬁ%‘er 112 is set in an exhaust only configuration. In this

enbodi mefifos1 PRRLASSBhWs PRIchIRBE! POREf Figutd 1 wHIbPAT u@e%mnﬁesmraafdi Howee! ume
103. In this erbodi ment, plasma process gas flows through the gas supply

ports 11plastha 5%, igascatilatce ivdtit orenerobidimedtcofithe preséng iheneon.pltespracese igeseat i on
volunme 1Q9. Also in this odi nent, pl.as proces as exhausts.fro ower
pl asma gERBY tei ‘&P%@L’tﬁﬁ@ Qath‘?q‘g‘ﬂ e(gémfrh etW?Q‘fﬁéﬂi%Sﬂ@I %@eﬂa%?no‘f‘)hflﬂ%r?&gs

di st{ %bu{tﬁﬁ%%ﬁé E)f]ﬁ]a?ét BhR1 PSP BR inRliBSERitY § 06D JF R niAbHMRI0L &3indRAG4t hen

out the ex st channel 125 Thto the interiof cavity 100D of the chanber
100. Wb @d3we 584 4DRCHTOUSR hddsOfdrh 2Ue RBwdrqd&Hia 03 are epbaustddoimern therbwdirment

id f ial . i t of pl Lf th
Pover ol Bloe gerarian ool Ehordish ing it oprieReheia Rt Ao PUeSEr o
uni f or m E%[vi@ol%bodf thPthalfbeP F0Y, 8Y ﬁﬁic%%d%nltos% soaf %cés%%ase@%%ﬁ@u@&ﬁﬁémar e

punped ou erticalTy as opposed to ra I't shou be appreciated that
radi al pepinedtor @bviex MGQ tof She glastser cldistheough rtheliezhaust pers UBS adiindicatbditbiyon
across wafer 113. This enbodi nent also allows for accurate control of

resi #&ncam®V® n | ow fl ow applications, such as atomi c |ayer deposition or

atom ¢ | id(ﬁ"z&ﬁt §iu10d &%ggﬂ:tgﬁg\ggf%l i@h%%gg?rgec%hg@ln&tethpug?er gndtowet $ERnahan

a mllisecon I's requir be appreciated that the dual

pl asnme cbrdiedrs 10011spdeidentd ekrensiee pogitelitid witlatgard|td meufidr padcebdingrecipes,
generation/ application fromionic plasnma generation/ aﬁpl i (iati on., Al.so, .in
one enmbo@krshlerly cRecaryng thepindenprderi £opEp! afiadicalfpeyiral Huefelafe tp ign fuXy faust

onl .V SES! Uae SRRtk kO Ale BRET Bl abfl SRSt
25  the example wafer processes disclosed herein are provided as examples only and in no way
represent any limitation on use of the dual plasma processing chamber 100 disclosed herein.
[0063] In one example embodiment, the chamber 100 is used to perform a wafer process that
utilizes high fluorine radical/neutral flux with low dissociation of CxFy (C4F8, C4F®6, etc.) in
the wafer processing plasma. In this example embodiment, a mixture of Ar and NF3 is
30  supplied as the plasma process gas to the upper plasma generation volume 103. The upper

plasma generation volume 103 is operated at high pressure and high RF frequency (60 MHz).

The high fluorine radical/neutral flux is generated in the upper plasma chamber 103 and is



[0069] While this invention has been described in terns of several

enbodi nents, it will be 15 appreciated that those skilled in the art upon
readi ng twe 2preaedbng specifications and studyi ng the dpawusge1wiisks realize
various alterations, additions, pernutations and equivalents thereof. It is
therefore intended that the present inwgntion includes all such
alterations, additions, pernutations, and equivalents as fall within the

t P pit d f the i t] . 1S, clai Ls: .20 WO .
2015/ oy shoseErobaRs pauebhoiss | pf e e dBtrbitof ol abhidieesrormsn dn
processi g uﬁﬁ&%ﬁh}éﬁqm&@ﬁﬁ% LSRR 103 are filided by Ble a5 BITRGEEN G1R3Sd tO a

first plasma géneration volume, the first electrode defined to transmt
r adi of r e@06#icXxispRi) tippwsample ¢rhtedimers) aphixsire Ayeast &xFygrgayas wagplietihs ther st

5el ectrode further defined to distribute a first_ pl rocess gas to the
Prret pi SR GloRer A b ey Raplacma Benesation soMEe | Bt e dev Bybeespgration
seco AL | It
R poner /e EHeo e eBhRa KA Tren i aRORATE) Fledtnf RICHARAPE Myl AL

further Migfz)nBEe bo RBlfidqacsylos theabeet plaswp generaionovdiirme $@¢ osrtespbaista low
generation 10 vol .an a gas distribution unit disposed between
the fir S&Sm&gﬁa ogé‘%gm &wlwaﬁ@g%}o hevalet bh Ib#%%l beyamErcat bRl e une,
t he gas g WRHLERE |t ' ' r f

b otgn- R 30 Eh A It Eph e ROEHARE Ry L B RETRR L the necessary, g
connect flingirfei radicaipheasnah flge vesudd icouseioghu dizsdadatidneoSELPN 6 gipdisdrao glenkywadi on
vol ume, the gas distribution unit 15further defined to_include an

ar r alfyendiatmg gengation yobirpe hB7-therrberena dpgl Rirseng ¢hsmber A0Q erablrg nsrigapance
process gasge agok%séﬁggggooggsasrra generation vol une.

[0065] In another example embodiment, the chamber 100 is used to perform a wafer process
that utilizes high dissociation of CxFy (C4F8, C4F6, etc.) in a high pressure volume with a
high density Ar plasma in a low pressure volume. In this example embodiment, a mixture of
15 CxFy and Ar is supplied as the plasma process gas to the upper plasma generation volume
103. The upper plasma generation volume 103 is operated at high pressure and high RF
frequency (60 MHz) to cause high dissociation of CxFy. The highly dissociated CxFy
generated in the upper plasma chamber 103 flows through the through-holes 117 of the gas
distribution unit 115. The ions generated in the upper plasma processing volume 103 are
20 filtered by the gas distribution unit 115. Also, in this example embodiment, Ar gas is supplied
as the plasma process gas to the lower plasma generation volume 109. The lower plasma
generation volume 109 is operated at low pressure and low to medium RF frequency (2 MHz
and 27 MHz) to generate a high density Ar plasma with high ion flux.
[0066] In one operational embodiment, the pressure control ring 131 of the lower plasma
25 chamber 114 is closed, and the upper plasma chamber 112 is set in an exhaust only
configuration. In this embodiment, a plasma is not generated in the upper plasma generation
volume 103. In this embodiment, plasma process gas flows through the gas supply ports 119
of the gas distribution unit 115 into the lower plasma generation volume 109. Also in this
embodiment, plasma process gas exhausts from lower plasma generation volume 109 through
30 the through-holes 117 of the gas distribution unit 115 into the upper plasma generation
volume 103, and then out the exhaust channel 125 into the interior cavity 100D of the

chamber 100.



2. The apparatus of claim1l, wherein the first electrode is defined to
i ncl ude a nunber of gas supply ports arranged in a nunber of concentric
radi al zoweof»nuisag toward the 20 first plasma gener at ipomosedumeis2nher ei n
the gas supply ports within each concentric radial zone are plunbed to a
respective gas flow control device, sugh that the first plasm process gas
supply to each concentric radial zone is independently controll ed.

| ai.m wherein the first electrode forns an

3. Th f , ]
surf ace DPCASIHE oPrrGota)  SrlindEHaraYHEh RroPUfeb el ARGAET BHeo o
el ect r odgofQk WBseR td/RWRT the W @GRaa 3186 AR ARTH G8NEMB4diRRNY A kRe and

wherein the gas distribution unit 1S defined as a plate forned to separate
t he fir sprepusswdfogany catiradrcau deacbieledacrodsehs emband 1p) bawsegenes @t ipomped

vol ume, such that an upper surfac f e plate provides a | ower boundary
of the. rouSerishlt asohes fn RS et 36 PadtiE i SR RS S YA T he
pl at g proxidess@n MARE predird ARsAN%n AbrokdGaREG PNCTH ARPGHISRRCAS iR/ RL UrTe,
wherein %acﬂ@%? '?ehe tﬁﬁ){)ugﬁ- hol es lth err?d tﬁrougﬂ t}ﬁe p atle ?f%?ng%ﬁ&ewsu%%)er
sur f ace afutateecontrat ef fesidérdve tinoaner lowuitdvaegplwhtidsesyshat etomiv\dyer deposition or
2012/ 018449PCT/ US201,1/ Q4152 4 4. The apparatus of claim 3, erein
the pl at @OMifclayefeSciAg 4 | é@é@%ﬂbﬁm reRdRRRR IS @ dFSP @aﬂﬁe@tlgaﬁ%mﬁe
arrangen‘&gﬁir&f gas supply ports defined on the |ower surface of the plate
to distriBbute the second plasma process gas to the second pl asma generation
vol ume. [0068] It should be Gpprddigted pipartat Wnialbplashaichadibert®r & defirled tgadeceuipl vy
channels are defined to fluidly separate the arrangenent of gas supply

por tX0 i niagicabimquirg} Hux gereasionyappheaiionrEom dee #lasma Sepation gpmlisaiioy fAlig dn
plate, - SueledifithimbhOWe 184651 BRRRE Q4 B B MRCALTES 2x At bily it 40
supply ports Wthin esch of e nultiple concentric’regions IS

i ndependgdidaynéudiat flak | fedhn the upper plasm# chdheerapiRacat bs applicel @i thelwafehai @i n
the gas distribution unit is forned of an electrically conductive materi al
and is eMdbewticspesing hemiaEsrtldd te arkesmes er ence ground potential such that the
gas di styq el j t. I e i:r St d
decond pl0BYE Ve dfs iUl HES bR LELABC ;PRI EOF oo RIS if S 80
whergs n ifiRedidte® thaethesd skolel inghehapon toalling tieopreedirgdspecifications and studying

the drawings will realize various alterations, additions, permutations and equivalents thereof.
It is therefore intended that the present invention includes all such alterations, additions,
permutations, and equivalents as fall within the true spirit and scope of the invention.

What is claimed is:

20



a first RF power source, and wherein the second electrode is electrically
connected to a second RF power source separate fromthe first RF power
source. 298.20hmispparatus of claimi1, wherein the seconeécehmeinods:2i s
defined to hold the substrate through el ectrostatic attraction. 9.
The apparatus of claim 1, wherein the sgcond electrode is novable in a
direction toward and away fromthe gas distribution unit to provide for
control of a distance 25extendi ng acgﬁéighge second pl asma generation

vol une perpendicular to both the sec ctrode and gas distribution
unit. 0. The apparatus %% claiml1l, wherein the first plasm
generation volune f's$® (gpﬂ@ﬁoﬁﬁa KRGS IERPRURNS £ATPKHREst channel defi ned

to circunmscrihegrd I%I%c{r!)({eséxg%&lst% fgt%%ﬁgﬂagé . gﬁg?& kfb'lﬁﬁ'xg?ﬂqe Sﬁirgeéléahoae &%&k?lhe

peri phery of the first electrode out a radial periphery

gas di st ta imansnoih radiofrequieney BF) qomcuabothewifse plgmac gastangnapgama; tise fiutt her
WO 2012/ 018449PCT/ US2011/ 041524 25 conpri sing an pressure throttle ring
def i med Flsctmfgéuﬁf‘?frﬁ%%n? to AstHRHE2 rﬁaﬂfa@ma PEPCESirass {0 the et Rlases sysEtioRom
the firsgoph@sma generation volune through the exhaust channel. 11.
The apparatus’ of claim 10, further conprising: 5a pressure measuring device
di sposed to neascoml aleptredes exposad ttoi & debend ipisiapiesrbion volume, the second

electrode defined to transmit RF power to the second plasma generation volume, the second
electrode further defined to hold a substrate in exposure to the second plasma generation

10 volume; and
a gas distribution unit disposed between the first plasma generation volume and the
second plasma generation volume, the gas distribution unit defined to include an arrangement
of through-holes that each extend through the gas distribution unit to fluidly connect the first
plasma generation volume to the second plasma generation volume, the gas distribution unit
15  further defined to include an arrangement of gas supply ports defined to distribute a second

plasma process gas to the second plasma generation volume.

2. The apparatus of claim 1, wherein the first electrode is defined to include a

number of gas supply ports arranged in a number of concentric radial zones facing toward the

20  first plasma generation volume, wherein the gas supply ports within each concentric radial
zone are plumbed to a respective gas flow control device, such that the first plasma process

gas supply to each concentric radial zone is independently controlled.

3. The apparatus of claim 1, wherein the first electrode forms an upper surface of

25  the first plasma generation volume, and wherein the second electrode forms a lower surface of
the second plasma generation volume, and wherein the gas distribution unit is defined as a

plate formed to separate the first plasma generation volume from the second plasma
generation volume, such that an upper surface of the plate provides a lower boundary of the

first plasma generation volume, and such that a lower surface of the plate provides an upper

30  boundary of the second plasma generation volume, wherein each of the through-holes extend

through the plate from the upper surface of the plate to the lower surface of the plate.



generation vol une; and a feedback control mechanismdefined to
control a position of the pressure throttle ring within the exhaust channel
based on weasim@ewpressure within the first plasma generariusponolisoe
obt ai ned fromthe pressure neasuring device. 10 12. The apparatus of
claim1, wherein the second plasma geneyation volune is defined to exhaust
through a set of slotted channels defined to circunscribe the second plasma

generation vojumne tside of r.adi al ri.ohgry of the second el ectrode and
outside of a Jr"adi al “HEPPBAE? yO%o?la%g;’g‘g@erﬁgs&’Fi %Iﬁ{ei Blr‘fﬁ\ﬁlﬁ? fntepipfe gas supply
sem condeiahfgls Wafdey caineeed & the anRPRhRhUST Jad By pdds &STHRA b tNKloR ePERBRET ©
control ring defined to cover the set of slotted channels when placed

agai nst ¢hthesplategto diswibutedthegpensl plasmi@reness gag ¢o densacond plasgadeshertidnt o
nove tomqu gnd away fromthe set of slotted channels to throttle a fl ow of
gas fromthe“second pl asma generation vol une through the set of slotted
chanmel s. 2013. The apparatus of claim 12, further conprising: a
pressure neasuring device di sposed to neasure a pressure within the second
pl asma gener a?i on V¢ anparatap@f claim 4, wherfege thragks sanply chanmelshami defindéfto ned

to contrgl. ositi,pn of the pressure.contr.o] ring,relative to the set of
stotted DHfEPTalsBE a meenentiean pLCaiisitin M RaSciioratopr Ans the
25gener afo@R siFAdenaY BB tpitélatlch HRMoRerafisTHE Sed¥RAPMshIAGDraEE ¢8s tolthe IS
apparatus of claim 11, wherein each through-hole is defined to extend Trom

an upper supphfpocts vothin hechgdshedingtiplenencentriaregions xpiodementientlytvonfrolist pl asma
geneyation volune to a | ower surface of the gas distribution unit exposed
to the second plasma generation volunme at 30an angle offset froma
reference dirgcti ompd Qﬁﬁar@dié endmimer, R%Ei'éiﬁ%@rghé/ dRETHRIBR UneisUBRRE 8P dn

| ower surfaces of the gas distribution unit, wherein the angle iIs

suf fi ci eeledtyicdlhr gmduictiver meterie]l and is\ARcETBHY GBIt HHACH/ L US2O EddeOtdmRUp@6ntial

Ot R P4 5 R R R e S ik Bl B

plasma generation volumes.

15
7. The apparatus of claim 1, wherein the first electrode is electrically connected to
a first RF power source, and wherein the second electrode is electrically connected to a second
RF power source separate from the first RF power source.
20 8. The apparatus of claim 1, wherein the second electrode is defined to hold the

substrate through electrostatic attraction.

9. The apparatus of claim 1, wherein the second electrode is movable in a
direction toward and away from the gas distribution unit to provide for control of a distance
25  extending across the second plasma generation volume perpendicular to both the second

electrode and gas distribution unit.

10.  The apparatus of claim 1, wherein the first plasma generation volume is
defined to exhaust through an exhaust channel defined to circumscribe the first plasma
30  generation volume outside of a radial periphery of the first electrode and outside of a radial

periphery of the gas distribution unit, the semiconductor wafer processing apparatus further



15. A system for sem conductor wafer processing, conprising: 5a chanber
defined to have an interior cavity and an exhaust port that provides for
fluid corwecbiznsab the interior cavity to an exhaust pweap;us2011/041524 dual
pl asma processi ng apparatus di sposed within the interior cavity of the
chanmber and including, an upper plasmaghanber including an upper plasna
generation volune, 10 a showerhead el ectrode defined above the upper

| asrma o) to..supply.a first plasm proces as and
Fad of r cnnEid el iR i g YRE Bl ' R RREERT s B BeE R trardner
pl asnma chienbepad ficth WeH At FladrANBénchItRE RBIHRBFRch WRe 4PaiiTRhafRf a2 gas
distribution unit disposed between the upper and | ower plasm generation 15

vol unes, the gas distribution unit defined to supply a second plagna_

process gas tp, thel ower pla . eration volune, the gas distribution

unit further f(;1éfi ﬁg% %p(gar&ﬁg\;ffgganggﬁt FeP IR communi cat i on bet ween the

uppers and | owepregbié Miead@NE Advi@NdMISHIRS maBtte a ﬂresslu?e GRREK afd! ﬁr@?éﬁgma .
e

within the interior cavity of the chamber bel ow t ower plasma generation
vol une, gmeragipmRlugnes pkd to hold a substrate in exposure to the | ower

| asma 20 generatd on vol une, .t he chuck further define 0 supply RF power
!to o the | owgr apfegélﬁaﬁgdgﬂté&a{??cgﬁm%l(%ﬁﬁ?d to controfhResiap %&E‘hprﬁﬁspuﬁé“q}ﬂﬁéflg and
l'over plwparm BBAXRAISS chonrcP BRRATdnY BleXsudl®f bRICrE Qi A First ?ﬁsﬁﬁp%ﬁe%ggn
| ower plasma generation volunes into the interior cavity of the Thanber. 25
16. The wemeablgined fennthePressmre medasurirgaleyiws. di stribution unit is forned

fronf n electrically conductive material and is electrically connected to a
ref erence ground potential such that the gas distribution unit serves as a

ground el ectrpde fpfe BabathdI6f URRET1, AMELEIAVRE BEARMRaSHIAERR SionSPolume is
defined to exhaust through a set of slotted channels defined to circumscribe the second plasma

generation volume outside of a radial periphery of the second electrode and outside of a radial

periphery of the gas distribution unit, the semiconductor wafer processing apparatus further

15  comprising a pressure control ring defined to cover the set of slotted channels when placed
against the set of slotted channels, the pressure control ring defined to move toward and away

from the set of slotted channels to throttle a flow of gas from the second plasma generation

volume through the set of slotted channels.

20 13. The apparatus of claim 12, further comprising;:
a pressure measuring device disposed to measure a pressure within the second plasma
generation volume; and
a feedback control mechanism defined to control a position of the pressure control ring
relative to the set of slotted channels based on measured pressure within the second plasma

25  generation volume obtained from the pressure measuring device.

14.  The apparatus of claim 1, wherein each through-hole is defined to extend from

an upper surface of the gas distribution unit exposed to the first plasma generation volume to a
lower surface of the gas distribution unit exposed to the second plasma generation volume at

30  an angle offset from a reference direction that extends perpendicularly between the upper and

lower surfaces of the gas distribution unit, wherein the angle is sufficiently large to prevent an



WO 2012/ 018449PCT/ US2011/ 041524 27 unit facing the upper plasnma generation
volume to a |l ower surface of the gas distribution unit facing the |ower

pl asma geweraizmsu4vol une to provide the controlled flui @éceasosuniosstd on

bet ween the upper and | ower plasma generation volunes. 518. The system of
claim15, wherein the chuck is anabIezkn a direction toward and away from
the gas distribution unit to provide fdr control of a distance extending
perpendi cularly across the | ower plasnma generatjon vol yme between the chuck
and gas nEErBed figsolment thioiep thh gas DR Bt 4 thepisierglcs daerianal sapiber
pl asma holSlof&fdyned to exhaust the upper plasma generation vol ume

t hrough an €xhaust channel defined to circunscribe the upper plasna
generation volume outside of a radial periphery of the showerhead el ectrode
and outside of a radial periphery of the gas djstribution unit, the system
further conprili ngdanstndesisracandreer Vater PIogeig: FIBPEHSpve within the
exhaust chan AN r .
genorati on vol cnhehab e bivEar ibioP kot A BhilRs P By BIRREE for g

cl ai m 15connbeiogiof thdiatdrionedvityl taanexigasgiuaig;on vol ume i s defined to exhaust
the | ower plasnma generation volune through a set of slotted channels
defined to ci#GvalPAasnBePIPeRssING ARRargls divaossd maran theniniesion faviyidhe ehagbey
radi al pﬁ{HH@ﬁﬁ%gOf 20 the chuck and outside of a radial periphery of the
gas distrﬂbu ron“unit, the systemfurther conprising a pressure control
ring defined to coselipgehplasih chidmisdr dichelinghituppet plaghe genpraad oagre,nst t he
set of slotted channels, the pressure control ring defined to nove toward
and Hhay from the &shovsrheadlectigde Hafined) aboye theppcr plasmagepiratign ylume tom

e o1l SR SIATR BE-XCLTEyd MRURILERS ot fd 960 TR 2

sour ce ep@etativfablumegonnected to supply RF power to the upper plasna
generation volune through the showerhead el ectrode; ) a second RF
power source el ect# lavr Pleseeshaabednaleding p pwer Riasggsperation ylumg,ad 30

pl asma generation val upe +t hrou h rei
source is i ndepend%ﬁ?’S ﬁtgﬁ%‘%ﬂe% c?1§os§£g%§fﬁgr gou #’gre&n%goﬁlgr?@?&b%sn %gd%ﬁ
Process GEmss AR Yad distiBhiorc @finesried té supplea sbonapiaat gbakt a8, thalgver WO
2012/ 018449PCT/ US2011/ 041524 o ) _ )
plasma generation volume, the gas distribution unit further defined to provide controlled fluid
communication between the upper and lower plasma generation volumes; and
a chuck disposed within the interior cavity of the chamber below the lower plasma
generation volume, the chuck defined to hold a substrate in exposure to the lower plasma
20  generation volume, the chuck further defined to supply RF power to the lower plasma
generation volume,

wherein each of the upper and lower plasma chambers is respectively defined to

exhaust the upper and lower plasma generation volumes into the interior cavity of the

chamber.
25
16.  The system of claim 15, wherein the gas distribution unit is formed from an
electrically conductive material and is electrically connected to a reference ground potential
such that the gas distribution unit serves as a ground electrode for both the upper and lower
plasma chambers.
30

17.  The system of claim 15, wherein the gas distribution unit includes an

arrangement of through-holes formed to extend from an upper surface of the gas distribution



28 a second plasma process gas supply fluidly connected to the gas
distribution unit, wherein each of the first and second pl asma process gas
suppl i es we 20maagandent |y control | abl e, such that flow ratras:2ef/opisasna
process gases to the upper and | ower plasma generation vol unes are

i ndependently controllable. 5 2%~ A gas distribution unit,

conpri si ng: a plate forned to separate an upper plasnma generation

volune from.a. | ower plasma generation volune, such. that_ an upper surface of
e pl at BMDFGREQES VBT G HETHAGT VORTEHE Ap e Iper HelhG AL TR bBROY B e,
and suchpbRatihd 16Weehlasiy bacEaRin {H8mR! BLRoRHOhIESHAMERRE] dRnhRiadEY of

the | ower %?asma generati on volune, wherein the plate i ncludes an

ar r angeneateaf the hpparghd ot e plasimtgeraatiorexdlemes.t hr ough the plate fromthe
upper surface of the plate to the |lower surface of the plate so as to
fluidly connect the upper plasnma generation volune to the | ower plasm

generat i on V,Og sf.m?, TR WAL 68 Rirh NS, Ritfedn HACHAEESs hdVESIE B 2R cBHP RiWard

channels fluidly connected to an arrangenent of gas supply ports defined on
t he | oweands awhpdmnofth¢ lpas Ihgtidteont oniditstprobide fon cphtaslnaf pr disease gatendiagt he

| ower pl asma ene{ation volyne. 23. . The %gs gistributi n unit of

cl ai m 22PeTRFnQHaly Aerogs Hice lqveer rRIpTRR SeReralipne valime Betvegn dBndhetk wad gas

mat eri al disfi‘f%ti&\?&ﬁi@i n the plate is electrically connected to a reference
ground potential so as to provide a ground el ectrode for each of the upper
and | ower plasma 20generation vol unes. 24. The gas distribution unit
of claim 22, wherein the gas su_ppI% channel s and gas supply ports are

defiffed bet webh t hEheFYshengetfeHEnb l oy MSTRh o HBRET RIRTNE KBaMbHels eigag to
ot r: by Pug iifd %{Jéégbgfa%at %?nfeﬂx‘%iohoww' f0F:nd GRELAaLA" cﬂé}hlgg%egﬁéeh 'gtg . not

di stribute o the pper asnma generation Vol une.
di stri butircumsdribé thd vpped pladida gémeragion tdlemgasutsdpplfya chdninebsplate odethened
to fluidly separate the arrangemant of gas su orts_into nultiple

| |
concent r FOweaRg slsctiedeoal QufBdy Bl racka) pPRBIETS Pl e Aigtributien anity SRt
rates ofhiie: BhASAB PR PSSR HRE SRR RPN iRt 1R WHleiAR 87

the multiple co I'C'regions 1s I ndepen y control
15  throttle a flow of gas from the upper plasma generation volume through the exhaust channel.

20.  The system of claim 15, wherein the lower plasma generation volume is
defined to exhaust the lower plasma generation volume through a set of slotted channels
defined to circumscribe the lower plasma generation volume outside of a radial periphery of

20  the chuck and outside of a radial periphery of the gas distribution unit, the system further
comprising a pressure control ring defined to cover the set of slotted channels when placed
against the set of slotted channels, the pressure control ring defined to move toward and away
from the set of slotted channels to throttle a flow of gas from the lower plasma generation
volume through the set of slotted channels.

25

21.  The system of claim 15, further comprising:

a first RF power source electrically connected to supply RF power to the upper plasma
generation volume through the showerhead electrode;

a second RF power source electrically connected to supply RF power to the lower

30 plasma generation volume through the chuck, wherein the second RF power source is
independent from the first RF power source;

a first plasma process gas supply fluidly connected to the showerhead electrode; and



WO 2012/ 018449PCT/ US2011/ 041524 29 26. The gas distribution unit of
claim 22, wherein each through-hole is defined to extend fromthe upper
surface olotoe/npkave to the |ower surface of the plate atras2anghs20ffset
froma reference direction that extends perpendicul arly between the upper
and | ower surfaces of the plate, V\herei% the angle is sufficiently large to
prevent an uninterrupted |ine-of-sight 5through the plate in the reference
direction at each t.hroough-hole |ocation, . 27.. Th as distributi.on
ani t of cl ai nf 50T RIFSER PR B fyply Muidly gopefied g e dAF disebHioBpBEd on
the uppeyhsihf aaen aff e RétahRl deBshdliphfinda pkdsdiN Galhubpidse iPahd SRl

hol es extendi ng through the disc, wherein each of the nultiple patterns of
10 hol escetitiofjablensudh thadilperatast ofsplasrad prdvesrugisehdd ¢z wppeniandtlhwep phsma
such that disposal of the dis t he er surface of the plate at a

parti cul %"rnef%’t%ﬁtvlo s ab%@ﬂ?ﬁe&ﬁe*ﬁ@%oﬂsom% relative to the upper surface of
the pj ate corresponds to alignnment of a particular one of the nultiple
patterns of holes with its correspondi ng set of through-holes within the

pl at e, wher ei B2.t he Adjas disirsbusien unéconprisheg: pl at e such that theimal and

el ectrical conducti.on i sts between the disc and the 15pl ate. 28.
The gas di st r b BT SGH 1P SGPATEe AHERST DITFER ECACTALR Vol MRHE TRl lopigr glasma
pat t er ns o QferRhSR1GKS Q0 e bR LBHG SIS OF &6 diste g?cfdi&%da foR P BRARBAOS the
dlffereng nunber or a different spatial pattern of through-holes thin the
pl at e. 20pper plasmaZ@nerdtien gelsme,) atdrsubluthad n lewert suohcecdfahenphds prouideh en upper
conprj si a.central disc and a nunber of cor‘icentrigqsrin s forned to

si pg:

be. dl pogg‘ﬂ‘d?W of e AR RN EHIFEANIOR YOl wRe iserin Shfr plaledndpdasiia qhrageemeniach
of the c chi ;f.ll@rﬁﬁ f | Gl i

i ncl udi ngmrrh% t%hg?oz&ptg%éﬁﬁg"% o{)%égl t&)%?) e%ng?lrﬁfgd glﬁg?g&fsrﬁ%ﬁegﬁfﬁ‘%&%imnthgach
25 of t hbwalstiifpdeeofitht ptens @xftolfhlidy cahnagn thewiptphr plasind gerceationsetduroé to the

t hrough-holes within the plate, such that disposal of each of the centyal
di sc andpoc"YFé PhsSCEN e IR KRl P Wplﬁf@sn F e MElEF TYEIHOT e Sva:rpqy ARAeSt e
at a partj i i [ f , e
pl at e co??gi%gélﬁéeﬁegkgﬁﬁgnhﬁgﬁﬁégk ng%sgélg{pgyuﬁgﬁ@%éntgﬁg;bﬂ t élmj rti p %@%faﬁt{éer ns
of hd§ esplatd tb distsbwenpesmaptidess gatto dfe lbweplgdmdgdnesation tvbiumet he pl at e,
wherein the central disc and each of the 30nunber of concentric rings is
secured to the plate such that thermal and el ectrical conduction exists

ings. V0 2013 0131adBeT DY BT gy, et 22 ARGk e THIPEL Bim&P BEERT 1 ¢

electrically conductive material, and wherein the plate is electrically connected to a reference

ground potential so as to provide a ground electrode for each of the upper and lower plasma

20  generation volumes.

24.  The gas distribution unit of claim 22, wherein the gas supply channels and gas
supply ports are defined between the arrangement of through-holes such that the plasma
process gas is distributed to the lower plasma generation volume and is not distributed to the

25  upper plasma generation volume.

25.  The gas distribution unit of claim 22, wherein the gas supply channels are
defined to fluidly separate the arrangement of gas supply ports into multiple concentric regions
across the lower surface of the plate, such that flow rates of the plasma process gas to the gas

30  supply ports within each of the multiple concentric regions is independently controlled.



30 30. The gas distribution unit of claim?29, wherein each of the nultiple
patterns of holes extending through the central disc and the nunber of
concent riwonripgasiss defined to expose a different nunbercorusaodiofifses ent
spatial pattern of through-holes within the plate. 531. The gas distribution
unit of claim29, wherein the central digsc and the nunber of concentric
rings are independently novable to respective rotational positions relative

to the upper Pl f affe (g)e];s (iiggbt[ftlioar;[ §iit of claim 22, wherein each through-hole is defined to
extend from the upper surface of the plate to the lower surface of the plate at an angle offset
from a reference direction that extends perpendicularly between the upper and lower surfaces
of the plate, wherein the angle is sufficiently large to prevent an uninterrupted line-of-sight

5  through the plate in the reference direction at each through-hole location.

27.  The gas distribution unit of claim 22, further comprising:
a disc formed to be disposed on the upper surface of the plate, the disc including
multiple patterns of holes extending through the disc, wherein each of the multiple patterns of
10 holes aligns with a different set of through-holes within the plate, such that disposal of the disc
on the upper surface of the plate at a particular rotational position of the disc relative to the
upper surface of the plate corresponds to alignment of a particular one of the multiple patterns
of holes with its corresponding set of through-holes within the plate, wherein the disc is
secured to the plate such that thermal and electrical conduction exists between the disc and the

15 plate.

28.  The gas distribution unit of claim 27, wherein each of the multiple patterns of
holes extending through the disc is defined to expose a different number or a different spatial
pattern of through-holes within the plate.

20

29.  The gas distribution unit of claim 22, further comprising:

a central disc and a number of concentric rings formed to be disposed in a concentric
manner on the upper surface of the plate, each of the central disc and the number of concentric
rings respectively including multiple patterns of holes extending there through, wherein each

25  of the multiple patterns of holes aligns with a different set of through-holes within the plate,
such that disposal of each of the central disc and the number of concentric rings on the upper
surface of the plate at a particular rotational position relative to the upper surface of the plate
corresponds to alignment of a particular one of the multiple patterns of holes with its
corresponding set of through-holes within the plate, wherein the central disc and each of the

30  number of concentric rings is secured to the plate such that thermal and electrical conduction

exists between the plate and each of the central disc and the number of concentric rings.
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30.  The gas distribution unit of claim 29, wherein each of the multiple patterns of
holes extending through the central disc and the number of concentric rings is defined to

expose a different number or a different spatial pattern of through-holes within the plate.

31.  The gas distribution unit of claim 29, wherein the central disc and the number
of concentric rings are independently movable to respective rotational positions relative to the

upper surface of the plate.



