13 Jul. 2004 Fl exibly Suspended Gas Distribution Manifold for Plasm
Chanber’ FIELD OF THE | NVENTI ON The invention relates generally to gas JUL 2004
di stribution manifolds for supplying gas to a plasma chanber. More
specifically, the invention relates to such a manifold having a perforated
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mechani cal stresses on the Express Miil Label no. EJ78647 725U§dc_stajro§ Su@(l}g tor

3101  anode electrode and a cathode electrode. Generally the substrate 1s mounted on a p p
that functions as the cathode electrode, and the anode electrode is mounted a short distance from, and
parallel to, the substrate. Commonly the anode electrode also functions as a gas distribution plate for
supplying the process gas mixture into the chamber. The anode electrode is perforated with hundreds

‘,\.} or thousands of orifices through which the process gas mixture flows into the gap between the anode
and cathode. The orifices are spaced across the surface of the gas distribution plate so as to maximize
the spatial uniformity of the process gas mixture adjacent the substrate. Such a gas distribution plate,
also called a diffuser plate or “shower head”, is described in commonly assigned U.S. Patent
4,854,263 issued 8/8/89 to Chang et al.

25 Perforated gas distribution plates typically are rigidly mounted to the lid or upper wall of the

plasma chamber. Rigid mounting has the disadvantage of not accommodating thermal expansion of

the perforated plate as it acquires heat from the plasma. The consequent mechanical stresses on the
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13 JUL 2004 plate can distort or crack the plate. Alleviating rrechafédﬂl‘_ 7004
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In another aspect, the invention is facilitates operation of the perforated gas distribution plate at
an elevated temperature. The gas distribution plate is suspended from the chamber wall by inlet
20 manifold side walls. The inlet manifold side walls interpose substantial thermal impedance between
‘ the gas distribution plate and the chamber wall, thereby allowing the gas distribution plate to increase
in temperature. This aspect of the invention is advantageous to help reduce heat loss from the exposed

surface of the workpiece during operation of the chamber.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Figure 1 is a sectional, partially schematic side view of a plasma chamber that includes the gas
inlet manifold of the present invention.

Figure 2 is a partially exploded perspective view of a corner of the gas inlet manifold.
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intet manifold. Figure 4 is a vertical sectional view of one side o

gas inlet manifold. Figure 5 is a vertical sectional view of a comer

the gas inlet manifold. Figure 6 is an expl oded view of the corner shown
in Figure 2. ' e ' - [ f rpati j unction or
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functions as a cathode el ectrode and has a flat upper surface that supports

a workpi ece or substrate 14. Alternatively, the substrate need not

di,pectl | y above the upper
sd&f acebmgﬁgggémﬁagéﬁf %ﬁﬁ%@% y éof lift pins, not
shown. PApsesiander goesviewppl y, not shown, delivers one or nore process
gases to therrocess Express Mail Label no.

igure 1 shows a plasma chamber that includes a gas inlet manifold 20-32, also called a gas

13 JUL 2004 Figure 3 is a transverse sectional view of a corner of tP? Jﬂﬁﬂm
t
of

distribution manifold or plenum, according to the present invention. The illustrated chamber is suitable
for performing plasma-assisted processes such as chemical vapor deposition (CVD) or etching on a
20 Jarge substrate. It is especially suitable for performing CVD processes for fabricating the electronic
! circuitry of a flat panel display on a glass substrate.

The plasma chamber or vacuum chamber has a housing or wall 10, preferably composed of
aluminum, that encircles the interior of the chamber. The chamber wall 10 provides the vacuum
enclosure for the side, and much of the bottom, of the chamber interior. A metal pedestal or susceptor

25 12 functions as a cathode electrode and has a flat upper surface that supports a workpiece or substrate
14. Alternatively, the substrate need not directly contact the susceptor, but may be held slightly above
the upper surface of the susceptor by, for example, a plurality of lift pins, not shown.

An external gas supply, not shown, delivers one or more process gases to the process
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EJ786475725US -3- AM 3101 1 3 JUL 2004 chanber. Specifically, the chanbe o4
I ncl udes a gas inlet manifold or plenum 20-32 (described in detail beb n
that encloses a region referred to as the manifold interior. A gas line or
conduit extending from the external gas supply to a gas inlet aperture or
orifice 30.n an tear I L. | o1t i tai
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ower
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pl ate 2Qorgid supBsribedestal PLEpidally isgowivedako, fubatopsosallyean beleennected to a
distribution plate preferably are covered with dielectric liners.

Speci f i sedong REspeivesisupply; eommagly calted the bigspayer 'Bphe undersi de of the lid
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pl asma for mat’i S ninze power conduction,” 1 n the annul ar gap
beween (th8 gad@stribatied plaRmi0) ptodudstdntelrbindgnetic field in the region between the two
electrodes that excites the gases in that region to a plasma state. The plasma produces reactive species
from the process gas mixture that react with exposed material on the workpiece to perform the desired
deposition or etch process.
To concentrate the plasma in the region of the chamber between the workpiece 14 and the gas
25 distribution plate 20, other metal surfaces in the chamber that are near the distribution plate preferably
are covered with dielectric liners. Specifically, a dielectric liner 37 is bolted to the underside of the lid
18, and dielectric liner 38 covers the chamber side wall 10. To prevent plasma formation, and to

minimize RF power conduction, in the annular gap between the gas inlet manifold and the lid, a

dielectric liner 41 occupies that gap.
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dielectric liner 41 occupies that gap. Express Miil Label no. EJ?86475;&5%§1‘
- 4 - AM 3101 Arenovable lid 18 rests atop the chanber side wall 10%

that the lid functions as an additional portion of the chanmber wall. The
gas inlet manifold 20-32 rests on an annular, inwardly extending shelf of
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and US Patent 4, 854’d§63 issgﬁd [ 8/ 89.to Tg}:hggg et al. 15 Gas Inlet
Mani f ol delertgigspacess apddmery 3ol g8 B PaERAATF81d or plenumin nore detail.
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b?)?tom by thg as di strig)aat‘si on plate or diffugaésr pl ate 20, on the sjdes by
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or back wall 28. (The tyriangular corner, post 58 sh iy ' 3
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It should be I ckenough so that it is not significantly deforned under

at nosphBatent 4,956236Lisenedi #8784 toyGbangntiak created within the chanber. In our
novel gas inlet manifold design, the gas distribution plate 20 is suspended
by a thin, flexible side wall or suspension 24, so that the suspension
SYPPOrt &at NeetNhdifdtd Wei ght of the gas 25 distribution plate. As explained
in the section below entitled "Accomodating Thernal ly | nduced . {\/bchar}igﬁ%l
Expansi on/ CoFiguaest 2-ohshow the gesiinbes manifaldi o planam 15 reore getdiln T he gas 1B{et gragiipyg has

e 925 an Biorreston B R Radd 158 BRRRF pp theldad alsHfbufiBh pFatPAY ifraler Bk 20, on the
sides by the flexible side wall or suspension 24, and on the top by the outer wall or back wall 28.
(The triangular corner post 58 shown in Figures 2 and 3 will be described later.)

20 In the illustrated embodiments, the gas distribution plate 20 is an aluminum plate that is 3 cm
thick. Preferably it should be thick enough so that it is not significantly deformed under atmospheric
pressure when a vacuum is created within the chamber.

In our novel gas inlet manifold design, the gas distribution plate 20 is suspended by a thin,
flexible side wall or suspension 24, so that the suspension supports the entire weight of the gas

25 distribution plate. As explained in the section below entitled “Accommodating Thermally Induced
Mechanical Expansion/Contraction”, the suspension is flexible to minimize stress on the gas
distribution plate in response to its thermal expansion and contraction. The upper end of the flexible

side wall has an upper lip 26 that is directly or indirectly mounted to and supported by the chamber
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side wall has an upper lip 26 that is directly or indirectly nounted gg ?[’%05
supported by the chanber Express Mail Label no. EJ786475725US -5- AM d

13 JUL 2004 wall 10. By "indirect” nounting and support, we nmean that the
upper end of the suspension may be supported by the chanber wall through
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inlet manif OPIC.;&%%%I? t?és%f@gsegm?% taﬁel anbi entg at mospheric pressure, hence

t be 32 having a diameter slightly greater than that of the gas inlet orifice 30 and suspended below the
orifice by posts, not shown. The deflector blocks gases from flowing in a straight path from the gas
inlet 30 to the directly adjacent holes 22 in the center of the gas distribution plate, thereby helping to

equalize the respective gas flow rates through the center and periphery of the gas distribution plate.

Embodiment #1 — Back Wall Provides Vacuum Seal

25 In the embodiments shown in Figures 1-8, the upper surface of the back wall 28 is the only
component of the gas inlet manifold that is exposed to the ambient atmospheric pressure, hence the
back wall is the only component of the gas inlet manifold that requires a vacuum seal. Specifically, a

vacuum seal between the chamber interior and the ambient atmosphere outside the chamber is provided
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back wall is the only conponent of the gas inlet manifold that requiiésmé 2004
vacuum seal . Specifically, a vacuum seal between the chanber interior and

t he anmbi ent at nosphere outside the chanber is provided Express Miil Label

no. EJ786475725US - 6 = AM 3101 13 JUL 2004 by a first vacuum sealing
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of the shembecuwalstalingmatpmal 46|betyeren theadiclectio df aadha surfacg of hgchamber vl

the surface of the.lid whigh t i ele L& 4l . s .

1T ust RS S EEERRS P gt s bl SeRec il i S SRR RO
seal i ngpaBRLES thakilRr48d bmbb@fiehisesk1RRIAveRBvITElid 18| annddiibeal clharine scading eraraial
10. Sealing materials 45, 46 and 48 preferably are Orings. In thjs

enbodi nifhis, requigddetweashtthsskdiand he phambes gide meadl e tSeeking maergsdR, $apnd 48 and
t he upper itﬁ 26.0f the flexible side walls 24. The only consequence of a
gas | eaReifratiinpe Qg on woul d be that a small anmount of process gas

woul d enter {\iGhatRhert ™ dﬁ‘d’sitfght $eT B wehreiiced RakednahbBickt Weln28 fidothg bppéreip
10 orifices 22 1n the gas distribution plate 20. Consequently, in

e t he
i 11 ust r 26 efthp flekiblersidt walixsdi. Eetonlheanscquiercernf a@as el abRisMaEIaEOHd bR thasp|

28 and th Lip 26 of the flexible sid LT ' '
oty tnet SRBES of REbcEs et wabfa b i bt HelBl isoubint RRE LathdrRndiinrdugh the
fNahl?l i MyQficds e i@%{ekga\{,\ﬁiestﬁbmib%mﬁfg LUJ@hsg%tﬂe%?ﬂﬁﬂ&eillhhﬁtddrﬂreﬁcnﬁﬁainbodﬁdleat there

s 24 are netal, y can provide go F electrical contact__ 15 be .Wezen
t he gasisiogd-ringlbetveaen theabask 2allA8candiikes wppeklipab pf the flexibly ddewall. Theupper lip 6

Ot Eatmas el e SaE 2 o RBRER §f BUCLAPAED B At dsnCBcpee
rat her Eﬁ@ﬁ*‘iétﬂ‘ctﬂl@? distribution plate. Attaching the RF cable directly to

the gas distTibution plate would be undesirable because it woul d expﬁ%)e
the RF conneBecaust thetihlet penifold side walle 4 aroanasal, they sxereviga good RE glegtncgleontact

bolLts 72 hel p_ensure good ct.,ri cal . copntac ; |43

205t he. PBEPLITE £25 tatrtnp Pas 2y e Rl S 22E rBfAtE e Gl BRRble A cBfnell
el ectri %'ga@ﬁﬁﬁﬁﬁﬁoﬂéﬁ%ﬂhéhﬁ pb@eedupplyidan bé amdched diradtiyao tiwl diserandacetd thyas

| distributiion plate. Enbodi nment #2 -- EJ

7 per Flange of Side Wall Alsp . .
Pr ovi debackavalliratt@e thanite therdisttipusion plate eﬁﬁaﬁbaw %%F cablsiresthy ‘réit@?ﬁ"ééi%é‘-“?%?,“

the upper fla 70, 0f the flexi | RE R erntidnPbotrdigve0as
i nl et nﬁelrr’?}ef‘g?‘agi uagwrfa%lreﬁgcagx%gglgglf%%ﬁ%eeﬂg%ggﬁ%i arrgi ené 25 afrr%spher e.
Thi s Coﬁidcéé%?%s Whiktird, MEhectBRe I0 MeRptensé ghddRFekctrical ¢ontashbawvetmtheappenlip 26 of
suspensi on 24, .

20p the flexible side walls 24, and the welds 56 help ensure good RF electrical contact between the lower

lip 54 of the side walls and the gas distribution plate.

Embodiment #2 — Upper Flange of Side Wall Also Provides Vacuum Seal
In an alternative embodiment shown in Figures 9-11, the upper flange 70 of the flexible side
wall or suspension 24 of the gas inlet manifold is partially exposed to the external ambient
25 atmosphere. This contrasts with the embodiments of Figures 1-8 in which the entire suspension 24,
including the upper lip 26, is completely enclosed by the perimeter of the back wall 28 of the gas inlet
manifold. Consequently, in the embodiment of Figures 9-11, the upper flange 70 of the flexible side

wall must contribute to the vacuum seal between the chamber interior and the external ambient
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I ncluding the upper lip 26, is conpletely enclosed by the perineter i tng 004
back wall 28 of the gas inlet nmanifold. Consequently, in the enbodi %t‘l fl
Figures 9-11, the upper flange 70 of the flexible side wall rmust

contribute to the vacuum seal between the chanber interior and the external

anbi ent afmARpRSE, Whtch rdgabel otOmofIF368 (Rahdhéprevious AMbddiddents. 3 JUL 2004

at nosphere, which requires one nore ring than the previous enbodi ments.
As in the présiinthe potious erabedimenty,swo Q-rings4 3136 o1 ethst sesling maksipl prggequired on

terial. . ' i ther .side of. t.he ,diel i Cy: I..e.
TR L ST i e 5 i3, AP QP SV LR b RERE S g e
f1 exi bl eg f @e feRitle Sde wal242arRiarRBshdd rinAciR b kediclebeicdng iieclid 18 Enltke
the lid 18. Unlike 5 the previous enbodi ments, the present enbodi nent

adfli t i othelpreviowsrmbasiments,the pre@nt embodiment additinaplly equiresvgthird & Finar’ seetheen
t he upper ..fl ange. and t.he back wall 2 Ln or to effect a vacuum seal

bet \/veens‘ftahgg H[j’geé'}aYB?tgﬁg'é%h?d’PB?f i"ﬁ%%&%“i%?k ‘ﬂgﬁ&?‘he portion of the upper
flange 70 i ny¢ofakpft efftict Hvadd@m SBhIriétkenithdupbér flsde TWeandQRd batkaus] Z8)the portion
uni nterrupted around the conplete circle of the Oring (see Figure 11), in

cont r asof the upperifiange 30 imeentantiodi thethird Q-ringA¥ st hocantiaueyspad upinerpted; ayound

not extend around. gn f the four.corners of the. 1.0l et Lf. : 4
s o nBEgoRBIeH HEIF PE Heisr-Eng 78 i LBy g npan S itRo by by SPBbd Plets i S85dh,
uppnt er (HeRipBeh 1ip 36 Bidendt bxtefid BRund® kY ofthe FdtR cymeRLOTIRSREs iMet magfoldhe chamber
interior and the external anbient "atnosphere. Therefore, it can be four

di stinct pi eTbereds no meedior ghecflaxihle siderwatl ionsuspension 24 iorbsl dontingsusgad painterupted,

spaced around the rim.of the back wall 28 attach_ the er. f ! of 15
b’ ous Bafen i) Baft ol etyafuliin S revest e Entid et Bmt By Ch A MRieH
shaped agndph&e! TRERE, if ENBR 10LE fisthitt PiRest KM itRIprevibustedibddémerdtabr i cat ed by
cutting away or stanping the open center froma rect angul ar plate. The

upper fl ange A7pluradity ofalts datspatiedernund dhel rim of therhack iall 28 eftaghohe ppper flapge 20rof
of .t he previ ous. enfjodi ments. The upper flange 70 preferably shoul d have a
sidot h, Isﬁfp%ﬁlﬁggastﬁf@ k ting the back wall 28. To prevent 20 the

upper lip 26718k uEﬁ& fﬁd@@?ﬂ?i&&a@ﬁ if sHapedisal ieetahf\farfiaveewith @n ppaneenedr. ftfrias be
upper surface, the upper ip 26 preferably is attached (e.g.. by weld &E;Z?‘»
to the fAbpented bysyding@way o siemping theepeaserehipmg esiangwlas e s The Grper Brnger/d

or of or 86 SubAmRP YRS i Rl SRR B0 2} BFA: prflodSclitofnchuy? Thehepel
di rect | lakge T0hSrefiRitdy shoilld Bse DM, faetppenaiidfacd@butling the back wall 28. To prevent
20 the upper lip 26 of the suspension 24 from projecting above the plane of this upper surface, the upper
lip 26 preferably is attached (e.g., by weld 57) to the upper flange 70 at a shelf recessed below the
; upper surface of the flange.
As in the previously discussed embodiments of Figures 1-8, in our preferred embodiment of
Figures 9—11 we prefer to connect the RF cable directly to the upper surface of the back wall 28. The
25 bolts 72 press the upper flange 70 of the suspension 24 against the back wall 28 and thereby help
ensure good RF electrical contact between the back wall and the suspension. An important advantage
of the present embodiment over the embodiments of Figures 1-8 is that the bolts 72 can be located
radially outward of the O-ring 47. Consequently, the O-ring 47 protects the bolts 72 — and, most
importantly, the adjacent areas of electrical contact between the back wall 28 and the upper flange 70 of

Express Mail Label no.
EJ786475725U8 -8- AM 3101




25 bolts 72 press the upper flange 70 of the suspension 24 agai nsmtﬂ@-@@ck
wal | 28 and thereby help ensure good RF el ectrical contact between-*t ack
wal | and the suspension. An inportant advantage of the present enbodi nent
over the enbodinments of Figures 1-8 is that the bolts 72 can be | ocated

radi al | iheQuipeasiein Of ffdAekposiiedo thé-cofeNis€ frbRess| gdsestal@ psinavdtidr therchk@béthathe
bolts 72 - and, nost inportantly, the adjacent areas of electrical contact

bet weenevdnaialip ckuldalefradgthe eltctricel agpiaet f | ange 70 of Express Mail Label no.
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corrosive pr ﬁ@é‘gg tl’&f{é@“&ﬂ%{“ﬁ?ﬂé‘%f%ﬁ t‘ﬁit 3 Srﬁﬁ&ﬁﬁgﬁboé ﬁé"ﬁéﬁ &(@ 3 g%‘{cg gf elorflalaﬁy
coul d dggearisibher &Je%?bég ke 90 Qhéered Wyl th&BackRPalEZH) OTtich&rbics tHi erfibatiimest

1-8, the enbodi nent o igures 9-11 |eaves the radially outer tEortion of
t h& upppemiitsaingeedfical nalde &4 éwnbihe Rifcpoivee kupply 1o RgonMisiadadipedy to the ypper flange

enbodi t 5 permts the electrical cable 74 fro he RE_power I be
connect a‘d?"r%‘é‘f f%‘#“’i]éf %’ﬁ‘%ﬂfﬂﬁ’ﬁ W‘Hﬁgﬂé Of%bé'ifk g«ﬁﬂ?&e%s P 8&5&%’ ?j% V\'/aipﬁdd]%f
t he per higBh&ive Ginplenfn@ek, Beddse 4R el@Erical @M ik Rofdodbéctedltd thd Back Wasl, there is no
alternative inpl grrent ation, because the electrical cable is not connected

to the heecitowasire aldveimepdadenceclectrimbicantact hetween thesisl Waloddaanddbe backwyall cal

cont act _bet ween, t he_si de wall 24 d the hack | 1. Preferabl i

i gur e, TETe g R PRIl A fpR e fsetoRer e s e ey S hied «f etk wan
bagk wabg ysik0 tiSsakil tofits 7D @s HANE eRBblitnehPofighies YD Pl QIthehhn e boks arkingLsh@svn in
9-11, although the bolts are not shown in i gure 12. Acconmobdati ng

Ther mal FigukdiZiced Mechani cal Expansi on/ Contracti on A novel and val uabl e
function of the flexible side wall or suspension 24 of our inlet manifold
is that it mnimzes mechanical stresses that could distort or crack the

gas di shktsHinoating Blefmly Bihded Méchdical Expifigit/Chitradhidd user under goes
t hermal expansi on and contraction. (The &as distribution plate is referred

] reaq,
to as the di # newet afdyalimblsfungtion ofitke Herdbinsidsyvaliar shspepson 24 pfjqurinlgpmanifold is

ds_i s. proportional t th .t i ze af t i f . i :
o PR BB 0 b o el e ARl onitpoes 20
witsh t hghkRiedifdidr H8 s SestBéttial &6bahsop aTEmSrattsng € Tha\pasdisteibeton Satels sferred

| arge flat panel displays. In our prototype the width of the diffuser Wﬁqs
300 mm so @8be diffuseofor besyity A sThecaragunb by whishdbe diffusers2Oxexpadsi i ginpertioal to bo
mai ntai g the diff r_at 0.32 ' . ' . ;

br 0ce s theigle e 85ker Hho RS femfRralfed, TP b NG e Hah ) esie MO imppriapt
about ORGHARE ReEdr diffuRACieqel et prevess larger workipistes)istéthasdhrge\dTat phrel gisphays.vin

300 mMm x 350 mm di f fuser éxpands by about 3 mm ) -
our prototype the width of the diffuser was 300 mm x 350 mm. For reasons described below, it is
20 desirable to maintain the diffuser at 250° to 325° C during the operation of a CVD process. We find
" that at such temperatures an aluminum diffuser expands by about one percent in each dimension, 1.e.,
the width of our illustrative 300 mm x 350 mm diffuser expands by about 3 mm.

When the width of the diffuser 20 expands and contracts in response to temperature changes
during normal operation of the chamber, it forces the flexible side wall or suspension 24 to bend by
some amount. The side wall should be flexible enough to bend by that amount without substantial
force. In particular, the bending force between the diffuser and the side wall should be low enough to
avoid cracking or distorting the diffuser. More specifically, the bending force should be low enough

to prevent distorting the shape of the diffuser by more than 0.1 mim = 100 microns, more preferably by
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When the width of the diffuser 20 expands and contracts in response to

t enperature changes during normal operation of the chanmber, it f or §&sJULhiglk
flexible side wall or suspension 24 to bend by 25 some anount. The side
wal I shoul d be flexible enough to bend by that anobunt w thout substanti al
force. hdmded thiafi 01025 minhe2PRictofd) ah® hioet fiefer@BNby he nibiré fHag @0 1anth £ M@ nicrdeas.
wal | shoul d be | ow enough to avoid cracking or_distortin%lthe di ffuser,

Mor e s pldd ¢specinllyimparantiermdpidgmers than thisemoyntef dissortien ofite Hatngsyerepatour of the

distorting the.shape o e diffuser hy nore than 0.1 nmm = 100 mi crons,
mor e pr%F%F%BFQ‘eH@Q‘E%?bL‘éLE“WaﬁhFS%&e 0. EJ1786475725US -9- AM 3101 13 JUL
2004 no nor ey tha QuikeSktily it ed émbbdieteanst FiFﬁk@ 178t infek fapitaldl sMsgysiog ontide
than 0.01 mm= 10 microns. It is especially inportant to avoid nore than

t hfs anwalh£4 efasghest elumioym bivinga thicknasesk! mm hrighteff SPmem. sur f ace of the

di ffuser that faces the substrate 14 n.the.su ssfully ' t
of Figure 1, }\J)thpugﬁwf bstmrﬂé'ﬁgﬁgfansgﬂglptg%bfﬁhﬂ&d%ﬁ T Sgyp\ﬁg%f’}' %'Eﬁtgrse S g](elk( it
al um nugheBEabMshut §dMhakme Sidle Halllis TBXiBRGIchghRI catife 1Righ? AhidTR nd\lrédquitedh I suffices
sinplest to construct the flexible side wall or suspension 24 entlrggé of

f1 exi bl for therragpengionnd ingindeat teasttone flexibleceortign sonewherechatween the ypperiend 2@ and e
hei ght,, this is not required. It suffices for the suspension to include at
| east o}?éveffﬂé‘;('ﬁ e portion sonewhere between the upper end 26 and the

| pger end 54pedign PRaimRrPRLAERIR IR bdnaingfOREGR: 11 elbaiNgi angordedlegblEmateriflfpr
selecting a nore tlexible material for "the flexible portion of the

suspenstheftexibly pettion efithic suspehsion;HR - daseasing the: thiskngss of Bedlexible paston;and 3)3)

i i he | i ..e. i ghty). . fl.exi 1
noi gt SRR TRk it dfeagne Gy e Bl aioion, e B P B e widk M ensitn
al ong t ethé Flegibld purtiBEHMBE SidE Wallaldn@ thd\@rd2lian ferpéndififardd tleisiane of ke Siffaterd

above, in response to heating during operation of the chanber, our 300 mm X
350 15 mm dAbftatskaboxpamrsponse tohertingisiring epgratieneefi the chambess our 38 gy x50

each of _the. r..si L. s | rall ef. '
ot on’| TSt exbpRAIE b ne BB i THERIGE, G U e o SgS N e
def | ect jagalBf défieetedibghalfahik affiovh @fidhys t SenmeThbtangit at Whichiedeh sidd tvall bimdshis
inthis exanple is 1.5 mm/ 50 mm = 0.03 radians = 1.7 degrees. .There or &,
in our @wdaprabdeflegion pfibe side|walldivided by diebgighyof the side afaHewgaceﬂ Bﬁl%c"é‘ms’ﬁf‘gﬁ &

i.e., Leientl i o] t 7, ] .
excer 11 nitohSE RS B B0, BBfHes, TRRRIeEn dufBRmde (SR REM & dufibion 24
bendi ngsHoatdee fléxiblereabhgh @B stfficiently diis ted long) e bead apleasrfl. 7 dugrabss fWfithoat exeyting

nmore than 10 .or_ 25 mcrons. . .
20 substantial force on the diffuser. As stated above, such bending force preferably should not distort the

i

shape of the diffuser by more than 10 or 25 microns.
In the illustrated preferred embodiment, the substrate 14 and the diffuser 20 are rectangular.

Although the flexible side wall 24 can be a single, unbroken annulus with a rectangular cross section,

an unbroken design is not preferred because thermally induced mechanical expansion and contraction
25 of the diffuser would produce excessive stress at the corners of the side wall 24. Our preferred design

for avoiding such stress is to divide the flexible side wall into four segments or pieces, one for each

side of the rectangular diffuser, and to provide at each corner a novel expansion joint that allows only a

negligible amount of gas to leak at the joint.

Specifically, the inlet manifold side wall or suspension 24 preferably consists of four distinct
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In the illustrated preferred enbodi ment, the substrate 14 and the di{?qmgqmg
20 are rectangular. Although the flexible side wall 24 can be a single
unbroken annulus with a rectangul ar cross section, an unbroken design is
not preferred because thernmally induced nechani cal expansion and

contr achib&dd of hifffldxhiste §Heﬁaf &lﬁﬁinumtélsﬁhcﬂ{f&ﬁ Usate@sc e Souiaides LS radtanghkar inlet
corners of the side wall 24. Qur preferred design_ for avoiding such stress

is to dimanifeldt KSeefFignieh R and3deEqedl of therfoyr mé@ﬁr%s@rgfﬁé@hlxls(fpﬂm%ﬁse@aféﬂ%e for

each side of the r ul ar di ffuser, and t

novel eSHEREVBPIES ‘?fCSE‘ g?etajlw}lﬁﬁg URREF ghd, s b % |g| edaglﬁ'%hﬁﬁag]ex %sraﬁ{go"ﬁﬁ

at the @il whabé ﬁiv&drq:ﬁh ivbent BE° toTbRE aﬁrﬁfWaﬁf&lb@xﬁﬂnﬂﬁgW@%r fRings 98 P e R)Qur24l )
preferabl’y consists of four distinct Express Mail Label no. EJ786475725US

- 19- Awrmmmmaﬂmrmmblpxsm@edfto theidiffuser 2k by being fnseitedsingAraeyp in the diffuser
respective at t fo sides of the rectangular inlet nmanifold.
(See Fi Yl tgg"?‘ HBC b)"aéﬁgﬁbS?&Jﬁﬁe four sides 24 preferably is formed from
a flat, reckanow @é fdr§ps261s ﬁhﬁ@&em @hgwf&s 7 UpeferabBal5 irfin ek alSfmiriuon bar.
forman outwardly extending upper lip~ 26 nd whose | ower end is bent 90

to for nEash nenmmgwae% ixhtilied 0 theamdérside g’éthsbacl( selé 28; andithe epryesBonTiRg YRRREHP
fl f tt hed di f.f
1 ange B Ak SaPhl a3 SRS BB o s

foyr |ipskafalls reinforced by a rigid bar 27 preferably a 5 mmthick
al um num bar. Each reinforcing bar 27 is bolted to the underside of the
back wal | 28:1“oatta|chuhed:fﬁxscetspmmlauglauﬁplérsldewgﬁll pieces 34 sheraarcerdends atmrst e e

10" backeWat ot st Averling R st oter STRSEYETATEL Yach AP AHIOR ot fah Bk

24, a ghaoyReiahsRbendhiesloweNénd, & ihe gnwdrdlytexeindingqlortidn Sdiselbwtire teindes  of
the diffuser (Figure 2). Each of the four side wall pieces_24 @&f&glgg,q

ang| e bemuanes 1 loweo mernéngiflangedhat fiss inkthe goryespRPERG ERRG VR BF the 6
t tit e
L35 - oenone SRRk tiRaf QNS RHB LI bt R08f L Mgl s 3nd Bieifrlr 20 10 gecure

56 is WRleHbgéBet he | over mounting flange 54 and the diffuser 20 to secure
t hem t oget her Since the preferred enbodi nent i npl epent.s thﬁgﬁ g}uananl fold

si de wal | 24 Sinse g pr Cfsiﬁpdﬁmb@dm?égm@c%? ﬁi‘f@%tégam%s‘gﬂ}”é ERAEAS
glr eggzl Wetgg{n%gsg??rtql%ceg taré aﬁ*}mgt $ éﬁ%vg} eF, I‘R{)alr Iézgzg Sof giéfffts)ﬁlzﬁ{r&er@of gection
provi degdiffifser. A junction or seal between the edges of adjacent side wall pieces 24 should be provided at

20 each corner so that excessive process gas does not leak from the inlet manifold into the chamber at the
junction. To preserve the benefit of our flexible inlet manifold side wall in accommodating thermal
expansion of the diffuser, the junction should accommodate flexing of the inlet manifold side wall as
the diffuser expands and contracts.

Figures 2, 3 and 6 show our preferred junction at each of the four corners of the diffuser.

25 Both ends 60 of each of the four side wall pieces 24 are bent inward at a 45 degree angle so that, at a
given corner, the respective ends of the two adjacent side wall pieces 24 are coplanar. A moderately
gas-tight seal between the adjacent ends 60 is accomplished by a slotted cover or coupler 62, 64 that
slips over the two ends 60. The coupler is fabricated by welding together two pieces of sheet

aluminum along a vertical center seam, and bending one coupler piece 62 so as to create a slot between
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20 each corner so that excessive process gas_does not |eak fromthe i{kei 20
mani fold into the chanber at the junction. To preserve the benefit of " our

flexible inlet manifold side wall in acconmpdating thermal expansion of

the diffuser, the junction should acconmpdate flexing of the inlet manifold
si de wajtlan@she dih& cdisplErpiete @ pPRRdASotRAG0ssIBt it anstaled By glipmsg .0ver thative erdsdi) so
our preferred junction at each of the four coners of the diffusgr 025 BOEhht
ends 60thaf theaeim of theiseupleis apprasimaisly centered an hig zap Betsei thedvg Fads0. 3nd, &0 tha

gg?;ggngﬂc !eﬁg%@é}ta?g‘%ﬁgggﬁnsaa@ﬁgﬁ‘;’%’&i@g{n %rfthettg% nsgcggBF&lE :cgﬁpl&n%e%iotti@ﬁzédl"@ fit

C anar . rate gas-tight seal
bet weenaiolgd afdi sAe FotwitAgiéenti shu@esOsihash aA asloott«f gas lwakagedrom tephlet

62, 64 that slips over the two ends 60. The coupler is fabricated b

webdi ngmaoifeldiie thetahembertbatss o msmetian g smel figatien ¢fibe 5“@?@%? g%'iafﬁo"& gﬁ?‘é@" Beam
d bendi I ' 6 . .

Nai | L aBeroTRgo ety ey penBetene Sy R0 e it T Bprlflpghf peEERe TR s 60

coupl er PiRERrTEdr eXpiRd§ hitf doeékaé@uUpl er is installed by slipping it over the
two ends 60 so that the seam of the coupler is approximtely centered.in

the gap bet wEeguresibandibshavien Smaiive dssigh fRithe dofisd CONEr BEOPPFECARPE T a
COr o DO SuS, phlSof HRes g RHPof Rl Bithelstin bt 3 bASEn kD 11

around shugness so ermts an anount of
935 | eakpgge 750R id1Bavebnty a MinBAEOSTbdRedEvoHiudved of thieltatples660Thoc@pldi4h in
smal| fraction of the intended gas flow through the  perforations

22.
Never t hétldedin hatfat shedridge asshewn indFigeredhn SRhetvidth WeoTrthe bridgs; 65 Is RATRWEAPUEY 0
th ds.. the diff d ] 7
€ en S]il%eobea@% g ]t%‘IP e?#Zé’E};quﬁj fgwg) 1@13?91%&&9%[&33%2&15 el GHbEs aofftd. Bhehetedan

al t er naf over or coupler consisting of a

si ngl e, c5@NEPEI liddtal R 9% the@hme heMherBithe préioudy described coupbar H3g6h: y shdingtks
is cut out as shown in 10 Figure 7 so as to |l eave %gér}/rga thin ritdg%tEStw
bet weencoupleih oves theftworpade 6¢:pTae legth Lpfethe briggedhS nesh gARPETK AN AR
t bri as.shown .i n Fi gure. € ' WO retel g'&gﬁ@ﬁ]geq lehOY¢h to
eﬁgugh ?‘gﬁ’%ﬁ%g cBlé?]\?\retseérfwg %neﬁfsagﬂc}gﬁgé%%%g%n\%%mtg\?\om?n% et r?ani folmz}%; i g%g
wal | s t paémitBRivemknttof €hY & 60 Bl thedhlet inanifold sidp el féBes i responsd tosdpinsionpad
same manner as the previously described coupler 62.. 64: by slidin

coup! er Gawrastien of e difhsscerhes sbou e Smal GRavE s et s e e B st Enupler
the gap | i oiRhiBlpe GO d¥deBBed fn thépledidingd as
shown H?g |t\§lﬁlr?éy%&%'?m@e%ngﬁggﬁeégf@q@ggﬂgfge enougah to per]m't Irjmverrﬁt of
the endgpafldrgm.the inlet manifold side wall flexes in response to expansion

? \% hg?g;; ag;(l)\grﬁlggép%g g@gé)%{;ﬁ%e %ﬂdit%%gll;' }nclsllggsuiln%a&eofs tggkc;ur (ezgr%lelgrl)f ik ée@ el he

manifold a stationary corner support post 58 having a triangular cross section as shown in Figures 2,

3, 5 and 6. The corner support post is bolted to the diffuser 20 as shown in Figures 5 and 6, and it is
spaced outward from the slotted coupler 62, 64 so as to not interfere with movement of the slotted
coupler as the diffuser expands and contracts. The corner support post has no function during

25 operation of the plasma chamber, and it therefore can be omitted. Its only function is to prevent the
thin side walls 24 from collapsing when the gas inlet manifold assembly 2032 is stored outside the
plasma chamber, for example when the manifold assembly is stored as a spare part, or when it is
removed from the plasma chamber to permit maintenance of the chamber.

In an alternative design shown in Figure 13, the four corner covers or couplers 60-66 can be

Express Mail Label no.
EJ786475725US -12- AM 3101




66 fit snugly around the ends 60 so as to mnimze gas | eakage as df cjm_l:{gﬁﬂ
in the preceding paragraph. 20 Qur preferred enbodi nent additi onal §

i ncludes in each of the four corners of the gas inlet nmanifold a
stationary corner support post 58 having a triangular cross section as
shown i

G useo S5 angy by exinatgath O o R SREET (RABPEE sRESHall 2439 sPlhel Boltibine
sl ot t edfonoupiners diZhe diffusa. ahlststmpbﬁled desnfreayeprodide mare denliage off prodess gdsait thed

coupler as the diffuser expands and contracts The cornper support as
no f uncErBHSARN IhEpaDy applisAansshe %Wmt'}‘ié Ispkagedayherigamall g5 o | ‘Sté‘i‘éﬁ‘gt“@‘fé# n

be omt the thin side walls 24 from
col | aps%hgg’la\lmh}?f)?‘l[’ysyb&ugﬁé#&?néggwlt Zés&e"nbl y 20-32 is stored outside the
pl &sma chanbad a cligibes kaemied th&ﬂestshe:mmm fvotigiars 48 bty as $sxb¢cmr\eafea$heedl§pmre
part, or when it is_ renpved fromthe p %ﬁrra chanber togp ﬁ” rraantenan
of the 2hBrefrarbly should beciraparniciess a‘?-,‘?é‘P&rFa bihan Ffi?tqﬂﬁtjllﬁt © PIRECHRR P amPpICS.

cor ner haReh 5725US
C e FEE LR BR8P 30 RA AT BESalind bt S FOTSEOE
pi eces oidbrbken pitetiaving Hi adﬁul\am;ﬂapc 2A1tsmatvlftajz, thdBaxibibityt ofahe suspensianoukddrener s

of the diffuser. This sinplified design nay produce nore Ie[ﬁ)‘g1 La"ﬁ‘ﬂ cess
gas at trtqeease@dfrmv@madmmq #yrRRbes hrxialky $XFINg SEBRAYS AEPAFHe ?{aﬁa

s@nsmal t §é3]'3d
ST BB PRI e g wasoss e s
14 suchemsodamntsl con wafer, the diffuser 20 preferably should be circular

in cross sectiaon, rather t han rectangul ar as in the recgl,I exa I?s. In

that case, N@ltelthw exgaaglséﬁgtheﬁh%tsegtsa@t hegvereRroy fgél@"t fiS&Hos

mani f ol gorﬁﬂt lﬂ‘} LRE esﬂﬁg?wﬁﬁh Biafiefr Eimfd)rp@aﬁfk ﬁﬁﬂﬂhlq{xp%ﬁﬁﬁwﬂl become

Al ternative suspensi on coul i ncreased b

di vi d| nmotrd mgmﬁoamray thwndhstryon‘m\ax talafger d»atretmhwa{prs,e?gdénntsﬁ laxpondiametgr Biffusers.
aX|aI y 10 extendin simlar to the .four. segnents of the

rggt angm‘%{P d@smlmﬂ?“‘g &P&%w caatogeﬁggeéaveng%od. nments. Wile

thermal expansion of the diffuser is not a severe problemin the chanbers

nost comonly used today for processing 200 mm di aneter silicon wafers,

t her mal Therpwmhisotationi | | beconme nore si gnificant as the industry noves to

| arger di ameter waf er nd hence er I.ffu 15 Th

Lhi 901 s an | ABGPRARE i ROReID Sool PEMEER EieGAADPeT RGP TIPS remal dunoSph8kS it

important to protect the O-rings 45- 48 from excessive tempcrature. Low cost O-rings (e.g.,

composed of Viton elastomer) typically are rated by their manufacturers at 250° C or less, and some
20 experts believe such O-rings should be maintained at or below 100° C to maximize their reliability.

! The O-rings 46 and 48 directly contact the lid 18, and O-ring 47 directly contacts the back wall
28 of the gas inlet manifold, hence the temperatures of these O-rings are expected to be about the same
as the respective temperatures of the lid and back wall. In the first embodiment, the O-ring 45 directly
contacts the back wall, whereas in the second embodiment (Figures 9-11) the O-ring 45 directly

25 contacts the upper flange 70 of the suspension 24. Because the upper flange preferably is mounted in
good thermal contact with the back wall, the O-ring 45 in this embodiment is expected to be only
slightly hotter than the other O-rings.

We find that simple exposure to the ambient atmosphere suffices to maintain the lid 18 and
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Thermal Isolation To ensure a reliable vacuum seal between the chan‘ﬁngUL 7004
interior and the external atnosphere, it is inportant to protect t

O rings 45-48 from excessive tenperature. Low cost Orings (e.g., conposed
of Viton elastoner) typically are rated by their manufacturers at 250 C or

| ess, . " ' nbai
bt ow 100" ET S ARl b IR G TR ARl B Ball 78 s B sl
cont act bédaesd it Hashih dlmde@dsumgo Adat dad’iﬂmhlfybm mu;amm Wiﬂen ihecdhamibkt. TiRSefofe, we

the gas inlet manifold, hence the tenperatures of é ﬁ_O—I‘In gs are
expect efXREG! e teamRsiatuteR of SgRerings A+ wikpicreesd If née Btsl}?‘@Beré‘fur? Jidoyiegough

and b aCEJaWeldo P bélite ah%ﬁ{l%ﬁ%?gb é%hzé? walldr c?@mglsdﬂe contacts

t he back wall ereas [ e secon odi nent res 11) the Oring
455di rect | y Ziptionsitygbhdwetdrethe phanber lskie gaall/® @h befertlsn spelad by suRdundBeriawsth a

ink“azaatér'ﬂ%@%&&@f@aﬁmwz%aakﬁ;ﬁ?%sg%gs@gé@s&gu@ﬁ% Sl el Gun s
slightl XnJ‘Q«SJe??]s LDage Je,?e j}t‘ﬁf th@%me\&%tér'm}g gimége P4&r %&&W@h&%)t he

anbi ent at nosphere su Tice nt arn the | 8 an Expr Label
no. EJ78bdited2nltke uﬁ;&r siifacs D 1heillﬁclﬂ hallall%OHechanebmvamm | Such watet @mbeg asur es

of 100 to 140 C. The inlet manifold back wall gﬁogral ly is cooler
becausePTet"c‘I‘fége WBlP&W‘EE% 0@%593%?@ Po 4dram Péﬁﬁeawg ffom t he pI asma Wit hin

p chanber. of ‘é{ &Weegatsﬁl@{am&:ﬁfﬁiﬁ Ewerleh, Jtﬂ rcisHGid be- 48
wi'l'l not excee 40 . rature 1s Tow e ough at we do not

bel i eveimerposeddietvean a}hc wmtei Jacket aradjthh back walt.eA titiokdr idiedectricscandsseleetdd if5t is

Optional ly, however, the chanber _side wall 10 can he further cool
sur r oundsgdite | lwetaﬁp the terppegatuse ufferential Betwerm g W%ﬂ%@mﬂﬁﬁ% hafgd‘cﬁfjvﬁf( 1Bpay

can be Eé‘ ARE& in claﬁéﬂsyin W it is%e%xi?bd b E&gntmldxe Baok viCh E‘Péfﬁﬁcrﬂiﬁre%ﬂst&ﬁlallgr

cool ed by punpin sane wat er roug seal ed water jacket (not shown
mount edhighet then dppanpmﬂﬁanfﬁhohzatehmdam temiperafBe omrl 16W €h Mzumbammgltbc b&tkctwall

er cool i revent t era ures of th 45,
ole et Roruchd heah tembamtnes oH hel el the s rsratyh @ die.gs ARDTO R . hieh G
pover edye %d%?dg%&ﬁsfﬂoi;re%m-lé'cq Qﬁlcdh,p&gmgﬂs&gagbfﬁhween the water jacket and
t he back wal | . A thicker di eFectrl c can be selected if it is desired to
i ncrease the Wmﬂmbwatbmpa‘amreﬁ fsampottam forithe Qesdmgst it é unslesirabjesfok dre gan distrifwtipack
wal | .

B e 2 Bl YA D e 0 BRI A
L 2 (r:rEe \r,\g}a?%t@%o&m rwrce heatIb&Trdis thid shﬁmedﬁhymseme n410QsdCif iVRidekisédionge bhe
20 conventional in situ plasma process for cleaning residue from the interior of the chamber, the cleaning
of the gas distribution plate is accelerated if the temperature of the gas distribution plate is elevated.
In conventional designs, the gas distribution plate is bolted directly to a chamber lid or side
wall that has high thermal mass and high thermal conductivity, so that the lid or side wall functions as
a heat sink drawing heat away from the distribution plate. In contrast, our novel inlet manifold side
25 wall 24 can thermally isolate the gas distribution plate by providing thermal resistance between the gas
distribution plate and the other chamber components such as the lid 18 and chamber wall 10.
Therefore, our gas distribution plate can operate at a higher temperature than conventional designs.

In our preferred design for providing the desired thermal isolation of the gas distribution plate

20, our inlet manifold side wall 24 (or a portion thereof) is sufficiently thin, and has sufficient length
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15 at such a high tenperature would help el evate the tenperature of4thgdes,
distribution plate, which can be advantageous for reasons explained’in the
next paragraph. While |ow tenperature is inportant for the Orings, it is
undesirable for the gas distribution plate or diffuser 20. Elevating the

t enper adlleGoHif solthf tB@hethirediftice O tHel sadeow 102288 stiéh o2Bor] i Rirgeadiioagh ageouite
to reduce heat loss fromthe surface of the substrate 14. Also, if it is
desi r eda subsustaldeBperewrvdiffeicoaabetiveensthe gasdisisiheiqprdete 8ad th chamsfcorgponents to

i due fromthe interi f th t he. .Cleani .
Ut ot 11 DUPICBR iU  efos Rar Pan 2PARE Rherphet Tigrial fRchpbide FaiP 16, and the 0-
distri %%S%-Mﬁtﬁy jenghl ? hafoBfwe hitak @ AUAEHsIcANAdNngdRS HighrSion pepegdisular to the plane

distribution plate is bolted directly to a chanber lid or side_ wall that,
ha$ hi gif thégaswdibtrivasen platt. fn gte supcessfally tesied gotbodimept oklguigds therjale mgnigpld side

side wal | functions. as . a.heat.sink draw ng,heat romthe distribution
plate. vl W??@?@W&hq&%ﬂ&‘fﬁﬁso ﬁﬁ“‘?&ﬁﬁ?g?‘ 8? (\;/\%H 24 can thermally

I sol ate the gasplistdd tbératirdforite day dRfrbvtish Pt d0ew iR perfoshigarisnteCViBen
the gas distribution plate and the ot her chanber conponents _such as the

lid 18 podesshsatieast 80 C,poeferabhe?®X o 325° §urang mpstipreferady aba 389 e Qupmlet

operate at. hi gher. erature . than conventi ' a ] I I
dosi an PERTRGURAT A T SHtI Lo TR FarT S0t At s fREoultn file BrELENLAF
Phgte  RfhpePitirel Whab tidBtkdrhsmbérdempehdntdo fdtlexaee@q00! M4DNEr dbE kharaber wall
sufficiently thin, and has sufficient |ength E%ﬁress Mai | Label no.

EJ78647HY28US, addiinletvhaifold back wrll 28290 be spnsidareshio furgsion ag heat|swks fmaigfain the
resi stapnce of th i de | 1. 24 (or _sych portion) is |large enough to provide
a subst Fffr?gil45t_e'ﬁpa§|az§f'ﬁ¥°€enﬂ?’$‘?“é£e@% ﬂ%rgt ween the gas distribution plate and
the chanber goRpeRgRESuleqs 3087 the gasdistEbutichthlate 28 duritihplabras frocedsing2@d is he
chanber |lid 18, the chanber side wall 10, and the 0- rings.45-47. Eﬁml ength

or hei gh0"@atrthehack wathahendQ-rinzs 4§ —tBhen the sempsratperdilferantial peross the inlgd

plane 5 of..thhe.gas ,distributian-plate - f : Hick d
Dk ane, SRS AL R P Al Ay HPGES Yk kst
havi ng Reipht grkfefddy sHould mm@emgfmwmndoirga respectuely, po éfaesuchdemnparpreat ur e
for the gas distri bution1$I ate 20 while perform ng a_plas CVD process is

at | easdilfeomtial is gt lepsir180] § afterghe ehagotsT compengnisaeich thels narag| opesiing temapigatpres
Qur inlet. ni f ol ' wal | 24 has sufficient thermal resistance to allow
t he gasgﬂ?%gnﬁfﬁragpgoﬁ%%ﬁg%'e to reach such 10 tenperatures while the outer
chamber conpowgmblteraiaivedesigi aedachfheiral 1s60ation of tie gak distréhutina plate 2@¢an] bied

18, and inlet manifold back wall 28 can be consi der tag functign as h
seBks t achiewedibyiipcreasing the themgal rsistanrenf oge grpqth efjg‘ﬁff&)‘"’ﬂa&/“f% ?%F[?P%i?} the

area of contact between the suspension and the gas distribution plate, and (2) the area of contact
' between the suspension and other chamber components that are thermally coupled to the chamber wall.
One implementation of this approach is to reduce the surface area of at least one of these two

contact areas. For example, the thermal resistance between the suspension and the gas distribution

25 plate can be increased by reducing the surface area covered by the weld beads 56 between the gas
distribution plate and the lower flange 54 of the suspension (Figures 4 and 10). As an altemative
example, in the embodiments of Figures 9—12, the thermal resistance between the suspension and the
other chamber components (lid 18 and back wall 28) can be increased by reducing the surface area

covered by the weld beads 57 between the upper lip 26 and the flange 70 of the suspension. In either
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If the tenperature is 300 C at the gas distribution plate 20 during plaswﬂ
processing and is 140 C at the back wall 28 and O-rings 45-48, then tiHed 2004
tenperature differential across the inlet 15 manifold side wall 24 is about
160 C. Qur invention contenplates that the side wall thickness and height
refer De 1.Cl ; i t
Clcht oniatatt tgesibl spilentcrlaEPh wouRI 0 808 (i & g HERRTRL DR r o
conponegdch onhbaaie-lidiEinch imowided alopethatcirogmfeeenee phthersespensioni Agpcp thrsweid beads also
processing. In_ an alternatiyve design approach, thermal isolation of the gas
i ot £ bemet 1 EPweEis g oo ooy op e org bt et st he
resi st k : as:. (1) the
area o?aggh agﬁaggﬁﬁggﬁ tRﬁgg%gggﬁgkgﬁmgﬂgnFﬁgpgﬁgb%?@???ﬁhtion pl ate, and
(2) the area of contact between the suspension and other chamnber
conponents that are thermally coupled to the chanber wall. One
i npl ementation of this approach is to reduce the surface area of at |east
one of these two contact areas. For exanple, the thernmal resistance
bet ween the suspension and the gas distribution 25 plate can be increased
by reducing the surface area covered by the weld beads 56 between the gas
distribution plate and the | ower flange 54 of the suspension (Figures 4 and
10). As an alternative exanple, in the enbodi nents of Figures 9-12, the
thermal resistance between the suspension and the other chanber conponents
(l'id 18 and back wall 28) can be increased by reducing the surface area
covered by the wel d beads 57 between the upper lip 26 and the flange 70 of
t he suspension. In either Express Mail Label no. EJ786475725US -15- AM 3101
13 J UL 2004 exanple, a possible inplenentation would be to apply only six
or eight weld beads 56 or 57 that are each only one-half inch in width
al ong the circunference of the suspension. Since the weld beads al so
conduct RF power to the gas distribution plate, they should be uniformy
spaced around the circunference of the suspension 24 to ensure uniformRF
power distribution. Express Mail Label no. EJ786475725US -16- AM 3101 13 J
UL 2004 CLAIMS 1. Agas inlet manifold for a plasma chanber, conprising:
a back wall perforated by a gas inlet orifice;
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a gas distribution plate perforated by a nunber of gas outlet orifices
wherein the gas distribution plate is spaced away fromthe back mﬁliﬂhhﬁwh
a suspensi on conprising a nunber of side wall segnents arranged so as to
collectively encircle aregion within the gas inlet manifold that extends
bet ween the back wal |l and the gas CdislMBSbution plate so that the gas inlet
orifice and the gas outlet orifices are in fluid comunication with said

regi on; whesRiMet@amiforl fBea Madria ch@gbee YomipAisihgides a first end attached to the
back wall of the gaﬁ fﬁ_'h)nl?ef} nanill:?gel d..a second end attached to the gas
gt ¥a raged §

di stribution 3 Y88 M PEESE pottion  extending from the gas

I nl et mani f olakat distribatigaslatel pafardtdal iy omumileadfgas anldt adiees iwhesiiabe gast i al |y al |
of the inte di ate portj ide wall segnment is flexible. 2. A
gas inl e‘?‘sm "nlof‘gﬁﬁ 153 35‘%’&0%%59{0816@%%‘:%“%& %\'\ﬁer ein each side wall segnent is
a sheet. 3. /A sgsension emprisiog ohubaof sidelivaly sagmernts airangad wras2o callsetivgiyn each
si de wal | s i i ' Hedtitfe btk an HRE Ghe

accordi n%ncﬁfgggfeglbr?]\%m\{%é?%ﬁﬁkt@%gwgzg&g%ﬁ?dﬁ)guf Elglgﬁe p%%at e has a%surface
faci ng tdetribetior plate 0 thei e gassinlgboreica prd the gasouriejrifiges areimBuidunber of si de

wal | segmhdhidaliod QMK saidigiogach side wall segnent is a generally

rectangul ar sheet. 5 ccordin

A gas inl et ifald to cl aj , _Wherein:
the rect angul‘ﬁFr%%Pﬁché@eg'ﬁﬁfweﬁdgcqa e 2 F1rsh ERY AGACTSY St °1F19§g“‘i‘ahré}.&'§igﬁses; and
t he secont masifod, agasiad edd dtfachell Gthe g siedtiviivieplste ded wainkersiedjare poision s
attached to th as_di.stribution, plat .acent  a .respective one of the
four si d‘a‘ée“f;'f“g?'i‘fg‘ Fé?sé'.%e .a"%)gg%thlgﬁ?se IStﬁ‘gdr?io? glla% E%ilc'ilcorlctl)i ng to claima1,
wher ei n: t he weseinlsubstantilly il of the imteemérhate porgen dfgech sidgovaligegment sack wal |t hat
i's generﬁg,gime_ci rcular; the nunber of side wall segnents is one; and the
side wall segnent is a generally cylindrical sheet. 7. A gas inlet manifold
according to claiml1, further conprising: a sealing flange having an inner
menber amdy ga isletirednifoRideesrding iovtimtloghérhi@reachl sile gvatinegnednoisgahed j uncti on
t hat bisects both the inner nmenber and the outer nenber; - 17

3. A gas inlet manifold according to claim 1 or 2, wherein each side wall segment is vertically

oriented.

4. A gas inlet manifold according to claim 1, wherein:
the gas distribution plate has a surface facing the back wall that is generally rectangular;
the number of side wall segments is four; and

each side wall segment is a generally rectangular sheet.

5. A gas inlet manifold according to claim 4, wherein:
the rectangular surface of the gas distribution plate has four sides, and
the second end of each of the four respective side wall segments is attached to the gas

distribution plate adjacent a respective one of the four sides of the plate.

6. A gas inlet manifold according to claim 1, wherein:
the gas distribution plate has a surface facing the back wall that is generally circular;
the number of side wall segments is one; and

the side wall segment is a generally cylindrical sheet.

7. A gas inlet manifold according to claim I, further comprising:
a sealing flange having an inner member and an outer member joined together along an

elongated junction that bisects both the inner member and the outer member;
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13 JUL 2004 wherein said side wall segnments conprise first and second HILB0k
wal | segnents separated by a gap; and wherein the sealing flange is
positioned so that the junction of the sealing flange is wthin said gap
and so that a side portion of the first side wall segnent and a side
portion of the second side wall segnent are between the inner and outer
menbers of the sealing flange. 8. A gas inlet manifold according to claim
1, further comprdifiddisidawaDiegnehasingisé fifssindaedns sidowall famahts edparmdber s

j oi ned %y a transverse nmenber; wherein said side wall segnents conprise
first and %€ side wall segnents separated by a gap; wherein the cover
i s positionedvieeid thateatiag flarga s positibeetiwe ént thhpnttion of tie addlief flaeetier s, so

t hat each. of t.he fir .3e p, and
o that G o B b e ADF s PEERR &t e dinyglos TR BaCha A3 65l e BT, 0
of the secoddideivall seghdnt sregatwaen the mnpreandoviar merhlery erﬁl@rsedm fonger nmenbers of
the cover. 9. A gas inlet manifold according to claim8, wherein the two
paral | el nmenbers of the cover are aced sufficiently close to each other
and to t$1e\Easﬂ@%lwefob'ééféﬂw%mﬁéa%élf U GRBAES% 0 as to i npede gas within

sai d region Oafcot;é}@lacﬁagﬁfsaﬁrﬁtseémﬂpireilsﬂnfeﬂmeﬂsjdu&wwgtﬁmQ@ghm&rd gap. 10. A
gas inlet manifold aim1l ment s

conprise: a fyhegin %“gﬂgﬁ\ﬁ?lr%§@%ﬁqmp&§ﬁﬁfs ﬂ%ﬁ‘@coﬁdfﬁ? %’?l?g%gg\fl'@ﬁ%ﬂﬂaﬁ a first
end, a sgcogpg, end, and a f| rst edge extendl ng fromthe first end of the
first sheet to t he .second wal |

segnment conpr w r—ﬂlbthg cgveégrpé)sx ned 55 tsa1 ggag lﬁ?be?v?eteh th%g\go 39 baltel i Idsq’eand 3

get  havin secon
second etligreagixdfemaliintant senond pasalfel megmbaspigiraddles the ganeensisg U e side per UPlh e second

end of th&y. SECRRAANREhent WREL Q&a@p&m Jfkrre%bcoaagasé whiBsdBfidht 44 bedwden! St angl e

along a first crease that ex between the first end of the first sheet
and the @éé@ﬁb““ér?ﬁteﬁf“ef“ﬁ%“f’f %‘E‘“’%eet so that a side portion of the first
sheet extends between the first crease and the first edge; wherein the

A I T R e S el
sheet, ssppatdiauffienilylelosegopachethepdndith éleé'les; ontisestndaide avall gegiRenBsp e N t he
second ClriAS¢ e RWlnb\SiRREORY, SEBR inMHRITHR tohendinglheitd saggand i de wal |
segnent s %ole oned so that the first edge is
10. A gas inlet manifold according to claim 1, wherein said side wall segments comprise:
a first side wall segment comprising a first sheet having a first end, a second end, and a
first edge extending from the first end of the first sheet to the second end of the first sheet; and
a second side wall segment comprising a second sheet having a first end, a second end,
and a second edge extending from the first end of the second sheet to the second end of the
second sheet;
wherein the first sheet is bent at a first angle along a first crease that extends between
the first end of the first sheet and the second end of the first sheet, so that a side portion of the
first sheet extends between the first crease and the first edge;
wherein the second sheet is bent at a second angle along a second crease that extends
between the first end of the second sheet and the second end of the second sheet, so that a side
portion of the second sheet extends between the second crease and the second edge,
wherein the first and second side wall segments are positioned so that the first edge is

adjacent to the second edge and so that said side portion of the first sheet is coplanar with said

side portion of the second sheet.

11. A gas inlet manifold according to claim 10, wherein both the first angle and the second

angle are 45 degrees.
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adj acent to the second edge and so that said side portion of the f13§ULﬂmL
sheet is coplanar with said side portion of the second sheet. 11. A gas
inlet mani fold according to claim 10, wherein both the first angle and the
second angle are 45 degrees. - 18 13 JUL 20W 12. A nethod of nounting a
gas distribution plate to the back wall of a gas inlet manifold,
conprising the steps of providing a back wall perforated by a gas inlet

ori fice; 1paOMEHNEF Ho@fg £ distridvutiordplate txhebaple whipoBd £ iklyt ndanifoldper of gas
dgng a suspensi on conprising a nunber of side wall

outlet orifices rOVf
segnent s“"’l"i’\pé{’ts“‘geﬁll"’rTJ “Pi@l'ude a first end, a second end, and an intermediate
portion exterijﬂ@ngebMGmltpthorhticdbyagasdnlstemiﬁcml ends; arranging the side

val | Segnent S, 89488 2 b8 RlLASH P%ﬁlpérﬁ?rgt%ﬁBﬂﬁunﬂ#%%uﬁ@tﬁhﬁ& the gas inlet

mani f ol d t hat ween di'stri bution plate
so that the gagvxdmalaeuspcrmohucwe;:raﬂmtg a tyenbgeed S@mvlalésegmemsut@ésacar"@lqdn af | ui d

communi Cﬁxts r%)nﬁé eEg'rf(dS dzlnﬁ Go ln?f{l}meﬂ&th g&hbﬁ'gxténlaﬁfgfoét(}vﬁén #P G L hnf@cdhqsi de val |

segnent intermedi"ate portion of each side
wal | segemsist abuts the back wall; and attaching the second end of each side

wal | segment fQntihg ﬂﬁ%ﬁe Waﬁ Ed’ghﬁﬁtts k@8 tBkdletrivel ehéltle a fefiGn Wlhﬂrtﬁﬂa@ls ate

portion of each Side wa as distributiao ate; wherein
subst ant init mpoifgld that e"l“}ﬁ‘gs l?eﬁ‘i’egnﬁﬁdﬁa %algﬁ‘fjtml cﬁ% %’I’“Jé‘ﬁ‘(?ﬂp FHS ({}]\%ﬁ] &8%gnent is
f 1 exi bl einlet rificd af@ tHeq@ds @mlemrﬁlcassgud ia ﬂnida:lonmﬂsﬁipatwhamblsmdirdwm, nt er redi at e

por 101 0f eagh k05 Bl Loy PERTEAL whit @raSshe phdwal JPRIRE wRERGEALN0 0

claimi12 or 148%9¢ rst each side
wal | segpetitn fieacthade \&&ikﬂpgmgesbtttmcbﬂtcéplaﬂfandattachl ng the first end of each

side wal | segpgpky, t‘lﬂ e bdd8hd etnh%f éa@ﬁﬁiﬂgﬁgl'[ ﬁ’,tgﬁlerﬁ%tlhé Eél dﬁnﬁﬁl@ﬂpla&'sg@lav\/a' |
Segrrent |S vertica oriented to cl a|m12

wher ei n: Fféc@le@ﬁted’fmﬁf‘ 6i52ah fide ‘f’ﬂlaseé'ﬁgnt&?‘gft ‘g? ﬁﬁﬁtdfsﬂ' “Bg‘h?lé"ef urther conprises

the step of pwEesilisit@tantially all of the intermediate portion of each side wall segment is
flexible.

13. A method according to claim 12, wherein the intermediate portion of each side wall

segment is a sheet.

14. A method according to claim 12 or 13, wherein the step of attaching the first end of each
side wall segment further comprises the step of:
attaching the first end of each side wall segment so that the intermediate portion of each

side wall segment is verticaily oriented.

15. A method according to claim 12, wherein:

the step of providing the gas distribution plate further comprises the step of providing
the gas distribution plate with a surface facing the back wall that is generally rectangular;

the number of side wall segments is four; and

the intermediate portion of each side wall segment is a generally rectangular sheet.

16. A method according to claim 15, wherein:

the rectangular surface of the gas distribution plate has four sides; and

the step of attaching the second end of each side wall segment further comprises the
step of attaching the second end of each of the four respective side wall segments adjacentto a

respective one of the four sides of the gas distribution plate.
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the gas distribution plate with a surface facing the back wall that %
general ly rectangul ar; the nunber of side wall segnents is four; d1 hé“LZmL
i nternmedi ate portion of each side wall segnent is a generally rectangular
sheet. 16. A nethod according to claim15, wherein: the rectangul ar surface
of the gas distribution plate has four sides; and the step of attaching the
second end of each side wall segment further conprises the step of

att achi ngr hheusRGeaRdiIRD & @jlmelachh@émt he four respect ive side wall segnents
adj acent to res ect|yve

ur .sj.des dlst | bution
e - 10 Thestepd bRsESe o Srutigen eE SPRET Gt s SRl ! T he
step of wp¢ g)jdIdiitrl‘bgm’éd’;ﬂatga&hdlsﬂlﬁa'cblﬁlﬁngm tatlavdl therris geaeralpoqpuiases t he step of
provi di ng %rﬁvﬁ)& tsSI ewalﬂtsF xﬂen‘?sll e XYldth a surface facing the back wall

that is gene Y etitar HERunDer “of si de wal | segnents is one; and

t he i nt er meditiatiatepuadtateoporidn afite siledall wedmentie g gensrally sylipdges shest-| y
cylindrical sheet. 18. A nethod according to claim 12, further conprising
the step of: providing a sealing flange having an inner menber and an outer
menber | 8. Aeetthasigpeediding tcaqleH@ZaertérrGﬁ'@arlw the;sier 9fon t hat bi sects both the

i nner menber anghifhecqiiEta g@ﬂﬁﬁfg,anm&r :ﬁérﬁbefrhﬂ&tcﬁ&rﬂferdbéxqwmeh fogether
suspensi on | Acl udes provi di n wal | egrrent and a

Si
second sﬁ@@%ﬁl@%"é’dﬂ%‘ﬁ‘f’“‘ F"éfsrkfmﬁ IETeéB"e eref‘f"i’ g@ﬁ’“ﬁb"‘?% “first end of
each side wal“bheseegmesttapBupsmhernga@mspensmemmdlaemmmgaf leat b fichbidgwalhe first
end of the firs lf Eg]rmde wal | segnments so that the first and
second siegueRiAR a?é‘(}ﬂfé‘h 6805ar ated by a gap: and wherein the nethod
further conpniteesdn thhetes bbptadfingbs fitst endiofi gach hide salh béamgnf fuhgycomprisshat  t he

j unctiony gg ﬁ}&%@&ﬁlg Hdf sl @d&%‘? tﬂe%reerarcmeemﬁ%m@ vORReARGhSO thdd He fidst BhdlE

portion O segnent and a side portion of the second
si de wal ﬂ%@@g%mailé?@%%gﬁarﬁﬁé Y &85 ahd  outer menbers of the sealing

flange. 19. Aviepdibée rrﬁﬂﬁﬂffdth&gcdnq)n@ésahemteb&f prmimmhgrrhemmrg' flanpgsatthe st ep of :
P ; g\rlllssep %ﬁmm I]:hrg:%galhj?]% ﬂfange is w L0 salg ga(r)pna%d Qg {hal a srée pmlatr;g?) of ?helfﬁlstrlﬁig by a

wall segment and a side portion of the second side wall segment are between the inner and

outer members of the sealing flange.

19. A method according to claim 12, further comprising the step of:
providing a cover having first and second parallel members joined by a transverse

member;
wherein the step of providing a suspension includes providing at least a first side wall

segment and a second side wall segment, ;

wherein the step of attaching the first end of each side wall segment further comprises
the step of positioning the side wall segments so that the first and second side wall segments
are separated by a gap; and

wherein the method further comprises the step of positioning the cover so that said gap
is between the two parallel members, so that each of the two paraliel members straddles the
gap, and so that a side portion of the first side wall segment and a side portion of the second

side wall segment are between the two parallel members.

20. A method according to claim 19, wherein the step of positioning the cover further

comprises the step of:
positioning the two parallel members of the cover sufficiently close to each other and to

the first and second side wall segments so as to impede gas from flowing through said gap.
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wherein the step of providing a suspension includes providing at ashi a.%0
first side wall segnent and a second side wall segnent, ; wherein't Uls g‘b
of attaching the first end of each side wall segnment further conprises the
step of positioning the side wall segnments so that the first and second
side wall segnents are separated by a gap; and wherein the nmethod further
conprises the step of positioning the cover so that said gap is between
the two Pﬁ?@hétﬁéd fRHARE: S clfith Ii"%er@lﬁ@ﬂbs&fp of PR vidWg aaspehdi® corpiibartse

straddl es the gap, 5 so that a side portion of the first side wall
segnent UFRI 0K si de port| on of the second side wall segnment are between the
two parallel ppatiag s firstbide Aamaighﬁﬁtcampﬁsmgar@s&sheemhmmg dfxst esier bondt he step

of positioning the cover furth 0 i.ng the
two par a?qdei‘"rar’?e(t%teﬁd%c geending f‘%?g{/'é?ﬁ U?Bl gﬁ' 1ﬁ&y cstégr% ?é Ohgglg 6ftth Ire]'rs'pand to
t he firssheaapshdsecond side wall segnments so as to |rrpede gas fromflovm ng

;[/mh;(r)ggg ts ﬂ'ied SHCJI%‘BEth a ?C89?1 3dé] ‘}szll'll szeor(r):élnt%&m 1&%%@9&:1%&%% in@q fﬁ& eﬁcl] %' m 12,

uspens rnses st eps

provi di ngpcmdfandsmd:alsd:@ndvatﬂﬁe es@gfirwfrorud‘t\?ﬁmtsﬂd'g%bﬁ SfeF‘?@tSh@h@ébe W&%‘Idng a first
end, a sg( d a first edge extending fromthe first end of the
first sheglﬁoqt%gs?%%ﬂz%ond end of the first sheet; and @r ovi dthng'éa second

si de wal | sed??éﬁmgﬁ’érﬁﬁﬂshqchﬁa@%é‘!ﬂﬁﬂ@ﬁgﬁimf?%ﬁ‘%eﬁe?qs gt eghg® second

end, andefy o7 @feattst sBEHY Endiht SRENdEhd of shm’l'tshsheétl gosthat@nidle pbrtibhef hefiond sheet to
the second end of the second sheg ben n the first sheet at a first
angl e al HI58f extepdy bepweep ghedustcrease ag g it en the first end of the first

sheet and t heoeﬁ&ﬁ@ e segoeld etieet dne sécnmcsmgmhmeg a sgond ¢redse thasdxeradplntvéeon of t he
first Pﬁgi et 8% ! (s J&? ! Vﬁ?e@ atd e b enﬁ F)Ftﬁé Fec@rmjshtzaesoftﬁzrt 5id€ gGGon and

bendi ng a secon ong a second crease t hat
ext ends b‘émmmd&hh@eﬁpmistbe@w@h@#ﬁ%@%@é@%‘d therseeand A%F t he second end of

Lhe S econﬁ S h@ﬁérela R stepak aﬁ’acglh ﬁle Bk EdduT eacgfsxdta hallswwuﬁh&ebmﬁxxieends
etween the second crease_an e secon e
at t achi nipetstp of pesitoniag thedfirstaad peeandpid 1|Seg§‘gegﬁéwﬂ' ﬁﬁﬁ? ﬁi?fgédﬁﬁ)%‘:%r&

to the second edge and so that said side portion of the first sheet is coplanar with said side

portion of the second sheet.

22. A method according to claim 21, wherein both the first angle and the second angle are 45

degrees.
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the step of positioning the first and second side wall segnents S04 ti@@\_ 100k
first edge is adjacent to the second edge and so that said side portion of
the first sheet is coplanar with said side portion of the second sheet.
22. A nethod according to claim21l, wherein both the first angle and the
second angle are 45 degrees. 13 JUL 2004 23. A gas inlet manifold for a
pl asma chanber, conprising: a back wall perforated by a gas inlet orifice;

a gas d'z%tA'gQ%Ble‘?ﬁxaF)faE?orQqﬂJsel%@Ea%eP)éoﬁpm@er of gas outlet orifices,

wherein th I stribution plate |€c§spaced away fromthe back wall; anda
suspensi on c@r‘?ﬁ‘?&‘ﬁ]hg‘?@f‘iﬁﬁﬁy@rgaﬁ)wletg‘i‘ wal | segnents arranged so as to

col l'ectivel ya%ﬁﬂilglﬁlb@tl@ﬂ ﬁlﬁgﬁ fblamdﬂyzmdnnel efaas butlesdrifioas ivheteth t,hi pat ext ends
bet ween the back wall and t

gi but,i on pl ate so.that I]) s inlet
orifi ce digyebutionalagpds SRAGeq @’t’ay ‘?“& 3 ; 992 PYSRTSIOR SAMBHTIER TUWRS h sai d
regi on; s%%aﬂlsﬁg@aﬁhmﬁngai soak to nﬁ?@:&gﬂy emancletad@oramﬂiim gt g&idleamaraf;ﬁrbﬂ to the
back wal| of the ni,f o e gas
distri bl}‘ﬁ'f’}téﬁeﬂsé’fﬁ eeﬁmfrhﬂﬁ%‘?’gf dt‘*ﬁ@“‘%%&%‘ﬁ%mnﬁf 0 tgaégrhagéée%ﬁe&?ﬁ Je% {] °

suspensitpdg a@@ﬂﬂlﬂ@)hﬁcéshﬁe ig #nidciosimunioatianorith spidatgorat an area that is srral I

enough to 1 nt PR GBS VIR sl 041, 1PBASRNEE AL UERBANIBF e uppensi on

and the gas df ion et manif for a plrasma
chanber mlcmwnfoﬂﬂarrgaseeprﬁamﬂ@tmhcp t%@?ﬂ@ﬁr%mtlwplategaé’g i nI et orifice; a gas

di stribution uﬁleﬁéu?tl’r@%égo(ﬂﬁ bt R BgéhtBEthe Qfsp@Rin Qﬁﬂdadﬁith@gasfdlstlﬂﬁjxloﬂ\her ein
the gas distribution plate is spaced away fromtﬂg back wall; and a

suspensipdaie ct@nprqaéhq’égﬁ %UWHGHWP ‘%‘Pteg?oéfeSL\RﬁF'}“a]s‘EﬂWé gstapep 3?’@'881 9% as to

col | ect |s\(1§;;c\431m¢5|,g1 the b8 dstfif@iofplaw. t hin the gas inlet manifold that extends
bet ween the back vvaIF and the gas distribution plate so that the gas inlet

orifice and the gas outlet orifices are in fluid conmmunication with said
regi on; wmhargk mleachifeldler aghsmazbgninicompotingles a first end attached to the

back wal | of t :r@% talidiged a second end attached to the gas
di stribution 4}‘@1{&%&36 V\f *the Tirst end of each sevgrgent of the

suspensi on ccmaadtsglttuhen bla@lk)eﬁﬁm‘lf’d@faf’%bef@%%as PRifet prifiges ST U 885 ar ea
that is §BblicRRPHOR shReh BiBROSMe SaRSIANLdal thermal resistance

a suspension comprising a number of side wall segments arranged so as to collectively
encircle a region within the gas inlet manifold that extends between the back wall and the gas
distribution plate so that the gas inlet orifice and the gas outlet orifices are in fluid
communication with said region,

wherein each side wall segment includes a first end attached to the back wall of the gas
inlet manifold and a second end attached to the gas distribution plate; and

wherein the first end of each segment of the suspension contacts the back wall of the

gas inlet manifold at an area that is small enough to interpose substantial thermal resistance

between the suspension and the back wall of the gas inlet manifold.

25. A gas inlet manifold for a plasma chamber, comprising:

a back wall perforated by a gas inlet orifice;

a gas distribution plate perforated by a number of gas outlet orifices, wherein the gas
distribution plate is spaced away from the back wall; and

a suspension comprising a number of side wall segments arranged so as to collectively
encircle a region within the gas inlet manifold that extends between the back wall and the gas
distribution plate so that the gas inlet orifice and the gas outlet orifices are in fluid
communication with said region;

wherein each side wall segment includes a first end attached to the back wall of the gas

inlet manifold, a second end attached to the gas distribution plate, and an intermediate portion
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bet ween the suspension and the back wall of the gas inlet manifol d.‘\?SJ.ULAUGI'
gas inlet manifold for a plasma chanber, conprising: a back wall
perforated by a gas inlet orifice;, a gas distribution plate perforated by a
nunber of gas outlet orifices, wherein the gas distribution plate is
spaced away fromthe back wall; and a suspension conprising a nunber of
side wall segnents arranged so as to collectively encircle a region within

the gas Kk | dth
Lhe o bugtxlfé(',),ﬁa%rf&q& e[ﬁés)%]g %&%anﬁ&ﬁ%%ga@%ﬁs\’%@ﬂoﬁﬂlﬁe hae \t/\ﬁe an u Iee?as

as inlet or
orifices are whareir ¢ intermedipie APERR ¢ GﬁFh\,ﬁFgrﬁe% r}'iﬁ@s'i eéf’?"d'\% P'é’lt ch side

wal | segiRihadifdfd tld‘é%sgaé’ldﬂcsdnlbﬁfion%lh@b tﬁitﬁmfmﬁkntlplat‘g%eaddackcmbd thatfis t he gas
inlet manifold, a second attach

ed | ate, and an
i nter neoﬁ“ﬂ'tc@nﬁbﬁli‘i‘lbﬁf"“gwt Sai%heﬁblt_ 9601 ”é‘?('?%sﬁég?‘fa"?arl gnr%l : ‘ﬂ%sm?ﬁcgnl et
mani f ol chetweeh B sU@@ngosindithtiatiowalpbfahegas dniet mmdolél n the i nt er medi at e
portion of each segment has a height extending fromthe gas inlet manifold
to the gas distribution plate that is sufficiently large, and a thickness
that is 2651fehs milstﬂ{ahifolalaadokdi:tghoaugcbf@uﬂmsbﬁ—as ydiegit | so as to interpose

subst anti al ther gbg&r?@ﬁg%%acga}lmggacgl?a%“%gg,lg%ﬁgnon and the back wall of

t he gas i nl etd nl'et manifold accordlngto any of clains
23- 25, vvherenhsnmﬂrl:erg%&;dedv%ltspglmmsﬂﬁ)wcpﬁlﬁite has a circular surface facing

sai d region; [hg%ﬁcVogfgtggﬁ,elqﬁsasdyq%rmlsheeﬁegrrents is one; and the side wall
segnent is a cylindric sheet. 27. A gas inlet manifold according to any

of clains 23-25, wherein: the gas distribution plate has a rectangul ar

SurLacedi’,a%'%&9lﬁélﬂnffﬁﬂla@@rdlngbenﬁmS pi-28jweraval | segnents is four; and
each side ect angul ar s gethod of el evati ng
t he tenperat LW%E%%‘SE%Q‘BQ“ AR oS abructtg’ ular‘rlurp&% l"EIZS§ dé%penm ng a gas into
the interior tbém&nb:draﬁmwﬂkmglatnml@fmpr&nél ng the steps of: providing a back

wal | perfor ated, By. 2aPaSpflie] lldhisPiicepr OVi ding a gas distribution plate
perforated by a P gas outlet orifices;

28. A method of elevating the temperature of a gas distribution plate while dispensing a gas into
the interior of a plasma chamber, comprising the steps of:

providing a back wall perforated by a gas inlet orifice;

providing a gas distribution plate perforated by a number of gas outlet orifices;

nroviding a suspension comprising 2 number of side wall segments that each include a
first end, a second end, and an intermediate portion between the first and second ends;

arranging the side wall segments so as to collectively encircle a region within the gas
inlet manifold that extends between the back wall and the gas distribution plate so that the gas
inlet orifice and the gas outlet orifices are in fluid communication with said region;

attaching the first end of each side wall segment to the back wall; and

| attaching the second end of each side wall segment to the gas distribution plate at an

area that is small enough to interpose substantial thermal resistance between the suspension and

the gas distribution plate.

29. A method of elevating the temperature of a gas distribution plate while dispensing a gas into
the interior of a plasma chamber, comprising the steps of:

providing a back wall perforated by a gas inlet orifice;

providing a gas distribution plate perforated by a number of gas outlet orifices;

providing a suspension comprising a number of side wall segments that each include a
first end, a second end, and an intermediate portion between the first and second ends;

arranging the side wall segments so as to collectively encircle a region within the gas
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provi di ng a suspension conprising a nunber of side wall segnents th4t} é@cwm‘
include a first end, a second end, and an internedi ate portion between the
first and second ends; arranging the side wall segnents so as to
collectively encircle a region within the gas inlet manifold that extends
bet ween the back wall and the gas distribution plate so that the gas inlet
orifice and the gas outlet orifices are in fluid comrunication with said
region; ;mteiraﬁhﬁomhﬁtf&eteﬁdsrbatweemdxetbﬁckaaa:hnaitrdgamkthbmbgmnztsommt the@apack wal | ;
and attachi nq, t he [ﬁecon &0 t he gas

Ii6¢ & apdd

se
di st 1 bUbFGH SER B G ot e Tl <SP Reaiol SATEES el pose
subst anti al tahﬁihmglther sesindtead ofxatietigeerll t=poers mmeg&sldmtntmnm plataeandas

di stribution BT §{n§ tlvﬁ,'zigrft éng, BE ea@l?gd \fwalﬂeg[\ﬁ%t t@@ Bﬁﬁ \Jaﬂrﬁpﬁ{ ALUL& 1§§ma"ﬂ gas

di stribution drspens he interior o pl asma
chamber enoughpmrsmp@petshistasud;ﬂ@mﬂ resptangé bﬁtwgiﬂéhmw@ﬂm andgke fagk #edd by a gas
inlet orifice; providing a gas distribution plate perforated by a nunber of

gas outlet orifices; providing a suspension conpr|5|ng a nunber of side
wal | segifehAtsetiddaf elesuingitiedtmprsatare of p gasdisuifitionplats ¥bie disPrsing A @2siRto

i nter ”eqhé‘ﬂlféxlgp5ftd;9£bnﬁ%i1%€é? dofgrifihg &k s@psbfsecond ends; arranging the side
wal | segnents so _as to col tlvﬂﬁéenmrcl a region vmthln the gas - 23

13 JUL 200 |PFH"éqm3’rﬁPﬂ°F3'laHPF fte ﬁﬁé“lﬁté’t‘ en the back wall and the gas
di stribution padvadifs §Qastdﬁbﬁibuh&9plgﬁ$:e:fdnﬂﬂe63by ohurfibet of gan dudenerifiias; out | et
orifices are in fluid communication w %adg i %ﬂtsaqgt[eac Cgu he second
end of each SFAIIEP FUSBLSIORFPMPILINEfNUgIDS ¢S ¥ are %at t achi ng
the fi r sfirsednd, ofcedehd aihden ineihedisg pwtion ¢xenting flbatike mllmletananefnldapé‘@ that is
smal | er;]nggl or{e&%tgr pose substantial thermal resistance between the
suspenm%ﬁ U ack wall. 30. A nethod of elevatin t enper at ure of
a gas distri tmmmg Walfléwﬁmqgé‘ew§?)é9r$§i°ﬂ!‘}°‘a"°&j’a€§°¥%‘t pres Hé’“&’ﬁ’t‘ﬁ? of a

pl asma cRRMRgkifol & BTExichiy KRR tRtbapcwal inddiepas dismgutambﬂmé(swmdt Ithcrgas f or at ed
ate perforated by a

by a gas inlet orifice; providin \ﬂ%!af]is dlstrlbutlt ﬁ“'

nunber opleyEicgand be sayqupiptosifices afs ig oy ORI NICRIOD TS TR i si ng a nunber
of side wall asegimthsfitshaid oémhsﬂﬂ@damshgmnttbme@'@cke\mﬂ,. agd second end, and an
| erred 2t © okl . SR BBkl QL biFsgitnd T s BRIk the  gas

di stribution
wherem the intermediate pomon of each segment has a height extending from the gas
inlet manifold to the gas distribution plate that is sufficiently large, and a thickness that is
sufficiently small throughout said height, so as to interpose substantial thermal resistance

between the suspension and the back wall of the gas inlet manifold.

31. A method according to any of claims 28-30, wherein:
the gas distribution plate has a circular surface facing said region;

the number of side wall segments is one; and

the side wall segment is a cylindrical sheet.

32. A method according to any of claims 28-30, wherein:

the gas distribution plate has a rectangular surface facing said region;
the number of side wall segments is four; and

each side wall segment is a rectangular sheet.
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arranging the side wall segnents so as to collectively encircle a regian
within the gas inlet nmanifold that extends between the back wall 13 hﬂmé
gas distribution plate so that the gas inlet orifice and the gas outl et
orifices are in fluid comunication with said region; attaching the first
end of each side wall segnent to the back wall; and attaching the second
end of each side wall segnent to the gas distribution plate; wherein the
i nternedi ate portion of each segnent has a hei ght extending fromthe gas
inlet manifold to the gas distribution plate that is sufficiently |arge,
and a thickness that is sufficiently small throughout said height, so as
to interpose substantial thernmal resistance between the suspension and the
back wall of the gas inlet nmanifold. 31. A nethod according to any of
clainms 28-30, wherein: the gas distribution plate has a circular surface
facing said region; the nunber of side wall segnents is one; and the side
wal |l segnent is a cylindrical sheet. 32. A nethod according to any of
clainms 28-30, wherein: the gas distribution plate has a rectangul ar surface
facing said region; the nunber of side wall segments is four; and each
side wall segnent is a rectangul ar sheet. 13 JUL 7044 33. A plasma chanber
conprising: a chanber wall; an inlet manifold back wall attached to the
chanber wall, wherein the inlet manifold is perforated by a gas inlet

ori f3i3qq4pgsﬂ§§hgﬁ&tf@bﬁpﬁgiﬁg plate perforated by a plurality of gas outlet
orifices, wherein the gas distribution plate is positioned within the

pl asma chaehambeamallspaced away fromthe inlet manifold back wall; and a

R e e e e T e i

t he §§ﬁgﬁgd99qgh§mﬁﬁuﬂﬁ&q to the gas distribution plate, and the suspension
encircles an inlet manifold region extendi ng between the . inlet manifold

back wal | agaudistibutiersplaieseriopind e pinENis) ok dte PRIH of %%@esg FhereR e & £ ces
and hgglb%ﬁ(s)n Bf’zﬂcl igboﬁﬁégeh%ﬁliﬁ{h% p'leﬂma chamber and spaced away from the inlet manifold

back wall; and
a suspension having a first end and a second end, wherein
the first end is mounted to the chamber wall so as to abut the inlet manifold back wall,
the second end is mounted to the gas distribution plate, and
the suspension encircles an inlet manifold region extending between the inlet manifold
back wall and the gas distribution plate, wherein the gas inlet orifices and the gas outlet orifices are in
fiuid communication with said region;
wherein the suspension interposes a substantial thermal resistance between the chamber wall

and the gas distribution plate.
34. A chamber according to claim 33, wherein:

the suspension contacts the gas distribution plate at an area that is small enough to interpose

substantial thermal resistance between the suspension and the gas distribution plate.
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fluid comunication with said region; wherein the suspension inter ddség‘- 21001‘
substantial thermal resistance between the chanber wall and the gas
distribution plate. 34. A chanber according to claim 33, wherein: the
suspensi on contacts the gas distribution plate at an area that is snall
enougiB 3, @\ chidnsep asmrdiag bstlam B3lwhdnrgnmal resi st ance between the suspension

d th di stributi late. - 25 13 JUL 2004 35. A i
R0 cl i 3 athe e oo Ui Rupens O cBRACts e AT E S AR ArR SR R AREERT DY
‘r’"g'sl S?ngﬁe%gos%rsﬁ&téﬂﬁﬁ hﬂcﬁnﬁ’@iiétaﬁc@%%eh%e I RbRERASAR] BeRBh@BE W11t her mal

etween € suspension and the chanber wall. 36. A chanber
according to claim 33, wherein: at |east one portion of the suspension has
a thickness that is sufficiently small, and a height that is sufficiently

| ar ge, 36.0A phavohes @ceprdioB 4@ alaim 8P YRSfPBY at ure differential between the
chanber wal | an : ' | | iPduBSBEnLRY e ahd § hiight that
per f or med iﬁtlFﬁsgOhgg%lgﬁ.%f%%L%egﬁghggﬁgglakgﬁégﬁﬁg 1#{3461 cl ailr?qr33, wher ei %: at
| east  pnefRedtyicgef otphsiuse s pettsindal tamperaturddifkreetial betveen iths: charrbiee wall epg the
smal |, and a height that is sufficiently |arge, L9 roduce a tenperature
di f f er gas digtribufiorpplateashan Hl@@%@@?eégﬁg@m%‘ﬁ"’tth%c fber wall and the
gas distribution plate when plasnma processing is performed in the chanber.
38. A chamber according to claim 33, further conprising: an Oring seal

bet weesy t enhidb&tact@inkab dlabaab, whdrkinand the chanber wall; wherein at | east
one portion of the suspension has a thickness that i% suf iCif’thlé %rr{alhhhat
and a hei ght leasigne pertioniof thq wpansiop haya thigkgessthal iy ylicipriyspall. gpg 2 helg
differential. at | eas - i sedrwestihkhe gas
di stri Bl ﬂC%IYa‘FEgemﬁ’ rli&%fcggrtr%ﬁ %rgtggs@f%gﬁﬁ{g%ggr]%%ﬂr&d%gﬁéf he chanber. 39.
A chanpRsmB&rGAdlldnaght gascdigtiibutdd, plite mthies plasmapracsssing is gerf@mediy theechamber-ween
the inlet manifold back wall and the chanber wall; and a heat sink that is
thermally coupled to the inlet manifold back wall so as to prevent the

O 11 g0 T LOMIBY] NAAidaAHREEAIYY frfeCRRiRMe100 degrees G wherein at | east

one po he "suspensi on has a thickness that is sufficiently small,
and a hei ghi Q-fiap st betwietn diedniet matifold backswrlt andtthe ¢hampaswallist ri but i on
plate has a vﬁﬁqgﬁ ra?{cgstt%ng fpcn(:j‘tltonlo??hsf:tsugg())f:(r)mion has a thickness that is sufficiently small, and a
height that is sufficiently large, to produce a temperature differential of at least 100 degrees C between

the O-ring seal and the gas distribution plate when plasma processing is performed in the chamber.

39. A chamber according to claim 33, further comprising:

an O-ring seal between the inlet manifold back wall and the chamber wall; and

a heat sink that is thermally coupled to the inlet manifold back wall so as to prevent the O-ring
from having a temperature exceeding 100 degrees C;

wherein at least one portion of the suspension has a thickness that is sufficiently small, and a
height that is sufficiently large, so that the gas distribution plate has a temperature of at least 200

degrees C when plasma processing is performed in the chamber.
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degrees C when plasma processing is perforned in the chanber. - 26 1 23ypk
2004 40. A chanber according to claim 33, wherein: at |east one.portion of
t he suspension has a thickness that is sufficiently small, and a hei ght
that is sufficiently large, so that the gas distribution plate has a

t enper4Q.ux ehafibeatacdoedisg t@deimIdgvewselC when pl asma processing is perforned

in the chanber. 41. A nmethod of m.nim zing,therosl height that
di stributi oAt IE%PEC‘PWIBGQEEWFW%}% ['p?ssa t(ji'%é(ﬁeesgsﬂjie% s ?’%‘gé[tﬁhe |a?11t gﬁ?(a)r i -
pl asma. ch ] i ate RECVieHipBEitae pf fdemt 20tddpeeesi@wibeg
an int 8¢ %&1 ilg@g};{? t@ﬁ%%ﬁ?ﬁ%@?ﬁ%ﬁ%teprovi dipglg an inlet manifold side
wel | hawukma plockisig is@edorntedsiationchaetbdr. and at | east one flexible portion

bet ween the first and second ends; positioning the inlet manifold side wall
within the plasma chanber so as to encircle an inlet nmanifold region

ool ] R BRI AR IR o el HisEbubitlpflfe thivhh Weesh g1 Eispehsed

si de wa er, nounti nlet mani fold back wall so as to

abut t hgo HelifteriBP6t Dpladhectianiirt, coripribiap thessteps ofial | ;  mounting the second
end of the inlet manifold side wall to a. gas .di s({rib ti @r%ﬁte per forated

by a pl ur alprevidiog agiasmaghammber baying @a dterigf Speirgled Bya ¢ ifold back

I'l, the inlet .manifqld si ' | dpdt 4 £ flexibl
ol | ot i vel ProfiifEeh i AFLTEL o Afige 06 %8, £3eBct oy ST iess G loxiole

t hr ough AndRENV Al tBe First hdtEsebidBdndgBNi fol d back wall so that the gas flows
into he inlet manifold region and then flows thr ugethe as oul%t-
RBberO TN RICH) A1

orifices intpositineingthesinlebmanifold sisle pradismighin g5 pisEa © IROFEEhBY &

1
cor3|ng
to claimil urt her. .copprisin step of: producing within the interior
of the A m&w&%gvﬂﬁgﬁﬁ%ﬂ%hﬁg?’radi ates heat; wherein the step of
provi di ng t hgodrting theiei dnalof ttsd idllet wahifolt nicle weiiisvittim thetcbpmber; pr ovi di ng t he

at least one flexible portion of the inlet nifold.side . ] I
t hi ckness suh¢untingag igleigpenifold bach wall s9.as &7 abl{'%cg‘rﬁﬁt odef ﬂ‘c"’. ‘\é\%t {“ﬁx\qf%lrﬁég‘fe walk

as to produce a substantial ,emne RirSiafsf Rt &l gab@iswition patd pirkirated by
mani f ol d bachO%ﬁngl%@en%cérh%ngaog |l§%?| au]t?lor? pl ate ingres_ponse to the heat
r adi at agbiblits6F gak 361 orifides, Ahereirhtbe idetauaniotbpack wallahmialet manifid sids wih gnd

tenperature differential is at |east 10Q degre C..-
i the gas distribution plate collectively enclose said inlet dhnifold région; &dd

supplying a gas through an aperture in the inlet manifold back wall so that the gas flows into

the inlet manifold region and then flows through the gas outlet orifices into the interior of the plasma

chamber.

42. A method according to claim#l, further comprising the step of:
producing within the interior of the plasma chamber a plasma that radiates heat;
wherein the step of providing the inlet manifold side wall includes the step of providing the at
least one flexible portion of the inlet manifold side wall with a thickness sufficiently small, and an axial
height sufficiently large, so as to produce a substantial temperature differential between the inlet

manifold back wall and the gas distribution plate in response to the heat radiated by the plasma.

43. A method according to claim 42, wherein said temperature differential is at least 100 degrees C.
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13 JUL 2004 44. A nethod according to clai mil, wherein the step of 43 JuL 2004
providing the inlet manifold side wall includes the step of: providing the
at | east one flexible portion of the inlet manifold side wall with a
flexibility sufficient so that no substantial force is required to bend
the i n4dt AmesthddicdosiingetowddimAdy whareimibe step of piovidingethe inlef patield side¥agas
distribution plate to expand by at |east one percent. 45. A nethod of

el evat iifuden el at ure of a gas distribution plate while dispensing a

gas into the . j.afeio ' i Bidnadd bel shRRTleatbilit
%r?vlé@ihg'&t E{atl | etr&ﬁg!/c?%g@%&ﬂmhﬁ iff MRS t ility

providing a‘p ninterior encircled by a chanber wall;
nmount i REffRI@ESo ihal & subeahfiglfoccuistaguiredhe betbth enlst mandfoldisidgywealthby 90 apoust
providing within the plasm chanber an inl et nqnifold side wall having a
first enfficiandtoepesmidhrigasshistribuioninlan [fFPEMEDY #i'ASt PREASFSPH side wal | within
t he plasma chanber so as to encircle an inlet manifold region within the

- plasma chanber, nmounting the first end of the inlet manifold side wall to

the chagbammabd offevalial tRtempeaturobf 4 fue disudbubtion plast Whitodispasingsegad ittortbe
end, nounting an inlet nmanifold back wall so as to abut the first end of

t he i nlieterionefisf phamasthambaalcompsipas Mo 9§ a gas distribution plate
perforated by a plurality of s out | i f bes&a@nd end of the
inl et manif fa"‘éi?‘a& [ C&S“Eb%%favgl a&?}étggé)[#efnth 'ﬁcgé%ggagﬂl{%?ri bution plate

contacts Sairﬂourﬁﬂgqrgqs anet maiRiEwithinhiee dhabebier, irtading dhelswpkofrval |, the inl et
mani fol d side wall, and the gas distribution plate &o,l I ecﬁi ve{rré enc| os(f
said inl et manifcﬂrdVldEgi‘@mlnml%ﬁﬁﬁmhymHE%lbégmt"‘ﬁ'lf‘ﬂ gie arllhgxing atuss id apd
i nl et nanifocL%Hback wal |l so that the gas flows into the inlet manifold
regi on HTE°YHEN-f1 ows through the gas outlet orifices into the interior of
the plasma chanbgysitionthgtaé Midthensfbrisidef watbuithinnige plhemaetambet st astaen¢iotld an
further conprises interposing substantial thermal inpedance between said
ar ea ofinlehmagifeldisegionwithingheiPlasmechara¥t.of the gas distribution plate. - 28

mounting the first end of the inlet manifold side wall to the chamber wall so that an area
of the chamber wall contacts said first end,

mounting an inlet manifold back wall so as to abut the first end of the inlet maniﬁ?ld
side wall, and

mounting a gas distribution plate perforated by a plurality of gas outlet orifices to the

second end of the inlet manifold side wall so that an area of the gas distribution plate contacts said

second end,

wherein the inlet manifold back wall, the inlet manifold side wall, and the gas distribution plate

collectively enclose said inlet manifold region; and

supplying a gas through an aperture in the inlet manifold back wall so that the gas flows into
the inlet manifold region and then flows through the gas outlet orifices into the interior of the plasma
chamber;

wherein the step of mounting the gas inlet manifold further comprises interposing substantial

thermal impedance between said area of the chamber wall and said area of the gas distribution plate.
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