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reactor that overcones the deficiencies described above. SUMVARY [ 0007]

Vari ous eddbieR pewesIseratRe present invention are generally directed to a

15  [0005] Recently, capacitively coupled plasma etch reactors have been used for
dielectric etch applications at low pressures in nearly pure reactive ion etching (RIE)
conditions, which required increased voltage capability (e.g., from about 4000 volts
peak to peak to about 6000 volts peak to peak), creation of significant plasma at low
pressures (e.g., about 30 mT), and increased efficiency of the chuck to allow the

20 plasma to form at low pressures. Operating capacitively coupled plasma etch reactors
under these conditions, however, often leads to a high voltage breakdown, high
damage to the chuck, and poor etch rates, all of which may be caused by the lack of
plasma density over the substrate surface. Recent investigations have discovered that
the lack of plasma density was caused by a lossy transmission line that connects to the

25 substrate.

[0006] Therefore, a need exists for an improved capacitively coupled plasma etch

reactor that overcomes the deficiencies described above.

SUMMARY

[6007] Various embodiments of the present invention are generally directed to a
30 plasma etch reactor. In one embodiment, the reactor includes a chamber, a pedestal
disposed within the chamber, a gas distribution plate disposed within the chamber



30 plasma etch reactor. In one enbodi nent, the reactor includes a chanber,
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[0010] In still another embodiment, the reactor further includes a heat exchanger
20 disposed inside the pedestal. The heat exchanger includes a plurality of channels.

Each channel defines a plurality of protrusions disposed therein. The protrusions are
configured to cause turbulence to a heat exchanger fluid contained inside the channels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] So that the manner in which the above recited features of the present

o5  invention can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the appended
drawings illustrate only typical embodiments of this invention and are therefore not to
be considered limiting of its scope, for the invention may admit to other equally effective

30 embodiments.



drawings illustrate only typical enbodinments of this invention and are
therefore not to be considered |imting of its scope, for the invention
may adm twom3godees equal ly effective 30 enbodi nents. 2 WeCTA/SAHBA0A
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exchangeéooq Fi q—‘fé ire 40 nﬁ:strhf%QZ%] didi184tFi€ die&f | dUrkirintiigesh@ caveomti m t op
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illustrates a schematic side view of a channel of a heat exchanger wth
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accordance with an embodiment of the invention.

[0018] Figure 7A is a side view illustrating a version of the dielectric sleeve that is

mechanically adjustable.

15  [0019] Figure 7B is a side view illustrating a version having multiple sleeve sections

that are each mechanically adjustable.

[0020] Figure 8 illustrates a cross section view of a heat exchanger in accordance

with an embodiment of the invention.

[0021] Figure 9 illustrates a schematic bottom view of the heat exchanger of Figure
20 8.

[0022] Figure 10A illustrates a schematic top view of a channel of a heat exchanger
with chevron protrusions in accordance with one embodiment of the invention.

[0023] Figure 10B illustrates a schematic side view of a channel of a heat exchanger

with bump protrusions in accordance with one embodiment of the invention.



WO 03/103004 PCT/ US03/ 17477 DETAI LED DESCRI PTI ON [0024] Figure 1
illustrates an exanple of a capacitively coupled etch reactor 100 that

i ncl udes wearmsowoenbodi ments of the invention. This ill usPCattison1i437 based
on the MKP, eMax or Super-e etch reactors available from Applied
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prot ect tihe electhostatis clr&ﬂ:kambrpmrdmmrmatwelymsbdtpeapiserab\@afen@Iampbaff|e 54 and a

punpi ng channel 54 connected to the throttle valve 48. [0026] Processing
gases ar [ S
row contPBE or ST Ragepl 466 Sentalf Bpgaing 4 g?e“””m%%é“ﬂ%ﬁ?%ﬂ&ﬁ in
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order to increase the density of the plasma. A vacuum pump system 46 pumps the
20 chamber 32 through an adjustable throttle valve 48. Shields 50, 52 not only protect the
chamber 32 and pedestal 105 but also define a baffle 54 and a pumping channel 54

connected to the throttle valve 48.

[0026] Processing gases are supplied from gas sources 58, 60, 62 through
respective mass flow controllers 64, 66, 68 to a gas distribution plate 125 positioned in

o5 the roof of the chamber 32 overlying the wafer 34 and separated from it across a
processing region 72. The distribution plate 125 includes a manifold 74 configured to
receive the processing gases and communicate with the processing region 72 through
a showerhead having a large number of distributed apertures 76 so that a more uniform
flow of processing gas may be injected into the processing region 72.

30 [0027] Other details of the reactor 100 are further described in commonly assigned
U.S. Patent No. 6,451,703, entitled “Magnetically Enhanced Plasma Eich Process

Using A Heavy Fluorocarbon Etching Gas", issued to Liu et al. and U.S. Patent No.
4



30 [0027] Other details of the reactor 100 are further described in
comonly assigned U. S. Patent No. 6,451,703, entitled "Magnetically
Enhanced Wbas/esolt ch Process Using A Heavy Fl uorocarbon PBCrhisay1@as",
issued to Liu et al. and U S. Patent No. 4 WD 03/103004 PCT/ US03/ 17477
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20 nitride or alumina, for example. The electrically conductive mesh layers 215, 220 are
configured to supply the RF bias voltage to control ion bombardment energy at the

surface of the substrate 110. The electrically conductive mesh layers 215, 220 may

also be used for electrostatically chucking and de-chucking the substrate 110. In such

a case, the electrically conductive mesh layers may be connected to a chucking power

25 supply 140. An example of such a power supply is disclosed in commonly assigned

U.S. Patent No. 6,005,376, issued December 21, 1999, which is incorporated herein by

reference. The electrically conductive mesh layers 215, 220 may not necessarily be

grounded and consequently may have a floating electric potential or a fixed D.C.

potential in accordance with conventional chucking and de-chucking operations.

30 [0029] Figure 2 further illustrates an RF conductor 225 extending through the
cathode pedestal 105. The RF conductor 225 is electrically coupled to an RF bias
generator 200 through an RF bias impedance maich element 230 (shown in Figure 1).
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U.S. Patent No. 6,005,376, issued December 21, 1999, which is incorporated
herein by reference. The electrically conductive nesh layers 215, 220 may
not neceswarodlig3obe grounded and consequently may have a PCoatsodg4et ectric
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periphery portion of the substrate 110 Other details of the uppef and Iower electrically

20 conductive mesh layers 215, 220 may be described in commonly assigned U.S. Patent
No. 6,232,236 entitled “Apparatus and Method for Controlling Plasma Uniformity in a
Semiconductor Wafer Processing System"”, issued to Shan et al., which is incorporated

by reference herein to the extent not inconsistent with the invention.

[0031] Figure 3 further illustrates a semiconductor ring 115 in accordance with an
o5  embodiment of the invention. The semiconductor ring 115 may also be referred to as a
process kit. The lower electrically conductive mesh layer 220 is disposed below the
semiconductor ring 115. The semiconductor ring 115 defines a raised portion 118.
The lower electrically conductive mesh layer 220 in combination with the upper portion
118 are configured to shape the electric field at or near the periphery of the substrate
30 110. More specifically, the combination is used to reduce the high concentration of non
perpendicular field lines that are typically disposed at or near the periphery portion of
the substrate 110, causing an edge tiling effect, which causes vias to be etched in a
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Sem conduct or Wafer Processing Systent, issued to Shan et al., which is

incorporated by reference herein to the extent not inconsistent with the
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provided by the cathode pedestal 105 consists of two portions in the plane of the
20 substrate 110, namely a radially inner portion 530 centered about and extending
outwardly from the feed point 225a and the radially outer annular portion 535. The RF
return paths provided by the two portions 530, 535 are different, and therefore the two
portions 530, 535 present different impedances to the VHF power radiated by the

overhead electrode 125.

25  [0034] The primary RF return path 545 is provided by the conductive mesh layers
215, 220, which are coupled through the cathode pedestal 105 and the RF conductor
205. The RF return path 540 passing through the outer annular portion 535 is
dominated by reactive coupling through the substrate 110 and across the conductive
mesh layers 215, 220 to the cathode pedestal 105. In contrast, the RF return path 545
30 through the inner portion 530 is dominated by the reactive impedance of the feed point
225a. As a result, the two RF return paths often cause non-uniform coupling to RF

power if the impedance is not uniform across the substrate 110.
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same.

20  [0037] In order to adjust the feed point impedance, a dielectric cylindrical sleeve 550
surrounds the RF conductor 225. The axial length and the dielectric constant of the
material constituting the sleeve 550 determine the feed point impedance presented by
the RF conductor 225 to the VHF power. In one example, the length and dielectric
constant of the sleeve 550 is selected to bring the feed point impedance to nearly zero

o5 at the VHF source power frequency (e.g., about 100 - 200 MHz). In a working
example, the feed point impedance without the sleeve 550 was (0.9 + j41.8) ohms and
with the sleeve 550 was nearly a short circuit at (0.8 + j0.3) ohms. The impedance
presented by the outer region 535 surrounding the feed point 225a is nearly a short at
the corresponding frequency (due mainly to the presence of the conductive mesh

30 layers 215, 220). Therefore, in the latter example the sleeve 550 may bring the feed
point impedance at the source power frequency to a value closer to that of the



frequency (i.e., the VHF frequency of the overhead el ectrode 125 from about
100 MHz 15 to about 200 WMHz). As a result of this adjustnent, the RF
current rwpwsnopeth is dom nated by the conductive nesh Payarss3/eu3; 220
through the RF conductor 225 while minimzing the current through the
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13.56 MHz) and at the source frequency (e.g., about 100-200 MHz) simultaneously.

[0039] Figure 6 illusirates sleeve 550 divided into three sections, namely a top
20 section 552, a middle section 554 and a bottom section 556, in accordance with an
embodiment of the invention. The top section 552 may be made from
polytetraflouroethylene and about three inches in length, the middle section 554 may be
made from alumina and about four inches in length, and the bottom section 556 may be
made from polytetraflouroethylene and about three inches in length. The length and
o5  dielectric constant of the sleeve top section 552 may be selected and fixed to optimize
the HF bias power distribution exclusively. The lengths and dielectric constants of the
remaining sleeve sections 554, 556 may then be selected to optimize VHF source
power distribution by the overhead electrode while leaving the HF bias power

distribution optimized.

30  [0040] Figure 7A illustrates how the sleeve 550 may be assembled to be adjustable
during use. An external control knob 560 is provided on the reactor to turn a screw 565

threadably engaged with a sleeve support 570 coupled to the bottom of the sleeve 550.
9



power frequency were brought nearer to that of the surrounding region 535
dom nated by the conductive nmesh layers 215, 220 (without altering the
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about

[0041] Porous Plugs. Referring back to Figure 2, the cathode pedestal 105 in
20 accordance with an embodiment of the invention is illustrated. The cathode pedestal
105 includes a plurality of gas flow openings 202 disposed through the insulation layer
210 at or around the periphery of the cathode pedestal 105. Each opening includes a
porous plug 212. The openings 202 combined with the porous plugs 212 contained
therein are configured to permit gas (such as, helium or argon) flow from cooling gas
25  sources (not shown) to the upper surface of the cathode pedestal 105. The porous
plugs 212 may be made from a dielectric, such as alumina having a porosity ranging
from about 10% in volume to about 60% in volume, with interconnected openings that
form continuous passageways through the dielectric material. The porous plugs 212
may also be made from a material selected from a group consisting of ceramic
30 compositions, engineering thermoplastics, thermosetting resins, filled engineering
thermoplastics, filled thermosetting resins, and combinations thereof. When the porous
plugs 212 are formed using traditional molding and sintering methods, the particles
used in the molding or sintering are of the same order of magnitude in size as the
10



together). O, the sleeve support 570 may be coupled to only one or two of
the three sections 552, 554, 556 so that only one or two of the three
sections WO ogoe3d4 by rotating the knob 560. Figure 7B il lpastusat/en71 hat
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an embodlment of the invention, the hft pin openlngs 206 are configured to be pumped

20 with vacuum. In this manner, the pressure inside the lift pin openings 206 may be
reduced, thereby reducing the likelihood for arcing to occur within the lift pin openings
206. The lift pin openings 206 may be pumped with vacuum such that the pressure
inside the openings 206 is less than the chamber operating pressure. The lift pin
openings 206 may be pumped by either the chamber vacuum pump 46, or a separate

25 pump. As such, backside cooling gas is constantly evacuated from the openings 206
and does not accumulate at a pressure that facilitates arcing during chamber operation.

[0043] Optimization of Insulation Layer. It has recently been observed that

operating the chamber at low pressures (e.g., from about 0.1 mT to about 50 mT)
generally leads to minimal or no plasma ion density near the surface of the substrate
30 110. A determination was made that the lack of plasma ion density near the surface of
the substrate 110 is caused by a high power loss from the RF bias generator 200 to the

substrate 110. More specifically, most of the power loss occurs in the insulation layer

11
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facilitates arcing during chanber operation. [0043] Optim Zation of
| nsul at i ot akpuePO0Q walids recently been observed that operating the chanber
at | ow pressures (e.g., fromabout 0.1 ml to about 50 nT) generally | eads

to mni ma(oozﬂﬁ ”OHBleﬂa%héEg?_e(rde'?ﬁdréf NEdRhdMAuSHAEEACE Hifat tdi@handrst 228 6n 30

110. A determ nation was nade that the |l ack of plasma ion density near the
surface ofccorganceubithr aneenbediment pfistba ipyention. ghT%\/U&atl%EaWQ%n?g%ésRF

bi as generaiRiretlf pRvidaea uniform temperature distribution across the cathode pedestal
105. In one embodiment, the heat exchanger 222 is defined within the metal pedestal
layer 205. The heat exchanger 222 may also be defined within the insulation layer 210.
The heat exchanger 222 defines a plurality of channels 232 configured to circulate heat
transfer fluid to remove heat from the cathode pedestal 105. The heat exchanger 222
25 is connected to a chiller equipment 250 that supplies the heat transfer fluid to the heat
exchanger. The chiller equipment may include a pump to circulate the heat exchanger
fluid through the channels 232. As the heat transfer fluid is circulated through the
channels 232, the heat from the cathode pedestal 105 is absorbed by the heat transfer
fluid. After circulating the heat transfer fluid through the channels 232, the heated heat

30 transfer fluid is returned to the chiller equipment for further processing or recirculation.

[0045] Figure 8 illustrates a cross section view of a heat exchanger 222 in
accordance with an embodiment of the invention. The heat exchanger 222 defines
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m ni %%r?ne?%&gé tHa‘?ﬁ? rotn}& lohgﬁﬁ%%é@?bhgw wéied 5Gridc@s! df tedRMnbiRe

thlckness I 'nsu ne enbodi nent, the thickness of
t he i nsul2api ofhd prpbrusi2n® ars c&flwméwsbrmgoﬁlb%mdu'tbuﬁmeﬂ@lﬂaﬁ haatgexchghgrlt

25-30 mm.t hi c ncr e 21
about 25146 nihe FpBRGE el SNy AR Bluspt orp M i hpliplcifiger 0 10
range f r@lmdaibmdn;t]e(htﬁklﬁﬁhdrt walls0df the mabex0rﬁnger4222 jvigein \en rasglt in gymore

i ncreasin t hi ckness of | ti I h.2 d, th
shunt a?% aﬂ?@é & ?%%Fr‘r ei% fﬁé@é O?ﬂgu%lgy ﬁgf()t)eg%@ﬂ%ré%g%“ieﬁceg g’ aboute
50% and gsjuﬁ?%@ am?/\@f tHeWéttédWateaﬂnoumnSacit mthrtbe imatal pedestalllayasr2021 0lni t@ls

m nim ze er eby i ncr.easi t he

T10. e tiROEBRPrF RoeY bered P derany AgRE I vERRs 8 skRce BBYRA, 70"
the Substthéhebétﬂe@e HAQ PAIRE heémchahgeaga@zcanwopdotruslonarrmymmnrtheéqraboﬂ ity
of the RE bias generator 200 al so | ncrease o} § aebl lity
in turn IfeadBUMESaRNe\HERS 3NGSy Okt halCqlFiRIC L’fﬁ? éé{%%ﬁﬁateg 'B %5@0 ‘rrﬁﬂ
substypat G‘ohahﬁé\s wab fd%ﬂﬁe amamg iot Hinebad EMAHY iBSiBlsestidng|.g., thd wettechires) oflO 50
nl) may be 1 ncreased to abou

7500 | Kk
capabi | i tthe whgnmals 232r dzeyeRKample, aa@%%@tﬁé@pégﬁ? E‘%F g%iﬁang@@{]ze E@B\aﬁ{%’er
Figure 2 a%é}f#ﬁte% 42 r‘nhg%fé&oﬁﬁmehﬁnﬂ{ wRNECHHRINESIut 8RRintR hlganccmsdan@lethwhb an

enbodi nen e i nvention heat exchanger 222 is 20 confi dto

provi de dhemdrewetted@sea istincentgrkwith Hhetmeial aﬂ% layiee 2034 fFIB LY 8 105.
I'n one e'}JPe}%@ké?Féat 0‘\;)%@?@?5 aq‘e?ﬁexcg%"ve%ﬁgre' wetts! hﬂe%danMn'E&d? vithetheahetal

pedest al ayer anger 222 nmay al so be defined wthin the
| Nsul i | qjedea'gadaﬂa)@ICBOS o oibat typecofapgiusips. deensesgentiyplthe finst4fofre

channel s 23 H%VS f%ggr@gﬁg olrgg{e%i‘r'h Frﬁth@erﬁ&tal hé@&ﬂﬁé%érléﬁsdth’éﬂ dJiedrayse Beat

fromthe ¥ eat exchanger IS connected to a
chill er egrirpsiond, siu@ théammcamppi heat remeovérbistditaciv sraportiangl to the anaung eht

exchangeretfaet s nrgoie B TBR indlE) o S ot MieP 2BY Radrbrdly, s e Bl
circul at e@lséd*ﬁ:@p@fruﬁlbﬁs in thicker metal pedestal layers, such as about 1.5 inch or greater.
20  Other forms of protrusions, such as chevrons 1010 (shown in Figure 10A) and bumps
1020 (shown in Figure 10B), are generally used in thinner metal pedestal layers, such
as less than about 1 inch. If the chevrons 1010 are used as the protrusions, the
pointed portions of the chevrons 1010 are disposed in an upstream direction to project
the most turbulence. The height of each chevron may be about 10% to about 15% of

25 the depth of the channel 232.

[0046] Figure 9 illustrates a schematic bottom view of the heat exchanger 222 of
Figure 8. The heat exchanger 222 includes an input conduit 910 and an output conduit
920 connected to the input conduit 910. The heat exchanger fluid is received at the
input conduit 910 and is transferred to the chiller equipment through the output conduit
30 920. Consequently, the heat exchanger fluid contained in the input conduit 910 is
generally cooler than the heat exchanger fluid contained in the output conduit 920. In
one embodiment, the position of the input conduit and the position of the output conduit
are reversed. The channels 232 are configured such that the input conduit 910 is
13



channel s 232, the heat fromthe cathode pedestal 105 is absorbed by the
heat transfer fluid. After circulating the heat transfer fluid through the
channel s ®823/103ve4 heat ed heat 30 transfer fluid is returnedTiusos/bma7Thill er
equi pnment for further processing or recirculation. [0045] Figure 8

| Il ust " ApB8En & %?&O@ﬂﬁam%ﬂh\ébﬁtv‘fh@fo@%ﬁeﬁnd@%@bé”gﬁrth%%ahrﬁbr BRCPEEASICE

with an vent1 on he heat exchanger 222 defines 12 WO
03/ 103004edpgantisimtuaery the cinauih epedyiz 910hand h@@e%?pel rep8alk 9% JBBREE al ong

the wett edPSt% agl‘g nglfant nﬁ?'%ggheat)rﬁg X’téﬁgeraﬂ% rﬁfé?ﬂnﬁ@%eﬁﬁ&ncfheflhﬁw ed to

bring abdtp® nger The turbul ence in the
heat exclangst 910 und thawsgsit ronduibH20 e ahmatlmélx chaﬂ@‘-e embpgiment: Hedppitact

thehtvvalls the heat .e e ry I re 5
ef f i cPentCORdAt éQcﬁaﬁﬁ%r?eCtﬁgggtht JrSltJJt ﬁ%ﬁg}l‘\%?@gps%{ %erbcc(%ﬁﬁlg%r‘llevgmtﬁomé
i ncrease téxhperaauéfoaqee aeaaemhamgee fhoet madeampm condgib@i @it aleut the RemAESal

pedestal |a hi s er t R S us cally
adj ust tR lée){?f@Pﬁ@I Ur?e‘i} @‘Faﬁ)ﬁ?& GB‘@ n{'%éﬁ Q{}%%{%‘t;ﬂ{i Cdﬁé't%g teme 193{110
exchangercodddit 9Tt andp s csmputcmdcmz@mayrba tenfijorenh infa seirahfoymaiiorpis, order
chevrons, spines, or helic structure

channel s 1@ B3NZS the RUMPEYY ﬁh@gp [ ?'f@ tozngre&ﬁelflﬁt Eﬁ% e@?%@??&éﬁwﬁ b¢ he 10

the wpttgfs %&ﬁ@coﬁcﬁunt §T@aﬁ@ﬁ@‘6ut§ut2§&)duﬁ(9206>®lmieﬁnore) tiee rr@uabomantmml
| ayer that about Inch thick, each fin 2 e[rpr}?/ be abo% /.16 ch wi de

and aboutartgltbeloﬁmt RPRAHIt A be goniigured sugh Hal t {SEPRANGET {1 'Bﬁ'g% s in
cont act V@Z}Q H‘%} Gqﬁét&‘tpdtad&{duﬁo@o fragen \ﬁhbp‘dbshéadlrelcﬁonst nadeer r ed.
gener a

The fins g fave nore wetted area in contact he netal 15

pedest al dligyatedea ¢ a3, theyply averﬁgﬁeﬂn%t%mefa@b%%%é}?@ §XChanget i ns
242 are fﬁﬁq‘&br%ég% LR RIDYE MR Sodbpddince! ViR j&earBRicH ertstanbl, theanput 205

t han ot her protrusions, since the anbunt of heat removed i s
directd y qmndpmeuoanauhet outphiccanduit AR0 efe sulstantialipindhe SAMERR®et with t he
nmet al pedestal |ayer 205. Generally, the fins 242 are used as protrusions

in thi ckepogipt al aDeflesitoba | AKRES tne Welt BRoireiet hid id pempet Bl MemoalOd

O her for protrusions, such as chevrons 1010 (shown in Figure 10A) and
bunps 10@(chelsg&rv322| ta reingue SeadB)M the sUbRirae ANy D\ﬁ@éﬁd'f‘ﬂ UPAR e PURRL:

pedest al AR bt HoWMghirotf theheibatiaer ¢15 td @O are
used as t rggggrsoi nﬁ}é?%Hrseaapﬂqﬁé ao nt é?tpq%rtlgng@orothe chevrons 1010 are

di sposed cahhca'ie p@steéallﬁﬁdtheetetmmnaw@ ﬂiljeehﬁat exchanger fluid may be below the

20 freezing point of water, such as from about —20 degrees Celsius to about —10 degrees
Celsius. If water is used as the heat exchanger fluid, anti-freeze chemicals, such as
ethylene glycol or salts, may be added to the water. Non-water based ﬂuids (such as,
the fluorinated Galden HT-110, HT-135, and HT-200) may also be used as the heat

exchanger fluid.

25  [0048] By using the various embodiments of the heat exchanger 222 described
above, the substrate 110 may be cooled in a uniform manner and the temperature
difference between the substrate 110 and the heat exchanger 222 may be kept at a
minimum, e.g., less than about 5 degrees Celsius at 2000 Watis thermal load for a 300
mm substrate. Although the heat exchanger 222 has been described with reference to

30 cooling the substrate 110, the heat exchanger 222 may also be used to heat the

cathode pedestal 105.
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the nost turbul ence. The hei ght of each chevron nay be about 10%to about
15% of 25 the depth of the channel 232. [0046] Figure 9 illustrates a
schemat i cwbaBtieawwyi ew of t he heat exchanger 222 of Fi gur @C8/USthig74heat
exchanger 222 includes an input conduit 910 and an output conduit 920
connect e th MR @ rihé | é@bmsw@menved at
t he |npﬂ?&g%ndﬁwbng¥§a%aga&hbﬂggﬁg?ggﬁgggﬁgoe ch?ﬁfhélﬁﬁ pnent _t hr ough
t he out pmthemartdiﬂthIOemB@dlrreo’rss@dbemwepthﬂ H@YI’&@a@eVé%@@H&'HW dPP%"“Bg &8mt ai ned

cont i ned ™ R hacR BT, P B0 erdoTE; B8 okl b ERmemeRar o

the input conduit and the p05|t|on of the output conduit are reversed. The
channel s 232 are configured such that the input conduit 910 is 13 WO

03/ 103004 PCT/ US03/ 17477 positioned substantially adjacent the output
conduit 920. In this manner, the thermal resistance between the input
conduit 910 and the output conduit 920 remains substantially constant,

t her eby keeping tenperature non-uniformty between the input conduit 910
and the output conduit 920 to a minimal. In one enbodinment, the input 5
conduit 910 is connected to the output conduit 920 at a |ocation at which
the tenperature of the heat exchanger fluid in the input conduit 910 is
about the sane as the tenperature of the heat exchanger fluid in the

out put conduit 920. The input conduit 910 and the output conduit 920 may
be configured in a spiral formation in order to mnimze the nunber of
sharp turns and to increase the nunber of |oops fornmed by 10 the input
conduit 910 and the output conduit 920. Furthernore, the input conduit 910
and the output conduit nmay be configured such that the heat exchanger fl uid
inside the input conduit 910 and the output conduit 920 travel in opposite
directions and be alternated in a radial fashion, thereby averaging the
tenperature of the heat exchanger fluid across the channels 232. In
accordance with yet another enbodi nent, the input 15 conduit 910 and the
out put conduit 920 are substantially in the sane plane. [0047] As nentioned
above, the heat exchanger fluid is punped into the heat exchanger 222 to
remove heat fromthe substrate 110. Dependi ng upon the substrate process
tenperature and the anount of heat flowing fromthe substrate 110 to the

15



cat hode pedestal 105, the tenperature of the heat exchanger fluid may be
bel ow the 20 freezing point of water, such as from about -20 degrees

Cel si us twoOaboeioo+ 10 degrees Celsius. If water is used a®Crhsosienr?
exchanger fluid, anti-freeze chem cals, such as ethylene glycol or salts,
may be ad . ﬁﬁ%ﬁ er. Non-water based fluids (such as, the

fluori nat M?ggﬂ -%'10, HT- 135, and HT-200) may al so be used as the heat
exchanger 1f | ui Al pladmd €04 8¢adiyr, oempigsindie vari ous enbodi ments of the heat

exchanger 222 descrjbed above, the substrate 110 may be cooled in a
uni f or m manner?2 SAMPee tenperature difference between the substrate 110

and the heat expbadsdgldishddeRthipethEepampér;a mninum e.g., less than about
5 degrees Cel sius at 2000 Watts therpal .| gad for a 300 . substrate.

Al though the h@g@s éb‘ém%lﬁe'éplai%@sﬁ%edg@%“ g&%”ﬁ@&% W‘me e&%é{gﬁto 30
cooling the subghgalifodrding f%%da%aial,m@ﬁﬂ%rrir?%é’efmy aAlagedipertivsednd 0 heat
the cathode pedeStal 105.7 14 WO 03/103004 PCT/US03/ 17477 %%049}39%1 | e the

foregoing is dah deperdeleatisaloernaitiy esh H@’%@@gé‘ﬂo"‘f‘?{‘i\ﬁ‘éﬁ’ﬁt?i Y copev@ieand
further eghodi gg aisgé?é$gvri] Iﬁ;’ﬁ'le%t Eé’(ﬁbs‘i@%’ wWhRrdi® \the @bpet diicalipRahbild@ef rom

t he basi c scope’ther ' Scope thereof is determ ned by the clains
that fol | oveshlsyents 0ispagEsDeUbstDTialSamVERe TowaryRigctiicallpicandive nesh layer

pl asmg et r. : | S{9 i , j Wntfpen the
Chanba?: &g g 3EbGhnyaREl Sisize e dIRS e RodtaRAlo B TREBEE U e

t he pedesiatiestal, randgwhereiro dinelilowert blecimieallys canduciivemeesh {ayer s sybelaniialis a

rai sed portiaon; .an e i I 0 ive r | ower
el ectri calappﬁ)'%H@Iugqal%\ge'éRﬁE%h%{lsﬁgéérd %?é%r?se%d%\%\nyl%%r\ﬁ/ ?ﬂgﬁ%elg@éf a?l,é&aﬁ%v ein

t he upper cehdudtivé eadshytayradddiciorethemeishd pastion of $hediingposed substanti al |y
above the lower electrically conductive nmesh |ayer 10 and is substantially
the sane size as a substrate configured to be di sposed on the

15 2. The reactor of claim 1, wherein the raised portion is about 1.5 mm to about 3

mm taller than the surface of the substrate.

3. The reactor of claim 1, wherein the upper electrically conductive mesh layer, the
lower electrically conductive mesh layer and the raised portion are configured to cause
20 the electric field lines proximate a periphery of the substrate to be substantially

perpendicular to the substrate.

4, The reactor of claim 1, wherein the lower electrically conductive mesh layer is

disposed proximate a periphery of the pedestal.

25
5. The reactor of claim 1, wherein the pedestal is a cathode pedestal.
6. The reactor of claim 1, further comprising:
an insulation layer disposed on the pedestal; and
30 a plurality of gas flow openings disposed through the insulation layer, wherein at

least one gas flow opening comprises a porous plug disposed therein, and wherein the
porous plug is configured to provide an indirect pathway for gases to flow toward an

upper surface of the insulation layer.
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pedestal, and wherein the |Iower electrically conductive nesh |ayer is
substantially annular in shape and is disposed around a periphery of the
upper el eyoOrodaedoby conductive nesh | ayer and bel ow t he ra&csaoponti on of
the ring. 15 2. The reactor of claim1, wherein the raised portion is about
1.5 mm t 6, aboyt,o 3,000 L J:lgi?q abhdrbiR Bl b&6ls Yiud he mads ot & didlechite
reactor of claim f wherel'n thé upper electrically conductive nesh |ayer,

t he | owanatetigictrically conductive nmesh | ayer and the raised portion are
configured to cause 20 the electric field |lines proxinmate a periphery of
the substrate to be substantially perpendicular to the substrate. 4. The
reactor . cl gherdactoheiradim &, lvehdreindine porous plugds Madedran etmaterigssiedted er i s

di sposed proxi mate a peri phery, of 2 . r claim
L *hner ciffo ng gecte Greisgng. Yo el BBy Rons. ¢ 2ndneciiy ARANGaRos” B
further cpemhdseting: resins] filfad egimsering)irermtiptastisdilled thérenqsetiiogtrasins.aant 30 a
plurality of_&gs flom/openings di sposed through the insulation |ayer,
wher ei n oMb stgﬁﬁeﬁas fl ow openi ng conprises a porous plug disposed
therein, and wherein the porous plug is configured to provide an indirect
pat hway for gases to flow toward an L upper surface o he i ns: i ayer.
16 VIO 03/90300epeariosghRain 87 whero, e Raipys Plugs E'l‘aadenffr %ﬁ e\kﬂﬁ'ﬁé?‘tﬁk’?‘ﬁeé

por oug p'%{ﬁoéiﬁ/ BRGRg fofThBoul i1ebeivoiuine [BediuL 80% iB vollines.r eact or of cl ai m 6,
wherein the porous plug is nmade froma nmaterial selected 5 froma group
consi sting of ceram c conpositions, engineering thernoplastics,

ther m)setfd.”g TreSidastorfdil st BN@hBRAT tgindiesBathway iavsidsfa lstraight line of
thernosetting resins, and conbinations thereof. 9.” The reactor of claim®,
wher ei n t $ightmonfigigrai®ig i s nade from al umina having a 10 porosity ranging
from about 10%in volune to about 60%in volune. 10. The reactor of claim

6, wherein the indirect pathway avoids a straight |ine of . )
15 11. The reactor of claim 1, further comprising at least one lift pin opening disposed

through the pedestal, wherein the at least one lift pin opening comprises a lift pin
disposed therein configured to lift a portion of a substrate off an upper surface of the
pedestal, and wherein the at least one lift pin opening has a pressure that is
substantially less than a pressure inside the chamber during a process.

20
12.  The reactor of claim 1, further comprising a heat exchanger disposed inside the
pedestal, wherein the heat exchanger comprises a plurality of channels, wherein each
channel defines a plurality of protrusions disposed therein, wherein the protrusions are
configured to cause turbulence to a heat exchanger fluid contained inside the channels.
25

13.  The reactor of claim 1, further comprising an RF bias generator electrically
coupled to the upper electrically conductive mesh layer and the lower electrically

conductive mesh layer.

30 14. The reactor of claim 1, further comprising an insulation layer disposed on the
pedestal, wherein the insulation layer has a thickness from about 25 mm to about 30

mm.
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sight configuration. 15 11. The reactor of claim1, further conprising at
| east one lift pin opening disposed through the pedestal, wherein the at
| east onewbioBto3@dy openi ng conprises a lift pin di sposedPChArSes/n477
configured to |ift a portion of a substrate off an upper surface of the

e g THOFERAS 88 1) GRSlel PR Rbsiid gdtiere@aRldBIharB RESH © L Nt

IS substghti esSs than a’pressure 1Insi e chanber during a process.
20 12. Thendectanae frarh abbai 0001 +jA01 heabad®R04st #04 heat exchanger di sposed
inside the pedestal, wherein the heat exchanger conprises a plurality of
channel s, wherein each channel defines a plurality of protrusions disposed
t herei n, 1gher ahp rehetoprodtalaisi thswherein tentlegtricelly conductive mestblayericaéra o a

heat h fluid t ai insid h h | f
o o1, Seatiedy cuRisrE e Mg S el SnieD BN AR Gast of 8 ok P SobSAREE" O
t he upperarl £ERFibRR] ipeaanstuahicheslgmmeft. | ayer and the lower electrically

conductive nesh layer. 30 14. The reactor of claim1, further conprising an
i nsul ation | ayer disposed on the pedestal, wherein the insulation |ayer

has a t higkneghefrbQstbabrikim2Es, fintice copléingd mm 17 WO 03/ 103004
PCT/ US03/ 17477 15. The reactor of gl aelfrP(SlS, whe;ei n a plasma generated

i nsi de the ch&ies pawer fged painate 8 e SRR, 001 + j0.01 to about
0. 004,y j 0. Oz'a}r]wlFl@F coh8udisr&Pbciel ehaédn tha, RMbRIseddnetdier @h@ e biagipbwer

conductive mesh layers are S electrically coupled to the RF bias generator
t hrough deedl paist; amde of an RF conductor and an RF bias inpedance match

el ement. 17. LERE! fsufrb@hdhd 3. pokttint di@he RPTBUNUEELBE wirSihalte Blewes f eed
point at a sur a%lgegl St eélessﬁﬁstrat%; p10 an RF conductor connect ?gwget ween

the RF bites arensiableogthaalang e BFponpesier 2 dieleetris GiopstanbRid 8n g QopHe
sleeve suprouadi B BoRRkldr WeRlihkithie FedRNHHGHRE 2 WRRERCE thREsstaMRIly

15  enhances plasma ion density uniformity over the surface of the substrate.

18. The reactor of claim 17, further comprising a VHF power source for supplying
power to the gas distribution plate, wherein the feed point has an impedance at a VHF
power frequency, and wherein the reactance of the sleeve brings the impedance of the

20 feed point at the VHF power frequency to a value closer to an impedance of about zero.

19. A plasma etch reactor, comprising:
a chamber;
a pedestal disposed within the chamber;
25 a gas distribution plate disposed within the chamber overlying the pedestal; and
at least one lift pin opening disposed through the pedestal, wherein the at least
one lift pin opening comprises a lift pin disposed therein configured to lift a portion of a
substrate off an upper surface of the pedestal, and wherein the at least one lift pin
opening has a pressure that is substantially less than a pressure inside the chamber

30 during a process.

20. The reactor of claim 19, wherein the at least one lift pin opening is pumped with

vacuum.
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has an axial length along the RF conductor, a dielectric constant and an
axial location along the RF conductor such that the sleeve provides a
react ancewohatio®obst antially 15 enhances plasma i on densiPCy/used/imarmty
over the surface of the substrate. 18. The reactor of claim 17, further
conpri si a Vv r ol ying power to the gas distribution
pl at e, vmn%r'ei nﬁFﬁgﬁ‘\fg:%%ﬁ%CﬁO?’ %Ogﬁsp%wblorrpedance at a VHF power frequency,
and wherei n t reechagslogrance of the sl eeve brings the inpedance of the 20 feed
point at the VH rekr ue closer to an inpedance of about
zero. 19. A pe}g%%%’@tdhskorg%&a@ﬁ@wﬁéggﬁabﬁ%ﬁ ng: a chanber; a pedest al

di sposed wi t hiangadeistibatidreplatedisposgdsvithinstheidbambenoyeriing e pedestal; and hi n

t he chanber overlyjng . the pede " d,.a t N i i
di spogd t hr OL?gHeg‘Lsg‘H@d‘QS{)Qfs,pgéﬁir'”eS?&# gmeebg{i eag\&%?%héﬁ%ilﬁapr??gﬁ%‘ 0. ng
conpri sescampiidds @i pludaliyp osfe dharreisi wheent i gachedharmel i dafinas par pluatityofof a

substrate off an upper surface of, the dest ._and r ek e, at | east
one lift BriOH'US'BB%nB'EBO therse SWiFrEM ﬁﬁ? P%O?Jgﬁlggga%%glnaOﬁi}é\frégsto?hcaarlfgg
pressure jyasilgecd e sk rReiangdPfldid congiredinside fe. cliz2@nehe reactor of claim
19, wherein the at least one |lift pin opening is punped with vacuum 18 WO
03/ 103004 PCT/US03/ 17477 21. A plasma etch reactor, conprising: a chanber;
a pedggt abo di speseAciirobtRin P8, whaehesachapromssich Bt dricboftd m spéraveordaspased

wi thin the chanber overlying the pedestal; and 5 a heat exchanger di sposed
i nsi de thbupRdestal, wherein the heat exchanger conprises a plurality of
channel s, wherein each channel defines a plurality of protrusions disposed

therein, wherein the protrusions are configured to cause tg{] ul gge to a
heat exch@BgerThe (dagtareickimed, wherair thenehadnalsrase sonfigured sugh hat NEheAt of

claim 21, whehSEPiGa Sl N S42BehtthaRReIS tradels iMloppbshB @iteatibnand a  bunp.

15
24. An apparatus for supporting a semiconductor substrate processing reactor,
comprising:
a pedestal;
a ring surrounding the pedestal, wherein the ring defines a raised portion; and
20 an upper electrically conductive mesh layer and a lower electrically conductive

mesh layer disposed within the pedestal, wherein the upper electrically conductive
mesh layer is disposed substantially above the lower electrically conductive mesh layer
and is substantially the same size as a substrate configured to be disposed on the
pedestal, and wherein the lower electrically conductive mesh layer is substantially

o5 annular in shape and is disposed around a periphery of the upper electrically
conductive mesh layer and below the raised portion of the ring.

25. The apparatus of claim 24, wherein the lower electrically conductive mesh layer
is disposed proximate a periphery of the pedestal.

30
26. The apparatus of claim 24, wherein the pedestal is a cathode pedestal.

27. The apparatus of claim 24, further comprising:
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23. The reactor of claim21l, wherein the channels are configured such that
the heat exchanger fluid contained in adjacent channels travels in

opposi t e woregavioons. 15 24. An apparatus for supporting aPseEmisSoyndart or
substrate processing reactor, conprising: a pedestal; a ring surroundi ng

the pedestal . JiREShfrd Afef c?}gtﬁas@@fo‘nrtﬁé paédthisadk por ti on; and 20 an upper

electrically conductive | ower electrlcaIIY conduct.i ve
mesh |ayer di sﬁoplgsa!utwwftgﬁsﬁlom@pmlwosedﬂwpéghtlieh@sulﬂb%l? aypbithereinat y

conduct i V %Asaﬁ'cﬁﬁ obémﬂ%%ﬁﬁ’@ﬁgessé'ﬁg?ﬁ@tdltﬁo&!p@s@@“tﬁeﬁe‘w dri@WeHerein the

electrlca y conduct1ve stantiall he sane sjize as a
subst r at epcron$ ipiug isdcanfigbreddiosprowidd apninglinect nedeat torr gashel tovilewdpywaichan | ower

el ect r%cal @g%@ﬁ%ﬁecé‘%g#ﬁhﬁmhﬂ . is substantially 25 annular in shape and

i s di spos8 ery the upper electrically conductive mesh
| ayer and bel ow t he ralsed portion of the ring. 25. The apparatus of claim

or oxi mat 628 peltpReryeBe T AEaLLvEeRLES ol Bilg Y fage torfaifascts

wherei n t Ritgreglestal is a cathode pedestal. 27. The apparatus of claim 24,
further conprising: 19 WO 03/103004 PCT/US03/17477 an insulation |ayer
di sposed on the pedestal; and a plurality of gas fl ow openi ngs di sposed

through the. i mpwd abpé}atdsaweélamv\ﬂw eihereit thd ﬁasiusmieg gsamefdeoﬁnomaemahqlal

I d th
Conti gur oBoEBeRIaN ATy FARR B ST oF Brojacee Db e g R PASI 5°
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wherei n the Borous is made froma dielectric material. 10 29. The

appar at us COMbERHeNA t ?rle\»her ein the porous plug is nade froma materi al
selected froma group consisting of ceram c conpositions, engineering

t her nopl asti cs,
15 30. The apparatus of claim 27, wherein the porous plug is made from alumina

having a porosity ranging from about 10% in volume to about 60% in volume.

31.  The apparatus of claim 27, wherein the indirect pathway avoids a straight line of
sight configuration.
20
32. The apparatus of claim 24, further comprising at least one lift pin opening
disposed through the pedestal, wherein the at least one lift pin opening comprises a lift
pin disposed therein configured to lift a portion of a substrate off an upper surface of the
pedestal, and wherein the at least one lift pin opening has a pressure that is
25  substantially less than a pressure during operation of a chamber in which the pedestal

is contained.

33. The apparatus of claim 32, wherein the at least one lift pin opening is pumped
with vacuum.

30
34. The apparatus of claim 24, further comprising a heat exchanger disposed inside
the pedestal, wherein the heat exchanger comprises a plurality of channels, wherein
each channel defines a plurality of protrusions disposed therein, wherein the

20



t hernosetting resins, filled engineering thernoplastics, filled
thernosetting resins, and conbinations thereof. 15 30. The apparatus of
cl ai m 27, watvaneions t he porous plug is made from al um na h&CTAFORIPOT OSity
rangi ng from about 10%in volune to about 60%in volune. 31. The apparatus

of clai m 3fotrushipEeind édifiglitdl foecduseaiuiadhcev Rl 8sheat ixchamdyr fluideomkinedi ght
configuration. 20 32. The apparatus of claim 24, further conprising at

| east one NsidathgiChapRi®i ng  di sposed through the pedestal, wherein the at

| east one lift pin opening conprises a lift pin disposed therein
configured to |lift a portion of a substrate off an upper surface of the
pedest al , 38nd WheRePAatUfReofglaine 341 Whaieln pagh Broirugieans enefsa Anpd £H8UICB t hat
is 25 gubsd;]@%tg@ll y less than a pressure during operation of a chanber in
whi ch the pedest is contained. 33. The apparatus of claim 32, wherein
the at least one |ift pin opening is punped wth vacuum 30 34. The

appar at us @f ctal LS e i basi de
The pedesthl . HBPRP el Heb aEm SR o e B By SR et LBl .
wher ei n  dashexchangefluitbédntaised inphdjaceni chartelgpirarelsivi appositk dientieds.t her ei n,
wherein the 20 WO 03/103004 PCT/US03/17477 protrusions are configured to
cause turbul ence to a heat exchanger fluid contained inside the channels.

35. THe a@ar aThe apparatua ohckdm 24henribienceraptisipg ab insslabtionilayeodisposedorii n, a
chevron and, a bunp. 36, The ratus af, cl ai m.34 r£in th nnel s
are confi LFrE%d?f?ahwﬁﬁin%ﬁénsu@%?@%ﬁﬁ%8§P'lerfﬁsé%%ﬁ$§‘1ﬁr§dnfnﬁoé&gggent

channel s t3pan@l s i n opposite directions. 10 37. The apparatus of claim 24,

further conprising an insulation |ayer disposed on the pedestal, wherein
the insulation | ayer has a thickness fromabout 25 mmto about 30 mm

38. An apparatus for supporting a semiconductor substrate processing reactor,
15  comprising:
a pedestal; and
at least one lift pin opening disposed through the pedestal, wherein the at least
one lift pin opening comprises a lift pin disposed therein, and wherein the at least one
lift pin opening has a pressure that is substantially less than a pressure during
20 operation of a chamber in which the pedestal is contained.

39. The apparatus of claim 38, wherein the at least one lift pin opening is pumped

with vacuum.

25 40. An apparatus for supporting a semiconductor substrate processing reactor,
comprising:
a pedestal; and
a heat exchanger disposed inside the pedestal, wherein the heat exchanger
comprises a plurality of channels, wherein each channel defines a plurality of
30 protrusions disposed therein, wherein the protrusions are configured to cause
turbulence to a heat exchanger fluid contained inside the channels.

21



38. An apparatus for supporting a sem conductor substrate processing
reactor, 15 conprising: a pedestal; and at |least one lift pin opening

di sposed wbrosugeos he pedestal, wherein the at | east one IPCTtuSpd/tr4openi ng
conprises a |ift pin disposed therein, and wherein the at |east one [|ift
pi n openi h I Aatad t [ - HirP L 815 &h
during 2 'opﬁgﬁ@ﬁ?%@gg?gﬁgﬂnbgf W%i%ﬁhtﬁgﬂr%ﬂ%ﬁﬁgﬁ@?gac:)r’]t ai ned. 39.
The apparandgbdaipcl ai m 38, wherein the at |east one |lift pin opening is
punped with vacuum 25 40. An apparatus for supporting a sem conduct or
substrate processing reactor, conprising: a pedestal; and a heat exchanger
di sposed 4a1si denet dppapatde of alaimwis véiatiein Hbe isbannalx eracgeligured aueh sk the
plurality, of ¢ o in i Ar adi f 30
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cause turbulence to a heat exchanger fluid contained inside the channels.
21 WD 03/103004 PCT/USQ03/ 17477 41. The apparatus of claim40, wherein each
protrusion is one of a fin, a chevron and a bunp. 42. The apparatus of

cl ai m 40, wherein the channels are configured such that the 5 heat
exchanger fluid contained in adjacent channels travels in opposite
directions. 22
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