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| NVENTION Field of the Invention The present invention relates to a system
and nmethod for processing substrates. Specifically, the invention rel ates
to a systemand nethod having a thernally conductive and el ec#i5 JHL |05

I nsul ati ve nenber to dissipate heat in a substrate processing chanber.
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i oni zed netal plasma (I MP) process. Generally, |MP processing offers the
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aspect ratio structures. Figure 1 is a schematic of a typical | M chanber
10, having a coil 22 supported by a support 30 in the chanber 10.
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' To obtain deposition in the high aspect ratio features, one method uses a high pressure
physical vapor deposition (PVD) process known as an ionized metal plasma (IMP) process.
Generally, IMP processing offers the benefit of highly directional deposition with good bottom
coverage on high aspect ratio structures. Figure 1 is a schematic of a typical IMP chamber 10,
having a coil 22 supported by a support 30 in the chamber 10. Typically, processing gas, such
as helium or argon, is injected into the chamber and a power supply 12 delivers a bias to a target
14 to generate a plasma 13 of processing gas ions between the target and a substrate support
16, that supports a substrate 18. The ions impact the target and sputter material from the
target, where some of the material is directed toward the substrate. A second power supply 20
delivers power to a coil 22 that is disposed between the target 14 and the substrate 18. The coil
increases the density of the plasma and ionizes the sputtered material that traverses through the
magnetic fields generated by the coil and the intensified plasma. A third power supply 24 biases
the substrate and attracts the sputtered material ions in a highly directionalized manner to the
surface of the substrate to better fill high aspect ratio features in the substrate. A clamp ring 26
is circumferentially disposed about the substrate to retain the substrate in position. A shield 28

is disposed between the chamber sidewalls and the sputtered material to avoid deposition of the



Is circunferentially di sposed about the substrate to retain the substrate
in position. A shield 28 is disposed between the chanber sidewalls and the
sputtered material to avoid deposition of the 15JUL2005 2 sput Eﬁ?rcﬁ‘f
material on the chanber sidewalls. Because the shield 28 is corl V805
typically made of alum num and grounded and the coil 22 is conductive and
electrically powered, electrical insulation between the two conponents is
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limt the anount of power which can be applied to the coil
such as stainless steel. The assembly of the inner cup, support labyrinth, and outer cup between

the shield and the coil are held in position by the screw 34 and pin 36. An insulative ceramic
cap 48 protects and insulates the screw 34 from the chamber surfaces.

It has been discovered that heat buildup in the chamber, and particularly in the coil
which is energized with power to generate the plasma, can have disadvantageous effects on the
substrate process and resulting films. The heat can cause the structural components, such as the
coil, to be distorted in shape, thereby altering the plasma density and shape. An increase in
temperature can also cause the sputtering rates to change with varying coil temperatures.
Increased temperatures can also limit the amount of power which can be applied to the coil
without causing overheating of the coil. It is known that heat can be dissipated through
conductive elements attached to a heat sink. However, typical conductive materials that
channel heat to a heat sink are also electrically conductive which would disadvantageously
affect the ability of the coil or other insulated electrical components to function properly.

Furthermore, the heat dissipation is hindered under vacuum conditions by the typical
attachment, such as bolting or clamping, of the structural components. Under vacuum

conditions, there are few molecules to transfer heat between adjacent surfaces. Even polished



wi t hout causing overheating of the coil. It is known that heat can be
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invention provides for heat dissipation through thermal conductance of an electrically insulated

coil in an IMP reaction chamber.

In one aspect, the invention provides a system for processing a substrate, comprising a
chamber, an electrically conductive member, and a thermally conductive and electrically
insulative support supporting the electrically conductive member comprising a component
having a thermal conductance value of at least 90 watts per meter-degree Kelvin (W/m-K) and
an dielectric strength value as an indicator of electrical resistivity of at least 10
kilovolts/millimeter (kV/mm). In another aspect, the invention provides a system for processing
a substrate, comprising a chamber, an electrically conductive member in proximity to the
chamber, and a thermally conductive and electrically insulative support supporting the
electrically conductive member, the support comprising 2 component selected from the group
consisting essentially of aluminum nitride and beryllium oxide. In another aspect, the invention
provides a support for a substrate processing system comprising a ceramic and a metal
conductor bonded to the ceramic. The invention also includes a method of cooling a substrate
processing chamber, comprising providing a chamber, supporting an electrically conductive
member in the chamber with a thermally conductive and electrically insulative bonded support,

and providing at least one heat flow path from the electrically conductive member to the



an dielectric strength value as an indicator of electrical resistivity of
at least 1014 kilovolts/mlIlinmeter (kV/nm. |In another aspect, the
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Figure 1 is a diagram of a typical processing chamber using a coil supported by a
support.

Figure 2 is a schematic partial cross sectional view showing details of the support of
Figure 1.

Figure 3 is a schematic cross sectional view of a chamber in which the electrically
insulated member and support of the present invention can be used.

Figure 4 is a schematic partial cross sectional view of a support supporting an
electrically insulated member according to the present invention.

Figure 5 is a schematic partial cross sectional view of an alternative embodiment of a
support supporting an electrically insulated member according to the present invention

Figure 6 is a graph showing the change in coil processing temperature between a prior

art support and a support of the present invention.

Detailed Description of the Preferred Embodiment
Figure 3 is a schematic cross-sectional view of an IMP chamber 100 in which the

support of the present invention may be used to advantage to electrically insulate an electrically

conductive member, such as a coil from other camber components. An ion metal plasma (IMP)



Figure 2 is a schematic partial cross sectional view show ng details of the
support of Figure 1. Figure 3 is a schematic cross sectional view of a
chanber in which the electrically insulated nenber and suppor% of the
present invention can be used. Figure 44ds a schematic partial" &r Jdls 2005
sectional view of a support supporting an electrically insulated nenber
according to the present invention. Figure 5is a schematic partial cross
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whi ch i qpi gehhhiBerSRM biSlH Cifle "EMaRIHER Walls Bond Y §ﬁﬁ’tered matenal. The shield also
supports the coil 122 via supports 50 of the invention. The supports 50 electrically insulate the
coil 122 from the shield 124 and the chamber 100. The clamp ring 128 is mounted between the
coil 122 and the substrate support 112 and shields an outer edge and backside of the substrate
from sputtered materials when the substrate is raised into a processing position to engage the
lower portion of the clamp ring. In some chamber configurations, the shield 124 supports the
clamp ring when the substrate is lowered below the shield to enable substrate transfer.

Three power supplies are used in this type of inductively coupled sputtering chamber. A

power supply 130 delivers either RF or DC power to capacitively couple energy into target 105
to cause the processing gas to form a plasma. Magnets 106a, 106b disposed behind the target
plate 104 increase the density of a plasma adjacent to the target in order to increase the
sputtering efficiency. A power source 132, preferably a RF.power source, supplies electrical
power in the megahertz range to the coil 122 to increase the density of the plasma. Another
power source 134, either a RF or a DC power source, biases the substrate support 112 with
respect to the plasma and provides directional attraction of the ionized sputtered material
toward the substrate.

Processing gas, such as an inert gas of argon or helium, is supplied to the chamber 100



material is then directed toward the substrate and deposited thereon. A
shield 124 is disposed in the chanber to shield the chanber walls fromthe
sputtered material. The shield also supports the coil 122 viajquggr% 50
of the invention. The supports 50 electrécally insulate the coil 122 trom
the shield 124 and the chanber 100. The clanp ring 128 is nounted between
the coil 122 and the substrate support 112 and shields an outer edge and
backsi de of the substrate fromsputtered naterials when the substrate is
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' conductance capabilities. By enabling a positive connection between the components by
bonding, such as brazing, the thermal transfer is not as restricted between the component
interfaces under vacuum conditions, as in prior efforts, through bolted or clamped connections.
Further benefits can be obtained by limiting the number of connections to minimize the number

of interfaces.

Figure 4 is a schematic view in partial cross section of a electrically insulating and
thermally conducting support 50 according to the invention that supports an electrically
conductive member, e.g., a coil 52. The coil 52 is attached to a shield 28 by an internally
threaded pin 54 coupled with a screw 56 having threads 57. In one embodiment, the coil is
made from the same material as the target, for instance, copper. An inner cup 58 is disposed
between the coil and an inner conductor 60 to protect the inner surfaces of the support 50 from
the plasma. Because the inner cup is exposed to the plasma ions, generally the inner cup is also
made from the same material as the coil. The inner conductor 60 can be conductive and can
also be made of the same material as the coil 52 and the inner cup 58 and assists in transferring

the heat from the coil 52.



t he conponents of the chanber and includes a panel that allows an operator
to nonitor and operate the chanber. Optical and/or magnetic sensors (not
shown) are generally used to nove and determ ne the positionjg;Jgpﬁﬁgle
mechani cal assenblies. A support 50 of e invention, described i'n e
detail in reference to Figures 4 and 5, provides electrical insulation for
the coil 122 and yet al so provides thermal conductance from the coil 122
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insulative and thermal |y conductive material. One preferred material is
al umi nurtherimal cerductanes isdurthasteahanged by bpatlingat least phe iofi theosanductopott 64 with

ot or - i it Rt i AL RSO a8 bk St sonihe, 8" s eRffae o

of el ectgrb&dbing resist thermal transfer between interfaces, including interfaces that are bolted or

clamped together. The present invention increases the thermal conductance by bonding at least
one of the conductors 60, 64 with the dielectric element 62. Bonding can be achieved by
brazing, soldering, or other methods known to bond two components together. Bonding
lessens the interface effects experienced due to vacuum conditions and physical clamping type
connections. Preferably, the outer conductor 64 and dielectric element 62 are brazed together
at joint 63. In the embodiment shown, the inner conductor 60 is not shown bonded to the
dielectric element 62, although in some embodiments, such connection could further enhance
the thermal conductance. Likewise, the inner cup 58 could be bonded to the coil 52 and the
outer conductor 64 could be bonded to the shield 28 in some embodiments. In the embodiment
shown, the lack of bonding of the outer conductor 64 to the dielectric element 62 reflects
practical considerations of assembly and maintenance.

An outer cup 66, attached to the shield 28 by threaded connectors 68, 70,
circumferentially encloses a portion of the inner cup 58 to reduce sputtered material deposition
on the inner surfaces of the support 50 and is generally made of conductive material, such as
stainless steel. Disposed outward of the shield 28, a screw head of the screw 56 engages a

clamp 72 to assist in pressing the various elements together between the screw 56 at the shield



resistivity of at |least 1014 kilovolts/mllinmeter (kV/nm. O her materials
having the electrical and thermal characteristics named herein would al so
be suitable. D sposed outward fromthe dielectric elenment 62 15 @'ﬂ‘n%b er
conductor 64 which is engaged agai nst t shield 28 and can trtansm
thermal energy thereto. The outer conductor 64 can be nmade of conductive
material, such as copper, and can be the sane material as the inner
conductor_60. Thus, in one aspect, the two conductors 60, 64 and the
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the theandiheGRRIIUIS. aIfeie dcsewh 96 i rin-GhbacBedthe shéHidbulgtion mheBs tinRoessaly. t he
conductors 60, 64 with the dielectric elenent 62. As descri bed above, the

vacuum cnihet ¢robedioent: shownalthes dbepr R & elpetocallyscanguetdsi and extendsathreughntheer
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experienced due to vacyum condi ti ons_and physical clanping type
connect i §uCtBeslements éjj?mtth“ecwbﬁs‘lf@ﬁ%ﬁuct or 64 and dielectric el ement 62

are brazed to . L0l ) ]%pg [ ;EP%, '
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sonme enbs@li Irethissemisidirhent,othe €6il 8D incldes thefitkier Refiduerdiadicad ihdee ctip 68 18hown in

conduct ance. Likew se, the inner cup 58 could be bonded to the coil 52 and
the out Bigurschandtthus pepvidsslaccoptinisssdbermab trangfersthreugh thgsq gomppnents without

enbodi nments.. In the odi ment owp., the. .l ack bongi n f t
conduct of bgatetesnd ARBRHA Fhens BER Herdssd pefifesntte AT 4 A e it 58 The
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the shield 28 by threaded connectors 68, 70, circunferentially encloses a
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8 78. This embodiment of the support 50 reduces the number of interfaces between the coil and

the shield.

Figure 6 shows test results obtained by comparing temperatures of a typical coil 122
shown in Figure 3 using a prior art support 30 and a support 50 of the present invention. Each
support was mounted in a chamber, coupled to the coil 122, and the processing initiated. The
transient coil temperature was incrementally measured over a number of deposition cycles. The
process regime used for these tests was as follows. About 2000 watts (W) of DC power was
delivered to the target to generate the plasma. About 2000 W of RF power was delivered to
the coil 122 to densify the plasma and ionize the sputtered targét material traversing the plasma.
The duty cycle was about 50%, that is, the time the coil was powered was about equal to the
time the coil was not powered. About 350 W of DC power was delivered to the substrate
support 112 to bias the substrate 110 and attract the ionized sputtered material to the substrate
110. A chamber pressure was maintained at about 20 mTorr.

An upper line 150 shown in Figure 5 represents the coil temperature of the prior art

support 30. The coil temperature increased to about 600°C after about 80 deposition cycles.

By contrast, the lower line 154 represents the coil temperature of the support 50 of the present



28 and the pin 54 at the coil 52. If the clanp 72 is conductive, then it
may be desirable to insulate the clanp 72 fromthe shield 28 by a clanp
insul ator 74, disposed between the clanp 72 and the shield 2 aL@tHﬁ
screw 56 i s non-conductive, then such inpsulation may be unnecelsd in

t he enbodi nent shown, the clanp 72 is el’ectrically conductive and extends
through the shield 28 and is electrically insulated fromthe shield 28 by
aliner 76. |f the cla i s, non- conductive, then such electrical
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el ement #Hisistabditstogbe sulstetgensocessieg dus 10 Bemaligtichange mﬁe@rpgragge of the coil from

ol et " 5o BT Mlon 3Ra £80L T 18R S bt oy TR <t 1888 réss B SRV Lt
coupl ed #@ tEB?erﬁhu’r@l Er Ouglﬁé(ldalﬂhfs%ggﬁi sﬁ%ﬁt@r g‘ﬁ@ﬁtt gchan ” rdttieOs0iboRt

ceram ¢ washe the dielectri to a threaded
hol e 84 30p°thehieRiddicdtes tﬂdﬂ%essug?@;& 150 ¥intSed¥oRliGdin gdn&e htemosthé si€ld 384 biyd t he
ceramic cap 78. This enbodi nent of the support 50 reduces the nunber of
|nterfaaa&nb&mmmhﬁndnﬁé200|I and the shield. Figure 6 shows test results

obt ai ned by ari ng .t enper at yres, of typicgal, coil 122 shown in Figure 3
using a pri or&gﬁ? foreging ts fsciafldo ahesnrﬁ%eé ojmenhf Pieqert MYGRHT Bfer
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proceSS|ng |n|t|ate transient corl tenperature ma rement al

measur ecscopethereof] it elie wbpelthersdf isi detertyedddy theltlgimsphaideliswy.r egi ne used f or
these tests was as follows. About 2000 watts (W of DC power was delivered
to the target to generate the plasma. About 2000 Wof RF power was
delivered to the coil 122 to density the plasma and ionize the sputtered
target material traversing the plasma. The duty cycle was about 50% that
is, the time the coil was powered was about equal to the tine the coil was
not powered. About 350 Wof DC power was delivered to the substrate

support 112 to bias the substrate 110 and attract the ionized sputtered
‘material to the substrate 110. A chanber pressure was mai ntai ned at about
20 mlorr.



An upper line 150 shown in Figure 5 represents the coil tenperature. of the
prior art support 30. The coil tenperature increased to about 600C after
about 80 deposition cycles. By contrast, the lower |line 154 represents the
coil tenperature of the support 50 of the present 1 5 JUL 200%5 UL 2005
invention. The |l ower fine 154 shows that the coil tenperature increased to
a tenperature of about 400C after only about 40 deposition cycles and

mai ntai ned this tenperature for about 125 deposition cycles. Thus, the
support 50 of the present invention prqgided a |ower coil tenperature and
stabilized faster than a typical prior art support 30. The | ower coil
tenperature adds stability to the substrate processing due to a smaller
change in tenperature of the coil from process initiation and results in

| ess coi ll. andAplappmpattis Soouse dma Mokessingshamdsnl ¢gnatisiogshow t hat  t he
tenperature ofythe,siHRl@yvd%bis raised slightly, about 50C, to a
tenperature of about  200C, which indicates that the support 50 is indeed
conduct i ng moPk heaifhiedd SHEOSAARGthendustive eQiliy2Ad om t he coil 122. While
foregoing is é€jrecd edppérttaBeembef e&8theMeoddueiNe 0bil thehPERRANE | Nvention,
ot her and furthertenpodingnts o%lthe i nvention may be devi sed w thout
departing from t hel5a2fRPOTS 23R P WeTXUISI0%d t he scope thereof is

det erm ned by the (¢ ai resfitdtatleétoichBwcohdaeting m2@der; 10 1. An apparatus for
use in a processi wg)chmrm_awwng%bﬁ% didtecth hadyE HiBosed lagaltista shi el d
surroundi ng the inductive coil; and c) a support assenb securing the

i nductive coil to the dhfefitft elegteicallpsepdudtngemsmpesoddfi sing: (i) a first
el rGrtC)t ri gf"" 1y cgndqﬁ_t)i na@ me][g'leéiric)aua cbhgwtﬁd Me@rﬂ)gi‘lbtﬂ_ﬁ;i)dfedjib%k\ﬂééﬁi g
menber di sposed agai nst,, _t irst electri .condyctin [, an

(tii) a second electriég?ﬂggg%ﬂhﬁ%?mﬁﬁ%ﬁﬁﬁﬁ%fc F%nggﬁ”ﬁk mﬁ%ggﬁﬁﬁé
thermal Iy conductive dielectric nenber and the shield.

2. The apparatus of claim 1, wherein the thermally conductive dielectric
member comprises a material selected from a group consisting essentially of

aluminum nitride and beryllium oxide.

3. The apparatus of claim 1, wherein the first electrically conducting member
and the thermally conductive dielectric member are bonded together.

4. . An apparatus for use in a processing chamber, comprising:
a) an inductive coil;
b) a shield surrounding the inductive coil:
c) a support assembly securing the inductive coil to the shieid,

the support assembly comprising:

(i) a first electrically conducting member; and

(ii) a thermally conductive dielectric member disposed against
the first electrically conducting member; and

d) an inner cup comprising a first portion disposed between

the inductive coil and the support assembly and a

second portion surrounding at least a part of the

support assembly.

5. The apparatus of claim 4, further comprising a second electrically conducting
member disposed between the thermally conductive dielectric member and the
shield.



2. The apparatus of claim1l, wherein the thermally conductive dielectric
menber conprises a material selected froma group consisting essentially of
alumnumnitride and beryllium oxide. 3. The apparatus of claim1, wherein
the first electrically conducting menber and the thermally coh&uédli V5

di el ectric nmenber are bonded together. 4. An apparatus for use in a
processi ng chanber, conprising: a) an inductive coil; b) a shield
surroundi ng the inductive coil: c¢) a support assenbly securing the

i nductive coil to the shield, the suppqgrt assenbly conprising: (i) a first
el ectrically conducting nenber; and (ii) a thermally conductive dielectric
menber di sposed against the first electrically conducting nenber; and d)
an inner cup conprising a first portion disposed between the inductive

coi |l and®: he Jhgprnrarabisesfotigimnndl wheredre il fipgrale etnicglly conddéting membesst a
part of iha theUReRRAIPSSRIR Ve delctllf ARAMAHE Rindebabgetherf ur ther
conprising a second €lectrically conducting nenber disposed between the
thermal |y conductive dielectric nenber and the shield. 1 5 JUL 2005 11 6.
Thg aﬁpaﬂat us Tﬁb apparnatds Mheraeahlrmt h@héﬁehﬁm;el ﬂmtrmiagal Ja(yhdlmmiduCtiiemg:tﬂ‘errbﬁr
and the e nductiv Lel ectr.i er are bonde Q 7. The
appar at ul a5 SERPRRENL nts PR e P RlTRY SRyl POead SRERREEy Bt ey
conpri seglumimgeniteifle got dxetrgltiufr @xida. gr oup consi sting essentially of
alumnumnitride and beryllium oxide.



