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conprise surfaces 300f relatively high electrical conductivity presented by
the el ectri cald \yilbl’qmmqiaﬁgi b}g_tgh@scppla@técing the present invention, the concepts of

the present disclosure are applicable to a wide variety of electrostatic chuck configurations
that would otherwise be prone to plasma arcing and backside gas ionization including, but
not limited to, those illustrated in U.S. Patent Nos. 5,583,736, 5,715,132, 5,729,423,

20 5,742,331, 6,422,775, 6,606,234, and others. The concepts of the present disclosure have
been illustrated with reference to the relatively simple chuck configurations of Figs. 1 and
2 for clarity but the scope of the present disclosure should not be limited to these relatively
simple configurations.

In accordance with one embodiment of the present disclosure, an electrostatic

25  chuck assembly is provided comprising a ceramic contact layer, a patterned bonding layer,
an electrically conductive base plate, and a subterranean arc mitigation layer. The ceramic
contact layer and the electrically conductive base plate cooperate to define a plurality of
hybrid gas distribution channels formed in a subterranean portion of the electrostatic
chuck assembly. Individual ones of the hybrid gas distribution channels comprise surfaces

30  of relatively high electrical conductivity presented by the electrically conductive base plate

and relatively low electrical conductivity presented by the ceramic contact layer. The



and relatively low electrical conductivity presented by the ceram c contact
| ayer. The -2- subterranean arc mtigation |ayer conprises a |layer of

rel ati velwol2ow/mahzastri cal conductivity and is formed ovecTiuseowoh@si vel y
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presented by counter-bored grooves formed in a surface of an electrically conductive base
plate;

Fig. 2 is a schematic illustration of an electrostatic chuck assembly according to

15  embodiments of the present disclosure where gas distribution channel surfaces are
presented by counter-bored grooves formed in a ceramic contact layer;

Fig. 3 is a schematic illustrations of an electrostatic chuck assemblies where a
subterranean arc mitigation layer is limited to the hybrid gas distribution channels or
regions disposed relatively adjacent thereto; and

20 Fig. 4 is a schematic illustration of an electrostatic chuck assembly according to
embodiments of the present disclosure where gas distribution channel surfaces of
relatively low electrical conductivity are presented by one or more sidewall faces of a
ceramic contact layer.

Referring initially to Fig. 1, an electrostatic chuck assembly 10 is illustrated in the

25  context of a non-specific semiconductor wafer processing chamber 100 comprising a
processing chamber 60, a voltage source 70, and a supply of coolant gas 80. The
electrostatic chuck assembly 10 is positioned in the processing chamber to secure a wafer
15 for processing and comprises a ceramic contact layer 20, a patterned bonding layer 30,
an electrically conductive base plate 40, and a subterranean arc mitigation layer 50. The

30  semiconductor wafer processing chamber 100 is described herein as being non-specific

because it is contemplated that the concepts of the present disclosure will be applicable to



Referring initially to Fig. 1, an electrostatic chuck assenbly 10 is
illustrated in the 25 context of a non-specific sem conductor wafer
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70, and a supply of coolant gas 80. The electrostatic chuck assenbly 10 is
positioned in the processing chanber to secure a wafer 15 for processing
and conprises a ceram c contact Iayer:go a patterned bonding | ayer 30, an
el ectrically conductive base plate 40,” and a subterranean arc nmtigation

| ayer 50. The 30semi conductor wafer processing chanber 100 is described
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silicone, 15acrylic or a conventiognal_ or yet to be devel oped adhesive

sui t abl éa’kfcérPStG%“ea fyrpegsrd @dﬁﬁﬁ%‘i‘%‘it f3%sf%er processing chambers. To prevent
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wafer processing chambers. To prevent obstruction of coolant flow in the hybrid gas
distribution channels 35, the patterned bonding layer 30 can be configured to comprise a
pattern of voids that are aligned with the hybrid gas distribution channels 35.
The coolant ports 22 are in fluid communication with the hybrid gas distribution
20  channels 35 of the electrostatic chuck assembly 10 and the hybrid gas distribution
channels 35 are coupled fluidly to the coolant gas supply 80. As such, the thermally
conductive coolant gas can be directed from the coolant gas supply 80 to the coolant ports
22 via the hybrid gas distribution channels 35, which may be configured to communicate
with a common coolant inlet 24 and can be distributed across a coolant plane in the
25  subterranean portion of the electrostatic chuck assembly 10.
Each of the hybrid gas distribution channels 35 comprise surfaces of relatively
high and relatively low electrical conductivity. Specifically, the highly conductive
channel surfaces are those presented by the electrically conductive base plate 40, which is

typically aluminum or another metal suitable for use in a wafer processing chamber 100.

30  The less conductive channel surfaces are presented by the ceramic contact layer 20, which



20channel s 35 of the electrostatic chuck assenbly 10 and the hybrid gas

di stribution channels 35 are coupled fluidly to the cool ant gas supply 80.
As such, wbeotinas3zal | y conductive cool ant gas can be di PETtUSA10/000281 he

cool ant gas supply 80 to the coolant ports 22 via the hybrid gas

di stribution channels 35, which nmay be configured to communicate with a
common cool ant inlet 24 and can be distributed across a coolant plane in

t he 25subterranean portion of the electrostatic chuck assenbly 10.
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electrical conductivity, should be formed over the relatively high conductivity surfaces of
the hybrid gas distribution channels 35 to help mitigate destructive arcing that can occur
when electric fields in the gas distribution channels 35 reach a point where plasma is
ignited in the channels 35 or when process plasma works its way into the channels 35
25  during wafer processing. In either case, the gas distribution channels 35 can begin to
“glow,” creating a low impedance path for electrical arcing between the conductive base
plate 40 and the wafer 15. In the context of plasma etch chambers utilizing He cooling
gas, this phenomenon is generally referred to as He hole light-up.
The subterranean arc mitigation layer 50, which may comprise a spray-on coating
30  of alumina or another dielectric, performs optimally if it comprises a dielectric layer that

characterized by a thickness that is at least approximately 75 um but less than

approximately 350 um, although a variety of workable thicknesses are contemplated



when electric fields in the gas distribution channels 35 reach a point
where plasma is ignited in the channels 35 or when process plasnma works its
way i nto wbeotlamel s 35 25duri ng wafer processing. |n ecrhiseolonasesst he gas
di stribution channels 35 can begin to "glow," creating a | ow i npedance path
for electrical arcing between the conductive base plate 40 and the wafer
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phenonenon is generally referred to as" He hole |ight-up. The subterranean
arc mtigation |ayer 50, which may conprise a spray-on coating 30of alum na
or anot HusigH &ff tBistrrige; Ty@IRBY e SHGIRIIERY cA KigaEQBY ST SOSORPHIN et ri ¢

| ayer t i : i 1 oxi.mately 75 m
but | eso tFARC Kaek Sk &Rdtzol o RERAFRRL 1A theh BprofATE RPN

t hi cknegsbieknas ef thertrunpit adeact1brer 00t B aielitddn tbhisnihangs.comtepiptadéd that t he

subterrapean arc mtigation |layer 50 conprises a.dielectric |ayer
char act dhf %@&WC@ PRI AR [k 00m8aY EaPrish ORISR PhAEINing8usy, of a

thi cknesgogfed B?ex%’rraalg}éi o ANARS, }Jtt?i)é,e%tr?lﬁh ahfhifsd igEl}n‘B{,‘ of BordtbiMiidlR, it is
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bondi ng agent, a corrosion lbresistant coating, a nechanically confornal
coat i ng,cecamic oofxhctdsyeo nmyttheha@ebmpSsen kiatdring aid, a bonding agent, a corrosion
15  resistant coating, a mechanically conformal coating, or combinations thereof. Similarly,
the electrically conductive base plate may comprise any suitable electrically conductive
material for use in a wafer processing chamber including, for example, an electrically
conductive aluminum pedestal of substantially uniform composition.
It is noted that recitations herein of a component of the present disclosure being
20  “configured” in a particular way, to embody a particular property, or function in a
particular manner, are structural recitations, as opposed to recitations of intended use.
More specifically, the references herein to the manner in which a component is
“configured” denotes an existing physical condition of the component and, as such, is to
be taken as a definite recitation of the structural characteristics of the component.

29 <

25 It is noted that terms like “preferably,” “commonly,” and “typically,” when utilized
herein, are not utilized to limit the scope of the claimed invention or to imply that certain
features are critical, essential, or even important to the structure or function of the claimed
invention. Rather, these terms are merely intended to identify particular aspects of an
embodiment of the present disclosure or to emphasize alternative or additional features

30  that may or may not be utilized in a particular embodiment of the present disclosure.

For the purposes of describing and defining the present invention it is noted that

the terms “substantially” and “approximately” are utilized herein to represent the inherent
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transitional phrase. For the purposes of defining the present invention, it is noted that this
term is introduced in the claims as an open-ended transitional phrase that is used to

15  introduce a recitation of a series of characteristics of the structure and should be
interpreted in like manner as the more commonly used open-ended preamble term

“comprising.”



reference to specific enbodinments thereof, it will be apparent that

nodi fi cations and vari ations are possible w thout departing fromthe scope
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al t hough sone aspects of the present disclosure are 10identified herein as
preferred or particularly advantageous, it is contenplated that the present
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transitional phrase that is used to 15introduce a recitation of a series of
characteristics of the structure and should be interpreted in |Iike nmanner
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CLAI M5 . An electrostatic chuck, assenbly conprising a ceram c contact
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and g sybiLryRne@n arc mtigation Slayer, wherein: the patterned

bondi ng layer is configured to secure the ceram c contact |ayer to the

el ectrical | y thopdternddimndagdaysir at enfigured to secubrethe eeramiccawat &yer lother and

the electrically c n({*luclbi ve base plate cooperate to define a plurality of

hybrid JAEUdayEPBIHOSRPAN A s formed in a subterranean portion of 10the
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contact face and a plurality of coolant ports forned in the contact face of
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S

el ectrostati ¢ chuck assenbly;’ 15i ndi vi dual ones of the hybrid gas
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conductivity presented by the electrically conductive base plate
forméd in the contact face of the ceramic contact layer;
the coolant ports are in fluid communication with the hybrid gas distribution
channels of the electrostatic chuck assembly;

15 individual ones of the hybrid gas distribution channels comprise surfaces of
relatively high electrical conductivity presented by the electrically conductive base plate
and relatively low electrical conductivity presented by the ceramic contact layer; and

the subterranean arc mitigation layer comprises a layer of relatively low electrical

conductivity and is formed over the relatively high conductivity surfaces of the hybrid gas

20  distribution channels in the subterranean portion of the electrostatic chuck assembly.

2. An electrostatic chuck assembly as claimed in claim 1 wherein the subterranean arc
mitigation layer comprises a dielectric layer characterized by a thickness that is at least
approximately 75 pm but less than approximately 350 um.

25
3. An electrostatic chuck assembly as claimed in claim 1 wherein the subterranean arc
mitigation layer comprises a dielectric layer characterized by a thickness that is less than

approximately 35 % of a thickness of the ceramic contact layer.

30 4. An electrostatic chuck assembly as claimed in claim 1 wherein the subterranean arc

mitigation layer comprises a spray-on dielectric coating.



and relatively low electrical conductivity presented by the ceram c contact
| ayer; and the subterranean arc mtigation | ayer conprises a | ayer of
rel ati velwol2ow/mhkzetri cal conductivity and is formed ovecTiuseowoh@si vel y
hi gh conductivity surfaces of the hybrid gas 20distribution channels in the
subterranean portion of the electrostatic chuck assenbly. 2. An

el ectrostatic chuck assenbly as clained in claim1l wherein the subterranean
arc mtigation layer conprises a dieléctric |layer characterized by a

t hickness that is at | east apgroxinately 75 mbut | ess than approxi mately
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t hi ckness of the ceram c contact layer. 30 4. An electrostatic chuck
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arc mtiga rises a disconti nuous | ayer conprising portions of
relatively |l ow conductivity material limted to the hybrid gas distribution
channel s or regions di sposed 15relatively adjacent thereto. 9. An
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15  relatively adjacent thereto.

9. An electrostatic chuck assembly as claimed in claim 1 wherein the hybrid gas
distribution channels formed in the subterranean portion of the electrostatic chuck
assembly comprise counter-bored grooves formed in a surface of the electrically

20  conductive base plate, a surface of the ceramic contact layer, or both.

10. An electrostatic chuck assembly as claimed in claim 1 wherein gas distribution
channel surfaces of relatively high electrical conductivity are presented by counter-bored
grooves formed in a surface of the electrically conductive base plate.

25
11. An electrostatic chuck assembly as claimed in claim 10 wherein gas distribution
channel surfaces of relatively low electrical conductivity are presented by a backside face

of the ceramic contact layer.

30  12. An electrostatic chuck assembly as claimed in claim 10 wherein gas distribution
channel surfaces of relatively low electrical conductivity are presented by one or more

sidewall faces of the ceramic contact layer.



20conductive base plate, a surface of the ceram c contact |ayer, or both.
10. An electrostatic chuck assenbly as clainmed in claim1l wherein gas

di st ri butworrotimamizel surfaces of relatively high el ectripcaliUScanauwess vity
are presented by counter-bored grooves fornmed in a surface of the

el ectrically conductive base plate. 25 11. An electrostatic chuck assenbly
as clainmed in claim 10 wherein gas dis{ribution channel surfaces of
relatively low electrical conductivity are presented by a backsi de face of
the ceramic contact |layer. 3012. An electrostatic chuck assenbly as cl ai ned
in claim10 wherein gas distribution channel surfaces of relatively |ow

el ectri cal byt o) 0 i . faces of the
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i n cl ai nmhanvdheuréices gtueladivslyrloweldcaitat barnnetivisuart pesented by ebattérvielrgd | ow

el ectrical conductivity are preseqted by counter-bored grooves fornmed in
the cer a¥PRVes bofsdin fheycsramig contact layere| ectrost ati ¢ chuck assembly as
claiged in claim13 wherein gas distribution channel surfaces of relatively
hi gh el ectrical conductivity are presented by a frontside face of the

el ect ri cldl 1An eestchstatic vbudassecmpblatae clairfddbin daimel ewherost g idestrdiniiok assenbl y

as clained in cl.aim erein the ceram ontact | ayer, . conpri ses.an
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nitride,ofshd é6@AcAy dond8otiveibhicchixecar bi de, boron nitride, yttria, yttrium
alum nate, or any conbination thereof, with or wthout trace inpurities.
1516. An electrostatic chuck assenbly as clained in claim1l wherein the
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cl ai med lahyerebambiisek anh@irging didieti}atah alundda bahdianian diyeide camgptices silicone.

aluminum nitride, silicon nitride, silicon carbide, boron nitride, yttria, yttrium aluminate,

or any combination thereof, with or without trace impurities.

15  16. An electrostatic chuck assembly as claimed in claim 1 wherein the patterned bonding

layer comprises a pattern of voids aligned with the hybrid gas distribution channels.

17. An electrostatic chuck assembly as claimed in claim 1 wherein the patterned bonding
layer comprises silicone.

20
18. An electrostatic chuck assembly as claimed in claim 1 wherein the patterned bonding

layer comprises an adhesive.

19. An electrostatic chuck assembly comprising a ceramic contact layer, a silicone
25  patterned bonding layer, an electrically conductive base plate, and a subterranean arc
mitigation layer, wherein:
the patterned bonding layer is configured to secure the ceramic contact layer to the
electrically conductive base plate;
the ceramic contact layer and the electrically conductive base plate cooperate to
30  define a plurality of hybrid gas distribution channels formed in a subterranean portion of

the electrostatic chuck assembly;



20 18. An electrostatic chuck assenbly as clained in claim1l wherein the
patterned bonding | ayer conprises an adhesive. 19. An electrostatic
chuck asswoizby/meszpri sing a ceram c contact |ayer, a silPctarseoiadpass er ned
bondi ng | ayer, an electrically conductive base plate, and a subterranean

arc mtigation |ayer, wherein: the patterned bonding layer is
configured to secure the ceramc conti§t | ayer to the electrically
conductive base plate; the cerami c contact |ayer and the

el ectrically conductive base plate cooperate to 30define a plurality of
hybrid gas ditBe hmsmgaérdl%%lalﬁmCélamtﬂlwnrﬁeéogruﬁtt@rﬁféa@&ﬁeﬁ)%ﬂp%w »f the
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channel s conpri se count ored grooves tornmed 1n a surface of
el ectri daith;y conductive base plate, a surface of the ceram c contact |ayer,

or both; the ceram c contact |ayer. conpri ses.a contact face and a
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cont gct fbﬁﬂ&{i;n the contadk ?ﬁe%@%@é&anﬁi@%ﬁaé’tﬁ@yéﬂ‘ flui d_ comruni cation with the
hybrid gas distribution channels of the electrostatic chuck assenbly;
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the subterranean arc mitigation layer comprises a spray-on alumina dielectric layer
characterized by a thickness less than approximately 350 pm formed over the relatively
high conductivity surfaces of the hybrid gas distribution channels in the subterranean
portion of the electrostatic chuck assembly.
15
20. A semiconductor wafer processing chamber comprising an electrostatic chuck
assembly, a processing chamber, a voltage source, and a supply of coolant gas, wherein:
the electrostatic chuck assembly is positioned in the processing chamber and
comprises a ceramic contact layer, a patterned bonding layer, an electrically conductive
20  base plate, and a subterranean arc mitigation layer;
the voltage source is coupled electrically to the electrically conductive base plate;
the patterned bonding layer is configured to secure the ceramic contact layer to the
electrically conductive base plate;
the ceramic contact layer and the electrically conductive base plate cooperate to
25  define a plurality of hybrid gas distribution channels formed in a subterranean portion of
the electrostatic chuck assembly;
the supply of coolant gas is coupled fluidly to the hybrid gas distribution channels;
the ceramic contact layer comprises a contact face and a plurality of coolant ports
formed in the contact face of the ceramic contact layer;
30 the coolant ports are in fluid communication with the hybrid gas distribution

channels of the electrostatic chuck assembly;



15 20. A sem conductor wafer processing chanber conprising an electrostatic
chuck assenbly, a processing chanber, a voltage source, and a supply of
cool ant Q&®,201ManE8N: the el ectrostatic chuck assegilus2619/0p2ssti oned
in the processing chanber and conprises a ceram c contact |ayer, a
patterned bonding |ayer, an electrically conductive 20base plate, and a
subterranean arc mtigation | ayer; ihe vol tage source is coupl ed
electrically to the electrically conddtti ve base pl ate; the patterned
bondi ng layer is configured to secure the ceram c contact |ayer to the

el ectrical |y iaginisyak onge ophsdypridgas distribution chanpels emarisecsuEigatsit | ayer and
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el ect r osindtrelatiwdhybkv elssteindd] apnductivith@resseippd Yy die ceamhiarbntgeatdayes; adupl ed
fluidly to the hybrid gas distribution channels; the ceranjc contact |ayer
conprises a dbint ?rrafna%éaramtlaatmnd%ﬁricpglpaﬁes(ﬁo%m{# rﬂaﬁl‘ff@ﬁ%& HEIFH t he
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comuni cation with the hybrid gas distribution channels of the

el ect r ostigitibetianbakneds wghb bybterranean portiondi thedleakrogtnes clofck abenthfpori d gas

di stribution channels conprise surfaces of relatively high electrical
conductivity presented by the electrically conductive base plate and
relatively | ow electrical conductivity presented by the ceram c contact

| ayer; and the subterranean arc mtigation |ayer conprises a |layer of
relatively low el ectrical 5conductivity and is fornmed over the relatively
hi gh conductivity surfaces of the hybrid gas distribution channels in the
subterranean portion of the electrostatic chuck assenbly.



