EDGE RI NGS FOR ELECTROSTATI C CHUCKS CLAIM OF PRIORITY This application
clains the benefit of priority of U S. Provisional Patent Application
Seri al Novo@alogefgeoa82, filed August 19, 2008, which is ipazarsp@asysd herei n
by reference in its entirety. TECHNI CAL FI ELD The present invention rel ates
generally to the field of process equi pnment used in the sem conductor, data
storage, flat panel display, as well as allied or other industries. Mre
particularly, the present invention relates to a systemfor enhancing
performance of electrostatic chucks used in plasnma-based process tools.
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enhancing performance of electrostatic chucks used in plasma-based process

15  tools.

BACKGROUND
Semiconductor device geometries (i.e., integrated circuit design rules)
have decreased dramatically in size since integrated circuit (IC) devices were

20  first introduced several decades ago. 1Cs have generally followed “Moore’s
Law,” which means that the number of devices fabricated on a single integrated
circuit chip doubles every two years. Today’s IC fabrication facilities are
routinely producing 65 nm (0.065 um) feature size devices, and future fabs will
soon be producing devices having even smaller feature sizes.

25 As IC design rules shrink, an increasing trend in semiconductor
manufacturing is utilizing single-wafer processing for a variety of fabrication
steps, including plasma etching and deposition chambers. Single-wafer reactors
must be designed to unobtrusively secure the wafer (or other substrate-type)
during processing, while controlling both temperature and temperature

30  uniformity across the wafer.

Mechanical wafer clamps which engage a portion of front surfaces of the
wafer where processing is to be performed potentially create process uniformity

problems by interfering with gas flow, altering plasma distribution, and acting as



particulates with resulting contam nation of the wafer as well as other
probl enms. An electrostatic chuck (ESC) uses an electrostatic potential to
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Various types of electrostatic chucks may include consumable (i.e.,
sacrificial) edge rings positioned below and around the substrate for purposes of
confining plasma to the area immediately proximate to and above the substrate.
The edge rings may also protect the ESC from erosion by the plasma.

20 With reference to Fig. 1, a portion of an exemplary prior art ESC
structure 100 includes an anodized aluminum base 101, a heater bond layer 103,
a heater 105, a heater plate 107, and a ceramic bond layer 109. The ESC
structure 100 is capped with a ceramic top piece 111. The heater bond layer
103, heater 105, heater plate 107, and ceramic bond layer 109 are protected from

25  direct contact with a surrounding plasma environment and caustic chemicals by
an edge bonding seal 113. The edge bonding seal 113 thus protects the heater
105, the heater plate 107, and the heater 103 and ceramic 109 bonding layers
from plasma erosion.

The heater bond layer 103 is typically comprised of a silicone layer

30  impregnated with silica (e.g., amorphous SiOy). The heater 105 is frequently
comprised of metallic resistance elements encapsulated in a polyimide while the
heater plate 107 is typically fabricated from aluminum. A ceramic-filled (e.g.,
alumina (Al,O3)) silicone material is commonly employed for the ceramic bond

layer 109. The ceramic top piece 111 is commonly fabricated from alumina and
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i npregnated with silica (e.g., anmorphous SiOx) . The heater 105 is
frequently conprised of netallic resistance el enents encapsulated in a

pol yi m dewoizoiop2idse heater plate 107 is typically fabri earas2émonsad um num
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between gj | east tl\ﬁSre?LéMh@ %H&é’frﬁﬂ%ﬁ%&e\@ﬂgﬁ & C% HOR! TG foPRaRlcEGfg 111

Conversely, if the tolerances o es are not at a worst case
condi tion, thencdntecigdyfet tdastghd dlviniisunbeyesli0d exd andcanaratoltep pecatklguat el y

enhance process conditiong with regard.tg the substrate. Therefore, the
edge ring miskOLEATHESH ghathef diedeleEmio ALt henBiRst OLRE SOREhIIN Ry 5l 1 e ti 1|

not being ovep$ikiled dT 10E Sfe i MiNipdh 28n iRdE14IFRAS LS. PREI GBS Ot al tool
operating costs, and I nprove overall perfornmance of plasna-basedgprocesses.

Ther ef ore, wratg 119 mestdecbnigodate edgeral] worsthate tofgyanbe beasen ¢t lagspthced to an
ESC. The

T T S0 Mg B St BRSO g
wel | - cent er edbfeRERBibéeSlatd/mot at a worst case condition, then the edge ring 117 is
oversized and unable to adequately enhance process conditions with regard to
the substrate. Therefore, the edge ring must be designed to accommodate worst
case tolerances while still not being oversized in order to minimize yield
20  impacts, decrease total tool operating costs, and improve overall performance of
plasma-based processes.
Therefore, what is needed is an edge ring that may be easily applied to an
ESC. The edge ring should be readily centered around the ESC and not require

overly tight design tolerances while still maintaining well-centered concentricity

25  about the ESC over a wide range of temperatures.

SUMMARY
In an exemplary embodiment, a device for use with an electrostatic chuck
configured to hold a substrate in a plasma environment is disclosed. The device
30  comprises an edge ring being configured to be placed around an outer periphery
of a ceramic top piece of the electrostatic chuck and coupled to at least portions
of only the ceramic top piece. The edge ring is further configured to be
concentric with the ceramic top piece. The edge ring comprises an inner edge

having an edge step arranged to provide mechanical coupling between the edge
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about the ESC over a wi de range of tenperatures. SUMVARY |In an exenpl ary
enbodi nent, a device for use with an electrostatic chuck configured to hold
a substrawve 20r/ai1gbasnma environnment i s disclosed. The de¢ras2@ompisises an
edge ring being configured to be placed around an outer periphery of a
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perlphery of the base plate and parallel to the substrate when in operation within
the plasma environment.

In another exemplary embodiment, a device for use with an electrostatic
chuck configured to hold a substrate in a plasma environment is disclosed. The

20  device comprises an edge ring configured to be coupled to a base plate of the
electrostatic chuck through a plurality of pins. A plurality of pin slots is
arranged near a periphery of the edge ring and configured to be placed over the
plurality of pins and center the edge ring concentrically with the electrostatic
chuck. The plurality of pin slots is further configured to allow variations in

25  thermal expansion between the edge ring and the base plate while still
maintaining the concentric centering of the edge ring.

In another exemplary embodiment, a device for use with an electrostatic
chuck configured to hold a substrate in a plasma environment is disclosed. The
device comprises an edge ring configured to be coupled to a base plate of the

30  electrostatic chuck through a plurality of pins. A plurality of pin slots is
arranged near a periphery of the base plate and configured to be placed over the
plurality of pins and center the edge ring concentrically with the electrostatic

chuck. The plurality of pin slots is further configured to allow variations in



el ectrostatic chuck through a plurality of pins. Aplurality of pin slots
is arranged near a periphery of the edge ring and configured to be placed
over the wbhuoala2tgpoof pins and center the edge ring coneemusz@aiob3s7ai t h t he
el ectrostatic chuck. The plurality of pin slots is further configured to

al low variatipns in therml expansion bet n.the edge ring and the base
plate while d ?rma'lﬁwaﬁﬁlagﬁﬁweﬁ U8R LR AR eé@ﬁ?@ﬁfenﬁhléerstk e edge ring. In

anot her exemhAniBAPALI BRI CoRYing i edds6ind th an el ectrostatic chuck
| .

configured to hold a substrate in a plasma environment is disclosed. The
device conprises an edge ring configured to be coupled to a base plate of

the el ectrostatj | pins. A plurality of pin
slots is arr Q@Tﬁ@ggﬁgﬁgggﬁgEﬁf§ﬂ§?ﬁﬁﬁé%ﬁ§§‘ plate and configured to be
pl aced over the plwdruk biesdf tRé A)fpealldl GEWIBE niddy Sitgaafel REmpRIBEeNt ri cal Iy
with the electrostatic chuck. The plurality of %ln slots is further

|

confi gured tcnzhodoneniael te pesentiipnrdnderand axpies be gotsedofesess lirpidingdige ri ng
and the base P te while still maintaining the concentric centering of the
edge ring. BR "DESCRI PTI ON OF THE DRAW NGS Vari ous ones of the appended
drawi ngs nerely ilHigist isd @oexenbmil yicenbdpardot sf opridhwet gle@sstitici nventi on
and nmust not be considered as limting its scope. Fig. 1 is a
cross-sect i orfdlcksi ew of a portion of a prior art electrostatic chuck. Fig.
2A includgs both e Vi . i i tric view
of a shoﬂpder-cen?g'e%gg%%§k¥Phgﬂ%#&fﬁ%@gggggﬁ?&ﬁgggﬁ9¥%ﬁgm%?%gezB is a

Cr oss- sect i onsdmatriewicof oft hehoshlottelgered edgeariedofdtigpresemgnahtiéin.g. 2A. Fig. 2C

is a magnified port.i of the edge rin f Fig. 2B showing a.specific
exenpl ary shoul derPt 1%}3;5%1 ’ér"i‘.cr‘l’—qsgg.em‘g‘iﬂa[?e O?kélg%ffh%}lbér'ﬁ?ﬂi‘ff%ﬁ %ﬂ‘r”i‘gq%fcedge ring
of Fig. 2B shquﬂg anot her specific exenpl ary shoul der design.

Fig. 2C is a magnified portion of the edge ring of Fig. 2B showing a
15  specific exemplary shoulder design.
Fig. 2D is a magnified portion of the edge ring of Fig. 2B showing
another specific exemplary shoulder design.
Fig. 3A is a bottom view of an exemplary pin-centered edge ring of the
present invention.
20 Fig. 3B is a cross-sectional view of the pin-centered edge ring of Fig. 3A.
Fig. 3C is a magnified portion of the edge ring of Fig. 3B showing a

specific exemplary pin centering design.

DETAILED DESCRIPTION

25 Various embodiments discussed below describe an improved edge ring
designed to enhance process performance. Process performance is enhanced by
ensuring the edge ring is placed concentrically (i.e., centered) about an
aluminum base piece or ceramic top piece of an ESC, thus resulting in the edge
ring being arranged precisely and accurately about a substrate.

30 With reference to Fig. 2A, a plan view 200 of an exemplary embodiment
of a shoulder-centered edge ring 201 includes a stepped inner diameter shape
205 and a substantially flat top surface 203. In use, the shoulder-centered edge
ring 201 surrounds an ESC structure (not shown but readily understandable to

one skilled in the art) with the flat top surface 203 being substantially horizontal
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Fig. 3Ais a bottomview of an exenplary pin-centered edge ring of the
present invention. Fig. 3B is a cross-sectional view of the pin-centered
edge ringwvof20f/31898A. Fig. 3Cis a magnified portion of PChaASeagms3sTng of
Fig. 3B showi ng a specific exenplary pin centering design. DETAILED
DESCRI PTI ON Var,i ou nbodj ment s, di scuss e| ow descri.be i oved edge
ring desi gneoﬂnfi@aeilﬁﬁwes PEHLeREC %%‘P%&’ﬁgén FSPB]@E&%V_I&V@.Z?@PF@E i's
enhanced by ensitidddal RRr&RISidW HGhb §h&h@&%@n&%ce%g& Fihgably (i.e.,
centered) about an al um num base piece or ceramc top piece of an ESC, thus
resulting in the ddgstappedjinper gigmater siigedOpimpiosed sentamdgaboulrthe ESY about a
substrate. Wth reference to.Fig. 2A, l.an,yi ew 200 qf an exenplary
erbodi ment of HCWRGUTape i 2 gy Tel HEE 28k ST el B FRRE hner

di anet er shapgeRQ7F tANES@ FTHOSKAMdr2bhtérollcake HRP 20U ®E fd&n fithbuse, the
shoul der-centered edge ring 201 surrounds an C structure (not shown but
readi | y undertB¢ egtamisi tep piscone aiRinptiedy.iheld meplagetwyithpdhgsiveseorf | at t op surface
203 being su 1 al i I | | o} str ced on the
£sc an Dsomatrrap it KRS BuaNeBR A Rk P IR AL EP BT, e
shoul der - centepttedirecigethe stegpetlihner hanategpape20 NRappoxanstigrl Stape 205

i nproves centering about the ESC structure since the shoul der-centered edge

ring 201 cont(@eRreXighisly P> drshamihich #l it swm vetle (aparomaeatty {016 _

shoul der -jgentigrid) SHQe Vidg %@éc JRYi1Ofte Hdvﬁ&e'dgi%kiv&.t Ol n BEpfr am ¢ top
pi ece or, alternatively, he in place th adhesives or nechani cal

f ast ener s knawmeridicheperdiepd 206 ofithe Bleuddet-cehtored edpedng Pel proendek ar y

enbodi nent, the stepped jnner di ameter shape 205 is approximtely. 1.9 mm
Capor oxi mat el PPN TREP L MACY RSN SO5 W G BRI AT B B 016

i nches) w de RdPP&Eed peiighald S are provided bel ow. Overall, the

st epped i nner di aneter shape 205 of the shoul der-centered edge ring 201

provi des appr oxi nateéying n66%p iFnp 2By e wenss-séatiopalgacw i2hg ot thetsboulde-r esul ti ng

ul'ti mat ell% ' ehtd erdoe\ﬁ%g ri%rgaﬁ?%ssh%\?vrnfa SEE08 A-A. The shoulder-centered edge

a

ring 201 may be formed from a variety of materials such as aluminum oxide
(ALLOs3, “alumina’) or other type of ceramic. Silicon, silicon carbide, silicon
dioxide (e.g., crystalline or amorphous (SiOy)), and transitional metals such as
solid yttrium are also suitable materials from which to fabricate the shoulder-

20  centered edge ring 201. Additionally, various other types of metallic, insulating,
and semiconducting materials may also be readily employed. Thermal
expansion compatibility between the shoulder-centered edge ring 201 and the
ceramic over, for example, a 100 °C temperature range may need to be
considered if the shoulder-centered edge ring 201 is designed to provide a

25  friction fit with the ceramic of the ESC. In a typical application, the shoulder-
centered edge ring 201 may be machined to have a proper press-fit at ambient
temperature (e.g., 20 °C).

In a specific exemplary embodiment, the shoulder-centered edge ring 201
is fabricated from aluminum oxide (Al,Os) and coated with an yttrium oxide

30  finish 75 micrometers (um) to 125 um (approximately 0.003 to 0.005 inches) in
thickness. The yttrium oxide finish may be applied by, for example, thermo-
spraying or applied from a physical vapor deposition (PVD) system. In this
embodiment, the yttrium oxide finish may taper in certain areas as required or

entire portions of the shoulder-centered edge ring 201 may be left uncoated.
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Referring now to Fig. 2B, a cross-sectional view 250 of the

shoul dercentered edge ring 201 is shown at section A-A The

shoul der -wenvaveddedge ri ng 201 nay be formed from a varPcCetus2@b/oamveri al s
such as al um num oxi de (Al 203, "alum na") or other type of ceramc.
Silicon, silicon r ide, silicon di al |.i ne.or anorphous
(Sixx)), and trans SFif shinreirenatiot bR Shid %%%n?@ AHBCRYAY &Y t abl e
material s fr%émh%bieq Bél%' fb%@o&ﬂl%dét@‘a@b@%rﬁ%ﬁn%t&dsuﬁgﬁﬁe ring 201.

Addi tional ly,” various of her types of netal insulating, and

seni conduct i|ngDim¢nsidnal § Sirg (B0 beTnkeaahdey b iSpdedyredies) The fliwdraeggansi on
conpati bilitly between the shoul der-cen(irered efdge ring 200 and thg ceramc
over, for exanple, a 10D OC tenperfatur IP};mge may need tp bEMERSSEi déred i f
t he shoul der-centmf' ed efdgesgipng 201 1sg@esi gned tg gppovi de aghprction fit
with the cerlamic o

edge ring 201 mayDbe ma*hi ﬁédj.3ﬂo have 90§rope' prlé§f§-5fit at &ﬁﬁient
teererat ure \C 3] 20 O ——— eCtHi exerplhar bodtren ne

shoul der -center eoD%edge n&bgfg? is fabpbéat ed|f olglnélI m pum Q»Qp%le (N 238)
and coated with qg ytir um395,|3ge fiinispogd m eromeigaps (M §goFZ25 Mm
(approxi mately O. 003 tol0.005 I ncHes) in thickness. The yttrium oxide
finish may be applied by, for exanpl eTabhdr nospraying or applied froma

physi cal vapor depgsition (PYD) system t nmbodi the yttrium
s de i ni oh ay. (e eRRlbEd PR i erabardieRod 2t i ilSutin one. o
the shoul ger fﬁﬁﬁhﬁd{e@gaﬁﬁﬁz@fa'bh@ﬁm%%ta{m)bf l’t}% éh@ﬁlhe#é&@é%&&gdéé’ﬁﬂg aAnt i nued
reference to Fig. 2B, specific exenplary dinmensions are given in Table I,
bel ow, to acctherbaiansons gsmlnmbw an’@béfrscsleéﬁmcah@ commnesubst’natesmserrpl ary
di mensi ons ar i ded

under st andi n ‘Igabrglgcal{llocr)%%(sj ameoefr“fa% rs%rec a&%ﬁ%a f%ns Ogdalfl %ryerﬂ ng 201 .

The di mensi onfisplayégn nmay be SUI tably scaled for ot her conmon substrate

sizes (e.g., 200 mm or 450 nm di aneter wafers or rectangul ar sections of
flat panel dl spl a)&gfemng now to Fig. 2C, an enlarged section 270 of secfion A-A of Fig.

10 2B provides details of a specific exemplary embodiment of a first edge step 271.
The first edge step 271 is designed to mechanically contact at least portions of
only the ceramic top piece 111 (Fig. 1) of a typical ESC. The first edge step 271
thus provides a gap of approximately 0.4 mm (about 0.016 inches) between the
shoulder-centered edge ring 201 and the aluminum base plate 101 of the ESC
15  while being precisely and accurately centered about the ceramic top piece 111.
With reference to Fig. 2D, another enlarged section 290 provides details
of another specific exemplary embodiment of a second edge step 291.
Dimensions of the second edge step 291 are similar to the first edge step 271
described immediately above and function in a similar fashion. A skilled artisan
20  may readily envision a variety of other shapes an edge step could take based on
the information provided herein.
In Fig. 3A, a bottom view 300 of a pin-centered edge ring 301 includes a
plurality of pin slots 303 arranged to fit over or around a plurality of pins 305.
In this exemplary embodiment, the plurality of pin slots are spaced at
25  approximately 120° intervals for a total of three slots. In other exemplary
embodiments (not shown), a smaller or larger number of the plurality of pin slots

303 may be incorporated into the pin-centered edge ring 301.

thelESC In altypical application, the shoul derg¢entered



Referring now to Fig. 2C, an enl arged section 270 of section A-A of Fig. 2B
provides details of a specific exenplary enbodi nent of a first edge step
271. The wonsto/ediye step 271 i s designed to nechani cal | yCTarst@ows3#09 | east
portions of only the ceramc top piece 111 (Fig. 1) of a typical ESC The

first edge step 2 h provj.des. a gap of approxi nat el .4 (about
0.016 i nches) betvieh of e T p e P P@@géﬁa Tk 1@%1‘9%@51%?% al uni num

base plate 1GL@n @Bﬁsﬂ%_%‘ﬁ,%Me&‘dit&eénmicn{ea@}oﬁmg. NGk REEYCatgly centered
about the ceramic top piece 111. "Wth reference to Fig. 2D, another

enl ar ged sectplonligod pprsaddsdesizeibtogirbeidof paasotiin ef thepericéritercé régrpling y

enbodi nent of econd edge step 291. Di nensions of.the second edge step
201 are i m 147 FEEPRERIRE AL G o bR FubBEni S FlarEt § e ove “ane
function isn ST NThesloh@sd MiurcAf stel P tyastpis ABtsBBY hHoRadéd Atlo@RVbiST ON A
vari ety of other shapes an edge step could take based on the information

provi ded her eiapations igithprmghexpansien elothe piresented edgeging Wlcadils ed edge ring

301 incl udes i pin slots 303 arranged to fit over or around a
plurality of a%ffﬁiélﬂﬁ’oalﬁa?g?g%‘(?%’m s exenpl ary enbodi nent, the plurality of pin

slots are spaced dh aaphecxhtmiimty (AAGhowh duvehsily oideastdé@l @lonebf titilee sl ot s.
I n other exenplary enbodi nents (not shown), a smaller or |arger nunber of
f*ﬁgpf@éﬁs}ﬂédn

t ge pl ur al i t yndte FPncash of thegpara pobatibyed inthe Pﬁ’ece;’élff‘flie‘i:lent ered
e 30 ‘ 5y COrpt . .
edge ringy C]ﬁdg?%ﬁg ?p\%%ﬂfﬁgi}#&ﬁ% :(j% %fm%‘ic&?kﬂ?’ bb SndLRHRE ﬁq? Iy ﬂ%ﬁlﬂﬁnﬁ um num

base plate p readi l'y” envi si one romFig. 1) of the
ESC. The pl urtaké piteofln piilh an@b& dnsboglirmed, the ppradity dépms phesmyfhet of t he

pi n-centered edge rir 01 thereby.centering the edge rin round a

beri phery of TG HEEDY 23 BROTPN Pheiestie PrtsoRrsAsIEe iR (PRTG! ¢ he
plurality of giRinghPi=¢ glid, however allows for variations in thernal

expansi on of the pin-centered edge ring 301 and the al um num base plate. In

anot her enbodi nentlf theglurghigvad pbnst3 06 eecd Flbgseli ks it omghined ene porftioglof | | i n t he
n- cent er ed

oL, £ SR S, LA A%8 T 0 8 SO MBI
al um num of pins 305 may be fabricated from a variety of materials. The materials include
stainless steel (e.g., 316L), high-temperature plastics, aluminum oxide or other
ceramics, solid yttrium, or a number of other materials known in the art that are
capable of both being machined and withstanding relatively high temperatures
20 (up to, for example, 400 °C or more).
Referring now to Fig. 3B, a cross-sectional view 350 of the pin-centered
edge ring 301 is shown at section B-B. The cross-sectional view 350 indicates a
location of one of the plurality of pin slots 303.
The pin-centered edge ring 301 may be formed from a variety of
25  materials such as aluminum oxide (Al,Os, “alumina”) or other type of ceramic.
Silicon, silicon carbide, silicon dioxide (e.g., crystalline or amorphous (SiOy)),
and transitional metals such as solid yttrium are also suitable materials from
which to fabricate the pin-centered edge ring 301. Additionally, various other
types of metallic, insulating, and semiconducting materials may also be readily
30  employed. Thermal expansion compatibility between the pin-centered edge ring
301 and the aluminum base plate over, for example, a 100 °C temperature range
will generally be automatically compensated for by the elongated nature of the

plurality of pin slots 303 while still maintaining concentric centering with the



base plate. In still another enbodinment, the plurality of pins 305 may be
machi ned directly as a portion of either the pin-centered edge ring 301 or
t he al umworntaeesIpl ate. If the plurality of pins 305 areT/uSo@wms3s(e. e.

not machi ned as a portion of either the pin-centered edge ring 301 or the

al um num bas e), the urality of pins._305 nma e fapricated froma
variety of ngﬁﬁ-?%« typfﬁﬁlean%izf@rqnar% BiRe Iﬁﬁrsdgg%ﬁ Wll%%@ @%B? nxaghla?é 316L),
hi gh-terrperattaqﬁvepéﬁi%bapﬁressaﬁwﬁaﬁmn@z@nqﬁh&ﬁre%ggao@@5.am' cs, solid yttrium

or a nunber of other materials known in'the art "that are capable of both
bei ng machi ned andnwispésfiaedinmyanyeingtodinedny, the gin-contoped edgermg 30dps t o, for

CEBTEL, 200 A6 Sl RS e SRR SR PR B
cross- sectsi omal mek@uet3RQuin e £2% @9 (Fpro€iatatedn00H3 @06.005 idches)ph ural ity of

pin slots 303. The pin-centered edge ring 301 may be fornmed froma variety
of material s tBigkkesas The Mitiivnexesiei faesh(miy by appligd b feacyanaple gheraro-t ype of
ceramc. Sili . Sil] i s LOX] c alline or
anor phous ( Si Sﬁ%}ing gnagﬁﬁ&aﬁéﬁﬁl%% gllcan\%lk) gf@epgh@éh glgv{s)gf)?%e n31/'t {I%/tl%sm are al so
sui t abl e mat emitldinédtome whiieh dxidef fadish @ay eppbh@ @iameesises esjuaddger ri ng 301.
Additionally, various other types of netallic, insulating, and

seni conduct i U FRR AP %fthﬁyiné]e§@r®eedlgééiﬁgl391WIW@@WW@I expansi on
conpati biji ty betwogp cBHﬁluQ{jtgegﬁ%g&?{oqq &8 édiﬂ&e&?ﬂpl&ﬁ)%ﬁl%i&k‘éﬂ num base
a terrp%r at uPe ange w Il generally

pl ate over, for exanple, r be
aut omat i cal | yeicanpdnbhktleabdveor togcdrhmoddton A0 @t detmte sobsttane Pheur al ity of

pin slots 303 while still. maintaining concentric .centerin th theESC. In
B Typi cal appRFaRlFuAmeReT M CRnte Bresged b 3y S8a ey Mbltimehi ned to
have a pr Operunﬂ_&%ﬁa%dﬁ@%fﬁﬁ%caﬁ&ﬂ?H&Qﬂs 6iecﬁ@ﬁfna$elﬂfe§ec(&ifg-ring%@lo@ac In a specific

exenpl ary enbodi nent, "the pin-centered edge ring 301 i's fabricated from
al um num oxi demEMiOB Jivarmdayx basw@bly schled forydthericamnmu stibstfdinpiges (3.,

m cromet IS ( to 12p mm aeQr_oxi el ely 0.003 to 0.005 inches) in
t hi cknesgl. Tt@a)ﬁl?lr | %}% 83%?8&“?. Uiy be applied by, for exanpl e,
t her mospr ayi ng Referring now to Fig. 3C, an enlarged section 370 of section B-B of Fig.
3B provides details of a specific exemplary embodiment of one of the plurality
of pin slots 303. The pin-centered edge ring 301 is designed to mechanically
contact only the aluminum base plate 101 (Fig. 1) of a typical ESC and the
20  plurality of pins 305. The plurality of pin slots 303 and the plurality of pins 305
may be machined to provide a gap of approximately 0.4 mm (about 0.016
inches) between the pin-centered edge ring 301 and the ceramic top piece 111.
Additionally, although the plurality of pin slots is shown as a blind hole
construction, a skilled artisan will readily recognize that a through-hole
25  configuration may be used as well.

The present invention is described above with reference to specific
embodiments thercof. It will, however, be evident to a skilled artisan that
various modifications and changes can be made thereto without departing from
the broader spirit and scope of the present invention as set forth in the appended

30 claims.

For example, particular embodiments describe various material types and
placements. A skilled artisan will recognize that these materials and placements
may be varied and those shown herein are for exemplary purposes only in order

to illustrate various aspects of the described edge ring. For example, upon
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or applied froma physical vapor deposition (PVD) system In this

enbodi nent, the yttriumoxide finish may taper in certain areas as required
or entirewpantvmmoof the pin-centered edge ring 301 nmayChasb@bsisneoat ed.
Wth continued reference to Fig. 3B, specific exenplary dinensions are

given in Table |, abave, to acc ate a 300 mmdi aneter substrate. The
exenpl ary di ﬁ@%f’é%}a#@ 1%@@%}%@&3@% By atsgﬂwaﬂﬁagw FBERSIEF SRS n fully
under st andi ngnfah! LikaldepReflgediehbolimdier il WdECHALEGH BOPfcLd 0801 The

di mensi ons given may be suitably scaled for o conmon substrate sizes

(e.g., 200 mthoES¢30sqpiaiiaametleritat énushing Mef earamicgompiece. oAfdiggondIg, an

enl arged section,370.0f s ion B-B of Fig. 3B provides details .of a

Speci F1c exerbnlst Bigaar i tarSisa e fie GruPuRr n BrtEhsbefebed 303, The
pi n- cent ered 1RAGE nlalyH aggllqd' ) aﬂ?%irﬁ'[h@@oﬁt@_f@fﬁfdﬁﬁ’@ioﬁélaﬁﬁ{g foNhAas plagthy the

al um num base plate 101 (Fig. 1) of a typical ESC and the plurality of pins
305. The pl urdadichgmigpl grivirosmehisin 30BchaprgCishandagritd qopcefripithand305 nmay be
machi ned to Vi iately Q. i.pches)

ot veen the P <830 o8 butPRRS B iticfich b SRREM iy bBELPTT T

Addi ti onal | y,thakdnhiotigtucton éndustity & puirly @kedoasmnsdxeinplair $o sidona ofiskil ibl i nd hol e

construction, a skilled artisan will readily recognize that a through-hole
confi gur at i orth¢d ihdesqulige yarigus qmbodtaely elk@RA PrespfidAYSIEAN s descri bed above
with refgpence to L& ' j be

evi dent tel g) a skil Il\ggl%g%ri @gﬁgpﬁ%%%ﬁgﬁgg{r@g ]?el %%ﬁs%%dsmggr}% C tgfrlleges can be
made t her et o dekdripoionh toephardeidaty storage, tflaepdncbdidelny sppiwdllt asaticcdse@perof t he
present invention.as _set farth in the atg) ended cl ai ns.. For ex | e,
particul ar ertBOEHEN L FAE RIS YPFIGR OE’HP%‘}W’ are a?% NAREOR Udehents. A
skilled arti SitseW ih'veﬂti%%‘?gﬂhezﬁeéiﬁ%&ti&nhﬁﬁ%é‘{%@é hedl %c@ﬁﬁnﬁ&,ﬂ@%@?nt s may be
varied and those shown hereinare for exenplary purposes only in order to
il lustrate variwdgl aspabugraghe rafecr desmoy ichleidtiedsgmse.i ng. For exanpl e,
uponreadi ng the information disclosed herein, a skilled artisan will

qui ckly recogni ze
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that the shoul der-centered enbodi nent of the edge ring could be placed
about the ESC base plate as well w thout touching the ceram c top piece.
Addi t i onawbDyp1020288901 | ed artisan will further recogni ze PhAtUSRIDL/O5IBECNNI ques
and net hods described herein may be applied to any simlar sort of
structure opg&gthng in harsh plasma and chem cal environnent in which
preci se and atldriafBhiSentricity and pl acenent need to be maintained. The
application to an electrostatic chuck of the sem conductor industry is
purely used as an exenplar to aid one of skill in the art in describing
vari ous enbodi. ments defice foe upr wikan clepirestaticothuch/bordtanesd, tothiold 2 er m

sem conduct or §q§¥ldfﬁ@ const r.ued thgo%%hout the description to include

dat a storage,su ? eﬁb F“%ﬁ@%?%@?wg%lﬁk MESOMPIPEE or ot her industries.
These and vari ous tdage riaphad ba@Nim Bigy &nfightddnb Be plasc@ROUAd at b@ePr esent

i nvention. The'sgeciflcathn and drawi ngs are, accordingly, to be regarded
in an illust rigipherycheiserantio np meaced th deqtinstagie sieckmdicoppled faatdeast i s: 1. A
device for us it tatie conf | e I bstrate
in a plasm éﬁ@ﬁ?@gﬁgﬁpshgﬁéﬁﬁﬁvgﬁgf%§§§§?1%éﬁg%ﬁg%§6%8$$ﬁ5g“%ﬁ§8edge ring
bei ng confi gweadntantiiewith aaestraniounspiate, ol &lge piigicphgriyingf a ceram c top

pi ece of the electrostati.c chuck and coupled to at | east portions of only
the ceramic top piece, FHBNIESHEC haige HuFees staraRaecEOiTPY e BgChaniqsd

(ri i th th ) o ; Lo e .
concentric w e ceram c 1 g@i@g@em;mggggggn%hﬂghggﬂ@gh%ﬁﬂga,%gt|nner

edge having an edge step arran to provide” nechani cal In ween

t he edge ring and the outer thecirpiertgp piccthe cerami c top piece; an outer

edge; and a substantially flat portion |ocated between the inner edge and
the outer edge, the subf&tMicdBFy""¥| at portion arranged to be both

horizontal Iy oriented WheRhRAGIBATE pbitidd 1bSudd REGELAROUME: tNQ QUlRT
peri phery of the ceramc top piéce and parallel to the substrate when in
operation within the outer edge, the substantially flat portion arranged to be

both horizontally oriented when the edge ring is placed

around the outer periphery of the ceramic top piece and

parallel to the substrate when in operation within the

plasma environment.

2. The device of claim 1 wherein the edge ring is at least partially fabricated

from solid yttrium.

3. The device of claim 1 wherein the edge ring is at least partially fabricated

from aluminum oxide.

4. The device of claim 3 wherein the aluminum oxide is at least partially

coated with yttrium oxide.

5. The device of claim 1 wherein the edge ring is fabricated to provide a

friction fit about the ceramic top piece of the electrostatic chuck.

6. The device of claim 5 wherein the friction fit is maintained over a

temperature range of approximately 100 °C.

11



pl asma environnent. 2. The device of claim1 wherein the edge ring is at

| east partially fabricated fromsolid yttrium 3. The device of claim1l

wherei n twe 2etge189ng is at |east partially fabricated Pcomsalognsisam oxi de.

4. The device of claim3 wherein the alum numoxide is at |east partially
ide. 5. .The device of claim1l wherejn. the

coated with yftri o] : dge ring
is fabricatedto oSS &1 Plﬁ%_tli%}?rwheas&@aﬁtePﬁétee;ésrmgﬂméﬁ? tslﬁerp?déee of the
el ectrostati ¢ ofGHge fing FRAEKNGR Hhr&lidhiS0 WhgNghdeshe friction fit is

mai nt ai ned over a tenperaturé range o% approximately 100 OC. 7. The device
of claim1l wherein the edge step extends fromthe inner edge of the edge
ring radially,in d roxiymately 0.4 mllineters. .8. .The device of claim
1 Wher o nan ' nnert SEPEIBAT B net et o8 bns' BReGhaL o soar Fieb 55 he i mner
edge of the edgellElitdIhARREDEEBE BloYdde ﬁn@h;{)]ﬂrbiﬁﬁ{a@éw 1.99milkmeewi. ce for use
with an electrostatic chuck configured to hold a substrate in a plasm

envi ronnent, the device conprising: an edge ring, the edge ring being

configured tq, be p r . ri r f | ate of the
electrostatiglchuc ﬁ%ﬁ%a%gﬁ%?%&ﬁ?g%%%@%%@ﬁﬁ&%@?F%%ﬁ%u%#gg%c%?the base
pl ate, the edgsbstiategnhypidshareneodimentd devcbeoapigent ric with the base
pl ate, the edge ring conprising: an inner edge having an edge step arranged

to provide mechani®d2esn hagdgseinglaing sraliedtsd tp ibﬁ@?aa%arpﬁ@d B PYET
periphery of ﬂegtﬁl%%?%‘? a@a@ethﬁéte%?ﬂfé%l roSIHE 'cltuﬁcgddga cﬁﬁlﬁéﬁ ﬁ)natt'lf’a{%{e y flat

portion | ocate ween the 1 nner edge and uter edge,
subst ant i al | yoftiats gbonlyi tbabaserpdatigeable tdgehengdatthettrontigamet & bycorcemnted when

the edge 11 nq, |5, RYASEH. & PG, RS, QUL Sigper  phery of the base plate and

an inner edge having an edge step arranged to provide mechanical
coupling between the edge ring and the outer periphery of
the base plate;

an outer edge; and

a substantially flat portion located between the inner edge and the
outer edge, the substantially flat portion arranged to be
both horizontally oriented when the edge ring is placed
around the outer periphery of the base plate and parallel to
the substrate when in operation within the plasma

environment.

10.  The device of claim 9 wherein the edge ring is at least partially fabricated

from solid yttrium.

11.  The device of claim 9 wherein the edge ring is at least partially fabricated

from aluminum oxide.

12.  The device of claim 11 wherein the aluminum oxide is at least partially

coated with yttrium oxide.

13.  The device of claim 9 wherein the edge ring is fabricated to provide a

friction fit about the base plate of the electrostatic chuck.

12



t he substrate when in operation within the plasma environnent. 10. The
device of claim9 wherein the edge ring is at |least partially fabricated
from sol iwoyntwizusyy 11. The device of claim9 wherein tReTASQ@®9/0535¢9 1 s at

| east partially fabricated from al um num oxi de. 12. The device of claim 11
wherein the alum numoxide is at |least partially coated wth yttrium oxide.
13. The device of claim9 wherein the edge ring is fabricated to provide a

friction fit albOUtTHeQ%VQé%?clﬁhﬁ‘t@ vm‘eretlmle%@&aﬂﬁﬁ%mﬁaﬁealekerw The device
of claim 13 wherein the friction fit Is maintained over a tenperature range

of appr oxi mattempera@ic G@ge dbapproramdesly t@) Uf. cl ai m 9 wherein the edge step
extends fromthe inner edge of the edge ring radially inward approximtely
0.4 millimeters. 16. The device of claim9 wherein an inner portion of the

edge step exﬂgndsTM@&@bk@be@nﬁbQﬂkﬁﬁﬁﬂxﬁQ@@s@ﬁekﬂﬁd@ﬂ&@iﬁéﬂﬂeﬁ&ﬁ&OXI”Hte|y
1.9 mllimeters. 17. A device for use with an electrostatic chuck

configured t ofitls efles ringhiadieldy mwand appspaisiicle Avii molimelats;, the device
conprising: an edge ring configured to be coupled to a base plate of the

el ectrostatic chuck through a plurality of pins; a plurality of pin slots
arranged nearl6éa peThepleeicy o6tlatrh@ veltigen ah heapettionf ilguidge step cheng aced over
the plurality of pins and center the edge ring concentrlcally with the

el ectrostat i dva&%l?gt@ the e pdgeaithgedge rﬁugﬁpm%f@atﬁlmlt%@v i85 F-gured to all ow
variations in thermal expansion between the edge ring and the base plate
while still maintaining the concentric centering of the edge ring. 18. The
devi ce of cl ai7m 17A dbveceifon usheithhoekkirdstataf chock cadfgiusedaodholtt 2 anged as a

bl i nd-hol e constructio 19. The device of claim1l7 wherein the plurality
of pin slots® B%raé‘? UL EVIOPRICRY Yif-d551%s COBREF gt i on.

an edge ring configured to be coupled to a base plate of the electrostatic
chuck through a plurality of pins;

a plurality of pin slots arranged near a periphery of the edge ring and
configured to be placed over the plurality of pins and center the edge ring
concentrically with the electrostatic chuck, the plurality of pin slots further
configured to allow variations in thermal expansion between the edge ring and

the base plate while still maintaining the concentric centering of the edge ring.

18.  The device of claim 17 wherein the plurality of pin slots are arranged as a

blind-hole construction.

19.  The device of claim 17 wherein the plurality of pin slots are arranged as a

through-hole construction.

20.  The device of claim 17 wherein the edge ring is at least partially

fabricated from solid yttrium.

21.  The device of claim 17 wherein the edge ring is at least partially

fabricated from aluminum oxide.

22.  The device of claim 21 wherein the aluminum oxide is at least partially

coated with yttrium oxide.
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20. The device of claim 17 wherein the edge ring is at |least partially
fabricated fromsolid yttrium 21. The device of claim 17 wherein the edge
ring is awvoless2igearti ally fabricated from al um num oxi @#€T/1IR2009/0b357¢9levi ce
of claim2 1 wherein the alum numoxide is at l|least partially coated with
yttrium oxi de.23. The device of claim 17 wherein the plurality of pin slots
is fabricated to provide a friction fit at anbient tenperature about the
plurality of i nS.rigdiovRo 8PVt 17 AhkHE i néﬂlnaﬁ@ ABEUbRY ?dﬁohEat&hH)Ck
configured to hold a substrate in a plas environnment, the device

conpri sing: gmoadge finéting fu@mamgwnewmporabae@bmplﬂwpmmhw blages.pl ate of the

el ectrostatic chuck through a plurality of pins; a plurality of pin slots
arranged near a periphery of the base plate and configured to be placed
over the pluragl ity aévid fo% udWitk @BRERCtrb NS CHaek EbriThus@neandida cal ly with the
el ectrostatic chuck, the plurality of pin slots further configured to allow
vari ations i rﬁubﬁ@tmamm@wmnb@nw&@rdewm Cé@@élsmgng and the base plate
while still maintajnin iC. C h 25. The
device of claim?2 nv%i gg%g%?ﬁﬁ;é{ﬁ?uraectou&%%l%ag tgs gtrhg%ger%ygéntgtgcd

bl i nd- hol e Cthﬁtl{tl@éug(hrh.plaﬁl1tyT<b‘tq)1ﬁlg§V| ce of cI aim 24 wherein the plur aI [ ty
of pin slots are arranged as a through-hole construction. 27. The device of
cl ai m 24 wherein thdu @’e‘)frﬂlﬁglofssaﬂé‘@lg‘l’(b%@f a pariphesy Pﬁlthfﬁé’ﬁﬁ Raeaads r om sol i d
yttrium 28. I t | east
partially fab;glﬁgg%glt(? o%fac uﬂe%%%é%ﬁ‘rgf’df%&shf’?ﬁé gﬁ/{hcl?gg%‘# g i m 28

wher ei n t he aoucdntucallgxvidethie sleatroé.tﬁascthup]a,rthé pllutayitpoﬁpiadlom fuinthgt t ri um oxi de.

30. The device qf clalr'n24 wherein the pluraljt n ?sd@ots is fabricated
to provide a PPIGHFESHP pliqw ¥yrialiops Kipe AP G%e(? tt ¢ sreepingrafi ty of
pi ns. the base plate while still maintaining the concentric centering of the edge ring.

25.  The device of claim 24 wherein the plurality of pin slots are arranged as a

blind-hole construction.

26.  The device of claim 24 wherein the plurality of pin slots are arranged as a

through-hole construction.

27.  The device of claim 24 wherein the edge ring is at least partially

fabricated from solid yttrium.

28.  The device of claim 24 wherein the edge ring is at least partially

fabricated from aluminum oxide.

29.  The device of claim 28 wherein the aluminum oxide is at least partially

coated with yttrium oxide.

30.  The device of claim 24 wherein the plurality of pin slots is fabricated to

provide a friction fit at ambient temperature about the plurality of pins.
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