-1 - ELECTROSTATI C CHUCK RELATED APPLI CATI ONS
This application clains the benefit of U S. Provisional Application
No. 61/054, 259, entitled "Electrostatic Chuck,"” filed on May 19,

2008, and U.S. 5Provisional ApplicationlNo. 61/094, 700, entitled
"Electrostatic Chuck," filed on Septenber 5, 2008. The entire

teachi ngs of these applications are hereby incorporated herein by
reference. BACKGROUND OF THE | NVENTI ON An el ectrostatic chuck hol ds
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t he substrate processing can be transferred away fromthe
substrate and to the electrostatic chuck by contact heat conduction
with the pr3ACKGRENEPOOTHEINGESNRER! conduction with a cooling
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15 Coulombic chuck, the surface layer is electrically insulating, while in a Johnsen-
Rahbek electrostatic chuck, the surface layer is weakly conducting. The surface
layer of the electrostatic chuck may be flat or may have one or more protrusions,
projections or other surface features that further separate the back side of the
substrate from the covered electrode. Heat delivered to the substrate during

20 processing can be transferred away from the substrate and to the electrostatic chuck
by contact heat conduction with the protrusions and/or by gas heat conduction with a
cooling gas. Contact heat conduction is generally more efficient than gas heat
conduction in removing heat from the substrate. However, controlling the amount
of contact between the substrate and the protrusions can be difficult.

25 In microelectronics production, as semiconductor and memory device
geometries become progressively smaller and the sizes of wafers, flat screen
displays, reticles and other processed substrates become progressively larger, the
allowable particulate contamination process specifications become more restrictive.

The effect of particles on electrostatic chucks is of particular concern because the



- 2 - wafers physically contact or nount to the chuck clanping
surface. If the nounting surface of the electrostatic chuck allows
any particulate to becone entrapped between the nounting surface and
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S5electrostatically against a flat reference surface, the entrapped

particle coul afae?s:}?ugzsf%%l {o%é@&jlg ft? {hg%hﬂgkoﬁﬁg@hgg?r‘gz{gc% e -o%ting

which will ther e 1n a flat plane.
Pat ent No. 6, 88ficdtbthe slevnlostaticithuek alvowrany patticalateQe beamonenappédc| e on

(oo, o tost bouba e ruindng St S| 86 Sutter U Al Falin G Serimeana

actual hei ght thergtraipedpirgicleOForkXampPR, Falkd baek Side W GRErdd AphpsEnent s
dependent on numnerous loara,rret ers such as the Eal‘tl cle size, the

particle har diedeostafipalyagaingt nlatreferacasutacndhs entiapped pariiclk fugd cause a
Curing substr ?éftswga&faﬁ%ﬁ fHe"Hbnt Sidk 8f {th ) Ii-2Rhich ift heAdFbie oP1i€ B AR pléfxl%?

terrperature 0 3 substrate, [Tm e haxi rmmterrperature r'l se O
t he subst r at eAcerading & H.S. Eatent Mo.16,83 SISt gndics Javevhown Het s Ldsticmne

surface, or any.. i i of .15t hese. Jf.there ale excessiye
I e e e S
and/ or non- unwhfer)fohe aididl dBtantess ordelifchsarhndre aThe aaiml heightandtlishetet e

and proce chem siry. can be affected, Th reater the area of direct
cont ner i€ n i gearlinfed ApRoURTES denSigt U pureo b HagEers such ad BE

transferred byarGaBtRe thdipaticle BRdWESs) BB clahipngSioAR Al thdvetiat Baciess.
direct contact is a function of the roughness, flatness and hardness

20 of the contact Bunegdsirale prosessingiisimpertanhip kb abde ogopaelthe chuck,
as well as of el fieraARPbT fi sﬁ%sﬁ'ﬁﬁ?fiﬁitQEé M @n@gﬁhﬁg}i]géwtfn@&gﬁtrate
or t ac rom sups

Since the characteristics e contact sur vary J :tra’t e
t 0 subst r at e, mamthis iemperature uotienutyt aver theisgbstrafe sutface; onamotonshindtmp©f

can NP O 1T ML AL AR SR D e
to poor and/or non-uniform heat transfer, the substrate can become distorted and
process chemistry can be affected. The greater the area of direct contact with the
electrostatic chuck, the greater the heat transferred by contact heat conduction. The
size of the area of direct contact is a function of the roughness, flatness and hardness

20  of the contact surfaces of the substrate and electrostatic chuck, as well as of the
applied pressure between the contact surfaces. Since the characteristics of the
contact surface vary from substrate to substrate, and since the characteristics of the
contact surface can change over time, accurately controlling contact heat
conductance between the electrostatic chuck and substrate is difficult.

25 Controlling the temperature of a substrate and the number of particles on its
back side is important for reducing or eliminating damage to microelectronic
devices, reticle masks and other such structures, and for reducing or minimizing
manufacturing yield loss. The abrasive properties of the electrostatic chuck
protrusions, the high contact area of roughened protrusions, and the effect of lapping

30  and polishing operations during manufacture of electrostatic chucks may all
contribute adder particles to the back side of substrates during use with an

electrostatic chuck.



25Controlling the tenperature of a substrate and the nunber of
particles on its back side is inportant for reducing or elimnating
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15  clamping, is substantially controlled by gas heat conduction of a gas in a space
between the substrate, the protrusions, and the portions of the surface layer
surrounding the protrusions. Greater than about 25%, or greater than about 50%, or
greater than about 75%, of a top area of each of the protrusions may contact the
substrate during the electrostatic clamping. Less than about 5000 particle adders, or

20  less than about 3000 particle adders, or less than about 2500 particle adders, or less
than about 1500 particle adders, may be deposited on a back side of the substrate as
a result of a use of the electrostatic chuck that includes at least one of: the
electrostatic clamping of the substrate, de-clamping the substrate from the
electrostatic clamping, and performing the electrostatic clamping during a

25  manufacturing process performed on the substrate.

In other related embodiments, the protrusions may be formed from at least
one low stress material, which may comprise at least one of an amorphous dielectric
material and a polycrystalline dielectric material. The protrusions may comprise a
dielectric material having a resistivity greater than about 10'2 ohm-cm. The

30 dielectric material may included at least one of silicon, an alloy of silicon with at
least one other element, silicon carbide and non-stoichiometric silicon carbide.

Further, the protrusions may comprise a dielectric material including at least one of



greater than about 75% of a top area of each of the protrusions nmay
contact the substrate during the electrostatic clanping. Less than
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and the portions of the surface layer surrounding the protrusions.
In other related embodiments, the protrusions may include a top surface

20  having a surface roughness metric reduced, by virtue of at least some machine
polishing, by between about 25% and about 75%, or by about 50%, by comparison
with similar protrusions polished only by hand. The protrusions may inciude
modified edge geometry produced by at least some machine polishing, such that a
characteristic rounding height of a protrusion is shorter by comparison with a

25  corresponding height of a similar protrusion polished only by hand and such that a
characteristic rounding length is longer by comparison with a corresponding length
of a similar protrusion polished only by hand. The ratio of the characteristic
rounding height to the characteristic rounding length may be reduced by a factor of
between about 2 and about 5, or between about 3 and about 4, by comparison with

30 the similar protrusion polished only by hand. Less than about 5000 particle adders;
or less than about 2000 particle adders, of particle size range of 0.16 um or greater

may be deposited on the back side of the substrate as a result of the use of the



protrusions may conprise at |east one partial protrusion, the parti al
protrusion conprising at |east part of a surface structure of the

el ectrostatic chuck, which may 15be selected fromat | east one of a
gas channel, a lift pin and a ground pin, The height of the
protrusions may be substantially equal fothe nean free path of a gas
| ocated during the electrostatic clanping in a space between the
substrate, th [ ot [.USi 0psS d the porti Sg l.aver
surroundi ng tﬁeecqrﬁ?tg{l? g%“lcg'ngfuq H Bf ﬁre(’?mf’ 18P§%§&?%H@§§?oﬁ%{%@? ﬁggmetry
protrusi ons raaighthach edi® of atchirasteriftraeutiindiighn @f a peatrukian ¢o # oheghunaissic

metric reduced, irtue of at |lea chi | i shing,

bet ween about"’?@gg%lﬁ?ﬂg%%mtw??bxﬁbo(‘ﬁ 8@9&&[@%&%@5%%%3@&@6%5%?’% Bﬁy‘\}vi th
simlar protrasodinand@abds09d2ey. y by hand. The protrusions may

i ncl ude nodified edge geonetry produced by at |east sone nmachi ne

pol i shi ng,5 such t Hat fartes gpbediarent eqcerding fndhsigvendioghthe sprfage hayst pLE on
is shorter by i A . i | i,P1
protrusi on ol aate Sk blofhiar SLAGRPARRCIRES B, e SnFRTtorol
roundi ng | englubfaceslayammrhayy acorfaaresoivityin the aarge of Esposbdinx 116hgt h

of a simlar grotrusion polished gnly by hand. The ratio..0f the.
Oharact or i ot | SrReaHEe R REt L0 Srslsaltbar Situay S s SBpmtFidage n
may be reduceagnippsitiohaThOsurfte hsisweignohe tharge @nttobdinfite hyerahapled ween
about 3 and about_ 4, by c,onPari son with 30 the siml gragrotrusi on

pol i shed ©hi yeopifoliesiy Varweg therpmpunhoh #1ioop GrecHEPT 8351389 SefdeR Brecyisor gass

than about 20004 Remhitethe siEGIEESbid® bopdsitidnl aheisAROR 8a8Re @bmPBostorPhPr
greater may be deposited on the back side of the substrate as a
result of thecompaispsiligerecarbidgor nest-geichigetiici silicon gatbider Jibe lgbarge gerdrol

pr ot rusions i [ L4 b arsiie I a
characteri st ;Egy%%&u%g%}gga@%)&%g%flg%ggrrl%ﬁaﬁg%lélyn to %@Eﬁ%‘?@? é?%ylse?i@{e
roundi ng | engthhargesohiesl\sedaced men imay . beFdeddrydlatketudep0siOoB8a Gilicar carbide
bet ween out 0.00611. and abfr])u% t0 002444, In.la furélﬁer enbodi nﬁnet
accor di nZI t o CRPOFRORIYFL = firiscaise P 88“1‘%@‘8?‘ 5P FHRIE RRPPILYLATE
chuck may conpidgghoslithvgraply cadirenbviag bb@ions baesilicahearkilatgrp@sitivnr ol
surface | ayer, may have a s.urfgge resistivit in.;%he rahgége of from
about 1 x 10d2¥HHEING FASHY 0B clohig o eaye 3gast ghmillicag raride camposiion
conprise a Sigrb@@fort arHRicerg QHRAR istlf&3-1aybh fha§ Wlshb 36 FornRA b iatérnihgQf
the charge control surface |layer may be 10 controlled by varying the
anount of si |41@leﬁrlf)!%w8§zﬁbegéblaﬁm Ut ehne: sn%wg@rallgagatmée figlestiice

the siliogn Gardivfie GOBROR Lt suFfiEe PlLi. OB CHAEDLAR ATRAS idyeP Moy

conprise silicon car non-stol chionetric I con car bi ,
char ge cont r clomypuisé atdeast enyemateeigl selented ifwe the gtamasonosimgwi diamesiddikeand
a surface coatin

bR, LY Shous BB BFARAGRILERE S LRGSR Sh alRY be

formed by bl a i'ng-a’ si
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing will be apparent from the following more particular
25  description of example embodiments of the invention, as illustrated in the
accompanying drawings in which like reference characters refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead being placed upon illustrating embodiments of the present invention.
FIG. 1 is a cross-sectional side view of a substrate bowing between

30  protrusions on the surface of an electrostatic chuck, in accordance with the prior art.



15 conposition layer on a dielectric; patterning the silicon carbide
conposition | ayer using photolithography; and renoving portions of
the silicon carbide conposition |ayer using reactive ion etching to

| eave at | east one silicon carbide coan%Ltion protrusion. The charge
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FIG. 7 is a graph of calculated contact area for different protrusion diameters
and center to center protrusion spacings, in accordance with an embodiment of the
invention.

FIG. 8 is a diagram of protrusions on an electrostatic chuck featuring a 4

20  millimeter center to center spacing and a diameter of 0.75 millimeters, in accordance
with an embodiment of the invention.

FIGS. 9A and 9B are graphs of a cross-sectional profile of a protrusion on an
electrostatic chuck with and without (FIGS. 9A and 9B respectively) an added stage
of pad polishing, in accordance with an embodiment of the invention.

25 FIGS. 10A and 10B are close-up graphs of the cross-sectional profiles of the
protrusions of FIGS. 9A and 9B, respectively, in accordance with an embodiment of
the invention.

FIG. 11 shows an electrostatic chuck that includes a charge control surface
layer, according to an embodiment of the invention.

30 FIG. 12 shows the surface pattern used for the protrusions in the electrostatic

chuck of the embodiment of FIG. 11.



i nvention, as conpared with edge | oading of a protrusion,
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10 source of partlcles that can be deposited on the back side of the substrate as a result

of use or during use of the chuck. Uneven loading of the substrate on the

protrusions during chucking can also lead to inconsistent contact heat conductance

between the substrate and electrostatic chuck. The uneven loading of the force

between the substrate and protrusions can result when the substrate lifts near the

15  center of the protrusion and/or bows between the protrusions, which can result in the

force between the substrate and the electrostatic chuck being distributed over the

outer edge regions of the protrusions rather than across their surfaces. In some cases

the uneven loading results in less than the full area of the protrusion contacting the

substrate, which can result in a high concentration of force on a smaller area of the

20  protrusions.

The uneven loading of the force between the substrate and the protrusions as

a result of use or during use of an electrostatic chuck can result in particles that

correlate with the protrusions. In accordance with an embodiment of the invention,

these particles can be reduced or eliminated by distributing the force between the

25  electrostatic chuck and substrate across the area of the protrusions and by a

substantially equal spacing of the protrusions across the surface of the chuck. Inan

electrostatic chuck according to an embodiment of the invention, the protrusions can

have a height, contact area, and roughness such that gas heat conduction controls the

substrate temperature and the temperature distribution of the substrate. In

30  accordance with an embodiment of the invention, greater than 25% of the area of

each protrusion may contact the substrate during chucking. Further, the number of



FIG 14 shows an alternative version of the coating for the

el ectrostatic chuck of FIG 11 in which a conformal coating of charge
control material is used, in 5 accordance with an enbodi nent of the

i nventi on. DETAI LED DESCRI PTI ON OF THE I@VENTICN A descri ption of
exanpl e enbodi nents of the invention foll%ws. The inventors
have recogni zed that the uneven | oading of force between a substrate

and protrusions..gf an.electr. i i : I
chucking is ap%B@S%(r’%tehegF g%)%{rﬁsé)@}‘%gur{'gﬁ%% Iﬁ((:)g[ﬁ{hﬁgg %‘ge%g(g%d;i%&g&ﬁét tge back
side of the ssibsiritatrd the prothusiib inagie lse than 5¢000iadders,.sand o sanhecasé lesk .

Uneven | oadi nq of e ,substrat n the protrusions, . duri chuckin
can al so | ead 3@&?68@‘?’%&8%“ ?rﬁ?esﬁgﬁtthﬁ%@gﬁd&ﬁréem@gf‘\i@zﬂ!ﬁf"hgases
substrate andiesd @gh 1 350 addess. ABHds nuhBErs WA PHEBlek frliiatidm6re untfernk or ce
bet ween the substrate and protrusions can result when the sub_strﬁfése

lifts nearS t hdistiubemelsubgifate loadipe.dessiraferdifhpidhe sentss s thsaroleiston
LT uSons. ubi . g
protrusions %é&?feg Boﬁﬁl?k egg#hgrdaﬁgmg aBQ'icgﬁer@Sﬁt\éaefﬂrcwﬁet% rbRhforN

t he el ectrost o tri‘buted over the outer edge regions
of the protrusidths sutstrater whichresalty infswereirticles nofrztagsl, witinths prasrusiwas s

t he uneven | oadi results in.less t.han t full ar h .
protrusion coﬁg%@’tg‘feﬁg’etwigﬁgfs%ugé{”é%l%it%%l%évgﬁ{hre élgm%? T (?f];]méanuga}célﬁmg
concent r at i ondeféct, AhicCletRnth gasedal for ey dectobtatih ehui2@undtthieisighershe The

uneven | oading of the force between the substrate and the protrusions
as a resul? omapgactingVicldng use of an electrostatic chuck can result

in particles that gOfr&HAER WiH dh o dRR& 08 BeGRventibh, ACOBEEBRAGE chicklls
an enbodi ment of the invention, these particles can be reduced or

el i m nat ed bypwivisied witia swefagcleaving spbstivesially saualiepacsd |paetfysins aerpes the
chuck and sub ?L{rf’a% ?f A& refé%ﬁastt%f‘c c{%%a?thgf cotnlrt‘h%t e Q)taéﬁjﬁhé)@lsthﬁ %CQ&% ?ubstrat?.

substanti al |l y equal spacin e protrusions across the surface o
t he chuck. | nThaspeciags edgtt sanidcontactekeaafalr priotrgsivws ae seaogedeanto podvide

D eI Oy 2, BRLEA 03 AR R AF OB vl
tenperature aind stibstratee M ladtabigenedt 61 rotrukiomprofidésefosstistwahehe dubstdle
BT e o Y S SR BB ol 2%
chucki ng. Fur ihlé‘%)"rotrdshﬁs 84! A€ forQdxampleBfewer than 3,000 particles correlated with the
protrusions are added to the back side of the substrate from the force or contact.

20  The protrusions are made from a low stress material that reduces the number of
particles caused by stress cracks or fractures, and can reduce gas leaks through the
electrostatic chuck gas seals. The arrangement of the electrostatic chuck
protrusions may reduce or eliminate the uneven loading of the substrate against the
protrusions, and may reduce particles, provide better temperature control and

25  uniformity across the substrate, or any combination including these.

In accordance with an embodiment of the invention, an electrostatic chuck
provides more uniform loading of the substrate with the protrusions, by featuring a
plurality of protrusions formed across the face of the electrostatic chuck, the
protrusions or a portion of them being equally spaced across the surface of the

30 electrostatic chuck. For example, the protrusions may be arranged in a pattern such
as a trigonal pattern. The contact area of the protrusions may range from greater

than 1% to less than about 10% of the electrostatic chuck area. The protrusions



particles on the back side of the substrate fromthe uneven | oadi ng
bet ween the substrate and the protrusions may be | ess than 5,000
adders, and in sone case |less than 3,000 adders, and in further cases
| ess than 2,500 adders, and in still othgr cases |ess than 1,500
adders. Lower nunbers of particles indibgfe nore uniform 5

di stribution of substrate loading, less wafer lift at the center of

the protrusion ess waf er, bowi,n et i . I
contact forc erga)b%e[ %aé)ﬁe({)?o&ayﬁg fiba%]se Peerl Sd ? ﬁ'ed?zﬁ‘t%’gy &gfégs? mv%hqﬁg]l!lljngt\ég ar ctl S
in fewer partmgay essubstantedligteqoaliyi sphcddrparn bt dissinoa sf leddtban dwaHinteles. A
nunber of such particles, the |ower the nunber af ufacturi.
defects, the ¥ £1 hsld PYI%“C.B&E e@é’é?s‘?t?}rc FHemay Ef%g‘i‘g%a‘ﬁgﬁta’%fﬁﬁ}é’mﬂ@ﬂﬂ t he
hi gher the 10,gyAsnaRE KRS bYtwkSlthe protrusiond aRE GRRSAMEENNntthe @ter of the
enbodi nent of the invention, an electrostatic chuck is provided with

a surf ace Shaviirpigusienssthensby avdiging theatreductipr ebendssisablaparigies. 444 oss t he

surface of t | 1 t -1 i e
chucked subs '?ér?%q%g ﬁﬁél'{% géctsogae{%g %’S‘?E ef}étﬁ?l, re%g glg‘%}tntélgfﬁegééégdg% &fwgfba&@
protrusi ons aside cfohasubstrege thabsortetatpwith ithbeproBesioracaeiratiies ¢ sivprentialyr e

and tenperature.uniformty duyrin rocess ,that .treats th
substrate. THEURPP é%%eﬁﬂé}ﬁé 38# teém%{a?hrgir%r}%e B f‘g\{}fabdlggn 8 %’rth%glgjg{r%gtan

t hg 3 ubstr gt e and hIh Iaf&:o@(ﬁﬁx@é MIBTaﬁ%hiﬁo@ihwﬂkoﬁthatnvbﬂidﬁspz:]rl‘ideS?dﬁ%ﬁ tathe
and distrjbutes the force across the_protrusions so that, for

exanpl e, Yewetack fidf 082 BstHaAE f E1BY OEE‘PPQ?%P%P‘W&?#%’WGH’&WF? thei ons
are added to ¢B@rdaagls tié derRl of fifelstiRstalidtRuckc@ibE RAUEN G Rlifinated by
contact. 20 The protrusions are made froma |ow stress material that
reduces the ramsgvellyofaging.tar shlestangiakis eqhally spacings BrodpsieRssacsss theauifagecaf
and can redu r 1 '

The arr angemmnt “orrieRAC SpicR Bt Khulchle fieTab Aok Bl bE sENEL, 998 shE e
el i m nat e t hecoutactazen dfthelprogrusibng dreths elestrostdtie chgeki are so amanged as to

protrusiaons, and . may reduce particles, prqvide hetter tenper. [
control and ZBOVFS B%ﬁ?tf’@eég‘m%’?opﬁgo thts‘iﬂ)étr ¢ dyring d panda tluﬁa% Fg’%ess'
i ncl udi ng t he®gther, the spadiig &t @heiRnaea i thb patrusishoprionkista fofce bbigveen the
invention, an electrostatic chuck provi %g nmore uni form | oadi ng of

: el ghe ¥ h

the subst r at SURFtEaF Iy elgstrasiahs sRuckghat CRWHDQH §RYSIRE Ypstrate

protrusi ons fRRARIbAGEQSHe F%uﬁi%ﬁé% afd tHah@is@ibeet HRIbAL dcfoss MiChtotridiéhs,
protrusions or a portion of them bei n(I:| equal |y spaced across the

surface of t Hbergbetedugingdeaumberofinarticlesgorrelatedyyieh the peotiysigns o thgback

may be arjr'?angs?&gfqheasu@gtgtgrn such as a trigonal pattern. The contact
area of the protrusions may range fromgreater than 1%to | ess than

about 10% of the dil6ct isostrassisectadnat idaview.of Alsabgtratet FOOdiopmag between

protrusions 101, 102 on the surface 103 of an electrostatic chuck 104, in accordance

with the prior art. Under the pressure of electrostatic force 105, the substrate 100
bows downwards in regions 106 between the protrusions 101, 102, and lifts in the
25  center regions 107 of the protrusions 101, 102. (The extent of bowing and lifting is
exaggerated in FIG. 1 for purposes of illustration). As a result of the bowing and
lifting of the substrate 100, high contact forces can be generated between the
substrate 100 and the edges 108, 109 of the protrusions, which can create local areas
of stress and create undesirable particles, the location of which may correlate with
30 the locations and/or features of the protrusions 101, 102 on the electrostatic chuck.
As illustrated in FIG. 1, during chucking, bowing of the substrate 100 between
protrusions 101, 102 and possible lifting of the substrate at the center 107 of the



- 9 - may be arranged to have a dianeter of fromO0.75 mllinmeters to
1 mllineter, and may be substantially equally spaced apart by a

di stance of less than 8 mllineters. A wafer held by such an

el ectrostatic chuck may be retained subsygntially w thout bowi ng in

t he regions between the protrusions and without lifting in the center
of the 5protrusions, thereby avoi ding the production of undesirable
particles. An ] t rgi i: i

El1 m nat o5 paPlranon o | PECRLEKTS e R B PR BRE e 202 ) e
with the prot puticlenen tharbdclpside piibs sebstratest anti al |y uni form
tenperature and tegperature ran or distributi 0!

substrate. In acco%ﬁ%%éasé’ivi“f Heaner Vé'lg]? fir‘%e%'f’g%‘#‘m? ﬂg%%evlgﬁ?%[%ﬁ’, equally
particl es addgshcédprotiesidsd thacnmcithe bickaideu sie détroaatieallyabutitedof t he
uneven | oading .of force petween the substrate and the suhf ace o

f .an
electrostatic stk maxfe e paigrials GrtaBYRAteR %Ho%ﬂatﬁﬁwg (hf prytrusions
spaci ng, or syRafcanbdtatd bacRSida! hyy pidatdenfifolth RimptsdtRRacRRS AR SubdiQte,
surface of the electrostatic chuck for contacti ng t he back side of
the substrat eandmhay pieducerrysteang chunkingiorasr dae areahany,profrHeign SheONEASt t he
el ectr 0stal| Cyelliikn Bk 6ids 8t fle/sARGRE A th Bhosk 1PN REARRL AlYFab AR
removal fromthe substrate during a nmanufacturing process. Further,

t he spaci ng aatbneontmet ofthe protfusiphs rgptuot pudinginate pulstratteboavifipbatween

bet ween t substr.at e and the el eth}Jo .tat'k.c bCE Clli léhat hQ)'ol dt%lstiohneS an
vafer wit hbut POSHEPRS PRGBS 5 °ﬁ§‘“§8 SUPSHAY Ko, PR e pEpTyrlons . and
tﬂat dithS)t ri b?fe‘d&cd;ﬂ@tidlmﬂaﬁ@hl@&& \zhletmﬁwtﬂuﬁin@aﬁe totdmvabsnbmeﬁuci ng
the nunber of particles correlated with the protrusions on the back,
20si de of t hePQUHEPR L?@él.n% In one w@dlwerftélC%Of@Bgé%thgé%\terlewwgr%aitﬁié*?%ﬂJéw
of a substr at gf hOQreR @MY PRAWRI LoRfaelsthkSiuBEPatd Bdringlhclofg lil@nstied ace
103 of an electrostatic chuck 104, in accordance with the prior art.

Under the presshediment, greatet thes 8Y of therezofiqsh profrasien sentags the spbstigiins

downwar dsq4 n i . : ?‘HH{;E i : . kol

in the 25}:5ent E‘er&g‘1 eg?‘%%gg’fggg%? t epgpgédgﬁéﬁ?gﬁgqi%%%&g?%ﬁg%% Ié)tr?t%
p}‘ I bo;/vi n?. an;jtﬂekal;etaiqigad}aTrteW]; t qutasth thesubs@ate lﬂ}nﬁfg clplgk'qfngsﬁ“be glfngunt oft
illustration). .a_resu 0 e ,bowi.ng, an iftin e sybstrate
100 hi o conpreifsif baRack ek eah BE GRS BT e Falcl 1t 4R b AacE HRRY,
and the edgespbdss, thiDdeteatdin subatateisdckiBile pahictds conelard @dthehé ocal
areas of stress and create unges' rable partjcles, the Ige?%lion of

whi ch may cor POITHFIENSAPE BY 3B1aRENG BROtErhh esLartEe sdh Fans ¢ pgEKing

protrusi ops 1@hieridloh @8 ptdiRisBhe Chf i ledlbboinfeRt! photruifonk bicltbstaitRdyi n
FIG 1, during chucki ngb bowi ng of the substrate 100 between
a

protrusi ons 1eMindiical apch Bavsasdiphpter pn thejtepysusface Hiat eandetip thegange efifeom
center 107 of g[tth‘ér than 0.5 millimeters to less than 1.5 millimeters. Other shaped protrusions

with an area similar to these can also be used.
In accordance with an embodiment of the invention, the protrusions or
25  portions of them are spaced equally or substantially equally apart across the
electrostatic chuck surface and are above the electrode in a dielectric layer. The
spacing between protrusions can be measured from the center of the top of one
protrusion to the center of the tops of adjacent protrusions. The spacing can be in a
regular pattern. For example, in one embodiment, the spacing of protrusions is in a
30 trigonal pattern that reduces the force per unit area with the chucked wafer or other
substrate by 20-30 percent compared to a square pattern of protrusions. In

accordance with an embodiment of the invention, a protrusion near a gas channel,



- 10 - protrusions 101, 102 can |lead to uneven | oading on the
protrusions 101, 102 and particles on the back side of the substrate.
By contrast, in accordance with an enbodi nent of the invention,

equal |y spaced protrusions that contact Hhe back side of the

el ectrostatically chucked 5substrate néJ reduce particul ate

contam nation that correlates with the protrusions on the substrate
back side, o] i r 3 nd
may produse artproagieHRer A8 SFARELEUREnar URRT olPo bt HbER A
cont act with havmglgoktisi afehoprotrhgors fomntd at the sufach stredtoseand agotheduce

or elimnate substrate.lift _at one or nore of the .protrusions, reduce
or elininate %Ou%@}%ﬁngl d})&&ﬁamﬁg‘f%gﬁﬁe ko ‘FS???JB?IBR TOUIM de a nore
even | oadi ng Alterfathisly] aich afR6te@idH miyIeave hGinallér M gerasivt dr adiiff@ent

particles that correlate with the protrusi ons due to unpeven, substrate

protrusi of | chapetlan ethergnetresiens enfehturizec of the plgetrestatis ehpeky diof Fample,
greater than i 4 2 K300 BGkidn bie cylind
substrate duralzﬁﬁg/ﬁlc lﬁqclgi%%g&?ﬁ&;auﬁg)?&gﬁ%%gﬁ H:EI?]'[ , gr g(gll{tuerrl t hgr?yél(l)(% of
the area of dauhednsdhe gasiseal apdanctberpottivn extebding gukiram thugassepl. In
chucki ng; and .n. ther [ t of [ [ . r an
75% of the a(rjaéigg%’ "fé‘gg%&g"r"o ?%22%3% 3 3%%@%3 ’hlgy g@%sg? {rig}dg{] ur:ar?éﬁelp
chucki ng. TheushtusutuctespiaytbetsodifieCoiradde arifamqaotnisdonckph@nggandd by

the flatness of the substrate.during a process a decrease |
SUbst 1 at & 0hadROEH S R CE SO PRI P AR TPLPPAS N ot BF by
a marking betyrans fom@rousst toalsarfadthtractuf 3B Heasaiilas of@fidlie than the
20material on the protrusions. In one enbodi nent, protrusions are

subst ant i al | yPging HemiRERirusiando pERBIsiond i e erbagimeriethe BPIRFPR 483 ehat
can be in the,fan0esGhar § iR &hter }AnRrIn Thbtht Bl EYdné R theeSS t han
1.5 millinmeters. Qther shaped protrusions wth an area simlar to

t hese can al suotsiansspdcing may be abaid farilligheters anlesnesntir teerntesf intanether

i nvention,. th oL rusi on r _25porti f &k r LY
or subst Qr?ti ﬁﬁfb&dg}deﬁlgﬁeﬁ) rgtﬁugﬁn ¥ gcrlrcl)é issqa[%ﬁ‘étq‘erplé@ﬁé%gstogtli&g%éﬁ%ctgggﬁgf ace
and are abovanteamitiesembddinent the gratusioh spavidgay ebout Theillgpeteisog less

bet ween protrusjions can be asured.fromthe center .of t t of one
ot £ usi bnt SEEREI S GE A IO s ity RGOt obort O b ipfers 2
spaci ng can hession equivA&ts ferdd@it t ern. For exanple, in one enbodi ment,

the spacing of protrusions is in a .
Generally, the amount of contact area between the protrusions and the

20  substrate affects the amount of contact heat conduction from the substrate to the
protrusions, and also affects the amount of bowing and lifting of the substrate during
chucking. In accordance with an embodiment of the invention, the contact area of
the protrusions with the substrate, based on the geometric area of the protrusions and
not including gas seals, can be in the range from greater than 1% to less than about

25  10% of the area of the electrostatic chuck’s surface. Since gas heat conduction with
a cooling gas is easier to control than contact heat conduction, another embodiment
of the invention has such a contact area in the range of from greater than 1 % to
about 4%; and a further embodiment of the invention has such a contact area in the
range of from about 2% to about 4%.

30 According to U.S. Patent No. 6,117,246, one disadvantage of using an
electrostatic chuck body fabricated from a ceramic, which is a dielectric, is that

during manufacture of the support, the ceramic material is "lapped" to produce a



30trigonal pattern that reduces the force per unit area with the
chucked wafer or other substrate by 20-30 percent conpared to a
square pattern of protrusions. In accordance wth an enbodi nent of
the invention, a protrusion near a gas c{wnnel, [|ift pin, ground pin
or other surface structure may differ from other protrusions by
having a portion of the protrusion fornmed as the surface structure

and anot her pRidiveRy smtbof\drage. %‘é&orﬁfn‘g% U1S Maktink Ree6,317,249, glﬁ&i laﬁplﬁg
partial protrusion’ Alternatively, such a protrusion ma

smal | er or | aprgéucespamsiclss that adhfefecto dhg sustapaiplthe Heppod: skt ﬁfira& Y&i¥ ida“ﬁgult
on the surf aC{% fmﬁ)tl%cﬁﬁ xﬁg\;erf(r-)o% ﬁ1 sﬁrf‘i&u%rthgxo El}eq?ﬁm?% céds m fracture
séa

cylindrically i rusi on near a gas ve a p rtlon of
the cylinder fhersoeateads tltehxhugjalso@eﬂonsmpiemboahﬁle cpmklsomdemreddliﬂg out
fromthe gas seal i,on, t ocat j.on _and..si t.h

channel s, |f‘f°n;5‘i“H%uSP 8 mdgyﬂﬁsﬁﬁyt&eﬁélo%ﬁ?@&kﬁg é’e‘ﬁﬁc{’%ﬁ@% ey be
nodi fied to psoy7,ose, unhﬁgwarepp@bégsﬁﬂgomewamm@ateﬁalobaihabnaetnewwfmlde
near such surface structures may aced fromthem such that the

spaci ng from Howrthe prderside Qfdheawéfﬁﬁﬁés@ ingip farther mtrodugtipa of garticulatey,
smal | er than %] arinds RPthl bfb%ﬂreﬂ{nrr&ﬁhé?@ lﬁ&hl&r 185 'b?'ﬁx'e@ﬁucld d} a98®esult of

enbodi nent, the protrusion spaci ng may | ess limeters
center to cenmrof thw@nbﬂhmmamnrmmrettmélepmé‘trﬁldePﬁﬁew\ﬁ%laﬁ@ carale be

about 6 né: L)?Ta%réeé . og}ber pgosc:cl%c%m Lrs to?f:&%@%igfects 1r{1t Q%Lﬁﬁ‘g fe%o 5@8’ qb&?“t

t he prot paci ers- or e S C
center; and |meamérhsec<ﬁmibg@b U@Paﬂehﬁ\l@rﬁolW@nnsoﬁhomndmfabmaml@nt

milineters or |.ess ce r to ce ecially_for . di aneter
prot rusi ons oPa‘BB‘B%'E’ab e op ﬁﬁ%g P@&Vef}r‘% ?ﬁﬁfteraﬁngeﬂilgn PR&&of .
General ly, thé‘ermwﬁcu@&aﬁ@a{u@ﬁt area between the protrusions and the

20 substrate affects the anpbunt of contact heat conduction fromthe
substrate to the pBpeeriEAshimaccardanes wish & ¢rabqdimentol thegnuentign. MEFRTIRPS

and liftipg Ogretfgr%le%%%re‘?écﬁ‘ogﬁﬁd ek B&' KicBGes 'Jth @Eﬁpi'hqéﬁgﬁeéé"ngﬁerﬁﬁ‘s

enbodi nent of the Invention cont ac area of protrusions w th
t he subst r at ewhizhgenist oracking agvémmt ¢haog¢§rledlm¢nsmmetmrebv misingAsg aadclsot

i ncl udi ng gas_seal s n. 0 0/ | ess
than about 251858 ? Hrgow&g%%mg e{:rgl(gd? |g£)st %@%ﬁé oéhg%%ard}f?gee
Si nce gas heapronnsidm:tﬁamxm;blb, protewidns mpygeoisedeafsinmerphons fibms made by

than contact Bl%lsma an%gé bgemlcgl a'Eprclfra beggsgt?cgnl {ﬁ:"&tv D). The protrusions may be
20 formed of a dielectric material, such as an amorphous dielectric material or a
polycrystalline dielectric material. The dielectric material may be patterned by a
process that provides a low stress material, such as a reactive ion etching process, a
chemical etching process, or a bead blasting process. Stress may be measured in the
dielectric by films deposited on a wafer and then characterized by wafer bowing, X-
25  ray diffraction or Raman Spectroscopy. .
In accordance with an embodiment of the invention, the electrostatic chuck is
a Coulombic chuck, and the dielectric for the Coulombic chuck may have a
resistivity greater than about 10'? ohm-cm. The dielectric may be silicon or an alloy
of silicon with other elements, for example silicon carbide or non-stoichiometric
30 silicon carbide compositions. The dielectric can include aluminum, for example
alumina or aluminum nitride. In a further embodiment according to the invention,

the electrostatic chuck is a Johnsen-Rahbek electrostatic chuck. Alternatively, the



of the invention has such a contact area in the range of from greater
than 1 % to about 4% and a further enbodi ment of the invention has
such a contact area in the range of from about 2% to about 4%
30According to U S. Patent No. 6,117,246, one di sadvantage of using
an electrostatic chuck body fabricated ti¥sm a ceranm c, whichis a
dielectric, is that during manufacture of the support, the ceramc
material is "lapped’ to produce a .- 12 - re ively. s th rface.
According to SREOSRs R REY BT hely Iobaren-ReltoR Papintic Pk, udite
particl es thadiclagifiefiay b chdden s/tHabs€ GoRisei-RAhBKIPRY forceavd Paitiablybaide
very difficult to co ely renove fromthe surface. Further, the

|
| appi ng pr océ§§“%§{aggﬁ§fﬁome@W%@t§ﬁ?Q%@%W@ferloﬁg‘%ﬁﬂﬁ-ko%&f/more

Consequent |y, prgudidit ntdyUftiudSa d5slianPREEEL BRutGTaf sRAPILAnG WOUR| sMitable
produced by these fractures. Also according to U'S. Patent No

6, 117, 2465 duomplianianaserigs disdessi iy U.S. PateotNash, 83 wat Bithexdisdesyrefivieh

t he wafer oxi; I f r i I: urt her
i ntroduction lgﬁ e%@?@%%??& Qq‘géeﬁ‘ﬁ gﬁfegéarﬁ{lgs%q{l\é@te ﬁ&er Etgf glzgéés&gﬁovdlll?g&nent )
Duri ng use ofactdrdinghaitic inveneien,ahe dislettiic &r the proafisibineis atade front iglicon
particles can _adhere to.the underside of the wafer and can b
10carried to C&%ﬂ‘zﬁ‘rﬁm %’aé%a eRShH e aBputdQ, ehmegay. o phovt rllglt I‘?Bmzsﬂr%i try
fabricated upgRrmaheonRtRive MGaEE NG rhkef Toss Biah @Bdut 90 MRal dnd Bék,
tens of thousands of contam nant particles found on the back

_may be o :
side of d0gi vasfeiphiydpssdhansabopedSdniYiP o (ps depesitad)e dihgaver of dliqonsatbids ¢
chuck. By co d i f@%’b 1 .
i nvention, p%%@%g%yéhge@%gﬁﬂggﬁﬁek%&goﬁl ‘g%ng ct rg@z%qg? ?iécréﬁ%ck by
processes that reduhnother embadignentacsordangiojthé myventincthe disd¢otric for theki ng

and resist ¢ q)qgtgfs?onis o 85&%&{1 Qghartgg %n%boY sur- ar(]:ie rlgy%{' ngteggirﬁaivﬁ;gea resistivitiy

of from about 10® ohm/sq to about 10'! ochm/sq, an internal compressive film stress

15  of less than about 450 MPa, and more preferably less than about 450 MPa (as
deposited). The charge control layer may be deposited to a thickness in a range of
from about 0.1 to about 10 microns thick, or preferably from about 1 to about 3
microns thick. In addiﬁon, the dielectric for the protrusions may be formed with a
low stress material (such as one with an internal compressive film stress in a range

20  of less than about 450 MPa), and then overcoated with a thin coating of diamond-
like carbon (or other material that typically has a higher compressive film stress) to
achieve the desired surface resistivity.

In another embodiment according to the invention, the dielectric may be a
ceramic or polymeric material having a controlled resistivity within a range of about

25 107 -10" ohm-cm, which allows a wafer or other workpiece to be supported and
retained upon the electrostatic chuck via the Johnsen-Rahbek effect.

In order to characterize an electrostatic chuck according to an embodiment of
the invention, and to compare such electrostatic chucks with each other, there may
be used a technique of correlating particle production with protrusion locations. In

30  general, during use of an electrostatic chuck, undesirable particles can accumulate
on the protrusion and channel surfaces of the electrostatic chuck and/or the back side

surface of the substrate. Such undesirable particles are referred to herein as “adders”
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substrate (for example, performing one million chuck/release cycles), pop off
testing, and other simulated processing acts can be used to evaluate the number of

20  particle adders for an electrostatic chuck.

In accordance with an embodiment of the invention, the number of particles
on the back side of a substrate that correlate with electrostatic chuck protrusions, the
particles having been produced by uneven loading of force between the substrate
and the protrusions, may be less than 5000, in some cases less than 3,000, in further

25  cases less than 2,500, and in still other cases less than 1,500 for a 300 millimeter
diameter wafer after clamping in vacuum for 60 seconds without cooling gas. For
substrates having larger or smaller surface areas, for example 450 mm or 200 mm
wafers, the number of particle adders can be scaled according to the substrate area.
Lower numbers of particles indicate a more uniform loading of forces between the

30 substrate and protrusions. A more uniform loading of force produces less substrate
lift at the center of the protrusion, less substrate bowing between protrusions, lower

contact forces between protrusion edges and the substrate, and more consistent heat
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| ocat i onsyg V‘hf)e{rﬁclé’s: FERI0P5 VEHN micron particle size, less than 175 adders; for 1 to 2 micron

particle size, less than 100 adders; for 2 to 5 micron particle size, less than 50
adders; for 5 to 10 micron particle size, less than 20 adders; or a total of less than
345 adder particles across these particle size ranges that correlate with the
protrusions for a 300 millimeter diameter wafer after clamping in vacuum for 60
25  seconds without cooling gas.
In another example, the distribution may be as follows: for 0.12 to 0.16
micron particle size, less than 600 adders; for 0.16 to 0.2 micron particle size, less
than 275 adders; for 0.2 to 0.3 micron size, less than 325 adders; for 0.300 to 0.5
micron particle size, less than 450 adders; for 0.5 to 1.0 micron, particle size less
30  than 300 adders; for 1 to 2 micron particle size, less than 120 adders; for 2 to §
micron particle size, less than 30 adders; for 5 to 10 micron particle size, less than

10 adders; or a total of less than 2110 adders across these particle size ranges for a



10l oadi ng produces a | ack of correlation. The correl ation technique
may include correlating the | ocation of the protrusions, or of
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l'ess than 500¢omprise silicon carbide or non-stoichiometric silicon carbide. The charge control

surface layer may comprise at least one protrusion and a surface coating layer. The
charge control surface layer may be formed by blanket depositing a silicon carbide

25  composition layer on a dielectric; patterning the silicon carbide composition layer
using photolithography; and removing portions of the silicon carbide composition
layer using reactive ion etching to leave at least one silicon carbide composition
protrusion. The charge control surface layer may also be formed by patterning a
dielectric layer using bead blasting or etching; and conformally coating the dielectric

30 layer with the charge control surface layer. The charge control surface layer may
comprise at least one material selected from the group consisting of diamond-like

carbon, amorphous silicon, metal-doped oxide and combinations of these.



1l0adders; for 0.2 to 0.3 mcron particle size, |less than 500 adders;
for 0.300 to 0.5 mcron particle size, |less than 500 adders; for 0.5
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size, less than
212 includes a gas seal annular ring 219 formed in its periphery. Process energy is

20  received by the substrate as indicated by arrow 220; and energy is removed as
indicated by arrow 221.

* FIG. 3 is a cross-sectional view of a first layer 314 and a dielectric layer 312
of an electrostatic chuck 304 according to an embodiment of the invention. An
electrode 313 in the first layer 314 is covered by the dielectric layer 312. In addition

25 toa gas seal 319, the dielectric layer 312 includes protrusions 301. The features and
dimensions of the protrusions 301 and dielectric layer 312 include a channel or gap
surface bottom 322, a gap spacing 323, a protrusion top surface 324, a protrusion
width or area 325, and a protrusion height 326.

In accordance with an embodiment of the invention, protrusions may be any

30  regularly or irregularly shaped three dimensional solid or cavity, and may be
disposed in any regular geometric or other pattern that substantially equally

distributes force to the substrate and reduces particles due to uneven loading



450 adders; for 0.5 to 1.0 micron particle size, less than 300
adders; for 1 to 2 mcron particle size, |less than 120 adders; for 2
to 5 mcron particle size, less than 30 adders; for 5 to 10 mcron
particle size, less than 10 adders; or a gotal of | ess than 910 adder
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subst r at €2200profiisioRybyt H€dniter to center spacing dimension 428. By virtue of such spacing,
as shown in the embodiment of FIG. 2, a substantial portion of the back side of the
substrate contacts the top portion of the protrusions, which may include surface
roughness not shown, leaving a gap 211 between the protrusions for helium or other
gas for back side cooling. By contrast, without such protrusion spacing, only a
30  small portion, 10% or less, of the protrusions may contact the substrate. In
accordance with an embodiment of the invention the substrate may contact greater

than 25% of the protrusion’s top surface area.



10support of the substrate 200, provide uniformloadi ng and reduced

| evel s of particles correlated with the projections 201. The
protrusions 201 have side walls 210, and are separated by gaps 211.
The el ectrostatic chuck 204 includes a diglectric |ayer 212 that may
have protrusions 201 formed in it. Alterﬁ%tlvely, t he protrusions 201
may be formed in one or nore |ayers of material disposed on the

surface of the 15 | p re
formed in a first dPI‘I§ gﬁﬁ%ﬁ ewﬁl% l%egréncgg@gtﬂéén %f"?ﬁ‘gl’ﬁ‘ﬁ%@%ﬁ?ﬂ”ﬁ&%& )
Beneat h the f(as stan emytmduﬂm aauoeding fo ths invantived anvdedgayerdi@ld a pxotsmdmnd
215 that  cont GLPSHEPRYATHAG o FRr RO iahay (hechrinfisGruet e o™
llayer 212 i ncdnvfl@soflosdifig, ¥6abotid R dibiféin Johdiflg ddda 1 @YX REge loBding $not
perlphery Pr ocess energéﬁls 20 received by the substrate as

i ndi cat ed 5by NEEPSSNiIP Jpscalehd ener gy is renoved as indicated by arrow
221. FIG 3 is a qhQs&rdmet WaRah eMibsdinRht &¢ thi frﬁ%ntio%YﬁJotrﬁéén&BQy@e
dielectric layer 312 of an electrostatic chuck 304 according to an
enbodi ment  ofeithkrronglverpalished, provisled ¢hat deeuda liag afowe stgsp.s tFor gyamplg14
is covered by r 1 al
319, the dlel €§ fﬁﬁ%%s%ﬁﬁﬁ%ﬁg:}w &thgP ﬂg%%%gﬂééingﬁégﬁgg Eres
and di nensi ortagloéomdcefqncasuhalscm&ﬁ&ighandmhc&i sacthedsc [h agcerdaBde?with an

BT TN R

protrusion thﬂans 32fess R)) iAGEME Sardeas MRticiis 6AREAR Maw Qfrfack foughness
i nvention, protrusions my be any 30 regularly or irregularly shaped

three di rrensﬂ@ﬁﬁfo"é%allﬂo’é"r““bfaw diptribyian ghlpreseacss frssebstiale Giper equl ar
geometric or ghAGhe PRI Gfed RAENRUDBLABE fdlilieq ®9uRk bikhill ShabPbibah
force to the substrate and redices particles dué to uneven | oad |n§
18 - bet ween thheurfgbvithabasiaatomredy welenernditioas thapdonoetisiresse wagssirive
a cyllndrlcal n

the protr SSI c%n%d tg%n%%:rc%sg ln aﬂa@tllélésyco?rfelat?elﬁlqg% n@l groqruts%gs a:ls_ E?eé%ﬂg)?ﬁleotfse fay
be contoured dfahdméanoduasd: chuskit Sud:}h@nhoﬂnhgk»éthmeerfaderfmlmﬂf&mreﬁc&oaamb

g? (l;'f lr< us ISEL GO %{‘lﬁé g‘y B¢ Sgeld S g(?l%tr%r] the c%ntact regl(c:)gsp cgtotﬂé Sr%tr(ljllsgrllsev(\:nttlg the

substrate, and to control heat transfer due to physical contact between the substrate
and protrusions. The amount of contact between roughened surfaces and the

20  substrate can also be adjusted by the magnitude of the electrostatic clamping
voltage.

In general, semiconductor wafers, reticles, solar cells, and other substrates or
workpieces may be supported by an electrostatic chuck during use in various
coating, etching, lithography, and implantation processes. Processes or uses can

25  include chucking (attraction) and dechucking (release) of the substrate. Processes or
uses can include those that result in the addition or generation of heat. In some
processes the substrate piece is held in a reduced pressure environment in a vacuum
chamber, for example during reactive ion-etching (RIE), plasma etching, ion-beam
etching, etching, physical vapor deposition (PVD), chemical vapor deposition

30 (CVD), or other processes. During use, or during a process, an electrostatic chuck
may, for example, retain a substrate in a chucking step; undergo a coating, implant

or other treatment; and then release the substrate in dechucking step. These steps or



surface of an electrostatic chuck, in accordance with an enbodi nment
of the invention. The protrusion has a contour wth rounded edges,
whi ch may be forned, for exanple, by nechanical polishing. 1n the
enbodi ment of FIG 4, the protrusion has,g._diameter of about 500 mm
and a height of about 6 um although other 10 dinensions may be used.
FIG 5Ais an illustration of a pattern of protrusions 501 on the

surface of an,gl gl besdRhed GIHE lf'abn'c!fhcﬁl%f%t@?ﬁfé@ cWEdily, 2 RuBhadipRRBlses
of the invention, in which the protrusion patternis used to reduce

the forces beglaeénvolyedhsanpligationofion Mﬁ@ﬁ%ﬁ@mﬁtosmfefﬁ‘WFw on
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shoul d be appr@cmaehedetchmg, Inzaclumstindee n beam ofiichs is ggoerated upascblecmandss

{11 angles. ot Attt Gerl ek g R ORE st E M Pl B it e

equal 'y spaced hﬂgh&ﬂhhentﬁ&hlﬁ&nﬁsd)&hﬁtﬁé ﬂnﬁl&ﬂtaﬁérﬁﬁob&si@@h@ﬁﬁ%mhﬁbhﬂwly
general ly hexagonal in shape, with a central protrusion in he ce&P

of an array ofhorptigs. XHB\"%qudéigﬁﬁg’oPH‘étOf’f‘?ﬁt e HeIxtebeigenyatst & thedy
hexagon) . For e@Seifh b%hl%oﬂ?@héa?ﬂw} e&buftin ifoheasddirhiien 6f AMpREEES ﬂe%nd

of the protrusions, or by decreasing the center-to-center spacing 428
of the protr usessribedsiits inghe wafen aichmen eeselrbodiigradationef rattemed photpresist
pr ot r usi ong rrg% kge di sposed in an equally spaced arrangenent, in

whi ch each protrusion is substantially equally spaced apart fromthe
adj acent 25 pr ot r usnefestrogtatic adheck Bractardemrtveth axmnbadgnd\trmﬁﬁsnnvenﬁﬁﬁ

CUbst ant al  pBPY RO e b b PPN Fof ot L O

top portion otlebthdtdtic@hhidkSduPin: E,a pMSUeﬁsh G&térdllfycinudﬁoﬁyfehﬂ&ﬁldﬁaii@hness
not shown, |eaving a gap 211 between the protrusions for hel |%_‘gl?}
PeSY on

ot her gas f or Pipgeseess hept icgrapiatRg thasys EW"F%t‘O theisehdiste: s ctymps
spacing, ¢gly lﬁnégamhé tROGbL e mh) ¥ AlsethRSAducr Vdt& \R}BQWW&]' ORSBRYF

contact the s trate. I n accordante with an enbodi nent of the
i nvention thedsnmtamﬁabmqu a i saoe tignee aflas mekesrit dsvmble tq maintain a

protrusion’s EI())EQIf?eH gr%e%atﬁtreea?ld tempel‘aure range, or temperature distribution, across the

wafer during the process. Acceptable heat removal results in a substantially uniform
temperature and temperature range, or temperature distribution, across the wafer

20 during the process. In accordance with an embodiment of the invention, the
temperature distribution across the wafer may vary by +25 °C or less, for a substrate
temperature that can be controlled to about 400 °C or less, or in some cases to about
250 °C or less, or in still other cases to about 100 °C or less. In accordance with an
embodiment of the invention, a process may result in a heat input to the substrate

25  that may range from about 1 watt/cm? to about 8 watts/cm®.

The temperature and
distribution of temperatures may be measured at various different locations across
the substrate, and the temperature distribution across the wafer may vary by %5 °C or
less for a substrate temperature that can be controlled to about 100 °C or less, or in
some cases to about 70 °C or less, or in still other cases to about 10 °C or less. In

30 another embodiment according to the invention, the process may result in a heat
input to the substrate that may range from about 0.1 watt/cm? to about 2 watts/cm?.

In an implant application in accordance with an embodiment of the invention, the



FIG 5B illustrates the differences between uniformloading of a
protrusion (as in an enbodi nent according to the invention) and edge
| oading of a protrusion (as in the prior art) on an electrostatic

chuck. The shading illustrates the rel aglave anount of | oading, for
both a uniformloading and a 10% edge |'dadi ng (not 5necessarily to
scal e). I n accordance with an enbodi nent of the invention,
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etching, lithogra rocesses. ocesses Or uses
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substrate, cesse us an i se.t esult i.n th
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the area of direct contact between contact surfaces or protrusions of the chuck and
the back side of the substrate.
In an electrostatic chuck, back side gas heat conduction is the transfer of
thermal energy between the substrate and chuck surface. Heat transfer can occur by
25  conduction of heat by gas atoms or molecules between the body of the chuck and the
wafer. Back side gas conduction takes place when the molecules or atoms of the gas
leave the back side of the substrate with heat energy and deliver that energy to the
electrostatic chuck surface. According to U.S. Patent No. 6,839,217, gas conduction
heat transfer has the disadvantage that the area of the protrusions must be strictly
30 controlled dimensionally to match the characteristic distances of the mean free path
of the gas at the pressures of the gases used. Further according to U.S. Patent No.

6,839,217, leakage of the gas can be a problem for vacuum processes and may result



acts may be repeated. In the fabrication of integrated circuits, a
nunber of processes also involve the application of ion beans to

sem conduct or wafers in vacuum These processes include, for exanple,
ion inplantation, ion beammlling and [gzacti ve ion etching. In each
i nstance, a beamof ions is generated in"a source and is 5accel erated
toward a target substrate. One way to achieve high throughput is to
use a hi gh cufy et QemRE8H zgldtﬂ&gglbltela rhédR oﬂ%rffrfe'rﬁ?@ce% BF Redlided gas
conpleted in a relatively short vvever ge anounts of heat
are likely tocdmelyeamnaatehe b}kagq@rdas gﬁomglvmoomogl capaaity, thm&asme%ﬁﬁurﬁay

result in unc ed di f rities and r
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or less, or in still Pher cases to gbout 100 C or less. In

accor dance wi iniventipne s dgightofl the profmgionnigaheyt ormiczonsr ocess may resul t
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less, or in still other cases . to about 10 C or less n ?not ﬁr
embodi ment  ac EbHHfisEbuiss gavin the gam Fﬁﬁm‘%q%Qreﬁ?‘Hﬁg?Q“i‘fﬁya’Pdeg&‘ 1fatgshe,
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about 2 watts/cnR2. In an inplant application in accordance with an
embodi ment  of betiveer the swstigis,and gbuck pravidesithermal hest transderdo sagiral éhapaten
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70 C from room enperat ure, erature
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o e ent el e G S TR LM SRPL R

t enper at up® ap@l ihide@ns or Moedarmmblar shaped rings as disclosed in U.S. Patent No.
6,608,745, near the edge or outer periphery of the chuck. These rings can have a
height similar to the protrusions and a width sufficient to provide a gas seal between
the substrate and ring edge. In some cases the amount of gas that can by-pass the
gas seal is less than 0.2 sccm for a gas pressure between the chuck and substrate at

30  vacuum chamber pressures less that 1 atmosphere.
An electrostatic chuck in accordance with an embodiment of the invention of

the invention can be used to hold a substrate in place by electrostatic force. The



a roomtenperature application with a highly controll ed tenperature
(+/- 0.01 C. Cenerally, during a process, electrostatic chucks

di ssipate nost of the heat froma chucked substrate in tw ways:
first, by gas heat conduction through a_go_ol ing gas in a gap between
the substrate and el ectrostatic chuck di‘électric; and 10 second, by
contact heat conduction, which is conduction directly across the
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25 removed from the chuck. Given the small gap between wafer and chuck, additional

gas ports may be needed for this purpose. In operation, the substrate is clamped to
the chuck, valves are opened and a gas such as helium is introduced from gas inlet
holes under the surface of the substrate, which is supported by the protrusions of the
chuck surface. At the end of processing, for example after ion implantation has

30  occurred, the valves are opened, the coolant gas is pumped out, the electrostatic
chuck power is turned off, the lift pins are raised, the effector is inserted and the

substrate is removed from the chuck.



10 The nean free path depends upon gas pressure and the nol ecul ar

di aneter of the gas and tenperature to achieve the nost efficient
heat conduction. The height of the protrusions may be nodified to
take into account process tenperatures, pjessure, back side gas
pressure, and chucking force. In one enbddi ment according to the

i nvention, the height of the protrusions is about 6 mcrons. 15An
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el ectrostatic force between them This electrostatic force holds the
substrat e agai nst al QoA I 4
protrusions on th &’Hﬁgctf?gﬂs{ at'i C&%:%S Epﬁ%g%e& aﬁ(% l%c{%gr eg‘gt%q{aﬁ)bwa
subst r at e2¢ anlabg atransé &rcetr b)glm rvolage, theaiustmn ducparalmgahd wg&s amhddie
conduction to th nsul at i er pof the o channe ce
bott om of the° }eqceg{eftm({ aqtalng’g %‘V ?/%yclﬁ"}gs ?gjo r‘fy??‘eﬁaﬁl f&let’h“
cool i ng wat er accbrilabiewittaars erhbddimbeyt (ﬁ‘lﬂlﬁ‘élnaemanv‘mfoﬁlcr S biptpiara chacking
three lift pi down onto he prgérusmns 0

s, 1.s droppe
el ectrostati CPOE‘F’FUHF dg‘;lﬂ?f%te?'lg‘ﬁe‘trﬂ@' 'b‘ﬁ'\ﬁért gknese Pt Ly&xpgple; &8’“ about 25 to
el ectrostati Caot'240 mfcrons. Among other considerations, the thickness of the dielectric layer

30  is limited by the breakdown voltage of the material, which places a lower limit on

the thickness. Thinner dielectric layers allow greater force to be achieved. Also



20 turned on. Cooling gas, such as helium is introduced froma
pressure controlled gas source through an array of gas inlets. The
gas inlets may be connected by a mani fold and hoses to a vacuum punp.
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t i . . i
protrusions ofjd %o?%&%%tﬁ%é#?%%ﬁtﬁlg Slﬁreéyag b€ @Q!lug%)f g &%%Fllﬁ mdr&¥han one

exanple after 1on 1 np ccurr e valvés are
opened, tHe coakralt Fgasxamplg aspischseasd furthérdbeltive eh nbwtina fliclectnigakoysd@er

is turned off,.the.l.ift pins are raised, the .effector. is.inserted d
e Subetr ot anietons ghiek fna¥ bF Boftffiul 3o tab6igh 1dyECAmRlu b it BRERIE AN

wi th an enbodirammsiomffronhithal w0, ialdo silkbn eArbidles afH mickenshieighk can
include lift pins an round pjns. s seal jng..surfaces may be r med
around these in a%%(ﬂqu%ﬁegffa‘éfﬁ-8%@{&?-@8354131 ﬁ?hega%mg@&s“ ‘i‘cﬁ@‘){]{sﬁr

the edge of tgels @h&wraﬁpﬁara&dngtegfa,%ksomé/\éﬁf@papm&@me duAGELHLRABE £nd
wi th an enbodi nent of the 5 invention, these gas sealing structures

may be f oflhed substsaie sich agayvates or sagh denmrtheywater er mask Baybe Jefermadrhy the
di stributi ; le b
| stribution &ira,ﬁrgéaggnmé %P&a%ﬁze, %ﬂﬁ%&f&ﬂ%%laﬁg)@gml_éuu&% exanpl e by

i ncluding portio prot rusi as di scusse ‘
Subst r at es usadettmastaticadiy, agaimst a Dattrafieirence hufake, a0y enttippgd partiakes could cause

enbodi nent of e inventhon can,i nclude.sem.con tor. wafers., flat
S oan s o ia AcSimlani B 0 rofiPas Bk RGeeR STEPRILBE Qo RhG i a1,
that are hel dbline. Thie cal enbe aaiasibh ¢n Eiplat prddegay sHdgsenoibl yibld lesape,

t he subst rat can have an are qual to or greater than.a 100 .
e oS ReibeBe Mipare: desbnp RO endr e i roRUlty S
mllineter dippeufeswafer or a 450 mllineter diameter wafer. In

general, electrostatic chucks utilize the attractive force, which is
simlar to 15the flapeordracqwith apgmbpdigieatofghe mventipae the gas intrgdpgsd dntg

substrate, s L{ﬁbﬂﬁéesaoeﬂ%eﬁrthe él{%ﬁtmt@gxfd thb @Ie@ff%ﬂ%ﬂﬁ& WB§ Bro@fl!(e sufficient

enbodi nent of the 1 nvention, 'S anpi ng ce may be In the range
of 25 to 35 tthermal hest trafisfiey ty adnived thei substrate thinpenatung) At thagamedgne het gag,

53,100 288, Rl ML 0147 RGRRHPL AL BPMGSE B 2,
i s applied baihbseare tbhikglearns@fc afickdchait\s@nifiaatty Enisisheingroatedme. The
between t hemt esnnfapcl:oln%}ﬂvcstivity of a gas is essentially independent of gas pressure as long as
the mean free path of the gas molecules is small compared to the system dimensions.
Cooling gases useful in accordance with an embodiment of the invention may
25  include hydrogen, helium, argon, nitrogen, and mixtures of these and/or other gases.
The back side gas pressures may be within the range of approximately greater than 0
torr to 20 torr, or in the range of about 2 torr to 15 torr. Further, in accordance with
an embodiment of the invention, the temperature of the chucked substrate may be
controlled by gas heat conduction by adjusting the back side gas pressure.
30 In accordance with an embodiment of the invention, discussed with reference
to the embodiment of FIG. 2, an electrostatic chuck may include a dielectric layer

212, which includes one or more protrusions 201, overlying a first layer 214 that is



F jA 2612 where Ais the common area of the wafer and chuck

el ectrode. To obtain a 25large attractive force for a given voltage,
the di stance d separating the wafer and the chuck el ectrode can be
mnimzed by using a thin dielectric laygg. Therefore, in accordance
wi th an enbodi nent of the invention, in order to obtain a chucking
force, the dielectric layer may have a thickness of for exanple, from

about 25 to a . ' &ﬂgbg ehad | Rodes 21

t hi ckness of Pﬁgltd%lgé%ed% ﬁ%??géﬁﬁg%c%ﬂﬁ%l te h%ybﬁg ?Igaetll(doanes .
vol t age of t hereratbeddedlin thetfirstlaydr 2¢ 4 sndicdvewarwith aiieleotict dreameripbiysess.
Thinner dielegtric.layers allo reater force to be achiev -
26 "Bl gh ai onisierRice Sl S e PERE Rleriehy, U u® more RIEMRAERyerf g be
force. If a gaplwxsd & the BRtv@EIicicheckahterodde mebhimical fidporit so the lfir@dayer
either with a_| ow ressuregﬁ)as,or a vacuum . then the _diel ecti\ric

constant i3 edkband aerlyingqiglechic 312 dhat gitia thgremoyalgf hptgand thef ey

noted that thg,fheheEsdedi@%ath ABYabe PheHiRL&MC &?éﬂ@@%@, St REmPR! Be
t han one 5S5material. For exanple, as discussed furfher bel'ow, an

al um na di el eelaw strespeilicon gmtaining dietectrivi fhedewy shess disdactitr WpY ke a
silicon carbi I: ' | ' o
that surface, grgfng)gxgﬁn??gﬁ&cdép ggl“gae%g?}%&p%&é %g I!%[tg‘é?{“ @&%Je%sﬁe
di scl osed i n UeBckrtlayer 2Nbmag h8ds thicknessfof}t foeexmmpid, iftogn shont hossromkter

the tools,all ow.an articul ates. to becone entra d ween t he

nmount i ng %@r f g’caém %%P T&r%{néﬁrﬁsqrffmagqﬁ ‘%ﬂ?%‘%?‘ggb%‘? ?M?{?mf%ésn e
waf er or maskfifselaybe defsqndidin ¥ind hey ®otarcaipae spet 4d tuk 8ot 1pitedens algmhifa
if a wafer is clanped, by vacuumor electrostatically, g%grleélxgt fl at

reference sur PRI NEHer dip&est favet ? 14 B8y Ban hickuss of Tored st g
of the front gifles@hilBReldaf 6habot06 hikoldetdrd) 8F BHRAN BoBOL00! hRrdniktés to

flat plane. This can cause variation in inplant processes and
potential vyi ehbput b micrometers. The thickness of the dielectric layers can be used to control
15  the chucking force as described herein, with thinner layers providing a greater force.
Techniques of forming a patterned electrode 213 of the kind described above are
taught in U.S. Patent No. 4,184,188 of Briglia, which is incorporated herein by
reference in its entirety. Electrical connections (feedthrough) through one or more
layers of the electrostatic chuck between the electrodes and external power supply
20  are provided (not shown). Gas inlets may also be formed through one or more
layers of the electrostatic chuck (not shown) with openings to the dielectric gap
surface bottom. A first thermally conductive material or first adhesive layer 215
may be used to bond the first layer 214 with an underlying second layer 216, which
can be a ceramic or a metal. The thermally conductive material of the first adhesive
25 layer 215 may be an adhesive, such as but not limited to a thermoplastic, an epoxy,
or another material that can bond together the first layer 214 and the second layer
216. The second layer 216 may provide mechanical support and thermal
conductance and may be a ceramic, metal or other suitable material. Optionally a
second thermally conductive layer or second thermally conductive adhesive layer
30 217 bonds together the second layer 216 and a bottom layer 218 that contacts a

cooling fluid. The gap 211 and optional gas channels can be filled with a gas, such



15Reduci ng the contact area of the protrusions can reduce the
probability of trapping particul ates. I n accordance with an
enbodi ment of the invention, the gas introduced into the spaces

bet ween the substrate and the el ectrost %c chuck may provide
sufficient thermal heat transfer to cont t he substrate
tenperature. At the sarre time, the gas 20 pressure may be chosen to
be | ow enough t at. th cgctive force hol di/ﬂg thglfllét}ls rate 1o t he
el ect rost at i c2HGaE }?e uﬁ’o YEPEy F1BRA R PO/ i ‘W BT SVErCoNe. The

thermal condughliage bf g&fin@ th@surion@ifg ednmtstr| Y 1 ndependent of gas
pressure as |long as_the nmean free ath of thesgas nol ecules.is small
conpared to the sy‘é’t"ér‘f?féieﬁ%@ltb"n%m adymentng Flidsh @ cesesentiongl Vigk gt ghince

with an enmbodijignt %Qseglhﬁ@aﬂﬁ?imf bRIASBYs Z7 f?&da‘d%rt'i&ﬁdff@ﬂ@s’hbstﬁﬁidllym
argon, nitrogen, d m xtures of "these and/or other gases. The back

side gas pYeselwnkssimasd pasten oftrirotrusinns aang%thoﬁleatp(pﬂtwwh’a@l@ar? shprvepinghat
than 0 ton t Oﬁ%uq t Bibh 2 Em% nont Iﬂﬁ 1%% nagéaed%tl lftc @[aét%peat Qn %ﬁe Erﬂﬁodlment,
0 W 0 of L Re the

Further, in ac Fdahc I rent I nvent1 on,
t enper ature othe phgrusions k@ldars ujaliﬁdmﬁlmn&wvdaaedmmnter ofithinch ﬂaygg@fs heat

conduction by adjusti he back sid pressu 30l n _ac dance
with an enbodfHrE ?%%WWWW? o de‘%@E%?&d”\?f %RP‘?’@P&FZ‘H@ to the
enbodi ment  of mklifdetess toarinmhﬁ&&lr S Eidsirste QUOIGKchB Y vidTél (Setahactbsdigent dfc
| ayer 212, which includes one or nore protrusiagns 201, overl%::tlgg%

;

first |ayt} 2HE. tzh?ﬂn“icés the diefpctric; 312 glongithgtorfiriargy 3 otihe 8
cerani c corrpomﬂ‘vﬁu 38 o ﬁoxgﬂy%eﬁ&gﬁ%ﬁ&dﬁﬁh&i'g% tRe ﬁro?rﬂtl&%dﬁﬁ 80N A8 in

first layer 214 an [ectric, an anorphous
di el ectric, othetop dewsefithe smbodinents of Eigselt and &are citpdaroit sheydé be

addi 1 onal | EESRRT ASEEd bR d1H61 BRYEITHAL Lol Mk

provi de nmechani ca irst’ ayer
dielectric Zlelanglhat reatadgular bhahexempeethatcréddwapamdasjduehamonmyufoxmnt act
a cooling wat er.. The di.electric |ayer 212 may, for

I u a,;
exanpl e, OP%W gf‘?‘ggébsgﬁe 00k USHESIPH ng diel ectric. The | ow

stress diel ectric Ra¥cd@arRBWithhambdithenaPthe dRRAEd, @fordén cemamnhe
by PECVD at | ow tenperatures. The dielectric |ayer 212 my o‘?fve a

thi ckness of , back sidg gasgIcentifuoghREmiG Fing caR by fmedat t&@??f&)haty ttheo
m croneters, gQiefok@ft aRKko %romcﬁ ng?gé?ﬁ bl tRe&PRU sudstatl 0l CREKE IThe ghfie

first layer 214 1s 1nsulating and Tay be a ceram c, such as but not
linited to alSesimay bra edntimiipusraingiar-iod &aturashapied sing latihe interfape fhgvesa e

e SMekacss ool Bl 88 il AL 30 1 IRTELE g AR 290
The t hi cknessmafimtlhgas thakhgec tThie anhdyreirg mmanhdye astigltlyt onallentiaoieter than '
the wafer to accommodate wafer placement tolerances, so that if the wafer is
misplaced the gas seal is not breached. Where possible the gas seal structure
provides uniform distribution of force between the substrate and chuck. In one
25 embodiment, the gas seal may include portions of protrusions in order to provide
uniform distribution of force. The gas conductance of the annular gas seal(s), gas
inlet gas seals, and lift pin gas seals(s) depends on the roughness of the contact
surfaces that create the gas seal, for example the roughness of the surface of annular
ring and the roughness of the surface of the wafer that contacts annular ring.
30  Another factor that can affect the gas seal conductance is the presence of hard

particles on the contact surfaces that create the gas seal. The magnitude of the

clamping force between the contact surfaces that create the seal also effects the seal



15t he chucking force as described herein, with thinner |ayers
providing a greater force. Techniques of form ng a patterned

el ectrode 213 of the kind described above are taught in U S. Patent
No. 4,184,188 of Briglia, which is incor gtated herein by reference
inits entirety. Electrical connections ? eedt hr ough) through one or
nore | ayers of the electrostatic chuck between the el ectrodes and

external povegesiieihde. 4R aBldRddcO WitaH chibSlinfRPY the irfv@fition) b RIve stFay

al so be formed through one or nore layers of the el ectrostatic chuck
(not shown) widickecoppandusgs ot diminatesitratisend othegsypfase defgets thas carorrpvide

first thermally.. I I r.first 1 y

be used o boRtEROaFely BeiPlof Vaffus toy [ealed in BEGTbIEmbR Bl arbihe FRY

216, whi ch casedbproxidesn &ukeateof abave 03l scentloe leshatrandhhimperquestuctfovexample
material of the first adhesive 25l ayer 215;ma e _an..adhesi ve, such

e But “nov 51 1 e ived B o S5 Rt Gbod Y02 T o SRRl SR p By
that can bondf fgekdissle bhendt likdited ko @ @14 t3idfor 206 et iRtkdraydér 0216.
The second | ayer 216 nm rovi de nechani cal support and ther mal

conduct ance aFpghagss B@a%’ug &9 arometore(ran) Ror 2 gaiepl reughnat of fmxamply but
optionally a aeaanfkd BSbOR! 8 srRMIEHI 306 kSl flenBRRMGARIT | Y

conductive adhesive | ayer bonds togetfier the second |ayer 216
and a bott om kesanaple BdiShot hatited tmt At volta agross| thespbisirate dnd dlhetragigp 211 and
optional gas channels can be filled with a gas, such -27 - as dry
air, helium hydrogen, argon or nitrogen. A gas seal 219 hel ps
prevent | ggkage of gas into the surrquogispyrchanber. Wth reference
to the enbodinent of FIG 3, a cross-sectional view of an annul ar gas
seal 319 and five protrusions 301 froma portion of the substantially

Sequal I'y spaced patrhRleRafple N@ifaies cADHaRE FR6& bhetrionsltpasin@ficanicinc K
are shown in that figure. Each protrusion 301 is a raised surface of

contact area. high bymes enprotpent formed opikr vleroasamdectigs@tie iickdR i cal
and have a di guRt&hcdidl il cAbbARRR: &fth@&g&gwnmﬂhxwg iPth¥lehlbo IRt R 8f

to 1.25 mllineter, or of approximately 0.75 millinmeters to 1
mllinmeter. AF§GSonakanplednoludsh protrusiona$@r thatsfeatureriet amtbotareenterdgp

LOFI G 2) jgontagl sl e 83 PLRC dikfertt S8 hilfmbRRs. SHi{AG b aRAeh: AF

t he projections
FIG. 8, the protrusions 801 may be made from 10 micron thick SiC vapor deposited

from Si and C sources by PECVD on an alumina dielectric layer. The SiC has a low
stress. The SiC layer may be etched by reactive ion etching through a 30 micron
photomask to form the protrusions. Gas seal rings may be formed around the
20  perimeter of the electrostatic chuck, and around the lift and ground pin holes of the
electrostatic chuck. Gas ports for adding and removing a gas, such as helium or
hydrogen or another fluid for gas heat transfer may be formed in the chuck.
FIG. 6 is a graph of calculated force between a wafer and electrostatic chuck
protrusions for various protrusion diameters and center to center bump spacing, in
25  accordance with an embodiment of the invention. The calculated values assumes a
load uniformly distributed over the protrusion surface; however, it is also possible to
calculate the force using percent loadings to account for wafer lift (for example
10%, 20%, 27% or other portion of force due to edge loading). The results show
that 0.75 mm and 1 mm diameter protrusions in a trigonal pattern result in lower

30 force between the substrate and protrusions than similar protrusions having a



301whi ch can optionally be roughened. Although the protrusions 501,
801 shown in the top views of the enbodinents of Figs. 5 and 8 are
circular, it should be understood that the protrusions 301, 501, 801
can be in any shape, for exanple triangy%gr, rectangul ar, or other
shape that reduces particles due to non-thiform 15l oadi ng of the
substrate on the protrusions. In accordance with an enbodi nent of the

invention, in t - A | 8?% [ [ :
annul ar ring 8'g§g§£0rf(rg5rrﬁn@3ﬁ %{‘&?‘Ihzﬁ Sggsﬁ‘gﬁgllﬁggb élgrélﬁelc rr%‘lg{[?gtﬁlh?
chuck to provbdeean gragus@aipabiap aed fortd)end thesibndinearaeldtiaisbipkbetWéra gas
seal may be a cont.inyous circular- or feature-shaped .ri t the
Thterface bet REUTIPREATSeE ARE{ording ™y Hesr e ORI R0 oy BT e gy
act to hol d gascdrehina@rdthRionaBET ofht BmBbdIhi¥R ofJAS. § Bk d@Compired with
annul ar ring may have a_slightly snaller dianeter than the wafer to

accormodat® wie derep faeetherprotretiensaisingshe graph aBkIG. f- e Ofamp preirusions
i spl aced ¢ hey@ias GE@hyddmBor MO B dbol SO0 LILRRPRIrRlEed B 535 Sea

structure prowdes unrtrorm IStI’IbUtIOI’] force tV\@GI’]t e
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portions of p rusi,ons .l rder to oVi uni.for iji I i f
Force. The onrohatinh i Icie bRl iy e L Pl on i s
seal s, and | i dgartpind hgeiag & dintefa )of dSpamdfor avhidhhtte caagditae acoils itdieated by

contact syrfaces t reat he gas seal,.for ex | e oughness
of the su 4ac%5t6‘f mgﬁ{:lu%'aﬁ?‘? &ﬁém&‘i’mgm[t‘%‘o% hﬁﬁ?so‘ggg’ftﬁ’é%zﬁr# ﬁ’@g’g?)‘ft
the wafer thasog %F@%ﬁlp&@ﬂ W @5 min PtrudBnMHABAIt ih 8k bight fiMad higkdt

af fect the gas seal conductance is the presence of hard particles aon

the contact stanfastesa hbg coptashensa fafehgerstradans 80F1é theegrodirernt of FiGh
cl anpi ng for Cﬁlafﬁé !’ggﬂﬂaﬁ Gﬁecglg%ﬂf% ar?d"érfeé’t@xetﬁaﬁ payt ms%ﬁ% prBiaseRby@kso

effects the sea 8 - conductance. Tn accordance w th ‘an enbodi nent
of the inventawmgedocohetyrereths vdifeand pratmsioasiambsssorafed bawingtvdule

cracks an Ot AEnSHbE RIS 95 eRkR MRl CRRRLRNLHG BRELLEeS ARl L eak
pat hs for “various ga% Seal's.  I'none "ermbodi nent, &n annular gdgas seal
provi des a | elmdve matsigniffcamtxdiett ¢h the scalingaiffidiery oftheawafbanber pressure

for exanpl e 5but imted t bout  10-6 ton_.o.about 10-7 ton, a

back side cool | ng Gs it bidap bP ot capiars pes g ASEArsiREtar e
ton to 15 t onandfc@hteRtodRBteploriubiBh Spaciiph dh abdordMUgie 26 efibodiBut ofltfle

nanoneters (nm Ra, a gas seal roughness of for exanple but not

limted to ab®yentzno Thearrew st tozgulouiasdreentag! s5er @it 3Gk fen ¥ rreirasien
of for exm%%%%%ﬁgg%n%%gggqﬁa%mg)gﬂ;rgéusq&{spss t he substrate and

el ectrode.

EXAMPLE 2

This example describes a trigonal pattern of protrusions that was formed on
the surface of an electrostatic chuck, with 8 millimeter center to center spacing
between protrusions in accordance with an embodiment of the invention. The

25  diameter of the protrusions was 0.5 millimeters. The protrusions on the platen of
the electrostatic chuck were divided into three sections and made from different
materials (SiC, a non-stoichiometric SiC deficient in carbon, and an Si section). The
individual sections were made by PECVD of suitable precursor gases deposited on
an alumina dielectric layer. The sections were etched by reactive ion etching

30  through a 30 micron photomask to form the protrusions. Gas seal rings may be



This exanple illustrates calculated forces for a trigonal pattern of
6 mcron high bunps or protrusions, fornmed on the surface of an

el ectrostatic chuck in accordance with an enbodi nent of the
invention. As shown in the enbodinent of ;351G 8, on exanple includes
protrusions 801 that feature a 4 mllineter center to 15 center
spacing 827 and a dianeter 828 of 0.75 mllimeters. In the enbodi nent
of FIG 8 tNGoicAlufdip AbpeRfibidiRY hQiddfald Qo bRt finclaaSi C
vapor deposited from S and C sources by PECVD on an al um na '

di el ectri c | agerund PinchaBis©fiteselectiosiatic thusk s GaT pertsiocaddiggandwginoymg a

etched by reactive,iagn gtchi [O 30 .mi.cr form
t he protrusi o%és.’ S‘t%lsa%sh(eaglﬁrg o ﬁg‘gggreé]y&%go@%} n%g]fz{r%%gg%??r%gg@églg&?’ﬁet er
of the el ectr dabtrtiictheltbiodk, and around the lift and ground pin hol es
of the electrostati ck. s ports for addin nd renpvi ng a gas

such as heg i um or hf@f%ﬂ‘d aa‘ﬁ@f"f?ﬁé‘? o%&qoas-§e8pgr&igrq§1@%§?qprgﬂg§1@?om
be formed in tRewsMilehuck with afd ith&uti(BIGS. 9haRa 9B re§rt GHIptBhdied agze

between a wafer and electrostatic chuck protrusions for various .

protrusi on di aeehise palishingninaeccardance yidransmhedipene phije inygnten. In this

accordance w ' [ ] 3 I | ues
gnlbaaxpggpﬁggiaﬁwn rBloghfia iRY Eatinhh adbforiPdiiidl Alnsiinite

assunes a | oad uni distri over the protrusion surface;
however, it i pobshing qfdlsioplserface of alprettuston prénddésmignificast vngxpeatedent
| oadi ngs account for fer Lift (for . exanple 10% 20% 27%.:.
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al so show the pemﬂ% @ﬂﬁrfofe%hﬁbiepdysﬁﬂlﬁhiﬂgimﬁ sRERE bB & SBctfdRaicREuand
force, and the non-1inear relationship between protrusion di aneter

and force. AsPeptpsionibyliped with 4ApEet siligrn rapen ) pipfibaiofdbe reagféing promsionr
the protrysi onse3Rh ifFic W, STRAGIIRE whh aff bfboimiRvoriR HOMRBRE Aah Be
5 the forces tor other protrusions using the graph of FIG 6. The

0. 75 nm pr ot r ssinpthe p8ile of the ip wnfacciP2fefeatunss sfinGrouwghngse. hbaslditiGo the

| arger conpared to 0.5nmm protrusion nd resyl t, i. n_appr.ay Y
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conpar ed to ardsriserstonadinding lefgtipdidiensioh 985, Bpacieprérthembadimenndhe
havi ng a di angte f.0.5 for. which the cal cul ated force. is
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reduced
include use of a soft or hard polishing pad, with use of any suitable polishing media

such as polishing media that includes diamond. A profile of the resulting protrusion

25  is shown in FIG. 9B, in accordance with an embodiment of the invention. It will be
seen that the profile of the top surface 932 is smoother by comparison with the
roughness 929 of the hand polished protrusion of FIG. 9A. Further, the protrusion
of FIG. 9B features a modified edge geometry, with a shorter rounding height
dimension 933 by comparison with the corresponding height 930 of FIG. 9A, and a

30  longer rounding length dimension 934 by comparison with the corresponding height
931 of FIG. 9B.



average force between the wafer and protrusions and | ess wafer

bowi ng, while 15 maintaining a 25-35 ton wafer holding force
(clanping force) and is expected to have no significant effect on the
cooling efficiency of the wafer. FIG 7 is a graph of

cal cul ated contact area for different p‘r%lt‘r usi on dianeters and center
to center protrusion spacings, in accordance with an enbodi nent of

the invention. The_arrow pojnts o . a cal cul ated conta rea of, 0.36%
for a protrusion 2bhusy EFE’@L‘B’FP | Rolishing 9 H‘i?ﬁl?ﬂ%e“ﬁgﬂ:@r?% ovides
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different material,s (SIC. a non-stoichi.opetric,.S C,deficient |
carbon, and a}helggﬁ’ %’ecﬁpgﬁfqnﬁcﬁlésqcﬁ?&ir{}qaﬁaqr ashggg P8 Sgleg X mﬁlﬁa'elrﬁeil
PECVD of sui t@bh®iopmesiiesfof egansis, fetepa surifaed roupghasssalf abiu 00 hal te abditC

| ayer. The ngti ons were etched by reactive ion etching 30 through a
30 m cron ph sk to formthe protrusions. Gas seal rings may be -

30 - formed _arounCFI@Sel@&%mﬁﬁrlelosuﬁ? 246 bf AR Al sk e G iIHA DréMEs of the
around the lift and ground %n hol es of the electrostatic chuck. Gas

ports forlladdrratusaens of ERBS.i Hyand YPhgespseiivglyain srspidanscovithgnierobpdimert of
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reduced from about 0.10 pm in FIG. 10A to about 0.04 pm in FIG. 10B. More
generally, a surface roughness metric may be reduced by about 50%, or by between
25% and 75%, by machine pad polishing of the surface of a protrusion. Further, by
virtue of the machine pad polishing, there may be observed a modified edge
20  geometry of the protrusion, such as a shorter rounding height dimension by
comparison with the corresponding height of a similar hand polished protrusion, and
a longer rounding length dimension by comparison with the corresponding length of
a similar hand polished protrusion. For example, a ratio of a characteristic rounding
height dimension to a characteristic rounding length dimension of the edge of the
25  protrusion may be reduced by a factor of, for example, between 3 and 4, such as a
reduction from a ratio of 0.01222 to a ratio of 0.0034 (i.e., in that case, a ratio
reduced by a factor of roughly 3.59) for a height/length of 0.7802um/0.0638 mm
when polished only by hand as compared with 0.3525um/0.1035mm when machine
pad polished; or by a factor between 2 and 5. It should be noted that a similarly
30  modified edge geometry may also be obtained without machine polishing. In one
embodiment, a modified edge geometry such as that of FIG. 10B, which features a

relatively shorter rounding height dimension and a relative longer rounding length



10performance benefits by reducing particle production, and results
in 1l) a different protrusion edge geonetry; and 2) a significantly

i nproved surface roughness. Mre particularly, a production process
wi t hout added nachi ne polishing uses han 2polishing only, for exanple
by polishing the top surface of an electrostatic chuck protrusion by
hand with 600 grit silicon paper. A profile of the resulting

protrusion 15 i i : N C g, Hh: i t
b “the 1 nvent f R el Be Kefeved By ol RSB HRE B R0 FIRRUTRD
f eat ur es sone desingd howesling Hefigha tidiouinding lenpth retigeFgexampleya iatidiofat es a
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roundi ng | engfﬁarﬁ‘iq?fésgigir%ﬂ‘ e1g d%enfwﬂggah@ﬁ%grﬁt%ﬂwﬁ%l nﬁgnd
pol i shing of heergiodtof BSiweBn hSous 0J0P4ENRIALBEuV0.00B 06P6H Hehifecn@bowi0. 0081 1

for 20 exanple usin? machi ne pad polishing. Such machi ne pad
pol i shing fray anbabosE P 9P, may Se ¥¥sdci fi ed pressure for a specified

time. Further, machi AgiRA, by Dirkd ofBY% rhitblnd$ad paRHidltos a5pt6tusish ise of
a | appi ng machine in a polishing node, and may include use of a soft
or hard pol i shé¢aerdapegiwithian kmbedimght efrthe myention, an plottraskitin ghwakdhay kayetan
as polishing | 1N e I rofile. of . : I ting
protrusion 251 slgj Hgﬂ%(%/\ﬁea}foﬁ}n &ﬁéé%@ﬁ?&{%cﬁ@g\ggrr@%é@e\ﬂaﬁﬁ%grlfg Q%b‘{élgf%ent of
t he i nventi onsubstratej duch hea sarivoiduator iaerpFof éxampbd, favwe tham® 080 phicke

932 is s ther,by c ari s ith the roughness 929 of the hand

ol i shed S ot P  Bveefian 20a0 bl AGHTS Y U GrPatigh e Grie e acegmree
features a nodfh.16@ntelgRe &0 MRER X reditddprodisdiion b€ badkaidedianec xahgbe

di mensi on 933 by cgnpg%lqson with the cdo?respondi ng . hei ght 930 _%?E FI G

9A, and a 30| 8#gaapisd fyiaderk of igpact an theraplghamgieripicsceyep Arithasingpass in

the correspon Q skt Qf‘eia%%we%ﬁ ér&fusﬁh?ancpﬁ-bstrétg kuch as an incrz_ Sf ug I?daten times
machi ne pad polishing of the embodi ment of FIG 9B provides both a

reduced surf aé}pcqrwghmex_ss and a nodified edge geonetry by conparison
T LD I o0 DS RS RS BB ok U
about a 50% r &gers tca@nding tearbamtsddirnent o6 tghmensomelr this,entwdimens, aRarface
which is a maflasylérr l?av(i)r]:g aa c\;/oef\nt(r% gd sOJrfaE:eo yeglhs{}\%%sis used to reduce the likelihood of
“wafer sticking,” which occurs when a wafer or other substrate electrostatically
adheres to the chuck surface after the chuck power is removed. A surface layer
20  having a surface resistivity in an appropriate range, such as, for example, a range of
from about 1 x 10® ochms/square to about 1 x 10" ohms/square, has been shown to
reduce surface charge fetention that can lead to undesirable electrostatic force and
ultimately to wafer sticking. The slightly conductive surface layer bleeds charge to
ground (not shown) while not interfering with the electrostatic attraction between the
25  electrostatic chuck and the substrate.

The electrostatic chuck of the embodiment of FIG. 11 has been tested in an
ion implant machine with good results for wafer cooling and clamp force, and with
low particle generation and minimal wafer damage. In particular, there was less
than a 50°C rise in temperature of the platen from the 1800 watts power incident on

30 the platen from the ion implant beam, and after testing, less than 5000 adders of a
size greater than 0.12 microns were found on the platen. Because of the materials

used to make the protrusions, in particular a silicon carbide coating, and the intrinsic



hei ght, by conparison with such a netric for a hand polished
protrusion. The reduction may be, for exanple, froma surface
roughness of about 100 nmto about 50 nm FIGS. 10A and 10B are

cl ose-up graphs of the cross-sectional ngflles of the 10 protrusions
of FIGS. 9A and 9B, respectively, in accordance wi th an enbodi nent of
the invention. It can be seen that, as a result of the machi ne pad
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of FIG 10B, v}ihicbhnl‘eeamtummslem Fig.4d). vAIdytadhmw enset bmdmnghbl)ghows the
di mensi on and a rel ati Y)z | onger rounding length - 32 - dinension,
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desi red roundi ng hEIGyh? sh®vs the ey phteaighkbdrfaiiheprd%ﬁrsmﬁmml if,thé

ratio of a character.isti undi_ng. hei ght. di mensi on and
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used. In addition, by virtue of the machine pad polishing o

protrusion i n12RdebRARAEON O mm)eFbepioterienor20 Hléd aheieht 1326, (seerF1G.
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seni conduct or ofWgfterr praseure.e Xberpingrolledswrface heaisti B0 Ry@awasi acdikicon carbide
coating produced by a plasma assisted physical vapor deposition (PACVD) process,
25  although other suitable processes may be used. For example, the layer may also be
deposited by physical vapor deposition (PVD) (sputtering from a SiC target or
reactively sputtered from a silicon target in a carbon reactive gas), atomic layer
deposition (ALD), high temperature CVD or other thin film methods.
The protrusions 1201 were made by blanket depositing a silicon carbide
30  composition, such as silicon carbide or non-stoichiometric silicon carbide, on the flat

alumina dielectric 1312 (see FIG. 13), patterning the silicon carbide composition

using photolithography, and then removing portions of the silicon carbide



10 adders, or fewer than 2000 particle adders, may be generated in a
particle size range of 0.16 pmor greater. Such a reduced production
of back side particles nay be acconpanied by a lack of inpact on
thermal characteristics, even with an ingjease in contact area

bet ween protrusions and substrate, such as an increase of up to ten
times in contact area. 15FIG 11 shows an el ectrostatic chuck that

includes a Che&ﬂsos?t%t&lﬂ{ redltVea6 L el RNE o leBFCAE Biod@isibRs 30 16(3&01@6@31}
of the invention. In this enbodinent, a surface |ayer having a
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1800 watts power incident on 30 the rom . ion, i nplant beam
and after tesf"}t?fgo”?t&ﬁfhﬁéﬁe%mg ge?& aﬁeéqs? V‘@F%{;tpgggﬁt‘r?ﬁr‘fa’bgiZ
m crons were ngmyq&rﬁlhgtmlc@ﬁ@asm&egmggogfngt he naterials used to
make the protrusions, in particular a silicon carbide, coating, and

the intrinsic - 39therQynstrass PeatingsWikh thessageisyifase revistiviy rargstconly be
wafers we f ge'r @@ﬂlahg ﬁg@mwoﬁ HRGRRh 3hd @eﬁéda%ﬁsmp@e tcbaufgbm an

surface a power was renov exanpl e of
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Col . 4, |bpe @&atinBlo®ulihoh@llike 2arbbh (& ofider @fatddiabthaPBbicalNdhas a higher
compressive film stress) to achieve the desired surface resistivity. FIG. 13isa
schematic cross-sectional view of the substrate contact surface of the embodiment of
FIG. 11. The dielectric material 1312 is alumina, and the protrusion 1301 material is
silicon carbide, which is chosen for its high hardness and adjustable bulk resistivity. -
25  The silicon carbide protrusion 1301 and coating layer 1342 has a bulk resistivity of
about 1 x 10® ohm-cm, which results in a surface resistivity of about 1 x 10'® ohms
per square. Surface resistivity in the range of from about 1 x 10® ohms/square (made
using a non-stoichiometric silicon carbide composition that is richer in carbon) to
about 1 x 10" chm/square (made using a non-stoichiometric silicon carbide
30 composition that is richer in silicon) has been shown to reduce surface charge
retention that can lead to undesirable electrostatic force and ultimately wafer

sticking. The coating layer 1342 can be from about 0.1 to about 10 microns thick,



6, 388, 861, the chuck includes six electrodes, and bipol ar square wave
cl anpi ng 10vol tages having six different phases are applied to the
electrodes. It will be appreciated that other power supplies (such as
DC power supplies) and techniques for charging and discharging the
chuck may be used. The electrostatic chuCk surface includes gas
inlets 1137, a ground pin passage 1138, a gas seal ring 1119, a lift
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1312 (see FIG 13), patterning the Silicon carbi de conposi tion using
phot ol i t hogr agtasge canidoltrhaserial dayov 141G tb@trhas aawiast TQSIfﬁélVSIY in o ranga pbirde
3

) 15  about 1 x 10® ohms/square to about 1 x 10'" ohms/square. The embodiment of FIG.
14 may have the advantage of lower manufacturing cost than that of FIG. 13. A
protrusion height 1426 of 5 to 7 microns and spacing 1428 of 4mm is shown, but
other protrusion heights and spacings may be used.

In accordance with the embodiments of FIGS. 11-14, a surface resistivity in
20  the range of from about 1 x 10% ohms/square to about 1 x 10'! ochms/square is
preferable for the charge control surface layer 1301/1342, 1442. Preferably, the
charge control surface layer should be a non-parasitic conductive layer, since a
parasitic conductive layer would undesirably couple the electrostatic force of the
electrostatic chuck to the charge control surface layer rather than to the substrate.
25 By keeping the surface resistivity of the charge control surface layer in the range of
from about 1 x 10® ohms/square to about 1 x 10'! ohms/square, the electrostatic
force of the electrostatic chuck is coupled to the substrate rather than to the surface
layer itself. If the surface layer has a surface resistivity that is either too far above or
too far below this range, there is a risk of either a reduction in clamping force of the
30 electrostatic chuck, or of insufficient charge bleeding from the surface of the chuck

and an increased tendency for wafer sticking to occur.



conposition with reactive ion etching to | eave the protrusions 1301
(see FIG 13). The resistivity of the silicon carbide conposition
(which may be either silicon carbide or non-stoichionetric silicon
carbi de) was controlled by varying the aggunt of silicon precursor
gas and carbon precursor gas used to nmake the silicon carbide
Sconposition and to achieve silicon carbide or non-stoichionmetric
silicon carbide w g n%grfaﬁctﬁm{ ﬁﬁéoﬁtdawléé/cdrﬁb&ﬂi%ﬁ #129 8¢ Qbedfitb sFhARE Ut
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spaci ng 1328 AMmis s u er spaci ngs may be used
dictates otherwise. Thus for example reference to a "protrusion" is a reference to

one or more protrusions and equivalents fhereof known to those skilled in the art,

25 and so forth. Unless defined otherwise, all technical and scientific terms used herein
have the same meanings as commonly understood by one of ordinary skill in the art.
Methods and materials similar or equivalent to those described herein can be used in
the practice or testing of embodiments of the present invention. All publications
mentioned herein are incorporated by reference in their entirety. Nothing herein is to

30 be construed as an admission that the invention is not entitled to antedate such
disclosure by virtue of prior invention. "Optional” or "optionally” means that the

subsequently described event or circumstance may or may not occur, and that the



Anot her feature of the electrostatic chuck of the enbodi nent of FIG
11 is a continuous ring 1119 (see FIG 11) of silicon carbide at the
sane height fromthe 5chuck plane as the protrusions that circles the
entire chuck at the edge and also circles, the larger through holes in
the center of the chuck. These rings act”'to contain the back side gas
when the wafer is electrostatically attracted to the surface.
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ohns/ squar e tﬂgge{%'o LI% yofll ilen&%b?fﬁ%ﬁ%@f g%n&arag@tTﬁga%%%rgfaHg nge%oari? t()Fﬂlzlg/o 851
may have t he thdvtart agmeoh otlewembodimefta cheuteinm faboo'tor { ‘hidstantiaty” séfels|t@.,

13. A protrusj i 1426 S to 7 mcrons d, spacin 428 of
a1 s shown. Faer BeRBed TR, S omatefbE SmERSHTREL AR A Rt

I n accor dance"cmghsiﬁgaaﬁbmﬁmf f%ﬁts@f sthIbsQ&teri;ﬂeteBgas rﬁeaﬂ}ﬂgf"&ibﬁlding, but
resistivity in .fhe rapge of from apou X 108 ohns/square to
about 1 x“i.ltofft H‘r‘r‘ﬁf’é‘qQréF%CC?’%P%P’QP%%P%&‘P%%C"‘PHgOCﬁ%‘}stiée F}Hlaﬁéﬂog or
surface | ayercigQthot3fe varldt 2ompsRharal sips.t ACorRRBEIERAPLIAr “Sbiisisace
| ayer should be a non-parasitic conductive |layer, since a parasitic
conduct i ve | a8f2shawsdbeiinigmpreist aa Befjpingessensially elosedsmember growrs. f or ce of
the electrostatic : r-at her
than to the subst r\g'i[q gg&é‘{s‘ﬁ;v/é'ﬁ‘ggg'?%&? ﬁ%ﬂ@h{aﬂ&g@%?ﬁﬁs\@ﬁbﬁg ‘of the
char ge cont r akfesancésioexhmplerembadinteatsrthergef, o fwill bommddrsiadd Uy thodddilled in
ohns/ squ to abgut 1.x 1011 ohns/square...the electrostatic force of
Che el aot o5 1E ket EdbeDPaRms BRPidon S Fema B Vel T o
the surface |depatingi9al the kfopt b€ theunifention brtyhipaitad ba tiktippanied claims.
resistivity that is either too far above or too far below this range,
there is a risk of either a reduction in clanping force of the 30

el ectrostatic chuck, or of insufficient charge bleeding fromthe
surface of the chuck and an increased tendency for wafer sticking to
occur. - 36 - O her materials than silicon carbide
conpositions may be used to formthe charge control surface layer, in
accordance with an enbodi nent of the invention. For exanple,

di anond-1i ke carbon, anorphous silicon, netal -doped oxi des or other
materials may be be used. Preferably, the charge control surface

| ayer shoul d have a 5surface resistivity in the range of from about 1
x 108 ohns/square to about 1 x 1011



ohns/ square, regardless of the material used. The material used for

t he charge control surface |ayer should be thermally and chem cally
stable, while also having a surface resistivity in the appropriate
range. A surface resistivity range of fromabout 1 x 106 ohns/square
to about 1 x 1010 ohns/square could be achieved with dianond- 10 |ike
carbon, for exanple, although preferably a range of from about 1 x
108 ohns/square to about 1 x 1011 ohns/square shoul d be used.

D anond-1i ke carbon can preferably besgsed with the manufacturing
technique of FIG 13, in which blanket depositing is used; and is
preferably used in a thin layer. Gepeagiiky, for a given bul k
resistivity material, a thinner |ayer produces a higher surface
resistivity 15and vice versa. In general, the conposition and

t hi cknesg 9f Hhg.§harge control surface |ayer should be adjusted to
achi eve the appropriate surface resistivity. In accordance with
an enbodi nentl. of Bhelectrostatit clorrk comprisofg: an el ectrostati ¢ chuck can
include the acts or sgﬁgﬁwg&kggﬂpking, de- chucking, performng a

m croel ectroni ¢ manuf acturing process on a chucked wafer, and

conbi nati ons 20i ncl udiamyrfacelayef adtivetsé by a voltage Int thstlewtode eformp beeledthat
as used herein and in . the a nded, ¢l ai e..Si | ar. for at
T Cand vt her 1 St SEr AR b B A R R Bl SR Beege
di ct at es ot her wi skyerTiihgling: or exanpl e, reference to a "protrusion” is

a reference to one or r r ot r usi.ons equi val ent s, t her eaf...known
to those skilled in tﬁggéﬁ?f“§§§ﬁ8n§8g?§&gﬁ§ﬂ%ﬁ¥%gfﬂ@é??ﬁ%amqo ohm-

ot herwi se, all teahsidahat@ctleabeaicichick it eComonbiedhivky ei n have the
same neani ngs as connnnl¥ understﬁg one of ordinarﬁggk'l in. the

d.b | .
art. Methods and mat erfhf €haggefopiy 8#”%&@?VQW¥WFWFBWF% s bed

herein can be useghnigiisinBa tHEIREES i6 €heQfingk @5 frbM @bt OAIieensRMbSuaD t he
present invention. Al publications nentioned Pgrei are ipcorporated
by reference in tREFS@Rd f pustage reRigi iy Ay the&3ngr Al fram@pousd X YPYed
as an adm ssion tfabodih& 10WVaHRAsIsQiaré;Snd0t entitled to antedate such

di scl osure by virtue of prior_invention. "Optional" or "optionall%"
€

means that the subsequER@PPYEY el prpEwiany erendite te pheighsarcROT Ry °b

may not occur, anghatdd@dbntdl8urface Bifer suft6faingihd SOtwrhdids WQSpbOEE 3B Se
where the event occurs and i nstances where it does not. Al nuneric

val ues herein canunoe throupiryséas Byringréectrestatic chimmpine of dhe subic A Progmpigns
whet her or not expliiLdibltndaIfbGaNE hacehros€MBthAROWhtrolQurface layer as

measured by a center to center distance between pairs of neighboring protrusions.

2. An electrostatic chuck according to Claim 1, wherein the protrusions are arranged

in a trigonal pattern.

3. An electrostatic chuck according to Claim 1, wherein at least one of the height
and a contact area and roughness of the protrusions are such that at least one of
the temperature and the temperature distribution of the substrate, when the

substrate is heated during the electrostatic clamping, is substantially controlled by



"substantially" generally refers to a range of nunbers that one of
skill in the art 5woul d consider equivalent to the recited val ue
(i.e., having the sanme function or result). In sone enbodi nents the
term "about"” or "substantially" refers to 10% of the stated value, in
ot her enbodi nents the term "about” or "substantially" refers to 2% of
the stated value. While conpositions and nethods are described in
terns of "conprising"” various conponents or steps (interpreted as
meani ng "including, but 10 not Iini;§g_to"), t he conpositions and
met hods can al so "consist essentially of' or "consist of" the various
conponents and ste n t " d
be interpreted aéﬁggz?ﬂﬁﬁaagésen %IF%S&w%égg nt&%%bggagg% gRLVW?ggHJ
this i nvention hase petgmspérticisefidcaldyyr @howrdn@nhle ﬁeswodsed with
references to exanpl e enbodi nents thereof, it will be understood by
those skilled in 15 the art that various changes in formand details
may be nade 4.her ehmelwdtiokratid chilepadcbiding té Chaim i hehes€in peawf thih@piopateod ofon
enconpassed by the a pended ¢ ins, .- 38 - Al What . i s cl ai med.
s 1P An ol ot r odhiak BT Bhfack SuBrEPIratony Sonsfe CRe B tingan e Ok
surface | ayer aCtdla\ﬁﬂil@dtlﬁ)pr@oMMnto@-gﬁ toparédRinglseleéte dflém e drétpboadisting
electric charge taq electrostatlcaléi cla a substrate to the

el ectrostatic chuRPOU Resihptp0c: padaou R udi ng: (i) a

dielectric conprising a bulk resistivity greater than about 1012

ohm cm such that the electrostatic chuck is a Coul onbic chuck;
An electrostatic chuck according to Claim 1, wherein less than a number of
particle adders are deposited on a back side of the substrate as a result of a use of
the electrostatic chuck that includes at least one of: the electrostatic clamping of
the substrate, de-clamping the substrate from the electrostatic clamping, and
performing the electrostatic clamping during a manufacturing process performed
on the substrate; the number of particle adders being selected from the group

consisting of: about 5000 particle adders; about 3000 particle adders; about 2500
particle adders; and about 1500 particle adders.

6. An electrostatic chuck according to Claim 1, wherein the protrusions are formed

from at least one low stress material.

7. An electrostatic chuck according to Claim 6, wherein the low stress material
comprises at least one of an amorphous dielectric material and a polycrystalline

dielectric material.

8. An electrostatic chuck according to Claim 1, wherein the protrusions comprise a

dielectric material having a resistivity greater than about 10" ohm-cm.



(ii) a charge control surface |layer coating overlying the dielectric
and conprising a thickness in the range of fromabout 0.1 mcrons to
about 10 mcrons and a surface resistivity in the range of from about
1 x 108 ohns/square to about 1 x 1011 ohns/square; and (i) a
plurality of protrusions extending to a height above portions of the
charge control surface |ayer surrounding the protrusions to support
the substrate upon the protrusions during electrostatic clanping of
the substrate, the protrusions being.ggbstantially equally spaced
across the charge control surface |ayer as neasured by a center to
center distangce bg},WREHPAE ERucRhcddfli B4R, Rh&enUsd SBSusichs ABmprise a
el ectrostatic chuck according to Claim1, wherein the protrusions are
arranged in a tri gelsetic pateriakipcludinggf leasierne b $iligpn. @an abycad sBiced b Ay t o
Caiml, wherein bt loﬁ@éther%&?heﬂ{ Si‘iib(ﬁ’l J&f’di%d%Gﬂst@icﬁi@ﬂlteéﬁtsilﬁf)@@arﬁag
roughness of the protrusions are such that at |east one of the
tenperature and the tenperature distribution of the substrate, when
the substrate,is [ tat i Iggrlgjc .- :
substanti al | 30'con fﬁgfegtg(ﬁggémgk%%%ﬁg@kag%tﬂy(})lgrgﬁlctt| onﬁhgS Odg%(é% SN a
space bet ween t hedislelysit mategial indledipg gtleagsine b aluamind andhauponm whkleof t he
surface | ayer surrounding the protrusions. 4. An electrostatic chuck
according to Claim1l, wherein greater than a proportion of a top area
of each of the prahelsi@nsc clorkactosditdie Gailnst, whtreindbe progusidne comprise a
el ectrostatic clanpi e proportion of the top area being selected
fromthe group co%’?pggf‘tr%eq%‘?gcalﬂ%ﬁ?ngS% about 50% and about 75% 5.
An el ectrostatic chuck according to Claim1, wherein |less than a

nunber of particle adders .are deposj.ted gn back. side of th
substrate as lé' r esOFECtEpage ﬁ%"égél?cof ‘égttglcg?:‘fnraloé”ﬁgﬂn@ C@Hﬁ&ﬁ?r?ahogfhe
includes at | east p@atsi®s withie @batkd @sipaikdsdrodd #vpi 199 todbotit @ % of a total
substrate, de-clanping the substrate fromthe el ectrostatic clanping,
and perforning th%re‘éPng??lﬁ“é’ioétf"i“‘cChé‘Flérrpi ng during a manufacturing
process perforned on the substrate; the nunber of particle adders
being selected fromthe group consisting of: about 5000 particle
adder s; about13-3006“ﬁléth‘?Sg‘P%d&HHé?‘é’,fdl t@%?la‘@%ﬂhﬁr&?ltqlecl?r@“%‘élhé‘fe And
about 1500 parti chigma@d& om fHoule7£hathEeskehict CAUGKe@ECOrding to
Claim1, wherein the protrusions are forned fromat |east one | ow
stress material. 7. An electrostatic chuck according to C ai m6,
wherein the Lgw Sk eRsudiBliethRk 16QMd B Taifl 1, WBBSEn RO&nRE tARnter distance
anor phous dielectric material and a polycrystalline dielectric
material . 8. An ebaweanpgiraef neishheriig paeteisions idess hachbguyd millifggsrei n t he
protrusions conprise a dielectric material having a resistivity

greater than about 1012 ohmcm _
15.  An electrostatic chuck according to Claim 2, wherein the protrusions have a

diameter of from about 0.75 millimeters to about 1 millimeter, and wherein the
center to center distance between pairs of neighboring protrusions is less than

about 8 millimeters.

16.  An electrostatic chuck according to Claim 1, wherein the center to center distance

between pairs of neighboring protrusions is less than a distance, wherein the



- 40 - 9. An electrostatic chuck according to Caim1l1, wherein the
protrusions conprise a dielectric material including at |east one of:
silicon, an alloy of silicon with at | east one other elenent, silicon
car bi de and non-stoichionmetric silicon carbide. 10. An electrostatic
chuck according to daim1l, wherein the protrusions conprise a
dielectric material including at |east one of alum na and al um num
nitride. 11. An electrostatic chuck according to Caim1l, wherein the
protrusions conprise a conpliant dielgctric material. 12. An

el ectrostatic chuck according to Claim1l1, wherein a contact area of
the protrusions w.th the bstr at.e ri fr . 19 ut
10% of a total a\rlgésgang? lstsﬁ%&% %é% &1%3&? (g@}%ghsgﬁﬁé I?{.E'%Wg%ﬂhlgfe g%{ (rg%ogl? gti C
chuck accordi ng tmillCha¢rmaid alwhe? eillimtdes. pr ot r usi ons have a di anet er
of fromabout 0.75 mllinmeters to about 1 mllineter. 14. An

el ectrostatic chuck according to Claim1, wherein the center to
center distante heiseedstpidd dhaclodccoreting ldOrainn @, olteddin the ipanuSisioss doepaisd ran
about 8 mllineters, 15. Aﬁgel ectrostat.ic chuck according to g{’;\i m 2,
wherei n the prot rest irPAaRe Smna&?ﬁ%rpald’lmtf“’ts’cﬁ’mc%‘ﬂ%‘i‘ﬁng&t stpartola
mllimeters to abaticekltriiduhe oMbt electridfaflc Whekei n the center to center
di stance between pairs of neighboring protrusions is |ess than about
8 millimeters. 16. An electrostatic chuck according to Claim1l,

wherein the pent edn §QuetRMEhuel £EaDHE PELWREN wWRidSthofurRed ghberd B9
protrusions is less than a distance, wherein the -41 - distance is

sel ected from t heelgetedison ahlsiss prey ages chapisha 16t Bip p1rd f@eHdPIN apout 4
mllimeters, and about 2 mllimeters. 17. An electrostatic chuck
according to Claim1l, wherein the protrusions conprise at | east one

partial prottusi ok eledestpicrahngl acperding (s 8in Lorfsrais the deight of dhegrotpiaiops

of a Surfac_e str q§§u‘ﬂ§t§nt&ilyk!ﬂﬁl @)ltﬁ&ﬁéa{ﬂﬁe@%ﬁtﬁ O@Qg&hoca%e%-duﬁﬂg the electrostatic
el ectrostatic chuck according to Claim17, wherein the surface

structure is sel etampinginonpast betwast thopbstofe, shequeirusivan med the gortipps of ghen
and a ground pi n.Su&QCFlﬁgr&glggg(ﬁ%%@#oﬁusq&gpk according to Caim1l,
Si

wherein the height of the protr ohs I's substantially equal to the
nmean free path of a gas |ocated during the electrostatic clanping in

a space bet n tpﬂ;%]&%&&%?éhﬁckt %?g&%%?g E1Eh ?,g%ere%pgle LREBOELhARR Abp

t he surface Tayer surroundi ng rusions.
surface having a surface roughness metric reduced, by virtue of at least some

machine polishing, by between about 25% and about 75% by comparison with

similar protrusions polished only by hand.

21.  An electrostatic chuck according to Claim 20, wherein the surface roughness

metric is reduced by about 50%.

22.  An electrostatic chuck according to Claim 1, wherein the protrusions include
modified edge geometry produced by at least some machine polishing, such that a
characteristic rounding height of a protrusion is shorter by comparison with a

corresponding height of a similar protrusion polished only by hand and such that a



20. An electrostatic chuck according to Claim1, wherein the
protrusions include a top surface having a surface roughness netric
reduced, by virtue of at |east sonme machi ne polishing, by between
about 25% and about 75% by conparison with simlar protrusions
polished only by hand. 21. An electrostatic chuck according to Caim
20, wherein the surface roughness netric is reduced by about 50% 22.
An el ectrostatic chuck according to Claim1l, wherein the protrusions
i nclude nodi fied edge geonetry producgg._by at | east some machi ne
polishing, such that a characteristic rounding height of a protrusion
is shorter by Conaﬁfdcb%ﬁ&lc%ﬁr{bu?g 18%&}(@%&%&%%@%%%9& Brr&dpBhdiy
protrusion polished only by hand and such that
characteristic rolenghnafa sismgtmoisidnealged B@Y@Mhﬂ?ﬁrl son with a
corresponding length of a simlar protrusion polished only by hand.
23. An electrostatic chuck according to Claim22, wherein the ratio
of the charaéBeri 8thelecumimidingk hetoghmg to 6 1aime22c Whereio therrptst ¢fghe oundi ng
| ength is reduced . g i
protrusion poli sh(éh%yaC%flg&tfél?{%%ﬁfeF%?fé% %g{%ﬁt\éh%& {)&h%m% 15% Halétr:etdg%Fdfbly om
t he group consi st fangr of conlpativemerithabosimil2r mousaingotisisd osly dy betdvwberein
about 3 and about ctrpostatic ¢ uck c ordin
20, wherein | ess 'ihﬁgaﬁgorbs SAG“%%% par%rm(l'ﬁcoml(s? réf%o Weﬁré? t%anﬁbomr@
range of 0.16 pm aid Wgtveah ebouad endoasi.t ed on t he back si de of the
substrate as a result of the use of the electrostatic chuck. 25. An
el ectrostatic chuck according to Caim20, wherein | ess than about
2000 parti cl e4addgn slebtospéic t:lmkecds{tdz@ tb @Ngd@ 20f wherdi 1qasmhan algiuesaoer are
deposited on the bac S|de e substrate as a result of th u e
the el ectrostati cPERUEIICHE P%H‘:%Flé%’fafl%es? 60“%%%‘&”%&?&%‘%8?%
O ai m21, wher ei npdcesie bPMB saheMt a20QQINATHd b 6f @eldiedteosafic &ﬁlbkl cI e
size range of 0.16 pmor greater are deposited on the back side of
the substrate as a result of the use of the electrostatic chuck. 27.
An el ectrostasi c ghurkRGEOEICRIcRIIf BidRih 20\ EEh Test thén ML 200BI ONS
i ncl ude nodifi ed edge geonetry such that a ratio of a characteristic
roundi ng hei ght oParclpidders oé pyHclE sizarapppetdckoarm 8t sreatersimésPAgier embien
is equal to a gi VeRkERL bPhe WHRHAE B 4 REIAIFVIRNsE Bf th elesirozRli€eiuerd from
t he group consisting of: between about 0.00407 and about 0.00306; and
bet ween about 0.00611 and about 0.002444. - 43 - 28. An
gl ectrostati gsChugk RGRALAL Bk Qccgrd%ggb Elailih8! §hdteih N&s ﬁla@mﬁt st 1 ol
surface |l ayer conprises a silicon carbide conposition. .
el ectrostatic chuwtlé@@fbimwﬁgartlde Sizaiangd 0. Men ei gfefttﬁélfﬂsiﬁpf)ﬁ’a‘@é(m the
resistivity of t h@acﬁ 9 Qlﬁ)gﬁrzglz asSHeglﬁtC(ﬁ t}leau\égﬁf th el%&ﬂ)ts{agé Ly by
varying the amount o SI con precursor gas and carbon precursor gas
used to nmake the silicon carbide conposition. 30. An electrostatic
ChUCk. accor d:Z?g tgn gegt}oglaég Chu\é@%c%lc@ngttg%lﬁhl 1', %ﬂ&eﬁQEQ}Brg&us(?OQl%%ﬁlldgl on
conprises silicon car e.

modified edge geometry such that a ratio of a characteristic rounding height of a

protrusion to a characteristic rounding length is equal to a given ratio, wherein the
given ratio is selected from the group consisting of: between about 0.00407 and

about 0.00306; and between about 0.00611 and about 0.002444.



31. An electrostatic chuck according to Cl aim 28, wherein the silicon
car bi de conposition conprises non-stoichionmetric silicon carbide. 32.
An el ectrostatic chuck according to Claiml, wherein the charge
control surface |ayer conprises at |east one protrusion and a surface
coating layer. 33. An electrostatic chuck according to Caim1l,
wherein the charge control surface |layer is formed by: blanket
depositing a silicon carbide conposition |ayer on a dielectric;
patterning the silicon carbide conp0§£§jon | ayer using

phot ol i t hogr aphy; and renovi ng portions of the silicon carbide

conposition er, usi reactive ion etching to l.eagve at | east one
ST oon carbihie: comBaRREaTR FebMhar MY dRea SR n b FISLRRR
accordi ng to C ailayet comprizeei silicdneadbhrcg@paositinvinr ol surface | ayer is
formed by: - 44 - patterning a dielectric |ayer using bead bl asting
or etching; and conformally coating the dielectric layer with the

charge controd. susf aedrok@yeshuciBiecorhged €Gilih a8 vatetdin Bhuakacaesetidiyng t o
Claim 1, wherein %he charﬁf contrg& surfacg(b%yer,co ri ses Et,least
one material sel d0% €WEeCOMY AUTAGE Bup 18 eEed Mo NP QAL pY stlicon

car bon, anor phouspr&duksof &R andBEn-HeRadr @xiuea e dkeasbilibat dafig Of

t hese. .
composition.

30. An electrostatic chuck according to Claim 28, wherein the silicon carbide

composition comprises silicon carbide.

31. An electrostatic chuck according to Claim 28, wherein the silicon carbide

composition comprises non-stoichiometric silicon carbide.

32. An electrostatic chuck according to Claim 1, wherein the charge control surface

layer comprises at least one protrusion and a surface coating layer.

33.  An electrostatic chuck according to Claim 1, wherein the charge control surface
layer is formed by:
blanket depositing a silicon carbide composition layer on a dielectric;
patterning the silicon carbide composition layer using photolithography;
and
removing portions of the silicon carbide composition layer using reactive

ion etching to leave at least one silicon carbide composition protrusion.

34.  An electrostatic chuck according to Claim 1, wherein the charge control surface

layer is formed by:



36. An electrostatic chuck according to Claim1, wherein the charge
control surface layer conprises a thickness in the range of from
about 1 mcrons to about 3 mcrons. 37. An electrostatic chuck
according to Claim1l, wherein the dielectric conprises a thickness in
the range of from about 25 m crons to about 250 m crons.

- 44 -

patterning a dielectric layer using bead blasting or etching; and
conformally coating the dielectric layer with the charge control surface

layer.

35.  An electrostatic chuck according to Claim 1, wherein the charge control surface
layer comprises at least one material selected from the group consisting of
diamond-like carbon, amorphous silicon, metal-doped oxide and combinations of

these.

36.  An electrostatic chuck according to Claim 1, wherein the charge control surface
layer comprises a thickness in the range of from about 1 microns to about 3

microns.

37.  An electrostatic chuck according to Claim 1, wherein the dielectric comprises a

thickness in the range of from about 25 microns to about 250 microns.



