METHOD OF DETERM NI NG A TARGET MESA CONFI GURATI ON OF
AN ELECTROSTATI C CHUCK BACKGROUND As sem conduct or
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call for an ever higher degree of accuracy,

repeatability and cleanliness in wafer processes and
process equi pnent. Various types of equipnment exist

for sem conductor processing, including applications

that involve the use of plasmas, such as plasnma _etch,
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electrostatic chuck provides more uniform clamping than chucks employing
mechanical clamping, and can operate in vacuum chambers where a
20 vacuum chuck cannot be used. However, variations in aspects of the

clamping can cause undesirable process variations within a wafer.

SUMMARY

A method of modifying the heat transfer coefficient profile of an
25 electrostatic chuck by configuring the areal density of a mesa configuration
of an insulating layer of the chuck is provided. The heat conduction at a
given site can be measured by use of a heat flux probe. The probe is placed
on the insulating surface of the chuck and overlies a plurality of mesas in a
single measurement. A plurality of measurements across the chuck surface

30 provide a heat transfer coefficient profile from which a target mesa areal
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correction can be nade to one or nore | ocations of the
mesa configuration on the chuck. The contact area of
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by an anount sufficient to change the | ocal nesa areal
density to the desired nesa areal density. This can be
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controlled material renmoval such as | aser nachining or
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This can be accomplished using any of known techniques for controlled
material removal. Furthermore, transitions between regions of different
heights can be smoothed.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 depicts a schematic of a cross section of an exemplary
electrostatic chuck with mesas, showing a conductive base and an insulating
layer.

Fig. 2 depicts a plan view of the chuck of Fig. 1, showing a mesa
configuration and a continuous edge region.

Fig. 3 shows an exemplary heat flux probe including a heater block, a
mechanism to apply force, an HFT and silicon piece.

Fig. 4 shows the heat flux probe of Fig. 3 placed on the electrostatic
chuck of Fig. 1 and heat flow.



chuck of Fig. 1 and heat fl ow DETAI LED DESCRI PTI ON
Pl asma processi ng apparatuses for sem conduct or
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etch chanbers which are used in sem conductor device
manuf acturi ng processes to etch such materials as

sem conductors, netals and dielectrics. Conponents of
pl asma processi ng apparatuses include electrostatic
chucks, which are used to retain sem conductor wafers
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tunabl e pgl ®GhERES 8k ipPo&d¥dCdutpStsBuch as wafer uniformity increase,
the wéfer chuck is required to deliver higher performance. For example,
process control problems in critical etch applications call for improved control
of temperature and capacitance across the wafer. Error in the accuracy of
lateral dimensions in some etch processes can be sensitive to temperature
and be up to +/- 1 nm/°C. A desirable control of lateral features of 1-2 nm
therefore requires temperature uniformity and repeatability of less than 1°C.
Some types of electrostatic chucks comprise multiple component parts, each

- introducing some error. For example, a tunable electrostatic chuck is a
complex structure which involves the ESC ceramic, a bond to an aluminum
plate, a thin film heater, a bond to a baseplate, and the baseplate itself.
Deviations from uniformity for each component of the structure may
contribute to a greater overall deviation. A compensation for natural



conpl ex structure which involves the ESC ceramc, a
bond to an alum numplate, a thin filmheater, a bond

wo 00d/0basepl at e, and the baseplate itself. DevP@l/U8286/042577

fromuniformty for each conmponent of the structure
may contribute to a greater overall deviation. A
conpensation for naturalvariation in the manufacturing
process applied to electrostatic chucks which may
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The mesas and sealing area are generally formed from one or more
layers of an electrically insulating material. Examples of such insulating
materials include, but are not limited to, silicon nitride, silicon dioxide,
alumina, tantalum pentoxide, and the like.

Figs. 1 and 2 show a version of an electrostatic chuck assembly
which uses mesas. The electrostatic chuck assembly 10 comprises a

conductive support 18, an electrically insulating layer 19, high areas of the

electrically insulating layer 13, 23, and low areas of the electrically insulating
layer 14, 24. The conductive support 18, formed of a conductive metal such
as aluminum, is electrically connected to an RF circuit of a plasma
processing apparatus (not shown) for plasma processing a workpiece, such
as a 200 mm or 300 mm wafer. In the electrostatic chuck assembly 10 in Fig.



whi ch uses nesas. The el ectrostatic chuck assenbly 10
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k A preferred embodiment involves a modification of a mesa
configuration of an ESC to achieve a target etch profile across the wafer
surface. A mesa configuration can be described using two primary
dimensions: mesa height and mesa area. In embodiments, control of mesa

25 areais used as a mechanism to control temperature, and control of mesa
height is used as a mechanism to control capacitance. An assessment of
each mechanism is made separately. A preferred embodiment of a method
to control temperature through the adjustment of mesa area is given in
Example 1‘, and preferred embodiments of methods to control capacitance

30 through adjustment or initial fabrication of mesa height are given in
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hei ght and nesa area. |In enbodi nents, control of nesa
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and control of mesa height is used as a nechanismto
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mechanism of heat transfer is classified as convection. In the case of the

20 mesa, due to surface roughness of the ceramic, direct contact betweén the
ceramic and the wafer occurs over an area which is less than the nominal
contact area (the high area). Gas is present interstitial to the contact points
and contributes to the heat transfer through convection. Thus the heat
transfer occurring over a mesa is due to both contact (conduction) and

25  through the gas (convection). Conduction due to contact is present whether
or not gas is present, but convection does not occur in the low areas when
gas is not present. When gas is present, both mechanisms exist in the high
areas, suggesting that heat transfer increases with increasing high area.
Thus the local heat transfer rate is adjustable by modifying the mesa area

30 locally, that is, increasing the proportion of mesa area increases the heat

transfer rate whereas reducing the proportion of the mesa area reduces the
heat transfer rate.
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contributes to the heat transfer through convection.
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20 measurement is shown in Fig. 3. The probe consists of a vertical cylindrical
stack of about 1" diameter, although the cross-sectional shape of the probe
is not restricted to circular. The probe could have a square, rectangular,
triangular or any polygonal shape in cross-section. At the top of the stack, a
heater block 32 is situated, the heater block comprising an embedded small
25 adjustable heater and thermocouple 33, the heater having a maximum
power output of about 50 watts. Exemplary heaters such as the 4"
diameter, 0.25 mm thick, 279232 CIR-1016 120V 50W cartridge heater are
available from Chromalox, Inc., Pittsburgh, PA. Attached proximate and
below the heater block is a Heat Flux Transducer (HFT) 34, comprising a
30  thin sheet of controlled thermal resistance material. Temperature sensors
35 form a thermopile, and are attached to the top and bottom surfaces of the

HFT. Heat flux transducers like the one shown in Fig. 3 are commercially
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enbodi ment of a preferred probe 3 1 for heat fl ux
measurenent is shown in Fig. 3. The probe consists of

a vertical cylindrical stack of about 1" dianeter,
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20 t hv%fecr)fpléc%ean% into the chuck over a probe area A,. Both Q and A, are
treated as constants for the purpose of this assessment. The temperature
difference 42 between the conductive support and the wafer is denoted by
AT, and an effective heat transfer coefficient within the probe area is
denoted by Kesr. Kerf can be determined by treating conduction through
25  contact and convection through the gas separately. Using subscripts "¢" and
"g" to refer to contact and gas, respectively, K. is then the heat transfer
coefficient due to contact and Kg is the heat transfer coefficient due to the
gas. The initial Mesa Areal Density o; = A/A, is the initial fraction of the
insulating layer of the chuck within the probe area which has a raised
30  surface in nominal contact with the wafer piece, and oy is the final Mesa

Areal Density having a raised surface in nominal contact with the wafer piece
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clanmping force, e.g. 40 Torr. In the probe 3 1, the

downward force is represented by deadwei ghts 37 and a
wore@hasi43in t o evenly distribute the downward fPBPCTESB86/042577

but ot her mechanisns to apply and distribute force

could be used as well. Additionally, the chuck

tenperature is preferably held constant during the

measurenent. A depiction of an exenplary probe

di sposed on an exenplary chuck is showmn in Fig. 4.

Hedtef thexpréferrad édprﬁBnémtemavbd)dwanadebIr\mrmnahlsmsgau to mean

o e R 368 o M S Tl R TR
purseﬁp‘@rt@fhé Whfera$s 8fEretrds, IGRoFIRG RS gfﬁdérsg ol AGH-Baelism,
42 between the conductive support and the wafer is

dends e kotalDTrosausectionalfafee of the meaas withirstherprobe area A, at

5 vofie spslingishinle hEREYSRF iR o Sesh tiatEatans Gusiffering
colkifibd @j@ém‘étm/%}?é Illsmja*ré‘ (8 L@Ftulé‘rﬁ:r@% SEQRH & Rdrifeal vs.

Usi ng subscri pt's g" to refer to contact and
gaslopedspalls; need yxot have silﬁelmeg da.hEohaagivan mwbeneasurement, ol

coefficient dye to contact d Kis' t at tran .
colr 1 e oftiimints FRCagR: HgH, el amifuR 858, aiiolf by hich
Detttd highdres ufYdér the ﬁrdb@ﬁnhﬁ' Bd ﬁédufcéé‘?ﬁ ofderab dcdheve the

i nsul ating | ayer of the chuck within the probe area

10 mﬂeﬁrm&raperautwecﬂlstabﬂm An egpiation preddingats foi @ giveheprobe

d Mesa Areal De
e RS Fan AR08 Rt gl Ao MRS, cont act wi (h the

vaf er pireapréfepiedtdifbodifcpt, £thrgdi MFCTRH BCARMR] HREMf the
made. Nomi nal is used to nean t pl anar - equi val ent

s umeé@é:%ﬁlguraélqmsg achiever dyt r@movwh ef material mbrs accordance with

SRS A5 o IS 63w S0 B RIS o

15 ar ﬂ@x front the wafeasaindithbs Bntih@eas® hewafetaeMpeddtutd€Therefore
Egort ing surface of the wafer. Thus nesa
ingdpaterigherapval sfqns, erdpsiredvaien tejaperatyng, can ke achieved

s [ [

S PBPS8 e BRI SR 0o Bh bR s
pr aleasORRBATMRthrged AT for 80 ¥ass abrosdaheronubR id this chosen and
target high area, and thus the. anount by which the

hi geneteda lnase wilhgn genpal giffar from thel owssured aftse indivddually

he
acgler%t%dtby ATm, by an amount denoted by ¢, wherein:

= ATm - ATQ.
(1)

25 The objective of the adjustment is then to bring & to zero. Defining g

as the heat flux per unit area, the general heat transfer equation is given as

q=Q/A, = AT x Kefr.

(2)
30



desired tenperature distribution. An equation
providing af for a given probe neasurenent area is

waleaenedssed as follows: In a preferred enbodi nREIL/PSB06/042577

target HTC in a localized area of the nesa

configuration is achieved by renoval of material. In
accordance with the above di scussion, a renoval of
material will result in a reduction of heat flux from

the wafer and thus an increase in wafer tenperature.
Thésdnentiongsi ahpveathe eliectiverhaaiitraastaneoetficirntiK.eis composed

1bE8yS ERPEALSCGR RRGHEHEAN e B 1y regions. and
t htheneareluctidn Plusscorveictiog éleabirahsier &l theSiig e $e@i6h8 S For the
hus chosen and denoted DTQO, and will, in

the chuck is t ,
9 eﬁ%gea}%&f 4 ﬁ@r CQrHaRh qrRa IsErch woallsrtaan thanon-geniady area

5 CCTgrl B DiaBip 50 ko SRS g o
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t hiamgetocdnfigngationt carziee explestediasd+ asKt e dBsiaéd hbbkflux Q is

per un%%i area, the general heat transfer equation is

gi Ye/RCied By vangng thg probsr heajesower anachessingoayalue which

b _ j g :

c on‘pog ggrlﬂ %fﬁéﬁgégw‘gonenivgﬁé%@ fg.'(rganveci(i %ﬁ& %ﬁ%yvﬁﬁégtshgws a
t r elesf differenaehietiveenrregioms syitradiffetdrd ncesalacial dengities. An

c et ihlRe oAt et ity BhoubordS AR 2GR e
NORnASEIRARE oatreeahégt@maétbﬂain%fatﬁy fhahddtwygrea and the

hlgh area not in contact), Ke f'or "the target
co

engtingthednitioheffeetivexipeat derd farcoétficlera gk, Aqdesi, med using

heat flu i S | ected _by_varying the probe heater

po targel VgHJ@o%fiS *ﬁ@ of 0T aseE G 1A bedPWEHteR Using Bap. 2 as:
readi ng everywhere on the chuck, and one which shows a
clear difference between regions with different nesa
areal densities. An exgﬁnjﬁKy-hpﬁﬁg}#uﬁst from about
0.2 to about 2.0 WcnR2, and the tenperature of the
heater is determ ned by t hel3eat fl ux.

Defining v to be Ky / K. and rearranging Eqn. 3,

ar=(e/q)yKi+toi/[1—(e/q)Kj.
(4)

The set of K; determined for the plurality of measurement sites, along with
the x-y coordinates of each K; can be used to determine an HTC profile.
Additionally, using Eqn. 3, the set of K; taken together with the set of £ can
be used to determine Ko for the target configuration, and thus a target HTC
profile. Similarly, the set of o determined for the plurality of measurement
sites along with the x-y coordinates of each oy determine the areal
component of the target mesa configuration.

For a given chuck, v is assumed to be constant. This is because

primary factors inherent in K; are evidently the material itself and the surface
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Denoting the initial effective heat transfer

coefficient by K = q/DTm and using the target val ue
woRiKetf43Df q/ DTO, Egn. 1 can be rewitten usiPQI/E§V06/@42577

as: e=q/ K - g/ (KO + afKc). (3) Defining g to be

K9 / Kc and rearranging Eqn. 3, O = (e / q) g Ki + e

[ [1- (el q K] . (4) The set of Ky determ ned for

the plurality of neasurenent sites, along with the x-y

coordi nates of each Kj can be used to determ ne an HIC

pr fifish ef thieohatertal Abdth, of wdicty agpref@abtyheorstantdor &|

e St i o St B R e
a hrih&edl aHEQh@rg%fﬁ,'drESSLﬁb:ﬂsleaf J/v%‘\ichté}@ 266 a86urdkd to be constant.

determ ned for “the plurality of neasurenent sites
al budheimdret pés determimabit by hesasofingdCat diffecktt dogatioas with

s oG AR g A, oA RP r
| SaR¢RKAUTRr PAib %%éésé@fﬁ@ff%r{e@?@,rﬁgt%sbﬂn@ B known an

evidently the materi Itse and the surfacefinish o
t heonsdamt: i al , both of which are preferably constant

RGPl B RBh AL o
usshpothbeiedicRlazovapas gﬁgllal(éa%b&ﬁ of ‘t’r‘i@&éﬁFetheasl{r conditions.

Furthernore, g is determ nab y neasuring _
10 di An@ppropriate @pparaiusicomptise$ arvacuuantesk abambeesanfigured to

| it d sol Vi i nd dent | d K
° G B S Gt o Bk PRy RFREEHL b i A S
S e PRl
asNWBElcally eqrimlingexy resitioningeka |héa{3 E@sprczb@r@ﬁ web@s.capable

SrORRIIRG L ARORIAS SonERIDEL SED Aela M RS dpparaus
15 t eaipe patferablgpicdpableadfiregisteringcadd tdcoading nesgurement data
gg%gaglis:fﬁgn gﬁ% br&)he? a%%g”gst glséclcr%nﬁ:raﬁ{/ %{eﬁeeln%{ni%s Qﬁg I’taergg’}c mesa
configuration from the data.
The measurement areas can overlap or can be separated by a
distance. The regions between measurement areas can be adjusted to
20 interpolated areal densities or to gradual transitional densities such that no
abrupt changes in density and thus in HTC occur. Interpolation can be
effected, for example, by changing areal density linearly between two
different densities. In general, if the density transitions from site to site are
too abrupt, a finer measurement grid and/or a small probe diameter may be
25 required. Adequate readings may be obtained by allowing some
measurement sites to be omitted, or by making measurements in an
irregular pattern.
All of the factors required to determine o have thus been determined.
Based on all prior discussion, a preferred embodiment of a process involving
30 reducing the localized mesa area of an ESC to achieve a target HTC profile
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nunerically controlling x-y positioning of a heat flux
probe as well as capable of applying a contact force

wWo@Roorletps obe onto the chuck. The apparat us i SPEl/582006/042577

5if the Qﬁar%&rrﬁaﬁﬁgg%mﬁrggé%ﬁg r@/ffoPceS'et qu%rroo

10

15

20

25

30

preferably capable of registering and recording
measurenent data signals fromthe probe, as well as
el ectronically determning the target nesa
configuration fromthe data. The neasurenent areas can
overlap or can be separated by a distance. The regions
beﬁW@éﬁ anwaksn plaassk o ashyck gampeisadjthe fallowing experimental
g Lpé ed areal densities or to gradual
nsi |onaI densities such that no abrupt changes in
densrty and thus in HTC occur Interpol ation can be

effecte f.or e, chan areal density
l'i near| 3 iwatnﬁbx erqtf%%m dﬁér@fﬁﬁ @sults jin géﬂ@e@n an ESC

abr upt, ner robe
di anet e2. rﬁgcdotherléaﬁrtoélmeétmnnéa mmmdchgmb@ﬁ,ykd@mg the

bt ai SO asurenent sjtes to
8m ? It 239 "aﬁf fﬁb" Wﬁ% eskipPartGengtant .breegnr)lavmg a TCU.
patterng, ﬁdsrti‘% th@ rbBE LT h@ggufe‘?@erft%ltg%ﬂh@ dicksurface.
have t hus been rm ned. Based on a
di scussﬂoﬁvaauaﬁeehemhemhamm braskfill & the cﬂﬂsnmhhaelrum pressure,

i nvol vi b CI ng the localized nesa area of an ESC
to achrg%e § :Slrget HTC profil eacross a wafer placed

on a chsclserédmre gesirédRedifilxo@i ng experi ment al
procedure . Size a heat fl ux probe so that its mass

resul t s6i @%Lﬂ@iﬁrﬁf@m @mmr@mw ting that of the

ot o5t aMgsiR 86 réodt 18 (JSUfang frafer e Wfip@Rls an
of the econulietivé \sappunmmbemaret #lis @éreﬁﬁrﬁin?qr(ng o2 ) Af;pror all

3. Position the probe at the nmeasurenent site on th
chuck seifasa@et e‘49“¢vacuate t he chanber and backfr |l to

the deséarg%%? tarqegﬁs%e and SteSind Y for e3ch S5 EC!

the desir
9. Use Equation 4 to determine oy for all sites on the grid. Check that

os is always less than q;

A mechanical correction can now be made to the chuck to achieve a
more uniform thermal conductivity across the chuck. The mesa areal density
within the measurement area is adjusted to reduce the contact area by an
amount sufficient to change the local o, to or. This can conveniently be
accomplished using any of known techniques for coordinate controlled
material removal, where removal is effected, for example, by routing, laser
machining or grit blast machining, and coordinate control is effected by the
use of an X-Y table. Area reduction can be carried out by reducing the area
of any number of mesas within the measurement area, or removing some
mesas completely, or any combination thereof. The area reduction process
is repeated for each probe measurement site.
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6. Calculate g from Q using the knowmn Ap. 7. Measure
and record the resultant wafer piece tenperature and

W@ oonwdiet4Bye support tenperature, thus determ nP@LUR}006/042577
g/ DImfor all sites on the grid. 8. Select a target
DT = DTO and determ ne e for each site. 9. Use _
Equation 4 to determne af for all sites on the grid.
Check that a is always |ess than ocj A mechani cal
correction can now be made to the chuck to achieve a
mor e unifffier epodetian ofopachanicaliaoyrestion smdtdohieding: k at all

2o Led 58k S Vpial Aibtrateodf oF Ty eai inicve
SUEBM{‘dIIQﬁée tPa @F@M@r&fﬁ%d't@ﬁe@én@ ETe QFOL%n A“P Cl@\% appreciated

conveni ently be acconplished using any o

t emﬂiurqb@thSf and owshihencandrot campoitérs otamﬂleeused ta atmtom'dte this
5 [&d val is effected, for exanple, by routing,
I ag eﬁ@g% ning or grit bI ast machi ni ng, and

coor di n@i plaeaiH &teh dhantfdre aigs F*B’pé\bér é@?b@faoﬁﬁ‘sté% Pased on a
table. Area reduction can be carried out by reduci ng

t h¥oliRgaPabedneasienant altagbed o anwetratrastalionehislralectnade. An

" 8o 1SR RS Bt RO B, Eumnermore,

r epamtm ihdopegieiphproftiee sleatute meatives td the\WaRSr may lead to a
etion of nechanical correction and achieving af

10 at @'ﬁ‘“%&&ﬁ? erad sheath pafentinlenng copsenusnilydo theietsh process
t Péﬁér%ﬁiaﬁ §§Weﬂ"?n Cig%{hérrl%g ctbP b @é%%g&@t%ﬁ%ldemd to

ol er ance ar oun 'S appr ecCl a
r ob@mpuse aad ofwcctapmtetwﬁ ciotuit; evhareiarthe pdasrhe isithedirso

R BTictor B¢ sBUBRG G arth SRR FoalleGgiitppogane -
rree@rmmauoo@ytmﬁ@ Eg(})lsétﬁe @e@@ﬁ& edhaliéter.C ngffﬁferred

el ectrode. An error in the voltage neasure
15 af ebpdimentdpvolves theclosal madifibetiomoba mesa emrnf[gmraimn of an

e el o ShRGHE R SRSt oS BBl sk, e
colosalmedfficition s the Rfjedtn@n®eeffesa height to control capacitance.
Another preferred embodiment involves the initial fabrication of a mesa

configuration of an ESC to achieve uniform etch conditions across the wafer -
20  surface.

A capacitance probe is preferably used on an ESC to measure the
capacitance between the probe head and the conductive body. Capacitance
meters of sufficient accuracy of +/- 1 pF or better can be used, such as the
Protek CM110 available from Testextra LLC, Freehold, NJ. The meter is

25  used in conjunction with a probe, which is preferably about 1" in diameter,
and comprises a metal cylinder which has a plastic handle extending out of
the top. Using the capacitance probe, a measurement is made at
preselected points on the ESC. Preferably, the preselected points form a
regular grid pattern, allowing for the determination of a capacitance profile,

30 i.e. a profile of capacitance across the bhuck. Assuming a plurality of mesas
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performance as well. In a plasma reactor, an ESC may
be considered to conprise part of a capacitative

W@ R00c064435 wherein the plasnma is the first condPCT/U82006/042577
the insulating layer of the ESCis the dielectric, and
t he conductive body of the ESC is the second
conductor. A preferred enbodi nent involves the | ocal
nodi fication of a nesa configuration of an ESC to
achi eve nore uniformetch conditions across the wafer
suf§ inckidedia the Bigasprment fe bighiand the lawjarsasohtheomesa

ferred
R Ul oot BB AR Lo DA SR SEEHEES
configuration of an ESC to achleve uni f orm et ch
iti th f f A t
or bR cr cr abl y used on ZﬁrE%%eto measare {he
5 panact L AR AR [ iRe i PRTaBRESAR Y i C AMIELANE!

body. Capacitance neters o fircie accurac
1 papamtameetmeamenmtmamjmadedjefm mbsthaV@beawaﬂﬁbated
reehold, NJ._The neter

avai | aBI e fromTestextr
s P Bef i Simief B G iating [/BEL PahptrMesas aré tabricated
pr Bf e&mbln mﬁ%ﬁﬁ!@rlailfromh@' FHEBWHere ‘i‘i‘fé’recé}gméi hesad K‘?‘%ﬁé which

cyl 1 nder has a plastic handl e extendi ng out
t hbe@@pe mssawgrelase’emdhtcm@hedpamxﬂ)erovajerﬂuslungbrmrea upsn

10 mra\ge@e ec e ol n%@%@%n?%&ﬁ“?{f tg’ﬁ%f %&ﬁ SS:& e}fbpecpm

aI !aomrdgno‘:@ﬂvlth hﬁpldﬁ:bdufﬁ inawvhien tied Messan@al Dans |s known
profile of capacitance across t

c h&&' RVidiad Siyrina gabQVﬁMMSmoy\) AntFEsas are g@mdt@oba iut hgve not

T pricelts ot 8RR Aldnt AR Rot B ERe Erea i

casmalltcarrmre@&dAp,gNe el capécltaﬁd:ﬂ eq@att&imilvﬁldhsrefatés only to

initial faprica Q where initia
15 @‘&d Bhidreas g Belpa GarlBr Rikiansianes A64s thaga (the
beﬁr’éaftﬂbf Wi Hetviech th%ﬁ@sé&ﬁ/héHrtﬁéSP 8P rHé@ ad'ndbC. for the
insulating layer is planar. Mesas are fabrica
r eﬁﬁmqlignﬁ@péthaainsm%ngﬂMrdJeekaNM&agapxWnenethartafrgab
mesa. areas remai n_unt ou

(Z;?rf%g@ﬁ%ﬁ%ﬂéﬁ%ﬁc%&%& an %ﬂf e area between mesas ac%leved at

the desired mesa height) can be expressed as
20

1/Cr = 1/Cq + 1/C;.
()

From C = gA/d:
25
goPp / Cr=dg + di/ g,
(6)

where g; is the dielectric constant of the insulating layer, d; is the thickness of
30  the insulator below the gap, and d, is the height of the gap. At the onset of
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which the wafer is supported. A determ nation of depth
is devel oped in accordance with a procedure in which

wo b@7hes3s Areal Density is known (provided by péEpUSIOVE:2577

10

15

20

25

30

di scussion), and nesas are going to be, but have not

yet been, fabricated at a certain height. Assum ng

that the nesa area is small conpared to Ap, we wite a
capaci tance equation which relates only to the | ow

areas. Using notation C9 for the capacitance due to

t héheyBipcedbee, dne gapacitangelis mMussveedvabile the sudses iswtatnso Cr,

th . or. the capacitance of the

ingryuel ae%ﬁg%d;@%%a%gﬁgﬁjﬁé%e@g’& then the target
capacitance CT (i.e. the capacitance of the area

bet ween nesas achi eved at the desired nesa height) can
be expressed as (5) FrbmTesApsv/dd, ¢8)). where S J is
the dielectric constant of k e insulating layer, dj is
the thickness of the insulatdr bel ow the gap, and dg
is the height of the gap. At the onset ofthe
prqocedure, the capacitance is neasured while the
suPPlMY Egng) GandJdochy gives: neasur ed capacitance is
given by: (7) Solving Egqns. 6 and 7 for dg gives: dg =
SOAp [(1/CT - 2/Cm / ( 1 - 1/8i)]. (8) Egn. 8 thus

provides a desired nmesd; BelSN[(1:MEt-hHIC LN pRgKr ement
area resulting in the determnation of a Cm for the

case where the nesas are not8)present prior to the
fabrication. The set of C determned for the
plurality of neasurenent sites, along with the x-y

coor di nktges8 diusepicivide’ xdesiter nesd Helgltatigtirieaeh aneasurement
ofile. Additionally, the set of

L SRR Fe e RE B AL, | BT st b neSesas are

HEOTIBEL A ke FATANA 9ol 026D okl i puraty
of measurement sites, along with the x-y coordinates of each Ct can be
used to determine a target capacitance profile. Additionally, the set of d
determined for the plurality of measurement sites along with the x-y
coordinates of each dy determine the height component of the target mesa
configuration.

A mechanical fabrication can now be carried out on the chuck to
achieve the desired capacitance profile across the chuck. Preferably, mesas
are then created within the measurement site by removing material in the
area that will become the low area around the mesas to a depth sufficient to
change the local C, to Cr. The depth of the material removal is preferably
from Spm to 40pm, and more preferably from 5um to 20pm. This can
conveniently be accomplished using any of known techniques for coordinate
controlled material removal, where removal is effected, for example, by
routing, laser machining or grit blast machining, and coordinate control is
effected by the use of an X-Y table. The machining process is repeated for
each probe measurement site.
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configuration. A mechanical fabrication can now be
carried out on the chuck to achi eve the desired

we apaos44ahice profile across the chuck. PreferabChps2006/042577

nmesas are then created within the neasurenent site by
renoving material in the area that will becone the | ow
area around the nesas to a depth sufficient to change
the local Cmto CT. The depth of the nmaterial renoval
is preferably from5mmto 40nm and nore preferably

f r om 5mbthedneasurenTenit areasncaroovartepeoit ¢can be separated by a

' i ny of known techni ques for .
co SIS o e UG BN enaPar elikil Arshinfan Do febiicated to
| sirgéifpotdted debfifs et@rgrhualtvarstidnandeplhdskichitA&hh& aBRlpt
or grit blast machining, and coordinate control is

ef £82RGRS iPydantil apnddhes ingapacitane® pecurtTHstaraclation icgn be

5 838 ReSSRATHE ) ki) B Y0s PRI by itorn

10

15
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sefepiiisedn lggnaral] i§ trendepth TramsitRaisdren Bt we elte are too abrupt, a
surenent ar ergs can pe fabricated to interpol ated

g‘: RESMERSYIE MG @) and/aina smadmipba dimetes may be sequiced.

b . o > _
oy AR ol B A R ARG s
chbe@mitiedcptty makirar ingaserenwesnis inen itréddaepattatapt hs.

oS ooyt e R ot b i
snBhbedbA e @baUE URICUBBVNDE pr&RHeHYMbASIREMRLEa process
readi ngs may be obtai ned by al l owi ng sone measurenent

si nweving ipltialliifakricatingrthe yeaskheighhefanu ESteint rﬁd'uneaan
i . " f f i t
e HtiBhog Bhlifih offdes3uhRE AR FtK ke Ben e

abfoWewiligspresedore: a preferred enbodi ment of a process
involving initially fabricating the nesa height of an
ESC to reduce a capacitance variation across a wafer

pl aced ¢n : [ ; | . ure:
e PR SROERTE 338 N A ph s
fabri caki bieasre theeapacitahbe froaptha $wafave torthedohductive body
surface t.o the.cgpduc i ve bod , ,
using a suitable probe over a B/re-deflned measurement grid to
determine the set of Cy,.
3. Determine a pre-defined target capacitance Cr.
4. Use Eqn. 8 to determine the set of dg, the target depth at each
measurement site.
5. Create the mesas at each site by machining.
6. Adjust the machining processing in a continuous fashion to

gradually transition from site to site to achieve the desired local mesa
height.

Example 3:
In the case where the mesas already exist on the chuck, an

adjustment of mesa height to achieve a desired capacitance profile may be
needed. In one embodiment, Cr is chosen so that the target capacitance
profile is uniform across the chuck. In order to achieve a final uniform
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using a suitable probe over a pre-defined neasurenent
grid to determne the set of Cn 3. Determne a

wee@defsshed target capacitance CT. 4. Use EqQnPCBUBI06/042577

5

10
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determi ne the set of dg, the target depth at each
measurenent site. 5. Create the nesas at each site by

machi ni ng. 6. Adjust the machining processing in a
continuous fashion to gradually transition fromsite

to site to achieve the desired |ocal nesa height.
Exeagraitadice Imodtlefficiast®y iMseuseftite detsmsinalthe selgtienship between

on the,chuck, an adj ust nent a height to achieye
el o aalr A AMRECIRERE B rAEGR thabave, e FapRGance

e i ' so t/hat L the_ t a ,
cgggg:t anclgvﬁrg‘}a ﬁF gh{é@%ﬁ};ﬂ? 8/318%3?8733%’1}?2]%%%% UM §f di and dg

or des chimstant)itiny eapadiianak canideorowritfemcas 8r6A, Maste - 1) + h],
efficiently it is useful to determ ne the relationship

betieehh radier dalFor gitleciric amtetalsasiis grrater theom,Bere —6l, is

ORISR B SSer i bR Bl e RSl Bt
coagledrdasetiRehs appatitamtee TS iRGhé préfetredenalsodiment Qdere

/| [dg (e.i - 1) + h], where h = dj + dg. For )
di mag@ialgi%onutr@moa/pég capaqitgnge eananly haredycesh Ehe selgction of
| R AR Lo T, S eREB R T s R B ks

c apmaistisgtteapaditaace frotrhall peletwd sitbtsenbodi nent, where
material is onl q\’/%rermv capaci t ance, can onql;é

. d, | .
educed? TRETURICOTSTGH oot Tow baedeGans aiek o pghieve the
| sqRsiRd PEAR SitafEY 'roﬂl? a@Fo§sletﬁ§ c‘hP@ﬂ. P"r‘@feﬁ’ébélg,%ﬁsas are then

nmeasur ed capacitance froma sel ected sit
meadjaniechlvitiiorthe cmeasuremanihsite by deepening nateriaharokintdhe

e iees s arisvst ey il L Can ok Faefolel Gee8 & TS o he

MegSweriidtly 15é b@c&ﬁ?lﬁaﬁ%@%i afRof khélvnaéEhHiguédr coordinate

nmesas to a depth sufficient.to change the local Cmto

creontreliedgrgaterial removal, where removal is effected, for example, by
routing, laser rhachining or grit blast machining, and coordinate control is
effected by the use of an X-Y table. The machining process is repeated for
each probe measurement site.

The measurement areas can overlap or can be separated by a
distance. The regions between measurement areas can be adjusted to
interpolated depths or to gradual transitional depths such that no abrupt
changes in depth and thus in capacitance occur. Interpolation can be
effected, for example, by changing depth linearly between two different
depths. In general, if the depth transitions from site to site are too abrupt, a
finer measurement grid and/or a small probe diameter may be required.
Adequate readings may be obtained by allowing some measurement sites to
be omitted, or by making measurements in an irregular pattern.

Based on the above discussion, a preferred embodiment of a process

involving adjusting the mesa height of an ESC to reduce a capacitance
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conveni ently be acconplished using any of known
techni ques for coordinate controlled material renoval,

wob@reesesoval is effected, for exanple, by roRPCT/H§2006/042577

| aser machining or grit blast machining, and

coordi nate control is effected by the use of an X-Y

tabl e. The nmachining process is repeated for each

probe nmeasurenent site. The measurenent areas can

overlap or can be separated by a distance. The regions

bet\/ﬂéé heesss enwater places ama checladponprisds the following
&)ﬁ Eﬁg,}'ﬁéed depths or to gradual transitional depths

t "no abrupt changes in depth and thus in

capam;ance occur. Interpolation can be effected, for

exanpl e, % chan ng depth linearly between two

di f f er ert %%’M@ he ﬁaeéﬁw frorp thé,sudags to theagriduictive body

5110 31 SR P B o ARSI

156 Adj u

20

25

30

Adequat . Matdimipe arpse-tefireat wrgmobdmacaémwcrag sone

measur e sites to

nmeasur eggm%te{rﬂmgryv h?tﬁ%&ea(ae%gtnﬁéﬂﬁ 0 pgd Qﬁé%fe@ﬁe@ 196 decreased
above digr@uehidgiy sife.Pref erred enbodi ment of a process

i nvol ving adj usting the nesa hei ght of an ESC to

reduce 4 dsliudtithemesaaheighi areantrsiesbyamashming bactethat(C,

0a chuck the followi ng procedure: 1. Measure
the capgéﬁg@ﬁbégi:mmthe surface to the conductive

body usbnRepetiticiptateBs aBhe@¥el tntiPaRsHES hRedithin a desired
nmeasurenent grid. 2. Determ ne a pre-defined target

capaci t%@n@ﬁ’o &7. Det erm ne whet her the depth needs

to be i cr ite.

Adj ust tghe ﬁﬁ] eaceﬁgr gtqﬁcage&ﬁﬁ‘g‘ﬁf‘ﬁ.fﬂﬂ"gﬁé%

t hat ammppﬂmuhasltuﬁﬁfroﬁz siRe pesite t&cees GRS desSirdtPReamesa
unt.i | é? tes are within a desired tol erance of CT.

e machi ning processing in a continuous
fashion to

With the methods described above, it is possible to provide
customization of electrical and thermal properties of an electrostatic chuck
for the purpose of achieving a target heat transfer coefficient or capacitance
profile.

The present embodiments have been described with reference to
preferred embodiments. However, it will be readily apparent to those skilled
in the art that it is possible to embody the invention in specific forms other
than as described above without departing from the spirit of the embodiment.
The preferred embodiment is illustrative and should not be considered
restrictive in any way. The scope of the embodiment is given by the
appended .claims, rather than the preceding description, and all variations
and equivalents which fall within the range of the claims are intended to be
embraced therein.
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snoothly transition fromsite to site to achieve the

desired |l ocal nesa height. Wth the nmethods descri bed
W@bwvme4483 i s possible to provide custom zati oPCDUS2006/042577

el ectrical and thermal properties of an electrostatic

chuck for the purpose of achieving a target heat

transfer coefficient or capacitance profile. The

present enbodi ments have been described with reference

to preferred enbodi nents. However, it will be readily

apWHAT IStOLANE® ISkilled in the art that it is

possi ble to enbody the invention in specific forns

ot her than as descri bed. aboye w t hout departing _from
Cha-spi A elod SEIRRBEaI A (o OPh R cBT DU IORTS Arrant
iSeiédtrlégfe{t@tdm@k?Mﬂﬁhg]Hqg not be consi dered
restrictive in any way. The scope of the enbodi nent is

gi ven bynakirg apiwatitydofdoealired measwremenisat aplurality of locations

5 bl SRR dfiopditiariwRling el 2 g8 Wrdffatats dhyg and
ar e i nt gaesrehininghife eirgeesedatdopfighativhAidgthelAbh&lRements.

IS 1. A nethod of determining a target nesa
configuration of an electrostatic chuck, conprising:

maki ng &gl rﬁé ot af Ahinh IG & reRFinEaa t‘?ﬁ%g éorﬂ’pu?ation is
pl Grality of "locations on an exposed surtace or an

I nsletextrimgd frayea tarhetineat tearisfers¢ afficestprokie. and
determ ning the target nesa configuration using the
10 rpasurenents. 2. The nmethod of Caim 1 wherein the

t apget i h N,k ] : ;
oSt t r Angy e OB B whSrclf HEE BB TR bich is
d achievedhiyeedudng lremeaa gentaok seea anhdneor atareof thee locations.
achi eved by reducing a nesa contact area at one or

nore of the locations. 4. The nethod of Cdaiml

whar ei n TheanERRIBITIER § \HideFPER Hebftrethdisrd hstle using a
probe. 5. The nethod of Caim1l wherein the target

15 e Hgat it Peleat i on i s

5. The method of Claim 1 wherein the target mesa configuration is
determined from a target capacitance profile.

20 6. The method of Claim 5, further comprising fabricating a mesa pattern
in the exposed surface of the insulating layer such that the mesa height
corresponds to the target mesa configuration.

7. The method of Claim 5 wherein the target capacitance profile is

25 achieved by increasing the height of a mesa configuration.

8. The method of Claim 1 wherein the measurements are made using a
capacitance probe.

30 9. The method of Claim 1 wherein the surface of the insulating layer

includes a mesa pattern, the method further comprising removing insulating
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determned froma target capacitance profile. 6. The

nmet hod of Caimb5, further conprising fabricating a
wore®a/opasi ern in the exposed surface of the i nRCi/EsI006042577

| ayer such that the nesa hei ght corresponds to the

target nmesa configuration. 7. The nmethod of Claim5

wherein the target capacitance profile is achieved by

i ncreasi ng the height of a nesa configuration. 8. The

met hod of Caim1 wherein the neasurenents are nade

usimRferaklgmahievene aqnecintad. area someshondiog teithe target mesa

V\h%[)ﬁif@f,raﬂgnsurface of the insulating |ayer includes a

nesa tern, the nethod further conprising renoving

insul ati ngmaterial to achieve a nesa contact area

orrespandi ng . to the target nmesa configuration.
ThdOnet 106 BEthECTRiai AdasTRIN e Sifdcac! the In%atmg layer
in S r t
°1) W’“éeﬂf{"‘%%%a“%* SR 1BadioC Bt RISt 81 B RRELS ol 38kt 10
|an&aecarenncclhéem:athefmeatﬂpxcpinebemaeaweasmeht. 11. The
met hod of Claiml1 wherein the target nesa
configuration conprises nesas are eliptical, torroidal
and1pol TaenabthetQsTTISRE i iviiEbinshaRaket HesaT&?nfg&‘ﬁQﬁ%
of daim1l wherein the target nesa conflguratl
cofPMpEises mesas ara\dliptical, tessoidal mndi prdygonai cross-sectional
1Ocr ﬁgdessectl on of about 0.1 mmto about 10 mm 13. The
dFof Claim1 wherein the target nmesa
confl guration conprl ses a spaC| ng bet ween nesas of
frg&n about 0.5 nmto about mm 14. The net hod of

1T!ﬂﬁéF%ﬁhﬁdtqi&lwﬁaé uviafemtaeéa@eﬁ m@a@ eanfiguration

P Eomplicd fioseRRhRYS nibi BIRFdmhabrlll GoPSisElichate

|neb0mie&1fmmtd affeaniri®@lmmadapt ed to cooperate with a
tenperature control unit to control the tenperature of
t he chuck.

13.  The method of Claim 1 wherein the target mesa configuration

15

comprises a spacing between mesas of from about 0.5 mm to about 5 mm.

14.  The method of Claim 1 wherein the measurements are taken at a
20  plurality of locations arranged in a grid pattern.

15.  The method of Claim 1 wherein the electrostatic chuck includes fluid
channels adapted to cooperate with a temperature control unit to control the
temperature of the chuck.

25
16.  The method of Claim 9 wherein the insulating layer of the chuck is
less than 5 mm thick.

17.  The method of Claim 4 wherein the heat flux probe applies a force of
30 10 Torr to 100 Torr to the insulator surface.
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16. The nmethod of Caim9 wherein the insulating |ayer
of the chuck is less than 5 mmthick. 17. The net hod

wWo@R00T06d483 4 wherein the heat flux probe appli eBCHUBOG@2577

of 10 Torr to 100 Torr to the insulator surface. 18.

The method of G aim4 wherein the plurality of
measurenents are carried out in a vacuum chanber
backfilled with heliumat a pressure of 2 Torr to 200
Torr. 19. The nmethod of Claim 18 wherein the probe is
mov8d by hg methediaf4Flain dovhareln e posility aimhegsurements are

or AT 85 Pl Pt Mool et Tt 8 sreasig of 2

C Tom 3 20eT@irn the target mesa configuration is
fabricated routing, |aser machining and/or grit
blasting. 2 1. The nethod of Caim1 further

5CORPri s iTﬂg rﬁ%ﬂ)ﬁ eer £15%h 38 W&?éfnﬁh%{bg%lﬁgfsﬁgﬁ%@ By hOmerically

10

15

20

25

30

correspon target mesa confi |

r ootrn]nhimqled pxm;;igion"mg bppiaTugusled/aerto gibltéingi I@é?dtltm}sgé’rﬁeoeﬁicient
met tp_ achi eve co ance to a predeterm ned heat
trﬁffgﬁ%PP@@eﬁufrFaﬁeéﬁttﬂgﬁhHF‘&nce wherein the nethod of
Caim2 1 is applied a plurality of tines. 23. The

met hod of Claim6 wherein the transition of depth of
r egPonsThetmeibad of &iainedeviteraindhs tanyet heesaxqodigdration is

su Q e insul ati _layer, is .gradyal. 24. The
ot il 338 BrehRindd ot BlhBaH e 1e

insul ating layer includes a nesa pattern and at | east
1, at least 3, at least 5, or at |east 10 nesas are

i néludedhe methed e&Sdaim & fwehasrastrprisiag austostiting 26preBhisting
o FREEGREH M L T DL A hhung tser

c hanaichinirdbandioe grieblastingf processing a sem conduct or

waf er using the electrostatic chuck of Caim6,
conprising clanping a sem conductor wafer on the chuck

ang pl a FRetb8 36 Sehid¥e ddtsiBHcE 10 5L aEtMMifd heat transfer

coefficient tolerance wherein the method of Claim 21 is applied a plurality of
times.

23.  The method of Claim 6 wherein the transition of depth of regions
between measurement areas in the exposed surface of the insulating layer is
gradual.

24.  The method of Claim 8 wherein the surface of the insulating layer
includes a mesa pattern and at least 1, at least 3, at least 5, or at least 10

mesas are included in the capacitance probe measurement.

25. The electrostatic chuck of Claim 3 wherein the chuck is located in the
interior of a plasma processing chamber.

-21 -



27. An apparatus useful for determning a target nesa
configuration, including a vacuum chanber, a support

W 000ob43% he chuck, a nunerically controlled PCT/US2006/042577

positioni ng nmenber capable of applying a contact force
of the probe onto the chuck, a probe supported by the
positioning nenber, a controller operable to nove the
positioning menber to various positions on the chuck
surface, and a unit capable of registering and

r e@6r di ﬁ@erma’smdemfmocemﬁrag gisgmatenducton whfer psimgethe
eleftron n the ta

C&?P L#Cgc% 'ﬂ'@" & qngr'ﬂﬂgp%malﬂs ad%%@wﬁuﬁf@r wafer
t henttAs @ALiCKBARE pradthh SrécissRR thdSendi B@n@ibgaf @ét)ég.

G aim 27, wherein the probe i's a heat f pro
capaci tance probe. 29. A probe corrprl SI ng a heater, a

5he§t7 fl

10

15

20

appr oxi %@t@@é%eﬁﬁgn c'a,t%hlnkﬁr?g?ﬁ ?%emsgg‘fr‘:qer]f@Hgﬁ‘ ion,

ar eleding bevapuahechamBeR a subpdit tolhdid theEhiZek) s numerically
controlled positioning member capable of applying a contact force of the
probe onto the chuck, a probe supported by the positioning member, a
controller operable to move the positioning member to various positions on
the chuck surface, and a unit capable of registering and recording
measurement data signals from the probe, electronically determining the
target mesa configuration from the data signals, and determining the target
mesa configuration.

28.  The apparatus of Claim 27, wherein the probe is a heat flux probe or
a capacitance probe.

29. A probe comprising a heater, a heat flux transducer and a silicon

piece, wherein the approximate maximum dimension of the cross-sectional
area of the probe is 0.5", 1.0", 1.5", or 2.0".
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