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CONFI GURATI ON OF AN ELECTROSTATI C CHUCK BACKGROUND 5 As

sem conduct B0 erdsmBEogy progresses, decreasing transi steCT/ES2a@Q45a1 |
for an ever higher degree of accuracy, repeatability and cl eanliness
in waf er processes and process equi pnent. Various types of equi pnent
exi st for sem conductor processing, including applications that

i nvol ve the use of 10 plasmas, such as plasnma etch, plasma-enhanced

chem cal vapor depositio | S es of

equi pnment required for tﬁé@@ﬁ%@%&?ﬁmﬁé&@&%@%m‘?&m ch are
di sposed within the pl goRFIGURAHON OFANELECTROSTATIC @HUGKent | y
and properly. To be cost effective, such conponents must often

wi t hstand hundreds or thousands of wafer 15cycles while retaining
their functionality and cleanliness. One such conponent, the

el ectrostatic chuck, is used to ret aBACKGROVUYNMONduct or wafer or other
wor kpi ece in a stationary position during processing. The

el ectrostat Pc chuck provides nmore uniform clanpi ng than chucks

enpl oyi ng nechani cahﬁ%ﬁ,{@mﬁ@@@%@mggw e8sdd) déafladMoaRAERAGSsizes
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where a 20 vacuum .chuck cannot be used. However, variations in
aspects of t he call forpinreyes Sigheadeeregrmi@sturapy Sepeaiebiliyy anag rlgapigiess in

N B et ot PSRRI A S S5 s draphitn o
areal density 6fr sermesaduntorfprgoessirigomabfdirgappivetions gt Iraplye toe usef
moasur ed byOuse e nudk aF PR g DA e e Shrieahast gpgositon
i nsul ating surflreevey) dnbeesktistipamtieaysss dfesuprpniradiitgd fof thessas i n
Surt ace 30 pr oW EBSEeH BEUGE RErdIST L BFF reREPpre BT PMAI L a
target nesa ar Rbmher, and must function consistently and properly. To be cost effective,
such components must often withstand hundreds or thousands of wafer
15  cycles while retaining their functionality and cleanliness. One such
component, the electrostatic chuck, is used to retain a semiconductor wafer
or other workpiece in a stationary position during processing. The
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 ata
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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density is determ ned. Using the target areal density, a mechani cal
correction can be nade to one or nore |ocations of the nesa

confi gur at i wo 200v/64u8s chuck. The contact area of the nesagtwshivsnsdshe
| ocal nmeasurenent area is reduced by an anmount sufficient to change
the |l ocal nesa areal 5 density to the desired nesa areal density.
This can be acconplished using any of known techni ques for controlled
mat eri al renoval such as | aser nachining or grit blast machining on
an X-Y table. thod o] g the capacitance profile of

an el ect rost at |d@n§ﬁ¥ll§kd rr%.'ﬂ?@rs[-’%@ﬁtt!‘% arQﬁﬁ areal dengBy i & meicbaniedl t he
hei ght of a mesprdetieiPbhn 88 hHded P cﬁrﬂnbr@%géeﬁ ha gy r@mgsﬁkoﬁ@r tﬂ!#:k

is also provided. A target nesa hei ght can etermne
capaci tance pr SbeleThECHr 6B cPriag aiga of éie mﬁeas wibindbe Itg:aismbam@nm‘nt

the chuck and ores s @8uBeby/aR ol buERAP dhaflgB gl TRASILAIg N!

site. Aplurality of neasurenen across
made to provi déieaswwafbetcaswed pmlarealfdeumtym‘fmb canbs éc@bgﬁpﬂash@ﬁ@smg

hei ght is deter, i ni ¢
fabrication or a@}é?’ ?gc \l}f@rt\&gjéqn(ﬂ%g fé\r(?oé’&n[oﬂad at%%?ﬁﬁe‘af’\f% ﬁé‘cﬁé"ééﬁﬁeérrent
sites. This camMIran@orTghﬁ tsihs{dnammgg anyarok-Yk@pwn techni ques for

controlled materi al Vi Fu r transitions between regions
of different height é\ rgg a&fﬂﬂﬁ/ dﬁmggpMagpe PESERPFEN elRctestpliE

DRAW NGS chudk By adjudBpéritios it %ﬁ‘l@hbﬁ onhe"’h IR iﬁééé on of an
exenpl ary bect rostatic chuck with nesas, show ng conduct1 ve base
and an i nsuPat CRGIGUFERN szasringulaﬁn@@w&@%thg q@uahla/alewpa:mdam Rs;ltargkt of

Fig. 1, show ngngka 1ROt IRQdB ths8. o?Q%EQ&%%eﬁ)ggf %ggqpe

Fig. 3 shows an exe ary heat flux be includirng a
nmechani smto affpblgcenend)e agulatm anrdacsa dfitbechpileamd overlies a pluralityfif g.
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the chuck surface can be made {o provide a capacitance profile from which a

156 target mesa height is determined. Using the target height, a mechanica!
fabrication or correction can be effected at each of the measurement sites.
This can be accomplished using any of known techniques for controlled
material removal. Furthermore, transitions between regions of different
heights can be smoothed.

20
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.
25 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
30  chuck of Fig. 1 and heat flow.



DETAI LED DESCRI PTI ON Pl asma processi ng apparatuses for

sem conduct or substrates, such as silicon wafers, include plasm etch
chanber s whwohoeweedsased i n sem conduct or devi ce manuf actrRaIViUEgo06/042577
processes to etch such materials as 5 sem conductors, netals and

di el ectrics. Conponents of plasma processing apparatuses include

el ectrostatic chucks, which are used to retain sem conductor wafers
or other workpieces in a stationary p03|t|on during processing.

utilization of the surface of a R chucks and can

10 operate in VaCUUFPIQ&Iﬁ%%c%s%@rﬁp‘é?&HM@Pé@’ﬁ%oﬁéu”&@ﬁ s@&tﬂé%dsuém
general, electrostatic chucks conprise an electrically insulating

l ayer over a co@fdﬂﬁquaf@%W01¥¢féP3@§W§lﬁ§@h W@W? wWhiche pescseddal
contact to one ﬁmiﬁ%&&é%&%é%%@t%ﬁ? ?Fbc%s%‘é’ﬁ)kéteﬂ Mk IEHSSBS

applied. The wafer 1s maintained 1 n position agalnst the insulatin
| ayer by an Sat tFE0EONBICETEI r@ﬁtﬂl%amd)dtﬁéectm Cisnpdregds of plaamacmmﬂssmgy

i nclude a conveptiongl.diaK 6o ms at%%ﬁg%éﬂ'wlb z%}%“ Otélgtor}gtaﬁwyﬁ ens

and the chuck e sup orte
arrangenent s, mhcamwmrumfag; ca:r cciiaewtmbr&menes fﬁ@suatieuda@tpdmmhmng may

have grooves, nesas e ecesse ions, and |i atu es.
e G on Mot PR e R TR BEY b desRhlG Y ey Gaang and
20t he waf er chusdtter sitiiZ22toh o the SurfiRkiorarwiteaiteh MstHPIdERBEEcksER can
exanpl e, cess control problens in critical etch applications cal

for inpr ovéI cOIRETYP IBIacHIP EPANBEE WhRe e VAFHETHCAHBES 5%'?%?%’4‘?@%/&1' er.

Error in the a | [
can be sensitive ﬂ%ﬁ%ﬁéﬁ%‘ﬁ‘%?&ﬁ?"’fﬁéég i ol Eoh G
ChYR RBHNB

control of | at eiadugtdg: kadys thef condp redgaieal cegjigick @sone or more
tenperature Un'Jlé’ét{?ﬁfgé,sl%nﬂhlﬁﬁg%h@?ﬁ; vBFfaeg?é n%?ﬁecﬁ e %@fersig W?%ﬁt%%a

of electrostatic C conprise mu néent
i nt roduci ng sorie pesition ag&nst ‘éwaingjletjngaJayenmlﬂreaMaehw ostlainb@ folueckTHes

o SO ! o8 LB BB SRR s B LBef e
basepl at e it selflasi39 eftirigasyisteras Bndtaict oyt e faopp@@édlmcthmaﬁﬂmbér oy
the structure i contrr | ementts sucrpé °BY Sglnogega%ltllevgrevﬁ'ﬁe msuiatl layer
conpensati on f o R4t #FANY y using ng lay
may have grooves, mesas, openings, recessed regions, and like features.
As demands on process outputs such as wafer uniformity increase,
20  the wafer 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 o temperature
and be up to +/- 1 nm/°C. A desirable control of lateral features of 1-2 nm
25 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.
30 Deviations from uniformity for each component of the structure may

contribute o a greater overall deviation. A compensation for natural



WO 2007/ 064435PCT/ US2006/ 042577 variation in the manufacturing
process applied to electrostatic chucks which may conprise multiple
conponent s woubghdeisadvant ageous. I n nmanufacturing a chuch/nsdooes??
mesa configuration, 21, the fabrication process generally conprises
the renoval of material at the 5 surface of the insulating |ayer to
a depth of about 5pmto about 40p.m such that snmall area features
("mesas") are left to support the wafer 11 Mesas can be of virtually

any size, shape and arran For exa nesas can
oot e o R Al PR here ecvecy apelaseip SctOPbREHaks which

the top surfacasagaompRse AMAMNE corhbaters wféewwmééb%scor ners can
be sharp or 10 rounded The nmesas can take on a " shape wherein

a partial spherical %H%?gﬁ\é'fq(%“réﬂﬁe@ §YRK WIﬂbwraeaacamﬂgurrafﬂaeeZ ,Ahe
preferred mesa ghaRion r&?‘es% n@galigggﬁﬁﬁgés Hesreﬁﬂc{vﬁgaﬂﬁa%@n%hat\ﬁﬁét' cal

wall's, a dianeter of about
subst anti al by cuwviace n@th%esﬁ%gi&wéa@eﬁ daap&la@éaboavte'iwn Hlabdutcioni, BUchS

seal i ng higha i.s_ofte reta1 ne t or 15 arﬁ%{he fer
edge so as to %’i‘?lharfaﬁée%t}’@%ss &S afenfaﬁt‘mﬂi%w%%e §r§¥j€fl{le§§s
hel i um used to @nhﬁl@’ejlﬁtMMmb/ @) dhgpd dnd ¥rrahGerfseh FRor @RBFpE hadd=an,
typically about 3% t %B% t 10% of the chuck surface is nesas and the

seal i ng area at®¥he al, ReVVeRpalrdaspidal, hawe verdisalgh $lanssi waltsathe top
backsi de parti ¢fgracedesd b@@oﬁéﬁba‘ ﬂﬁtr&‘t%nqg)? @r‘ﬁ%h@%o rePd B&n g?%ﬂérpacﬂd

seal i ng area are generally formed fromone or nore a ers
el ectrical Q) i fewidad: ngren@esas aan iakeanm dros” shaph Whﬁ:&lhaﬁ partjal

naterlals i ncl 0 n
0 oxi ta. al um rpNerSHsnAbe <\ hotdi il A6 o ot spiral€ PR Pl e 5%
show a ver si on s¢% & aragensttasioicehuekh asdieabivyli25 dnﬂmeter%about
Cupport 16, Can S o Sbading DR AL stodonfATBo Rty e 0 Siratfe

el ectricall y i mespeativaly 2I1ay9ecorit&uoa§sea(m@ HigiwaryeHs 2Qf is often reta[ned at or
el ectri caI i nsul ﬁ‘tl n onducti ve sgggort

14, 24. Th,
f ormed of cor?&ﬁ{: aﬁﬁ% §0eR t‘ag‘aéﬂtﬁﬁi ﬁ%lﬁ’fesisé‘reepfe% Jbtéﬁ"l%:er gas

connected to amuBiragihefiuhtusef t@eﬁh@ﬁ@théﬂﬁél%ﬁéﬁtﬁ\&yamp%éﬁ ys (not
shown) for plasma_processi n g ece, such as 200 mm or 300 mm

wafer. In the GPRUHBLIAYRICHN AHOUA ééﬁtﬂqﬁuléo%rﬁflﬁ“@f?hwk surface is mesas

and the sealing area at the edge. Advantageously, mesa designs facilitate
backside particle reduction and improve dechucking:

20 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

25  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 tow 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

30  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,



WO 2007/ 064435PCT/ US2006/ 042577 1, the |ower surface 15 of the
insulating layer 19 is in contact with the conductive support 18. _The
hi gh areas vi@2@f/06485 i nsul ating |ayer 19 support a sem eomaseliiand2s??
substrate (not shown). A thernocouple 105 is incorporated into the
conductive support 18 for tenperature neasurenents. Cooling 5channel s
17 are provided in the conductive support 18 for supply of
tenperature control fluids or gasses. In particular, conductive

t 18 i abl da d.to .accept a tepperature control
iy £ or TCU (ot SR RAPRRS P5 BABSar DRy He] SR AORGEL Han 1
tenperature of doheucrosiphbiorel S URRDtiGHh bioad TRST the thdupiPeIaler & fhpHse
of fluid flow ng throu recircul ation | oop. 10Preferably, the
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16 designed t o in3dré Ched@ctNeisappands WF%PE%tQJétm@és@Q@‘éhtsq(‘%%él@gggs'

For exanple, to support a 200mm or smaller dianeter wafer, 't
is pref (ranr)abl5y (ﬁhﬁﬁfgﬁ"ﬁrﬂ'vﬁrﬁWr%VIQQIbW@IiCQh@!CéWG sTheort /8 dbrasupply dfayer 19
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be thick enougt dessiratiltempémnlnbhg/ tweaiﬁtfggmc?ﬁn@!ﬂ‘t&@ﬁg@té ﬁ@&i%{}lléﬁﬁ)ﬁé@(?phle I'm
i t hout | osjn hysi.c r ectri.ca in ri ei ther duri

Vn\ianm?;ct u?iﬁRggpfogeggggSFa%&ﬁﬁi‘%@Fuﬂg'é’t'm supporti 7 8b i redlinehgs diigenthe

invol ves a nodistipgart has boks a6 @BSIaNE@ RS iiiH s b%f&farﬁnhfssé?h%%rﬁ%éﬁd@
a target etch BIPO{DI L%a{gross t he wafer surface. A nmesa configuration
§

can be describ Wo>BH e & SYPREM & 20 Resenaliel ginmederdvares ahe
area. In enbOde%IsSpreFé?%ly%ircﬁérW%@@nﬂﬁﬁﬁm&ﬁ}!%91 ug:tigg(@?e?"@r@

to control tenperature, and contr mesa hel ght 1's use a
mechani sm to cBffeiEblcegianie svaheas anminssersalve mithaf thiskobssetrafdralyi s

Fomper atur &t hisaghit Reoter it FRA I peer BT RE g1 588 s dinppegc
1., and pref er lay@r epdid dierreplasmafspnast matksial, Jocawrme, dapae danes
i?’gt hrough adj ugf RN mYupsthls Ahe ARKLSA 1he SunTES S gl%%egrg lyaarb%u b3 ©"
mils (635um), and, in any event, must be thick enough to allow for the
creation of mesas as high as 200 um without losing physical or electrical
20 integrity either during the manufacturing process or during use.
‘ A preferred embodiment involves a modification of a mesa
configuration of an ESC fo achieve a target efch profile across the wafer
surface. A mesa configuration can be described using two primary
dimensions: mesa height and mesa area. In embodiments, conirol 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 embadiment 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



WO 2007/ 064435PCT/ U52006/ 042577 Exanples 2 and 3. The exanpl es are
intended to be illustrative rather than exclusionary: Exanple 1:
50uri ng norwealoepleagnan processing, such as plasma et chi ngcTiusecopbasima
acts to heat the wafer. The tenperature fluctuation of the wafer is
therefore a function of heat flow out of the wafer. According to the
theory of heat flow, heat transfer can occur in three ways:
conduction, convection and em ssion of radiation. For the follow ng

assessnent, em digtion i 10ne ect transfer
coefficient K ig Hﬁﬁ?‘%gé‘”@ ﬂ’f?%?fa”f“?'%laf?e’ %‘HPS(?%P‘%#;E‘H%@F’% (Fteer than
di fference betwxelusiomarybodi es. K of a wafer on a chuck with nesas can
be determ ned by considering the high and | ow areas as two cases: 1)
the heat transfer that occurs over a | ow area, and 2) the heat
transfer that gpewmisieqver a high area (nesa). In the case of the |ow
area, the 15 heat transfer occurs through a nmechani sm of energy
transfer fremthe W@Pgﬁprmﬁwmﬁgﬁ@m@éﬁiﬁérmmr@ plosmbetgasg, tand

from the gas Gyt S6E8ThEat ALSTarel VY LIUANL IV AR e L e

free nol ecular flow regine rrean
of the contai néigreforee f@mﬂ’ft@nazs‘@estﬁmmbut mﬂ‘ths\nﬁm&rha@mcsrmn@@ tdﬂa@ttheory of

transfer is cl ﬁ%ﬁ{ Fd\ﬁq}e%isﬁgﬂé}gﬁgéﬁ gcc%lr} 3&?@%&%3@%@% Q?{ké%nyqeé[on and®

to surface rougnness e ceram

cerani ¢ and thenvisdi@r obtadmtlsnoFer timwfoamwag\ah!s@é’anh@wﬂ €8ssiohadT rhdigtion is
esent interstitial to

The cont 2ol por REECRY A Bttt DS ECPCERB KIS ABTHREAE P Gt iy aghant of

convecti on. Thtanpéletdﬁedtﬁe?érﬁi@tﬁﬁﬁve@ﬁ% bbifls OKEST PwaReS BniScilR Wi
bot h contact (conducti g)@d and 25 through the gas (convection).
t

Conduct i on due™&538GAP qt@"ﬁ?%%éhpovm@@mfhgmmb@n@w preagrasdent |
but convectioncdeas Nahke ﬂééﬁi‘aﬁé?ertthﬁt &“ﬁa rfOFRS l%e;{}egaﬁqchﬁe) tﬁgtl"ﬁaat

present. Wen ?as i s present, bot ni SN exl s
areas, suggest Fags ?hﬁlﬂf ﬁ@%—trspr/ﬁfn%h@h arpe (wasa)s Imﬂumcasmofefaellmg ahaagtthe

o e SIS L RRLER 4 Bk e Al SRl RS e
area i ncr easesat the highatr temperature to the gas, and from the gas to the ceramic aner.
Even though the gas may be in the free molecular flow regime {mean free
path much greater than the size of the container), for this assessment, this
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 fransfer 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.



transfer rate whereas reducing the proportion of the nesa area
r*educes the heat transfer rate. A heat flux probe can be
used to neawonreomeids heat flux and | ocal wafer tenperat uwce/usk@eoiBe
present assessnent, operation of a heat flux probe can be carried out
in one of two ways: 1) by nmeasuring the wafer tenperature at a given
heat flux; or 2) by adjusting the heat flux to that which 5 is
required to achieve a desired wafer tenperature, for exanple a
uniformtenperature. In both cases the neasurenents take place at a
plurality of sites, Algatdaxipokaedn baased iemepsige batheheatd lpgalan

ordered grid pafley ﬂén‘ﬁé’ %t‘i} relePGT k! preset ééestsﬁ%n?%ﬁndﬁrcﬁfaeﬁ@é?lﬂﬁx at

| east 10 nesas are In eac S|ng e measur
preferably, at prelstar3beasss! difdr end ntiwadealys: | ) hyhmebsursty thasefer

t enperature pr ts,..and | h on h fl .
prgP ile lrjesulot %llnbgrat&%u aag%%ﬁ%@t&%, (grr'@g)&l ﬁlﬁ%@‘%ghsgﬁ%gé%@%at which
prof i :ce is @]?PGH sceited o athieve ?fcfﬁrsna@r'rkf:&afeﬁsmpsmﬂumfcgm?g@l@a aniﬁmta‘t

t er coefficient ile e IS en _use

L or the s nsul SR ey db bR s the Hieabhgrasne lCuiEon S el
across the waf eites,Hppicamasiirethat the sites Hicddirdrey dda & @r@éré@l&_frﬁi patepsl to
conpensate for observed variation in the t enperat ure profi I n

al ternative entSthesnaally fevarnéia eitichg Frefpebho 4t lanst AP meqsss are
conpensat e for jahsidBbatardi Ié %a‘sﬂ e?ﬁbrﬁtr‘ﬁﬂreos?l%f’érbﬁlgoét iBast 30 mesas, |

sem conduct or wafer An exenpl a o | ment ferred probe
for heat fll8x m&&ﬂe@némthe‘érsgh@wat@mwergtur@prqfﬁ@rqauﬁa,eambném@ts of

a vertical cylig Bgﬂﬁc?@és g:ﬁ%gt fﬂjxofg%ﬂ%treéul di aneter, although the

cross-secti onal ape o 'S no ‘restri ct ed to circular. The
probe coul d have a ﬁqamre‘ermé@nmmmamt atempergtlramprofile éngerpobied amdl the

Shene o, o TR s hehiEabEeRl LB PR L B e
heater and t heHE prgdlleeis3Ben Libed ttﬁalt@l’thwmulagn%lawltcgr‘éﬁ@@@f@fahablﬁrptﬁe_
P Do v LT ORI SR R M L
to compensate for observed variation in the temperature profile. In
aliernative embodiments, the insulating layer can be altered to compensate
for observed variation in an eich profile of a semiconductor wafer.
An exemplary embodiment of a preferred probe 31 for heat flux
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 %"
diameter, 0.25 mm thick, 279232 CIR-1018 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

-7-



avai l abl e from Chromal ox, Inc., Pittsburgh, PA Attached proxinate
and bel ow the heater block is a Heat Flux Transducer (HFT) 34, _
conpri si ng a0 3@7064s5 sheet of controlled thermal resistaocasmsensal .
Tenperature sensors 35 forma thernopile, and are attached to the top
and bottom surfaces of the HFT. Heat flux transducers |ike the one
shown in Fig. 3 are coomercially WD 2007/ 064435PCT/ US2006/ 042577
avai l abl e, for exanple, the nodel BF-04 HFT from Vatell Corp,

Chri sti ansburg, Transd vai | abl e in different
i zes. and pr ook eacte P BRRSH BE0f B T B Coromy 1
(WenR), as welGhriasansberd,omer Heansiok TraMHREEEEHE avABIAR] diiffbi?n\tm _sif%ﬁ&h

- Vatell 5. h is used, cooperati yel
the reT 2 Sl BreBeh eduitg Blinainy fos cvamales Bvave) (WY cR s

fer, attachethelomsr 8Bhsoradfpbel@y, teatbifict SsiRnRIs8RE ANiP Sio &R Vatel
ﬁf er 36, of a e?oxi mat el / thg sane area}rh@ls t he Hle—#. %pi errpera(ﬁire
measur enent°fr ttSH@WF‘bﬁé?/segé}@%?rqtlgeww’ﬁ*ﬁh@rf‘lé:Ta measur enent of wafer

tenperature. Both aff GeBARinuble i MRS EhCAL & JBHS LR LA o
d I's. or 8" Can g‘

thermal conductivity bonding materia ' domn_w)A/ar
appl i ed to thePisxgpetetand aiowitheatié Tds atpede. offsdicor vafet 85, atrpproxintenf

i t f the ESC cl anpj force, e.g.
20 Torr 1 nCy natesdrle 8RB AT | AR mBbralf e EoRBRL AT i pyer
deadwei ght s 37senrdris inecdiare amaasumrmﬂty)fdj;?ﬁéﬁémpés%\h%t’%f@(ﬁh (éﬁéﬂ%ﬁéo ldﬂge
i taQ. I stribute force cou
Leed as well RO ADeaF Ruh i R malinguihal Rongingr BatsRp. Hol o
constant duri ndowinearnEfasiy &ENY applicdenitid hRPeb rRNit8wkesIt Aty Faf obe
di sposed on an exqul ar%/l chuck ’JSS shown in Fig. 4. Heat flux 41

f1ows from t hePHEBRIEr 2B RBIOKNE PTBIRHMBKEe 26004 appraKistie st of e EBBe
chuck over a pﬁlgﬁ@ir@ffﬁﬁe?‘&gmbhfdﬁiZl@lﬁgﬁgr&fees{r‘cﬁ@ﬁ?@n%ﬁr&fb’?ﬁe‘z%mS for

t he purpose of this assessnent. erature difrerence bet ween

the conduct i ve®RIRSFHRd %)h@e@?@f%fﬁé’ff 3 @mﬁe@swgﬁﬂgng;nﬂistgbuts r;fi;c:, y
ef fective featqdwabstigbrdeoR bb?b@)'%f‘ p%r@gh%‘r;n&‘m’s hg aé@tq%gncﬁ?tﬁpwdﬁm%

by Kerr. Kerr can be determ ned by ati hg con m .
contact and coifktpe omed Bs v@ih Adtitiogaty, deahadketeynpetistungisybRestiphsid

"c" and constant during the measurement. _
A depiction of an exemplary probe disposed on an exemplary chuck is

shown in Fig. 4. Heat flux Q 41 flows from the heater block through the

20 wafer piece and 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 Ker. Ket can be determined by treating conduction through

25  contact and convection through the gas separately. Using subscripts "c" and
"g" to refer to contact and gas, respectively, K. is then the heat transfer
coefficient due fo contact and Kg is the heat fransfer 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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"g" to refer to contact and gas, respectively, Ke is then the heat
transfer coefficient due to contact and Kg is the heat transfer
coef fici entwduayoeuathe gas. The initial Msa Areal Densirtynshoosods7rAg
is the initial fraction of the insulating |ayer of the chuck within
t he probe area which has a raised 30surface in nomnal contact with
the wafer piece, and af is the final Mesa Areal Density having a

rai sed surface in nomnal contact with the wafer piece after the
preferred adjustnents have been nade. Nominal is used to nmean the

pl anar - equi val &fier therprglesraskadipdmentsdhaye e mage. Maevinal ihesagdganean
supports the V‘@ﬁ&blanéﬂeﬁﬁib%n{"ﬁfr%%e df HE B4 of \échg,%ﬁ?mﬁe mesa
non-parallelism a IS the total cross-sectional area of the nesas

wi t hi n the prolsapperéathapvafer.sin dtbeswpnder iphatngumugaoesoénd hen-pafadielism,

Th fi i f differj d iled t . 0.
e resa con ot Ll O LR IR0 Lo SO B U
have differbngite sipporin@smesensifahe waRas Theseisa cﬁi‘nﬁ%ﬁra\‘-’f\iﬁﬁgbi différing

determ ne t he tafaget hi 8{1 area, and thus the anount ich the high
area under t he 5FUBE 9F0EICIYe® G 80HAIR VENCIERURECrRSS SRAtPRPE VEHisal vs.

Lodesired ! emDeigktPalls] Abdd RUIARR: diffhi R akbd gRERHrSbe heBburber, o

gi ven probe neasurement area is erm ed as
preferred enbodi saughf iadeteryise thif Grget igh e, apd dhey e ashodrtidymdse:

The above di sl beTaN oFes ol b PRk s HERHER n RGP F TR 1

reduction a6 heasirddtdnperafure@aistiiritionl an eypdiidhpoviding Befopasgvdnprobe
waf er tenperature. Therefore using material renoval alone, a desired

waf er tenper at (NGSSLEFMBY HBR %I TDPCL 8P &MNSy a target AT that is at

| east as high as thg QE%T@ﬁéd emiolanérRas gk MTFC In a%é%%%@tarﬁrofftﬁ(lél

all sites across the chuck is thus chosen and denot ed , and w ,

in general di f Masafqopfigeiadiominaehiewdly emavabiphnaisael. yinarcautsoce withy
ATm by an amoypt - eRokied ¥R a RSS! & material will result in a reduction of heat

15 flux from the wafer and thus an increase in wafer temperature. Therefore
using material removal alone, a desired wafer temperature can be achieved
by selecting a target AT that is at least as high as the highest of the
measured AT's. A target AT for all sites across the chuck is thus chosen and
denoted AT,, and will, in general diﬁer‘from the measured AT's, individually

20  denoted by AT, by an amount dencted by ¢, wherein;

E = ATm_ATo.
(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 Ketr

(2)
30



= ATrn - ATo. (1) 25The objective of the adjustnment is then to bring
E to zero. Defining q as the heat flux per unit area, the general
heat transfweo 2eguatidn is given as q = Q/ Ap = ATxKeff HAJUs2868/04287
nmentioned above, the effective heat transfer coefficient Keff is
conposed of two conponents: the convection-only heat transfer in the
| ow regions, and the conduction plus convection heat transfer in the
hi gh regi ons. For the case where the contact area I's much snall er

h - Iowarea and the high
brea not i contREhudeEro ey PRl Beethibfes sParEisn: Kanesemposed
expressed as Kgf iwcaf;&gupoﬁerdeSﬂhé%nhwbndehéétlt@n%ﬁJr%EI%dIQWre@%W' MY

t he probe heat 0 and choosing a value which results in cl ear
read:ong everyv\ﬁ'%‘?g %ﬁlql%pngeg 576 rRRsTeh Insthe o taregiengs For the

difference betwass whees gRScOMtAR kg i‘s%@éﬁ sER: tﬁ‘ér?fﬁ'e l%?‘ﬂééﬁté@sarﬁab‘n 10

exenplary heat flux is fromabout 0.2 to about
t enper at ur eof (EHBPHERG Beth the daw ared mhﬁw:mmaraamt irf D@rxtaciﬂ)dﬁmtfmn‘tge

Lsi ng t et ar gt Soby OB (R R LT e 6 o L BT R B < s
usi ng Egn. 2 asslettd y Variing the prc(tiéghe’ata‘fd@\)er and choosing a value which
results in a clear reading everywhere on the chuck, and one which shows a
clear difference between regions with different mesa areal densities, An
10 exemplary heat flux is from about 0.2 to about 2.0 W/ecm?, and the
temperature of the heater is determined by the heat flux.

Denoting the initial effective heat transfer coefficient by K; = /AT, and using

the target value of Kett of g/AT,, Eqn. 1 can be rewritten using Eqn. 2 as:

15 e=q/K - g/ {K;+ o).
. (3

Defining v to be Kg / K; and rearranging Eqgn. 3,

20 onf=(e/q)yKi+0L;/{1m(a]q)Ki].
(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.

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

30 For a given chuck, y 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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(3) Definingy to be Kg / Kg and rearranging Eqn. 3, 20af= (e/q)y
Ki+a;, /[1-(6/ q) K11. (4) The set of Kl determ ned for the
plurality ovonmasemenent sites, along with the x-y coor dcnakassehs7?
each K1 can be used to determ ne an HTC profile. 25Additionally,
using Egn. 3, the set of Kl taken together with the set of s can be
used to determ ne Keff for the target configuration, and thus a
target HTC profile. Simlarly, the set of af determ ned for the
plurality of measurenent sites along with the x-y coordi nates of each

af deternine tfEskpelie reaigpshdnth ofwhishatepigéarapésangient fogar at i on.
30F [ ' t LS 4
o 5 oo Sl ok SRS TS Al

primary factors in | | ertal 1tself and
the surface finasiesial efd theeganpssale, usedt Which anhiatde assemmddd deatsngtant.

ey R T e
assuned to He gifforindahd khowhhessaeal Jerstiedeted BoNinblifddnendeamuforrg K-
at different locations with 5different and known nesa areal
densities, and®®dKvi A NfuRTESARRDT {hareiorey iaRaswnedés be fpgwn and
assessment, thggakgfe, y is assumed to be known and constant.
The testing can be carried out in an apparatus that would allow for
support of the chuck as well as enablement of the desired test conditions.

10 An appropriate apparatus comprises a vacuum test chamber configured to
maintain the chuck at a set temperature and capable of backfill of a heat
conducting gas. The apparatus is preferably capable of supporting and
numerically controliing x-y positioning of a heat flux probe as well as capable
of applying a contact force of the probe onto the chuck. The apparatus is

15 also preferably capable of registering and recording measurement data
signals from the probe, as well as electronically determining the target 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 omiited, or by making measurements in an
irregular pattern.

All of the factors required to determine o5 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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The testing can be carried out in an apparatus that would all ow for
support of the chuck as well as enabl enment of the desired test

condi t i ons. WOH6{3Pr opri at e apparat us conpri ses a vacR{TVUSEH6/042577
chanber configured to maintain the chuck at a set tenperature and
capabl e of backfill of a heat conducting gas. The apparatus is
preferably capabl e of supporting and nunerically controlling x-y
positioning of a heat flux probe as well as capable of applying a

or ot orabl y capdsTaseat RPR PLRRY R Ak B eR P BReBintetebr it =

signals fromt rmoq:nfcmm, as well as electronically determning the
target mesa configuration fromthe data. The neasurenent areas can
overlap or can be separated by a distance. The regi ons between

measur ement ar eas CanEbz?a@%leblﬁﬂt@dprb@e%@'tﬁéﬁfsﬁﬁéﬁr%@u@éﬁ“?éfdi@é‘éhtahft?isc
or to gradug transitional densities such that no abrupt changes in

density and®t hus i n2RPEXERRING, thehefdhp 5154 Flampignoms, g €Ot &ar. f or
exanpl e, by changing angal th@eémwbé&ég@@a IVa pﬁédﬁﬁ??héﬁﬁ@eﬂ'k&é@ﬁ&%

densities. In generali, if density transitions tromsi
are too abrupt, a fi&f@@erﬁ’éﬁ@@félﬁefmndgﬁﬁw suppodrcoastenhby emph:b,mgaTCU

di aneter may be 25 ke d
al | owi ng sone neasur@e?éﬂr? t%glﬂ'? eg?&éa%gh%ﬁﬁ%ﬁg%%eg&)ég H&E 06K S”%Ce
nmeasurenents in an #rfegulae thathember #dd badkfil t‘cethfe&ﬁtsﬂ'taa HefGi greskure,

det erm ne qb have th&% B n determ ned. Based on all prior
di scussion, "a prefe? & ﬁEodlnent of a process involving 30 reducing

the |ocalized mesa &r Selaf tend&HedtHeataik eve a target FITC profile
across a wafer pl acgd chuck ;Qn?r“ ses the follow ng experimental

procedur e: fa lcgﬁl%tg Gfrorg nae ke 8o that its nass
results in a force pn nhsERCaSERRIAY tHERes Mt Maferiedd R nfpratl @8R4 NO

force, e.g. 40 Torr. 2. Place the ESC to be tested In a vacuum
chanber, keeping t heon@ieiee auppat tehpeiatuca it détemisingpi§rt q ¢ s tamdll
by enploying a TCU. 4 s on the r103 Position the probe at the
measurenent site on tef'u ;1 K'%ur f ace.

8. Select a target AT = AT, and determine & for each site.
9. Use Equation 4 to determine ar for all sites on the grid. Check that

ot IS always less than o;

20 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 a;to ar. This can conveniently be
accomplished using any of known techniques for coordinate controlled

25  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

30 is repeated for each probe measurement site,
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4. Evacuate the chanTher and backfill to the desired helium pressure,
10e.g. 20 Torr. 5. Select the desired heat flux Q

6. Cal cul atwoqgedoens) usi ng t he known A2. 7. Meagaraisamelo42s77
record the resultant wafer piece tenperature and conductive support
tenperature, thus determning Ki= q / ATmfor all 15sites on the
grid. 8. Select a target AT = AT, and determine s for each
site, 9. Use Equation 4 to determne af for all sites on the grid.
Check that af is al s |les 20A nechani cal correction can

th
now be nmade to the EQOWBFEQ agwcgaﬁfﬁ?l&oﬁﬁp?@}ﬁﬂ@ AERIpKNg s at all
conducti vity ach@srdd§itds)uekoverlepBREss éétﬁ@bquﬂéétééf téﬁ'b%r‘ﬂé\% the

nmeasurenment area is adjusted to reduce the contact area by an ampunt
sufficient to EREWYeNth® & prasleterminest taferantm Barcharoootwipi &rig Eppr‘ee[ated

di |
25 mater al r onaroo e TANDOS PSS B FRul<dh SR B UsRBi plt g n€

routing, |aber pnemldiure.ng or grit blast nmachining, and coordi nate
Are eduction can

be carri ed out by rEUHEPRG SRECHTBBES! ik i et e RUHSISUoPRP % oE e

nmeasur enent ar galtagy probSONEAUIrSBER: TSRS EPER bRICEbLYatie rché‘élé’e!ectrode An
conbi nation thereof. The area reduction process 30 Is repeated f

each probe neaSUPERAE Voitege mWWW@C@MQUOHJM%WWhBWO@
After conpl eti QarigfonTBg rﬁ@ﬂm 50hé %Féc'h%ge %Qt[\?’&@tﬁ dv’%?er%aﬁ leclth a

neasur ed S|tes t he over Bsocess coul repea 0 achi eve
conpl i ancel?o 53%?’[@6@{'@?'%0@@ hetﬁtiép@lfﬁﬁmlbamrﬂcmmuenm in. thEtetcrrsprocess

appreci at ed thgkg C% Raf RS BaERaGeRLEP! an PSR Se oS 438

to automate this 5 proce
comprise part of a capac;tatlve circuit, wherein the plasma is the first

conductor, the insulating layer of the ESC is the dielectric, and the
conductive body of the ESC Is the second conductor. A preferred

15 embodiment involves the local modification of a mesa configuration of an
ESC to achieve more uniform etch conditions across the wafer surface. The
local modification is the adjustment of mesa 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 éhuck. Assuming a plurality of mesas
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In plasma etch chanbers, bias RF power can be adjusted based on a
vol t age probe nmeasurenent attached to an el ectrostatic chuck

el ectrode. wa @rioon3i n the vol tage neasurenent nay af f eeCrissnoetahy?
process. Furthernore, variation in topography of the el ectrode
relative to the wafer may lead to a 10variation in the | ocal sheath
potential,  and consequently in the etch process performance as well.
In a plasma reactor, an ESC may be considered to conprise part of a

capacitative ci. it. wherein the plasm is the first conductor, the
houl at g+ aydt Mk I BechPal iRl 3 piohabd Sun o esiscn due tove

body of the ES@riay vilheostebadiifaragiietodne m?ea%aeé@éé@@;té;%ee@é%m%em
i nvol ves the | ocal nodification of a nesa configuration of an ESC to

achi eve nore uniformetch conditions across the wafer surface. The

I ocal nodificaExamgle 2t he adj ustment of nmesa height to control
capaci tance. Another_ preferred enbodi nent involves the initial

fabricati on®of a nedBisE¥aMPARisdor be intialdabiton of awseyveheans intiam et ch
condi tions acr@gsad; , iLtan robe is
referably ueed i aroRtiEELRINGHS LR fade before bRl E RGBT
probe head andieheheptigusitiace dbtyins@atias layaniselaedre fdessk safdbriziaent

accuracy of +/ : .er._can be used, such as the Protek CML10
avail abl e f romb¥'é%r9§¥<iﬁ é ({{? &ﬁ%ﬁaﬁ fq@p%g}%qr&? e %}%e FEE BP MeSass NEgas WRich
cogj unction wi baccan@miml l,e_imga's cdmais Lﬁtcﬁj‘cﬁé@,béfl}ﬁ @*@fow@ﬁﬁég%gm é’rieér[%gﬁr,
and conprises a, netal cylinder whi as a_plastic handl’e extending
out of the% opwh@itﬁﬁweﬁ%r 'EéH%‘%’w@éﬁc’% B%‘B’E{;t@”@ég%ﬁhéﬁﬂﬁvefpﬁe@rﬁde at
presel ected poatdcrdacd Rith BSFocdiups BY RILY thd MRs81888! mS 1Ry ié’ﬁ?ri)(%r?

of a

forma regul ar@ri,a é)gtter n, allow ng for the determni nation

capaci t ance pr B PY'ged 3pilhgabavediseyssionranckipgsas aisceoing koke, huidave not
chuck. Assum ngethdinuUfdrichiededt A BSBM ReightS A ' ;
measurenent, the hi Sh arrlld t he Iaow ar eg%ig%t? /%%ghﬂng@%ag?}éaﬁg%a greats
contribute dif$BrbaeMpatas OHe, weawite edcapapiaideasmetior adiicigreldizanplydo

|2n| t?llhi S gxanpllolSrbN, E}QEﬁgin'aitétfoﬂlCgff‘gp{f*niecc%tpiagf%ar%e &L%St%%he\ﬁggr(ﬁ]e
area that will be between the mesas when they are formed), and C; for the
capacitance of the insulating layer below the gap, then the target
capacitance Cr (i.e. the capacitance of the area hetween mesas achieved at
the desired mesa height) can be expressed as
20
1/Cr = 1/Cq + 1/C..

(5)

From C = gA/d:
25

EoAp [ Cr= dg + i / g,
(6)

where g is the dielectric constant of the insulating layer, d; is the thickness of
30 the insulator below the gap, and dg is the height of the gap. Atthe onset of
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capaci tance neasurenents are nmade before nesas have been fabricated,
i.e. when the surface of the insulating |ayer is planar. Mesas are
fabri cat ed WO 2pEwemMBhg nmaterial fromthe area where therP€TAISRIIROI2577
nmesas. Areas which becorme nesa areas remain untouched, and provide
t he high area upon 10 which the wafer is supported. A determ nation
of depth is devel oped in accor dance with a procedure in which the
Mesa Areal Density is known (provi ded by the above di scu35| on) and

nmesas are goin have e cate certel n
hei ght. Assumi ﬁ'&é 3;92@?69%@5%@%08& %%C s n%@@aﬁuredcwﬁﬁe He St e
a capacitance dgeatdasoredhiapacitaicatiegivenlhy; to 15 the |0W ar eas. Usi ng
notation C9 for the capacitance due to the gap (the area that wll be
bet ween the nesas when they are forned), and CI for the capacitance
of the insulating | ayer bel ow the (Ig)m " ;L\hg tar get capacitance CT
(i.e. the capacitance of the area weef Chl eved at the

desired nmes@ hei ght) can be expressed 48) 20 1/ C+ = 1/C + 1/C. (5
From C = EA/d: 25 soAp | d9 +eh (6) where si is the

di el ectric constant of the insul ating layer, di is the thickness of
30 the insul at Gohied Bgns.feeaydp foraycyivid: i s the height of the gap. At
the onset of the procedure, the capacitance is neasured while the
surface is flat, so Cm the neasured capacitance is given by:

Cm= 80 Ap sr/ (C19 + di). 5(7) Sng\.ei N8, ﬁq[@r._ @C%q(—?mfﬁgi)}_dg gi ves:
10 (8)

Eqn. 8 thus provides a desired mesa height within each measurement
area resulting in the determination of a Cy,, for the case where the mesas are
not present prior to the fabrication. The set of Cr determined for the plurality

15 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 dg
determined for the plurality of measurement sites along with the x-y
coordinates of each dg determine the height component of the target mesa
configuration.

20 A mechanical fabrication can now be carried out on the chuck fo
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

25 from Sum to 40um, 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 efiected, 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

30  each probe measurement site.
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dg = ScAp [(1 /CT - 1/Cm (1 - 1/Si)]. 10(8) Egn. 8 thus

provi des a desired nesa height within each neasurenent area resulting
in the det eWvmpaopess of a Cm for the case where the medaI/URLWO/MIETT
present prior to the fabrication. The set of CT determ ned for the
plurality 15 of neasurenent sites, along with the x-y coordi nates of
each CT can be used to determ ne a target capacitance profile.
Additionally, the set of dg determned for the plurality of
measurenent sites a ' t x-y coordi nates of each cl

determi ne the hei ghtrﬂgg?%gﬁﬁfgﬂ?g@far?%%c?%%% pﬂﬁﬂé&?@%@%&b&rﬁ 20A
mechani cal f abuistaideoTiamgime Hetween ficaduretien® Brddiepiwiclabtieaag i eve

the desired capgcitanc rofile across the chuck. Preferably, nesas
are then creat gﬁewofaz‘?‘ﬁdgﬂﬁsr?éé%BFaéjh'@Hfa@'ttoé’aWeFPtEﬁﬁwm@ﬁﬁﬂf’é\pf%ﬂt in

the area that whhhgdenem®H Bed W iRLS e th
sufficient to changge tﬁjé@I ocal leto %%'f?’%@eg%éédgt Aﬁ%ﬁ?{?ﬁ@%ﬂgﬁal
renoval is prefEPEBEAyOpsxampie, By changiag depihlingady heiveanrtebatitiareyt f r om
SRmto 20)m Thksihean iy I C | L own
echnt ques 1 or Cohneamdenah Rt e ARARRE oRl S KPURS @R Bbnl
is effected, f&peenaapiremenygrdaniioga shatlerobadisnmtagmay bgriequitddast
machi ni ng, and r. o s effected by the use of an XY
table. The macﬁigﬁla%%bg?%@gégH}targodreeé)%gwgg%y &ﬁog SHUHe Pigggarement sites to
nmeasur enent si be.omitted, or byTheking assaseremnta ireasirefulo\eittedp or can be

separ at ed a di stapc The, regi ons , between neasurenent areas can be
fabri cat edt?%fo i nt er%@ng'&fgﬁtgﬁ %’9”5?‘1 ?Q)dé%ﬁa'ﬂﬁlcgj}aé{ﬁéli“ﬁ e defepringd.
such that no aBaspd ofhizngiesve diseeRidh, anflefehdd dnibdAfast baNERCOSS U -

I nterpolation can be 5 effected, for exanple, by changi ng depth
linearly betwelHCMug ‘8itlﬁpﬁ%ﬁ@awmﬂeﬁ%h@%@fﬁ”, E$E e reduse h

transitions fremddithfcd Qafatldh arésd QQ/a%?gﬂ‘&ngd dh 4 'gﬁﬁék EEASHS RO

grid and/or a small probe dianmeter may b quire Adequat e readi ngs
may be obt ai nefPlBYiINg preGedigesone nmeasurenent sites to be onitted, or
by making gmeasurenments in an irregular pattern. 10AIl of the factors
required to determ ne dg have thus been determ ned. Based on the
above di scussion, al.pFabicatethehB6dimerjustgiioatpmesassbrigadohyvi ng

initially fabricat i@.gr\/feggur[gat%% cg%gipatncgffro%wnthgss%r}a%ertg %Jec ce:one}:luctive body

using a suitable probe over a pre-defined measurement grid to
determine the set of C,.

20 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

25 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
30 adjustment of mesa height to achieve a desire‘d capacitance profile may be
needed. In one embodiment, Ctis chosen so that the target capacitance
profile is uniform across the chuck. In order to achieve a final uniform
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capaci tance variation across a wafer placed on a chuck conprises the
foll ow ng procedure: 15 1. Fabricate the ESC up to just prior to nesa
fabricati oWWO200704&ure t he capacitance fromthe surfac@CTESRUGE042577
conductive body using a suitable probe over a pre-defined neasurenent
grid to determne the set of C. 203. Determ ne a pre-defined target
capacitance CI. 4. Use Egqn. 8 to determ ne the set of dg, the target
depth at each neasurenent site. 5. Create the nesas at each site by

hi ni ng. . _Adj us he hi ni rocessing in cant i nuous
fachi on to 25granamants hioshetieRal f a8 i e e Saraye befwen
desired | ocal pessidnedrabial dpgaaBhEitadice. Flomh@yc 8S8hMRE R dd1RaciBSES
al ready exist on the chuck, an 30 adjustnent of nmesa height to

achi eve a desi flediictigdentane & Pyest bY exAwdyddb dniedd&ines Wecﬁvé? OT d; and dg
nbodi , CT._l & L i tanc r,of i S
ﬁni 19 olr rrgsgf:r 0s slsteﬁcé&*ﬁ%@&h%?cﬁﬁ%gﬁ er}cgt%@h}:ﬁ%%&v@%ﬁ%giahﬁﬁpﬁmg’f(ﬁ'r’rﬁ)%’ h

capaci t ances nowhe®f it EQi; endy| For dielestrig $8dtelialk O dL§rebtdr fearf Neso g — 1 s
rel ati onshi p between material renoval and capacitance. From Egn.

above, the capB@f¥hcEfECEE RESN HiRt &P dACTPaSYinER OB deptnyll r@a@tG ln

di / si). SincgdbBRasEM &e cHpapshd®@d Truisan (’Ei?é‘ﬁlte?éﬁfed ERBoGARAE] WiRktee

can be rewitten as el soAp / [d9 (si - 1) + F, ‘
material is only removed, capacitance can only be reduced. The selection of
Cr in this case, therefore, is preferably equal to or less than the lowest

10 measured capacitance from all selected sites.

A mechanical correction can now be made to the chuck to achieve the
desired capacitance profile across the chuck. Preferably, mesas are then
adjusted within the measurement site by deepening material around the
mesas to a depth suificient to change the local Cp,, to Cy. This can

15 conveniently be accomplished using any of known techniques for coordinate
controlled material removal, where removal is effected, for example, by
routing, laser rﬁachining 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.

20 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

25 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

30  involving adjusting the mesa height of an ESC to reduce a capacitance
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5where h = di + d9. For dielectric materials, ci is greater than 1,
SO si - 1 is positive. Thus it can be seen that an increase in the
gap depth wwp2007¢s4#38 i n a decrease in the capacitance. PThss200p/04268
preferred enbodi nent, where material is only renoved, capacitance can
only be reduced. The selection of CT in this case, therefore, is
preferably equal to or less than the | owest 1Onmeasured capacitance
fromall selected sites. A nechani cal correction can now be
made to the ch ve the desired capacitance profile across
the chuck. Pr e;{feé%gh& gg@ég WalpEpiag %Oﬁéj%é‘ [éEIO'\WPf'W%E‘@ﬁ@“%aQur enent
site by deepenipngcetatreri al around the nesas to a depth sufficient to
change the |ocal Cnto CT. This can 15 conveniently be acconplished
usi ng any of known'techni ques for coordinate controlled materi al
remval, where rembuaiMédsued iREEAcithRe RIAM Burrdtt HAHE BAdudy g%%
machi ning or. grit blast machining, and coordi nate control d
by the use G8f an X- YSN4R &litaplgp ﬁh@mVﬁﬁalQFQfo@‘(f@sis’nessuremt gnldfor
each probe measurenen an overlap or
can be separated bggat%%%%ﬁngﬂgéo&gﬁjgﬁﬁ?igrﬁéﬁ%é?%agﬂc% 'asur enent ar eas
can be adjusted to Bnt[&{g@ﬁlaeweﬂwﬁ!hﬂdwthmegs; tolbaindreasesd dri daeadased
depths such that nos cgtyaggtgn(ar@fg_ges in depth and thus in capacitance
occur. Interpolation can efTected, for exanple, by changi ng depth
linearly between twd. d\dﬁdsértiwme%dle@hhat eddh giensrmbehihingthehdestd),
tran5|t|on§ from Slt f§|t§ are too abrupt, a finer neasurenent
grid and/or "a snal | 59888 @ divet er may be required. Adequate readi ngs
may be obtained by &l IReweaptheqirecesRasiamatungl 4IEStdsCarlSyitin Etd%gn'

by maki ng measuremne s in irregul ar pattern. de

t he above discussio erﬁ”‘ﬁﬁ’ QPQTred enbodi ment of a process 30| nvoI vi ng

adj usting the mesa Beipgdfilst ﬂ'fe z@lﬁcﬁ t;ﬁ’ﬂé&g}ﬂ@‘?n% &ﬁﬂﬂﬁ{)tﬁ}?‘%ﬁ onda; 1 .

vari ation across a wafer placed uck Conprises
procedure: 1 smoothly tranSItion from site to site to achieve the desired local mesa
15 height.

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

20  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,

25 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.
30
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1. Measure the capacitance fromthe surface to the conductive body
5using a suitable probe over a pre-defined neasurenent grid.

2. Determ ne a pre-defined target capacitance CI. 3. Determ ne
whet her the depth needs to be increased or decreased for each grid
site. 4. Adjust the nmesa height at each site by
machi ni ng such that Cm, 10approaches CI. 5. Repeat the process as
needed until all sites are within a desired tol erance of CT.

6. Adjust thereldp }_gwgbqgesm ng in a continuous fashion to
snoothly transition fromsite to site to achieve the desired | ocal

mesa 15hei ght. Wth the nethods described above, it is

possibl'e to provide, GHst 81”31&9’&1'1191 %f tafde?ﬁ‘[e%b %@hﬂ%ﬁ]ﬂmkgtﬁrami Iectrastatlc

properties of an electrostatic c I evl
target heat thipfstamprisveffici ent or capaci t ance 20profile. The

present enbodi ”E”ﬁwﬁklﬂé‘é(%hﬁ’@ﬁ* ﬂ%@éﬁ&éé’ﬁga&r&ﬂeﬁ@ ?5%%9}155 Br !BEﬁ oﬁ]% BF‘rd

enbodi nents. However y appar ent ose
the art that aﬁtexﬁﬂﬂlﬁeééé@@@lcéaﬂ@‘%’lﬁtﬁﬁ@iﬂﬁy@m aﬁﬁ{ﬁél‘fﬁ@fﬂ@fﬂp shackspadi fi c for m;

ot her than as des e h e
t he enbodi nent . Z%étérﬁﬁrq%g?g? grtra\e{{[;ét '%%a di mﬁﬁg{&étﬁﬁ Lélﬁgﬁqgt r%gél{ar%ﬁle%

shoul d not b&hewisigerisgt fese copfigurationrs aaYevrsyLy MHECIEE GpBesd Ceieet

enbodi nent | %,—&Ié{%ﬁe BYmbhesfanprpgedscl ai ms, rather than the preceding
description, and all variations and equi valents which fall within the

range of the clains are intended to be enbraced therein. 30 WHAT IS

CLAIMED 1S 21. Ammet methoaf oﬂemmmmwngre&m i g8lgeTeseaC @Bhfigatatiah i @n

of an electrostatijc, chuck,
determined ?rom a target Hgat transfgr coefficient profile.

3 The method of Claim 1 wherein the measurements are made using a
heat flux probe.

4, The method of Claim 1 wherein the target mesa configuration is

determined from a target capacitance profile.
5. The method of Claim 4, 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.

6. The method of Claim 4 wherein the target capacitance profile is achieved
by increasing the height of a mesa configuration.

7. The method of Claim 1 wherein the measurements are made using a

capacitance probe.

8. 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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making a plurality of |ocalized nmeasurenents at a plurality of

| ocati ons on an exposed surface of an insulating |ayer of an

el ectrostatic chuck; and determ ning the target nesa
configuration using the nmeasurenments wherein the target nesa
configuration is achieved by reducing a nesa contact area at one or
nore of the locations. 2. The nethod of Caim1l1 wherein the target
mesa configuration is determined froma target heat transfer

coefficient prefibl @ acevelBemB®s ROMta&! arth &lofedpdMBBECoNthENGrget mesa
measurenents are nade using a heat flux probe. 4. The nethod of

O ai m 1 wher EPHOHRECR-ar get nesa configuration i s deternined from a
target capacitance profile. 5. The nethod of Caim4, further

i Si fabricati t i. h f f th
Ut ari ng 1 ver Dl AR BF R Sk b o FRBC g o iR et e
mesa confi gumahlides1a mésa Patermetnbiad ledst | at readt Shatriebst 3, he dtdegetio

it ) . ) ) ; el aht of
capacitance Btk b8 hd, A6 XG0l ARl DS, herant of amess

made using a capacitance probe. 8. The nmethod of Claim1l wherein the

surface of the inpidl AlimRE drafSin | HHeHEP thettalRe? tndatdof iraﬁéaecdﬁ%r;e&d

further conprising removing insulating material to achieve a mesa
cont act ar eaE6RY ¥EFIRREh TR Red pelydpse! rasasastendl gi@r@si on. 9. The
met hod of Claim3 wherein the surface of the insulating |ayer

i ncludes a a patter n t least 1, at least 3, at least 5, or at
oSt 50 meodd ar D Meeden THim hanHEE: F RSP SR oL nEbrsss o
The met hod ofme€hsahanidg whendhum tdheerdstonge terssesactmandfizguntad. i Ofn o BPsit Ses
nmesas are el i ptical, torroidal and polygonal cross-sectional shapes.
11. The nethé ¥ caim1 wherein the target mesa configuration
conpri ses nesas having a nmaxi mum di nensi on in cross-section of about

0.1 nmto abeyt I dMethodf CHIR 1%‘%?9@ t@ée ;t[a%leé%in@s; c%ﬁg{)@étpptéaﬁggéés%t

. i
mesa configuration conprises a spacin en nesas om about
0.5 mmto abéracig hghveen mesas of from about 0.5 mm to about 5 mm.

13.  The method of Claim 1 wherein the measurements are taken at a plurality

of locations arranged in a grid pattern.

14, The methed 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.

15, The method of Claim 8 wherein the insulating layer of the chuck is less
than 5 mm thick. '

168. The method of Claim 3 wherein the heat flux probe applies a force of 10
Torr to 100 Torr to the insulator surface.

t7.  The method of Claim 3 wherein the plurality of measurements are carried
out in a vacuum chamber backfilled with helium at a pressure of 2 Torr to 200

Torr.
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13. The method of Claim 1l wherein the neasurenments are taken at a
plurality of |locations arranged in a grid pattern. 14. The nethod of
Claim1 wherein the electrostatic chuck includes fluid channels
adapted to cooperate with a tenperature control unit to control the
tenperature of the chuck. 15. The nethod of Cl aim8 wherein the
insulating |ayer of the chuck is less than 5 mmthick. 16. The

nmet hod of Caim3 wherein the heat flux probe applies a force of 10

Torr to 100 forr e hBgokngUb@hPH7 SMd@R Sne plobe 11_%0%'[ B@Q Mmé;’c%\ym 3

wherein the pluraljty of nmeasurenments are carried out in a vacuum
chanber backfINPERS RS PNINGI FARATAAYS B0 BY EsRirie adhead trapsfer t:faﬁﬂzwt Pestfite.

18. The net hgdh®urfdcaiomnkchwhier ein the probe is noved by a
nunerically controll ed positioning apparatus so as to obtain a heat

transfer coefficient profile of the surface of the chuck. 19. The

met hod of C @ m Irhehe&@bd of BRIk ar\q@relﬂﬂ&atar:g@ﬂﬁqlegm@iﬂggfanbﬁ if Rbrdatat ed
rotting, |aser, nachini ngtf and/ or. asting. 20, The nethod of Claim

1 further cofpii%iaeg v 'B'H’PfFWQQ t%’aé M'sting nmesa pattern to

correspond to the target mssa configuration by routing, |aser

machi ni ng an rit bl . : met hod to Chl eve conpli ance
[0’ pr edet oftn nddenistion, bR ©Hever EPeRng CefiRED oA eDir The
met hod of C miesa aﬁ)ttars tamptremna tplther gt ynesh donfi@sation2i2: rolibey, maddhod
of Claimb5 w@gre n ion of depth of regions between

measur enent %%%'ng nn‘flﬁrgexpagg% surface of the insulating layer is
gradual, 23. The nmethod of Caim?7 wherein the surface of the

roiLating 121e e s SBLHSH 0t iThudy B

at least 5, or at

probe neasur erefivient tdgranTh evheesitnde ofettCdaifrgidimvaerieiappliduea giwreldy iod
l ocated in tf ,%‘nterl or of a plasnma processing chanber. 25. An
appar at us useful for determini ng a target nesa configuration,

i ncl udi ng a vacuum chanber, a support to hold the chuck, a

nunerical ly gpnt ﬁfﬂel REnBOSH b!a‘%ﬂ'sr\ghé’@ﬁi?ﬁitr&%ﬂﬁhl d@f)thad?%%’b%g%&w%%n

contact force of the probe onto the c robe suppor
posi tioni ng WeABEeMER ateastin de WOW%F%DT‘%B Irf‘@vlét"ﬁmléy@’dsgtadéﬁl ng
menber to various positions on the chuck surface, and a unit capable

of registeri néq and recordi ng measurenent data signals fromthe
23.  The method of Claim 7 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

incfuded in the capacitance probe measurement.

24. The methed of Claim 1 wherein the chuck is located in the interior of a

plasma processing chamber.

25.  An apparatus useful for determining a target mesa configuration, including
a vacuum chamber, a support to hold the chuck, a 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
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probe, electronically determ ning the target nmesa configuration from
the data signals, and determ ning the target nesa configuration

26. The apparatus of Caim 25, wherein the probe is a heat flux probe
or a capacitance probe

probe, electronically determining the target mesa configuration from the data

signals, and determining the target mesa configuration.

26.  The apparatus of Claim 25, wherein the probe is a heat flux probe or a

capacitance probe.
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