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cold sid devi ce i.s conmonl y use
A top sur ace on wq-uch the wafer is mounted is ﬁ/rowsde((ij at the top of the heater and

heat sink assembly, and a base by which the chuck is mounted to the host apparatus,
e.g., wafer prober, is provided beneath the heater and heat sink assembly. In some
heater/heat sink assemblies, thermoelectric modules, also known as Peltier devices,
are used to provide the temperature control. Peltier devices are small solid-state
devices that function as heat pumps. The typical device is a sandwich formed by two
ceramic plates with an array of small bismuth telluride (Bi,Te,) cubes in between.
When a DC current is applied, heat is moved from one side of the device to the other,
where it is removed with a heat sink. The cold side of the device is commonly used
to cool a wafer. If the current is reversed, the device can be used as a heater by
moving heat in the opposite direction.

One drawback to Peltier devices is that they are subject to mechanical



to cool a wafer. If the current is reversed, the

devi ce can be used as a heater by noving heat in the
weppasigses di rection. One drawback to Peltier deei/tsm03/621529

that they are subject to mechanical WO 2004/ 008503

PCT/ US2003/ 021529 -2 stresses.p JThese stresses can

cone fromdifferent sources. In one case, nechanica

SUrERS&RS. TRAMGREsBY cARARAR dﬁ@exﬁ%ﬁﬁlj’c%alh O €4seCibHsnical

| ayers over tenperature can cause evices to

be catreeses ﬁl’(cﬁbe(hbjr expansioe weh¢antdabtyorf @l dhuck hayers oger temperature can

particularly true in wafer chucks where the Pelt
de\ﬁai‘:‘%"sthﬁldé"lF‘FsgtP drserag waeatde eal gicatvgly fk H IS picularly true

UPRE. a?gldchks NELLAURPR tfefr dteh@eﬂg@hgf r?t(;gtﬁatchgd ©%ne or b%th of the

asse the asse contracts,
Pel upper ardH%weﬁ&yéra of tlﬂl]ﬁatt:dhédﬂ emlmesrem’ulya ahs gie rammﬁy expands
i nduced by thernal anot her case,

mecHhfoBERcts ttlaee%@tlffrrﬁiaméﬂfaﬂ;ﬂualt? f}l,frfé‘?ﬂhﬁ%llcalé%%ﬁ%}"éhc%‘fby
thqh_§£{ M.Gstop and bottom | ayers of the device

i tself ‘can cduse the devices to become unreliable and

fail. Thinsinbthepedst,ithen@chapidal steess indubel tBedlffhnehtlﬂmdpzimmn of the

are large in size. The |l arger devices cre

i ncyeEamRiE dopiand Rattom Jayers eiﬁls@emﬁ ltaﬁﬁcwwr%? deyiessdp hpeome
nor i cal I

or e BRI G TR MHRRAY fhe bolfer BURRES BEloliy sce.
met Tigdlafg@f devBeys Redatd iAcreasedudi fifgre st espm@oa&ndltherefore develop more
sem conductor wafer. The chuck includes a top |ayer

on WWWW%?%&ﬁ?“Wbrkpiece can be nounted and a

tenperature control assenbly in thernmal communi cation
with the top layer to control tenperature in the

wor §phiees. of tHdhmveigaer at ure control assenbly includes

an upper_|ayer and a_l ower At | east _one

t her noel Eea Rresenhingention; is daﬁeg%@@dwwpme ghyck @ndy gisdod for
2”?5\/\@@8\%{% a%yo“?f; 1e@ens%aﬁ‘%xs a ls Bn(ﬁﬁ?or%ﬁé#}e ik %h&ékﬁ%&lﬂ&é% a top

r an a ers pacer

Si Zlager otnOwhAai tHeGﬁirkpieﬁﬂ&ﬁ@etdilﬁmtmmﬂ aaﬁldpér@wedf cdnipeiissembly in
such that the thernoel ectric nodule vertically floats

i n thempd cempuinigation Wi thistordaygnte ¢anitel tempgrapuge orthgpvorkpiece.
I S Tléﬁ{‘%mgons grg(%tl%(l: %gse%wgq{%{geg ah ﬁ])?)ter fE&hﬁﬁ 'aci@\lv!arna)oe'}. At least

ra i ned
one thermoelectric module is disposed between the upper and lower layers and at

least one spacer is provided between the upper and lower layers. The spacer is sized
to vertically space the upper and lower layers such that the thermoelectric module
vertically floats in a space between the upper and lower layers. That is, the
thermoelectric module is not mechanically or rigidly constrained within the
temperature control assembly. In one embodiment, the smallest modules that can be
employed in the construction of the chuck are used to reduce differential expansion
within the modules themselves. As a result, mechanical stresses due to thermal
effects are substantially reduced or eliminated.

In one embodiment, a thermally conductive medium is provided in the space

between the upper and lower layers of the temperature control assembly. The
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device as in the previously mentioned embodiment. The unitary device can be made
in a star shape in which multiple spacing arms extend radially from the center of the
temperature control assembly toward its outer edges.

The present invention provides numerous advantages over prior
configurations. By providing sufficient space between the layers of the temperature
control assembly, the thermoelectric modules are not subject to mechanical stresses
due to thermal expansion and contraction effects. Additionally, utilizing modules
that are small reduces the differential expansion of the module ceramic surfaces. As
a result, damage and failure of the devices is substantially reduced. Also, the spacers

provide added rigidity and support in the wafer chuck, resulting in improved flatness
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FIG. 5 is a schematic exploded view of a portion of the workpiece chuck

shown in FIG. 4.

FIG. 6 is a schematic plan view of an array of thermoelectric modules in the
workpiece chuck of FIGs. 4 and 5.

FIG. 7 is a schematic cross-sectional view of a workpiece chuck in
accordance with a third embodiment of the present invention.

FIG. 8 is a schematic exploded view of a portion of the workpiece chuck of
FIG. 7.

FIG. 9 is a schematic cross-sectional view of a workpiece chuck in
accordance with a fourth embodiment of the present invention.

FIG. 10 is a schematic exploded view of a portion of the workpiece chuck

shown in FIG. 9.
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Embodi ments FIG 1 is a schematic cross-sectional i
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view of the chuck 10 shown in FIG. 1. FIG. 3 is a schematic cross-sectional detailed
view of a portion of the workpiece chuck 10 shown in FIGs. 1 and 2. Referring to
FIGs. 1 through 3, the chuck 10 includes a top surface or vacuum plate 12 on which a
workpiece such as a semiconductor wafer can be placed during processing. The top
vacuum plate 12 includes concentric channels for distributing vacuum throughout the
top surface to hold the wafer on the top surface. The chuck 10 also includes a heat
sink or temperature control apparatus 14 fastened beneath the top vacuum 12 by one
or more fastener stacks which include screws 26. Air/fluid coolant inlet and exit
nozzles 16 are provided for circulating coolant fluid through the heat sink assembly
14. A vacuum inlet 18 is provided for providing vacuum to the chuck 10 to hold the
wafer to the top surface 12. A mounting base 20 can be used to mount the chuck 10
to the host machine that is performing the wafer processing, such as, for example, a
wafer prober machine.

An array of thermoelectric or Peltier modules 24 is provided in the space

between the top plate 12 and the heat sink 14. The Peltier modules 24 can be of the
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Thermal compound sold by Arctic Silver, Inc., Vlstaha, California, a metallic foil, a

conductive pad, or similar medium. The medium is mechanically resilient such that
the Peltier modules 24 do not come under stress under thermal expansion and
contraction effects due to temperature cycling,

In addition to the benefits realized by allowing the Peltier modules 24 to float
in the space between the top plate 12 and the heat sink assembly 14, the spacer
configuration provides a thermally stable chuck structure. The change in flatness of
the top surface over a typical testing temperature range is limited to the initial

ambient flatness. The rigidity also lowers the deflection caused by high wafer
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during temperature transitions to reduce mechanical stress, thus increasing life and
reliability of the modules 24. The one-piece unitary spacer 128 has thin vertical
sections and includes cutouts to minimize thermal conductivity between the top
vacuum plate 12 and the heat sink assembly 14 and also to provide electrical
interconnection clearance. The configuration also includes pin inserts 102 on the
heat sink assembly 14 to prevent excessive position shift of the modules 24 during
temperature transitions.

In one embodiment, the size of the Peltier modules is effectively reduced. In

one embodiment, the modules are as small as physically possible. The modules are
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Pel sagerentedonddetesi s ef fectively reduced. In  one
' t he nodul es are as snal | ySi C

nbod
SO Sg, Ibrleelglt(}rﬁésomgm@égﬁeﬂ@g@ﬁ@g%ﬁb@@g%@ worf?pleé/e chuck 400 in
PCTL LSRR/ 9l g’f%?her@nb%dfn%i{)‘t' 6Efhe %)kgs@nt ihdnfOn SFRE 110 is a

and/ or segnented nodul es effectively reduces the size
of $d1nemmwlevtm@1ed b'UitW af thewbudkat00ed @ . elliG. éll esa sdhemiatic plan
connect odinment. illustr

her ¥ieH ill Psﬁréitl%ag '5’10 ll.llgélﬂ‘%% ﬁl@ecggoafz?{tc(gn %qﬁmon useg n 'gme chuck of
FIGs. 9 and 10. In the chuck 400 of FIGs. 9 through 11, most of the elements are the

same as those in embodiments of the chuck described above in connection with FIGs.
4 through 6. Therefore, description of those elements will not be repeated. In the
chuck 400, the thermoelectric modules 324 are of effectively reduced size. In
particular, in the chuck 400, the thermoelectric modules are segmented such as by
forming cuts in the ceramic on either the top or bottom of the modules 324.
Alternatively, multiple smaller modules can be used instead of or in addition to the
segmented modules.

FIG. 12 contains a schematic detailed view of two embodiments 324a and



smal | er nodul es by cutting the nodul e surface. The
segnmenting nmay be done in such a way as to create

worewg/008502 di screte nodul es. Reduci ng t he si zepof/Us1983/021529
nodul es decreases the nechanical stress within the
nodul e by reducing the dlfferqulal expansi on between
the top and bottom ceramc Iayers of the nodules. FIG

& niob e Rer B AE T Bl Rlet 207 RiaR M epteb itk f¥10s. 6 througn
S C fnelwaltﬂecen?asrah@éi@gzwa B8W sefmbited GleHAsel S8 m%h@l‘el,rhridrthe
In the chuck 300 of FIGs. 7 and 8, nost of the

eI eﬁmwidgnané%heont@amuamlc $roslbthermesientiit medeles. olin the\e

chuck SEREULE S, KPSl o Ao s
wi g se@ﬂfent‘@@ hbﬁﬁ&'@érﬁ -whibh hilGws folt i ktiv3ARovehlitat of the hot side

thermoel ectric nodul’es 324 are of effectively reduced
si zmegmemts dpang feoyperature tnansitiense reselking doreduded risk of failure of the

thernoel ectri dul d by .
RS w58 by P ALMET AT AT A A sione
bmélé’s%rﬁér s%ﬁl@d m%%&&&tﬁgﬂmdul& hinidéd, 'ré’s@ltbﬁg ifdlléwiRlgGelative
smal | er nodul es can be used instead of or in addition

to mh@mmgf@nmu}mduhegtenﬁie@m@ traositioisns a schemati c
e .chuck

Cross-s [ f k

accordaﬁ§§ &?quéhg$%§Pw§ﬁg%%?ﬁ%ﬁgnﬁﬁn?ﬁ%ﬁ‘?%Q%H?Odeanc

I NVRR&IIO @mbgdlﬁent% QldsPrafed 1§ Ft@ Bt | £s oA 4G ViR Metbgmented
the chuck 400 of FIG 9. FIG 11 is a schemtic pl an

vi ewoddlé instudas & hot sideReramisr] Shedd b goldrsidpyceramic d phwath the Peltier

f ggg %ﬁ o ai %%teg;(%%l %‘twtegl(le f}]%? g&gﬂc iajyersrrgil{a hg* se}frl]%%e]fgmicl lgyer 151
el eRERiS Rfi& Juhel 5557 . &nidiPdR nddukimadiiie %Lﬁtlﬁlfe stRer
chuck descri bed above in connection with FIGs.

t hrsegghnts. Thtedleresbodmsant Bp4h maludes mhlipte %maé}eemodules

Wi | er peat th chuck, 400,..t he
¢ hetBEbetil P i i wodulss Sp4 S5 ool trbioen thsigpayrface 12
S' Zfhd Helt sill] 4 biCtHé @huckl N the chuck 400, the
t hernoel ectric nodul es are segnented such as by
f or m ng KGissl4AthrdeghcleiEaare detottededrawangs ulhgtramg ¢ectrical -

botton1of th as 324.. Alternativel |

e PBF gt 9 it dRch o8a sPrRFLAEGrasiechi madfe Fagn in

t 0 fR6rdas@AMBNE Ghy RN EBIGST| 4B add 1 PO BeabRnatic cross-sectional

schermatic detailed view of two enbodi nents 324a and WD

2004£ 99856108 nRCuIcUUSA00BU 2G5 4D is an enlarged view of FIGs. 14B and 14E.
FIG. 14A is a plan view of the cold side ceramic layer 154, taken along line B-B of
FIG. 14B. The cold side ceramic layer 154 includes a pattern of conductive pads 152
which are used in making electrical connections to the Peltier elements 153. FIG.
14C is a plan view of the hot side ceramic layer 151, taken along line A-A of FIG.
14E. As shown in FIG. 14C, the hot side ceramic layer 151 also includes a pattern of
conductive pads 152 used in making the electrical connections to the Peltier elements
153. When the cold and hot side layers are brought together and aligned with the

elements 153 interposed therebetween, the elements 153 are connected in an

electrical series configuration, as shown more clearly in FIG. 14D. Lead wires 156



-9 324b of thernoel ectric nodul es 324 used in the
wor kpi ece chucks of FIGs. 6 through 11. The

wepdadossent 324a is a segnmented thernoel ectri cPaDU81083/021529
and the enbodi nent 324b contains nultiple smal
t hernoel ectric nodul es. In thejgenbodi nent 324a, a
single silicone el astomer seal ed thernoelectric nodule
in ' f :
e ES R URERTRRAISotl e b bl 3040 e 1Rk e
t expamid layer 13ladisi inclades the edief tutn S5 Wh[chdm@dmcalbllsegment the
failure of the device and inp rov%@BIﬁ liability
t h&obsideerramig lage apfo myliiple spEnets, cavyghe a%%uctwe pads
SeahEd HOPAAPEL Skl SRS e trBottiedh ind e il élaﬂeﬂtals not

al 'owm ng ative novenent o no urin

te rmexrrqistadi eAk aaessit] thersnfiddrébionlishizoed me mechmhcmirhenecﬁts of the
cross-sectional views of the thernn | ectric

° mis&astieht yndlier feltienmedulphasegeribed a Age mlmtlrgeqxﬂr@g the same

e ceranic
1o B RRIRRE e TRE dhd Mok Mmeidddhodl OF, <
eI ement § IGSBS totitainpo sehdmiatit deteited d’ressesecmnatvie&yc&”rassegmented
The hot side cerami c | ayer 151 includes relief cut

158hexmoglsctsisgrrdvle 14 1%%9r®nggwgh the WveRiion; oi hg detail of FIG. 15

S mﬁth!ls%ratgs z rfcglgﬁgitr c%rtnl) %}1 ﬁle ] ggézsj%ee{%)ﬂgfgg%%g 1:24f'? alsB ‘ﬂllrxﬁqgés the

nod’telt&s eRadnar1s3 saepos el tatv bt the aot stldEecetaimcSayef afearikPthe cold
and heat sink 14 of the chuck. FIGs. 14A through 14E .
ar sidgdeyer 16t Ghavleetgsaliserieiaopascting PadebiZare also shown contacting

CoMEG LI AR EORE, TERE 5 BRIy e comces

| NvetHeiseries dlbdttcal bédignstiohdE are schematic
cross-sectional views of the npdul e 324a, and FI G

14D i s aWhibnihiyigeentiondws beenmadiculatlyshara ang gescrippdzvith

14A 4 .
t akreei}ﬁiseg %sﬁb efgllrgdg rglg d{;ujﬂgli._tg @egefj,ég %Ilﬁ egsté%@ th&?e skilled in
CeRRdnare tHaaya&ioui 2Hariges Infdas aad pethilemay 6é mada cheedih wethout

pads 152 which are used in_making electrjcal .
cordspating from e spiait med 9oBe obihe frpienyon sxdefinpdby thefellowing

a planview of the hot side ceramc [ayer 151, taken

along Flne A-A of FIG 14E. As shown in FIG 14C, the

hot side ceram c |layer 151 also includes a pattern of
conductive pads 152 used in making the electrica
connections to the Peltier elenents



153. When the cold and hot side |layers are brought
together and aligned with the elenents 153 interposed

wo benebssoxeen, the el ements 153 are connect ed PEOT/ES2003/021529
el ectrical series configuration, as shown nore clearly
in FIG 14D. Lead wires 156 WD;2004/ 008503
PCT/ US2003/ 021529 -10 provide tor the external
el ectrical connection to th e 324a. The hot side
ceram c |layer 151 also inclﬁ%ggﬂgge relief cuts 155
whi ch nechanically segnent the hot side ceram c |ayer
into multiple segnments, while | eaving the conductive
pads i rt werkpsereishuelafor supporingct Wokpiece epmpsising:
i nt erconnectign_of the | e lLenents, is not.,.
I nterrupt ed. a%gp gayF’ }e%rh F) I,%Ltwhee&%%ﬁ [ gﬁarna elnolﬂunggé(}'iiag(\l/es
t he mechani caltelgéraiuré Sorbl AREmbBfih @fdrinloynhuraLdtRh with the
Pel tier nodul es as described above, while still
requi ri riep lawer togantroldpmperptueein theywerkpigse, the tenmeratyre gentrol
single %qg;iﬁgnentgg nodule. FIG 15 contains a
schemat i'¢ et Al e € Moss- sect i onal view of a segnment ed
t her noel ectric rmdlulu?p&ag@r,i n accordance with the
i nvention. The detail of FIG 15 illustrates the
relief cut 155 in alpwenleyersi de ceramic | ayer 151. It
also illustrates th Pel tier el enents, 153 interpose
petween the hot - siueadr s HepEERE Pl o R g the upper
side | ayer 1%4yer Ih@tRI8GENARRLI BRtEBFer8RR @RtrbDasdAslS, and
152 are al so shown contacting the ceramc |ayers and
the Peltier el emernt lpagtiame spaskr between the uppesesier endsthe lower layer
connected in he series electrical,cgnfiguration. .
Wi Tehis 1 mioeRRemEEe Sulit hsPRbueRe PHRkaPigspverticaly
described w tsBacixﬂ%fh@M@Bé‘rﬂﬁyei andiRf6w ey G arditempdrature control
thereof, it wll be understood by those skilled in

the art that agsembdyisuchibe dessatilepst anrethemmpeletrigimedulgyertically

be made therejn, without ting f . nedu
be e e i RO v RERAEAL il LS ISRl ¥
clains. WO ZQgﬁf,&Q@@&nWés@g&QBI 021529 -11 CLAI M

1. A workpiece chuck for supporting a workpiece,
conpri si ng:

2. The workpiece chuck of claim 1, further comprising a thermally conductive
medium in the space for thermally coupling the at least one thermoelectric
module to the upper layer and the lower layer of the temperature control

assembly.

3. The workpiece chuck of claim 2, wherein the thermally conductive medium

comprises a thermal grease.

4. The workpiece chuck of claim 2, wherein the thermally conductive medium

comprises a metallic foil.

5. The workpiece chuck of claim 2, wherein the thermally conductive medium



a top layer on which the workpi ece can be nounted; and
a tenperature control assenbly in thernal
W@ eomwosseati on with the top |ayer to control PCT/US2003/021529
tenperature in the workpi ece, the tenperature control
assenbly conprising: an upperlZayer, a |lower |ayer,
at | east one thernoel ectric nodul e di sposed between
t he upp@mpriséyetheanallytdoadhaivepad.ayer of the
tenperature control assenbly, and at | east one spacer
bet ween the upper |ayer and the | ower |ayer of the
teé'rp er l’f%r\gorﬁgl%&; 811u %?%X Wfla‘glIlQIle Lg@%& OR{ ﬁeﬁﬁ@&%nc
vertica he uppet layer an
| ayer qﬁodlhecctram@eatsmmmmﬁa@l assenbl y such that
the at | east one thernoelectric nodule vertically
floats in a space between the upper |ayer and the
I r e tu I
T%\er |‘g%rie%£lceh glkuc%?)'?@ﬁ[rﬁ‘l {{ﬁer Br}tl%gﬂrle%g %@g%noe?ectmc
ther Walﬂlwdlﬂ@e&ﬂpﬁSe\gaPen&ddemd n the space for
thermal ly coupling the at | east one thernoelectric
nodul e to the upper |ayer and the | ower |ayer of the
t eprper at,ur I
o féng | aalt' €. &or\%ﬁ%&é %}uc#%i’%@ﬁg lyw}l%emctgg @e?%&i dtISg Wlfer layer
conpr i sgFshétehiperaie corites aesentbly élfh Efas\MHeH pogeder bhdplarality of
claim2, wherein the thernmally conductive nmedi um
conpri s€V-nmetal lic foil. 5. The workpi ece chuck of
claim?2, wherein the thermally conductive nmedi um WO
2004/ 008503 PCT/ US2003/ 021529 -12 conprises a
t her mal The workgieot tvekpadlaif 8, Whereintht pi lesst oabisiecerafomprises a
claim1, wherein the at | east one thernoel ectric

modul e denrpraediels throsgh pichenepf theescrews passes.

10.  The workpiece chuck of claim 8, wherein the at least one spacer comprises a
plurality of arms extending radially between the center and edges of the

temperature control assembly.

11.  The workpiece chuck of claim 1, wherein the workpiece is a semiconductor

wafer.

12.  The workpiece chuck of claim 1, wherein the at least one thermoelectric

module is segmented into a plurality of segments.

13.  The workpiece chuck of claim 12, wherein the segments are electrically

connected together.

14.  The workpiece chuck of claim 12, wherein the segments are electrically

connected together in series.



7. The workpi ece chuck of claim1l, wherein the at

| east one thernoelectric nodule conprises a Peltier
waleoitoasso8. The wor kpi ece chuck of claiml1, wheerpUS200Me21529

upper layer and the |ower layer of the tenperature

control assenbly are fastened_%ggether by a plurality

of screws. 9. The workpi ece chuck of claim8, wherein

the at | east one spacer conprises a clearance hole

t hrough whi ch one of the screws passes. 10. The

Wworkpi eqde GiYikHe&f chabRbNMtI8im Y &F 1Rk dIn kiteat ddasl @RSther@itRlectric
spacer conprises a plurality of arns extendi ng

radi al | yndslsleosrprishea taprusiaceand achijlom sifrfacpeat least one of the top
tenperatu ontraol assenbly. 11. The workpi ece chuck

of clai ﬁ{"i,%"&ﬂ@rg‘é‘&%ceﬁ E?S‘“\%B?%ﬁ‘?“i%de i s a sem conduct or

waf er. 12. The workpi ece chuck of claim1, wherein the

at | east one thernoelectric nodule is segnented into

a plbur alTheyaskpisesgrmnk of claign 15 vehenin kKsi segments dokelesttrically
claim12, wherein the se nts are.el ectricall

connect &4 é‘t%ﬂ%elﬂ.’er%l 2 (%ﬁgu‘if\%rr%pq% Leastong o Eﬁj‘eoﬁo\Ig @pd ppjtom
12, whergiticebhe segments are electrically connected
together in series. WO 2004/ 008503 PCT/ US2003/ 021529

- 13 15. The workpi ece chuck of claim 12, wherein the

t h I [ I i top.
Surface THRC kG Qe oF P4ty | TaU T andr BHBCO o HUS gy
and bot t.gme&dft rbﬁké}ges%?gns%ﬂ&%r okt 1hEONETHIRY 186 @nd
chuck of claim 15, wherein the segnents are

el ect ri baitbm sudfecasect ed t oget her by a conductor on at
| east one of the top and bottom surfaces. 17. The
wor kpi ece chuck of claim 15, wherein the segnents are

el gt ri aglelwork et @it R df L1286 1 hekerkif (BE411185t B¥e Aermoelectric
conductor on at |east one of the top and

module comprises a plurality of thermoelectric submodules.

19.  The workpiece chuck of claim 18, wherein the submodules are electrically

connected together.

20.  The workpiece chuck of claim 18, wherein the submodules are electrically

connected together in series.

21.  The workpiece chuck of claim 18, wherein each of the submodules comprises

a top surface and a bottom surface.

22.  The workpiece chuck of claim 21, wherein the submodules are electrically
connected together by a conductor on at least one of the top and bottom

surfaces.

23.  The workpiece chuck of claim 21, wherein the submodules are electrically



bottom surfaces. 18. The workpi ece chuck of claim1,

wherein the at | east one thernoelectric nodule
wa@orpnosses a plurality of thernoel ectric subnopci/es2003/021529

19. The workpi ece chuck of claim 18, wherein the

submodul es are electrically ebhnected together. 20.

The wor kpi ece chuck of claim 18, wherein the

subnodulesncated tegethet in sealeh by acomheatred at kgstdneof it top and

series. b % W% wor kpi ece chuck of claim 18, wherein

each of *PYE"SUPBHSEul es conprises a top surface and a

bott om surface. 22. The workpi ece chuck of claim 21,

wherei n the subnodul es are electrically connected

t 0gét heA ythad oﬁmmpottimg aomorpiebewith agnakpited drick,ap mg

bottom surfaces The rkpi ece. chuck_ of cl aim

wherei n the 8{95’}116%? kP léyeéwg F@c‘t"?‘?‘ElﬁPq shugiooppdugtothe smkplece

PCT/ US2003803d@ded; and4 connected together in series by

a conductor on at | east one of the top and bottom

surfaces. 24pr0mdmm dhethpetatere gpatrdli asgeneb WO thpin®t @omtivRication

a morkplege chu conprlflng providing a top |ayer

of the woPKs eR ayeﬁt%f?n&fﬁ (RAIPErRtYrR & the mrgskriees, thegpmperature

mount edgo i addERY] Rid.enperature control assenbly
in thermal cgnnungggﬁgbnuﬁﬁnth the top layer to

control tenperat uareupper tayer, wor kpi ece, the tenperature
control assenbly cgﬁpr|5|ng an upper layer, a |lower
| ayer, at |east oh WeRibel ectric modul e di sposed

et L1 UBDer 48 AR R Yl e
bet ween t he lapgeand |t1&yleWeﬂYa§}ertdfehé RWpErab @y ebntrol assembly, and
at least one spacer between the upper layer and the lower layer
of the temperature control assembly, the at least one spacer vertically
spacing the upper layer and the lower layer of the temperature control
assembly such that the at least one thermoelectric module vertically

floats in a space between the upper layer and the lower layer of the

temperature control assembly:.

25. The method of claim 24, further comprising providing a thermally conductive
medium in the space for thermally coupling the at least one thermoelectric

module to the upper layer and the lower layer of the temperature control

assembly.

26.  The method of claim 25, wherein the thermally conductive medium

comprises a thermal grease.

27.  The method of claim 25, wherein the thermally conductive medium

comprises a metallic foil.



of the tenperature control assenbly, the at |east one
spacer vertically spacing the upper layer and the

wo owaodsayer of the tenperature control assenbdpUS2005021529
that the at | east one thernoelectric nodule vertically
floats in a space between the-upper |ayer and the
| oner | ayer of the tenperature control assenbly. 25.
The nethod of claim 24, further conprising providing a
thermal |y conductive nediumin the space for

t héBmal e asithad of glaime Sawhersinsthe theamalheeanduttivstmedium
nodul e e ayer.and the | ower |ayer of the
t enper atcglpélq%cs)%ltq?%fnah )ség%% “{/e.p . The nethod of claim
25, wherein the thermally conductive nmedium conprises

a thermal grease. 27. The nethod of claim25, wherein
t hé%t heMhamelhodar ¢laimi2de whewinuthe atdersp pirs thermoeietad module

foil. [ 008503, PCT/ US2003/ 021529 -15 28. The
net hodvg?égﬁséls%lsfgl?h\tﬁﬁgpg?n the thermal |y conductive

medi um conprises a thermally conductive pad. 29. The
met hod of claim 24, wherein the at |east one
t héP-moellBe methodipd glaim 24c whereingbe atdpashondthemhdaledtiemodule

30. The hod claim?24, wherein the at | east one
bS8

t her noef€ck1° V& nprises a Peltier device. 31.

The met hod of claim 24, wherein the upper |ayer and

the lower layer of the tenperature control assenbly

ar &l.f asThamgthod 9échagn 28y wherpinuhabprtey layér adrtbeviower B¥er of the
The met hod of cl aim,31 erein the at |east one,

spacer g%ﬁfgwg §°%ﬂgﬁ§§Pﬁp @eﬁ%ﬁﬁwgﬁﬁﬁﬁﬁﬁ WAPHaliy af sgrews.
the screws passes. 33. The nmethod of claim 31, wherein
the at | east one spacer conprises a plurality of arns
ex?®ndi e mgdiod (of glaive Bhewhertinghegitast omngpaentgempasestahe

tenper al il & ceGd t'i]%uggsw SHPLN of the SCrews passes.

33. The method of claim 31, wherein the at least one spacer comprises a plurality
of arms extending radially between the center and edges of the temperature

control assembly.
34.  The method of claim 24, wherein the workpiece is a semiconductor wafer.

35. The method of claim 24, wherein the at least one thermoelectric module is

segmented into a plurality of segments.

36.  The method of claim 35, wherein the segments are electrically connected

together.

37. The method of claim 35, wherein the segments are electrically connected

together in series.



34. The nethod of claim 24, wherein the workpiece is a

sem conduct or wafer. 35. The nethod of clai m 24,
wobmressod he at | east one thernoel ectric nodul BCT/ES2003/021529

segnented into a plurality of segnents. 36. The nethod

of claim 35, wherein the segnepgs are electrically

connected together. 37. The nethod of clai m 35,

wherein the segnents are electrically connected

together in series. W 2004/ 008503 PCT/ US2003/ 021529

- 188.38. Théeettmidloddlanh 36) @hercidFhe atHease bne thened edtrecambdule

one thernoel ectric

conprises a top surface and

dul e
a bot t oRPEBHTES @LOP %W"Pap%s%f%aewmﬁu %% 3t deastong of il tegend
surfacegoﬁﬁhggmﬁgggagég%muﬁgﬂ_The met hod of cl ai m 38,
re e

wherein t

e segnents ectrically connected

toget her by a conductor on at |east one of the top and
bott om surfaces. = 40. The net hod of claim 38,, éTerein
t hd%seghenimsthodof glagn 38; whsteip the spemientsqre elgeitifalty qopnected

series
bottom
t he at

SHPEBDLURIAR T SR 00 Gl

| east one thernoel ectric nodule conprises a

plurality of thernpelectrjc subnodules. 42. The met hod

of 481 ai
connect
wher ei n

a methgder glarm SReVaeBitdhe s ealsarerligetiFalbagonpected
ethtef)g\besteﬁgsr lfy £ndibSr BRLNGL: Bhe 6 ik 1B 4a]nd(§)ottom
e subnodul’e f Ot e

S are electrically conn

t oget hegurfareseri es. 44. The nethod of claim41,
wherei n each of the subnodul es conprises a top
surface and a bottom surface. 45. The nethod of claim

44 ,.wh ' I '
41, e"rﬁ% )ﬂqeﬁfb% o?g%gff 3yl &ﬁerg%h‘?ru‘?ktqg&s'i bﬁﬂh%@%gé%cg&ggu e

t oget her

a con or  on east one O

bot t om sompieee a plutblity Bl ehembddlodriofutsha@lutes44, wher ei n
t he subnodul es are electrically connected

42.

43.

44,

45.

46.

The method of claim 41, wherein the submodules are electrically connected

together.

The method of claim 41, wherein the submodules are electrically connected

together in series.

The method of claim 41, wherein each of the submodules comprises a top

surface and a bottom surface.

The method of claim 44, wherein the submodules are electrically connected

together by a conductor on at least one of the top and bottom surfaces.

The method of claim 44, wherein the submodules are electrically connected
together in series by a conductor on at least one of the top and bottom

surfaces.



together in series by a conductor on at |east one of

the top and bottom surfaces. WO 2004/ 008503
wEOMOB2003/ 021529 -17 47. A workpi ece chuck POT/US2003/021529

supporting a workpiece, conprising: a top layer on

whi ch the workpi ece can be noupt ed; and a tenperature

control assenbly in thermal conmmunication with the

top layer to control tenperature in the workpiece, the

tenperature control assenbly conprising: an upper

| ayer, a3 leviglieck 3M&dk foﬁ%p@hidg%&ﬁérk?fé@e,tcbﬁilpf{@iﬂ%.eCt ric
nodul e di sposed between the upper ayer and the | ower

| ayer of t he attepripgemeniwbich the workpigse eanheymovitied; ang

the at |east qne thermpelectric, nmodule is segnented .
into a plur alEyPEoEeEpsemh in temmoliop BRI SR h the
of cl ai RyHayeb@b@td) thhiferdRB MRS wonkpib,aké tdniRtdtire control
connected together. 49." The workpi ece chuck of claim

47, whersiembiheorsprimmgit s are el ectrically connected
together in series. 50.1The wor kpi ece chuck of claim

47, wherein the at™"BBEt'2%te thernoel ectric nodul e
conprises a top synHpeapidar@d bottom surface, at |east

one of the top and bottom surfaces bei ng segnented.

51. The wor kpi ece atleaglonethegingélastso moghlerdisposedectween the upper

segnents are . el ectrjcall conpect ed t oget he a .
conduct or on I&er F‘ré({aé‘F ?(b‘?ﬁ% lgyer E'Zlettgﬁp%{ﬁ r Cé)tnir8 Ssembl_y’ wherein
surfaces. 52.thfl9cadPbldthEmfo I MOdulE isas'e?ﬂné&ed W& h Qlutality of
the segnents are electrically connected together in

series by a cegmdernds.or on at | east one of the top and
bott om surf aces.

48.  The workpiece chuck of claim 47, wherein the segments are electrically

connected together.

49. The workpiece chuck of claim 47, wherein the segments are electrically

connected together in series.

50.  The workpiece chuck of claim 47, wherein the at least one thermoelectric
module comprises a top surface and a bottom surface, at least one of the top

and bottom surfaces being segmented.

51.  The workpiece chuck of claim 50, wherein the segments are electrically
connected together by a conductor on at least one of the top and bottom

surfaces.

52.  The workpiece chuck of claim 50, wherein the segments are electrically
connected together in series by a conductor on at least one of the top and

bottom surfaces.



WO 2004/ 008503 PCT/ US2003/ 021529 -18 53. A workpi ece

chuck for supporting a workpiece, conprising: a top
wo 2008008508 Whi ch t he wor kpi ece can be nount ed; BOTUS2003/021529

tenperature control assenbly in thermal comrunication

wth the top layer to contraljgenperature in the

wor kpi ece, the tenperature control assenbly

conpri sing: an upper layer, a lower |ayer, and at

| east one thernoel ectric nodul e di sposed between the

uppr Kayekpeoelclivek forampportiay e warkpitdee corapgemgt ur e

control assenbly, wherei, the at |east one

t her moel ect r #&OPBYRS 08 V@B&bﬁhf*é’@gﬁ%eiﬂ @ndeinggpntad; and

t her noel ect r 5&@@%%&5@% agfgimb'ﬁ)% &\{Qﬁ{mic‘aﬁlﬁlu‘ﬁﬁéggn Rfith the

claim 53, wherein ules”are electrica

connect e lhysyed bmtrol Empefdnare i tHepy@kpiecd) tinktemperabhume control

53, wherein the subnodul es are electrically connected

t oget hePSSEMPYOMPEISINGS . The wor kpi ece chuck of claim

53, wherein each Ql{w]gﬂ% nodul es conprises a top
surface and a bottom'surfaée. 57. The workpi ece chuck

of claimb56, whereidwerheyeguabdodul es are electrically
connected together by a conductor on at | east qne of

the top and bot t ofbledstpreheanoagstricmadyle disppssddebrrsaihe upper

of claim56, [ Q]n;gfq I [ .
connect ed to%;a t hz{élr% tfl?%fogg ?dgs yH%\%?B%EaS%It%grg&%ﬂ ag%llﬁmy’ wherein
| east one of tHelue ldastnatitermbelietttinnsodufeac@spris?d plurality of
2004/ 008503 PCT/ US2003/ 021529 -19 59. A nethod of
supporting athsEPR§IsdaesHimaduleswor kpi ece chuck,

conpri si ng:

54.  The workpiece chuck of claim 53, wherein the submodules are electrically

connected together.

55.  The workpiece chuck of claim 53, wherein the submodules are electrically

connected together in series.

56.  The workpiece chuck of claim 53, wherein each of the submodules comprises

a top surface and a bottom surface.

57.  The workpiece chuck of claim 56, wherein the submodules are electrically
connected together by a conductor on at least one of the top and bottom

surfaces.

58.  The workpiece chuck of claim 56, wherein the submodules are electrically
connected together in series by a conductor on at least one of the top and

bottom surfaces.



providing a top | ayer of the workpiece chuck on which
t he workpi ece can be nounted; and providing a
WO eoopeosshair e control assenbly in thermal comuPCTES10051021529
with the top layer to control tenperature in the
wor kpi ece, the tenperature qpﬂgjol assenbl y
conprising: an upper layer, a’lower |ayer, at |east

ong thernoel ectri c nodul e dj sposed, bet ween t he ;upper . .
a5 aAdRehS PO BP B A St g pgprising
assenbl y, Whﬁfo%icﬁng 4 {'b% 18er b?ﬁ}%tw&ﬁ}tﬁeéer@ﬁl@]@ 8h Q@hidhi the workpiece
nmodul e is segnented into a plurality of segnents. 60.

The met bodbahowited;i&9, wherei n the segnents are
electrically conpected together. 61. The nmethod of . .
clai m 59, whBR&dNg %Eﬂw@@%%ﬁtcgmml@w& i1 g} communication
connect gakn thO@BU AR fd dbnirel ﬂeﬁfp{era%e in' {he whzkplad, g’lfelt&hﬁérmure

59, wherein the dt |east one thernoelectric nodul e

conpr i sesntm] asspmblyrdoarpeisangd a bott om surface, at |east

one of the top and bottom surfaces bei ng segnented.

63. The method of MYRATMBE> wherein the segments are

el ectrically connggl&d 1aepoet her by a conductor on at

| east one of the top and bottom surfaces. 64. The

met hod of cl ai m 62,leashenetharmdetectmgmeddls dspesed between the upper

el ectrically connected together.in series b .

conduct or  onliet TEgus loaise g Qifae g s&%ﬁ sembly, wherein

surfaces. 654 IREHAE tRmBHRARE hid¥d1As @%@k&ﬁﬁmﬂ P1Brality of
2004/ 008503

a wor kpi ece chuck, conprising: WO

PCT/ US2003/ O&kbats. - 20 providing a top | ayer of the
wor kpi ece chuck on which the workpi ece can be
nount ed; and

60.  The method of claim 59, wherein the segments are electrically connected
together.
61. The method of claim 59, wherein the segments are electrically connected

together in series.

62. The method of claim 59, wherein the at least one thermoelectric module
comprises a top surface and a bottom surface, at least one of the top and

bottom surfaces being segmented.

63.  The method of claim 62, wherein the segments are electrically connected

together by a conductor on at least one of the top and bottom surfaces.

64.  The method of claim 62, wherein the segments are electrically connected
together in series by a conductor on at least one of the top and bottom
surfaces.

65. A method of supporting a workpiece with a workpiece chuck, comprising:



providing a tenperature control assenbly in thernal
communi cation wth the top layer to control

WO eovpossdzire i n t he wor kpi ece, the tenperatur ePCTORLI08021529
assenbly conprising: an upper layer, a |ower |ayer,
at | east one thernoel ectric noggle di sposed between
the upper layer and the |ower |ayer of the
tenperature mlﬂﬁﬁ% aqgﬁ ga'ldf thIEH H&e Cfl twl‘n@l‘?fnte workpiece
one t her noel tr|c nodu conpri se urality o
t her noelcanbeinouatedmndiul es. 66. The rret hod of cl ai m 65,
wherein the submpdul es are electrjcall nect ed .
toget her. 67.PraAEINgSHBRFHPTCIORIR] Esem ré]}eﬁ‘n? lggmmunication

subnodul A t t: r

seri es. v§§1 al‘?hoeﬂng%‘rhtga&ﬁ#dl nq[i%&g& lﬁ\?\}lwere eggcthé %%n perature

t he subrodublesseabiprompssiag:t op surface and a bottom
surface. 69. The nethod of claim 68, wherein the

subrodul es are el SRYWPHARYS» connected together by a
conductor on at | of the top and bottom

surfaces. 70. The%aé%vﬁlqg oT claim 68, wherein the

subnodul es are el atteastoak kh,ermoeiﬂﬁﬂb@tbduteﬁ!]gidﬂﬁi’beﬂveen the upper
series by a conductor on at %t one of the top and

bottom sur f deweg and the lower layer of the temperature control assembly, wherein
the at least one thermoelectric module comprises a plurality of

thermoelectric submodules.

66.  The method of claim 65, wherein the submodules are electrically connected
together.
67.  The method of claim 65, wherein the submodules are electrically connected

together in series.

68.  The method of claim 65, wherein each of the submodules comprises a top

surface and a bottom surface.

69.  The method of claim 68, wherein the submodules are electrically connected

together by a conductor on at least one of the top and bottom surfaces.

70.  The method of claim 68, wherein the submodules are electrically connected
together in series by a conductor on at least one of the top and bottom

surfaces.



