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Backeround of the Invention

In semiconductor wafer processing, it is often required to process and/or test a
wafer over temperature. Temperature-controlled wafer chucks have been developed
to support a wafer and cycle the wafer over temperature during testing and/or
processing. In a typical temperature-controlfed wafer chuck, a temperature control
module such as a heater and heat sink assembly is provided as a layer in the chuck.

A top surface on which the wafer is mounted is provided at the top of the heater and
heat sink assembly, and a base by which the chuck 1s 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 device can be used as a
heater by noving heat in the opposite direction. One drawback to Peltier
devi ces iswg)%{n {oRgy are subject to mechanical WO 2004/ 0085080032152

PCT/ US2003/ 21559 -2 stresses. These stresses can cone fr'omdzlfljerent
sources. In one case, nechanical stresses jnduced by expansion and
contraction of chuck | ayers over tenperature can cause the devices to
becone unreliable and eventually fail. This is particuyl arl% true. in 1vvafer
chucks where t REesP& t iigpe HEssies 6an sp1ae fiogh diflpraat subrd 1f 8P oHEeoreBatidlor t he
upper and | oweg,, j Sl s o RS thhSr ASREHR! Y
expands and c%)tﬁ‘%s?%g'glg?&?r?g@g%{]}%?}é&ﬁ@g?ﬁ%%@@gf?ﬁéue %%s?he rﬁ%ﬁani cal
stresses i nduceglisbyhe ddviaresad beebifeainscliable mdavhenalbafad, Thises petihainily due
stress induced by differential expansion of the ceram c top and bottom
layers of the deviigechuckemheredhe Reltisedevires geaiigdly A B sEADAEE OLMIRRT i e and
fail. This is [ rd.y. P fnthe Pel tier. r | £ Socb@hBBexningi Z€.
The | arger dev{l‘gﬁlseetsr ag?keﬁéé){?}lﬁgzsﬁg%gela&gﬁgﬁg!r%%??%ﬁggy{bgﬁsst?on%andgfehgrIéfore
devel op nore smtdamiacta) the PekissdeSemfail yuofo thhenebhargei sosssdEhiadpred dent
invention is directed to a workpi ece chuck and nethod for supporting a

wor kpi ece suchthggng d&mSconduct or wafer. The chuck incl udes a top |ayer on
whi ch the workpi ece u € HELS GOOLL Q) cASSEIRIK th

t hermal conmuni cat i gﬁﬁ%ﬂ%ﬁ C%%%’em%g%c?'gl%@ SEIgggégéft?%cglﬁtdg@rfggr at S?}Zﬁi n the

wor kpi ece.  Thecriraiyep ahdibett@n dyenl ofasséeiteyitdetfahn descalre dgypes td bgremeand a
| ower layer. At |least one thernoelectric nmodule is disposed between the
upper and | owe¥nELaRls andfad. Jihis is pagiculirly taisdk te Helies prdiiss dToateRdR A% he
upper and I o ( {L0€s edst FbERDtial QUGS 671 ¥ FRBASVAINEURPET
and | ower Ia\;lvc?rrgé @ﬁﬁ?ﬁgh ctlﬁag@ﬁﬁéerah%de g%ﬁ?ﬁtlgf%géﬁl%{ verltLlecaI Iy f(lt'lﬁ]:?ts in
a space bet weemeti@idapgerss.and | ower |ayers. That is, the

Summary of the Invention

The present invention is directed to a workpiece chuck and method for
supporting a workpiece such as a semiconductor wafer. The chuck includes a top
layer on which the workpiece can be mounted and a temperature control assembly in
thermal communication with the top layer to control temperature in the workpiece.
The temperature control assembly includes an upper layer and a lower layer. At least
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 thermoclectric module
vertically floats in a space between the upper and lower layers. That 1s, 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 [ower layers of the temperature control assembly. The
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The upper and lower layers of the temperature control assembly can be
fastened together by one or more screws. In one embodiment, the spacer is actually a
plurality of washer or bushing-type spacers which include clearance holes through
which the screws pass. As the screws are tightened to fasten the upper and lower
layers they capture the spacers between the layers, while allowing sufficient space to
prevent the thermoelectric modules from being vertically constrained. In another
embodiment, the spacer is a unitary device, instead of a washer or bushing-type
device as in the previousty 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 asscmbly, 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 fajlure of the devices is substantially reduced. Also, the spacers

provide added rigidity and support in the wafer chuck, resulting in improved flatness



prevent the thernoelectric nodules frombeing vertically constrained. In
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devi ce can d in a star shape in which nultiple spacing arns extend
radi al ly fron1the center of the tenperatyre control assenbly toward |ts
out er edges. The present invention provides nunerous advantages over prior
configurationge t}}%X%JFELQchg'o?% c%{,] ‘i»[ﬁmm%B Lﬁgtlyl\%ﬁﬁ{otv@(?u}a?e\l%[()%e%ﬁn he
tenperature con erel ectric nmodul es ar e not ect
to mechani cal asd/beSs®s: redbies. to thermal expan5|on and contraction effects
Additionally, utilizing nodules that are small reduces the differential
expansion of the nodule ceram c surfaces. As a result, danage and failure
of the device%ne§D§ ﬁ'%EO% £¥aaﬁggced Al so, the spacers provide added
rigidity and resulting in inproved fl atness WO

2004/ 008503 PCT/ USZﬁ@%r@@éhﬁ%Qnd otﬁcﬂfbjédﬂs@ fé0pes wid &ban@fed dfehemuektionvalch in
turn results in |nproved processin and/or testing results. Brief

Descri ption obe epErey Ak m@vmgﬁw@pw Cﬁlﬁﬂd‘%ﬂcﬁéﬁimb%ﬁ Ieéfcswd ﬁ@é@@#@ﬁts-and
advant ages of r [
pa\r/tl culgar deg%‘:{ﬂ?pé‘{&éﬁgé’faq ererd égﬁeﬁgﬁhﬁ%h’t% & {b%e i nve :% %ﬁﬁpenge

illustrated i aqztrmrae@fejmanymge }S'err&\/hhrﬁgghdlﬂltw&fbrd}t Kiewk effae énoengs are
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drawi ngs are odecorsEydarals erphadaingteadhpiigdlased Asaredlystdingdhl aced upon
illustrating épﬁ e§8F hg&mg the invention. FIG | is a schematic
Cross-section a workpi ece chuck in accordance with one

enbodi ment of the Er@sel@ta sk:m(ﬁanid Dbks-skttfonalvies of SehepRte cmrkph oded vi ew of
a portion of the workpiece chuck of FIG 1.

accordance with one embodiment of the present invention.

FIG. 2 is a schematic exploded view of a portion of the workpiece chuck of
FIG. |

FIG. 3 is a schematic detail cross-sectional view of a portion of the workpiece
chuck of FIGs. 1 and 2.

F1G. 4 is a schematic cross-sectional view of a workpiece chuck in
accordance with a second embodiment of the present invention.

FIG. 5 is a schematic exploded view of a portion of the workpiece chuck
shown in FIG. 4.

FIG. 6 18 a schematic plan view of an array of thermoclectric modules in the
workpiece chuck of FIGs. 4 and 5.

FIG. 7 1s 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 1s 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 FI1G. 9.



FIG 3 is a schematic detail cross-sectional view of a portion of the

wor kpi ece chuck of FIGs. 1 and 2. FIG 4 is a schematic cross-sectional
view of a werkpigsgchuck in accordance with a second ernRodidwito9420t he
present invention. I'} G 5 is a schematic exploded view of a portion of the
wor kpi ece chuck shown in FIG 4. FIG 6\/\%5 a schematic plan view of an
array of thernoelectric nodules in the rkpi ece chuck of FIGs. 4 and 5.
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FIG 13 contains schematic cross-sectjonal views the t rrmgl ectric
nmodul e embodi ment sFiGst ik thicesh §4E medetaiod dpvaggs b lﬁ?ﬂ“ﬁt’rﬂg HPAE are

detalled draw é@&t{ ok Hf Bﬁ@&lhﬂ%ﬂuﬁcg%ﬁ d S(égllncx J@QW&BE@E‘@M%O&Wﬂ%@&QQN@m of
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with the invention.

FIG. 15 contains a schematic detailed cross-sectional view of a segmented

thermoelectric module in accordance with the invention.

Detailed Description of the Preferred Embodiments

FIG. | is a schematic cross-sectional view of a workpiece chuck 10 in
accordance with an embodiment of the invention. FIG. 2 is a schematic exploded
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
ot more fastener stacks which include screws 26. Ait/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



FIG 15 contains a schematic detailed cross-sectional view of a segnented
thernoel ectric nodule in accordance with the invention. Detail ed
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Pelticr modules 24. A power/seasor cable 22 provides electrical power to the Peltier
modules 24 and temperature and other sensing capabilities in the chuck 10.
The array of Peltier modules 24 is thermally coupled with the top vacuum
plate 12 and the heat sink assembly 14 through a thermally conductive medium on
the module surfaces. The thermally conductive transfer medium 27 is applied in the
space between the top and bottom surfaces of the Peltier modules 24 and the top
plate 12 and the heat sink assembly 14, respectively, The medium can be a thermal
non-electrically-conductive heat sink grease, such as Premium Ceramic Polysynthetic
Thermal compound sold by Arctic Silver, Inc., Vistalia, California, a metailic 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 Pelticr 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



The vertical dinension of the spacers 28 is selected such that when the top
plate 12 and the heat sink assenbly 14 are fastened together by screws 26,

the space RefWgEMssishe top plate 12 and the heat sink assl%'gn‘p‘ Li¥a0d fod1S205UcCh
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plate 12 and heat sink assenbly 14 do not clanp or nechanically constrain
the Peltier nodules 24 and the vertical direction. That is, the controlled
di mrension is such that the Peltier array is allowed to float during
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multiple spacers used in the previously described embodiment. The unitary “star”
spacer 128 is made of a ceramic or similar non-conductive, low thermal expansion
material. The unitary spacer 128 includes a plurality of radial arms which extend
between the Peltier modules 24 from the center of the spacer 128 toward the edges of
the chuck 100. Once again, as in the previous embodiment, the thickness of the
spacer 128 defines the space between the top surface plate 12 and the heat sink
assembly 14. The thickness 1s selected to allow the Peltier modules 24 to float
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



probing forces during test contact. Referring to FIG 3, the top vacuum
plate 12 and the heat sink assenbly 14 are held together by threaded

screws 26.whhgsskels thread into threaded holes 31 in HQ%/BQQUM@ﬁ%gm
plate 12. A nut or head captures washers 29 in a recess or counter ore

formed in the bottomof the heat sink assenbly 14. It should be noted that
the details of FIG 3 are applicable to all of the embodinents of the
i nvention described
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unitary spacer 128 has thin vertical sections and includes cutouts to
mni mze ther rrélthwogidﬁnctlhwfoye ldemm@nntolﬁéms@plematsu’ulhmt bt eept@edinth thhe heat
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14 to prevent gxeegas, Ve tRAALE 0D, Y hbm@leldchf: MBAUESS e 2p At dich 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. 9 contains a schematic cross-sectional view of a workpiece chuck 400 in

accordance with another embodiment of the present invention. FIG. 10is a
schematic exploded view of the chuck 400 of FIG. 9. FIG. 11 is a schematic plan
view illustrating a Peltier module array and spacer configuration used in the chuck of
FIGs. 9 and 10. In the chuck 400 of FiGs. 9 through 11, most of the clements 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



tenperature transitions. In one enbodi nent, the size of the Peltier nodul es
is effectively reduced. In one enbodi nent, the nodules are as snall as

physi cal | y. The nodul es are WD 2004/ 008503 PCT/ U320 of a
reduced s&g)%@s&)k%ssrrall and/ or segnented nodul es effectlveﬁgj %kuces t he

size of the nDduIes but allows for convenient electrical connection. In
one particular enbodinent illustrated her@—n, the nodul es are segnented
into four smaller nodules by cutting the modul e surface. The segnenti ng
may be done i n33dlcdf thamm;jﬁca& modu eseBteusaa nytheoraekpicecthacks ofddubesthrough

Reducing the s e nod decr eas hani st.ress within
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contains a schenhmdlmcekiﬂ%dedngileevhcofle tlhstopkusdal@0bemeietpaiic modul@nciudes n
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In the chuck 300, the tRernoelectric nodul'es 324 are of effectively

reduced si ze. diafwcep‘a]dtmmuhad reliabilithe it ckibd 0y et B4, madnplelsdsor ¢ nodul es

are segnented such as b or m cuts.iin the ceram.c on either .the top or
bottom of the ﬂ@ﬁﬁm@rsseg%ﬁ the‘ﬂ(’?@gﬁ?&t‘?‘?@ll a"ﬁ’d?et?" pRitige PGk HlfLS caﬁ be

used instead Of,,Qfmiif o@%ﬁlb(‘ﬁﬂest&rﬁn%@emé@rgm?@ﬁﬁ%tmu| es. FIG 9 contains a
schemati c cross-sectional view of a workpiece chuck 400 in accordance with

anot her enbodi nent BIG.tiBeophesenbematicantssewnctidhalyietd of regherswieinstiic c
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of the elenents are the sane as those in enbodi ments of the chuck
descri bed abovadcipnic dhhedtiposedictinceRItBSceramic fayers. The hot qlde ceramic layer 151

includes relief cuts 155 which segment the module 324a into multiple smaller
segments. The module embodiment 324b includes multiple smaller modules
324b(1), 324b(2), etc. The modules 324 are sandwiched between the top surface 12
and heat sink 14 of the chuck.

FI1Gs. 14A through 14E are detailed drawings illustrating electrical
connections of one embodiment of a segmented thermoelectric module 324a in
accordance with the invention. FIGs. 14B and 14E are schematic cross-sectional
views of the module 3244, and FIG. 14D 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



4 through 6. Therefore, description of those elenents will not be repeated.
In the chuck 400, the thernoel ectric nodul es 324 are of effectively

reduced Sig@ ,pbdhoghadrticular, in the chuck 400, the therqqghﬁgﬁ&hﬁiﬂgdules
are segnented such as by formng cuts in the ceramc on either the top or
bottom of the nodules 324. Alternatively, ynultiple smaller nodul es can be
used instead of or in addition to the séd ‘nted nodules. FIG 12 contains

a schematic detailed vjiew of enbodi nents 324a a 2004/ 008503
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nodul e i ncludes a hot side ceramc a cold side ceramc 154 with the
Pel tier el emehéirmotEdtricthedyioseth helcvadmdehaticte andontibay €hedetdihef Rigt. 1Si de

ceram c | ayer 151 includeﬁghelief cuts é55 whi.ch segnent th$ modul e 324a
into rmul tipl e idpsiaresihe sligheilsS I hebaide scramboltvarelntt - 3bape e laR0e
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14A t hrough 1l4KedrerdétaiThedledtran segss tdrinastioraiadad 52 heecdlsd halvn contacting
the ceramic layers and the Peltier elements 133 such that the elements are connected
in the series electrical configuration.
While this invention has been particularly shown and described with
references to preferred embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made therein without

departing from the spirit and scope of the invention as defined by the following

claims.



connections of one enbodi nent of a segnented thernoelectric nodule 324a in
accordance with the invention. FIGs. 14B and 14E are schematic
cross-sectional views of the nodule 324a, and FIG 14D is an enl arged vi ew
of FIGs. 14B and 14E. FIG 14A is a plan view of the cold side ceramc

| ayer 154, taken along line B-B of FIG 148. The cold side ceramc | ayer
154 includes a pattern of conductive pads 152 which are used in nmaking

el ectrical connections to the Peltier elenents 153. FIG 14Cis a plan
view of the hot side ceramc |layer 151, taken along line A-A of FIG 14E
As shown in FIG 14C, the hot side ceramc |ayer 151 also includes a
pattern of conductive pads 152 usqu' Nﬁ#ing the el ectrical connections
to the Peltier elenments 153. Wen the“col'd and hot side |ayers are brought
together and aligned with the elenments 153 interposed therebetween, the

el enents 163 arg gurati on, as shown
more clearly in £ GmgﬁéD%fggﬁﬁvgﬁp#ﬂfﬁ%%%k%‘gglfgg%’ggg{ PCT/ 1JS2003/ 021529
10 provide for &1 leger @mapich e workpascecsndedupwned;andhe nodul e 324a. The
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mechani cal | y se%]glent he hot side Ceramc layer 1nto nul tlgg e segnents,
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i nter conneekipeRirgt the Peltier elenments is not interrupted. As a result,
the configuration achieves the nechanical benefits of the effectively
smal ler Peltier nmodul es &8 uﬁggrclge%red above, while still requiring the sane
electrical interface as tahewlelaragezr Si ngl e non- segrrent ed nodule. FIG 15

contains a schematic deta s secti onal e
t her noel ectric nodul e 323!;113?% R f”‘rﬁ’di“‘?ea/v? %P?‘é‘% 5f]'l?{ee“19(‘:95?{ai | of
FIG 15 illustrate$ayehand éld bﬁvecdﬂyeiﬁﬁthertehiperm ®intte] esemblys ahayer 151.
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side ceram c |layer 151 an!(:j)faéfri%t 0%803%06@5’5 6%?’11311%{41 yelrhaéxd ‘ﬁ%@e‘?‘?f lé 'series
connection pads 152o&the tainperasirewentrohdsaetiblyy the kidea parispadeayertsadnd t he
Pel tier el ements 15§pa%'i’(?ghthte%%ext ﬁ?eﬂlrﬁ'ﬁ@tigwgﬁr Elygxogf]%%ttgrqperature control

assembly such that the at least one thermoelectric module is captured

in a non-rigid fashion in a space between the upper layer and the

lower layer of the temperature control assembly, a vertical dimension

of the space in which the thermoelectric module is captured being

controlled by a vertical dimension of the spacer.

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



in the series electrical configuration. Wiile this invention has been
particularly shown and described with references to preferred enbodi nents
thereof, it will be understood by those skilled in the art that various
changes in formand details may be nmade therein wi thout departing fromthe
spirit and scope of the invention as defined by the followwng clains. 11
CLAIMS 1. A workpi ece chuck for supportjyng a workpi ece, conprising: a top
| ayer on which the workpiece can be nmounted; and a tenperature control
assenbly in thermal communication with the top layer to contro

t enper at urgor;éé}istegg t}‘l‘%{#ﬁﬂ?f-feﬁ)ﬁ%‘fl&@tﬁaﬁmer ature control assenbly conprising:

an upper lay east one thernoel ectric nodul e di sposed
bet ween the upper layer and the | ower |ayer of the tenperature control

assenbly, and ap,d 63 i&’éechﬁ&%f"Flaﬁﬁﬁ"‘ﬁ%{éréiﬂ?}h&mgﬁt oty ARl RR | over
| ayer of the tenperature control assé y, ‘the at 1 east one spacer

verti cal | ymodpaspmpriserebigmpty telluyid¢. and the | ower |ayer of the tenperature
control assenbly such that the at |east one thernoelectric nodule is

captured in a non-rigid fashion in a space between the upper |ayer and the

| oner | ayef- of Tewpeiirseshueleotelaimdl vaessniheat lgasy ope theamoglieptgl¥si on  of

the space mpdyBicemptidg 4 Periepat@ed.ric module is captured being controlled
by a vertical dinension of the spacer. 2. The workpi ece chuck of claiml,

further conprising a thermally conductive nediumin the space for
thernal |y gouplTHigwbh@ictk cheasbf &akn U NemeRsh @6t diper MRYLEd the lower

layer of the temperature control assembly are fastened together by a plurality of

SCIrews.

9. The workpiece chuck of claim 8, wherein the at least one spacer comprises a

clearance hole through which one of the screws 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.



to the upper layer and the | ower |ayer of the tenperature control assenbly.
3. The workpi ece chuck of claim2, wherein the thermally conductive nedi um
conprises a thernmal grease. 4. The workpi ece chuck of claim2, wherein the
thermal |y conductive nedium conprises a netallic foil. 5. The workpi ece
chuck of claim2, wherein the thermally conductive nmedium 12 conprises a
thermal |y conductive pad. 6. The workpijggce chuck of claim1l, wherein the at
| east one thernoelectric nodule conprises bisnuth telluride. 7. The

wor kpi ece chuck of claim 1, wherein the at | east one thernoelectric nodule
conprises a Peltier device. 8 The workpiece chuck of claim1l1, wherein the
upper layer and the lower |ayer of the tenperature control assenbly are
fastened together by a plurality of screws. 9. The workpi ece chuck of

claim 8. bt el thd BriiedeCaB BPELARAOCT BRI Sch ofd BREARERGDRI ¢

t hrough whi’ch one he screws pass I ece
wher ei n t haogdile |cepmprisene tappat e aadpriostes alrfq@puatalmwn@pf frenopextdendi ng

radi al |y Q%tw&ﬁms%ﬁltg%@g@@ﬁkegdges of the tenperature control assenbly.
11. The workpi ece chuck of claim1, wherein the workpiece is a

sem conductor wafer. 12. The workpi ece chuck of claim1l, wherein the at
| east one tder npgd R6EUpie cmaybfecﬂaﬁnq WEH @ieeﬂtnerﬁegn@nﬁlaué alektricaty segnents.

13. The work ce chyck of claim 12, ereint ts are Iectrlcally
connect ed CBBETHEIEME! biia BT B al BAYCKIA! e JIAREDOH N U he
segnents are electrically

17.  The workpiece chuck of claim 15, wherein the segments are electrically

connected together in series by a conductor on at least one of the top and bottom

surfaces.

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

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



connected together in series. 13 15. The workpi ece chuck of claim 12,
wherein the at | east one thernoelectric nodule conprises a top surface and
a bottom surface, at |east one of the top and bottom surfaces being
segnented. 16. The workpi ece chuck of claim 15, wherein the segnents are
electrically connected together by a conductor on at |east one of the top
and bottom surfaces. 17. The workpi ecg chuck of claim 15, wherein the
segnents are electrically connected together in series by a conductor on
at | east one of the top and bottom surfaces. 18. The workpi ece chuck of
claim1l, wherein. the at .l east one t el ec e co es a

ol ural iy SRnEGSY RS i P Do BEto o R ST O Rpihede SHUERTSR ol ai m
18, wher eisurfabes.subnodul es are electrically connected together. 20. The
wor kpi ece chuck of claim 18, wherein the subnodules are electrically
connected together in series. 21. The workpi ece chuck of claim 18, wherein
each of t hH&t. subbmohihabof suppprtinges warkpigeswith ao;eorapiécac]hmm oomprisihgce. 22.

The workpi ece %Eg\?lﬁ r% a i alhﬁéréc%fg?é(\’gﬁ)rrgélgﬁe %&Cﬁ%?l% ?@e Q’{)@(F;)%c% éb%al 'y

connect ed t oget one 0 ot'tom
sur f aces. me@edirndwor kpi ece chuck of claim 21, wherein the subnodul es are
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one of the top-a ttom” surfaces. of supporting a workpi ece
wi th a woriRpilayes i periko! terapgretuge fiythe \p@l&c@mﬁn@wedemp@ram?@@n@ﬁ aspemblyr kpi ece
chuck on %hﬁjlyismge wor kpi ece can be nounted; and
an upper layer,
a lower layer,
at least one thermoelectric module disposed between the upper layer
and the lower layer of the temperature control 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 contro! assembly such
that the at least one thermoelectric module is captured in a non-rigid fashion
in a space between the upper layer and the lower layer of the temperature
control assembly, a vertical dimension of the space in which the
thermoelectric module is captured being controlled by a vertical dimension

of the spacer.

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.



providing a tenperature control assenbly in thermal comrunication with the
top layer to control tenperature in the workpiece, the tenperature control
assenbly conprising: an upper layer, a lower |ayer, at |east one

t her noel ectric nodul e di sposed between the upper layer and the |ower |ayer
of the tenperature control assenbly, and at | east one spacer between the
upper layer and the |ower |ayer of the jstenperature control assenbly, the
at | east one spacer vertically spacing the upper layer and the | ower |ayer
of the tenperature control assenbly such that the at |east one

thernoel ectric nodule is captured in a non-rigid fashion in a space

bet ween the upper layer and the |lower |ayer of the tenperature control
assenbl y, 28.verThe slethaid mé mddimn2 pfwhdreinspaderinallyhonductine madhen noel ectri ¢

nmodul e is - s, by a vertical dinension of the spacer.
25. The ne%ﬁg ggqéﬁalnggigﬂpﬁgbkggdéonprising providing a thermally
conductive nediumin the space for thermally coupling the at | east one

t her moel ecig i c T&dh‘ﬁkﬁloﬁ%ftﬁg‘??%p%hér ¥8he @ﬂi%%aggegg oegegwmﬁgfiufehe

tenperature control assenbly. 26. The net ho alm erein the

t her mal | y «omiises brauipglivsideconpri ses a thermal grease. 27. The nethod of
claim25, wherein the thermally conductive nediumconprises a netallic
foil. 15 8. The nmet hod of .claim?25, wherein the thernally conductive

medi um cotfpri sE¥ Berd ohglaip e ndisseinghe palgast pge thermosiecHgmedulgl aj m 24,
wher ei n t heyn@iriseeaHeltpletRer noel ectric nodul e

31.  The method of claim 24, wherein the upper layer and the lower layer of the
temperature control assembly are fastened together by a plurality of screws.

32.  The method of claim 31, wherein the at least one spacer comprises a
clearance hole through which one 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.



conprises bisnmuth telluride. 30. The nethod of claim 24, wherein the at

| east one thernoelectric nodule conprises a Peltier device. 31. The nethod
of claim 24, wherein the upper layer and the | ower |ayer of the

tenperature control assenbly are fastened together by a plurality of

screws. 32. The nethod of claim 31, wherein the at | east one spacer
conprises a clearance hole through whijgh one of the screws passes. 33. The
met hod of claim 31, wherein the at | east one spacer conprises a plurality
of arnms extending radially between the center and edges of the tenperature
control assenbly. 34. The nethod of claim 24, wherein the workpiece is a
sem conductor wafer. 35. The nethod of claim 24, wherein the at |east one
thernoel ectric nodule is segnmented into a plurality of segnments. 36. The

met hod of 4 ai ;fﬁ?@ @‘{%8 éﬁ"c;}u’(i:arsg %ﬂ%g&ﬂme a Ea&'o%%tcﬁérﬁi%' ie%tr‘fc%@&&ﬂeed

t oget her. the s are electrically
connect ed quﬁgﬁﬁhértop puranei and a htongguriaiee ahbamme@ff th¢ mpmr@sbotmr ein the

at | east apertoesdmelasidd (ﬁi_m)dul e conprises a top surface and a bottom
surface, at |east one of e top and bottom surfaces being segnented. 39.

The nethod of claim 38, wherein the segnents are electrically connected

t oget her byg a Cﬂiédxﬂ@ﬂh@ﬂ o@lala% j@%ﬁ{erﬁﬁ%@%gﬁﬁ'&ltéf% AR iRO  QMneuEd aces. 40.
The net hod of claim 38, wherein the se?mants are el ect Irﬁ%cal | y connected

t oget her iASEBeY B2 59“‘1&1%‘3&%%&16%“8?138 thedgB @ng Retiem UR8Cop and bot t om
surfaces. 41. The nethod of claim?24, wherein the at | east one

ther noel eC‘{Or.I ¢ edﬂldll{litﬁod 0?”}% sj%s W%e?llg rtl?el' Ise;[ C(IJI.ES zgrg%liectr:ca l(gztcroln(r:lect UCPI'TDdU| es.

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

41. The method of claim 24, wherein the at least one thermoelectric module
comprises a plurality of thermoelectric submodules.

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

together.

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

together in series.

44, The method of claim 41, wherein each of the submodules comprises a top
surface and a bottom surface.

45.  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.

46.  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.



42. The nethod of claim4l, wherein the subnodules are electrically
connected together. 43. The nethod of claim4l, wherein the subnodul es are
el ectrically connected together in series. 44. The nethod of claim41l,
wherein each of the subnodul es conprises a top surface and a bottom
surface. 45. The nethod of claim44, wherein the subnodul es are
electrically connected together by a nductor on at | east one of the top
and bottom surfaces. 46. The nethod of claim44, wherein the subnodul es are
el ectrically connected together in series by a conductor on at |east one
of the top and bottom surfaces. 17 47. A workpiece chuck for supporting a
wor kpi ece, conprising: a top |layer on which the workpi ece can be nount ed;
and a tenperature control assenbly in thermal comunication with the top

| ayer to ntr Ln the. vvork t he tenperature control
assenbly ‘gfc))rrpr}?m n %%gpr ?ngmgaa \R@leq §8Plp”3 "at | east one

t her noel ectric armdma)@r@myﬂushmdowbvmmcetdaa bappaumi¢dgyerd and the | ower | ayer
of the tenperaty I

t hermoel ectric @‘8?‘3‘%%88@2%&3’ mﬁ&% g’ﬁ:ﬂ@gcatﬁﬁiﬁh@&%ﬁ gp 1a}’fv\/ﬁer ein

t he segrrert@§0nté@ld@@pm@1r§uzéha)ﬂforkme®t theetampemruaetd@atmb@ﬂswbm ¢ nodul e,
reduci ng %ﬁ@ml{% stress in the at | east one thernoelectric nodule. 48.
The wor kpi ec ck of claim47, wherein the segnents are electrically

connect ed toget her. 49uppeelayey, kp| ece chuck of claim47, wherein the
segnents are el ectri gablyr [4@RNgRE ed together in series.

at least one thermoelectric module disposed between the upper layer
and the lower layer of the temperature control assembly, wherein the at least
one thermoelectric module is segmented into a plurality of segments,
wherein the segments reduce the size of the at least one thermoelectric
module, reducing mechanical stress in the at least one thermoelectric module,

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.



50. The wor kpi ece chuck of claim47, wherein the at | east one

thernoel ectric nodule conprises a top surface and a bottom surface, at

| east one of the top and bottom surfaces being segnented. 51. The

wor kpi ece chuck of claim50, wherein the segnents are electrically
connected together by a conductor on at |east one of the top and bottom
surfaces. 52. The workpi ece chuck of ai m 50, wherein the segnents are
el ectrically connected together in series by a conductor on at |east one
of the top and bottom surfaces. 18 53. A workpiece chuck for supporting a
wor kpi ece, conprising: a top layer on which the workpi ece can be nount ed;
and a tenperature control assenbly in thermal communication with the top
| ayer to control tenperature in the workpiece, the tenperature contro

assenbl y onprjsing:. an_.u | ayer, a |l ower. | ayer, and at |east one

t her noel ectric M&aﬁ%le?ﬁ ?B%ggér B‘é‘%/ e} Wé’\?ﬁﬂﬁ‘éf‘r’ OHPESNEANG the | ower | ayer
of the tenperatauop loy@ntonobhiab sienwbykpisdeaneibe htwented; dndast one

t hermoel ectric ' ural it f smal.ler th | ectric
submodul o,  wndr S eRalPERBuBhe bty Shnb il ko BRI IS (e
at | east dneontelwmpbmtireiio thodollpicds theTlempemtiei oot isseablyf cl ai m 53,
wher ei n tQ%H@tIIE dules are electrically connected together. 55. The

wor kpi ece chuc f claimb53, wherein the subnodules are electrically

connect ed toget her ian upped kager,56. The wor kpi ece chuck of claim53, wherein
each of the subnmodula§yweLRiyPY 58S @ top surface and a bottom surface.

at least one thermoelectric module disposed between the upper layer
and the lower layer of the temperature control assembly, wherein the at least
one thermoelectric module comprises a plurality of smaller thermoelectric
submodules, wherein the smaller submodules reduce mechanical stress in the
at least one thermoelectric module.

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

35, 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.



57. The wor kpi ece chuck of claim 56, wherein the subnodul es are
electrically connected together by a conductor on at | east one of the top
and bottom surfaces. 58. The workpi ece chuck of claim56, wherein the
subnodul es are electrically connected together in series by a conductor on
at | east one of the top and bottom surfaces. 19 59. A nethod of
supporting a workpiece with a workpi ecqqchuck, conprising: providing a top
| ayer of the workpiece chuck on which the workpi ece can be nounted; and
providing a tenperature control assenbly in thermal comrunication with the
top layer to control tenperature in the workpiece, the tenperature contro
assenbly conprising: an upper |layer, a |lower |ayer, at |east one

t her noel eci%.i ¢ Amahed of spesathghetotgiedeheitppesrkpRy€thudkndoimpeisingwer | ayer

of the tenperature control, ass I wherei.n the at. | east .one

t her moel ect ri c ORI 4 Opslgﬁ%‘ﬁjt}g%lwoﬁ]f‘%e%? ﬂ?‘i&‘?‘;ﬂfﬁ %ch?h%gaﬁg)mc&canmer ei n

t he segnenmmsumedirod t he size of the at | east one thernoel ectric nodul e,
reduci ng nechanj.cal,. st i h I e I . 60.
The met hod of - Ao KiEg! Exber e o s R A C R E B REM R o8RO e

t oget her . ten layEhéo penthddempenatuae mn 8@, workpiese nthelempegheatentarlasedreldyri cal | y
connect ed Cohggghggr in series. 62. The nethod of claim59, wherein the at

| east one thernoel ectric nodule conprises a top surface and a bottom
surface, at |east o@@ uppetla@et,op and bottom surfaces being segnented. 63.
The nethod of clai myGaycphgERi N the segnents are el ectrically connected

at least one thermoelectric module disposed between the upper layer
and the lower layer of the temperature control assembly, wherein the at least
one thermoelectric module is segmented into a plurality of segments,
wherein the segments reduce the size of the at least one thermoelectric
module, reducing mechanical stress in the at least one thermoelectric module.

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:



toget her by a conductor on at |east one of the top and bottom surfaces. 64.
The nmet hod of claim62, wherein the segnents are electrically connected
together in series by a conductor on at |east one of the top and bottom
surfaces. 65. A nethod of supporting a workpiece with a workpiece chuck,
conprising: 20 providing a top |ayer of the workpiece chuck on which the
wor kpi ece can be nounted; and providing a tenperature control assenbly in
thermal conmunication with the top layer to control tenperature in the
wor kpi ece, the tenperature control assenbly conprising: an upper |ayer, a
| ower | ayer, at_|east one ther | ectric dul e di ed between t he upper
layer and the T8WEIY &Rk laysr (?tﬁtgetw P%?”&F% c%h‘f’ﬁigﬁlé%g’g 1§Fe %&ﬁei n the
at | east mpentbdermioel ectric nodul e conprises a plurality of smaller

t her moel ectric d rein the snaller subnmodul es reduc

rechan cal st r 20V Rl er IR Etegt BEeRRY b6 e R R ATk n e,

met hod of top diyer 66 conthadrtenpetahee subreoslatkpsecar theabmpemiwralcbytraloasnenblyd

t oget her. The .met hod of cl aim65, wherein the subnodul es are

fn
el ectrical ypcriogn ected together in series. 68. The nmethod of claim 65,

wher ei n each of the aguippediayes conprises a top surface and a bottom
surface. 69. The rretal*lgq,epia } aim 68, wherein the subnodules are

el ectrically connecte t ggt’her by a conductor on at |east one of the top
and bott om sur f aces .2t Rast orisethppnondertae madaialisgosedtpeiveden thhBppaidarydul es are

el ectrically conaerd RAverR81M%Re letpRelch&SciroR a &RRPHUE I WherBih (AL af RARL One
of the top and bottom surf-aces. . . ,
one thermoelectric module comprises a plurality of smaller thermoelectric
submodules, wherein the smaller submodules reduce mechanical stress in the

at least one thermoelectric module.

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.



