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| MPROVED CQOLI NG FI ELD [0001] MW the present invention

general | y welmiom3bast he field of uct or processimg/es200se0
particul pstgnT tOo an |rrp|Leved\ar1phe for inproving heat renoval rates and
heat tr amsdey Detlet 6. MBORBCWFERRTIP @ processi ng chanmber. BACKGROUND

RAPID THERMAL PROCESSING LAMPHEAD WITH IMPROVED COOLING

FIELD

[0001] Embodiments of the present invention generally relate to the field of
semiconductor processing and more particularly, to an improved lamphead for
improving heat removal rates and heat transfer efficiencies within a processing

chamber.

BACKGROUND

[0002] As the critical dimensions of semiconductor device features continue to
shrink, more stringent constraints on thermal budgets are required. For example, a
rapid thermal process (RTP) may be required to deliver a short duration high
temperature pulse uniformly to a substrate being processed. One example of one
apparatus suitable for performing such RTP processes is described in United States
Patent 6,805,466, issued to Joseph M. Ranish and assigned to Applied Materials,
Inc.. In the apparatus of the aforementioned patent, coolant passages are disposed
proximate a lamphead heat source to facilitate the rapid cooling thereof by flowing a
coolant therethrough. While the above-described apparatus is an improvement over
the prior art, further improvement may be made to facilitate even more efficient heat

removal, thereby facilitating longer life of the apparatus.

SUMMARY

[0003] Embodiments of a lamphead and apparatus are provided herein. In some
embodiments, a lamphead for use in semiconductor processing may include a
monolithic member having a plurality of coolant passages and a plurality of lamp
passages and reflector cavities, wherein each lamp passage is configured to
accommodate a lamp and each reflector cavity is shaped to act as a reflector or to
receive a replaceable reflector for the lamp, and wherein the plurality of coolant
passages are disposed proximate to the plurality of lamp passages; and at least one
heat transfer member extending from the monolithic member into each coolant
passage.
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[0002] As the critical dinmensions of sem conductor device features continue
to shrink, nore stringent constraints on thermal budgets are required. For
exanple, a rapid thermal process (RTP) may be required to deliver a short
durati on hixghhdigéseepat ure pul se uniformy to a substratecheshe/@eacessed.
One exanphp@f one apparatus suitable for performng such RTP processes is

descri begdudrieyPkitee o Shadoe pcPEpREPS, 805, 466, issued to Joseph M Rani sh and
assigned to Kppl ied Materials, Inc.. In the apparatus of the aforenentioned
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[ 0004] | BRIEFEDESORIPTION OF BHE BRAWINGS for use in thermal processing may
include a process chanber having a substrate support; and a | anphead
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pﬁssage beiefhosimmarieed tboes cnagrbe e by referencentd embbddimentsesome af axhicly i s
shaped to act as a ref|lector or to receive.a replaceable reflector . for the
| anp, and@reuilsbeed i tb? (ARRSNAEd o ra(‘f"éﬁﬂsan'f 'ﬁafgsg%e%o%ﬁ&eﬁawg}ﬁ%rsébablﬂb%(i nat e
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recited foﬂ@r@qﬁél&f’éﬁééfﬁe!%ﬁﬁﬁ?ﬁeﬁtgyemi on can be understood in detail, a

nore particular description of the invention, briefly sumari zed above, may
be had b fern t gr(?](é i : | Ebladats ahieddme t he
appended¥°c??§k/vi r@.ﬁglugi{ o%@%@%é@wﬁmﬁgw&g@gﬁﬁﬁggbg%pended é}r awi ngs

i 11 ust raeenbmdingenty of ted presbratdnvaattioe. of this i nvention and are therefore not
to be considered limting of its scope, for the invention may admt to

ot her equubty dFiduresi2reBedbpidi partiat .cross-sectional side views of a portion of a

lamphead in accordance with some embodiments of the present invention.

[0008] Figures 3A-3B depict exemplary coolant passage configurations in

accordance with some embodiments of the present invention.

[0009] Figures 4A-B depict exemplary coolant passage configurations in

accordance with some embodiments of the present invention.

[0010] Figure 5A-C depict exemplary coolant fin configurations in accordance with

some embodiments of the present invention.

[0011] The drawings have been simplified for clarity and are not drawn to scale. To
facilitate understanding, identical reference numerals have been used, wherever

possible, to designate identical elements that are common to the figures. It is
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[0006] Figure 1 is a schematic side view of an apparatus in accordance with
sone enbodi nents of the present invention. [0007] Figures 2A-B depi ct
partial cross-sectional side views of a portion of a | anphead in accordance
wi th sone wohzoios®at s of the present invention. [0008] HeTgise@s/084BB depi ct
exenpl argatemel ant passage configurations in accordance with sone

enbodi mesttomep DodkbENqr ©28enPCT/FEBRTF on. [ 0009] Fi gures 4A-B depict exenplary
cool ant passage configurations in accordance with sone enbodi nents of the

present invenbi-p th201Qmd ShRntd & SR & b2 Haf OB 2BLndilchrly
?)ﬁe pr esenl

configurations 1n accordance wth sone enbodi nents of

i nvent i oncorpotateq inmpibevembpdigentsave been sinplified for clarity and are not
drawn to scale. To facilitate understanding, identical reference nunerals
have been used, wherever possible, to designate identical elenments that are
conmon tRETARLED BESCRIPTIONs WD 2010/ 030649PCT/ US2009/ 056340

[0012] Embodiments of a ‘lamphead having improved cooling efficiency and
apparatus for processing substrates utilizing the improved lamphead are provided
herein. In some embodiments, the lamphead includes a monolithic member having
a plurality of coolant passages disposed therein. At least one heat transfer member
extends from the monolithic member into each coolant passage. The at least one
heat transfer member disposed in each coolant passage may advantageously
facilitate the rapid cooling of the monolithic member during a rapid thermal process
(RTP), and may further limit cyclical fatigue cracking in the coolant passages. In
some embodiments, the lamphead is disposed in an apparatus comprising a process
chamber having a substrate support for supporting a substrate disposed therein,
wherein the lamphead is disposed in a position opposing the support to facilitate

heating the substrate during processing.

[0013] In the following description, the term substrate is intended to broadly cover
any object that is being processed in a thermal process chamber and the
temperature of the substrate is being measured during processing. The term
substrate may include, for example, semiconductor wafers, flat panel displays, glass
plates or disks, plastic workpieces, and the like.

[0014] Figure 1 depicts a rapid thermal processing system (RTP) in accordance
with some embodiments of the present invention. The RTP system may include a
processing chamber 100 having a lamphead 200 for processing a substrate 106. In
some embodiments, the substrate 106 may be, for example, a disk-shaped, eight
inch (200 mm) or twelve inch (300 mm) diameter silicon substrate. The substrate
106 is mounted inside the chamber 100 on a substrate support 108 and is heated by
the lamphead 200, which is disposed in a position opposing the substrate support
108. The lamphead 200 generates radiation 112 which is directed to a front side of
the substrate 106. Alternatively (not shown), the lamphead 200 may be configured
to heat the back side of the substrate 106, for example, such as by being disposed
below the substrate 106, or by directing radiation to the back side of the substrate
118485_1 3



PATENT Attorney Docket No.: 12897 PCT/ FEP/ RTP contenpl ated that sone

el enrents of one enbodi nent may be beneficially incorporated in other
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mount ed Hﬁ‘ﬁgﬁﬁaﬁ&& tﬁ@%Wesﬁvel&ﬂ.senlt@oﬁm@sgubaﬁste%@port 108 and is heated by
t he | anphead 200 mhlch I's disposed in a position opposing the substrate

support {43 f}? BOdiARAtIGRE R sﬁat.bﬁcbem@mﬁelgumaq@ 10 &hd grg ed to
0% of b

a front strate ternatively (not shown), the | anphead
200 may beflecmifi@’lurreav tbe aemoxma;elua@ia of @8 iocht @ed supst thaseformmg the

S g el A TREEE PN 30858 B0 355 ol et v
2010/ 0306¢1BaE/ HER QRO HB5IGREA for eight-inch silicon wafers, the distance between the

substrate 106 and the reflector 102 is about 3 - 9 mm. The width-to-height ratio of

the cavity 118 should be larger than about 20:1. If the separation is made too large,

the emissivity-enhancement effect that is attributable to the virtual blackbody cavity

that is formed will decrease. If the separation is too small, for example less than

about 3 mm, then the thermal conduction from the substrate 106 to the reflector 102

will increase, thereby imposing a large thermal load on the heated substrate 106,

since the main mechanism for heat loss to the reflecting plate will be conduction

through the gas. The thermal loading will depend upon the type of process gas and

the chamber pressure during processing.

[0016] The temperatures at localized regions of the substrate 106 are measured by
a plurality of temperature probes, such as 152a, 152b, and 152c. Each temperature
probe includes a sapphire light pipe 126 that passes through a conduit 124 that
extends from the backside of the base 116 through the top of the reflector 102. In
some embodiments, the sapphire light pipe 126 is about 0.125 inch in diameter and
the conduit 124 is slightly larger. The sapphire light pipe 126 is positioned within the
118485_1 4



PATENT Attorney Docket No.: 12897 PCT/ FEP/ RTP 106. The radi ation enters the
processi ng chanber 100 through a water-cool ed quartz w ndow assenbly 114.
Beneath the substrate 106 is a reflector 102, which is nmounted on a

wat er - cool wah, 208@ddaabess steel base 116. The base 116 i nedugs2s09@sesisd cul at i on
circuit pAfENThrough which coolant circulate to cool the reflector 102. In
sonme enbaithrmeg Mosket Nde 12807 PeTFEP/RIO2 | s made of al um num and has a highly
reflective surface coating 120. Water, which may be above 23 degrees
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upon the type of process gas and t he chanber pressure during processing.
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substrate 106.

passes

[0020] The substrate support 108 which rotates the substrate 106 includes a
support or an edge ring 134 which contacts the substrate 106 around the substrate's
outer perimeter, thereby leaving the entire underside of the substrate 106 exposed
except for a small annular region about the outer perimeter. The support ring 134 is
also known as the edge ring 134 and these two terms can be interchangeably used
within the specification. In some embodiment, the support ring 134 has a radial
width of approximately one inch (2.5 centimeters (cm)). To minimize the thermal

discontinuities that will occur at the edge of the substrate 106 during processing, the
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[0017] The pyroneter 128 is connected to a tenperature controller 150 which
controls the power supplied to the | anphead 200 in response to a neasured
tenperature. In some enbodi nents, such as for a 200 nmwafer, the |anphead

200 may uswdﬁﬂo/bg’(}g@ts to deliver highly collinmated radpet/usmodesesm
tungstenE ah¢gen lanps to the processing chanber 100. In sone enbodi nents,
Bérnél
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the substrate 106. Such a control systemis described in U S. Patent No.
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specific P'@r‘i‘on?n i'&?ré‘pé’ﬁb HBS¢14% f?em:ﬂ%ﬁh &i"yr?‘?@?ﬂgﬁ 8tu\,\k)(jjl (IQIOt wi dt h
of appr oxhawhpWhidh fothtes Nthe Zcyling&nt BeTether 8ddeC Ahg . 13H0and nhmszzesttrdate 106r nal
discontinuities that will occur at the edge of the substrate 106 during

pr ocessi @yring e tharnalropess i@t 9oPCT/ US2009/ 056340 PATENT Attorney Docket
No.: 12897 PCT/ FEP/ RTP support ring 134 is made of the same, or simlar,
mat er i al [922k hdy PyFoe HEgsiAbstwhich i3 dBteds tio dherhrEbesihadyoSUBPURES then
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cyl i nder i's coated with sificon'to r opaque in the
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t he quar t129¢cybirimdeprotdssing, delidebyasis fiowad iato thepetiarissrthraugh4he hurgd r est s
onaplurallt of ball bearings 137 that are, in turn, held within a
stati onaf¥9 Rnul ar, | ower bearing race 139. In sonme enbodi rrent s t he bal |

beari ngs 137 are made of steel and coated with silicon nitri red uce
parti cul 42023 orRetamih emhadigepetha SBPROM THE Ijhoas @AM OUR e EE’Su at s

T3t he T T R o F e e L ey R 1 o1 o
quartz cylinder 136. The annular extension of the support ring 134 beyond the
cylinder 136, in cooperation with the purge ring 145 located below it, functions as a
baffle which prevents stray light from entering the reflecting cavity 118 at the
backside of the substrate 106. To further reduce the possibility of stray light
reflecting into the reflecting cavity 118, the support ring 134 and the purge ring 145
may also be coated with a material (for example, a black or gray material) that

absorbs the radiation generated by the heating element 202.

[0024] During processing, a process gas can be introduced into the space between
the substrate 106 and the window assembly through an inlet port. Gases are
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[0022] A purge ring 145, which is fitted into the chanber body, surrounds
the quartz cylinder 136. In sone enbodi nent, the purge ring 145 has an

i nternal annular cavity 147 which opens up to a regi on above the upper
beari ng 14wo 28to@3oaat ernal cavity 147 is connected to a mAFSVPPEE4d NOt
shown) tpsmpngh a passageway 149. During processing, a purge gas is flowed
i nt o t heAwwhapidecket hy..0ta3b7 PORFERIRGR i ng 145. [0023] In some enbodi nents,
the support ring 134 has an outer radius that is larger than the radi us of
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a refl ec9%hd B 12. In sone enbodi nents, the reflector cavity 204
may be E\Laped tg%gé?% é repl aceabl e refl ective piece (not shown) to act

3 B T e i, 22 BTSSR Rokery il Lo g2
thermal conductivity. In some embodiments, materials may include at least one of
stainless steel, copper, or aluminum. The thermal conductivity of such materials
may be about 10 - 1000 W/mK. In some embodiments, the monolithic member is
formed from copper, having thermal conductivity of about 400 W/mK. In some
embodiments, the monolithic member 202 may be substantially circular in shape.

The monolithic design of the lamphead 200 eliminates the need for reflector sleeves,
thereby facilitating closer lamp-to-lamp spacing. In some embodiments, the lamp-to-
lamp centerline distances may be reduced from 0.75 inches to 0.63 inches, thereby

facilitating the use of more lamps, which increases power.

[0027] Each reflector cavity 204 may further include an inner surface coated with a
light reflecting material. The light reflecting material may include any suitable light
reflecting material, such as gold or a dielectric quarter-wave stack formed on top of a
gold layer. The plurality of reflector cavities 204 and lamps 212 may be arranged in
the monolithic member 202 in any desired pattern. The lamps may be arranged, for
example, as described in United States Patent Number 5,155,336. The number of

lamps, as noted above, may vary. In some embodiments, the plurality of reflector
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[ 0026] The nonolithic nenber 202 nmay be fornmed frommaterials having high
thermal conductivity. In sonme enbodi nents, materials nmay include at | east
one of stainless steel, copper, or alum num The thermal conductivity of

such mat er \Wa) fHid@dedoe about 10 - 1000 WnK. In sone enbpdi/oenigseisne

nmonol it hi;ggﬁwmer is formed from copper, having thermal conductivity of
about 40QuIMdVbockeiNS. OB oR BROFEERAPS, the nmonolithic menber 202 may be
substanti al | y circular in shape. The m)nol ithic design of the | arrphead 200

el i m nat es e for r t C ORer
amp. to- FAMISS 238 Y s, LihBenb SRl Bws, 1 GHai, WS oo R AR RE
di st anceadjag¥ntaewseseerdgeream 0. 75 i nches to 0. 63 |nches t her eby

facilitating the use of nore |anps, which increases power. [0027] Each

§ ef Ihect 0¥oo§§}Vl ExcRMdmpaycdptadiber1 i may lbéecwplemtmeeadure‘ﬂecxer cavityed0hivish a
ight re

| ect t | . The |ight f t t
SUTt abl oRFIBIAME GRRERT ABBmAAEhIIBITP tSEPIaRE ST and sash qp e paaty 20 °
quarter- é/%egaéﬁgséd)étr%d%mgt%soéf e%cﬁ%rﬂp'p%‘é@ége 3b8. Flabh #rhp Ypaséa e

refl ector vities 204 and | anps may arranged in the nonolit
nenber 2808imayabg sitedite @gcprita prass seﬁb(ﬂoaﬁb@Wﬁh9f Plamp ?é%g’é'é?r”?'ib‘fe%)?arrpl e,

as descr |hed shAnitebhigda Be RREEYr JdfilSH 5pa]s§§g§%8 rﬁQ? a%'&’ﬁﬁ‘fodﬁfe | anps,

as not ed above, nmay va rg n sone enbéggl men s the plurality of reflector
WD 2010/ GG%WBSEZW@@GB&GCIP}EWMM drraetyd Dowaﬁt thiRosubstra@o 106 in

PCT/ FEP/ RTP 204 wh h
Fef | ect ol eceGrp TRl LR B ?@&é Q%%ﬁ?aéhe[oé%f Eacﬁrfliﬂpt )
t 14 d .t h t

baschge. ORI EEARH @fﬁ?c?ég%ﬁ%%{%?%ﬁ?c P EE AR LBk Y b OB dimy be
di 8pgsed|aaﬁdmwszt 189 Eétdﬁt 4 |a?g>ggm§22hamsm§m@geca%t shawh) tr@ltrpa@aeceil\gﬁ 208
may be sized to_acce

Al %/ernat 1eA8) Rins 82@%@16&%%&123@5&&& g%ggﬁn%%@&cwrca@n&{‘qeﬁw ¥alege 208
may accomét(ﬁ?&s}bekﬁf@M§% vhhﬂé‘tpafré W5GWH‘R:H pravidelgowér € frRClafép t owar d

t he substrate 106 in the process chanber thI‘Ol&J)gh each reflector cavity
204. [ 00242 E’@@Hannarrpcm@@!ﬁ% 8&4@%@9@“&69&@@8? whesithe lampadle 8tcket or

a | anpho er 216 has an interface (not shown) that can
receim\;e k@geéﬁgt@@ﬁélﬁ%ﬁwoﬁm 212. The | anp | eads 2(20 are el e)ctrl cally

connecte | a [ r ety whi ch

provi de &8&@ tt'%%{] Hgﬁ]ﬁaér%c%f%%ai‘%% g%répe rSté]\g{aE@cﬁ%swf%ﬁggapﬂsqjgb%ﬁﬁn% he

| aﬁﬁsl 213esmher0t (ot ahmn)ZgaeﬁHrﬁinﬁj Ltggf]vmlcmtmé s Used, p:akbiamugm% cF]tﬁéBE] I
Eac a 12 ma e no bas ther t sSs_.sea r.shrink sea
270 ( not BETSRIS aebélamRgTan hant abasse sl eled & FUs2AABY Rapme

enmbodi Me@hibodiriénts 2BBRCHRYMP a¥Ed 22DasRydgRs duielcuﬁtmtat @éi:hn BnpHides2 BMEeB) . I n
some enbodi ments, each lanp |ead 220 enga direct]y into each Ian?holder

216 to ceappate theelastrical eireull. Ehe Qutar, ¢ @rdﬁmrérseﬁle%" Biclydgnisatises 1 an
i ncl ude fﬁﬁﬁl\ér§§ﬁhﬁd Fheadlanicl ?&Hﬁﬁo%f?h@la‘?ﬁd sfd’cheé“% lrf?i'éﬁf%f viHéh Eﬁ@ﬁ’%e such

as i ndents age spring-loaded pinsint ol der 216
support pbaﬂg}lcﬂd&dqmrs indhe@nphxddero’z‘taﬁek appeorhplate 203 cmbe@ecwrﬁé tentheol i t hi c

nb 202 hol d ch h I 2 I . Th
Suppor t - HPRPENRSUHaGE PLERTORISE el PR gRRE Boc AR SRR 1B i e
nonol i t higachidrRe reckptacld 284 S UIhRA dplpbhqﬂzﬁem may fauilitstedinmitiey byfoa]naﬁ(yn or
ot her such materials havi ngasw tab

e_t hernal rties.to function at
t enper at (PROWIRGY RbtheampRR/AICIDEMDPH284md h@rﬁg’tﬁpﬁéﬂ?@ 5 way ?ﬁoc“r?)‘?at e
203 conpil s&yst Bt Bie? Suth §Rbterials having suitable thermal properties to function at
temperatures in the lamphead 200. In some embodiments, the support plate 203

comprises stainless steel.

[0031] An alternative configuration of a lamphead 250 is illustrated in Figure 2B.
The lamphead 250 includes the monolithic member 202 having the plurality of

coolant passages 206 and the plurality of lamp passages 208 and reflector cavities
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[0031] An alternative configuration of a |anphead 250 is illustrated in
Figure 2B. The | anphead 250 includes the nonolithic nmenber 202 having the
plurality of cool ant passages 206 and the plurality of |anp passages 208
and refl ecwor2ooesodsp es WO 2010/ 030649PCT/ US2009/ 056 34 dAATER00D/08434®r ney
Docket Noatent2897 PCT/ FEP/ RTP 204 formed therein, and at | east one heat

t r ansf er Awgaieh @ockélo. e xdsenHCTYBER/RDM t he nonol it hi ¢ nenber 202 into each
cool ant passage 206. The support plate 203 can be secured to the uppernost

rface ?qu@ .t hl gtqp? | | ' ( ) 252
?r;y be d?és‘})gasj@ a gt/ééﬁ’tk%@ gﬁggg?@%ﬁgte %g&f@%@%g&ghggégtérp&d@@gg%ﬁ I gur ed
t o provi aenplithisrmemben2f? lirtopeazbooknd prESads 206G.0he ssprorhplatel28Bicap of

t 254 di.sppsed. abave eagh | assage 208, an apabl e .of
Coterfachngeaien DAtk Uepanasfale & Balaor e HetnedlnE AREF Bufkd) anp
2_12.h TEecirnmitrtmﬁr_ or(ECfB5Qh5|2&y|| aydu@gdfgﬁmqu‘lﬁjve: ﬂh?&pg@rtﬂblu@ m.fh'hbrzﬂéﬁBf ace;
with the i ns the |a , of i ke, ect or may be
surr ound%“lbqa %‘y e?Pr&'ﬁPrﬁdéofﬂrg‘B@%P@W?h?tﬁa&?‘i 'ﬁ@prﬁ@gaﬁ%&gg&? FARPESE may
i nsul at e, tpnﬁam?W%sggéc@@zM @i8hode alsiRTBAR |aiﬁﬁ>0,55§sage\ﬁotsh ah&%ag e252.

Further, the plug 256 may forma gas tight seal, for é&xanple, insulating
t he PCB @iciptesiggingowitfe @eeh lamep 3120ah theybasggstot pravideesoveasdp agsht lampudte.t he

flect i 208 ' I head
Cont 1 qur L S¥hieidiR 2s3ay SFoRASSARE RS o BuBReN BiAaGE il Be 7P,
Uni t ed Stpias ef thataem 262 3&0thedike. | Baahechnrieetor 25dymag be2idundad/contrieti| ed
"Power Distripution Printed G I t, Board far a Sem congductor Pro si ng
Syot om Wi eSS Tes e Rled 555 arog S 25Pern desuf8 088 [CoRBPEPR Y 1 o
Fi gure Zfom! fof eRbibR], ishyrtinh witiothaRCB 252 agesthél Gha prigf I8y ffdta igas
nonol it hi ¢ nmenber 202 and di sposed |§”0X' mate to the plurality of reflector

cavi ti estigbaeal forameRiemBRtiaing e RLR gorand qoaesaige 256 drompnyeastigosed on
ei ther sjde QlepasntdiiR Bé2reflBaGR GOR) 201 BASIAHS FREFRLJBV A WdrBnsi ons

suitable for maxim zing heat_ transf e_rﬁ%etween the ITDI’lOflthI_C menber and a
cool ant detailel of adaBphead somfigused similaditte thetamphkedd P& of &igtde 2B Mayur es

1-2, eac | C I i I de..(e.g9., a
top st aeye SRPLI UARSAAR Tl 285 584 VRIS e fidlg 2o, Pl 2 gl 2
channel . “Powes diietributiad PristedsCircdieBoand 22 2 SwiyidoedeciopPextessing gystemdl i t hi c
menber 202. For exanple, t cap.221 may be coupled to the nonolithic
nmember 2% 'CB)'IS B?rﬁﬁ}‘néﬁ%o%ragﬁiWd%f%?ncfﬁ'azi ng wwth at | east one of a sol der
or a eutectic al]oy. The.ca 1, the ue, the solder, the eutectic
o 1 oy melgtizh  BeiBling 10 SR 2R s e i Ok PPAETERESagPS 98! A RRBns | on
subst antihg) the ®enslithicanémbet D02 aal @épdsed prakintdta s tHeoprivdlly bhfeflefp! i t hic
menber, thereby limting | eakage of coolant fluids due to cyclical fatigue
cr acki ngcayities 204. In somé embodiments, a coolant passage 206 may be disposed on
either side of each lamp 212. Each coolant passage 206 may have dimensions
suitable for maximizing heat transfer between the monolithic member and a coolant

fluid.

[0033] In some embodiments, and as illustrated in Figures 1-2, each coolant
passage 206 may be a channel formed into a side (e.g., a top side) of the monolithic
member 202 with a cap 221 disposed atop each channel. In some embodiments,
the cap 221 may be coupled to the monolithic member 202. For example, the cap
221 may be coupled to the monolithic member 221 by gluing, soldering, or brazing
with at least one of a solder or a eutectic alloy. The cap 221, the glue, the solder, or
the eutectic alloy may be formed of materials having coefficients of thermal
expansion substantially consistent with that of the materials forming the monolithic
member, thereby limiting leakage of coolant fluids due to cyclical fatigue cracking of
118485_1 9
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12897 PCT/ FEP/ RTP the seal between the cap and the nonolithic nember that
may be caused by m smatched coefficients of thernmal expansion. [0034] The

| anphead 2 iq6/030640 i ncl udes at | east one heat transfepcveshesosdish. The at
| east onephegf transfer menber extends fromthe nonolithic nenber 202 into

each cool,o@é}heynﬁ)@ﬁeagg A96p7 POTEFERIRTPEASt One heat transfer nenber 211 may
facilitate inproved heat transfer between the nonolithic nenber 202 and a

cool ant U's%?ﬁ LRI S 1d 25 §e$ndarfﬁ%frjr18%@qctrﬂgh‘%hrtﬁé'tgn}aﬁ/aﬁg GRREGGy

passage trang rise the sane materl al s
as the nomisinatched cnefﬁbtelnts’ZﬁZhenmaiwpbnsldmffer ent. The heat transfer nenber
211 may conprise suitable materials conpatible with and bondable to the

mat eri al gooBayr niTing Ibhmheu@@bbtfbﬁtlmemaoihdes 20kRashdne bephtramdfer mientber 24 1pr ocess

: tant t The heat
Cormr | se 10644515 Opa el ARaSRAReR oS Srtegrs dt i meblti o fiBey 252, ntd v
enbodi nerksh cbbang, aés%gétzo@nafhé@ateatstamsheat tm‘:n‘dﬁ@'rmambenﬁw mayrfecmmteat

| east one of stainless steel, copper, | um n (% nts, the
mat er i al 4MPOYEH| ARG fransterabetnesst h@n@‘oﬁ‘%t ict eér o) aﬁi’ {}E‘ her nal

conduct | e DFHERH 3RAUIowhy TheBRolimach 083Eht Masbayainob! | 8¢ riked i n

Fi gures as extending abo t he height of each cool ant passage
206, eaclrahefer neraberf 211 m*ybe@mrzllsp thensame émieﬂalﬁeas thestaRelbic rHaEReRs

cach cool I pieyage BFEENT, TARAGR ERrIChidfibRs 298 by, dfngice shErt ©

f or med V\/lnhehetldﬂe crmmmeitluldmmthnanbebormble( tothexaateriels fmmmme‘w inmanplithie

m)nolithic 02) strated jn Fi ure r ansf er
member Zfl n&éB@Pﬁ ed’ﬂ @ﬁe?fpc?ﬁf?a{eq'sr%t' tgdgayvar}l &(r?rgér'\%rlgl thic
nmenber ZQ%eaheﬁt h@ﬁﬁeﬂfm@ﬂﬁér a0l may EaephaEe saiﬂéble[rﬁﬁféﬁ]alsnhamng a high
enbodi ments, and as jllustrated in Figures 1- at tra sfer nmenber

211 may MREIEN3A CANGGHIVRY- oérssg@et%bpdameﬂﬁetnﬁaebleaﬁt%ﬁcﬁe%totm r Hge08he 206
to facil '2t1"’}t | Owlsﬁoé’t%é@tgoﬁé‘%f %f%lﬁéé@fe‘é\’%p@bﬁb&ﬂ élhbfnnlﬂﬁdllﬁrsdrﬁ@r oved

t hernal con etween the nono i c nenber 202 and the heat transfer
menber 2bmbddnnentbomemm@a}meompnsmgéhmatleaat anefhaat Manster raqrmbers2b1

SePar 2t © BOFRIR coldEulBgb ol CRRSHBL TFHGED By be coupled to the base
wel di ng, [583&{ asﬂﬁwoﬁgmlllu%'trg%d ﬁxﬁgﬂgs\/ﬁZ as extending about half of the height of
each coolant passage 206, each heat transfer member 211 can extend other
distances, such as lesser distances and greater distances including up to the full
height of each coolant passage 206. The heat transfer member 211 may integrally
formed with the monolithic member 202 (for example, machined into the monolithic
member 202), or as illustrated in Figures 1-2, the heat transfer member 211 may be
a separate component that is attached to the monolithic member 202 at a base of

each coolant passage 206.

[0036] In some embodiments, and as illustrated in Figures 1-2, the heat transfer
member 211 may have a wider cross section at the base of each coolant passage
206 to facilitate robust coupling thereto, improved stability, and/or improved thermal
conduction between the monolithic member 202 and the heat transfer member 211.
In embodiments wherein the heat transfer member 211 is a separate component, the
heat transfer member 211 may be coupled to the base of each coolant passage 206

in a suitable manner, such as by gluing, welding, ultrasonic welding, explosive
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WO 2010/ 030649PCT/ US2009/ 056340 PATENT Attorney Docket No.: 12897

PCT/ FEP/ RTP wel di ng, brazing, interference fitting, or the like. In sone
enbodi ments, the heat transfer menber 211 may be coupled to the base of
each cool awD 2pmas@ge 206 by brazing using a sol der, a edrastec/0sdskoy, or

t he |i kepatenTsone enbodi nents, the heat transfer nmenber 211 may be coupl ed
to the bhaseepbosaciv..cosbapcT/PEBRIYe 206 using a eutectic foil to facilitate
coupling with little or no air voids disposed therebetween, thereby

enhanci Wel%ﬂ@#srtr)tre%%ﬁ? |HPe|rfe?éHHé| f t'ﬂﬁg,b&t £lkd.hén %ﬁ@ ﬁ%b@lnmelrhemgata”d t he

heat trans I'n some enb I nents, eat transfer nenber 211
may be c&)ajmf@dmembtenémcsmey oe @upledctodhar’aaSpaﬁmgb @0t passpgNn 26kl bgsi ve.

0037 ter ' noI| e sol.der qr
it oot | O BPIGy il Spldh R ekl a2 rohy e SHCRE e Rhad P8t e e
fSUbSt gnLtraﬂdfeyr meﬂmbﬁm tnmfyfbesclgc&mai t@fthé Ibgﬁraf e@ztpm%rﬁrpasu@ge E@@Usualgj oi nt
ormed bet ween at. transfer and t he base of the cool ant
bassage SOHERS IO o BRIEIF (EPUBIG WER Sl 10, SEyEldScipBRacg betabebks STy
brought pardby érﬂtﬁhemaeasumhambl %99&1@%&%&@% moﬂb}.thicr}nsmaeﬁiw@aha
wherein the heat transfer nenber 1 extends the ful I ght of the cool ant

Pgstszﬁg;a thedeat Hansfeamembgendfl &r |ﬂ1§¢fﬂ@ﬁﬂmlfﬁﬁfﬂish@9@é@t Hﬁ@'ﬁgr %mh(?gmillrln Ibar
simlar ﬂﬁfﬁéﬁﬁﬂllegggglfe E?'% #eb:i(;ht ralna??ga% Ga'%r}idgﬁaaﬁ%ég%aceg aparty
menber s D1 o T rtpidie JE R aNG 1O3I80E 1O5he  By2outY SEbebsl el Bance
T e s ey sy Mo i
si dewal | CEHCGTHS Of NisraRg e’ﬁ%aé?ﬁeswéﬁecbé‘ﬂﬂﬁft%r’fgﬁ#e%erg@\?rege@?qﬁqéf%pac| ng

may var ymegipendi ﬂ@nﬂ@l@béé@oﬁﬂhé&:o@fan‘t Passamel 208 via &F willtsslrdshgarstitée and
nunber of the heat transfer nmenbers di sposed therein. [0039] The heat

t ransf ercyﬁﬂﬁﬂéﬁ'gt@lﬁrﬁ%v'ge?ﬁoéﬁﬁt PRELY é@@@ thesting rand: seplifie opAke dejBt. 208 for a
di st anceerﬁbodhﬁ"@ﬁﬁs ﬁHEFe'lr? 'tl'?enheétotré’f?sfé’r' ﬁié?rﬁfe‘ij Ad] ?&@ﬁﬁs } efu,lﬁﬁ@?@wt%‘fzthe-rhe

heat transfer nenbe may have a %ltudln rof i g., along the
| engt h ochOJaré p@e&)agﬁni’oﬁ)éb% hgat tmfertrham p62%t can bave agregsestctiomgimilasr t he

i ke. tﬁé@&@cﬂbe@%b?% \‘ﬁ'tt tb%ge ngurhg\//% aothlaf" Jqﬁ)%et ag)n§1‘1e5¥ gﬁﬁﬂ%‘?r 211

may furt er comprrse-a eas one I 'near fin
301), a methndm dal profile (e.g., fin 303), or other sw tabl e pI’OfI le. In
sonme enbodi nents, a non-linear profile, such as the WO

2010/ 03(6e8PCTThéSROaOIraT=&4Member 211 may be spaced apart from the sidewalls of

the coolant passage 206, or to other heat transfer members 211 within the same
coolant passage 206 by any suitable distance that maintains suitable flow of the heat
transfer fluid therebetween. In some embodiments, the heat transfer member 211
may be spaced apart from the sidewalls of the coolant passage 206 by about 1 mm.
Of course, the spacing may vary depending upon the size of the coolant passage,

and the size and number of the heat transfer members disposed therein.

[0039] The heat transfer member 211 may extend the length of the coolant
passage 206 for a distance at least sufficient to be disposed adjacent the lamps 212.
The heat transfer member 211 may have a .Iongitudinal profile (e.g., along the length
of the coolant passage 206) that is straight, angled, wavy, or the like. For example,
as illustrated Figure 3A, the heat transfer member 211 may further comprise at least
one fin having a linear profile (e.g., fin 301), a sinusoidal profile (e.g., fin 303), or

other suitable profile. In some embodiments, a non-linear profile, such as the

118485_1 1



PATENT Attorney Docket No.: 12897 PCT/ FEP/ RTP sinusoidal profile, may
facilitate i nproved heat transfer between the surface of the fin and a
coolant fluid flowi ng therethrough the cool ant passage 206, for exanple, by

m ni m zi ngwidwihewedary | ayer of the coolant fluid proxpeBUS0bdSsHur f ace of
the fin, pgpeyt hus inproving the heat transfer therebetween. [0040] In sone

enbodi MeRfigineyddekeRo.l hbdssPLaiFedirRTR Figure 3A-B, the at |east one heat
transfer nmenber 211 nay corrprlse a plurality of fins 301 (as shown in
Figure 3

f fins me
erod: meanysSpAt Bt By ol o dthedt Tap iRt Belledr M Eralh of e M
I onlgl t udandla eddlgr(l)tgﬂtmittﬂ@mﬂirigitHe{T%th&i@hl telke ¢dmlamﬁq>fdsea@ ©06] fm:examlpbe ,afy t he
cool ant passage n,so enmbo ., £8C in.i urality is
subst ant [THNMIZIRG the IbQP”‘?%VgEY%TO?fé %rﬁo‘)%nﬁ ﬂf-‘lﬁj P! "b@tﬁqg?lsf‘ﬁ t%@(ﬁﬂpl e,
fins 3013038K)s lhﬁ)rg\ﬁﬁ@trﬂﬁﬁ@ﬂ tlaPster tisarbpdtaeehal |y parallel to an adjacent
fin 301 (303) Al't hough two fins are shown in the Figures, any suitable

nunber Ofoglhd)NS |MBYMRCeMbONIHRRES 8emé1 hbqiehaciane bguRESA-Bash dtiIBasteonde
utilized to faC| litate |rrproved heat transfer befween each fin and the heat

transfer heﬁtlﬁlr@quTh@em’Qﬁ i21dgnay cemprise atPluralilysefdinsnilib Eassshawat inosigther ei n
ar e exerrgh?ré(r 20, otf'q’lﬁg ?‘a[bgh(%%] ! hOrFlﬁﬁre"‘@Bj elrf)%érhb e‘?ﬁlSBﬁu%HlQ e

benefits sclo re|n shown ove as fins, or fin-like
st r uct ur phiralithef ﬁns Béasir B@Becdnmrtsettmmrﬁﬁsemavnmrbdonglmmnahymhaﬁb@st@nvaw ety of

other forns a I alte tive nts of
the at | Ba?é'eliﬁ?\gﬁ‘ﬁéa?g'f)%ﬂ%@gg ﬁéﬂ%gpoffﬁpﬁ%dgge Cri Lp"%f;rbé W %‘ﬁ respect
t Ongl gur escifib.in A% bIUPeLIiS)i rsaetubdta'nlﬂalﬁl garlagelgé .ant ditﬁacget(;wtlcti”aaslthe)gmréifk;ﬁt For anﬁf er
menber nmay conpri se 4 osed wi t hi.n.eac
cool ant 65%’@85@@6@0%1(%95%@9 sﬁ%&?‘iéo h@(ﬁ‘ﬂ%ﬁéﬁnaé"ys%@ '?'ctQI an gdiagglin o
may have3@ﬁ1>(3@3)heAltr§ﬁ@HQ§/o(ﬁr%9é+baéhown inf the Figaes, arTW@umJle ﬁuﬁhbdf esm@o may
further be of t'he sane size or of different sizes. Each

pressed S hetpravidpe ransy they spaciagijbbween 1s6ah fitnaayr be dltt"ﬁ%g \A%ﬁfae'"f@?le t he
passage S8 e M e B e R e rees P ot
passage H86 hbet weesfer mhembeist dablosgdid'memoaef exereplaheandgnay Haveoethes 400.
E?gﬁﬂ e'rA\I tﬁéﬁ%ﬁps%y@%ﬂ}r%ﬁ@p tﬁ‘? Qelg?fﬁ? gﬁg@SﬁReﬁﬁfeﬁé. lnga:tlt o(rjlget Egaf:ool ant
Pazs20 i) bt MR B DA e et ohb ot
transfer member 211 may have a variety of other forms as well. For example,
alternative, non-limiting embodiments of the at least one heat transfer member 211
are described below with respect to Figures 4-5. As illustrated in Figure 4A, the at
least one heat transfer member may comprise a plurality of solid bodies 400
disposed within each coolant passage 206. The solid bodies 400 may be spherical,
as shown, or may have any other shapes (regular or irregular). The solid bodies 400
may further be of the same size or of different sizes. Each body 400 may be
pressed against or bonded to an adjacent body and/or to the walls of the coolant
passage 206 to facilitate robust heat transfer between the coolant passage 206 and
bodies 400. A coolant fluid may flow through the coolant passage 206 between
interstitial spaces 402 formed between the bodies 400.

[0042] Alternatively, as depicted in Figure 4B, the at least one heat transfer
member may be a plurality of tubes 404 extending along the coolant passage 206 for
flowing a coolant fluid therethrough. The plurality of tubes 404 may be pressed
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PATENT Attorney Docket No.: 12897 PCT/ FEP/ RTP toget her, brazed together, or
ot herwi se bonded for good thermal contact. The tubes 404 may be
substantially parallel and aligned with the |ongitudinal axis of the

cool ant paweeagw/@@B9 The tubes 404 may al so be stacked rar/@Enomnssied
pattern psrepltown to maxi m ze contact area between the tubes and each ot her
and bet wetemey Decketiies128aTIPCTYEERIBTP s of t he cool ant passage 206. Any

sui tabl e stacking pattern and tube configuration nay be utilized that

provi desogefter Chratdd tbﬂg%thér,raﬂahsw@@wﬁ@éh&g?%loee%@rman Eggrgeeﬁ@@ﬁ;&ed a

coolant fluid flow ng through the tubes 404. "I n sone e i ments,

i nt er st i 40hmayhecsdsiandialieparedel antcalignad avithothe dengitidingl axie of the eoddardui t abl e
mat eri al inRr e ont a en_adj acent tubes 404, such as
R T S e R G e P
enmbodi memasimite contabe asda bemgiencthe tbasd ahd axhesthee ahe ibeBdden theatdbes, or
fin-1ike er (e. as depicted i Figures, 2A-B and 3A-B), features may
be addedargg Wﬁ_ﬁ?@ﬂmﬁ cpQja tP%%sgragg %e 855()3%? StAck]sapaligm _t“gPansfer
merber s @gdiligufitiohomal| e RMEYEQRath pAdviddsaBaffieieniRBE tandfd BdiReshdgwal | s of
t he cool ant passage 206. Such features may include dinples, bunps, bonded

shapes, SRIRIY RassagR 206ntngd a erolamidiuid Rawingoihreuginihectubas 4041 ulst amed i n
Figure 5 ! i i i h n I ( , 500,
509) " ar o L EA s 208 Beior A MR A A BO Tl Mita, o
bet ween suit@blecmateriahihat avmproves thesmebENtad Detweers adiecentiiobk sdid, suchas

i |l ust d_i.n.Fi B dj t. heat .t nb .g., 506, 508
or et or AB8 iRk Gk TecbtenRE R BOBHO3Re HilS atPolRER o) treni s o160, oi2

ti dj t t, t f nb . AlLth h sh f d h
bont o1 ctel; FeeihodGBhs WBHR F TR o bt SR omler 28 e °%°
sol el y b@i-ieemeatticr(¢eh!, aBerbictéRinHiglirc8RAPBaRd éAlBﬁ,qéﬁuﬁé!ﬂQﬂd BBRHdHedas
illustrated in Fi ggre 5C, one or nore of adjacent heat transtfer nenbers

(e.g., SP£BIBEMRE]Q HESEHE BROArPTRIPEN RERCEREREIdragsTersnembers@Ndii sposed
[N a Verddikalp Hehkédh Abatthihshidheinb8Rsd thERIRALaIISQST thébblahfbadiage

separati on therebetween. Suc eat ures y I nple or protrusion forned

in the AR tushsfesiuras fhay inclitde; diseples.abempsnpondatt shapas, epdbdndbaded to
t he heat fern e i L1 i i gure
5C sucrPee SR Ear Pt a BuBFAL iFtRlre 85, h solfi bbEylehad 9010
oppos ]tca esdjhcartt hbeat hﬁamsfeic inhe'ertnlaer'tsnge.ggpaSt)a]Ic i 802)otard hforady aoen?]nélﬁ?@be f
transfer nmepbers. Ot her gepnetries. apd c igurations of the heat, transfer
rerber o SHBTLEIRL syatbfiat S bama o fh Bamad ieslaes obe PgalirerSedaebom neai n
a desi r egb0, \§022 0 QoAaD 84DBEIM At UM OSRR4H iP AN 5Bt hafatent ket Rinshy-
12897 PCT/ FEP/ RTP spaci n5%{8bet ween adj acent heat transfer nenbers (and,

opt i onal MEMbEEY {@En WatoUS) Ane farmer pllyiduallydinclwdesprieRalmereohorizaatal ool ant
passage)ealein@Rtt?31d, 512U a heb@ars! ﬁ%hb%?éiﬁggo@fsm gg the at

ch
| east one heat transfer nmenbér 211 may be coated, C th materials
t hat nayfofraed |9 gaeh Iheat triangfer meerabers 586, 8H% the boiizantal czlement eaycbel ant

passage &Qgggﬁgéférlyu%éeﬁggb f',ﬁ’ﬁt?ht RES thdterth eﬁ%r@.r |H‘§Hﬁgrer%§<§qirg§H&t‘a

mat eri al's incl C coatings, eleciroless depo nlcﬁel, a
st ai nl eshkusitated in Bigere bZdoostaxtmaorel dfyadjacess deabtrabsfar ebmbdre (elgg £BHI ant

Pasoa0e 2 B R B0 e, . B ) Wb 08 BlcaP3ST87°
of the heat transfer member for facilitating separation therebetween. Such features
may be a dimple or protrusion formed in the heat transfer member, or a separate
component that may be bonded to the heat transfer member to form the protrusion.
As illustrated in Figure 5C, such features 518, 520 on adjacent heat transfer
members 514, 516 can oppose each other thus facilitating separation of the adjacent
heat transfer members. Other geometries and configurations of the heat transfer

members and separation features may be satisfactorily utilized to maintain a desired
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[0045] I n operation, and referring to Figures 1 and 2A-B, heat transfer
fluid enters the nonolithic nmenber 202, and ultimtely, the cool ant
passages 206, via an inlet 154, and exits via an outlet 156. In sone
enbodi nentsztOhﬁBb@at transfer fluid may contain littl ep@lr/Umggzhss;a@I ved
oxygen op,fpfdi zi ng agents contained therein, thereby limting erosion

and/ or C%Jr%@ga(ep,ﬁoth}fgggﬁ@#@@pmmﬁssage 206 and/or the at |east one heat
transfer menber 211 contained therein. In sonme errbodl nment s, the heat

ot i 21 nipacdish EERR| BagBRt o faBSlinclnfo 0B, SERhY BERER nE,

vacuum degastsr mgmbeaes hhdithe sidewalinsf the coolahi mssage)j ni trogen spargl ng. I n
sonme enbodi ments, the heat transfer fluid may include reduci ng agents, such

as tanni moad)y dirgarne enbodiroets mﬂ@%bbrangﬁbisﬁgelmmhdd@ftheat leassone heat
hydr oxyl am ne deri vat| ¥§ a%cor bic acid d \{atl ves,,  apd, ot her mlf}t rials
é1hdnas et

general | {Fansi8luMembeh engPaeds LA 0 TBRIENRS ek ek nsf er

Fluid maympg Rﬁéter&floﬁaﬁhlb?%@rrbgi%ﬁ ofwh@rchnanf PQSSQ@@'EZGG angbethd htledsexi ting
the outlet 156 is cool ed and reintroduced he inlet 154. Alterpnatively,

new heat one d1eet dransfeniraembgr 8é1deSHQ*ém&ﬁie't'@Stfﬁ@Y inglede polymesist OANBASI y or

d t
out et "1 BBCUFEEE HEPomRnbIdt 5 SEinices Pl IpHBlardstRically preghed Abddte
passagesin2f@he | cocdafdi pamgea@% I authirr a:tamlessn sﬂ’e@uwﬂw hewiog Weoraglanipassage

3‘3603? F‘é@%%?gj ot @ﬁ%f%’%i Uﬁfo‘% kS b sfios B TR, " thea
encn cooltl] puEBRGEToF i EGBe PIRAET, AW AT AT e nl o0l o

the cool gt mpaskmaReMerBer QUZeéﬁdil ultirdsteyt thidreogplanr phsdagesi206anizsar Ileiay be
respectively grouped into inl % and 11848
T

14 .
2010/ 030826FREH €000 AHAlgh 1PATERFORG %’F‘ﬁ@%”ﬁ%&vg e hgat ransie YR RTP
outlet pLghain( A& 0?%"‘@)55&{?@6 of gférP@NBleertggaéé]ﬂs icoh&linekbtheddlf, thHeeetut | et

156 of the lanphead to facilita | owi ng heat transfer fluid

t her et hr buiing ern@loamnmcoa%mgésthe@eomy passager 2eyerd/phthe #deastane £ ow
confi gur r d RbBdimbrRs, #e2hagd exits
each out ﬁ&%tog’sﬁghgﬂ rﬁ%é%’??ﬁﬁl %c{ﬂ? |t8%}éﬁf[' hugp%gﬁ?’l |§t ating uniform heat

t r ansf er transfehdluitbroohtains desse tHasr aboa’t OHorppaanrxpgm eduivalerdwofi axigizing

cont ol | BREE o WeRE i caHERY Foeclfn VBB hek FeribipheE Pyl o) e

fl ow rat gegdsshept bbﬂmgSfﬁién*eralméi fieatioe, aamd smltrbgéri esparging: at enf @ome
control |IE_% t he heat transfer between the surface of the hea‘tF t r ansf er

menber s gmpodunents, thecheat jeanster fluidh 8)avaingludreAUSig A98ASs SMCR 88i @NPiFowi ng

through hi&asiRe! aR}drBasR&E2pr8g8iol-bBsc0 MBeAIEROE, ”ﬁWdﬁoxth‘ﬁné' Qriyaives) S
about 2 to about 3 nmeters per second. |n sone egvb Son ag flow rate
P?‘%’\‘E é” Fo

faci|itaPorhic |a§rﬁ Asrvativety PRgiotRer MRfR!snasNerd T ¥&€&sur e
drop acr egstneat ndisol amhertass agesfet fuisl may be rpianigofl sesleseh ogy whereir ke

t her et hr pugh, and m.ni 0 n an or r,0si n of one
neat t raREReanRls R SREMedhg cuteh 156  E5ed 3y e TR fead Ry RinleB dptn:
flow.  Thagerrritiv@ll] Rew h b O r<PaH LRy hi2gind daivegedad thémﬂavm dopiines 6L

gradi ent between the surface of the at |east one heat transfer member 211
(e.g., tmuxed wih secyclesdwet faastenBuidleat transfer fluid, thereby inproving
heat transfer therebet ween, while mnimzing turbul ence and nmnimzing the

pressur eltdelp dbeoslst 154 ambtfmoutiﬂs@@g@re fieidlyf capmladatoeeagly oher ¥ig the ed to
f it t:
cont i gur BraY of Bolanéssdady b PR AUGRR, 3R ) RFRRANE F6le 2 35EN BB0kHE

t her ei n. passagex20fptamptides dr th B@Qe{cm;yedbtn thdjinist 54 bboven irokighect )oar::d

neat 1 r adgiueh i Sroubled &g ST 1PR Bpvade it (e ReREEEY. “and

the |ikeenldp948th |cbomﬂpa§§§gédmﬁ?0ia8thellﬁl@t 862 ankicaxitstsachecodtarit mlsbage n

enbodi nents of heat transfer nmbers 211 havi ng sinusoidal profiles (for
At ERRE e oty

exanpl e, Vig e @ols} 30for Thecinigls éoth{@ Mgitets £p40d ke cpplapyp
| puri ti ggos 4 ﬁl‘{) Wb’lﬁ%&r%'ﬂﬂrow be \bd cWékfhﬁéﬁ pdd MiS irfét amdrber

211 via, ?or exa t he 'heat transfer fluid proximte
a bend i A1848& 1si nusoi dal profile. Thisl4r eactl on may form for exanple, a
metal oxide on the surface of the heat transfer nenmber 211, which may
undesirably facilitate at | east one of reduced heat transfer between the
surface of the
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PCT/ FEP/ RTP heat transfer nenber 211 and the heat transfer fluid, or
erosion of the heat transfer nmenber 211 due to | oss of material via the
nmet al oxi dwofimmBbésen and renoval . [ 0049] Thus, enbodi nergs20de/08634@Mphead
and appapgtgisgr f or processing a substrate have been provided herein. The

| anpheadaiditdy Ddeiet Ro.Mzeey PChFer/REMDer having a plurality of cool ant
passages di sposed therein and | east one heat transfer nenber extendl ng from

t he nonol,i hi I e eat
{raner or ol e PEITRE bt P S COB6RY 1o 2 FREC154THGA e, RRREL RS ()8
facili tatamﬂHeedrtmpfazl:lln:aiel ilmngfthbhleeamﬂnmhsfémfIOldnﬂf&ahrdd!ghl nghe C@cﬂalﬁi

t hermal process m t c cli fati ecrackln in the

cool ant 3%?&833@6%@0%%@"?%’?41@ faoP ﬁgoY"sC?i” ERUOH Fﬁcrbg%dh%%tnts of
the presgagsfeniadtentsts eatherilef®0R hbd ehits c86HW Bdildte3T4sInGd cérhﬁgnba\fééﬁuwn nmay
be devised w thout departing fromthe basic scope thereof.

2010/ 030%ws pagifitating vo)fome beat isansferin the monolithic member 202. For example,
the flow in each coolant passage 206 may be controlled by respective orifices or by

flow controllers (not shown) coupled to one or more coolant passages.

[0047] The flow rate of heat transfer fluid may be any suitable flow rate for
controlling the heat transfer between the surface of the heat transfer members 211
(e.g., the fins 301, 303) and the heat transfer fluid flowing through the coolant
passage 206. In some embodiments, the flow rate is about 2 to about 3 meters per
second. In some embodiments, the flow rate facilitates a laminar flow regime, which
may facilitate a lower pressure drop across each coolant passage, thus requiring
less energy for flow therethrough, and may minimize erosion and corrosion of the at
least one heat transfer member 211 (e.g., the fins 301, 303) caused by turbulent
flow. Thus, a laminar flow regime facilitates an improved temperature gradient
between the surface of the at least one heat transfer member 211 (e.g., the fins 301,
303) and the heat transfer fluid, thereby improving heat transfer therebetween, while
minimizing turbulence and minimizing the pressure drop across the coolant passage.
The flow rate may be adjusted to facilitate laminar flow through each coolant
passage 206 based on the configuration of the at least one heat transfer member
211 disposed therein. For example, the flow rate may be adjusted based on factors
including the number of heat transfer members 211, the spacing between each heat
transfer member 211, the profile of each heat transfer member 211, and the like.

[0048] In some embodiments, laminar flow may be desirable in embodiments of
heat transfer members 211 having sinusoidal profiles (for example, fins 303). For
example, the heat transfer fluid may include impurities such as oxygen, which may
react with the heat transfer member 211 via, for example, a turbulent flow of the heat
transfer fluid proximate a bend in the sinusoidal profile. This reaction may form, for
example, a metal oxide on the surface of the heat transfer member 211, which may

undesirably facilitate at least one of reduced heat transfer between the surface of the
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Attorney Docket No.: 12897 PCT/FEP/ RTP Clains: 1. - A | anphead for use in

t hermal processing, conprising: a nonolithic nmenber having a
plurality of cool ant passages and a plurality of |anp passages and

refl ector qavioid/@sssoWherei n each | anp passage i s confi geeEdshe/@saomopdat e
a lanp apgh@ach reflector cavity is shaped to act as a reflector or to

recei ve audreyloreieaks.e 15t Pecikeprirer the | anp, and wherein the plurality of
cool ant passages are di sposed proximate to the plurality of |anp passages;

and r 28X L f ithic
menber iﬂ?%tatg%r{c?&iﬁgﬁgﬁf aggtsaggé@g%%g{ W’Sﬁr‘ﬂﬁ’e‘gﬁ&%}s Bglégitﬁn%%gﬁggﬁ?rln each
cool ant prssEge 1fl uiuehenossoofmatesds! via thehmetat bxide foredhtiontamdaresiosal. of  t he
nonol it hi ¢ nenber; and a cap di sposed atop each channel such that
the cap moao)t hdhobammdlodirngetshef & olamptheadcand aapparassader. pr@cessing laanphead

g”];m(::)la?l ;nﬁéb%%g% gg% bggrq%%vslclienoghgrelsnl.Jp%retlarglp etaaGd %ICFL%%E%dmgh/ Fthitcm’?erﬂBQP lithic

having a plurality of coolant passages disposed therein and least one heat transfer

member extending from the monolithic member into each coolant passage. The at
least one heat transfer member disposed in each coolant passage may
advantageously facilitate the rapid cooling of the monolithic member during a rapid
thermal process (RTP), and may limit cyclical fatigue cracking in the coolant

passages.

[0050] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing

from the basic scope thereof.
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4. The | anphead of any of clains 1 to 3, wherein the nonolithic nmenber
conprises at | east one of stainless steel, copper, or alum num and wherein
the at | east one heat transfer nenber conprises at | east one of stainless
steel, copweroiomsoead umi num 5. The | anphead of any of pdraisT®ebsdss 4,
wherei n patergi tudi nal axis of the at | east one heat transfer nenber is
subst ant Atatdey Dpaeetld..e128boPar/FERGTR udi nal axi s of the cool ant passage. 6.
The | anphead of any of clains 1 to 5 wherein the at | east one heat
transfercpgmier is integrally fornmed in the nonolithic menber or is coupled
to the nonolithic nmenber. WO 2010/ 030649PCT/ US2009/ 056340 PATENT Attor ney

Docket Np.: 1289mpRédd forlds&TPthermal processing, comprising:

a monolithic member having a plurality of coolant passages and a plurality of
lamp passages and reflector cavities, wherein each lamp passage is configured to
accommodate a lamp and each reflector cavity is shaped to act as a reflector or to
receive a replaceable reflector for the lamp, and wherein the plurality of coolant
passages are disposed proximate to the plurality of lamp passages; and

at least one heat transfer member extending from the monolithic member into

each coolant passage.

2. The lamphead of claim 1, wherein each coolant passage further comprises:
a channel formed into a side of the monolithic member; and
a cap disposed atop each channel such that the cap and the channel together

form the coolant passage.

3. The lamphead of claim 2, further comprising a support plate disposed over the

monolithic member and each cap.

4. The lamphead of any of claims 1 to 3, wherein the monolithic member
comprises at least one of stainless steel, copper, or aluminum, and wherein the at
least one heat transfer member comprises at least one of stainless steel, copper, or

aluminum,

5. The lamphead of any of claims 1 to 4, wherein a longitudinal axis of the at
least one heat transfer member is substantially parallel to a longitudinal axis of the

coolant passage.
6. The lamphead of any of claims 1 to 5, wherein the at least one heat transfer

member is integrally formed in the monolithic member or is coupled to the monolithic

member.
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7. The | anphead of any of claims 1 to 6, wherein the plurality of cool ant
passages, the at |east one heat transfer nenber, or conbinations thereof,
are covered with a material that is resistant to erosion and/or corrosion.

8. The | ampheadebssny of clains 1 to 7, further conpripéngs2009/0s6340a heat
transferpgé}\ijﬂ source to provide a heat transfer fluid to the | anphead,
n

wherein ket NaNSdsr pehrited/RGpNt ai ns | ess than about 0.1 ppm oxygen
equi val ent of oxidizing agents. 9. The | anphead of claim8, wherein the

heat tragsfer_fluid further c [is r.educi ng..agen di t herein.

10. The ?arrphgé%lp%‘?prbqagi%af}' Qggﬁrﬂﬁﬁﬁggnﬁ'f'leg‘?"ﬁg!eg%uéaﬁﬁ'p%ffc{%%%%gte coupled to
tﬂe mnobhiéﬁg{ésmmgeasabde heat t(;arasf@rrmamdr,lcdr?ombﬁndﬁo?smedésfpasiad adj acent
t he support ate and configured to be coupled to a urality of |anps
correspoﬁﬂqudﬁ”ﬁtﬁt%@aEﬂr@l‘ angﬁre&s}qrg e ?j@éoﬁ‘&r?ﬂ%&?’\'n the nonolithic
menber. 11. The | anphead of any of clains 1 to 10, wherein the at |east
one heat transfer nmenber includes at |east one fin having a | ongitudi nal
profile Bhat Tke lamphaadsnf agyiswinan o dnBree cRMRNSIAG: profil e of each of

the at 'east gngafirfinibSiid B8R0 BIdWHdaheal flnstd ity Ak asRBhedd.n W Lhin
t he cool ant passage. 2. e lanphead of any of clains 1 to 10, wherein
the at | ehsteintie heatttranstendibic cantaibe less dharr abais Oal ppuradygey egtivplenhel el
tubes axially aligned with the cool ant passage. 13. The | anphead of cl aim
12, mher8ﬂﬂ%ﬁ%@% P'ant passage is configured to provide a cool ant solely
t hrough the plurality of tubes, and wherein interstitial spaces forned

G IR N e R LR

reducing agents disposed therein.

10.  The lamphead of claim 1, further comprising:

a support plate coupled to the monolithic member; and

a printed circuit board disposed adjacent the support plate and configured to
be coupled to a plurality of lamps corresponding to the plurality of lamp passages

formed in the monolithic member.

11.  The lamphead of any of claims 1 to 10, wherein the at least one heat transfer
member includes at least one fin having a longitudinal profile that is linear or
sinusoidal, and wherein the profile of each of the at least one fins is substantially

parallel to any adjacent fin within the coolant passage.

12.  The lamphead of any of claims 1 to 10, wherein the at least one heat transfer
member comprises a plurality of parallel tubes axially aligned with the coolant

passage.

13.  The lamphead of claim 12, wherein the coolant passage is configured to
provide a coolant solely through the plurality of tubes, and wherein interstitial spaces
formed between the exterior surfaces of the plurality of tubes and the sidewalls of the

coolant passage are filled with a material.
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PCT/ FEP/ RTP 14. The | anphead of any of clains 1 to 10, wherein the at

| east one heat transfer nenber includes a plurality of solid bodies packed
into the cwol2ami3passage and defining interstitial spaces/is0mess4d he
surfacespofeNthe plurality of solid bodies and the sidewalls of the cool ant
passage, Atdnrey ®ocket Ne: 12802PST/FER/RIP spaces forma fluid flow path through the
cool ant passage. 15. An apparatus for use in thermal processing,

conpri si {4 arrférl‘éﬁgﬁx% g/oRIRFOf AN 1316 UNSErER the St RRRI bne ABS transfer & | am
phead pogft i oned t p?ovi g_g?ener_lgy to tﬁe sur_bst r gt e supp%?t ,&t haensl Egatrrrphead
as def i negniber inpludes a plarabityeefesdiid dpodiesipasked into the coolant passage and

defining interstitial spaces between the surfaces of the plurality of solid bodies and

the sidewalls of the coolant passage, wherein the interstitial spaces form a fluid flow

path through the coolant passage.

15.  An apparatus for use in thermal processing, comprising:
a process chamber having a substrate support; and

a lamphead positioned to provide energy to the substrate support, the
lamphead as defined in any of the preceding claims.
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