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{0005] However, the total amount of power that can be removed is limited by the heater itself,
which has a maximum for power density (or Watt Density). For example, if a heater is capable

of operating at 500 Watts, then approximately half of that power may be lost through the heat
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Celsius. As is well known in the art, a greater fluid



[0009] As indicated, power is applied to both a
heater and the DUT in the testing environnment. The
heat er power 110 begins at a level (e.g., 500 Watts)
that enabl es the heater to maintain a maxi mum
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[0013] According to an enbodi nent of the invention,
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tenperature and the second genperature may be within
a range of approximately zero to approximately 75
degrees Celsius relative to the set point
tenperature. In other words, the first tenperature
may be within a range of equal to or 140 degrees
Cel sius lower than the set point tenperature, and the




[0015] The apparatus may al so include a chiller for
substantially maintaining the first tenperature of
the cold portion and/or a heater for substantially
mai ntai ni ng the second tenperature of the hot
portion. Further, a first heat exchanger may be
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tenperatures, to obtain a caqnbined tenperature, and a

heat sink thermally coupled to the device, the heat

sink having a heat sink tenperature directly relating

to the conbi ned tenperature, wherein proportiona

amounts of the plurality of fluid portions are




tenperature than it may be to the hot fluid

tenperature. Still further, at least two of the first

fluid, second fluid, and third fluid nay be portions

of the same fluid, or the first fluid, second fluid,
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conffigiried tp mpm aﬁdrdtﬁtrrqmn‘angmehlbietewentutermglfer then the ﬁrst and second

RS R D DAL BP0 s

amd&unt St atflel:ab't' teho of BR fEacend sédotd duianehdtanial fidid ito fi h(hﬂllﬁnddrﬂmd that
the determned ratio to obtain the m xed fl ui

imringst pigytha geat sk i exmbinedithidhving al"é’ﬁé‘fledaﬂ‘ﬁ%i;empﬁﬁt“&f that directly
affgcgqiéﬁgg snﬁé tgljﬁ &Qtuéd#vh@gm Fhe a@fﬁ&%l@w&ﬁt Qifat qéﬁ& tQ@ 8t the first fluid,
sink to con'pe sate tor changes 1 n the tenperature of
secd)ﬂuleﬂmﬂe\ahctmra lﬂd1dteme eml:rslﬂahm sueh tlhgrt thrahenit salknelapetﬂmng gtmpensates for
nper at of c8; LOQ J
chaafri,eg R él} ﬁy 6:6 é?m;re %&T afl {1 6;{@ 'ilﬁh Ilrlltg s ffilset %)mt tﬁnelperature of the
devigcond fI uid and the third fluid may include
di scharging at least two of the first fluid, the

[002 Fgribermpig; e A Teienastherapold i) te sgeond duidamaysfie peset point fluid
that[ 198? dgeA{araﬁ)y thte ngg 'teqrﬁ)teratl}ré"bidthm ppﬁt @m ?Qhﬂrefclf lﬂleddeVIcQ €nd the
secon be a target fluid
third dluer @by be ¢ het ﬂtaﬂ”eAllse nb%wapunbﬂl@ﬂ tftntmlratﬂm gey be closer to the cold
a .aerrperature of the device, and the third fluid may be
Y8 hot fluid. Still further, the set point fluid
tenperature nmay be closer tg the cold fluid
tenperature than it is to the hot fluid tenperature.
Additionally, at least two of the first fluid, second
fluid, and third fluid may be portions of the sane
fluid, or the first fluid, second fluid, and third
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may al so include returning a portion of the conbined

fluid to the first fluid reservoir via a first fluid

return line, after the inpinging, and returning the

remai ning portion of the conbined fluid to the second

fluid reservoir via a second fluid return line, after
ten{plaﬁtlﬂ'rtmhﬁljl Nohfihe QB2Hdk thid lenpyture. ISHR folehér, G 1daBYtwo of the first

include a first electrical conmponent testing devic

fluigngpeepdsbid iad Biddivd may beprpenicd thersewe iry- aebp fiest fiuid, second
ﬂuﬂaéélld%r(faﬂl{lc?ﬁl )?gﬁ f) Y I'r]tgdng %fthggdn}/eeﬂl@dqd second val ve and

a respective Tirst” heat sink and a second heat sink,
[0022{dThe hgpamhhseaharfgrthﬁg irgfude hdirafluidgastn linapandfs stdved fliidstturn line,

fluid, d fluid and, the third f.l ui yr.s .
wnprl b b D AP PR TBABTIE R 0l F gty SR Ghie may
be teQSAddAQthO FirsAuiglseGtd vif alk fiesd AR@RQ G, linandd tHe@enRtiR®pbrtion of the

may further include exclusively discharging the

comghiredribyidk may ke refuesd tafhe seeeid Tk onte iadharerengitvistugnline.
[Oﬂg?ﬁfl i M&l&&{itthes(kﬁ%? m%zl Hcﬂge {1 gﬁst Qbéﬁ&"fl&gﬁ gerﬁ? ftesﬂJESdewce and

east two of I rst the second fluid
a sdchigl dldgiricdl cfolmppml:nbgesttnlgele*fwerlstpectedekydlavihg alﬁrscmimmémsecond valve
and @ﬁtﬁ%r{gﬁ%}g&%’g@t awag &V@ t lgea‘%l\g %ﬂe 'c? Q%:gn% Ea It]%g(,twherem at least the
sec&l{ﬁ@”e!n@a@'beﬁﬁﬁﬁﬁ B ureMS&clukibgy dRFHaRG tROscBRY MEC At impinges
in a dlrectlogggenerally per pendi cul ar to a direction
Wi

on the s¢gepd beat siplg herein g theifggt elogrisd] gompgnent testing device tests an
ele%ﬂrﬁ) To!ng\tl % fI%}“':ang%\ﬂzwa tﬁ@%%eg%l@{hgﬁﬁxﬁﬁn es on the first

re provides the iled description tha
heaf ginkows: lm;mirdefslectemi ecofnpotene twungde‘dcfawamggo bgst wayexofelectrical

I i i ch
confipiy as e Sk BE TEe Ertet S Bieb et ¥ slsEhET Shy pmipecs on e
secWigenast sk, t he drawi ngs, and in which: Fig. | shows an
| ary thermal response of a thermal controller

exe
[0024) m"E%w asppet phibe prepey inyprtion provides 4 gethod fop paptrolling p sggpperature of
a dQficedfl ¢ oﬁfa%mtﬁmatt ek Rlng 2GRAMRLhaIned Hrlt€Bakature, a second fluid

contr accord |ng t0 an aspect of the present
havﬁmeﬂ¢qn¢ remperature #idg. thigl Sid hayvimm téwéh:pipa‘ﬁgardg thg @tcond temperature
beilggls nﬂ&?lft]e%férs&%&g% geoapr]lfc/lreﬂg %h%(:i] ‘tema]'j.a%lga re gg I11§herQhan the second

temPErafXe (Rl fREtY seSclI Qi tHid ﬂmrfeipwtﬁe}yls@wdoﬁ ﬁa;ttslaefnfrahd third fluid
chuck of a thermal controller, according to an aspect
TeSEETOLESHi@e me@gé mc}uﬁwﬁlﬂeaﬁnmg a ratio of at least two of the first fluid, the second

fluid and the third fluid to obtain a mixed fluid having a mixed temperature between the first
temperature and the third temperature, discharging, from a respective reservoir, at least two of
the first fluid, the second fluid and the third fluid in the determined ratio to obtain the mixed
fluid, impinging the mixed fluid on at least a portion of the heat sink to adjust a temperature of
the heat sink to compensate for changes in the temperature of the device and to substantially
maintain a target temperature of the device.

[0024a] Also, the discharging at least two of the first fluid, the second fluid and the third fluid
may include discharging at least two of the first fluid, the second fluid and the third fluid via a
disk valve.

[0025] Also, the first fluid may be a cold fluid, the second fluid may be a target fluid that may



Fig. 5 shows an exenplary enlarged schematic

i sonetric sectional view of a thermal chuck of a

thermal controller, according to an aspect of the

present invention; Fig. 6 shows a flowhart of

an exenplary nmethod for controlling the tenperature

of an el ectronic device, according to an aspect of
be bRrapy @feAme It ENRRNEORT the target ththferatifre $ cWwSdeadte, and the third fluid
exegglary schematic view of a heat sink, according ta

mayRe Btef@.tid.o‘?ftilltfhgheﬁ,rtg% %P‘)iph%ﬁfqﬂ@ﬁfamfe may ber;fﬂ@s:er tp the cold fluid

temi’»?rg%e Al BXENPhanY: HEDRIBL LG AQWiBal, 4 NEEIRI0 FRMCHKrst fluid,
a thermal controller, according to a further

secembibdd,med thicl fitidh eap be pentivns of\tentaing dluid, or the first fhuigl, se@ond fluid,

! . | ar. tig .vi f I f
o Ry e AT PRt SEREGPM Figa o e fur ther

enbodi ment of the present invention; Fig, 10
shows a graph of the m xing of cold, setpont and hot
fluids according to the further enbodi nent of the
present invention; Fig. Il shows an exenpl ary
per spective schematic view of a thermal chuck
according to the further enbodi mrent of the present

i nvention; and Fig. 12 shows an exenpl ary
schematic side elevational view of a dual chuck
system according to the further enbodi nent of the
present invention. DETAILED DESCRI PTI ON

6a



100291 The present disclosure relates to an apparatus
Pg gﬁlhod for regulating the tenperature of an
étroni c device, such as a solid state electronic
Jev eweotyedsng tested in a controll ed envi r onmePCT/US2007/074727
referred to as a device under test (DUT). In an
enbodi nent, the heater between the DUT and a heat

[O{R'ﬁhMweoﬁetia)domyva@at|hc(hlrdalrettzreimgerpatti@n ef thontmioheddend o ehenfiryt fluid

I(.:)Frégllr V‘é a fﬂg ﬂﬁtbnretéub ma a?rtg{ thQ?mém&n@Q' {PJ ra@!rmnwl'{h«?ren\é@%nbrf)ortéon of

thel ¢omibired ﬂu@d & thequiahd Buidasservparitia @Lﬁleatnésﬂmcgmwmlléis, giter the

..any combination thereof), having different respective
Efe?‘rp’e atMes are mxed in varying proportions Wthin a

- jo0REatlsicn khetcbwneammt ok lIndean Grscdetroa| copipenciieinpies dtvineandh second

elettncea] mp nenr tggthgtd \X&J, Xavnﬁ’ta r&gcsc'iwg YR %ILJ e ond valve and a
1 avi ng i‘Ter ent. “respective tenperatures, may

respyetive ﬁaetdaeatrsmkaanyuawgcopﬁ oposink.omg tg difshagindel heait leasi e of th

ﬂzskg dlqafhgﬁc%: Fd ﬂ\ﬁ‘itg vavgg) ﬁertﬁf(r)dr 'ghg &?Lg?gt:]tﬁé Frs?elggtnrtah 9011%cz1t testing
devdqefdﬂlerrggsttlng@f&ﬂ@“@gactglpalﬁ@pp@eﬁlq aryqlﬂ@p prshod sy Tirphey pgdude exclusively

. dls@rare!ﬁef%e je&%@%ﬂd%ﬂch ljﬁﬁﬁh@%@ﬂmlfﬁud :%pglaé%gtﬂhce sQoHH gea‘f’ﬁ}{k during

iquid flurd, 1n acordance with

the doeharding o thsgt Reshtvprd tl@ff‘ r;tﬁ}@xdp}@ge@md fjuilaed thedlrnd ﬂLIId by the first

: e;e@G&PE&M&Q&M reshifte dd @k ahd Rgat 8l J@:&n@%l&@i@al%ﬁ;ﬁ@@ﬁt testing device
i sclosure has 1ess thermal mass and | ess thermal -

waifsg Festtaaiies | [rop3OT P iart len e AP RiBgitg mYdIcE(s) digsttasnerally

pLI‘]SCh@lCtH!‘iI'QQQBFFéCQa‘I and; L‘ﬂl%y o) ChBe ik dxhgq.f 1 ui d(s)

_ entering the heat sink. There is no limt to the heat.
sink design. That is, the effici ency and heat renoval
capabi lity caprime piireases do TRRORIWMNIG ential by
increasing the fTuid flow rates, 1| ncreas|ng presfsure.

[UO%%tThﬁPKfFeﬁgd}Fq lPsuEF e ﬁl’t’e)fietaél%cf %eérfripﬁ@n At fo%ys(}:\»yéa erence to the

. noufdl d—ifhvdm('é E}Cﬁ@}a&f Reh-fhiaws EabBies] MGHBARSHRJefeRfccdRikals Tepresent -
(i hetenperature f the heat. sink fluid-:

b'mfl"glpé‘ﬁ Prevghguimyyal greva o DO PR Al Petssr ature), and
t herid, it kBawsSingRbhpiegnkdryial £4pongerdf Beheph® cOhtrofleraPpich! in the prior
.delta T of the fluid will be applied to the heating

aneed as well (Le., a hot delta T). That is, instead
Of ITCﬁQ{UIhd‘\&ISI'&@ra@h laeat BEmpleryrisdrael redpenst @Wﬁér&htﬂo&trcﬁfsr tdverding

% eeded, a hot fluid with a large delta
to aﬂ'aW‘itP @%prlﬁ?@b'“winﬂmbddl tion, due to elinination of

t h@ighealieers aavtngsspbloat @@grineaf e thetnrahcasplldrveeondihg to an aspect -~

¢ %radl ents on the heat sink surface will be virtually |
of B ArF R 418" 00311 Fig. 2 depicts a graph showing a
t yBIgC alshdsmaemmdempbapscahamnofxsoaaetrenw af uremnednbucblof a thermal
a t erature of a DUT,
CO“‘é"jé F“‘cﬁohd“ *%a%?’?p%“sg% 5r€?e”‘tlﬁ"e”§pgsent P31 093 SO4 WO
- 2008/ 6LK&%EPCE’%e%%OE’dlﬁ)zéldm:‘ﬁemnmesmrneem seftv@nlevi¢vs of@ thermal
enugide SRRttt ug B o B Rl PR ' e
de@iﬁeéshdﬁelasfﬂmhaxﬂbfs@l exthplre haha fgro¢odtrc|5l[m,g tije temperature of an
)£ I id tenperature
clec% ncpge O]‘(glg t’oaﬁ%i}a\lz\‘ﬁ oltthgg g%gelﬁgfd fluid delta T
anﬁwa?’ HWSfah lgxﬁdnmy E@el’ﬂatrce\h%w of/@ hqabsinh@caoesiang to an aspect of the
nqm%% ure 102. There is no heater power indicated
Ince there is no heater enployed to offset the
ef figct shoofs aneerodird s¢hepiatc viawtdhe theaae! cdigkkof apymglicontroller,
_acLoﬁﬁr?)atH%QLM%Q?&}%O@&?@M1}%%&@1&%6@{%“1: negating heater
’ wer, the col 1dt erature 204 may be
SI gnificantly I ess than the cold fluid tenperature
104 of the conventional system Fig. 2 depicts an
exenpl ary enbodi nent in which the cold fluid
tenperature 204 is indicated to be approximtely
negati ve 30 degrees Celsius, resulting in an :
approximately 120 degrees Celsius cold fluid delta T.
The exenpl ary enbodiment of Fig. 2 also indicates the

pr Lb'é



100341 Fig. 3 shows a schematic bl ock di agram of an
gﬁﬁgﬁlary thermal controller, according to an
tment of the i nvention, capable of the
- wempenatss e control performance depicted in FBcg/us2o07/074727
~In the depicted enbodi nent, a thermal controller 300
i ncludes a closed systemthat circulates a fluid, for
eXBJg'pEb ﬂ},owE)ﬁm a:le&fparwl-lﬁhélrﬁhtlc tvhmomfgifvaafe sed iresnabborhvetitr, according
£X h ng ri % % 0 that a portion of- the
[OI?I% & 5 155Wéﬁ ?8“?%%m3%Va’delta T, through ther mal
I nlf]@r HCthoan awrdph odl teohdigedftcal deatmﬁrambhm {Bld3. acodridihe to the
. bﬁ gor%mon gt]m@nK£IU|d is heated to the hot
m“ﬁ e dent S RERET HRFIHSM i nteraction with a hot delta.
T Figsiersuovsan320mplkg peepatipl eheniafic vie ofe piegta dhuck according to
nbodi ment reservoi,r 310 and the hot
me@ggé?ggﬁgmﬁéﬁqgvgwmn58?%&?3 gd into separate cl osed
Syt eits showhiac lexeregpe sthicveliy sipasisvational vamdofhotudl [chigcl system
&CCOtBCﬂDrUO[?%Q f&%%r &?b%‘iiil&ﬁp&@[}gﬁers? t%ﬂ(/g % d 322 V\hl Ch rray
e,” for exa , I heat exchangers. O
course, it is understood that any type of heat
exchangers may be %Qﬁ&&ggfﬁﬂ;pﬂb@ the thermal
control ler 300 w t'hou eparting fromthe scope
[002P3TB98:550 4 VIO 2O BB10 174 BPCTLUSRO U@ 7a7pguizing thegpmpepature
of '19 eletztll'](ﬁ cpﬁug/?c%nguch réyednsto'h&)r%tatel éledtr%mt lﬁret/ Bﬁeﬁe;hm%ﬁétnpgdcontrolied

reference to the use of fluid in the thermnal
ww@om@mmcfcerpd BOG i c@vu% Ander iwpt (PHJ ) Hnep geboriimeah e dhenter between

the Bgﬁ'wt Oned¢ ghlglé\fq coﬁ’vegﬁocnai %p@ra{u'reqwl%lgéesnce may be eliminated.
0035] The cold delta T reservoir 310

I.nat 1 on.
[ns.teﬁﬁwoq‘nﬁ@soqfﬁlof}tg:{ @héphdlpﬁw Iqeép) nqrbsioh%%}?ﬁglemcl\l,\ﬁp%ﬁn not llmlted to a

llqmg&é Q&sa'pﬁlf%cﬂatgsemﬁﬁlé‘si ur shClnhinevaRrboar ndvihie (Qﬂ&r@r’dtre@fsctwe
heat exchanger 312 to be the cold delta T (

temp&r%wrww&tm VN PR § R 1B G40 et iRes) ortrol he

tcmp@% u$d MSthe WOITCR IR ANLIIES 185140 d@&gﬂh@ﬂ&d@%hﬁhiﬁ ff@x@htdfespectwe
delta T, as i-ndicated in F %& he chiller
|

tam%qdws m@t %\eglgixeﬁ n vageqégd:]r?p@mo éﬁ'g ttﬁd‘le@ﬁ rtkﬁcé 11@61@'1:%/ fﬁa comrol
the Ltﬁgaﬂmr@memesmw\hlp@hltammvaOyor h@k dﬂ*fé&ﬂphﬁm haggeedthates of
pe of test and/or the cHstoner s need

et A 15548 O PO Sy B BBy B B iaed with o
]lqurbl\lhbz@hn BjoRfafde RGtha rtoellfﬁﬁlf@tﬂaﬂtl&e hothe pra@ugivdnoen. t;h:ﬁordm!lly the

tota %ezkt émléofotfl%plﬁsg?t d&ﬁ{oaﬁ%( Eztsil«ﬁg&e%qaup‘lgss 61P(P gﬁdmﬁaggffég ance
[0030Jelh Sh USbodMAt, rvaprta(@wodesl the ﬁr&l@rﬁtewnéesw@pd tsoﬁ,lﬁe ﬁmti(s) entermu

the hﬁ@ﬁ@?aﬁﬁﬁ(@[sd}ﬁ nH};tgt {eeal EﬁtISHkl}( d?sn%n )al%hafﬁggfﬁ %il? celezc an {} a 1emova]
capaffilign@n boincoedt @ hadhubh h:eteﬁﬂ;alilbgi ingsedng e the ﬁoh»enatml increasing
pzasstul;]ag%prt%bmﬁ {m e@[iclen%hse ec{anc aen)c;’tgoraor\{ecgfrh?cﬁ] dmcl?eeg @lgwsﬁltgﬁtigcrlrﬁsasing
the mm@drpmrahedmhemenmommﬁhmutsmEﬁ@wtﬁm@V¢n@Mmthéas@UEG%ﬁﬂv
f. the 6 ;
temper aglhe n%ngrtée gli 5 glﬁrap gaggyg nlh hﬁ%’c@ﬂ?i gp ? éol[i 21?%; treghlgef Hﬁ@t\wl be
cmm&duuﬂehwnmlmgdahwdugh ahgﬂhgﬁ§)CHH@GIMQQGBﬁTMMF@bah%WFW
e ' | Qe 43705 w8 d. 1
ra1segllr116 dtggfsf at\SIh %f 1h‘\l—:/ géra? 8{5]2 #ﬁ%g%nﬂgﬂ& a{kﬁ[ﬁw %ﬂttﬁe Elol“ W ]Sr_f% r%lls(es n
_ addiigontd@ct shramatmsxﬁ@hedteefdr wldeetorioidil deadesiaess. theymgl gradients on the
QL thg fmiBleqPoi Nt tenperature is to be
hﬁﬁg&g}w%&hé be ﬁe gepfcted enbodi ment, the conduit
(003 B0He.i Esdangepa@beshewg@dtvwglt ERalFisRIISE PR AdBRCEIrR goniol |
devide! Uﬁq tg)ﬂjexdlanegIﬁeht@mpeeﬁtneséfn&(@Lhacakcotchwa; B 9fpeding heRtesent
exchangers 312 and 322, ,for exanple, 1n anounts
proportional to the amount of fluid that had exited
t he heat exchangers 312 and 322. 100371 The fluid may
be noved through the conduit 305 by any suitable
means and any suitable pressure. For exanple, in the
depi cted enbodi nent, a punp 382 (which in an
enbodi mrent may punp fluid at approximately 180 PSI,
but those skilled in the art would readily appreciate
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Pﬁﬂgg E%rtion of the fluid that passes through the heat
SRR ger 312 is cooled to a predeternined cold
woenpwratws e (e.g., negative 30 degrees Cel si WE)r/us2067/074727
consistent with the cold delta T (e.g., 120 degrees
Cel sius), as depicted, for exanple, by the graph in
invelticgh. . TRere lid heedb g€ poste @ntp GO (erirt of ‘{e.ftth eA dalnuihe tetsthatlperature 102is
sses thr h th eat han. e
set fgl @ ‘&éf@?l?ﬁ %ggeqﬁ%ﬁs %{: éw%eflﬁ,\g? i 1? lg%mﬂé%npgél e a %4 as welf as a
hot 1Ged &mps;)at,urecm%\iviﬁtlezratpcwvteiy ptdm:iem:plddma &I T @ed ghql flliQlelta T
relat?vlggcig gigge Eemger_aan dl O?h REH fespr#:) dr plogvlgzrt 1|11%ﬁat?des§’%ggk{e?eols Ino hedter
cmpexﬁhobﬁéﬁheaﬁaewﬁmangéﬁhmﬁmﬂwaﬂd3822 via branches 7
[OGSggéeca%seghesr)OSg %fl’%)n t fhs %ﬁ(ﬂlq ll'%ﬁat l;lg%([) FEaEe;L 98%:? g'th%) rc}of!él)?lg'{dhtgmperature
204 fﬁaulbd signifitdrely Besangh U80S ﬂ@d dinvicdiade Nﬁi 1] thanc anbienoionggth system.
o, t) ! fl gl
F1 g%‘élcetg Qlon &ﬁﬁﬁw Qxhboﬁ%l ¥§1ﬁ ru%“'cé at}tze %?dnks@% Xg gt;o;x% &;!34 és 16d1cated o
be 'nzm@mw@%y na'g@evmdeue@ﬂ @ igpor ehrdimeiimart 4per olsipesh! 28@8greds Selsis
e h@l@rfb'&’ ¢@HIR o fs OHichOL th Iy
cold ﬂ’u \e/dglg 24% é/%x g‘xga eé od g%@cor raég glr? Is:‘]tggf?&tﬂruﬁ temperature
206 delﬁrapPreatﬂagiyrﬂ% dgarers CBB@IS F%Gmaﬁdan%gmxmﬁ@%ld Atdegspes Celsius
hmfﬁﬂ]&ﬁngHy be, for exanple, pulse w dth nodul ated
anal og fl ow control val ves,

1003515 Elreo@l@@mdodwdetemﬁq Bl eyeiennd pNEWBjons b WrecTEr dluid (e,

C{}mMQill VE€SBeulddd hh@) | 4K &nix e mcgdﬂhﬁ@allytéﬁ stﬁM@\;ﬁ(‘;ﬂDm@Xs (as discussed
|n(:1 ude any nber or té pes of con ['ves

bdowrvsu&@oe@@rce@b@%h% sl AidsierRy atuigi Lot aHéﬁ@P‘i'iﬁﬁ@S those

skilidd QM HEwSQORSHr@NE: SR tﬁé ﬁmgx 8 Lts&em%r BSE8O L an NVBH dnBirculated
For exanple, 1n a si enbodi nent, the thernal

Muide et or &1 PEE %ﬁer%umcaﬂqnﬁccrfu% Bie B arer hepied Ww re@pled), or

alteri@hME, PPN bRk R et Rtshe dpaek chaReey and Hd not@RBmunicate
- - hot fluid control valve correspondi ng to the heat
~ with é%ﬁgﬁb@}nl @géare SHeedg ! réqrﬁ% F(gnﬂgt% thet ten*[pgégw:l] ()Qrﬁl%e combined

hcat@@nﬁ&d’ltﬁ@ﬁﬁzﬁp@}a{u\‘@b@@& Bkied 35 biffs@6he aRthadtldaie Paks et (and

the hot control valv s 342 62, a o, .
cor g ARHE R PR HEE Y ol ﬁ“dé%agegzba @efd&m fﬂhﬁea&cﬂﬂg fluid
wmpfﬂrldldalrdj'?(I@Oj‘ofrle@ﬂnc&x@toﬂlﬁterlsfe ak the hiewtmlboufef uid 1paiis ln@lﬁh,er the device

resn ect i val ve
ponioh B et PoImUE e i S SOl REk Pt e e
wwmmﬁynéawoperated to adjust the respective anmounts of
003%}[}?%%”3}1%“% uhean%c& 089%6%?:9} Ie?ne e%ﬁ% re]tIyt ﬁ rmﬁ]po?&olh&r ﬁccordmo ta
anmh@Mnm@ta%desmmedqtanpbbamumemaﬁmmcemaﬂph@anM£dqmmﬁ in'Fig.

_ lh(l{l :d,r%)er oge};ﬂb%%m%ﬁd Ehersrrllan o&ntr{n%e%?ﬁ? Fr)u?JHgies arc],losﬁys%/]g]em C]wap circulates
aﬂumokmecmmknﬁnmgms%ﬁhneaEMWbﬁs@hQOﬁBatastbssaﬂO@Waﬁamhmm
a poz:f)’ ?f"’lﬁ' Li?fgfs cg(i)ln(tlt% tfe c% r(%Lg *r'l?rﬁ“hte[h&%ﬁ'n%m% H) wflt‘ﬂfa cglg%lej]m T
r%mvwsbébmmueamlmxpomAsoﬂ@ﬁﬁheuwhen@imthahﬁﬂnmpfmgmnglmmma
mtmd& bEGHA 8ot Qi T HLESEE AN ﬁ%%ﬁ@&h% BERBIR podiment. he cold
pendi cu I own as %S
resutfchleBtﬂ rralcthe (bfli t@#ei@méﬁw@mcmorﬁﬁeﬁww S%pgh@vmpsact ssaferr@v\whwh
respe P{gzl\fo asset.% cﬁn‘a %@Lﬂtﬁa ﬂkousﬁl@\e h%gxch%grs %'ﬂf’ 7"@") v@r§ch may be, for
tically shown 1n g hé i xe | 'ui d
examplyr phieife!ilapi vrgi Arhansersci @ euE| ﬁgrs \Mﬂ@qﬁﬁrfwdt et dniyrfgpeoft heat
exch;Inhg S pn%?%e Bk &borg’té@ llltcﬁtggther%@pcoﬂﬂglleg Z&) W ﬁzogﬁfé&.ﬁﬁ\lo' Hom the scope
shown.as arrdw IC. By the m xed fluid portion
i mpi ngi hg on the heat , Sinks, the effects of the
conmbi ned tenperature are directly and efficiently
transferred-to the heat sinks. Also, the mxed fluid
portion is evenly distributed throughout each of the
heat sinks, avoi ding induced thernmal gradients and
ot her undesirable effects of uneven tenperature
distribution. The P31 093.S04 WO



[0042] Referring to one set of control vales and heat
S|n% for purposes of explanation, the control valves
3583 Ghd 362 open or close in response to signals
wee@bnedssd r om sensor (s) (not shown), such as perTmws2007/074727
thernostats, that nonitor changes in the tenperature

of the heat sink 360 and/or the DUT attached to or

and §ifeF We SR s&emvirtiesl 1) filtRr iratosd mkt r&‘ﬁﬁnce-lfh éhe use of fluid in the

adj ust abl e anmounts of the cold fluid on and t
e O gt PO oA RSB o aPPIE ST DU o Moo
comBinglio362 m x together in a desired ratio and | mpi nge
as. describ

si nk d, above, Adju
0PI PAT S0 ¢ Bt Ty AT VLS esuily Yo Pt
tun]:rmiytbeccﬂ@atomgt loe chelcapal d)fyheattealt dxeha\n@dr\zeztodie the coZd delta T (e. g, a

- d\?a?{lpgﬁtglltx}ﬁ%e?t},%(:g%\/%anﬁ %deor £ eatﬁtrg wcl)tglrh?pcrc?vsl BN a fde%ees Celsius
coldidhlen Vak indatahoh Rigriperiatdiilier dayt & a‘irrgdnmetgher tweatling] daksiding on
the %oog% regHIrGII: egtspkvﬁéuseﬁ'%ayde énfto% sxa pr gg]ﬂs\.;?etpé I Erlotf &% andior the
custmﬂpedtcﬂenfhe whieih&atsespnk 1 B6Ey hesa tmiltratoh e)dmtptg:_ @hich maintains a
tempera %t Iezllo?[l%fgfo %\%%ugg’g oefr \ﬁﬁ@%tﬁ%%%ﬂ%egi%étg%ggﬁwqtg ﬁ“f(c%;. ,Ga hot
Gmpetnabrbelramgt efofat] d@@ﬁ%c@e@ms wirich pvifloranh 10 dagreas &elsme hot delia T, as
p I i) i i .7
tnd]cq egfgrr #1 Lg} 9\ atg %g n‘teg o?ggrlgra]-n %‘ﬁgﬁ%ﬁém%ﬁ%gph@ﬁ tci ?O(I:d delta
T at1g lbbtsd;e,‘tafl @fgterfum wee in th@rhe@tj@ég@trefler[3@@4qqludmrgecoolinﬂ and heating
systz:'tn%%??@ﬁ&tray 9£ h%ali] cm%gg rﬁé}*ﬂeqn&ﬂfo ajte‘arhete x@ﬁ oHtS& iﬁg from
as a function o anount of eac to

the seqpe epd gphe Oﬁtéapregqnhwaﬂsm t hr ough each of t he
[OOSMIHSitthbéx@hagpgg kol aﬁﬂaiz“ﬁea%jug‘tq%e %%er%ﬁxge 01a§ ﬂﬂi@ergt@gnot L‘Hrouwh a

mai ntain the set point tenperature of the

singlaxeiidpit 805, adich HeeaehpBriathipugh seat siks Wﬁﬂntﬁé?rdﬂéét% yia various

branWMed. N Ebdb€orNBaheat kitks 30G-ROMIRR hRd rele@t%‘om&d@tce ¢h, 2 DUT), for
: response to increased power to the DUT,

which dfgep it (Fracaure in i taatnteipgk 138y dapisied ﬁiéquaw@t dig copuit 305

is a 5&9&&%%@4& Lcbth SwBRRSRIrsARE A e ighy the hBL sl Bhck |thb(£§h of the
cont ﬁve 361 i s opened |ncrenentally and/ or

heat ﬁt?ﬂ‘a‘ToFtﬁHéi" éf&h%ﬂzof”\%ﬁ”t)’ée FpAnquEs HrpeRyng! ﬁ%F@rﬁ‘E‘ﬁF‘HIOF ;f?“'d that
had&ﬂ&ﬁtﬂe%t&c%aé@ﬂ?%@Bﬂ?d fromthe sensor (s) of the

t sink 360 indicat rise in tenperature.
EO""’aoﬂ\?é}“gjép  bedROvE @ftﬂ“hﬂ% F%’tdlh‘fté Oit’y tHe" BEPHERSEY frgable
presiul‘te Fbﬁ@fan@lenﬂﬁ (R0 pidRd kRBodifent,al Jumptiie (WigemiRnakub&livént may”

e heat sink .3 st be increased, so the | d .
pumi (i ¢ QBRI AP Eoloft st BTTIER Troact St feaf i, sppreciate ha
fluidanglhe purh fre ahzoglezfttzrlﬂr thveonter ddpentdt v tEﬁﬁibecﬂﬁ}fﬂ[aeplﬁfdn) pumps the

AL LCHRAC SRR IR

ﬂmd\ﬂﬂﬁﬂ};ﬁ&)duﬁﬁely hat PE‘H}buthhés@(E;k:llth&l tbkJdis onkdfrez&M@l’xp;bra‘,latct hl@t fluid
 may ger{ttng%t a qreager SF 197 o%h rageaéj ! ]:%rgdg nrgsogtgt et rpeg(gsm% éhe sgt’g 1% afe) 8 ﬁf§ lator
386 (ﬁhe 110 a0eahHobiee ot np&yqtun"rprﬂuei(attigareamhtclgfl6@ RE, _hteaitosess'.knilcs in the

0, 360 tu t the .

art WOU lgd{:d%? @ﬁé@(ﬁ{ateat?% ﬂ?’u%uoa’n XCLL%SB gtrasérg%% Oéﬁ%’?egg%e, Eéldmg on
the rpfds@ém:: spfteiglepanatel gonsiemlplremgtrfawdhzh elzt Syrigmp ditit ifloisentfs the
heat \c%m(freza ﬂ’) a”\Hdsz%gh §$h| Pzigve}shglcﬁ aatslt\go 8&1 cn&kmaﬁl@ sz 324,

1 d’porflon an ot ortion continues
respeonvetyhessmomd propdr igregfondaltty D@D e/ lmat preshangsiis (2 and 3271 and

gulk |

e PR B e b PR DR TR el 0 5™ 360

and 370 through separaté cold and hot outlets and/or

val ves, which correspond to the cold and hot inlets.

Li ke the cold and hot inlets, the cold and hot

outlets are adjustable, for exanple, so that a

proportion of the mixed fluid portion exiting each of

the cold and hot outlets corresponds to the

proportion of the cold or hot fluid portion entering



heat exchangers 312 and 322 may be elim nated. Thus,

the cold fluid in the cold delta T reservoir 310,
PYEM-¥Y by a chiller, for exanple, may be directly

Ry fnexhirds a control | ed anount to the heat Si ks Sa07/074727
350, 360 and 370, and a proportionate anmount of fluid

Wi ll be returned to the cold delta T reservoir 310

[Oﬂyﬂ]a"hE rb@rt%ﬁ)lo‘fl thee b1 Whﬁ%%éé throdsh K@e\/\h&e ,excihﬁhﬁrehgm fs| M}lo@d o a
in the hot delta T reservoir 320,

prodegrmpgcheRll EmPSRYTe B 2 dTSEREE PY dgeed 86‘5‘1“?3 CtOH%?l‘i’ﬁ‘é Ef{h Eﬁe ﬁﬂ’g delta

T (3401 7035@6653@6951@@ Clas 3 PictedVi fhhe xample Q@Oth& gapaterianMunikedife, the
fluid beln a the ho cond

| eni she
PortigR Gf e LU\%‘??“ apsEs tgrugh gﬁ\{f% exehanagl ?\?d? Feaﬁé ‘éﬁr&&t‘?{%"“ed hot
temp@htudeletza 700 rdegreés\/cemulazeonamemr\ezpl erilsheeltd M (c.g, 110 degrees

accorda ce f fluid ectly dr.awn .
ced S AP Fel it o PoRtl Dufhpatiof oeEs R e Rensgiivery
exitathet %&Et&&tﬁaﬂs&tﬂb@fﬂd enta brid@@esﬁajaj a0d Bf5bodthd candi: Rt

| ui ds e trol le o e -
003hdh i R ReSGRER, bEel iy PRt BRSSP Grnaogs
divitidao dnw uirb:h dfur cold domrvd vahas 34II a7 1d 86 Inanx BV]gccalmd:onde to the four
heath."Rs 9%4[3%0[,] gghsand hﬁ? hrg?elr%gjr ﬂmiif ggr[(oe Xag}%fbadrnc[rg%sﬁg r:]sqfkewHe divided to
ﬂov&hﬂkwiﬂﬂgﬁ: adjcustos viles AAD VAL, 361 afd AP doreﬂspcmdmggo thhéour hcat sinks
t I thr [ t
340 hS% % an? E‘Zbg he con }g)gpzbl\%ts Imcoﬁk%e faj %%ﬁﬁ&% %sgg d?n ;ﬁ(? I%F@WM)
andbgtﬂowottonﬂml mhlved Iztiaoaecerpsrbcclwalcvi@)ysteﬁh@/iltul’ﬁé)r fled cmhngb kalves, or
0 SO | n 1 ae
the ﬁg 2 @}ourcruresg rplgén%?tﬁ% ? f?hgdecagtig lﬂbf{l‘%?’[@% oﬁg}atrorl ehy s as well as
corre phetingd'R0t sirkespidiot Jakying The thd wiek Pdrpiribasthe nmenmnxentlon
| or%Qﬂn 1@9& 096, 'ﬁﬁ%gﬁb At SO hoAkP o cdY ¥i1d-ydg »Mldtm&h& ne cold
chudk rough the cold return 412 and % :
ﬂum@tan‘aroétvahvn cqegphinghe Sarksat atchangef 3idolote thet Awd cegtrol valve

cor IE%SI‘IJHIIMB %e%%t@;&dh&%e]l W?OM’QQ anhf% neRLidh i nl et 410 and trhe
420, as di scussed above. Further, the

[0{}-@,} éserld sanvenelveni4tald ludd and 3 Pl aw epied yithhe hot control valves 342,

3521 T 8LEPNEChRdadnhRl Wk h@ﬁ%KﬁctéfQQe foﬁhmc&l@rﬂaﬁd%oﬁllaﬁ and gne for
arrangenent shown in Fig. 3. 10051 ] he thermal chuck

the B dluEgwEinet rgspegwalyrgﬂg,ti ]éd by ¢ g&lqi] syt aB/e agd gihgt cegrqﬁ valve. In
this hfABnePWHe A0%01 vﬂﬂesﬂneﬁﬂﬂ@% érﬁtzcﬁto‘la@ﬁst\lﬂeaes@ec@bmuné%@the cold fluid

whi ch provides fl exi ity | osi tionin
bortisgape G111 ﬂvd .pﬁmpﬂgo O@a‘“ﬁﬁ@x?%ﬁ%ﬁ‘ﬁ’?{@ow%ga e hf?ioﬁmk having a
desitedRéRGOSUrONFdr t&@anﬂﬁ@tthesdomkﬂﬁtﬂ-&)r@dh At eM@t f1d BorGHAMBERIxX in a
417, and may circulate within the heat sink 415
Chth?Bﬁ@ﬁhV%?@Ynal channel s of the chanber 417. The

[oohgahe Sitak ﬂéha@omah %ga&es G»Meidn of Bie hedilshac®00850t hey IUB70, thus
for exa i nterface

rou h t r mal
coniab i P TR T GO F G SBPH G QFT Ok Y B PGP dppigtoestie
DUBXChARg&finas hdﬂeﬁn@ UsS eﬂbuagmgv ewechb\n am 28 Hb@db[ﬂ&mendlﬁgh @eneraily

\fl$|g entersB% ﬁ t her mal P £ n ad g% Py
PRSI S -TRTBUGRO T HE 288 dPt W1t “Ei‘t?“a?ﬁ&’“ ’ﬁ@“ﬁ 115 sl as
auo421fD)aﬂC&acﬂD]ﬁEhi 1010 G40, B 50, ol ragesmms tdhemineally stomk 1:4]?5, 7. The
ml\%dhfl?zag PO&’?,PI‘ ﬁ]ékl%ﬁmgwgmﬁ)f{i%\{» lthm ullfﬁsr%o%l% lp)ea? 1:4']%%03%5806%60 and
370&Q@m&ﬂb@ﬁ@&ﬂ&wﬁ%“ﬁﬁuEsemnhﬁmi@n®md$ﬁ8m©mgmghaﬂmaﬂysmksﬂm
dfeﬂg op%e cam]b; 1eedra%f]f SAN ure g'e td?reect{lgaan% eﬁ%zegtny Iransm'r‘eé ro t(?xg heat sinks.
Alscathroh dectiﬁllllﬂ aorﬂiomlmdevanlhcdtstrdbeﬂeﬂ grquBhout ﬁacd)rccﬂelre lteex smks avoxdmﬂ
mdux:edr“mﬁ)%lr% %02%1 shag?g[h%; %rdt w(a)gle @fﬁ%}fs‘%tf ut?ér\]fgjf({teﬁgyrgrg% Slestnabﬁjaon. The

spirit of the present invention. It is further

understood that the fluids may have any nunber of

different tenperatures. For exanple, in an enbodi nent

of the invention, the fluid flow ng through the

conduit 305 may be divided into three or nore

portions, each having a different delta P31093.504

WD 20091017495PCT/ US20071074727 T, which may be m xed



the heat sink in contact with the electronic device
i S nmeasured. The neasured tenperature is then
PJH@ﬁﬁg?ed to the desired tenperature. Wen the two
wbenpeiratures are the same, no adjustnent i s pead&2ém/074727
the fluid m xture of the heat sink, and the process
returns to step 5604 to recei ve updated tenperature

colddad Ror 14QQERALI VaR ntah8e Akttt cleMpeniatiifand &sjeB$e htNaRs in
the set tenperature, the appunt of hot fluid flow ng

orde WrleRigHF HhMRESSRONES ke hgatis ks Wil epechinFiipss Frate BRI o the
unplgcﬁmtﬁﬂdxtﬁj 15' bipebat i MnN@stdrinedald fimk Repdieat Sl nk |hS )
ecreased at st 5612 s increasin e eat sin
0042 ki ag e SR éma%%f@;ﬁatﬁ@?r&éf)&f? %0 %m@%lale dlpe control
valvéshesn at1£13625@;ientoem@fr at idfp@nsetih @igRID LB veaf frad® bellsdr{sM 1@t shown),
h.the heat sink is increased [ or, the
such g B ORI DR R HFBUGR B ke or @ DUT
attacl@Ch @asieehwat satieq HGADheat HusS3a0e dUcidigdbRanbeat olthadold fluid
portié%?%i%%é%tt nda}?oétl%flao e{hlﬁ Ic,:?gxrgi: 8021&1:%1 va vglg S@i‘;éﬁﬂgz g}i)éﬁ)gether ina
dumﬁ@ﬁﬂonmimm@gbmeﬁmpdamed’men$dEQHMﬁebmat&myaﬁd,mhﬁow1awsof
. . the c&mr(ﬁ e@\lfleesﬁo V\%nde@g' m% [ ge g'gl\?edg%aﬁlsatqiettcv%ﬁfg’sao%ollehto vekyB{g/OademmE
umumhpmemﬂmganms whthnayﬁuﬁhhﬁpwembedimsnmnommﬁhmlmevawesmm
temp?ld?ure @a}a lﬂ?‘l% 51839 szllk;q]nd? r%@gq%%ﬁ%g%de .}erjtsllleb:_i\% 1’?the|1 &iPor scopé of
Uwrmaﬂehyaamcold fluid source 510, a setpoint f|UId
E804$]0H Q%na}a%n?{?qf\ghegpginlt Bé‘“ gg_&{%ﬁ%(&% aﬁggm lTnérﬁficle a(?erfaf Luch as 7
sour ce I's set tenperature
thernpl glh@taCQ materiel@0f(Figi &), inmichventees$ dlefmﬁf ctﬂ@téiug cwrbaifcient and
umfowrt@m&eng%‘gfdssﬁ'ﬁ)lu iy ,O\Iep%‘l F!)U*Fd "I*h@ 1%6@1@&18%3596%%&[2}” q inciude
‘source I's set at enperature that iIs generxﬁ¥
carbctlh@n@morasmata%ietmpv@ﬁrm sttt@WﬁefanWT@feof a DUT (taking
[0(}4-11]n]t'hg t&%?a'ttgg Bﬁﬁﬂe %xetdhtﬁl d E‘cﬁ{l is a!:ljg§§3]cp§§taeﬂmti%l1 loY the amount of
occurrlgg th ou h the thermal chuck 500). For exanple

eachiffuic Hlewadtopsient edwf:attsrvé 3Uthrpughgachad ghiciivseble sprie] valrs 361

and W”H@Eéﬁwz% IQLmta!aemé Léélpqmlt M ﬁm@@gmh Ut whdegR 1%093 the
e set rees Cel sius. Furt

lemP?*HEé'f@t @fyrfb%PéﬂtT Uf‘@lféﬁ‘*“& h\% fhledicﬁ 51“ R deHBY LOF 116 TS sE?urF%’é“SE 1o

increhRd $8Ferdd 1nd Dttﬁnﬂl%rt@ﬁﬂélfaﬁrr@bﬂh@ﬁeat @@JBG@W%S( beUbwlerbdioteB@hteract
setpoint fluid source For i ncreased ene

this c@grfgecﬁécﬁ)gyntﬂ)t H@ cg@tﬂubjdiomrolfvp[u? aéltléﬂﬁfé‘fda’flﬁ?'ée‘ﬁ‘g abcgor the hot

fluid Qb[@(ﬁﬁ Kalt03d1he c 16 @l Andrdrstinghith, GARAI AL s tdaaRed fromh Shetsbhsor(s) of
hot fluid tenperature. Wile FIE@ 8 shows three

he
the hF‘FGi“EI SebiifieRims e tSRIBETAFFPEr SREVEERpy 't fragare! the DUT
attacl3w 152 Qeat istnk 1 330 aRPNE € &Hi?@]eb&mbé}ﬁl&% a:ﬂ‘nﬁ ke |smikrB6t) heust be

mcrees%%l estg I?%fcplrié’ﬁj&ﬁoﬂ?@%&f: 3? ]u Is%dﬁc?%ég lé Gnq/tﬁ* tlge hot ng control
valveadd1€k Badnky therpRodilyre Rhd. othﬁH hexsnpl B0, 3370006 add®0 may have
t hr ee

_system be confi ed.to test thr at
ceaiGd bETunEe SEEpETE BoEp et le R e Barteling® puTs may
have kIngtiy dgfe@natdralalf g-ofiedics ouheeming of the Satrloﬂeﬁcflollnﬁbt d :fﬂ:;u id

[004@0[%56?1#&(16‘?3 Cogté)gseﬁspeagﬁd)f dlei‘lé?at %ﬁ)’géa? tBEIO and 370, and is

retunteﬁttiabmghghef dowdidiob frethe Ihtdtfakdhla!d:esdllll EI&!S:ZQO Mbapmidagof separately
coollf %%%Et%epoﬁmns c%%he @nd ang a%ugt£1§El1§r}£t{ tgglge r{r‘lﬁgauco?gﬂmd portion

and - hmtiémt@nneatLSnmrhES tbhHEéeJnf thgi dosoune @8 <&h0PUF18d/db Z@at sink
k&np %ugeat sink 515. Specifically, cold fluid passes
t ugh cold fluid condU|é 505a and is directed
.-through the thernal chu¢k 500 via manifold 580, where
the cold fluid communi cates with a val ve 524
(including but not Iimted to a disk valve). Further,
setpoint fluid exits the setpoint source 513 to enter
the hot fluid source 520 via conduit 505b. Once the
setpoint fluid in the hot source 520 has reached a
predetern1ned hot t enperat ure, the hot fluid passes



100621 It is noted that a plurality of thermal chucks
400, 500 (having a plurality of heat sinks 415, 515)

P31HQy-She used in the present invention in a manner
WOMB0iAed1 9. 3, and fluid passing therethropeRBM7/074727
be connected serially or in parallel. In this regard, -
Fig. 8 schematically shows a bl ock of additiona

f00415 hﬁ H@hb&JwH&Jf%heﬁQQ@d f-md Pﬁy bm SECGMMERERHWAN3401860 and 370
chuck 500. 10 In nan% uses, It is compn

* through stmsetarpitEang Rar BB AES: DRG RorgERyd B0oe Fkd gpd hot inlets.

leest}{ét:&mak@ hbihREC BRNGRRRIIYhot 88HeisS RO UM LS mpREsAthat a
site on a substrate 508 at a test site to

pwpgntlpw Huméwrd flagipasierentingfach phprgtd andihgt U9t SPBRRONS o the

prop%gm oia[h§¥§lﬁ %mh@tf ﬂLIntor{ i EN@ ng GRUGHKS. 5@@3&2&1:1‘53@0 Br W ic!dmon to
one thermal chuck 500A actlvely testin

contoigs theproraition o he &iter GHidRPTioRAT e SHbt e e b Rar. 0. 360
and muﬁn[‘ az@@@@oﬁ’ﬁix’é@ﬂu:@ Iénttnh@"dﬁﬁi ofChE:Lt(éKci@%@A M9 afid IM25hey likewise

testing th h t her
e cofaley BF chasvelv S TS S5t TS ET b B TGP Mk
ﬂmdtraﬁmtnh% pah oth'ﬁél fdat 5RO 312 mavie? isgprdpotidhag topbstdriceonding

and t her uck 5008 W | osition A :
a6 18 g £ DU PSR e i it Boot e neg 1n i
manie@Shd NGt éxlaEPanE@Q(B 120048 ,322 bn&fgﬂ&lral@ httpnlﬁecf)@(}éolvmrIhleai,nt’ewectwely

fron1ho|d|n positio ack t sition Ato
TR B OB LB 1 B8 G B S o
- mair@lifing @S DEU te(nQﬁﬁxﬁﬂ:esRapﬂ idtryaspig deedBiovel qf tlteesfttemmg DUTS
0045601%3?1 t[te mBgéél 3@ j)om&ré ﬁ‘é‘r%%%e segfatater egd agidl goﬁt dm{f e? oy be
bLpaﬂfely&et&itn@dﬁtofthe(:rﬁjiabctafmbwﬂtxcbﬁnﬂaﬂél‘::gé}ﬂdb%ﬂII’Cagh gpIras lgdnrtdurba‘ For
exan{gﬁeg% }:r]e Ne Fﬁ%&g‘p?j ]%Qﬂoncl%sllnﬂz g Ef\%&l@%ﬁ&??&%ﬁ%&éhﬁﬂfﬁt éolsd fluid
and I5grpentabufied bm1\ﬁé$nrctm ef i xpakd filuidieclgs the heat grleataerblt liheou“h

ener 0 nsth Fi
e SRTLELAT e B0 SF ARPALEATARENHE 0 coni
Auazuu t8e har gebangetop@lamct the |het dx@u@ht‘ FRate et qabédupon Itcuw;}1 or heat.

us| ' $3nd L f th
BB YEHETEL0BSR, A0 AoLE SRR i g
sysiefiegr ee posi tion) thereby maintaining the heat sink of
[0()4%}“3 ah&ﬁgrwboﬁm%kthgggﬁ fidld ;Bg%'n dh@ﬂle ﬁoﬁithu@ p&%@r@ﬁr@lnloy literally
onstant tenperature and elimnatirig the requirenent

mixegfat ghieticaicpirkl bt dathesfiragslpr berant crceprpie thathgrlednk viHErrepyining in

5ep‘n§ eg:rahédnﬁapw e\ﬁalﬁﬁlg L{ﬁé R4 ﬂuh)ep(ﬁmrcg%u]%&pﬁ&qﬁﬁ@lﬁ& deita T IPE%E‘FVO]I‘
system [ evel Further, since the heat sink of the

320 Pdﬁ@iﬁ WUl keab 00B (e LEST éﬁ?J BrngeHag Rtehiheg hatt sipk eg.

tro@fNehHal:! S)(lal@‘ﬁ&%témanﬁt (fﬁ@t' Phtlrrc%ﬂp%ﬁaﬁe’eﬂﬁr% ABhehd WiHlanger 322
mxing is elimnated he start of test, induce

(corrpsnandifeg © el dshie 4 reseres §2Q Acppadipelyithaien eaChanger Sa. fhgdnput

hot M1 Vv reatky seediuced anAddidie gRadihghbutfubiot b SieloeA$RE and hot
energy efficiency, use of a chiller nay be eljmnat

ed
reurt GnUE B RFOITY TS TPREIGE DAL <OB5Y “AES skt (e hea
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(inrcluding but not limited to a disk valve). - The thermal chuck 400 also includes a cold return
412 and hot return 422 corresponding to the cold inlet 410 and the hot inlet 420, respectively.
The fiuid portions that mix and impinge on the heat sink 415 may thus exit the thermal chuck
400 through the cold return 412 and the hot return 422 in the same ratio of cold to hot as the fluid
entering through the cold mlet 410 and the hot inlet 420, as discussed above. Further, the present
invention may use a p]ural;ty of interconnected thermal chucks 400, similar to the arrangemenl
shown in Fig. 3.

j0051] The thermal chuck 400 contacts, and may be attachable to, a die (e.g., the DUT 406) on a
substrate 405 via a gimbal 430, which provides flexibility in positioning. As shown particularly
in Fig. 5, the incoming mixed fluid impinges on the heat sink 415 by mixing in a chamber 417,
and may circulate within the heat sink 4135 through internal chameis of the chamber 417. The
heat sink 4135 interacts with the surface of the DUT'4(}6, for example, through the thermal ~
interface material 420, enabling efficient and uniform thermal exchange, as discussed above. In
an ezﬁbodiment, the fluid enters the thermai chuck 400 in adjustable portions through the cold
inlet 410 and the hot inlet 420 and continuously impinges on the heat sink 415. The fluid exits
the thermal chuck 400 through the cold return 412 and the hot return 422, as discussed above,
[0052] Of course, it is understood that any method of transferring thermal energy from fluids
having different temperatures (i.e., for maintaining a cold delta T and a hot delta T) in order to’
control the temperature of a heat sink may be incorporated herein without affecting the scope and
spirit of the present invention. It is fur’rhef understood that the fluids may have any number of
different temperatures. For example, in an embodiment of the invention, the fiuid flowing

through the conduit 305 may be divided into three or more portions, each having a different delta
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3. The apparatus according to claim2, further
conpri si ng: an adj ust abl e hot out put confi gured
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[(}OSE]G‘WRS{ H}re l‘é‘ét%a!qglnlgel?a%lrgqg ]ero{hEr{ (- ser tenﬁperature, the amount of hot fluid
flowing through the heat sink is increased and/or the amount of cold fluid flowing through the
heat sink is decreased at step S612, thus increasing the heat sink temperature. When the actual
temperature is greater than the set temperature, the amount of cold fluid flowing through the heat
sink is increased and/or the amount of hot fluid flowing through the heat sink is decreased at step
S610. thus reducing theﬁ heat sink temperature. In ei‘therwcase, after the flow adjustments are
made, the process returns to step S604 to receive updated temperature data, and the subsequent
© steps are repeated as necessary.
[0056] Fig. 8 shows a schematic view of a thermal chuck 500 in accordance with a further
embodiment of the present invention. This embodiment utilizes three fluid sources (also referred
to as reservoirs), namely a cold fluid source 510, a setpoint fluid source 513 and a hot fluid
source 520. The fluid in the setpoint fluid source 513 is set at a temperature higher than the fluid
in the cold fluid source 510. More specifically, the fluid in the setpoint fluid source 513 is set at
a temperature that is generally the same as a setpoint temperature of a DUT (taking into
consideration the thermal Joss potentially occurring though the thermal chuck 500). For
example, if the setpoint of'thé DUT is 80 degrees Celsius, the temperature of the fluid in the
setpoint fluid source 5[3 may be set at, e.g., 85 degrees Celsius. Further, the temperature of the
fluid in the hot fluid source is set at a temperature higher than the fluid in the setpoint fluid
source 313, For increased energy efficiency, the set point fluid temperature may be closer to the
old fluid temperature than it is to the hot fluid temperature. While Fig. § shows three fluid
sources of three different temperatures 510, 513, 520, it is appreciated by those of skill in the art

that more than three fluid sources of more than three different temperatures may be used in
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10. The apparatus according to claim1l1, further
comprising: P3 1093. SO WO

P3Y869LH17495PCT/ US2007/ 074727 a first heat
wgetwnRgass for substantially maintaini ng the fadraise07074727
tenperature of the cold portion; and a second

heat exchanger for substantially maintaining the

alterSAGOREALIBARLS Atdde@ar@fic GhaiILOOE sk bOddnfigured to test {hreeADUTs at
nmet hod for. controlling a tenp era&gre of _a device

threq G P A= R O EPREHES SRR SRR Y F PR TP P Heh G UThg oo

ﬂmdasofxﬂcé SiselRIREFAMUNE RNfed HRE @Efﬂ[ﬂ)lrfﬂﬂdld(?kohhaé/ BridiG: 1@t fluid source,
econd t enperature, the et hod, ¢

toal G GF A HTFR 4 THEF YR OBR RGP AeRa 3 S wuess
[00st] Mk ehotva 1P Blcad. M @ndtivcde ifibrtdrtlediame Dgecalud xedes 510, 513, 520 o
e SSTBSE LS, B B e L1 1, A TSR U1 POLS i
thro@aBN thefnhalicBick I 00 hex eetieidrbsvedhe@tthocdl® floldtcammutibges with a
\-'alvemﬁﬁ(llegnc}u]ain% ngit gc?tqimited 10 a disk valve). Further, setpoint fluid exits the setpoilnt
source 313 to enter the hot fluid source 520 via conduit 505b. Once the setpoint fluid in the hot
source 520 has reached a %Jredetermined hot temperature, the hot fluid passes through conduit
505b and is directed through the thermal chuck 500 via manifold 380, where the hot fluid
communicates with valve 524, Setpoint fluid not dig'ec-téd to the hot fluid source 520 passes
through conduit‘ 505s s dire.cted through the thermal chuck 500 via manifold 580, where the
- setpoint fluid communicates with valve 524. During testing of the DUT, setpoint fluid may
exclusively mix with cold fluid, for increased energy efficiency. In other words, eliminating the
direct mixing of cold and hot fluid results in increased energy efficiency, since directly mixing
cdfd and hot fluid results in significant energy consumption as well as increased chance of
thermal gradients across the heat sink 515.

{0058] Fig. 9 schematically shows a disk valve 524 in communication with cold fluid conduit
505a, setpoint fluid conduit 505s and hot fluid conduit 505b. The valve 524 is preferably
mounted immediately above the heat sink, and rotates either 180 or 360 degrees to discharge a
desired mixture of cold fluid, setpoint fluid and hot fluid, such that combined fluid of a
predetermined temperature may impinge upon the heat sink 515 (shown in Fig. 8). Specifically,
in a non-limiting embodiment, when the valve 524 is at zero degrees of rotation, cold fluid is -
discharged;'when the valve is at 90 degrees of rotation, setpoint fiuid is discharged; when the
valve is at 180 degrees of rotation, hot fluid is discharged; and when the valve is at 270 degrees
‘of rotation, fluid that has already impinged upon the heat sink 515 is returned via return conduit
505R (shown in -Fig. 8), thereby enabling fluid to be diécharggd at a generally constant rate. In
this way. the valve 524 is preferably located at the junction of the fluid supply conduits 505a,
505s and 505b. For optlmal fast temperature response, it is preferable for the 1mx1ng of fluids to
be at the inlet of the heat sink, to minimize fluid transit time. Also, with the above described
conFiguration, the heat sink 515 and mixing chamber 5t7 (shown in Fig. 11} only require a
single inlet and a single outlet. Further, problems with incompressibility of the fluid are reduced
due to the close proximity of the fiuid mixing to the heat sink 515. Additionally, the above-

described c'onFiguration reduces problems with repeatability and hysteresis.
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OGGFhﬁll%ﬁxlhﬁﬁg @9("5@6 %cﬂ&tﬁo@n% Z@'ﬂmd]s@urcésl'IﬁJyh;ﬁ'E&QQI Fri:lﬁjit@glu:d at
su stantiall'y ‘maintaining the second tenperafu

appr@gmﬁglyg chestpihirty liters per minute, it is understood by those sksi]ed in the art that
other suitable different fluid circulation rates may be employed, and the circulated rate can be
varied instead of constant. Further, as with the previously-described embodiments, cold, setpoint
and hot conduits are adjustable, for example, so that a proportion of the mixed fluid portioﬁ
entering each of the cold, setpoint and- hot conduits corresponds fo the proportion of the cold,
setpoint or hot fluid portions exiting entefing the conduits.

10062] It is noted that a plurality of thermal chucks 400, 500 (having a plurality of heat sinks
415, 515) may be vsed in the present invention in a manner shown in Fig. 3, and fluid passing
therethrough may be connected serially or in parallel. In this regard, Fig. 8 schematically shows
a block of add;tmnal thermal chucks 500n to be interconnected with the thermal chuck 500.
|0063] In many uses, it is common to use more than one thermal chuck 400, 500 in a system to
interchangeably test sequential DUTs 506 at a test site on a substrate 508 at a test sife to aflow
quick replacement of the DUT. Fig. 12 shows such a system of two thermal chucks 5004, 5008
with one thermal chuck 500A actively testing a DUT 506 at the test site (position A}, while

another thermal chuck S00B waits for thermal chuck 500A to finish testing the DUT (ie.. the
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apparatus for controlling a tenperature of a
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corresponding plurality of fluid portion
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requirement of mixing fluids of different temperatures, thereby significantly reducing the energy
expenditure at the system level. Further, since the heat sink of the thermal chuck 500B at
position B is maintained at a generally constant setpoint temperature and fluid mixing is
eliminated, at the start of test, induced thermal gradients across the heat sink 515 and on the
DUT is greatly reduced. Additionally, for incfease_d-energy efficiency, use of a chiller may be
eliminated for Jow sétpdi‘nt testing of DUTs. )

[0065] As stated above, because there is no heater directly heating the heat sink to perform the
above methods of thermal control, the disclosed embodiments improve thermal resistance
characteristics and remove induced gradients, enabling use of extreme delta T's not supported by
conventional sysiems. Also, the disclosed embodiments create more energy dissipation and
faster response times. One résult is that the disclosed embodiments enable more rigorous testing
of electronic devices, h'an'dl-ing tests beyond the effective 500 Watt limit of convention devices,
e.g.. up to 1500 Waltts. Further, thermal control of electronic devices in any environment (testing
and/or operational) is greatly enhanced.

[6066] Although the invention has been described with reference to several exemplary
embodiments, which can be combined in any suitable manner, it is understood that the words
that have been used are words of description and illustration, rather than words of limitation.
Changes may be made within the purview of the appended c]aimsl as presently stated and as
amended, without departing from the écope and spirit of the invention in its aspects. Although
the invention has been described with reference to particular means, materials and embodiments,

the invention is not intended to be limited to the particulars disclosed. Rather, the invention
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22. An apparatus for controlling a tenperature of a
device by circulating a fluid through a heat sink in

PHHEPRAI contact with the device, the apparatus
WO RPI0E49 an adjustable first fluid soumeg/us207m074727
configured to input a first fluid having a first
tenperature; an adjustable second fluid source

exteSRNE LIGHMBEhnhiR éqﬁpxulemasua@@emqefhbag Adhaxisig B seemndihe scope
tenperature higher than the first tenperature; ‘

of thy gppgafed sABY e thlrd fluid source configured to input
a third fluid having a third tenperature higher than
the first and second tenperatures; and a val ve
configured to di scharge an adjustabl e anmobunt of at
| east two of the first fluid, second fluid, and third
fluid into a conbined fluid that inpinges on the heat
sink, the conbined fluid having a conbined fluid
tenperature that directly affects the heat sink
t enper at ur e, wherei n the adjustabl e anount of
at least two of the first fluid, second fluid, and
third fluid are controllable such that the heat sink

- tenperature conpensates for changes in the device
tenperature and substantially maintains a set point

tenperature of the device. 23. The appar at us
according to claim22, wherein the valve is a disk
val ve. 24. The apparatus according to-claim

22, wherein the first fluid is a cold fluid, the
second fluid is a-set point fluid that is generally
the sane tenperature of the set point tenperature of
_the device, and the third fluid is a hot fluid.
25. The apparatus according to claim24,-wherein the
set point fluid tenperature is closer to the cold
fluid tenperature than it is to the hot fluid
tenperature. P31093. SO4
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according to claim 22, wherein the first fluid,
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combined temperature, such that the heat sink temperature compensates for changes in the

device iemperature and Sﬁbstantiéily maintains a set point temperature of the device.

2. The apparatus according to claim 1, further comprising:

an adjustable cold out-puik' configured to output an amount of the combined portion
corresponding to the cold portion input by_ ther adjustable cold input.

3. The apparatus according to ¢laim 2, further comprising:

an adjustable hot output configured to output an amount of the combined portion
corresponding to the hot portion input by the adjustable hot input.

4. The apparatus according 1o claim I, wherein the first temperature is within a range of
approximately zero to approximately negative 140 degrees Celsius relative to the set poim' ‘
temperature and the second temperature is within a range of dpproximately zero to
approximately 75 degrees Célsius relative to the set point temperature.

5. The apparatus according to claim 1, wherein the device comprises a semiconductor,

6. The apparatus according‘to claira 5, wherein the cold portion is increased and the hot
portion is decreased as the temperature of the device increases,

7. The apparatus according to claim 5, wherein the cold portion is decreased and the hot
portion is increased as the temperature of the device decreases.

8. The apparatus according to claim [, further comprising:

a chiller for substantially maintain'in'g the first ten;perature of the cold portion.

9. The apparatus according to claim 8, further comprising:

a heater for substantially maintaining the second temperature of the hot porticn.

10. The apparatus according to claim [, further comprising:
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d fluid; P3 1@3.804 WO
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second fluid through a second input port corresponding to the second fluid; and

outputting the combined fluid through a first output port corresponding to the first fluid
and a second output port corresponding to the second fluid in accordance with the determined
ratio. 7
_ 13. The method according to claim 11, wherein the first telﬁperature is less than the
target temperature and the second temperature is greater than the target temperature.

4. The method according to claim 13 wherein the first temperature is within a range of -
approximately zero to approximately negative 140 degrees Celsius relative to the set point
temperature and the second temperature is within a range of approximately f_ero' té_
approximately 75 degrees Celsius relative to the set point temperature.

15. The method according to claim 13, wherein the ratio of the first fluid to the second
fluid is determined to increase as the temperature of the device increases, and wherein the ratio

of the {irst [Tuid to the second fluid is determined to decrease as the temperature of the device

decreases.
16. ‘The method according to claim 1, further comprising substantially maintaining the -

first temperature using a chiller.

17. The method according to claim 16, further comprising substantially maintaining the

second temperature using a heater,
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. The method according to claim 31, wherein:

72 An apparatus for controlling a temperature of a device by circulating a fluid through
a heat sink in thermal contact with the device, the apparatus comprising: -

an adjustable first fluid source configured to input a first fluid haying a first temperature;

an adjustable second fluid source configured to input a second fluid having a second
lemperature highez' than the first temperature; '

an adjustable third fluid source configured to input a third fluid hav.éng a third
temperature higher than the first and second temperatures; and '

a valve configured to discharge an adjustable amiount of at least two of the first fluid,
‘second fluid, and third fluid into a combined fluid that impinges on the heat sink, the combined
fluid having a combined fluid temperature that directly affects the heat sink temperature,

wherein the adjustable amount of at least two of the first fluid, second fluid, and third
fluid are controllable such thal the heat sink temperature compensates for changes in the device
icmperature and substantially maintains a set point temperature of the device.

23 The-apparatus according to claim 22, wherein the vaive is a disk valve.

24, The apparatus according to lciziim 22, wherein the first fluid is a cold fluid, the
second fluid is a set point fluid that is generally the same temperature of thé set point
temperatm-'e of the device, and the third fluid is a hot fluid.

23, The apparatus according to claim 24,-wherein the set point fluid temperature is closer

to the cold fluid temperature than it is to the hot fluid temperature,
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the device conprises a first electrical conponent
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| 29. The apparatus according to claim 22, wherein:

the device comprises a first electrical componertt festing device and a second electrical
component testing device respectively having a first valve and a second valve and further
respectively having a first heat sink and a second heat sink; 7

at least the second valve is further configured to exclusively discharge the second fluid
that impinges on the second heat sink; '

when the first electrical component testing device tests an electrical component, the ﬁrst'
valve discharges the combined fluid that impinges on the first heat sink, the sccond electrical
component testing device wails fo test a next electrical component and the second valve
exclusively discharges the second fluid that impinges on the second heat sink.

30. The apparatus according to claim 22, wherein: '

" the heat sink comprises a plurality of fins; and

a direction in which the combined fluid impinges on the heat sink is generally -
perpendicular to a direction in which the fins extend. ‘

31. A method for controlling a temperature of a device in contact with a heat sink, using
a first fluid having a first temperature, & second fluid having a second temperature and a third
fluid having a third temperature, the second temperature being higher than the first temperature
and the third temperature being higher than th-e second temperature, the first, second and third
fluids respectively stored in first, second and third fluid reservoirs, the method comprising:

determining a ratio of at least two of the first fluid, the second fluid and the third fluid to
obtain a mixed ftuid having a2 mixed te-mperature between the first temperature and the third
temperature:

discharging, from a respective reservoir, at least two of the first fluid, the second fluid

and the third fluid in the determined ratio to obtain the mixed fluid;
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impinging the mixed fluid on at least.a portion of the heat sink to adjust.g.temperature of
the heat-sink to compensate for changes in the-temperature of the device and to substantiaily
maintain a target temperature of the device,

32. The method according to claim 31, wherein the discharging at least two of the first
fluid, the second fluid and the third fluid comiprises discharging at least two of the first fluid, the
second fluid and the third fluid via a disk valve.

33. The method according to claim 31, wherein the first fluid is a cold fluid. the second
fluid is a target fluid that is generally the same temperature of the target temperature of the
device, and the third fluid is a hot fluid. '

34. The method according to claim 33, wherein the set point fluid temperature is closer
1o the cold fluid temperature than it is to the hot fluid temperature

35. The method according to claim 31, wherein at least two of the first fluid, second

fluid, and third fluid are portions of the same fluid.
) 36. The method according to claim 31, wherein the first fluid, second fluid, and thirﬂ
fluid are all portions of the same fluid. a
37. The method according to claim 31, further comprising:

returning a portion of the combined fluid to the first fluid reservoir via a first fluid return

lme dﬁer the impinging; and

returning the temammg portion of the combined fluid to the second fluid reservoir via a
second fluid return line, after the impinging.

38. The method according to claim 31, whergin:

the device comprises a first electrical component testing device and a second electrical
compopent testing device having a respective first valve and second valve and a respective first
heat sink and a second heat sink; and |

~ the discharging of the at least two of the first fluid, the second fluid and the third fluid

oceurs at the first electrical component testing device during testing of an electrical component,
the method further comprising: *

exclusively discharging the second fluid such that the second fluid impinges on the
second heat sink, during the discharging of the at least two of the first fluid, the second fluid and
the third fluid by the first e]ectrical component testing device and whilé the second electrical
component testing device waits o test a next ekectncal Lomponent. )

39. The method according to claim 31, wherein the impinging occurs in a direction

senerally perpendicular to a direction in which fins of the heat sink extend.



