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BACKGROUND 1. Field of the Disclosure [0001] The present disclosure
relates to the field of tenperature control, and nore particularly, to
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A heat sink incorporates a fluid having a temperature much lower than the test temperature of the
DUT. A heater is placed between the DUT and the heat sink, and power is applied to the heater
to raise the temperature of the heater face, e.g., to the test temperature required for DUT testing.

The heat sink offsets any excess heating, and also removes heat generated by the DUT during the
testing process, to the extent this self-heating increases the device temperature beyond the test
temperature. Power fluctuations may cause significant and relatively instantancous self-heating,
requiring the need for the thermal controller to quickly and accurately react to offset the
unwanied increase in temperature.

[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 beater is capable
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WO 2010/ 050933PCT/ US2008/ 081515 of operating at 500 Watts, then
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in its entirety. To recover the energy lost, the thermal controller system must work hard to

separate, re-cool and re-heat the previously mixed fluid to achieve each fluid’s original

temperature before being combined.

[0009] Therefore, a need exists for a simplified thermal controller system that meets the

demands of maintaining a target temperature of an electronic device under test, that minimizes
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SUMVARY OF THE | NVENTI ON [ 0010] According to a first aspect of the
present invention, there is provided an apparatus for controlling a
tenperature of a device by circulating fluid through a heat sink in
thermal contact with the device, the apparatus conprising: a first fluid
source including a first fluid having a first tenperature; a second fluid
source including a second fluid having a second tenperature different from
the first tenperature; a third fluid source including a third fluid having
a third érenpeéssatand eatnifieientyclicabefiicihecyf(i.¢.slocsintiregsicohe ssEmiemattur es and a
t hermal chuck operably connect > ' j Mihaha first
supply c%ﬁ%ﬁFF?&ggér%%Tf %gﬁhé?%g%g?%@?ﬁ%H?2%6&%“?38?3”%%%?59 via a second
suppl y ceided dosts amicnihimizeh esquiogslereiprhspt.connect ed to the third fluid source
via a third supply conduit, the thermal chuck including at |east one valve
configured such that the flowrate of the first fluid circulating through
the heat sink is generall ySEMMAR INVENON he val ve furt her
configured to i abl y,. cont at '50C £ 1 4 i fjcul ating
t hrough t he h@éﬁﬁ§%ﬁ%ﬁﬁgn% %%%ﬂg?&%gggﬁ%o 8£%%F@§ﬂ%§’?ﬁgt%é#&%%ﬁ#?gured to
vari abl yapp@itas @r cantfdiieny o @inperafuret dfe dektice Hy tirailaing finidubratghngheahsiolugh t he
heat sink. [0011] According to a second a&gect of tge Fre§$ t inyeption,
there i shermelganet witthibe H6HcH di° BPHAFOIMPREE & BRTBPRIVFE 5TudRefelitte in
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| east a firs ?énperat re of afirst fluid, and a second tenperature of a
second ftbmpatstuiendifiérattifirgy tiat fimt geperatd ¢ tbiahﬁtlidrspmﬁ‘atﬂ@ludmgfqn%%ﬂ dluidy first

fluid source having the first fluid;: termnin . f at
| east orf@VE a Hixd &%ﬁeéaé”rﬁ T fﬁoé”afhes R isﬁ‘fotnlgé% | %ﬁ%@% I%%({?vao rglagecond
fluid squpoe ohaiNGohdiered @6 OME firbiUflald soadct akd ¥ Adi wsiplyngomlufi| opwrabst e of

the second fluid to generally maintain the device at a tag&et t enper at ure;
shut t i ngooeetetitfe the sevond fuid sewen g F 1Sercad YR CAHEULeaBh Py PR O6Ur ce;

initiating t flow of -the first flui € el thStnaf dHabidinS RS 8
directi n"é’g?fﬁggft‘i’ HR i i Splikl P o il gfpf&fygmé’%ﬁr’c&t heating t he PEELL fluid
into a tiBist ehefvallie@onfibetarsatinthaghaflowiratelof thenfiest Huid cacwdting eoughithahdal ui d;

conparing the tenperature data to the target t rature and circul ating
t he t hi rinkiis gereralbyrcopgnt theert east ongjale fyrther ﬁ?fwﬂgg%vaf{a@gfﬂm[ &ﬁoﬁ‘j [ 0014]
[0015]. 1{31&%}'% s[egoqglﬂuu{ g%ﬁling through the heat sink, and the at least one valve is further :

configured to variably control a flow rate of the third fluid circulating through the heat sink.
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[0011] According to a second aspect of the present invention, there is provided a method for
controlling a temperature of a device in thermal contact with a heat sink, the method
comprising: determining at least a first temperature of a first fluid, and a second temperature of
a second fluid; initiating, at a generally constant rate, a flow of a first fluid source having the
first fluid; determining temperature data of at least one of the device and the heat siﬁk;
initiating a flow of a second fluid source having the second fluid; variably adjusting a flow rate
of the second fluid to generally maintain the device at a target temperature; shutting off the
flow of the second fluid from the second fluid source; initiating the flow of the first fluid from
the first fluid source; directing the first fluid to a third fluid source; heating the first fluid info a
third fluid; determining a third temperature of the third fluid; comparing the temperature data
to the target temperature: and circulating the third fluid through the heat sink at a flow rate.
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[0039] [0040] WD 20101050933PCT/ US2008/ 081515 BRI EF DESCRI PTI ON OF THE
DRAW NGS [0041] The present disclosure provides a detailed description
that follows by reference to the noted .drawi ngs by way of non-limting
exanples, in which like reference nunerals represent simlar parts

t hr oughout several views of the draw ngs, and in which: [0042] Fig. 1
shows a graph depicting the relationship between fluid flow flow ng over a
heat transfer elenment and resistivity of the heat transfer elenent; [0043]
Fig. 2 shows a graph conparing power requirenments of thermal controller
systengpogaty.l i zing either a conbined fluid flowor a cold fluid flow only
to dissipate heat fromeach system respectively; [0044] Fig. 3 shows a
graph depicting the relationship between fluid flow fl owi ng over a heat
transf ¢op28f enent and resistivity of the heat transfer elenent, as well as
representative power density (heat dissipation) curves; [0045] Fig. 4
shows an exenpl ary side schematic view of a thermal chuck of a thermal
controller, according to an enbodi nent of -the present invention; [0046]

Fi g. S‘ﬁ@%ws an exenplary schematic bottomplan view of a valve of a
,thernal ntroller, according to the enbodi nent of the present invention;

{om}
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[0047] Fig. 6 shows a flowchart of an exenplary nethod for controlling the
tenperature of an el ectronic device, according to an aspect of the present
i nvention; 100481 Fig. 7 shows a flowchart of an exenplary mnethod for
controlling the tenperature of an el ectronic device, according to another
aspect of the present invention. [0049] Fig. 8 shows an exenplary side
schemajgg84jvi ew of a thermal chuck of a thermal controller, according to a
second enbodi nent of the present invention; [0050] Fig. -9 shows two
graphs of soaking procedures of a non-limting feature of the invention
before a test of the device depicting the relationship between tine to
achieve a target tenperature for testing of an el ectronic device and
control tenperatures of fluids used to reach the target tenperature.
10051] (dos4. 10 and Fig. 10A show a flowchart of an exenplary method for
controFIing the tenperature of an el ectronic device, according to yet

anot her aspect of the present invention DETAI LED DESCRI PTI ON [ 0052] The
present disclosure relates to an apparatus and nethod for regulating the
tenperature of an el ectronic device, such as a solid state electronic
device being tested in a controlled envirtonnent, referred to as a device
under test (DUD. In an enbodi nent portions of a fluid (which nmay be any
non-solid material, including but not limted to a liquid, a gas,

particul ates, granules or any conbination thereon, having the sane
respective tenperatures can be sent 8 WD 2010/ 050933PCT/ US2008/ 081515
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t hrough a heat sink, where a flowrate of the fluid is adjusted to

mai ntain and control a target tenperature of the DUT. As defined herein,
"heat sink" neans any heat transfer elenent or device (e.g., resistive
heat er, dziﬁ)%[}% 3heat pi pe, cross-flow heat exchanggigr@iesws)siStructured
and arralged 1o 0T ansigirheRbcRPTAON/CHTHE DRAWINGS] ect which it is in
thermal contact w th. TOO53] As shown_in Figure there i.,s a Jthl-defi ned
rel ati dAed] Fhpreseaiedisalasery providss grdetziled @ﬁseripﬁg%% lpws B’hbﬁﬁ“ﬂ"’%g‘g €sink and
resi stiptdsVarRfindsty WSAE moh BnitdsCoxamplds i @lich Sikdichence diusiérals eprdsent t her mal
heat transfer).” AS the flow rate of fluid increases through the heat sink,
the resimilar patsyhroyghppsevqrahyiews ofithefayingicad in fﬁ‘g%t her words, in a thermal
contr ol jefgz] %)é].sﬁ SHBws WGkt R3BictiRathe Sdidtisnihasbetiees Baiaibw Bavisg buer byeatt he heat
sink is capabl e of dissipati n% addi io@%' power generated fromthe DUT to
nai nt ai lemgpt gng resigtiyity,of e Faé%'é“&eé? E%f the DUT during testing. Thus,

o] ot B P S e e i g o oAl St o] 0084]
Fi gure %ﬂﬁwg%ﬁﬁf@@m&sgéﬁﬁ‘am%aﬁﬁ@ﬂﬂg@ﬁ OB@&%%SSripé%w i g’%}e?lne?é %? a t her nal

cont r ol legectf¥gt em using fluid at a single tenperature and fluids of

different tenperatures hejng.m xed.for use. i

part i cul®dtdl yie Eis&ﬂsé‘ ?a‘g‘e‘iﬁ’gf"%g %‘e &;Wnﬁpo%tvg%p ;ﬁlﬁl&f%‘zh%% tweﬁg‘ hﬁ%twer

densi t yemkfenclbbnt \Wad sdsRiifilyufdhé hesvimadfe obdneat, s weelll a$ reptasentatiye pewsr ( see
curve A). .As shown, .as the power density (i.e., heat per unit of area) of
t he dev‘%‘eﬂtyi(h‘ﬂ@%pggmzﬁ?’?“ﬁg testing, the flowrate increases to

of f set / @o4s] iFpptdesiohe dneatmplanyr sides echeiatichwiewenfi « thernill ghwak of a|thesmlepi cts a

Total Power, Curve.. Le. urv oW SRR Fequi renents of a system
uti | i zi grellenaapiding ml?[%merleé’n?ﬁ%%%%% at two different tenperatures for

a gi ven[opes)pEig. 5 etrsis tuy exzhptaiyescibigiatic betwoncplan devpyf 2 vElve offe themmapeppirelietyr ve

assumes th fl.ui ra I: stant at 2 L/mn. Thus, for any

known p%w?%‘%@@??’f}’"&‘a eéleo \g%epgé%ﬁt e;tgower requi rement of the system

usi ng njoRET /R Gizhoves fidwibert of ard¢xemplaphmethed foee ipg; the dempsetge tleni ned.

Floure godithd RShcdd SRl bR prét Bhedide curve Q, i.e., a curve
S 0

representi ng power requfrene a systemutilizing fluid having a

si ngl e [0048]diigmt7ushews 4 Rowahia of eoexemplaphBethod for congralding e teaperalke Pl | s
mai nt ai %\Sc‘iiro d dgvi%zﬁbg%h%gm &%&W@;ﬁr@e@@,{ﬁ@nbei ng circul ated through
he ower Cu C m

the system rve (C) mrrors the | d Fl ow Onl rve (A).

Thus, ~ a9 Fip8wkawseh cxamplagesideehonpte siggola Srepd %%‘Eﬁé{’m&g{]ﬁﬁ{tﬁ%ﬁ’ ncreases

50 doeSadiinkhid Sobdahipb dntn P pRSPRLGLbRe pouer density of the DUT.

Thus, i ptroddction of fluid at a single terrperﬁ]tnure du”%t'%th‘gﬁ of an
(o} t

el ect r o080]da 9 showsswn Eeshs o sogngroCH e R fipe fyglurs ¢f dhe Jayen rol | er
Syst em Btkeuhds SkEdeVic APIBRASME rdldiionddily Betientie Rfackibe attivast natpemant 1 ol | er
devi ce conpared_to thermal control Iér syst ens fzﬁi. i Zi % méqg | uj ds of
var i abl &restipephan slegronic ggeen and; Gepirely %ﬂﬁ“ﬁﬁl‘? e ‘EF% EI T PRt rates a
rel ati opghtmmket ween fluid flgw rate and resistivihty of ﬁ heat sink, as f
wel |l as representatjve power density curves. S the resistivity o
t he heal“@ﬁnﬁgd&?@a@gs Pea% shopipa oﬁ'\ﬁgar“a'tglfreaﬂi ?ﬁ?’tn@s em%s"\gedefo(r:tf‘rn\l/treo%%)g%%t >s/
known t Rafpefafife & an YRR QAIAS) AZSAGE ¢ S5 @D B:éct 6f thopresentdevestiany of a DUT

is proportional to a change in tenperature and inversely proportional to
the resistivity of the heat sink. An equation for determ ning power
density is: DETAILED DESCRIPTION -

[0052] The present disclosure relates to an apparatus and method for regulating the temperature
of an electronic device, such as a solid state electronic device being tested in a controlled
environment, referred fo as a device under test (DUT). In an embodiment portions of a fluid
(which may be any non-solid material, including but not limited to a liquid, a gas, particulates,

granules or any combination thereof), having the same respective temperatures can be sent
8



PD = AT/ R wherein, PD = power density AT = a change in tenperature of
the fluid tenperature fromthe set point tenperature of the DUT R=
resistivity of the heat sink [0056] That is, power density can be

det ernj %z@%m@oﬁ ange in tenper ature of the fluid _tq:lmmsawamasisr omt he
set pOITjaf, epar ahit heieRla e rakd UF e Hiid @Tadlétell REmAiGGInSdnd \cbitthol @fargdne heat
sink. In IS regard, the power density curves illgstrat éthat as the

r esi st i teipeyatat of fhe MERt A9 dafinpd berein bedt sinkempang Gy RGH PEES ¢ o

di s51 pajeicl o, NERlvARREE HuftbetitaliR, EUT Muegxdhanti, B, umlchaddand | nor ease.
Thus, to det éFm ne the c¢hange in tenperature ye éi red fof the systemto
di ssi pateanged4q trfnslorhent o agyor B’%bﬁt’td?’q?hﬂﬂéméﬂﬁ oAt Witet t enperat ure,

t hekp]?“@hssﬁ' eRSito¥m &f Fioh@ 1348 isSa Well tifld RIkbsHipItetwees flow iraté dbfa Blidt he heat
SN (0]

a'given flowrate. Thus, flow rate q he fl,uid. is increased,
resi st i RAsting Grougha h%?mk@ﬁéﬁfsgﬂg’e%stﬁﬁhwﬁmg ('reest{ﬁ {‘cafﬂgk P éeﬁﬁ%lwrwéecf ©
te gp ;alr a,&,ggngl fekhf fREEMNC RS @lemfeﬂg bhmli@iﬁt:reﬂﬁd thioug}eth@mminék, thebesistivity dfest i ng
an uid tenperature circul ating throu syst e . ng is
over . thobestFiirirates B ouieratpetse e ery R b A "B "
an i ncr gasedd tdsRivifyaihe he sidk lsaagdle of dsiping additony @pwengererset imethieset  poi nt
tenperature of the DU ' before testin n i.d e |.ng
t est i ngPUF o BpRER %mgp&@gpﬁtmgwg%fﬁeﬁ@dég%%%?ﬂ?ﬁ@gﬁ e g‘?l%e in
t enper atriRSdiRgard Red chftroded 8 gmirfet canieratrO B 8Fjustingidhe Bow ante ok fndl e, for a

flow rate of 0.&&%/{%9,. the resistivity of a DUT is approximtely 0.15
C/ W cnPassipg teopghythe Wcn2 power density curve (curve 1), the

cal cul afogs]chghee illstarspesmparisen bawespmopxi ratirsmyntsof & dymesd songsllei us (C).

Therefore, the nge in, tenperat | S5 ; : of DUT
pover i &55H ‘ﬁ@é&@@sag&sf“&ﬁ t?r? o %cfglﬂgﬁe 8 Z&%} %hﬁéﬂa{la?é? ﬁ%g%néc%vq?gt e was
i ncr easgd it theapgemoxMortpattignlady, Figukn? deplictya €4l Flos@nlp Gweve plaRgivPYTcur ve,

Lhe el o aySTPSEas Huf ARied PR il BE ARRY QGIRE Y aZthodisaRs C ) I f

the flo nrncreased to approximately 2.0 L/mn (for a DUT
havi ng poves\dersityl €es ihest pef w00 Aad 198 The s diring destipse the e™foul d
agai n be |owered.t 0. R GRT Mseld tHERYRE SFifure TS d 4 Pealfto@y rate

[ ncreas@gr,eaﬁefﬁé} og%%@fssigﬁégﬁéfhggﬁence I'n tenperal&r?e S Tp?mferﬁed ti? _5” ssi pat e
a gi venCarveuat a ofrviishawing epeeraeurensats of@ sysgm utiiging gideast two difierent fluids

2010/ 05919%%%%?‘%%%%%315& given power density of the DUT (see curve B). The Total
Power Curve assumes that the fluid flow rate is constant at 2 L/min. Thus, for any known power
density value of a DUT, the power requirement of the system using mixed/combined fluid at
different temperatures can be determined. Figure 2 further depicts a DUT Power Curve (see
curve C), i.e., a curve representing power requirements of a system utilizing fiuid having a single
temperature. In other words, the fluid used during testing is maintained at a predetermined
temperature before being circulated through the system. The DUT Power Curve (C) mirrors the
Cold Flow Only Curve (A). Thus, as the power of the device increases and the power density
increases so does the fluid flow rate to dissipate the power density of the DUT. Thus,
introduction of fluid at a single temperature during testing of an electronic device reduces the
power consumption of the thermal controller system and ultimately increases the efficiency of
the thermal controller device compared to thermal conirofler systems utilizing mixed fluids of
variable temperatures.

[0055] Similar to Figure 1, Figure 3 illustrates a relationship between fluid flow rate and

resistivity of a heat sink, as well as representative power density curves. As shown, the

resistivity of the heat sink decreases as the flow rate increase (see curve A). It is known that the
9



[0059] In view of the conclusions drawn fromthe collected test data

illustrated above, the present invention is directed to a sinplified

thermal controller systemthat utilizes fluid at one tenperature to

mai ntain_a DUT at a constant tenperature during testiﬁgmggl%smfjﬂgm zes
S P I

ener gy Igr&z“%‘ﬁ%ggéi d with fluid.mxi a6

effici eﬂ%w.rdnﬁ ]alﬁf]’l;ﬁ%opé Sﬁ%\?\‘}sg%ﬂ%s%ﬁg%)ﬁ?ﬁ C viaggvﬁggps%}eﬁrﬁ@rmna chuck 500
i N accothd anistivitviof the heah sink. | Améquintivg fendeteuiiniegpovef dekiey isr esent i nventi on.
Thi s enbodinment utilizes two fluid sources (also referred to as
reservoirs), nanely a set point fluid source 505, and a cold fluid source
510. ThEDHAI/B® in the set point fluid source 505 nay be set at the sane
tenperature as the fluid in the cold fluid source 510. Alternatively, the
fluid in the cold fluid source may have a tenperature | ess than the
tenperature of the fwhemdimin the set point fluid source. Mire specifically,
the fluid in the set poinppLlyie fRsyce 505 is set at a tenperature that
is generally the sane as a set point”(or a target) tenperature of a DUT
before testing (taking i Mb=@shanze sytempesure piche Biid emperpgedroot ent i al | y
occurring though the gherapk tenipiatrexiteDiior exanple, if the set point of
the DUT is 80 degrees Cel'sius, the tenperature of the fluid in the set
point fluid source 505 nelj~Beissely ofthebgatgink g5 gegrees Cel sius. Wiile the
at least two fluid sources 505, 510 nay have the same tenperatures, it is
appreciated by those of skill in the art that the two tenperatures may be
di f f er e 056l a5y Bovst demsity cpmh Be detgrmingd by e Shngs Oy s ?é‘gﬁlﬁi“ﬁ

al t er nafenpera@pdiRat M5k oinl RGOSt GODVT dividefbgthe eestiivigitFleesemrui t s 515
and 520 org.er ably connect fhe set,  poi nﬁa?ﬁf“é’iﬁd sqQur cei; S%an .the cold fluid
sour ce Buthis regardythe powes depsity gurysy ! as e SIS PT MeLER SIK ISFATFt s 515R
and 520{ReabduiredRpatui 6 ARSPaE tllieh&-,aﬁ méranadh bg kg AU QlrigOedting nim?alffolj u :c d
sources, 505 angd 510, respectjvely. In this reqgar set poi.nt ui rom
he st nBRNT TR ieesRC e spses b tmitats oA dtghe SSEpS iR 515 1 o
t he t hegsmlthehUTHo BRGairl ihis OIS &, a RcOitefperatdref the powératensity df fHeUDT sour ce 510
is directed. through supply. conduit_520.to,the thernml.chu QQ, . [ 0062]
The theF’H&ph"éﬂchtE"g %ﬂﬁﬁ&%ﬂﬁg‘?y%{%ﬁ? piyprflaigte, Jhues st floy ra{s:eii%rfla’eg]‘lj‘g . The
mani f ol & intredsud] assidiviy of dlei DYTOk dedpasat alsl & ¥ adsulgsthd 3QuirGB @RpeBE®E, 535R,

540 for ntrolling the fl.ow rate of th 2t i0ks fL Ui ndrbigaLo! d
fluid i ﬁi%gwﬁﬁdb%ﬁeg&e Fﬁ??ﬁg%?u%eh%e&rg%g %glﬂ\}%d E?g rece‘g{/ces et poi nt
fluid fthooags teplsencamidg testifgiSloaad directs the set point fluid to valve 540

to be igping n _heat si nk.. i 3 i d fluid

from SUE@F 'a ?@eﬁe [V sﬁﬂ& gmgh s%?’rgtee&%g%h@ %Ac%? aﬁ?ﬁ‘&ﬁg@?%%ﬁ%&g\é@?ﬁgﬁo be

i Mpi ngead laoger bheage is tanipeB®E: bepface lsTtlpbiet tfhpgrafure of the BUT heforstiesting an| fwjd |h S

i npi nge n a N 5, il E is { eat

si nk 55%,m %Brgtcﬁ% 1tijo h*émgl't |g{)ilaﬁlteit f#t#ﬁ@gﬁ‘??gg gggﬁ%ﬁlgﬁigfg@ﬁﬁd source

510, r egpwetatueginged nvtheas sipificant.cal |y, when set point fluid is

recircu d, | ye | ot LAk ; JA] 34 Nk 555

and di rt@t%@ t'ﬁﬁe@’sgst mgg%tpﬁeﬁfgl: gqtﬁﬁ‘?g%e Epggguyé%ut?en%gﬁgﬁrﬁf 5611%%%0 be

stored apprespatelit0. }or/cm] mthugnﬁmvéﬁgo\sl peweredansity puatce@ue . g nt f1 ui d

I's then pag cﬁ%{g@ﬁ{}@&%&gﬂ@ﬁs %ﬂ%xﬁﬁ&elﬁﬁd&ére@sldélsﬂls%@U"Iﬁ&eﬁ%ﬂﬁeﬂné@y be
Fated through t

recircu e thernmal /co;ptroller systembefore the start of

t est i ngiroemperampmesziod ty dissipats 2P/ el 08 Hporst i oilseressE fopadawetie kol d
fluid ige Bl CH @ 8w HRIWS iRFRed BCBhREnalche 100L/mhid ket &bRrpowe heat
sink 555 and directs the cold fluid through the return condujt CSIEOR to be
stored densitharyekhy dpnge ip SEpeEwrayeld mﬁ@iyavé@?wewa&e@c?ﬁéasﬁ“f%if ¥s then

r ecool e@byehe dhetbalinddaged O hshréditinely SOUIGR (B @ DUThRRY apewérdensitg uf at ed
through the thermal controller s‘%(suﬁem.f r.the durationt@f %Pe te?:ti ng of

t he DUT20¢ ¥dws): i ERperayregyo loverrd 19 pREFORIPATEIY & system
per f or Mghg, 86he ROV Rite ROEsEE tRNCGAH Gififefehcelin tenfpOitid g Jowedddao GB4ipanoa nt {1 ui d
source 505 initiates fl ow of tgﬁ”’get point fluid such that set point fluid
exits tﬁ’é"’%@'ﬂo‘ﬁﬂb‘?fr]i‘f’atﬁ?’ﬁfaﬂedg’gﬁlie 05 t hrough the supply conduit 515 and is
directed through the thermal chuck 5@0 via manifold 550, where the set
point fluid also conmunicates with the valves 530 and 540. The set point
fluid then inpinges on the heat sink 555 to soak the DUT before testing.
The circulation of the set point fluid across the heat sink 555 continues
until the DUT achieves the desired set point (or target) tenperature for
testing. That is, set point fluid may be recircul ated through the system
In other words, after the set point fluid has passed through the heat sink
555, it is directed through return valve 530R and through return conduit
515R back to set point fluid source 505 to be reheated/recooled to be sent




No m xi ng between the set point fluid source 505 and the cold fluid source
510 occurs during this operation. The cold fluid source 510 initiates the
flow of the cold fluid such that the cold fluid exits the cold fluid

source 5 m') the supply conduit 520 and is di regle soﬁsﬂ&?ﬁ@ t he

t her mal % ”%ﬁ%} Q{pruni cat es
crer et b S o S 6Ll ALl s o
fluid thewnt mmﬁgteb dimctedve ahemplifisil terisd Sontepllen system dha utilizgs fpid ghonehe DUT
and to @?E%@}T 5 GO trpeRfurd P EidiUhd: MlnikERt ity The

circul atli n d fluid across the heat Sink 555 is nonitored and
adj ustebSE(WSOGWWﬂlEQ@W@M@Pﬂ@ﬁﬁ@@*@’cwﬁﬁﬁm&’al ns the set point (or

target) Bl W @bk stidRadllvial 0Pl Rimbih@ntie§00 BGesRdAse vith §QBAI rm t hat
certaln o served el ectrical characteristics of the DUT are attributable to

f act or slimiting emberiment pEthey Pregpnt revﬁaewatﬂveen ofimyatytilises tyo fluid seipess &2ltohe col d

Flui d NRyerRE i BGtdeRbird! Rbhelyy ttﬂlilﬁ s%ﬂl%é 0%, 6Hard du A SduRg 510 1S,
after the cold fluid has passe e heat sink 555, it is directed

hr ou
t hr ough v*étlmﬂlﬁswp%ﬂ%wcaﬁ w %ﬂ&%mﬁ@mw%@dhlm@ww col d
fluid spubGeurslot Quteﬁlaﬁ@tseafeqméd RAROLAR flhig s&ecesmyhawawqiammeie&yst em

again. Once testing has ended, the cold fluid ource erat I S shut-off

such t hien thedempsrags of theiid) im the sk poig ?OHPEfs ’ﬂétl‘e chuck
500 to tdppoifeiid Sduide 05% seﬁxraotuhpsmme HERYS é&ﬁerﬂl}uhc Giinfe aata sémmﬁ@d»rch fluid

source 51 the su 52 e val.ve 535, the return  val ve 535R
She ¥ o et R Ee Lo R DL belrue G3HiS (kN MG onfleriie S bR REy
f eat ur eﬁotamnglwcumh@thﬁ@whmermn dliudd 300y e asemple] if e réigoint HREhsPET &M when

hose RDPSRTS FoPHe A7 enterior T BREE Y %80k TR o nBID BetAl | 21 ng o

t her mal e.g085 rdegrbe3rCeluyst eWhibs 1he at Bastngo ffluid s:bui'cea/ﬁ(rjg Suhmay hmethasame (as

opposed, to conbini.ng fl uj f.f ures | 1t | ess
energy [P Fwesn ng{e??fygﬁ P& © gsgielcl?ghcf ?%ﬂ'ﬁig ¥ eo %eé’}pcﬁ oled at the
fluid sdnﬂbmﬂtsarfdenoreedessmahmetmamksmabthellswenalymnwmemﬂtodimemng only a

cold fl d r| de |ce testln | heat er s
and chi Hmcéllr]sxl iy tg'ﬁ i! P%l (ofe]0) grge]?csona%fl%o é%%ﬁﬁgtg%e&h Hnlltm sd to be
m xed fmuqasﬁ)smndlﬂmcdléwldn@umﬁ 5t erefpgdtiveli teethe thermaln@mdf 5¢b| etmrnd hot

fluid t d
chglnchéoo lli51 hﬁrsﬁa%?éggg{ sloo? gross ttﬁg&%}g{a&?%%ﬁ&ﬁgéﬂ'kggﬁjtl%ﬁﬁﬁaie when
t he sysﬁilﬁmnd§lﬁmsm@qdyrédthtso'egafd(_f»fﬁtlmmﬁﬂwdffrom the eqt peint flyid speeeaiOfiies, no
ener gy eﬁ?ﬁoﬁéﬂfﬁ%ﬂb’;ﬂ?cé SR il Bnl chl sbbULﬂéﬁ]sé;%ﬁi FRRERGY theSS

t hrough 't contro er systemresults in stem wor ki ng | ess
t o achi exléflnid eouseerPd0 isalirpetesthrongh supply por@mtﬂ{?épﬂwéheﬁwghltchéow at a target

tenpera dgﬁ%uq‘ﬂé tHafndi Qﬁuck%%é '&Hﬁies Hnahffolﬁ BSG h&r a Bt ﬁgk tsk's’ﬂIt Tﬁé"ﬁaﬂlﬁﬂiﬁ ener gy

IS wast ring mxing, ficienc | ess work) of the

i | P i edetaaaliny of it vAlB A SF0R G5B TA58. A wopmdliing e oot

t enper aBi“fh@ s&rp&ﬂaq}uﬁ%ﬂ the BRE TRl anliNots of Wel thdrall dna&k 90, OVhive 83051 ngl e
fluid (1.e., dtilizi n% only the cold fluid, and elimnating the direct
O

i xi ng eeiERs|se Paimkifiig mlsam) candyit g and dirgeirghestet ppinbiid;ip xahe 8o Bher gy

ef fi ci efoing eaeﬁh&sﬁmmwgg%%@ tha& smegaﬁve% Bad a8 ﬁlﬁlimsu@'l}%oﬁﬁdltrﬂgﬂﬁﬁtﬁs |
unnecessar equl pnent [ | gure lslgatselgfcaSSISC%ﬂe%/tthmg\? a pbottom pl an

vi ew of d uidfoeralye p4fido be ininged on i.e., set point
or cold) is impinged on heat sink 555, the fluid may be recirculated from the heat sink 555, back

to the set point fluid source 505 or the cold fluid source 510, respectively. More specifically,

when set point fluid is recirculated, valve 530R receives set point fluid from the heat sink 555

and directs the set point fluid through the return conduit 515R to be stored at the set point fluid

source 505. The recirculated set point fluid is then recooled/reheated at the set point fluid source

505 and may be recirculated through the thermal controller system before the start of testing of
11



comuni cation with supply conduit 515 and 520. The adjustable valve 540 is
preferably nmounted i nmedi ately above the heat sink, and is actuated to

di scharge a desired flow rate of 13 WD 2010/ 050933PCT/ US2008/ 081515 fluid
such thaf, tﬁ b& d may i npi nge upon the heat sink 55&-sheWsisis Fi gure
4). Speg, ﬁtﬁa ﬂa 1§ rlacﬁ?cﬁlh@&l ﬁﬂ@@%wﬁwwesm%ﬁqlmﬁ@bhﬁ nal ve 540

may be controlle IS el ther the set 0|nt fluid or the cold

fluid; ilﬁ@Sﬁahd'éﬂqmthO%ﬂlbfé gh the r¢terg censtuflSZ0R 1 be stored @t the £old fuidhe 1 ui d

t hat h ?ﬁ fsﬂﬁn%@&le&kﬁéﬁte@ﬁtﬁhe@'@ﬂxﬂ“ﬁfc%%ldﬁﬁ f1uid
Vi a return con Its 515R 520 shown in Fltgure 5) back to the fluid

sour cesma0br wpittubied thrpeshdbe b contrqlies systeg fog fhe|duration ¢fiihe pting\ibiied readi | y
apprecigig that the adjustable valves 530, 530R, 535, 535R and 540 may

{1 ow 1 al0Bet Bers tstpByt e dBgl i, S AR P PRFERS PGB et e, ©
flow ra f 1§ 1§SU05 P 7 re,
dependi Jg-86n {:0S saRRE). THc@&'pUﬁlt Ngid Botirce 505 n{mamstﬂ%d' afmedmmvat@deﬁch gate
e o o g R g e 205 b kb Skl Y3 R

di aphr a I . Al'so,
one or §RkRd htbhghDing tﬂaﬁibleahueﬁ smalmemaﬁtwyd ben usiet: the seppyint feidfdisei d f1 ow
rate. [0068]  Figure nged. qu1 fromreturn cond its 515R
and 520@%@%&%%&%&{%&0 ‘? %‘b"om’? E‘S?E‘Peé'émg’ﬁ%"sa?ﬁéh ISR I8 o £ 1 ui d
source 5o sbRINREDUTRIoYe tedtinpe The cxrduhﬁ&ﬁoﬂ)ﬁxe ﬁ(pblht fludd tdness detheasitkd
appreciate that in_alt ati.ve odi ne fl etyrn conduit
or mul t PP Qnnugs gt &ﬁﬁﬁp@fﬁlﬂﬁ’ﬁ? %n%ﬁv H‘E)g tF‘BPﬁ"tL‘{%‘e fléhtgslrﬁnﬁl chuck
back toTkifg, ﬁfpdii&ffﬁldfthagdtﬁ rammmhmﬁgdme symml Ihyqtherh@rcm‘acﬁeeuhemt pamlted

C L b it 5 sl S9SN w12l LY
and col ﬂ:uﬁ-ﬂwndu;sﬂlsmﬁci&ﬂ:@etmt ﬂmdeﬁcar@bbé/todmen'dmtai/mddedlt@bmentahtpm abl e
vari abl ra1 ood £ S D6t Ledili@hs Ot her
suitablﬁ1 %*g@Wt (#qcﬁg’&q%'?% |onlsr Lo e e s S) ES& SHaE the

circul aﬂled)mathe samonineomwbxam mdslt-eﬂ’du@fthuaﬁlpem ﬂﬂiﬂeo ‘kaigﬂa;b'bléat@ﬁ ow rat es
Ty Do fetiet e Bethalbnudtiho Bthe hlafidiehst Rirc@uABAGHE ik SHREHELUHEOT 1 1

nperature o at sin etected power density of
t h e DUTﬂme\a@lm 508, ttactupply cawliis 15 1hie yalus S30hthe ratume vaye130R he wetyway condyie

condui t g, 1@@%&@%&&1&%%9%@@&&?&%&% Bhat 1"R0RXGH IR oint $Rid hat a

portion 0 entering t conduits 515 and 520 correspond
to the pasesitoentof the|systan esben foséneant the Dlihbegpnoer a0y s fivgAd tebpirte [ 0070]

Fi gures; 0 “ﬁmm%samﬂﬁ %M inShedrt. ADis SRt YniRIrIRAhOEmEbRIMAO| | | Ng

the tenperature roni ¢ device, according to_various_aspects of
the pregwntseti primniluidis used tesegh e MUT, pndd§ DUT e dspefpbively smalb (@ ur e of

t he DUT46\§/C§1? orilg_ﬁletspﬁao&@ AhidR neeBry @ difdipate MIRIIRI hewiBinritipadsting SFahdUT at

during testi he target tenperature may be a set pojnt %pra{{/ure at
whi ch adevige. This isralled passivesgnired. Evrewlaéﬁﬁ%wetﬁ?@m@}) ) =Ap afi%ely, the
target herDeriAiG (RRY oRecAWIES), %Qh&g&ﬁf@ﬁﬁ@itht&%’()eﬂ(l“em@ﬁhatw&cﬁ range)
at which an el ectfonic conponent is to functl an oper t|o

envi r onfie AV PeyeBshepiEd ﬂWé‘gs‘f’%‘Pg isgfelatjvaly gpa éhestE’PPﬁ%ﬁ%ﬁ ‘é‘Feat ure is

det er m g&d nbGQfuctulk® b8 RJnd PLI2CY, ahd ik EenfpRRfEof tRITIUR naY keadllmmﬁtaﬂlud By may be
determ ned for the cold f| ui 'd source (S602, 602a). The device is soaked to

the set opBrzinsdhswt ARt fdnr of er ably only using the set point fluid,
al t houglpo64] When testing of the DUT begins, the DUT generates heat. During testing the thermal

controlier system performs a cold source operation and only utilizes the cold fluid source 510.

No mixing between the set point fluid source 505 and the cold fluid source 510 occurs during

this operation. The cold fluid source 510 initiates the flow of the cold fluid such that the cold

fluid exits the cold fluid source 510 through the supply conduit 520 and is directed through the

thermal chuck 500 via manifold 550, where the cold fluid also communicates with the valves
12



14 WD 2010/ 050933PCT/ US2008/ 081515 those skilled in the art would
appreciate that the cold source nmay al so be used in the soaking process.
At step S604 the flow of the set point fluid (fromthe set point fluid

source) | o.Ecﬂ. %’%?ed to rel ease the set point fluid tQCM'ngo Ghb@l chuck
500. At -EI%@ . 9.,
gf%@/g% é%}ﬁ%ﬁﬁggtgh si'n ?%@Ehg%%é%k\%m%ﬁ%ﬁg&%%cﬁ oﬁl:égﬁ%‘e\(/?cg S

t he DUTf and/or o C el ec
measur ednd toenainteie tecarget terapetdure pf the AU Trduring rtesting. e Fyeevingvigiion df shet dpddy

conmpar @%@%@%&% $3ND A AL a&&&igustteﬁg(ffgagh{g,ﬁﬁ%eg&gﬂ}n&:&ﬁmﬁat ure) in

step S608. VWen the two tenperatures ar ] | ustnent is nmade
to the fiaintainsftheosaf oint éor tangetiiernperature s the dyratipn ofibbesting soasde eanfipn thaks

shut - of %@%ﬁ%ﬁg@%ﬂﬁﬁa&&ﬁﬁée&f ROIDUT bleUFoRai &8 FRRAS SthérOfar S

shut - of I ource operation nmay be initiated at step 5616.
[ 0072] Vireging feEperaigseér at ure of the devi ce and/or heat sink changes, the

val ves ?ﬁa@sfi')&& ot BRethbdld filh@ nhdy¥ redirchidRd %ﬁ&ugﬂ%@%s&ﬁﬂ&uﬁng’i{%t% const ant
flowrate until the desired tenperature is reache_réj_. Re e%rdl ess 01‘g whet her
1&@6%"%

t he t enpb#ds @i thaeqd flyid has pasgrd through e heah SAk Shd PRy ST e, t he

set poi ityd [958 SHdOWMrAGh t REBH IBndute shEtbadl RK dok MRi s@ied18ttot B
constant flow rate (S610, 8612%11 until the DUT tenperature equals.the set

poi nt t Ehprediecoeled shbe scbiNpushy thesystem again. ngncsjestag peserdyd eesplddpid. |11 the

act ual teRRespRiaHELisNRATH Qh iifat BRIcORCMEH nb Qorghecitcalb@e thrdu@ARS théntaP t hen
the process return

to ste 606 to receive dated, t erat yr ata, and
the subSgkapy teste %atam'éS?ﬁpglaﬁ on giay b suE Ay ?W,W?ﬁﬁ%i ng
gr di nar yuppki J:dnﬁti:iﬂsiif)%eaﬁdlv;mjﬂ ﬂﬁnaﬁzach bﬂfeesaslaathewaagl tdnduit GPYRE @ty © ﬁf t he
evi ce and/.or, he sj nk chan .. the v es. 530. a 540 may adj ust the
o T aBambigatigh G Iag above-FiP oL Tefgh o s e dTomor S0t fodh e o SkdBe | [0° 11
target bwrgaewhdnueing toh eheaDUTIRAdsPbr Esing hyfdienshugoffischnigie kdvemhe diossi nk i s
530 and 540 at step 5612, thus increasing the heat

i ncreased.by the valy

si nk teﬁ%"é‘?%‘i’%fms%@ﬁﬁ?% tenperature data is greater than the target

t enper a{ad66], Anhedvanmage i unifizifig @i tlerfrlabwongliérhsysteng heidciietidgefitid davikg iose
decreased by the valv 530. and, 5 at h ' t.he heat
si nk tefﬁ%’?é%?@s %R?&”??Pe n%ggﬂ n“ﬁéelsglél?lﬁ? éll.fgfeﬁégl% ?%%témsgzss%}%q%%%%ytl{:e fl ow
adj ust ninst wheartle finidlie dir¢cked tpboe deated/ micooindatithe {hidgpusa6r reorcnisian back updat ed
t enper at ur a . th . . ry until
the DU 1 o Sl (el By 8403 RO, USRS BhE EREEL B pdR ARRRRIE Y
oper at i beateas angtchifiers Bilthe sybiOd 78oolirecenl,tané heat/tehest fluidytp be mivigd &or deetdaring equal
to the - e at S [ i1 i tion and
i's shut _g:?:?g, B{ tﬁhgnﬁﬁ!gw 0 thﬂéﬁ%glﬁt %)iag& %g@?%ﬁ%%gﬁﬁﬁt %g% ce) is

i ni tiat eehsamptines ©el@s incrrdsed ndbanpst 108 thareppermdienty acrerstthe derd sinkr 0t

{ enper Ak BoBADIH el Sl iSTRRchRiaTo bk nbiiCordittainl Rt ldhsE) Ng. Al

step S7 oW 0 e Co lurd rs initiated and the cold flTuid is

rel eased log thiough the combiniag of khesthods. Abess capersipeuthiongh thettheamalk copyient ur e of
the el eg}sgﬂ.ieﬁu@ ﬁf&h@ﬁs&ﬁ vibriing B8 tPhRiR0 e UmOesitdd@esif Ble., Halnirifl Nt act

with th ctronic device is

DUT at a target temperature during the testing). It is further noted that the less energy is wasted
during mixing, the higher the efficiency (i.e., less work) of the chillers/heaters to re-cool/re-beat
the fluid back to the set point temperature or the cold temperature. Thus, utilization of only a
single fluid (i.e., utilizing only the cold fluid, and eliminating the direct mixing of cold and hot
fluid) during testing of a DUT increases energy efficiency, reduces power consumption of the
system, and eliminates unnecessary equipment.

[0067] Figure 5 schematically shows a bottom plan view of the adjustable valve 540 in
communication with supply conduit 515 and 520. The adjustable valve 540 is preferably
mounted immediately above the heat sink, and is actuated to discharge a desired flow rate of
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measured (i.e., tenperature data). The measured tenperature is then
conpared to the desired tenperature (i.e., target terrperature) In step
S706. When the tvvo tenperatures are the sane, no 15

20101050?§§P 08/ 081515 adjustment is nade to the, oddsRMs rate
t hr ough d Eifir Gk 445 b Mﬂﬁﬁ edifeallCEI Ve
updat ed era ure %ﬂmlf 73%{%% t{1e tenp gratur1 of e d%w ce and/ or

heat si ima nnhdntgimg enﬁ)h@mw theadiggbleaniye S40omaydic @Slitmﬂ%tofdkséwge(ﬂthﬁ the
accor di %X‘B ¢ fufid & é‘&ﬁc?gm& ha?é vaw A?@f al<3BE c&fuoﬁéa% mllﬂﬁeammmg% muf the

val ves may Dbe use In a low rate of the set point fluid. Wen

t he tenthethes ak@dﬂmgpéupoeglse hemﬂ(tﬁ‘é ané, digests theeﬂ%wam condpis SAbunt  of
fluidf k%@ﬂw{{hﬁ RIAR H BExhs tle ﬂ%icfgﬁm‘c& 539%@?1%%@%&196 Tﬁé’de\b?ﬁ;ﬂﬁiﬁE’ and 540

at step I'ncreasi ng the heat sink tenper
t enper athgrag vwiiderepdily gprregiate gl‘ih@ﬁ adipgableayaljce S?tﬂeﬁ%e é% rSéSR Pﬂ‘f’eﬁ?d’éﬂ’nt of
fluid fl:aﬂ%xggsui SRR of iﬁﬁmﬁ@%&wﬁlhmﬁ ﬂnéﬁlhdiiéﬁ eaeRdndite AB® reab¥asd B35 and 540

at step Sr1 us reducing the eat sink tenperature. In eltﬁrﬁr case,

after tﬁ@mm@wamgﬁwl&gér‘?ﬁffe enengling.on e ety melodipe Pulobmied: ur ns t o

step 579)4&1§c%rv@§ Sht¥ QatvR il Gt <) f’@l&fe%ﬂés‘;cﬁé@ﬁ GalvedHittérflg vatudssdiapheigin St eps
are repeated as necessary until the_ en he testing 0 ratlon [0075]

I n anot fehalliygiyes pepdic; ‘ﬁlje’é PEGHvARssand fl}‘?g’th Stat™® ©b P EW%???
per for mgvgsmygemlb@gqhaﬂm@mbe&t@re the testing of the DUT to rmre

qui ckly achleve th testin e era oi nt
t enper all#p#) Figwrg 4;shoves MP&%&“‘& F‘ﬂ’@%ﬁ@ ﬁ%{ﬁﬁ éﬁ?‘r@fi%g{m g‘gfs‘?‘é’ﬁ’? Kay
L ncl u?ieﬂ{efaaplf;ﬁgﬁm Mdd SOSjﬁﬁl(tlid &@ﬁtﬂmm&e 510, feh&cl ﬁkelscri-lop&v&n,rth@éoﬁkglur e 4,
utasolncue addi ti opa res ilitate a
oper at i Shthgrt ?ﬁﬁmmr %1"81” oﬂléroﬁﬁltfujcbeﬁ{'lpp fﬂng'#’ yst em of
EI gure ﬁ}ulmpfeldﬂiﬁtﬁs%m dgﬁﬂmﬁlmwdg Su!pﬁl’iﬁﬁ'rc&ﬂﬂne tlmnmahgulxaklb&ktce@neak moedingr f or "
eating flui e disc ed .t hr.ou € 5 regar
the hot Sq¥5-d Adgitirrallyg ‘3%3 FRgRed; o bmeé]%uﬁ Ing%”'mf 0trgllhldg)f"f ? dtemshgrt poi nt
fluid saixredtly obéxtdninllp tothe thetmabetmsk Sa9ndui t 810 ext endi ng from t he supply
condui t t fluid rce 0, her mal
chuck 5&@@‘“‘8‘3‘6‘@3“’[ i P %3‘3% §/° con a?ld @ ﬂlﬁgg%‘% Jel’ﬂ) Wh}? H?g){j source
805 heatmmd&eﬂmém gifxistable fvhablk nates,dt i uhdwstdddlw dﬂldaaslqlliﬁg im theart thas ofherr at ur e
that is h t |kt Aate The, bdi rd
suppl y fff%ﬁrh d:g’la%%?ﬁ%t%g # quﬁ;ﬂ)ge%@ﬁ %fc&st abl e ‘R%I ve 830
t hat Condmsmhismitehd of aried o The freriahlgtflof r@ﬁcﬂmmobeb@teemmechbzatbéfcmt limited to, 2
detected temperature of the DUT, a detected temperature of the heat sink, a detected power
density of the DUT, and a detected resistivity of the heat sink. Further, the conduits 515, 513R,
520 and 520R are adjustable, for example, so that a portion of the fluid entering the supply
conduits 515 and 520 correspond to the portion of fluid exiting at return conduits 515R and 520R.

[0070] Figures 6 and 7 show flow charts of an exemplary method for controlling the
temperature of an clectronic device, according to various aspects of the present invention. In
step $S602, a desired or target temperature of the DUT is set for the thermal controller system to
maintain the DUT at during testing. The target temperature may be a set point temperature at
which a DUT is to be tested (e.g., 90 degrees Celsius). Alternatively, the target temperature may
be a desirable temperature (or temperature range) at which an electronic component is o
function in an operational environment.

10071] Before the start of a test, a set point temperature is determined for the set point fluid
source, and a cold temperature may be determined for the cold fluid source ($602,602a). The
device is soaked to the set point temperature preferably only using the set point fluid, although

14



through (e.g., inpinged on) the heat sink 555. After the hot fluid is

I npi nged on heat sink 555, the hot fluid may be recirculated fromthe heat
sink 555, bank to the set point fluid source 505. Mdre specifically, when
t he hot 1;?[, i(g)’?gecirculated, val ve 530R receives the h fluid fromthe
heat si (g oeﬁr?a i rect hot.. 11 igli h the rgggﬁhmg%?gs °t 515R to
be storglasea%“% emglgtmp“c'ﬁ“?ﬁépg%ﬁlfi%eméé% %Lrggg}ayc?@?ab?gﬁ’ ﬁ%fhefﬁo I's then
r ecool egrocesheAt sep 604 the dlowalf thesetrpoing Guid (feond 06 setpdinhBnid barceleis iinitarddat ed

DuT o Sk W R A e Bl BV SENRE WP $008 1Rl ok e P S
ready f electtosistdevige (@fg. titedD D ANdbhef thalratisigoalconpe with itprelacgonihdaviceis such
tho. heap et (b EnRRub@OBR] Fi bk LR RppaAHAR (e R MFLIB RS P00 ©
505, t htempoatie .e.Stheget/setpwing ympertues) el sien SG80 Whem the g teaiperatprss grediendui t
815, thgfLhd biudtinf & maRs thelfiid flow rate through the heat sink, and the operation is
shut-off at step 8614. Once the set point fluid source operation is shut-off, the cold fluid source
operation may be initiated at step S616.
[0072] When the temperature of the device and/or heat sink changes, the valves 530 and 540
maintain the flow of the set point fluid at a constant flow rate until the desired temperature is
reached. Regardless of whether the temperature data is less or greater than the target
temperature, the set point fluid flowing through the heat sink is maintained at the constant flow
rate (5610, S612) until the DUT temperature equals the set point temperature and ready for the
testing operation at step S616. If the actual temperature measured is not equal to the target
temperature then the process returns to step S606 to receive updated temperature data, and the
subsequent steps are repeated as necessary. However, those having ordinary skill in the art will
appreciate that when the temperature of the device and/or heat sink changes, the valves 530 and
540 may adjust the flow rate accordingly. That is, when the temperature data is less than the
target temperature, the amount of fluid flowing tilrough the heat sink is increased by the valves
530 and 540 at step S612, thus increasing the heat sink temperature. When the temperature data
is greater than the target temperature, the amount of fluid flowing through the heat sink is
decreased by the valves 530 and 540 at step S610, thus reducing the heat sink temperature and
the DUT temperature. In either case, after the flow adjustments are made, the process returns to
step S606 to receive updated temperature data, and the subsequent steps are repeated as
necessary until the DUT is soaked io the set point temperature and ready for the testing operation
at step S616.
[6673] Once the actual temperature data is equal to the target temperature, the set point fluid
source ceases operation and is shut-off, the flow of the cold fluid (from the cold fluid source) is
initiated at step S616, and the actual temperature data and target temperature continue to be
monitored for the duration of the festing. At step S702 the flow of the cold fluid is initiated and
the cold fiuid is released to the thermal chuck 500, At step 8704 the actual temperature of the
electronic device (e.g., the DUT) and/or of the heat sink in contact with the electronic device is
measured (.., temperature data). The measured temperature is then compared to the desired
temperature (i.e., target temperature) in step S706. When the two temperatures are the same, no
15
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conbi nati on of the above-nentioned features so that the flow of the hot
fluid ceases to enter the systemwhen testing of the DUT begl ns or using
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[ 0082] However, when the actual/measured tenperature data is |l ess than the
target/set point tenperature, the hot tenperature is conpared to the peak
tenperature set in step S1002a. When the hot tenperature is equal to the
peak te%ﬁdﬂsﬁgﬁdependi ng on the system confi gurat iRyudiisReisePtions are
avai | abje, @ﬁm@@fsﬁ%&hﬁ&:ﬁd}&ﬁ& Bthé RS- RRAIALERLEeRaRdaRtdow &f each
ot her, and not together. 1n a first instance, in_ step S1012, when the hot
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rate of d4effes fsisiug) ppdqTigRet plod coustant male thray t'?/?‘f’i’ X ?%?e“[ﬁ’é © ST
e oG A et oarear st e of tho hest. o pk a1 S0 ncr oa
u Vi . enmperat.ure. o e heat.,sin SQ, I,NCreases.
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shut-offl,o Jdgr% set point fluid source 505 is operable and initiates the
f1 ow of PPHe Set point fluid at the constant flow rate (at step S1017) to

f 1 ow t hj06?8}h Thuppid soakametedire 5lafotknowinas fystam oxeraiives I8 syspnmeycrdriag dhet he
device g bdided betferifufd! df tRfdediblo he the BiceSt €D
81026).&ngrgnﬁg%&%gpﬁdq%g{eﬁ%%ﬁ#g él nstance, in stgﬁ S1015, ea tenperature
(e.g., tObe dhsiyedctemBeadterec Epwevss gantion must be taken when performing system overdrive

because if the device temperature exceeds the desired temperature for testing, then a system

overshoot may occur, and the device and/or equipment may be damaged and may result in
aliered results from the testing period.
[0679] In this regard, Figure 10 and Figure 10A show a flow chart of a method for controlling
the temperature of an ele¢tronic device before a test using the rapid soak procedure. In step
$1002, a desired or target t\émi)erature fo maintain the DUT is set. The target temperature may
be a set point temperature at which a DUT is to be tested (e.g., 90 degrees Celsius).
Alternatively, the target temperature may be a desirable temperature (or temperature range) at
which an electronic component is to function in an operational environment.
[0080] Before the start of a test, the set point temperature is determined for the set point fluid
source, and a peak temperature is determined for a hot fluid in a hot fluid source (S1002a}. The
method includes initiating a flow of the set point fluid from the set point fluid source, and
directing the set point fluid to the hot fluid source 805 through bypass conduit 810. The sét point
fluid is then heated into the hot fluid (i.e., third fluid) having a hot temperature.

17



than the peak tenperature and greater than the set point tenperature is
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test. Tn the second instance, the flow rate adjustment of the hot fluid is similar to the cold source

operation described above in that when the flow rate of the hot fluid decreases, the resistivity of

the heat sink increases. However, when the flow rate of the hot fluid increases, the temperature

of the device and temperature of the heat sink also increases.

[0083] In a third instance, in step S1011, when the peak temperature (e.g., 120 degree Celsius)

is reached, the hot fluid source §05 having the hot fluid is shut-off. Once the hot fiuid source 805

is shut-off, the cold fluid source 510 is operable and initiates the flow of the cold flnid at the

constant flow rate to flow through supply conduit 520 to the heat sink 555 (at step S1013). After

a short time, the set point temperature (e.g., 90 degree Celsius) is reached, then, the cold fluid

source 510 having the cold fluid is shut-off (at step $1015). Once the cold fluid source 510 is

shut-off, the set point fluid source 505 is operable and initiates the flow of the set point fluid at

the constant flow rate (at step S1017) to flow through supply conduit 515 to the heat sink 555 to

maintain the device at the target temperature until the start of the test (at step 51026).

Alternatively, in the third instance, in step $1015, a temperature (e.g., 100 degree Celsius) less

than the peak temperature and greater than the set point temperature is reached, then, the cold
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CLAI M5 What is cl ai nmed: 1. An apparatus for controlling a
tenperature of a device by circulating fluid through a heat sink in
thermal contact with the device, the apparatus conprising: a first fluid

source ishUghfgs2 first fluid having a first tenper RCWUS0/BISIS 5 second
fluid ggdikbifed NOhid e 3016 Baidmehyfie shug-offaud thg sef peiatbrdsquesssBT BEY PR

different fromthe first te rature: o . ht i rhied (A gi®me) i ncl udi ng
a t hi r @perablg andpnayit ?t%%ﬂowyﬁ’gﬁﬁt@f’%tt fuid ot the ?Oen%tgﬂrflttfgf rom(t ﬁ%pfi rg)t and
second ¢ A5P Frdlgirapply anduit 515 to thethearsinkl 558 e sl HE Ve HAREIEH to t he
first fluid source via a. fjr.st conduit, operably connected to the
second@ﬂpﬁﬁaﬂm‘s‘ﬂﬁlﬁi‘g%ﬁtgﬁﬂe{se%ti%tﬁ%ﬂggdﬁ%}y conduit, and further ,gsptgrabl y
connec g4 WHeh ehethbi eipdrhtuieds esthanahe/peak empprpies. e SHVS SOSRIES 1% he

t hermal chuck i ncl udi t. Rk Gsti@shesadabirchdhad the he fl ow
rate OPDIESF?Q"tlIf?W’?fe#ﬂﬁ?‘gtfi??gﬁ@fh%g%tﬁﬁ%ggh the heat innk i s generally
CONSt ankak felPeratirel (@@stepeSa01aISIe2f §HA1Rkr Inclhp PYgH Haythe %WPQB‘%V Rontrol a

flow rate of the seco bl (53 1 ' gh tlehdvheaks abtnbeen and t he
at | eaﬂeaffﬁéha\?ats?/@@sggag%ﬁ}eer (ag%n i {aﬁére{e%ﬁgagﬁi gqtilﬁy control, a flowrate

of the ckitedad), fthaflatv citer ciltherhotripid mey beypdysted i gigp SLY25 (similarly 10 theysteps,,

apparatus accor di t i icM16 ) Biitdinddnie o itdr &t teBipeatuye wnihdiaistarti ncl udes
a bypad&" Wa%pgélggﬂﬁg%}%é@t e third fluid source to the first fluid
sour ce.ofthetest. 3. The apparatus according to claim2, wherein the first

fluid f the first. f il f SR Bpdandis’ @6dethotehimengy Wissipation vimeas thecondui t
Vi a thelb‘ﬁg)s sgalIfSp é/veétlg‘#duft tothe third fluid

appar atDiST.desenenlpss Gow|thg A, ARUFTTRALY tiee 1 YopEpt ang ity é‘@s T? hr ough
the bypass GONOMIL of e DR, {1, Gné tesilchs SRLhE disclbde ehbadimkerts antle mowr ce i s
oper abl r(iaéorous testing of electronic devices, handling tests beyond the effective 500 Watt limit of
conventional devices, e.g., up to 1500 Watts. Further, thermal control of electronic devices in

any environment (testing and/or operational) is greatly enhanced.

[0086] 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 illystration, rather than words of limitation.
Changes may be made within the purview of the appended claims, as presently stated and as
amended, without departing from the scope 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 imited to the particulars disclosed. Rather, the invention

extends fo all functionally equivalent siructures, methods and uses such as are within the scope

of the appended claims.
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5. A nethod for controlling a tenperature of a device in thermal contact
with a heat sink, the nethod conprising: determning at |l east a first

tenperature of a first fluid, and a second tenperature of a second fluid;,
initiating, at a generally constanfLA&YS, a flow of a first fluid source

havi thrfir_t fluid;, determ ning tenperature data of at |east one of
thel’gg%ti%%lﬁiﬁthe heat sink; initialing a flow of a second fluid source

havi ng the second fl uid; variably adjusting a flow rate of the
second fluid to generally maintain the device at a target tenperature;
shutting off the flow of the second fluid fromthe second fluid source;
initiating the flow of the first fluid fromthe first fluid source; .
directing the first fluid to a third fluid source; heating the first fluid

into a thiAd dpbataflis for controlling a temperature of a device by circulating fluid through a heat

sink in thermal contact with the device, the apparatus comprising:

a first fluid source including a first fluid having a first temperature;

a second fluid source including a second fluid having a second temperature different from
the first temperature;

a third fluid source including a third fluid having a third temperature different from the first
and second temperatures; and

a thermal chuck operably connected to the first fluid source via a first supply conduit,
operably connected to the second fluid source via a second supply conduit, and further operably
connected to the third fluid source via a third supply conduit, the thermal chuck including at least
one valve configured such that the flow rate of the first fluid circulating through the heat sink is
generally constant, the at least one valve further configured to variably control a flow rate of the
second fluid circulating through the heat sink, and the at least one valve is further configured to
variably control a flow rate of the third fluid circulating through the heat sink.

2. The apparaius according to claim 1, wherein the first supply conduit includes a bypass

conduit connecting the third fluid source to the first fluid source.

3. The apparatus according to claim 2, wherein the first fluid from the first fluid source is

directed through the bypass conduit via the first supply conduit to the third fluid source.

4. The apparatus according to claim 3, wherein when the first fluid flows through the bypass
conduit to the third fluid source, the third fluid source is operable.
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determning a third tenperature of the third fluid; conparing the
tenperature data to the target tenperature; and circulating the third
fluid through the heat sink at a flowrate. 6. The nmethod of claimb5,
further conprising: shutting off the flow of the first fluid fromthe
first fluid source. 7. The nethod of claim6, further conprising:
conparing the third tenperature of the third fluid to a peak tenperature;
detecting the third fluid at the peak tenperature; shutting off the flow
of the third fluid fromthe third fluid source; and initiating
t he f 1 owp-ob meibod for spniroliing ansmperturn f faj desicetis yamal gowagtrwith & heak siplet
gP§ urce, t Q. g%nerally mai ntain the tenperature of the device at the
targe 9 éﬁ & s 8. The nmethod of claim®6, further conprising:
conparing t hedétémﬁﬁin% anpeastal firsetedipetdi@retdfiarfitst fluid dardde fcp@bienipergacaiiy e;

detectlng the third fluid at the peak tenperature; and
second fluid

initiating, at a generally constant rate, a flow of a first fluid source having the first

fluid;

determining temperature data of at least one of the device and the heat sink;

initiating a flow of a second fluid source having the second fluid;

variably adjusting a flow rate of the second fluid to generally maintain the device at
a target temperature;

shutting off the flow of the second fluid from the second fluid source;
initiating the flow of the first fluid from the first fluid source;
directing the first fluid to a third fluid source;

heating the first fluid into a third fluid;

determining a third temperature of the third fhuid;

comparing the temperature data to the target temperature; and
circulating the third fluid through the heat sink at a flow rate.

6. The method of claim 5, further comprising:
shutting off the flow of the first fluid from the first fluid source.

7. The method of claim 6, further comprising:
comparing the third temperature of the third fluid to a peak temperature;
detecting the third fluid at the peak temperature;
shutting off the flow of the third fluid from the third fluid source; and
initiating the flow of the first fluid having the first temperature from the first fluid

source to generally maintain the temperature of the device at the target temperature.

8. The method of claim 6, further comprising: _
comparing the third temperature of the third fluid to a peak temperature;
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vari ably adjusting the flowrate of the third fluid to generally maintain
the tenperature of the device at the target tenperature. 9. The nethod of
claim7, further conprising: shutting off the flow of the first fluid from
the first fluid source; detecting the device at the target tenperature;

initiating the flow. pf .t second flujd fromthe, second fluid source;

det er ni ni ng t‘ﬁeete %%@?Me%mggfﬁmgfaﬁ PREEIE2UL § { he heat sink:

conmpari ng t hevirgispe radjustifig ddk aflbR tae Jratiethit® TREd abUihepdllyt Rehidie ¢
di scharging the second fluid at a flow rate corresponding to a difference
bet ‘wE@rratyre of Bwplevive gt thedaneat gAwetdiEet ar get tenperature; and

variably adjusting the flow rate of the second fluid to generally maintain
the target tenperature of the device. 10. The method of claim8,

further @omh¢ nethod:.of ehiiat’, iigtiek tombasihbow of the third fluid fromthe
third fluid squrce; detecti ng the device at the target tenperature;

shutting off the flow of the first fluid from the first fluid source;
detecting the device at the target temperature;
initiating the flow of the second fluid from the second fluid source;

determining the temperature data of the device and the heat sink;
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initiating the flow of the second fluid fromthe second fluid source;
determ ning the tenperature data of the device and the heat sink;

conparing the tenperature data to the target tenperature of the device;
di schar gi ng t kempaarghe tempedature dptd odhe tage temperatuposfldhadevice;a di f f er ence

bet ween t he teamm s n he, target tenper.ature;..and

vari ably adj u?ggla %&[&l%etﬁ bi %%é{/ﬁ‘(} QP@ ag]a?}q%r %8%%%?‘&?%&%%&1&%%?’3???%%% ain
t het tretdatgpaidahe faeped tertheatdRY he® . 11. The nmethod of claim8,
V\herdéﬁemlihg target tféa_err%_er%t%?% of the device is the first tenperature.

12. The net ho¥asely adivpiing Gedlaay mtgof the sagerd Hvidpio) gsnerglly maintain the target
dec&%@' t rate of the third fluid when the tenperature data is
gr eat ri‘aH gﬁﬁiﬁée&%qigreget tenperature; and i ncreasing the flow

rate of the third fluid when the tenperature data is |ess than the target

t enper at ) 3.. The thod according to claim8, wherein

det er mi nhjérglwﬁge@%‘?rﬁé?lmgefuﬁ?%wsﬁﬁ conprises determning the .

temperat ure O, o Yidfow Br HRTRES ALK Fofind BEdIRA sl @ pover density
e

of the device, and a resistivity o eat sink. 14. The met hod
accordi ng to détaétimgliBe dewier atithe tsget banpdranwra;at e of the third fluid

ate of the t A Howbd heesend Fhe ford e oond Non seMEShoat oink
decreases. determining the temperature data of the device and the heat sink;
comparing the temperature data to the target temperature of the device;
discharging the second fluid at a flow rate corresponding to a difference between the
temperature data and the target temperature; and
variably adjusting the flow rate of the second fluid to génera.lly,maintain the target

temperature of the device.

11. The method of claim 8, wherein the target temperature of the device is the first

temperature.

12. The method according to claim 8, further comprising:
decreasing the flow rate of the third fluid when the temperature data is greater than
the target temperature; and
increasing the flow rate of the third fluid when the temperature data is less than the

target temperature.

13. The method according to claim 8, wherein determining the temperature data further
comprises determining the temperature of the device, a temperature of the heat sink, a power

density of the device, and a resistivity of the heat sink.
14. The method according to claim 13, wherein as the flow rate of the third fluid increases,

the resistivity of the heat sink increases, and as the flow rate of the third fluid decreases, the

resistivity of the heat sink decreases.
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15. The method of claim5, wherein the third fluid having the third
tenperature is a hot fluid having a hot tenperature that is higher than
the first tenEerature of the first fluid and the second tenperature of the
second f | Li.dThe pzisgbobalzinyvBMwherein the tirdafxpdhating the thirdengeehtdieris a hot

ci i R e SRR, Bt BV aetherhel lsaratiioco! e iciud mere

fl UisdcaUemPefadRS bf iHRGE&HA M@ rust fluid haV|ng a first tenperature a
second fluid source (510) including a second fluid having a second
tenperature, and a thermal an& (500) operably connected to the first fluid
source and the second fluid source, wherein the thermal chuck is
configured to receive the first fluid and the second fluid to be
circulated through the heat sink (555). A nmethod is also provided for
controlling a tenperature of a devicein contact with a heat sink The

nmet hod i ncludes determning a target tenperate= (5602), initiating a flow
of a fluid froma fluid source (5604, 5702), determ ning tenperature data
(8606, S704) of the device and the heat sink and variably adjusting a flow
rate (S710, 5712) of the fluid to generally maintain the device at the
target tenperature. {P32602 03416131DOCI 24
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including a second fivid having a second tempersiure, and & thermal chock (S00) operably
mmacﬁdtbmeﬁrstﬁnidmce@dms_mndﬂzﬁdMWhuehﬂmmmabwkis
mnﬁguredmmeivemeﬁmﬁnid'mdthsmmdﬁuidmbecﬁmm&ﬂmughﬁmheatmk
(555). Amdhadisahopmvidedfuremmﬂingampemﬁawibehmﬁw%ahm
sink. The method includes determining a target temperatare (602, inifigting a flow of a fluid
from a fuid source (S604, S702), determining tempereture date (5606, §704) of the device and
 the heat sink, 2nd variably adjusting a flow rate (5710, 8712) of the fiuid o generally maintain
the device at the targst temperature. '
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