P32602.507 THERMAL CONTROLLER FOR ELECTR_,O_NIC DEVICES
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The heat sink offsets any excess heating, and also removes heat generated by the DUT during the
testing process, 1o the extent this self- heating increases the device temperature beyond the test
temperatare. Power fluctuations may cause significant and relatively instantaneous self-heating,
requiring the need for the thermal controller to quickly and accurately react to offset the
unwanted increase in temperature.

[6065] 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
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[00051 However, the total amount of power that can be removed is limited
byP3REOM8Eiker itself, -which has a maximum for power density (or Watt
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Number PCT/US07/74727, the disclosure of which is expressly incorporated herein by reference
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.

[6009] Therefore, a need exists for a simplified thermal controller system that meets the

demands of maintaining a target temperatare of an electronic device under test, that minimizes
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Number PCT/USQ7/74727, the disclosure of which is expressly
INCRAEHOPREM hereiri by reference in its entirety. To recover the energy
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device during the testing of the device,
[0013] According to another feature of the present invention, the thermal chuck is configured
- such that the first fluid circulates through the heat sink before the second fluid. [0614] In yet
another feature of the non-limiting embodiment, the flow rate of the second fluid dircctly affects
a temperature of the heat sink. The flow rate of the second fluid also changes in accordance with

a change in the temperature of the device and/or & change in the temperature of the heat sink.
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[0018] According to another feature of the second non-limiting embodiment, the first

temperature is a target temperature of the device and the second temperature is lower than the
first temperature.
[0019] According to a further feature of the second non-limiting embediment, when the second

fluid source is operable, the first fluid source and the third fluid source are shut-off, and wherein
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is operable and the/first fluid flows through the first supply conduit through
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[6025] According to a second feature of the invention, the method may include detecting the
device at the target temperature, shutting off the flow of the first fluid from the first fluid source,

initiating the flow of the second fiuid from the second fluid source, 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 varfably adjusting the flow rate to generally
maintain the target temperature of the device.

{0026] According to another feature of the invention, the method may include circulating the

first fluid through the heat sink; and generally maintaining the temperature of the device at the
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fluid source. .
[0033] According to a feature of this embodiment, the method may include 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.
{P32602.00488138.D0C} b
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ﬂ&;i&é@%%gses, and when the power density of the device decreases, the
flow rate of the second fluid decreases. The flow rate may also adjust

ﬁ&é}»lgat W en he N g%tgfs uﬁe&%@% dﬁ%@%ﬁn&hﬂef QAR the

econ INncreases, an

n the tem eratur% El.] datt%gl%eak
dé@réé@@@l‘l‘%‘@ﬂéwerﬁ?édd?‘?ﬂé%aeﬁ??ﬁéeﬁ‘ﬁfﬁa%meggesg i this regard, as
thediaetiaicend theaiseadstifgidenore atesf the Fdi Mwwgfﬁeaﬁ%m the
degrs g@e ofRd &%@gﬁ{g\%@{g@ﬁf,m@l@econd fluid decreases, the
resistivit ofthe heat sin 003 il e sh
fedi¥id, @'&@@otﬁaelte”r?l ure is ov{/Se?n% %19{ r%?ngt%}r%l&p%e]?gture ng

theffite ffloied aﬁ&qﬁ"@st@é@n@‘*fmféad@%@f’fﬁ |§P“[’6?93d2 “HigoYHIGE 3h6 ergﬁ
NoRajRing, ﬁmmlmesmmme imvedtiowd, fttve trateod! M/ sivetaditermining the

SNULRCL Ol 15, 1O SRF UL LN Ch L AR-HIRAEO RS IROUED the arge
ow

initrath ng 0 the first fluid from the first f UI Quree, dir
firdemeRErtEeeLthibe IR ShiFhREiE dith GoIRE ﬁrsi!f?wa Into at%l?gdgﬁ%ﬂ Bl o
detatfbninia Geamtieirchtermperatcr datf b URiRISHL IEmREHTa AR HHEbly adwsfmg the
terppealselaiade fsargatianaantiims: and cnqulatingfiie diicfuid

throu eat sin qw rate. T f: JRBHEIBFF the flow
shdﬁ @%ﬁ‘ﬁﬂ oW oa?ﬁe C}Prst ffwta Prfﬁ%?fﬁ%?oﬁ}f{ s%%?&é g o e fo

AcebfHlirigind Spib rmatsr e Sritbsue et RBE iy 1he &8 o hmperator,
compatingithadRistitempst duwiddroh the sdeired fluid W@%@WP@W@@%\W%‘“MG
Shetc?[ %‘ %gﬁw ganUé(Ar{%{l%E&glaﬁlp eakpde® ﬂﬁﬁ@ﬁkﬂ@at&l’élﬁﬁmgs ol ﬁl&fhmz@‘ﬁture of
e third fluid, from the thir our b
ALY BHETRA BErEt e R S @ o T e e
maimtiatiee tekn P et ERpUERH YRR GUPTH Sgrﬁ?urém ot the secon
{P3R602004RR 1P TN} 5e PRI CnGDaTfONIN} Aciordatyrinrolrcemperature
feat(i.J%(;:‘ Qi ?l%]pst de déhfe %ﬁg@ﬁ%@ﬁ%ﬂ@ﬁ@ﬁ@ £mpatng shie tirdink, a
e third flui

temperatureo to a peak ‘?%erat]g#e detecting the third
fde’%Y%"ﬁ’é’éRﬁf@ﬁfﬁlgfaﬂ?%“ﬁﬂﬁl\’}% b1 58, 88tihg the flow rate of the

thir gotB Accoimga yloavermBikis prabadimsé the P fRRPARYT QS BF IRUEdP g It
tempeLRIMEe. (0035] According to yet another feature of this embodiment,

h d lud f o
;IU?OWG t@rc::e rré%%éc e ﬁﬁ&?%&%}%f 8‘[&%&@%& fedinstd g ﬁ&ﬁﬂetb@rgiﬁhg th

e evice at the ta et, tem erature initi q% and
f|0Wﬂ@’PVth’ée§(§&9ﬁ%Fﬂ irehenihe CRREAET ff‘é‘b%f%gr SRS T %GE ®
temperalie tatioef the devictiahfuidevheatsitionesnisatity ‘fh‘éSS ﬂ‘a“ the target
tempger Jata to the target temperature of the device, discharging the

ffrﬁ%%;éfé% s ﬂow oy R lég%lsx[p g t%@d&'fg}?r&%g REMRERARR third Auid

emperature, and varia adjust gﬂth,[%gr 4 fuid
flowinaterss,thie smbmﬁﬁl@f @R)bgﬁn%?]él}?"ﬁf"é?ﬁ{éﬂ’ii t?‘?eﬂﬂﬁrﬂy‘f’ t&‘}ﬁp rature
of thgugeAiEeihe resistivity of the heat sink decreases.

[0040] According to yet another feature of this embodiment, the third fluid having the third
temperature is a hot fluid having a hot temperature that is higher than the first temperature of the

first fluid and the second temperature of the second fluid.
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[OIQ:%QAZQ till another feature of this embodiment, the method may include
shu ting ofthe flow of the third fluid from the third fluid source, detecting

the device at the target temperaty fin Qf the second fluid
from the second fluicPSotree trete gthe wﬁ%e data of the

dd00dt) Fhel tiveiiatitchisie mwm@w@itm@m@c@ﬂ% b e fipgs o the

tepaRe @tuiagefhy hﬁjﬂ evice. itiaahanging dh & seden did vid-ate flomerdsaepresent

correfa;t?egar}g JaleRIeR=N Lﬁgrrg Yﬁg}\ﬁg@gﬁ% tempsaiatyre data and the
erattre, a

targe varia adjustlng e flow rate oﬁthe se?onagerfléjheat
to@%&?&ﬂ%ﬁ?&l‘ﬁ%&‘iﬁ?ﬁ% @53“@’%‘%&&71 AP SR EY Ui LoR SRy Aning
thedefapdsatorenddatativirthé thirisli desstdetlereaiting the temperature of the
d%ﬂ?ﬁt %%emf@tﬁﬁ@meg%ﬁh&éh%g}f&m RQWIeH RN sityhefiilecteite, gucns
a regjstivity of the heat sin [

e B Ayt I ot 2 S gt SR o st s
[OWWAYﬁ%rdlng to another feature of this embodiment, the method may
inqhede dpcreasingaiaepfldsicate tf thiptbvstf bitveeh dluidhore fopinanyre 2 heat
dafg Is.9reaeh Al RS {aro 6! IR MBE'RIG, BRMANGERSING BRdiamdaigower

of the third fluid when the temperature data is less than the target
terffpera ey dff)%@@f‘ﬂ(?%’?&ng to a further feature of this embodiment, as
thelOne8Y Fiztedoftthresthir cmiplain cids semetie. pastsality BFmb sk ofg thermal
'n%&ﬁ%ﬁ& ancrasgthad emvsata.aidhe: fhiknflitendetreases, the resistivity
decreas DR 1er,
@ﬁn ”52 SEgieass %algg AQLAE SHANSIPHE! GAUNR JEAR

ving the third temperature is a hot fluid
ha@Fﬁ@“&“ﬁ& ?&ﬁ'ﬁ@‘fd&f&‘?@ PR RHTGHEDNAP the first temperature of the
firsolleitiRig s thevaec Onsicternpierature niirestod dercfhielling the temperature of an

(P%%QQ&@Q@%%&:E}Q%:Zﬁ%ﬁé&%ﬁ@pﬁﬁ&Eﬁv@ﬂ&CRlPTlON OF THE
f }% ?%St ?‘%12;5 cl?ass?nt dISC suree&r Odv ec%xﬁrgﬁﬂgliﬁgtemperatuw of an

ows b y Teference 16 the note drawings by way of

noﬁimﬁmﬁgimé@“}ﬁtm‘éhef RS REBHRES IR @ represent similar
parigsoyeug b ewiveevesehyiew sidfstherdiawirvgs] el Wik 206024 ol
1 Sg&mﬁn?g%agmﬁr&ﬁﬂmmJﬁt@mawmagwen fluid ﬂow flowing over

a heat transfer element and IVI he h at tr
[ooﬂ}gi H“‘ég f gwmg’fg Eliﬂg 3.0 ??%5 roce nres o amm rm (ﬁ}g%%the invention

ng power requweme S thermal
corlirBiter eysebthsdayiitzleuoing b wistnmbinbenTRort MoP BrirEa FIa FRBHF™"
onlyodissipate kratdiaLre hRysien, Wiespretiyely i 4drigreach the target

EZZ\évlﬁpgrg@eph depicting the relationship between fluid flow flowing over a
[0651] Fig. 10 and Fig. 10A show a flowchart of an exemplary method for controliing the

temperature of an electronic device, acoording to yet another aspect of the present invention

DETAILED DESCRIPTION

[0052] The present disclosure relates to an apparatus and method for regulating the temperature
of z;n electronic device, such as a solid state electronic device being tested in a controlled
environment, referred to 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,

gramules or any combination thercof), having the same respective temperatures can be sent
{P32602 004381 38.D0C} g



transfer element and resistivity of the heat transfer element, as well as
reﬁ%@@r’?‘fﬁtlve power density (heat dissipation) curves; 100451 Fig. 4
shows an exemplary side schematic view of a thermal chuck of a the %r .
cohpesied, lﬁﬁcﬁrﬁlﬁé 6 &AWHTHE eyt heibred R FIRVEMEN. CfBB g
Fignpahowsfan@i@mplasylsbivdratio, Botoshi) mmm)hﬁt\ﬁaﬁwaianm’f or

Eggi@%‘ggnféﬁﬂﬁe @%ﬁ?ﬁ%ﬁ%&%@a@&@iﬁm&@é dhaspgesent imeﬁmima and
shows a fio rt o olling
th & TERRISP ARIFEJ %gﬁ(}'éﬁ’é}({?{romc SVice, %11"15&3/ ﬁnféggr? %%Eagé?%f the

preésat invemionin@eusl tige F@h%@‘ffé\ﬂ@ﬁ%%‘ﬁ’ﬁ%%ﬁﬁ%ﬁ‘}e of a fuid
mefhaskfersentolingihade npetetyre ok Amteliokttonithddeiteinksot to

to gnother, %%de&géggf & PRSFAL @yg;ﬂ&'%m@@s%fmmm B resistivity of

exemplary s ematic view of a thermal chuc of a ther ir I
ac@&rg“r?@% deergesshd e A Of ?ﬁ@n?&f‘?ﬁ@‘%gggﬁh fhven |dnrp[%5b%%)[li ??L %has
shdwedwo reistphis, dfesmalding isropederbdspaino pidite grashereT
iNVBRHQH -RRiARS. L%a&&fattbeg@t%qgr&ﬁs gting DT eRtaticasing DRiyWBTR power

t'ma‘?a,}% ghleggg\ s dshshpel at %et LGS IR %9% GlRRiraRIaHPYIRSf fluid
an

ontrol lBriperatires o toreach th e target temperature.
10@ssinathiugh thakestiHOA show a flowchart of an exemplary method for
conumiingithe 1dmenatur eonharsel dctvemi paeyicanwoendiplipioyael controller

?O”O% ﬁ{a@ﬂg%ﬁi JP% %@é&tdax&rtm&e IRETAGER R ESCRRT Gy mixed for
resen ISCIO es an a ower
B C N e R I

Stronic device, such as a solid state
eledtroitico ERDIEE Ysesmrcfinid Rooy AR oEa S TR EheaHURB RSy S dre S R s the
a dgy.j@,e ANEQTFRSHERPE) uiit anaem)as dienenicp diticasssoienuitiny tielfow rate

may_ b %&”}’o o?fneécg%s gmh%%lﬂ G AERIRE! “'ﬁ% ich@oliﬂbﬁi@s S1GRAEPower

particulates, granules or any combination thereof)

in
s SRt v T SRR AT S S5B OPUEATIE fo B eren fids
Pszﬁmgmmw@m@nmﬂosmmmmwm&%m ﬁawf%a}u jTotal
to WMM&&%@Mﬁtﬂmmwmmmm Ths,definekinown power

hergin,; negt sink/ %e@%%% é}n%%i%f%%mamsﬂgmm&ﬂmw fuid at

resistive hea er, radiatd at pipe, cross-tflow heat excha

strugifreef mgﬁf‘l‘&’ﬁé& |t drsaratn E4LE AANRY AERTA nﬁgjecf) behich e (eee
is inctiver)alcontact witkseis dwarshiowris Figereemthdizng fyid baving a Smg*e

;Ve“-&%i%%rehﬂaﬂ@m@g;m@%ﬁ Qued AR ﬁsﬂﬂgdls RAGSIEEHOLIgldatermined
eat sink an Sistivity Qf the ats I et \§ F% %ﬁ% the
therTaTHEYE é %‘ﬁat#ow r 5 P |§£E%ases rough %?I(Eeb?hea "

" sinkCtibHow gmm}nge (A) Thus, as the powar of the device increases and the power density

increases so does the fluid flow rate to dissipate the power density of the DUT. Thus,

0

introduction of fluid at a single temperature during testing of an electronic device reduces the
power consumption of the thermal controller system and ultimately increages the efficiency of
the thermal controller device compared to thermal controller systems wtilizing mixed fluids of
variable temperatures. :

[0055] Similar to Figure 1, Figure 3 illustrates a relationship between fluid flow rate and
sesistivity of a heat sink, as well as representative power density curves. As shown, the

tesistivity of the heat sink decreases as the flow rate increase (see curve A). s known that the
{P32602 00488138 DOC} 9



the heat sink decreases. In other words, in a thermal controller system,
wiXeEsiR&Heat sink has decreased resistivity, the heat sink is capable of
dissipating additional power generated from the DUT to maintain and
coptrer detity of s s ataperimeh & BEIMER iR ABMRSEIG ArHRE TSl ST o
capdesiingipated raceenueiadih dtadgahsmyyeratukesdy iadjusting the
flow rate of fluid passing through the heat sink. [00541 Figure 2 illustrates
a comparison between power requirements of a thermal controller system
usiigTibidat a single temperature and fluids of different temperatures

being mixed for use in the system. More particularly, Figure 2 depicts a
Cold Flow Only Curygdaletting power density of a DUT versus fluid flow
rate of a fluid in the system.(see cury A As shown, as the power
density (i.e., heat per unit o aPea) o(% '§1e device incre durin te tlng
the flow rate increases to@%é%ﬁéﬁé‘?ﬁ‘@tﬁrﬁﬁﬁw §§ B e (E&Vlce
Figure 2 also depictshastqiahRevernt@ueide L8ITa curve showing power

requirements of a system ptilizinga last fwesgitferent fluids at two
different temperatures for a given power density of the DUT (see curve B).
The Total Power Curve assumes that the fluid flow rate is constant at 2

L/inesThUBtGs.armyhndsmticp owele deprstigedainie ShRmUTCIRTEbhay e it
requikemeRt abine ey Ri: Waipgaroixerieamitiitifilkid be reifférgnf the heat sink.

temperatures, Gan be delerminged. hlakg. sy dhar @s&m & RUEL BN Ghcreases,
SEE ctlrvep ?3

Curve i.e., @acurvere resentln ujreme
sysféﬁf?ﬂﬁﬁi‘mﬁ"fﬂﬁfﬁf%ﬁﬁ‘?ﬁbsﬁp@m&l‘é fanSRITA r%y ﬁgrc!/‘\]/%? est%g ﬁ%ﬂ also
useﬁaﬂmgﬁe&tm@a@maﬁ&ldedgaumfmw@t@?mﬂﬁéﬁﬁ i@ﬁﬁ‘ﬁé)‘gfﬁfé" ispigate hoat
bhel%&' kaLBtaddhrama the system. dhe DlgeRoweiGane {E}imiofors DUT is
the C W urve t eé@%%dﬂ%iﬁ%‘e‘sﬂuid
and"?ﬁ% 8\%3@? e\éﬁ%"ltﬁc#éﬁé)s}é%tso d%zé%%’ggﬁ%&%wﬁg to dIS abure
the pom@wa@ns@@swmefvww (s deeterstli o Aot Tk %‘“ﬁ lpar
tempefame iebiniRg mm@mﬁm@smmdmmmmmwmmﬁ circulating
congimy EPRiEler system and ultimately increases the
efflc enc of the th ermal cont oIler device compare er
ST e R BT A P, AL i e
Figusdateeribues & mmr@tt@sbatwefaﬁmmﬁm%éﬂ et e ieifipe and i
resistivitvbe h@atgstegﬁngs vig | bas:représsantativergoVie indemsity berdidirence in

As s[éown tgpg Jest %@ﬁs% gmﬁ at sink decreases as the flow rate
mcreas see curve

It is"known that the ﬁ%GQ/ZOM c811_§S§s %Cgfga DUT is
P326#5850 ZtRb e Rl SHERY b BUPTS 'Bﬁ%é rionaits a change I
tempppaivirealydliny arSbispragorsion e R0tV s Sty SMe ﬁ\é‘&% &shwe Dy e
AN eglation faLAete i piRaRoVSHaansity 80 Rigees AT (C). Therefore, the change

in temperature needed to dissipate 200 Wiem? of DUT power is 30 degrees C for a flow rafe of
0.6 Limin. If the flow rate was increased lo approximately, 1.0 L/min for the same power
density curve, the change in temperature would merely be approximately 20 degrees C, If the
flow rate was again increased to approximately 2.0 L/min (for a DUT having a power density of
200 Wiem?), the change in temperature would again be lowered to approximately 12 degrees C,
Thus, as the flow rate increases, the required difference in termperature is lowered to dissipate a

given amount of heat generated by the DUT.
{P32602 00488338, DOC) 10



wherein, PD = power density AT = a change in temperature of the fluid
teipfdiailite from the set point temperature of the DUT R = resistivity of
the heat sink [0056) That is, power density can be determinﬁd t@{ Q bove. the
cliegsgk i termpef dte renehsirastidhtr AP APa AT the et Bt =
tepRREIEHERRh RiRMET flividiacitfiedhbonesistivitylafststeh et Sitkes fiigh 8 one
reqard, e power densinynyeslsialghat axihossmipivyatihe oagy
sinkmcreases, _txhe required temperature toid|§s ate c%m heat generated
bylassdassesmte iy Mg e AR TIRRT €558 ‘?ﬁﬁs to determine the
chaokm iFigempeiaksre sbepitsdvior tie Sesrahchdi Seh e R ST AG™
DH{Iﬁﬁﬁé%kl%%i&athg@#&e@&aaiﬁaegmntempemwmahetpbwem@ﬁéﬁgumlﬁ%sv
DUT is multiplie the resistivity.qf Hak givandlRwdede. The
THEE 5 S PSS )tr?SI?F?HcT %%ﬁeﬂ%ﬁ%ﬂ%ﬁﬁ?ﬁ the DUT:iS 1 i1 the cold
derishiodls sptapont BukbeRmetAR? ﬁ@@[ﬁFeﬁﬂtféfh?)%?lﬁeriepe Herance between
thasatspaist fEm pasathelyaferéuidstink avid MuibisesrhBRARAE &ilKHRERRT 1o
through the SySIGO BHERGdSS WAGIsIOMalid QRRE 1 Mbrerptoifieatlysystiiid in the
S

can dissipate more power from a DUT wi ' flows LAte QY o@int (or
largPeihAyE SREmBR A Beﬁ?%%‘%f‘%"et%gﬁ%i}n _t%r%%%%é%of %lﬁe tl%’UTt] (Tosz
befonetestimgramrd Blid B peiaterietinging ey, RISHREFILIE TFow

ratg jeRareasesinhnodiifaremnemin chersenatbresmarlel ifgietsel pajnt of the DUT is
sigpjficant. [00581 Th Rlg fahadowinainiekuid Joninaghe set a,
resigétf%%f%sf%gﬁﬁﬁg%?%@?m% 0.15 glﬁv&g%c% a;&g iﬁmw%gg,e came
W/ém2 Potrarteriiyscu Kl Lt ‘%?tt o T oatea ¢ ange in .
tempepatmedsiaj prpcvely Stodearckill baks g (b, h SrRAsTaPCifRes may B¢
chapgs..if IeimReaiue Ressrdin dissinaiey 20Qswl faniBrofDUTdimentts

30 degrees C for a flow rate of . 0. ] _ .
to a‘BB%erﬁqﬁg SRR e 4, *"Pgﬂﬁggg";%ﬁ% %50%65?2 gﬁé%ff% ﬁ\%&ﬁé%&ﬁ@&t

th
in tepupers@Brendyihalaokh ety BRI TPSHERF S0y S ress ??‘éﬁ?eg I(jw%mm
rate WaGROMR BareRBedstoppiy v PetiEyhhudo 5 LR A fit gources
powgis densiy al,af0:1//qaifhs,saaR05HR TrarRiA s patid Ridinie 505 i
lowered to approximatelé/nfjf

2 T 3 ' - he
the PUrGEIRAUFATER SRR § g%%%%ﬁ%&e%ewﬁu&u%s%‘? HQNLFRIEHIEHRABREm th

Ce | ure 1s lowered to dissipate1 i\é%&

amauwht ffideatcg & Hisetist b Fagh B’PPIW%B%%?&TS%B%)%‘@‘

P 3203825 O07hd @52 lehi 500 fibledeonahusifolis Sabah drom this E8iledhegmanifold

test gglt%é!sl %SP ﬁ?ﬂtﬁg %ﬁ%@ﬂﬂ%ﬂ&%@ﬁ@%%@ﬂi@ﬂiBﬂ@@ﬂcHﬂt&lﬁh@ piifieal rate

e O ooint fiid e tgxgactoﬂimﬁ%lﬁishﬁltg id At ONG: 11 thermal chuck 500. Valve 530
recei{res set point fluid from supply conduit 515 and directs the set point fluid to valve 540 to be
impinged on heat sink 555. Similarly, valve 535 receives cold fluid from supply conduit 520 gnd
directs the cold fluid to valve 540 to be impinged on heat sink 555. Afier the fluid (.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 finid source 505 or the cold flnid source 510, respectively. More specifically,
when set point fluid is recirculated, valve 530R receives set point fluid from the heat sink 533
and directs the set point fluid through the retum 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
{P32602 00438138.00C} i1




temperature to maintain a DUT at a constant temperature during testing
thasrednignizes energy loss (associated with fluid mixing), and maximizes
cyclical efficiency. [00601 Figure 4 shows a schematic view of a thermal
chusloBO0 Whaceereaneaiitartinedlinitin g3sRuscriliea dretcold Haih fogethe heat
In\é%ﬁtljgg J‘&%a%%@ ding %ﬂfd"éﬂ!{l&gﬁ Y Qeﬂirﬂmmm%%@ stgiaradterRIInid

reservoirs), namely a set point fluid source 505, a old fl |ds an
51%15Ra i Theirrie et %ﬁﬂ%ﬁ%%ﬁ?@“ frirq"%';gzgIﬁa}‘%etﬁsetlé};%i he §§rrn%§ 10 emd

tempebaturiabitidabiengh it ermsldontinis syres M@eﬂﬂﬁﬁﬁﬁ\?&ﬁ i9pfiog of the
flu@[ﬁﬁ the cold fluid source may have a temperature less than the

CTRRIES o e oL Rt SO G gE R e

e se o dource 505 15 set at a tem ﬁratufen LIS o such
geﬁ@t‘éﬂ?“tﬁé %@ﬁs g‘%é‘i‘ e e é""fé?(j@f’)‘f‘étﬁ%g e 618 B‘iﬁ‘

be fareste sting fthkinisinkoseomiicl SridiomitveS tichrishl dsssupple panghis 515 and is
Ohcﬁ%%{%&l {ﬁ‘g%gﬁttlaetﬁé}ﬁcgm@ﬁa%b R0} 61850, mﬁert:‘ the setphinficd also
the is ees Ce temperatur .
po?‘i’t‘ﬂﬂ‘i‘ﬁ‘%&éﬁr‘g VERSY lé’e secﬁa?t0 e% 3 2 @%‘ﬁ%&%‘yg%?@hg sk
at @ﬁsuomekfmpémeée ees:ss rregion ‘Eﬁ%‘%%?@“‘fé!ﬁﬂé’?é‘fﬁrgﬁ B gsink
appciateshbyutitivge ol akiltivikanarddhat the tvio (@rpstatomes aney fiydesting.

diff R AlRid R U IH]@Y{:J@(@ Qﬁﬁ&%'@ft the set point
aIt(ai‘?r{r\%{tllg\,/e%l’?embodllgrcrfl)re!:l 4 s§ éli%(%all] As sh?)gwn mgﬁt% 1 é’dei%jan ough
e co d

51 §I5AAS 2eSALSBRY tShrE s St Som? urc
fluiccsourosiBL H STk ttist hoinb i wisendap G%ER:EIE‘GET@"R‘@H% o5y afitire
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the thereh i Heraelsbock TREtR e heas ined fr ST HHEonBtY BRARPES R ppont
is dileidtedrte aghesupicaond 615520 wvE S tHbematralad B fo o conduit
Thes%*%% ; ﬁlﬁiﬁ&%ﬂ%ﬁflﬂh@ %ﬁcﬁdﬁéﬂiffﬂ&i 5&@@9%&1@%& ik 5B Phier fluid
manifold Incfude urality o e " icue
540°F8FE SRPBAING tﬁgwga g a(t)[‘J the set ﬁ@#{tﬁ i |d and h%h%%ifi%ﬁ%?? i

andmaw@fqﬁ@mWal%w%ébn\f}me 5"35 IR 8% TSR Frgsment
supphiycan guitAGidandditactethetse PG MBUIIBY Y ghres s 0rdstyely small (e.gs

impjfﬁﬁ 25 g&%‘&%&%ﬁﬁm'%&ss ?Y@dﬁ%éaf@ﬁ@m&“ 56U Tlichfy @Bling of the
supply conduit 520 and directs col f|Uf valve 540;&% &inz and
on H@&%lﬁﬂ“&'@aﬂﬁé’lﬁ?ﬂ@ﬁ?ﬂﬁoﬁ %‘”e fat or &1q) 1€ ed on eat

sinkiBSBatisidtiviey (Ray DO1FECHsmde nlemqmetm&tammf%@e cRﬂthPﬁéff’f 5

set R &W&%&Qﬁt@r dhenealaiflyin coMieny SHA), respentiraiye Miche device
SPeCleaN nithal SShoNLEUGPAe dhlIalRe ok BLYSURINE fat ﬁ'&%‘g’%""* by
sm an I rou

p0|n rom ects the set point fluid t
the r‘éﬁ!ﬁ?‘h@ﬁﬁﬂ}ﬁ%ﬁwﬁt@lﬁe stored at the set point fluid source 505. The

recirpgiptiedvaes poiing B itei DUTgRe ObtUITE Igemtaes ditth Dvcing Hising iy thermal
SOurge e %me&ﬁsr Q%EQ%I{%Q 6&3&&&&@ Heothesmad:cantaliarid source 510,

SySt%nel I?xx?ifigéebft:pvgeesr}atf{é gag }Jemsnttl Q'l%lg source 505 and the cold fluid source 516 occurs during

this operation. The cold fluid source 510 initiates the flow of the cold fiuid 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 finid also communicates with the valves
{P32602 00428138.D0C) 2



(p3260200488138,We} 11 P32602.S07 the DUT. When the cold fluid is
repiosaiesetl, valve -535R receives the cold fluid from the heat sink 555

and directs the cold fluid through the return conduit 520R to be stored at
thessal@ fhulll Bewme Hlndhnyagsan detkocidkfiititesitypeate heat fom the DUT

re %@Ji%ﬁﬂ%a&%dtﬁmn%ww'& gRUsEE alShandupayhatagitoalatask cold
through the thermal controller syste fo?[ ;Qe gcﬂrzﬁpgn r%f rﬁh%tgu%HQQaPIh@%UT
DA [pws et s dry HIMHE B Pt ermal ggn?ro?ﬁ r system
perfontigsabsetipoinit(ooiaTgss topeeraits oy e, dyssimefiha iR gB iR cAviEm bt
SOMER, DB iliatRSHaW Bithersatpaintdl DU B ueh athnttstdt pofatéiaidiexitban
thehseti oti(rgrgfluitcil1 source 505 through the supply conduit 515 and is

direCté %hroﬁeéﬁ the thermal chuck 500 via manifold 550, where tge.s,e&s n
polPfeRlichaRraiedcamnin dicalfeLoiitrrins veivBUBS S SRR S A0 T RE S8t Homt
fluithihenatepingesddoiuihbah etk Shosaiatinth e 5 1 s Baserd taghyrem
The,gircwiaion ot ie.st ReiAt Hushacsoss thahaat &k fhfab LoRENSES to be
until the DUT achieves the desired set point (or.target) te r :
o ST HFERIED Sob B D iy BT AR s e i i i
othrerwsoppisatices itk welirhat el (i i 88 dongrb GEFVATS HEeERify thermal
555mikissoirectechtar eig Rt Madiee h3PR: and-¢Hraubhcaidtinid come 0, the

51%%&@%5&@%&@% fuid spurge ROR.IQLRE MebRalRI/EROAIRELODERS@Rtany
thro the

| the system again. Once the target te ratyre is reached an M
R R v e
is stystbroffvberctvstingt Sethp BT fodd 00 Ysng archiben shetofrokrigygfaovn to those
thepRalChsisk-pRfita thadeat sink 555. Circulation may be shut-off at the
set phoint fluid,source 505,.the su ?%Mhélgnsﬁé%? YaMBiR3 Qi @aving one
retL@rl(‘il)é V I'\I}g g%f%%é%@t&?ﬁn %oangll%%é a5158, at an combinati%irsl tl?zIttIh

e -
abdverrRiTRSHeamRsst PSR s T LRI SPHA e Sas T e ©
entassthaaysidhidihdirdedting ofitte:DeTotled i diedidryronsderdpriragpion back
:ﬁ,c%&%ﬁ%&wwegi%mﬁ?\a&a?@acatm@ydsﬁ% Bstig eﬁmtﬂatfes m@ﬁeeﬂm_ar‘mﬁple
is.non-limjting embodiment only set poin fluid is in
ancH SO S G SRl o0 b R A e g
fluidessins 08 shayus. diSiprtaie: 0 vopo R b ritttieSill o t‘ﬂ%“%‘émc%’%e‘gy
Thisdsseajesh RasebIe Sontedsed ahaxameharid rppdinty aersithe(RE) sing0555.
W/C%in%ggiyt gg@xler&éféﬂ‘ﬂ%{ %)quzu'gi Q&Q{Q@Mﬁm}f iR EhanGRHres, no energy
temperature (AT) = 4C; In other w r_(%s, hen dew&e Ql%vx{;e%l;%% rated  oiotier
durifidw<hye IﬁWBW‘?rﬁgﬁ,“’tr&g’ &mﬁées?a?ﬁ%yo e device does not
fluctsyattenhesissia thé- s G awetking lrsmiprckigyr dho fane e ) Peadigniining the
co ntﬂgﬁest D&rﬁmwﬁmmgsa& poingfiuids fROBA}hER tm'sl&migmﬂ‘gh@ wasted
DUT begins,.the DT, erates ' ' Ry /=THen] olire-heat
contiB1E Byt e SRE LA, R RAATBO SR R o oo
coldthefinid daekdosthe) set point temperature or the cold temperature. Thu

single finid {i.e., utilizing only the cold fluid, and eliminaling the direct mixing of cold and hot

s, utilization of only a

fluid) during testing of a DUT increases energy efficiency, reduces power consumption of the
system, and eliminates unnecessary equipment.

[0667] Figure 5 schematically shows a bottom plan view of the adjustable valve 540 in
communication with supply conduit 515 and 520. The adjustable valve 340 is preferably

mounted immediately above the heat sink, and is actuated to discharge a desired flow rate of
1p32602 00488133.DOCY 13
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No mixing between the set point fluid source 505 and the cold fluid source
5188 RAE 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
thribeigchahat i finidonriims apr faedirgcink T Ghegrriid e Miat BRtTeRY:
508 vismanitieitaEAimhe i tipeold fivd Bisagomemeinitaiesiisitargheither the
valeS .l R0~ R04R Bl BPRI 18 2RRR0GRN: 3 AdkBARRD A fui

colt en impinges on the heat sink 555 to dis %?r}quae%;‘?

rom
DU Ar e lmRiRA R At et e SFFHR during tes ?r%% S?SE_{’
ThezoRdeHiatinin Sigtive DoRtifhaithafvivsmutres AR ewl R0 EEprstiYbhitBIRE sl

adiyste(if.RPRIGR g e ihRE iR T aIveab3trRiserhe3Se839RIAI G40 may
target) temperature for the duration.of the in rﬁ?ﬁ‘@}%@&{ﬂ d
cer%i;unag%se‘tra\lgyz#%rfgc? rfgglftgﬁg?gegt}glﬁsé[i%g é)%%t&%)g[%%&gg?go attrib,utagale to;i_] .{z
faclorerbEaripaRngRA ST e RPERR B BEES AT R HHRR PfRgt hmit
coleb fisovatay, e estirayidie dativg gphethdvey stenk salviagruéstingalmaatijghragm

aftey (g s&%%f'wgdia@%x&@,;ﬁﬁg, thiouahdhe heat sink GR5%x: iscliRaRumber of

through return valve 535 1gr_l throqﬁgh return conduit 520R back to.cold
fluidASE PR B R D& AR A

ed/reécooled to be sent through the system
agdN6Brideute tigrsdbebimpscdHiddlemarsetisSp St ane naishtse ©

suciidhabéne raakddiie 508 angecad auaiesdhso ghpkevtine riutechulsie of skill
50%%%‘%“%?%?5‘6%@ Re GcHIafgnmaxe sio Al he salel gl conduit or

source . L ply condujt 520, the valve %35, E}ihg rg%urp( %/alve 5§z§r|§ﬁui q

the Teltiply BBdciemre semsuisiroaPe SHRREH SRBH SRR MBS it Shey ™o !

featwres:s0 Adatithelffotheoffooik ittt sawbsad Byidarete caydtbmpaifoaped cither

testing-ofithe Qidhapesnonsaingaey Bther shut-off technique known to

thosg, Jpving.orinan slin dhe ait, [0086LANEVANPYS O YHHAIRY oty

thermar tontro r Sys em cw_cu‘fatlng fluid having one temperature (as

- oppeisetreofEihabrint bars i mes ofrfe rerereaR b it }igdtf‘?a%eﬁgsthat other

enesgiaite ldstautaiheiffuidids ditectary toe beppirdated /- dupldel apthaay be

Ui SOUIGSS (2% (AR A0 AR 100 i SISO AN o ihed 1,
uid during device tes inates the need for multiple heaters

chiIBFEHE RTEE o B oo S FRRTPAP B P B o ded power

use Haspftbe NG cinthedpegtrd pReiivhotiig ol b IR ATETESEs 51Ok

in sigmifigantenerg kdneassniptioamateyelkias ingrdased bh fdndesiefing the supply

thermal aragients ﬁﬁ%%%}i&%}@ﬁ% kR P nACdiiana W BSRINSS PUSIRET20R.

is not required to mix flu ifferent temperatures, no energy. is lost ...
throﬂﬁ’ﬂi@iﬁ'ﬁ'ﬁb‘?nﬁ‘?ﬁ Jr then e, Pats h%?g?‘?g‘é’éa%r%iﬁ%ﬁgﬁ%r tﬁoéxgrﬁlgpg the

contratirasystém rdswitaiinithises yestending by kinigie s tessad theuesa dyprtion. In
desiged sagalt deSireABANIRG RGO hAb O gR L IPBERHN Coflictliagsystem to
the tx%%x%rt]a% tl!lte iBl_tH‘rgQ ﬁ&n%ogtt%sdm%gat’meetala?g%? t%ﬂ%&éﬁ:‘és r}ﬁ?%teefg sef point temperature at
which 2 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 clectronic component is to
function in an operational environment.
[0671] 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 (5602,602a). The

device is soaked to the set point temperature preferably only using the set point fluid, although
{P32602 00488138,D0C} 14
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during mixing, the higher the efficiency (i.e., less work) of the
chifipgsliseaters to re-cool/re-heat the fluid back to the set point
temperature or the cold temperature. Thus, utilization of only a single fluid
(i. ehosd tiliZiaso oy 4hevolktl fprictianilat Him avkdingugsardl else hiusE Bfthpigekine
?ggq'orclgsg. i) duringestipe-fadidhinareasasmnrrgya fiipnaye) is initiared

uces power consumption of the system, imi e
B e A e e
theletirstably thee B4DD) coHwihe ams siohi SiFshEd F%J%F‘é‘f%‘%ned 108 38
520 cEhesagiustapeval/ Ly Otk pieferablympectintcs trmeodatedyathe desired
the heat sink, and is act Noll : SirGHHoW Fal@e@beratures are the
(0%8?88?’8@‘@%’6‘6@% iced (%ﬁ ﬁw?j pE R Line Aﬁdi')ﬂ"é% eraion s
i SRR SEHSTRERh P f lodkas g, l'ﬁ]ielflg{ﬂur%’ Illf %B;%escll ically, ina
noBhiFof AgptepEisOdirect ttheadjudialewet @ aavhinsPieBibt ik i souee
dis sithet therselrriNdiyid or the cold fluid; the valve may also be
controlled to aid in recirculating the. fluid. that has al IPIAREdsYpaR 540
thel &2k S &“&g%?eg‘ﬁa‘ %C}'rrgé? st 8“’ Iﬁ?d%%%ﬁ%%{ﬂ%%%ﬁ%%%%’%%?mR e is
(shuvintain faigflew 5§ sk Rois it SEURARS BeyE Ba81 i S8BeLtRay ™
Thaegned skilkipdios att wiier réadiyapprecidte tadetheraservabien VAR &8t
5303 : h%ié’f éﬁ%&ﬁﬂ@d%@;ﬁ@%ﬁ&@fﬁ@@ﬂéﬁ%ﬁlgﬁﬂmafmmmt flow
accomplish the function rying the flow rate o  the
ARl SF TG BB e ST S i ey for
not kst opstetiis et ety 861 6atb haRkres! SIS BHITRL AR S e e treet
valvgapdusiierthnvabiascaliapbnagou bl valvesyngsets iaipessinet, and the
Ve A et ﬁ*z‘#l%gw?&?&r[e% éﬁzg&a@,%mgﬁﬁf&td%% 'm;ﬂﬂ'@.z* will
used to vary the fluid flow rate. igure 4 shows impi i
rorAREtHF LOhS SUBRPARETS S0P ST MR 15 B 020 ad
sousde 5@Sadjnct the fotddiideoningds 56t Fespheetbrlgmpsmie e i diss e e
skillyipet e3P I ARRSRI e SO T IR RH R eeabodindntsssehby Greralves
flid LGt pnault O HIRIS L R, SRS MaY. Dera Rt dor
the theAal CHUSKbACK” Y

ack’to one or more fluid sources, Addit'ong&l\yﬂ}th{?ﬁat ik is
aforérerspitofes BrBmelTRAGTEHG eoetatsd Bakdintag él’f?lu internalty

or exterasiybiombedner f3alach Gik506 P0G tkivaiyh tedasb tiplo PRI and
D o By oot Sl (6 Ao o
adjustable variable rates, it is understood by e L cated as
othe?tE%Lﬁ@BIéodﬁ?%ﬂ%f‘?ﬁﬁaif%‘ﬁF%ﬁ ﬁ%%s%ﬁ%%%bgﬁ%ﬁ%ed%il’% ,tﬁé ted.a
circulerestnatetiby DA orrniie feteagurvaPReET e v B R PR gee=ton
may be-detrgnined by, but not limited to, a detected temperature of the

DUT@%%ets%g geé&gﬁr% &a&t’é%ahﬁ %%ﬁi% G t@&lp@&ﬁiﬁ{ 1RLASHYint fluid
of th T, and a detected I’eSIStIVItk/ of the heat sk J:&rrth%e thﬁl fluid source) is
COhCﬁﬁR@%‘?ﬁBSFS?&?ﬁO“ and is shut-off, the flow of the cold flwid (from the cold Tiut
initiated at step S616, and the actual temperature data and target temperature continue to be
monitored for the duration of the testing. At step $702 the flow of the cold fluid is initiated and
the cold fluid is released to the therma} chuck 500. At step S704 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 (i.e., temperature data). The measured temperature is then compared to the desired

temperature (7.e., target temperature) in step S706. When the two temperatures are the same, 10
{P32602 (0488138.0D0C) 15
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520 and 520R are adjustable, for example, so that a portion of the fluid
erggxéoydtie supply conduits 515 and 520 correspond to the portion of

fluid exiting at return conduits 5158 and 5208. [0070] Figures 6 and 7
shofudiom Ghastk 6f ma Axe Manehetinb dhfohweb sito irbhh BrorsFh FEFAR PSP
of a1 Ale NG ASYISEnAeSRrdRG. to various aspects of the present

invention. In step 5602, a desired or target te rature o ' !

o P E R S o R B e e 40

Theljtar get temperaterdinaly Bdsaded Heisthemprrhtif s2sohi 0%1"%""5

to D testad (8 Ajus0ag IRRs{elsitis seritrnatid.e ihth ehtdrgperature data is less

terpRCIAE e DR dRSIARIE IPMRAIAMIE dRGADRRLALIR KARGRkalby the
electro

which an ic corhponent is to _function in an operational .

RSO0 PERTOAe S B ST LB OTAE oo eh i o
detaentineefortieischpeintipsiduss theanant of Buifievinsdbeta b dpnk
detgrmingd f ke haveoks fluid sauca-HA608, it wdoaiik sagietito In

th t t t ferabl I ] ' i @ o
R e

appreiiateribad thevetsira duifeavhiby SISCBETLER A FrREBARMY BraLaLd! e
At siRpSeAdthedawtief.the set point fluid (from the set point fluid source)

S Ifials s IRAGle RS RSP LR GMHIR i\Giial e k09 histep mpid

actual temperature of the, e onic device {(e.q. Dess
andiSk FPERS e BERIRIEH: ESHiRG vﬁ?ﬁ]ﬁﬁg Stellton m@ﬁﬁeF %gh}lg% n?é%—g%tr}g% et
(i.e tenmparperdiaesdat)! Theeresb ibditerindinmrane sl SRTSLFE R maY
the gasike the tempesall @ L:dedlatges/ se tipodesdertipe et Bigkinistey B0 &cludes
When. the temperatures are [HEINBTIS 1R Bt tiialy, the
fluid® #16&\1/'\:/’“%@“1 rr&gt?ahfgﬁwﬁét%%egite s%r?l? aéndt %%O?e?ﬁion 'g% %hut-oﬁggfﬁ_’c heater
S6 1o el sTemeiRTe SUrRdsh R Pt SIS eR-OF, "é“%%‘mﬁu_
SOUsEheafiey Atidnorayidshaipit abeu ght thtdeaSHeI SO OFrAisApRrEf, thighot fuid source
tem@ﬁ%&%&é}]ﬁk‘éﬁ gw@ﬁm&m&tﬁm&w@gﬁs ,sthelm@esf Wﬁmb;t 810
540 maintain t ow qf the set.point.fluj Hith@h the
desiPEE 8?’a%‘ﬁé’“| qe‘"'réf’f:lf!u%eﬁd. ég%%%%?%%%%ﬁ%té?ﬁﬁ%ﬁ%wre
datattientess shek O herughan Rbseapie®thbetature, the set point fluid
flowjogréprouglo:thadientssik isamdintetipent Svithetcehstdvit figvingphet temperature

(S610: % %@rw el LWL AREPSAI &R QS The Rt RePN tondies it diects the
éy r the i

and ready testing operation at step S616. If the.gct &

mea%ﬁr@'ﬂqé%{l‘&ﬁ%ﬁ??’%‘éalt‘éerg%q ! grﬁ%%r%u%g { Ogn%{%e%pﬂr%cﬁgg %ﬁ%gtréri&i e

to stepastEgompimvbonplatss dkpEratfier ot inEoRipEsdey heprnk >

stepg 18 MRERIShafARERAIAFYM HRWEY SRk ISO5 ddRirie oetinatyiuidiiottes 505.

thhe f ! o\%i Qgﬁ%&ggﬁd% ee:& I’E%t A’XPE&Hﬂ%&ﬁ;@%&%&%ﬁﬁsﬁi@ﬂﬁ%&@m@{@m from the
eat Sin

e e S o A et m%ﬁ—[@d uﬁ't@‘fsﬂot‘é"i{ea%%md at the set
accoberhgny. SPhardstiveie edetnih Braeh e teR e than e

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

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

DUT. Once the target temperature of the DUT is reached and the system is ready for testing of

the DUT, the rapid soak operation is shut-off such that the hot fluid no longer circulates through

the thermal chuck 500 to the heat sink 555. Circulation may be shut-off at the set point source

505, the conduit 515, the bypass conduit 310, the third supply conduit 815, the return vatve 530R,
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target temperature, the amount of fluid flowing through the heat sink is
ingreaseshby the valves 530 and 540 at step 5612, thusincreasing the

heat sink temperature. When the temperature data is greater than the
targetdemparatiseihe amasiafiithid downg-thrisghl tagurat Sintktisflow of
degt ST G <P o tpegt\é%l eer h%s s@%&%‘%ﬁf@tgﬂé@@r Hapissrerheipantharbedtt-
sin tempera ure an T temperature. In e|ther case, after the flow

adpisesheles Q?%“ﬁt?d@sﬁt@ﬁ%%‘ég’é‘?’e‘tﬂﬂﬂyt‘g tep S606 to receive

UpEiBtaY temperatit Figata S Aty thiephy buaressnicdtefhe it dipidt agiganal soak
o A gt i
or the testing operation at s e ¢ the v-axis
teriBRIAATRY %ﬁtéa*?é &Gt aﬁ%ﬁﬁ%?’a#’ ré"tatte’ars?tp raturgstt}t?e gecg&%mﬁhwmw
SousPResUBisEDeEREa s ke TS SHEASESHE e TBRPETRRERYR ﬁﬂi"’(‘ﬁ%?ﬁgtﬁs pra
colghflyig:sauer) (e imtiatgaataispsh8 Ginndethe Whtnahtampel sl groceduse

da d f t @aé@g lI@@?&%tf sith e:lation(ek., %0
the@%ﬂt%ﬁgﬁeﬂ;@g SIS CARRYER Ra: p 9 peatian @k,

702 the flow of the c j %Q %r%d 1}& &plgeme
fluidessers| 5]§le‘ﬁ)t6“iihg‘t‘ﬁ%ﬁ"n5|°8ﬁ%%k§6€0 R ep % the actua
tenipepettne it sdRet bReUEwdEe(Ehg SHROD maﬁav@r% théerieshie for the
S'nketﬂ,@%t@&bwﬁhmmem&ﬂ@mep&i sofasoreiing e feihipeia thecontrol
JUR) el sultfg (eIIRSIAINIS IR QE”tE@’E&%?eE&@é&ﬁ%P@%ﬁqmm of timo

temperature et temperature) In ste

(bt arbars s Ro (PO P BOT S B B0y =

adjusinientdedn adpdartnesitiic s ond ratinting tghtarst owresiike Eisd thesst point
pro? ‘ﬁtﬂéff«t& t&tﬁtsranfﬁiﬁﬁgoﬂ@&ﬁ@/ﬁj@ﬂf&@%&@m@mmmtmé[ﬁﬁaaqwm
he efnperatyre of the device.and/or he Y

535%?\%“%‘3(5}‘ e?tthe RS Fatd a?cgrﬁ?ﬁngﬁégwn%twg%%ﬁ% e§r on}éﬁtz)ﬁf sosk
the peahgeweor both of the valves may be used in adjusting the flow rate of

the ERYROIH:fHuich Mikarthricmperaiove datpsisdessdrithain thysiqargpstdrive, the
tem@%@oﬂ@% E%?MQH”& AL flRWiDg SO AR LRI 8EHE kLS to heat the device
decrease he valves 535 and 540 at ste 7%(2 t us |récfrxe1%§#1% € Sverdrive
heaf%t‘i‘&dﬁé?ﬁf)@fﬁqﬁfﬁé‘“\’/vﬁgﬁ"tﬁé PRYHBLINE S e G Peal

targeecrmsn pimtdeicthiraeTaret @ﬁ@éﬁ‘ﬂcﬂmﬁ@“t%ﬂ?@?‘fﬁ S st 2 veen
Incr%aéeﬁamﬁmeomlyeﬁt&a@ anG-b4kiat stafphdiOndnis darageihgpthwayegsult in

sink tle perature. qhelt er case, after the flow adjustments are made, the
28104 IeHLL (RIS R
cold source o eration returns to step 5704 to receive u
?E i ethod for aemmllmg

temp¥dure @ﬁtﬁ’ggﬁ’op tﬁ‘e“s{?o%‘éd‘"é%lfﬁ Washoxra gy sk "eCessa
until eaempeinftoe mstm@mm@me{@@zeﬁhuammeran@mqﬁlﬁmﬁ@dure In step
embgdiment.the esmaliGaniale ieMaHREm MBYDEHONM aHeqigesajerature may

op eration before the testing of the DU mo i evig the lestings
targé’f’ f"éﬁ?bé’?é‘fh%"{?%a et pomtc?em-ée%tturgz ?fétj tﬁus earggoc\l%?ne the ).
thermitmeiveill Sve Syrs igpprigiore may be a desiral

¢ temperature (or temperature range) ai
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 temperaturs is determined for a hot fluid in a hot fluid source ($1002a). The
miethed includes initiating a flow of the set point fluid from the set pomt fluid source, and
directing the set point fluid to the hot fluid source 805 through bypass conduit 810. The set point

fluid is then heated into the hot flnid (i.e., third fluid) having a hot temperature.
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include the features as described above in the description. of Figure 4, but
alsoiclogtes additional features to facilitate the rapid soak operation of
the DUT. More patrticularly, the thermal controller system of Figure 8
ingduginsaa hotdlvid, seune805 birvnganextateakihoatert fomberttfiey fRAdA!
to%%e iggg,ega%gaﬁ rough the heat sink 208,10 s, (OB Haerdak isba sink

Facanves the set point fluid from the set point fluid. soyrce
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hokfigisaeICaB0bipas occchrriestetitmitranes (heriiertyterRB o sTtgh™
a thi b %wlmaﬂgty;a@tént%m E&mﬁ%ﬂwd@s@mm@oﬁ eits the foud Qﬁiiow
point fluid into a hot Vi t tem et
SO U NS S e SI HOR
hoS it tOnasHst mpifsEHaNORRIve lsstetﬁgt%ﬁtt%ﬂ“tﬁé‘)ﬁ%"B‘t"tﬂg“ tia

tO Qﬁa@fﬁﬁlﬁﬁeﬂuﬁ&é@@@ﬁ%ﬁ@mzamp|nged on) the heat sink 555. After the
f %#ilégil oW verg@geﬁ) MPCAlSIRKSRe dhRRlduid-maysbenie CheCtitaiedt point
ro

heat sink 555, back to the s t |nt fluid source Wh
S EETRERIRF IS A (BT I8 SRR cul§ c?ai\g/aelmge %%%é%%égﬁtﬁleahot °
ﬂu|mefrmnmm@ematxsum5<5thmedsremnem¢a&m@%?@&bﬁ%@%ﬁ?ﬁ@mm

conglult piog EQeQ‘%aﬁter@dtﬁts thR:aek0i GRlNceRAl Tieasemtuldiach other,
hot f|%ld IS the cmol Eﬁ e%lge gtst eﬁgtfojggéqtgggt% ARcheMs peak
be & |P3ulgge T

roug erma con roIIer S stem b htg s}te%réu lc‘}; source
testhmpettde %Mﬂ%é‘eﬁﬁﬁé?éﬁb’é%mt SOt %:)élfnls feache

andtbessyster) i seaphricividstimged i froBtalile ind ivipttesbaRopet fEsH roint
shugoif (gtus% et dhe ot fluisnR lonees sieulaes tsplygbnditesthestaheat sink

chuck 500 to the heat sink 555. C| culatio t.1he.set-p @i
sos spertt et b LR MBI B SRFET0
condlirB iy veter iRires Spticr (B8O iﬁbﬁé@f@ﬁﬁé‘éf T
P3360 2D Frdie #R kD Hormait MbhPasitenty.co ikt ioivo i edjusts the flow rate

abo"ﬁi@ﬁéltﬁ’ ned dealy Eﬁéd%%@?st&ﬁﬁmﬂﬁw &ftﬂbﬁrgattéthﬁdr&eam tReantesf the
the system when testing of the DUT hegins, o ag&né/ t& eggfdmm

tecHFﬁhJé‘i&ﬁfﬁﬁﬂ‘t‘tﬁ‘iﬁ&%tﬁ%@?ﬁ"g’%?a ¥ tmen e art. 77 As shown

in Figreity ¢wmmmmmte@eﬁmﬂ%etﬁ r@t%‘ﬁt@*&%ﬁﬁ&t , S5 gpeistivity of
procediuss baforg.atestiBgRtimbLiE fewdesaiiiechinfthid ficstamsrtittipgatre
embg% ”Ife%‘ %e&% d depicts aranid.seak.qeocedure before a testing

of tht ot

s the S/F axis repres ts tem erarﬁure 1%1?3 chlsum)

X- axig"ﬁébrlé‘s‘eﬁt'éltﬂﬁ@“’ﬁa%étﬁ? 8?:bdﬂtcé§hﬁt% JoTRsRE egins
tempevatties, (2 ot 28diegreds detsiad)cdptiiiinis suksifmenitnBonfyihsuree 805
Soak PEGRHUER RREOING Rdteids ttawra elﬁ@mmmmperenm i6 theedidiuip at the

2%2;%{%%@%%%@”@56 %ﬁ%‘%yﬁéa?ﬁﬁ&w&t%{eﬁ $1013). After

evice temperature o .
reacheboe twge%qethwhme@‘émﬂ%é’s%t I581RE tethi r‘z?tﬁf?f’@gJ thiery the e

desirghle. forothing 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 $1017) to flow through supply conduit 515 to the heat sink 555 10
maintain the device at the target temperature until the start of the test (at step S1026).
Alternatively, in the third instance, in step 51015, a temperature (e.z., 100 degree Celsius}) less

then the peak temperature and greater than the set point temperature is reached, then, the cold .
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testing of the DUT. In comparison, during the rapid soak procedure, the
fliskb@aA0g the control temperature heats up to a peak temperature (e.g.,
120 degrees Celsius) in a short amount of time (as indicated by the stee
CUTvi@ A)edEtseothaidnthibe celdbwdarniy desitat AEATEHS 5t FOTRHINGIPLERH HaY o
t(h%pgshxigamqmpmml@@mfeﬁemmmg asmheow@emmpegfm;mm
i.e., the set point temperat t ' ' e 0 pet
R e R e :
tetapevaturs il festphisiesda el tH2Pwhen utilizing the normal soak
Progpd)Iren iR @Sl Tlaamapic: Soalks procbepe isulsetinobsyHee §)8 s the

OVEIe ol YSIMCALIHINRHER yRRIQh eIl uiesuichjorumst ihos e
above the desired temperature ol

deg%d‘?@?ﬁ‘ﬁ@f&tﬁff& S%v% é’r, 108 ?oénil%r# ; 9 Hl%%%ﬁ%hq{akﬂgﬁott%mmtum is

e taken when performin

Sy stesmothenciiveee tapsatifehendcbic &tesin FerRsanEe Sl e et DRSS fe=n
terpRRLaly aHoRIRSHRGFIRE AR MyGtaRy be\eahaion meySeBRLisinikdiite the steps
deVIC'ec nd/tocégflﬂl %%Qh’%%?% he Hamaged.and.maVdesubkpraliRrad the start

reditEHOM the tes ing period. [0079] In this regard, Figure 10 and Figure
|OAESkI#*a flow chart of a method for controlling the temperature of an

elefwssia deviab defarhadedtiudimghinens FEoaRTBIO SEERN SisHpEih Fom the
S10R% fdesiigy REdAGetHemRAIALHIC A N Taiptnie ties Bibrisob etd Fiwintain the
target temperature ma Sgt nOin A I i Boamémm

be HERLF geéat}lgoof%e)blple g’é L8 Sre:g:}ﬁ; AT ER TR e ore

degrees Celsius). Alternatively, the target t afyre.

maygidseoss d@éﬁ&@kﬂl@%&&%ﬁ(&ﬂ?&%ﬁﬁé?%ffu‘?&y?ﬁ‘ha’é)%%%‘\ﬁﬁ%#’z%%‘f“ e of
eleghipRigiGaMIBARENEIS to funstbWatsarFugerathoml coniebpisleptopsulgices 1
Before I SialhQl-Rshahe AekRaintigrens aiuiads determined for the

set point fluid source, and a pea temger%{)ugle(‘iaﬁtgete é{;}}&e‘{‘of%\%rﬁl%xemplary
quicﬁ]iPPQ REPIRER g&u?ﬁ‘é”t@igfﬁg.e%e%r%e&o includes injtiatin flow
of telseimmoint Woidh frorhetbremsieh &1 reom St REn SN m&?@%ﬁﬁ&%h‘%‘tée?_“’? i
pointAluig i ihediat flvissaurce-aoptisr and iibypass tondimngtedT pllisttation.
poing, fluid is then he inta t fluigl (.6, -thifckfisid) o avdRgts, b@ted and as
temrgg“?‘a%ﬁré'i | P%z’%%gtc%o%fgﬁ}%?%% e 807 e{jﬁ’é}g&@t R, Althongh
S108Eend+E: HEhART AR SRRdRF (5P G IR SLPERKCAT R Constant Tiow,.

rate thé ingiefoiSib0 06 iesaritadarite nfremer iRt gHlsraReRRSPHICERA ARE qrbgdiments,
the RUBRRYEHBhaat aink iRkANtGE WillidhesaladiicRigwicdis invention
measured (i.e,, temperature data). The measir AMULSASWASA the scope
comﬁg?%%’g%ﬁé'%}gﬁ%% %@ﬁg@%ﬁ&}ﬁ f%]’ targgst%sn%% temperature) in P
stepdS gEepewlpdAdRS two temperatures are the same, no adjustment is

made to the fluid flow rate through the heat sink, and the hot fluid source
and rapid soak procedure are shut-off at step 51024. Once the rapid soak
procedure is shut-off, the cold fluid source operation (as described
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above) may be initiated at step 51026. [0082) However, when the
agtuabmeeasured temperature data is less than the target/set point
temperature, the hot temperature is compared to the peak temperature set
in step S1002a. When the hot temggpramse is equal to the peak
te%ﬁayte,egepending on the system configuration, three options are
a U 1S noted that these options operate independently of each
other, and not together. In a first instance, in step 51012, when the hot
fluid rear:hesatipergeaior tentplirgte temphrsiretoflgidesise kyccbobtinginlg theveh 2
2 q%gwﬂﬂ%%%ﬁa% é@%ﬁﬂgiﬂ%h fl ﬂfsmm-()ff' t_he ?let_dp?int
uid source is rable.and.initiate oW 0 t fluid (at
step 51014) at %’Iﬁ% ‘i‘gﬁ% R éf\‘/‘vd‘r“ ﬁ%‘"’ r@ﬁ ﬂ?‘r’\'léx{ﬁé’f ﬁ{ %ﬁbp ye%%ﬁauit 515 to
the heat sink B8&ms it sahicth BiRe etRad L PRI A SEIPS (RRRREr=r®
theistastafdh entast(ahpiapBlaic). Alternatively, in a second instance, in

step 51018, t@ﬂ‘[&%ﬁ%ﬁ:&?ﬁf&%@&&%@@H@%h@fﬂif&ﬁﬁ&h@urb@wﬂlﬂdirst supply
through the heat sink 555.

ore partjcularly, at least the valy ' :
h ORI 3 PSP GBPH ST (AP e RS T e L Lot
tartye titenyp chatk facludit i deataneofivrecondigared wib Setla Janstinnd St fluid
flowtatesaciveiprent Rbihahotdeisissimiarie de:aols sour tethopenitiond to
desenecahayedo nal waendng aud (A RLIRh hidasieases, the
resiStivi § of “thé heat sink increases. However, when the flow rate of the
hot fluid increases, the temperature of the device and temperature of the
heat sinkeatse ineteasesof088] drim thivbbiristtn terinsinskds oniigyngds oupat
thegneak IRRRAI IS 65 Guid RO SREERceISiNG: iR ippabrd, the hot fluid
source 805 having the hot fluid is shut-off. Once the hot fluid source 805
is shut-off, the cold fluid source 510 is operable and initiates the flow of
the cold fuldetriaestuisaesedive ottt MHERPIREHYH supply conduit 520
to the heat sink piahiiglstepnbd@dad)s, After a short time, the set point

temperature (€., 90 deeg CoIsiNm i5.HAshoHod \Bok g calet ldithe frst fuid
source 510 having the cold fluid is shut-off (at step 51015). Once the cold

fluideugEd b e AL 8 %he set point fluid source 505 is operable and

initiates the flow of the set point fluid at the constant flow rate (at step
51017) tosflony thsauatisstrihg GOt Sdifarttn thEsheafisinfubsbutee is operable, the
maintain, the device at the farget te ratukeat Jhemstahthd RadashPEonduit
steﬁego% 1851. SRitena |&eﬂ¢’?ﬁﬁe %ﬁ#& Instance, i?\ ZE%P 5%?015, a

€

temhesughutes pelepst om0y dusgirdedrtsrink e ais g RE RS ¥ mperature

and greater than the set point temperature is reached, then, the cold
%P_3d26020%.%%%31%%9@ﬁd%§%93§%@%&% %%%%h@iﬂ@)mﬁrabie,
uid may be shut-off and the set ppint flyid sour. -
and‘h?égﬁﬁﬁﬁéﬁé"ﬂﬁ‘é’ ffo%’/"g?%ae“ée%gggfﬁt uﬁ%%{ﬁgﬁggﬁg%?rﬁ ov?r%ate (zaiftS Pely
stepeBLE Hronstibaatinestan wissnedesink doing tiethe sl bHiEss o

maintain the device at the target
6. The apparatus according to claim 4, wherein the device temperature is generally
maintained at the first temperature, and wherein the first fluid circulates through the apparatus

before the testing of the device to generally achieve a target temperature of the device.
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temperature until the start of the test (at step S1026). [00841 When the
hotptegmpemture is léss than the peak temperature, the valve 830
maintains the constant flow rate of the hot fluid through the heat sink 555
ggglltoh 652%?12@ r%%:%{%g r%&%%& & Uﬂﬁ"ﬁl %ﬁ%&%ﬁ%é%%&(%&&ﬁ% is generally
: . In the event that the hot temperature reater
e B S S AT EP TR St At e po Blclppurars
notebéewerily culiird)s e mbwmREraet thbbvirgdrimapEsiegesteifittep
S1022 (similarly to the steps recited in step S1018) such that the device

is maintaj e[%ea&ep 16 d:%rw%%%w@m@iﬁﬁe%aﬁm {€hAQ080kch that

As stated above, sclosed embodiments create mQre energy
disﬁﬁ%ﬁﬁ%ﬁ%ﬁsﬁ@?ﬁé@%%ﬁ@&%ﬁfﬁiﬂgﬂ%wm, and faster
response times to control and maintain the target temperature of the
DUT. Thus, AiRe st isdhaiihe disslosadembrdisianiscenabiconadrad directly
rigog&?ggs testin cgf elef%re%rggg& vices, handling tests beyond the effective
500 AiFmE oﬂ EERventional devices, e.g., up to 1500 Watts. Further,
thermal control of electronic devices in any environment (testing and/or
operationad) isrgreptitarhaceey 100864 Althevgh tiefiowentiof thasdeshiluid
desgribed WitLAEkENGH IaRuetAhexsmIlaR mbRdiments, 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 lirhitatieprarheaseding toclohaderoiindere e afibgsesppddiuid changes
appeiwiesdairRinanaspimgs anty sipteduend s hemwided, without departing
from the scope and spirit of the invention in its aspects. Although the
invention has been described with reference to particular means, d fluid
materials hdlBPrRBERHE AT iRV TR IS IoRIEH I8 (8D E IiESS ™
the pdittichlarswisciase i Ratizer e nmperdon: efdsrie tink baied ctom ahgpges in
equiyalep,siMEIYFes dagihods and uses such as are within the scope of
the appended claims. (1'3260200488138.DOC) 19 P32602.S07 CLAIMS
What is claimed: 1. An apparatus for controlling a temperature of a device _ |
by circulatidg TheiRprENS HEOH A BIREMR ThethTsitdidorml ffeifesitagd fuid
the appasasumaopMyiting o ifisskfiuidnarsepainiolhditiy e fikst fitidimimgnd fluid
first temDeIAlG &-56aRRd Fiichsau eg;acuding a second fluid having a
second temperature different from the first temperature; and a thermal
chuck operably connected to the first fluid source via a first supply
14. The apparatus according to claim 9, wherein the flow rate of the second fluid
increases when temperature of the heat sink increases, and wherein the flow rate of the second

fluid decreases when temperature of the heat sink decreases.

15. The apparatus according to claim 6, wherein the target temperature of the device is

the first temperature.

16. The apparatus according to claim 7, wherein the target temperature of the device is

the first temperature,
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conduit, and further operably connected to the second fluid source via a
seREsd2s19pply conduit, the thermal chuck including at least one valve
configured such that the flow rate of the first fluid circulating through the
heat sink7isTye agratyscenstin (dhpiat/ edsteorbosatvadignborteifiguredagthe
vaﬁgp{gn%cpglgggl_ a flow rate of the second fluid circulating through the heat
sink. 2. The apparatus according to claim 1, wherein the thermal chuck is
configured to output the first fluid and the second fluid to be recirculated
through #i8e dhparwneis ARhuling ackins Acebrtindh BisitsaperrRdr 2 tareet
CORBRHGHAG: oB R UEiY=0f tRisteDadpigmhasein the pitalityrpbrsiern
conduits connect the thermal chuck to the first fluid source and the

second fluid source. 4. The apparatus according.to clajm 1, wherein.whetérll .
the first fidlid SBuRPRAETSH AT E e el on g RTINS BG BB, SSIREREH, Bria e
whergiethe &f tefliaidefl evishhwaughtahefingt suoply bantiafrtisntgritise at
least one valve to the heat sink before a testing of the device. 5. The
apparatu cording to claim 1, wherein when the. second fluid source is
operable;fot e first f%’ls s%oﬁcg%’g {%Gg ﬁt-b%ﬁﬁ&“&rﬁ%%ﬁ#\ the second fluid ,
flows through thiisbBaicauppRFedirt b Gughennet il temeryar difre
thetheatsifith chiriagal tespagotihe device. 6. The apparatus according to
claim 4, Wher%é&%%vm%mmawsﬁe}&gem% RIAIRAIRE SRt $6iRco via 2
first temperature, and wherein the first tluid circulates through the

appaFA eIt he testing of the device to generally achieve a target
temperature ofithrsciieibice ¥PRIE02001IBIBRRTEIThiPEYsty ipiz fow rate
The;pppaAts AGeArdingkesciaii hoaveberein the device temperature is
generally maintained at the first temperature, and wherein the second fluid
circulates through the apparatus and generally maintains a target, . .
temperatate GEtFRYHERRCA WERy eheeilsti g BRR e Jrek sugphy fapduit includes a
ap paymts scadcbrcling tiogdheithin finitherais thidetfiestfiaf ebwiesc is configured
such that the first fluid circulates through the heat sink before the second
fluid. 9. T paratys according to.claim 7, wherej QW T

Seoond o IR AR ACCp (Rl L LD BG4 R AL IR soure
apphrditeriedteonhihy horsairAnsuitrrahe s fupmbis st & Hirdbid St enG
changes in accordance with a change in the temperature of the device.

11. The a@?%@thﬁﬁﬁﬁ%‘é&@ﬂi&% &!Qk@i\n%z\,/\«bﬁéﬁm Iheaflanarateuef 46@s trough the
second fluid changes .in accordance with a.change in the temperature of
tho RESPGTICAES LA TR e e low
rate of the second fluid
24, The apparatus according to claim 23, wherein when the third fluid source is operable,
the first fluid source and the second fluid source are shut-off, and the third fluid is heated to 2

peak temperature as it flows through the third supply conduit through the at least one valve to the
heat sink before a testing of the device.

25. The apparatus according to claim 24, wherein when the third fluid having the third
temperature reaches the peak temperature, the third fluid source is shut-off, the first fluid source
is operable and the first fluid flows through the first supply conduit through the at least one vaive
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adjustably compensates for changes in the temperature. of the heat sink
bagetgon chandes in the temperature of the device. 13. The apparatus
according to claim 7, wherein the flow rate of the second fluid increases
wien iemBarataelithaderice ingroaspsatandiiradeisetheinteisiing et te
th esecond fluid decreases when temperature of the device decreases.
147 apparatus according to claim 9, wherein the flow rate of the
second fluid increases when temperature of the heat sink increases, gn%ﬂ
whereirpéh ailowpradescicthslise topldin eviersia 3888 BB dH) BP4R8E%0 '
thg NeahSinkARE1REFER hRpcRbRRparRiusac careing s tafloraaigpicheifid

the target temperatute of the device Is_the first ISR Wilind 6t (HdRvice.
ap it genga! Fcﬁlﬁtélf’oac wiﬁeﬁp@%ﬁeﬁ?n the target temperature of the

device is the first temperature. {P32602004881381)O0C) 21 P32602.S07
17. The apparatupaseordingie caiin, Whedsipiniaesisb fremipa g geet
' Qﬁ"% Lihandhe it lempeIakieehSorbie i Rpar aiasiRcberdingRusiaim

w

is

4, rein the first temperature is a target temperature of the device and
the second temperature is lower than the first temperature, 19. T{{Qee is a target
apparat’$.aderaipgassciederiBeih ki e Tt TR hrstIFERE S Bardet
terpRgLalNre e ithe daviseiandcthe erpentitdsiperdbardhisisiieratiaithe

first temperature. 20. The apparatus according to claim 1, further

comprising: a third fluid source including a third fluid, having a thirgyig source is
temperaﬁ?r&ﬁﬁf@i@fﬁtuﬁé?fﬂﬁﬁgfif%tcmg%%cghﬁ%rﬁdh eratures, whet}leig the

thespambih tiekGist diuis abhpecarirbe e e Rt FRAPS ST VT G =

SURPMY RN HiloWhaHE R aiiensbaRe wavghiméurtiestconfiglirad thy heat sink
variably control %&Ilo vr%}ée of the third fluid circulating through the heat

sink 2 AR SHERATUS according to claim 20, wherein the first supply
conduit includes a bypass conduit connecting the third fluid source to the
first fluid sQUIREaRRaithe-aplingatudeanGaraibeeio brihid Ruid fiardpeg fyoueh the
st S oM el LM rapi e i augle bygrasoconci!y

via t rst supply conduit to the third fluid source. 23. The apparatus

accBRAKIT TRIFTESEWHENER when the first fluid flows through the
bypass conduit to the third fluid source, the third fluid source is operable.
31. The apparatus of claim 24, wherein the thenmal chuck is configured such that the

third fluid circulates through the heat sink before the second fluid.

32. The apparatus according to claim 26, wherein the flow rate of the third fluid directly

affects a temperature of the heat sink.

33. The apparatus according to claim 24, wherein the flow rate of the third fluid is
generally constant when the third temperatare is less than the peak temperature, and wherein the
flow tate of the third fuid decreases when the third temperature is preater than the peak

temperatore.

34, The apparatus according to claim 30, wherein the target temperature of the device is

the first temperature.
{P32607 00488138.D0C} 23



24. The apparatus according to claim 23, wherein when the third fluid
smjsmerableﬁthe first fluid source and the second fluid source are
shut-off, and the third fluid is heated to a peak temperature as it flows
through4habisshesppiycangui datasghiheiatteslstomepraes fohiske: Renths
sink before a testing of t ' 5. The apparatus according to claim
23,{; %ﬁénrpeﬁrﬁ%rv %“&%é"{ﬁ?‘g%ﬁ%%?g{%ng the third temperature reaches the
peak temperature, the third fluid source is shut-off, the first fluid source is
operablagng tishbid<bilciokfiting i fivoprtin e firsiesisp PhreBrA GROHOTIGH? heat
th%ﬂalﬁéﬁk&%%ﬁk}fﬁiﬁg’%oz 00488138.n00) 22 P32602.S07 to the
heat sink to generally maintain a target tem t .k ' Satute
the testing of S GEEE" [%%% zi'fgg%rﬁ%ﬁ %rgttﬁfgfigfgi%%’oﬁé?agign&%?m
whafreseeopi@nidhe third fluid having the third temperature reaches the
peak temperatuesiae:ed ensirenaiieadfsts ohe freividtourheingrp st
flui uEg'generally maintain a target temperature of the device before the
testing of the device. 27. The apparatys according fo clai i,
the first tempe?mﬁgéﬁ?ﬁé?“fe%{ﬁ%rg‘%?g 8?%%& é&\;%gg%g_ tgr\lﬁekgs{g}c%nd
temperature isiisiadmsthBowhEafecondfvistraree ave thnseoopd Spidhad
according to claimpifadpbeieinithedicsiripepaiat duddis getargbtmaintain the device
tem eratu[? of the device and the second temperature is lower than the
firs 5}%&3{[1 98 The apparatus according to claim 22, wherein when
the second fluid source is operable, the first fluid source and the third fluid
source arg s métyend duineBéifuthe swuwivdefluid flows through the

second supply ganduiSHOHN hB-akdsRshanaoraivestootiatiie atusink
during a testing ¢f the de ice.f’s

. Ah aratus ' claim 24,
wherein the thifti it BFd A RS %%Bsﬁeg%ﬁt%tm ILHE 1{%‘&%{9&3&&9

e apparatus before the testing
of the device, asnhneties Bintermaesivicd Shibe RIS FTP YRS AN
maintained at aiiargalide ipatatiuie tadgl e leppinamitofeoraly gpstat flow rate.
wherein the thermal chuck is configured such that the third fluid circulates

through the heat sink before the e,co&d fu"?xig-' §2. The apparatus
according®fo &sifrses %F%‘?@’ﬁlt?ﬁlmﬁb PR TR AR fluid directly

affects a tempedatstioesheidevise at thiriregdemmeedparatus according to
claim 24, wherejg g Hgvwd ate of tiaitkindifl tichishegbndhall yooorstant

when the third t%rigg)%r%%y?rﬁ 0’@ (L@gj% %Ek?ﬂéﬁﬁd%&#tﬁ%mg{ﬁﬂ&f&m;

wherein the flow rate™of the third fluid decreas s_whegtgh%etgiggk.
temperature is GriAmPipgARF FROFRERE fERfi e fyle end the ’

comparing the temperature data to the target temperature of the device;

discharging the second fluid at a flow rate corresponding to a difference befween
the temperature data and the target temperature; and
variably adjusting the flow rate to generally maintain the target temperature of the

device.

39. The method of claim 37, further comprising:
circulating the first fluid through the heat sink; and
generally maintaining the temperature of the device at the first temperature,
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34. The apparatus a{_ccording to claim 30, wherein the target temperature
of Hiesdrgire is the first temperature. (P3260200488138.DOC) 23
P326a2.S07 35. The apparatus according to claim 34, wherein the third
temperatgreris higlae bibaim tienfitst tempiiature and the second

temperature. 36,4, Method o Gentialing AdsmRgIae of a device in

thermal contact with a heat sink, the method.comprising: determinin at
least a first terSHERINRABRLHE S feRp e di:sgewr;p S e tempe{%u o

concﬁemper ure o
second fluid; initiating, at a generally constant rate, a flow of a first fluid

source hayingdthedisstAid detonainingdemeetatveatiatar oiaddeasisohe frst
of tthe de\{‘i}ge and the heat sink; initiating a flow of a second fluid source
havifig the second fluid; and variably adjusting a flow rate of the second

fluid to generally maintain the device at a target temperature. 37. The
method ofzciRigmabotlativediapnyiaisidg; Shdtigppifitlse flow of the second

fluid from the sgcand fluid sautee of it atinaatheidlaneoftenfiiskiblitidatiasmyreater
the first fluid source; com daring the temperature data to the target

tenEy AR FEEA BT fhg the first fluid through the heat sink at the
generally constietiing thatlow3ge THaersreend Sub whre iy DR S74 RS fan
conyising isigkeating the device at the target temperature; shutting off the
flow of the first fluid from the first fluid source; initiating the flow of the
second fluid from the second fluid source; det rminjng tpe

; t t
data of th ERGE SR FRHEHED SR “CorlpEm TR Be TSt b

ure data to
the tangebte deperitnpsiofthectevicef thistsMisrgmigrntasee 6h &y brgt gink, 2 power

flowgeaig,careseanding dnaeiffesencadactiseen the temperature data and
the target temperature; and variably adjusting the flow rate to generally
maintain the target temperature of the device. 39. The methad of C}%I‘

m
37, furthefboRipimsihest 2esPrimgdn GAR BrITRT DR STER SRAEREE STy e

of the second fuid is such that when the temperature of the device increases, the flow rate of the

second fluid increases, and when the temperature of the device decreases, the flow rate of the

éeCOHd fluid decreases.

45. The method according to claim 40, wherein the variable adjustment of the flow rate
is such that when the power density of the device increases, the flow rate of the second fluid

increases, and when the power density of the device decreases, the flow rate of the second flnid
decreases,

46. The method according to claim 40, wherein the variable adjustment of the flow rate
of the second fluid is such that when the temperature of the heat sink increases, the flow rate of

the second fluid increases, and when the temperature of the heat sink decreases, the flow zate of
the second fluid decreases.

47. The method according to claim 40, wherein as the flow rate of the second fluid
increases, the Tesistivity of the heat sink decreases, and as the flow rate of the second fluid

decreases, the resistivity of the heat sink increases.
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generally maintaining the temperature of the device at the first

- tepmeratire. {P3260200488t38.D0C} 24 P32602.807 40. The method of
claim 38, further comprising: circulating the second fluid through the heat
sink; andsgenes aliyhaaasntadnint hadeim ter store! dfrtieratiuyitsdarerbapatipetrst
temperature.. 41. The method of claim 40, wherein the target temperature
of the device is the first temperature. 42. The method according to claim
40, further comprising: increasing the flow rate of the second fluid when

the tempBrafovecied dEdpiad® mhersin Wedivl s refpressaiiuig dp not mx.
decreasing the flow rate of the second fluid when the temperature data is

less thar% Ft}g&g&%tﬁggﬂ%u&é&o&g&%thod according to claim 40,

wherein determining temperature data further, com g%%%g&tr%mining
the temperaturdusingeiibadiow of hssscudiid Tmhe ARSIk, 8 power
density of the deiteg tados végistivityhod fromhesfirsi fkidsguFhe method

according to claim.40 awhareindbhe variahie adjsgtment of the flow rate of
the second fluid is su hfthtaévghngg %ﬁﬁ} erature of the device
increases, the T5WP#AIE BHFME S6cond Huid increases, and when the
temperature ofdfrdenkeisdrereuar bR Y the second fluid
decreases. 45 cFhsngthodnaecndingto tiataned@mykenainaide variable

adjustment of (e figiylinis SudhibahwheiNGeRURLARRSIL of the

device increases, the Tlow rate of the second fluid increases, and when
the power density of the device decreases, the flow rate of the second
fluid decrdaSbsmitiod biclarefiflotither epaMty™06 claim 40, wherein the

variable adjustygargbihliow sate mithedceannd fsidisisnotethat when
the temperature of the heat sink increases, the flow rate of the second
fluid increases, and when the temperature, of the heat sink decreases, the

flow rate &7- e seskehef Al te EX*BFF%he method according to

claim 40, whereitmastipgifavird axepefative dakohit it Pricpedanpeparc:

resistivity of thegeat sipk HEF IR heaRtk asipadlay rate of the second

fluid decreases, the resistivity of the heat sink ingreases, . . and

(P3260200488f&%ﬂ@gﬁ%éﬁﬁﬁ%ﬁ%@m&% IE SORTES A .
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.

53, The method of claim 51, further comprising:
comparing the third temperature of the third fluid to a peak temperature;
deteeting the third fluid at the peak temperature; and
variably adjusting the flow rate of ﬁxc third fluid to generally maintain the
temperatuce of the device at the target temperature.

54. The method of claim 52, forther comprising:
shutting off the flow of the first fluid from the first fluid source;
detecting the device af 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;
{P32602 00488138.DOC} 2%



48. The method of claim 40, wherein the second temperature is lower than
tHs XSt mperature. 49. The method of claim 36, wherein the first fluid
and the second fluid do not mix. 50. The method of claim 36, further
comprising: stuttimigashe thraptieire faidodie BresRacTABR SRELIRES fluid
source; initiaiigaandevsabiaanios duidars dresistiaiy sdiffgaice between
directing the first fluid,to, a thir i .soyree; heating the first fluid into a
thiVa'#d a&‘a&%%%%%ﬁéﬁ‘ﬁﬁ#&%ﬁ%’h %ﬁa%fe ol the i fid, comparing tga
temperature daxabts afisiag e e ipe Ui RG Bl Rtng ?he third fluid l
thienghdhedgeatdsiileat a flow rate. 51. The method of claim 50, further ;
comprising: shutting off the flow of the first fluid from the first fluid source.

52. The method of ¢laim 51, further comprising: comparing the third
temperaséfr'g‘ﬁFﬁ?‘éogl%g%%%ﬁggé%%%ﬁgérature,' etecting the third

fluid at the peaitinnprasfes: SHisdhirg Brdren iR BrHESTE T uid from

the third fluid gewsee; tadtitiiatingatige ftopeshitse first fluid having the first

temperature figm, e sk uielnoQuise daaRosialkmaimanhes;

temperature of the device at the target te, 1Y g@{%raeﬁd%ﬂ'm%ﬂethod of

claim 51, furth&EBinprLHE RS HBa f‘r%oﬁe third temperature of the third

fluid to a peak¢empenEtherenndeteeting B FFEHERPELHROBERe VS

temperature; apdnéasighhs adiuating the flowraatecotgrading b fuddfesnce between |

?een%}eg&%%%%%?ﬂig mg &%%%n%égt%%{gg&&g%device at the target i

he me

claim 52, further camprising:. shuti f
the flow of the Wm@%ﬁ%@?ﬁ&tﬁﬁmcﬁﬁ%é ﬁﬁg@gﬁ?ﬁéﬂ %ﬁg\%gég éa%ar B

therdmigptdesfedtute; initiating the flow of the second fluid from the
second fluid source; determining the temperature data of the device and

the heat sink; (P32602004381.38. OC}mZ6t§ g@g%%g&&qug@r@giwg the first
temperatﬂ?e%ﬁt?%"% 8%%%‘% amperature og the device; discharging the
secemgefatiebat a flow rate corresponding to a difference between

57. The method according to claim 53, further comprising:
decreasing the flow rate of the third fluid when the temperature data is greater

than the target temperature; and
increasing the fiow rate of the third fluid when the temperature data is less than

the target temperature.

58. The method according to claim 53, wherein determining the temperature data forther
comprises determining the teroperature of the device, a temperature of the heat sink, a power

density of the device, and a resistivity of the heat sink.

59. The method according to claim 58, wherein as the flow rafe 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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the temperature data and the target temperature; and variably adjusting
thesfiena.gefte of the'second fluid to generally maintain the target

temperature of the device. 55. The method of claim 53, further comprising:

shuttingsaffrtianiiond of thanttid-tiuidnfterthith Skl fuiosdbs rird SmpFaTde R g hot
the Sewice Al ihedArestiemRekatire: dniliatngshenfieiunat drenséaonoidluid the

from the second fluid source; ,getermining the temperature data of the
deRRBLIFEP LTS |ﬁﬁ€‘f’"g<§lﬁ'}ﬁaring 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 generally maintain the target temperature of the device. 56. The
method of claim 53, wherein the target temperature of the device is the
first temperature. 57. The method according to claim 53, 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. 58. The method according to claim 53, 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. 59. The method
according to claim 58, 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.
{P3260200488138.DOC) 27 P32602.S07 60. The method of claim 50,
wherein the third fluid having the third temperature is a hot fluid having a
hot temperature that is higher than the first temperature of the first fluid

and the second temperature of the second fluid. (P3260200488138A0C)
28
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