-1 SYSTEM AND METHOD FOR RAPI D TEMPERATURE TRANSI TI ONS FOR DEVI CES UNDER
TEST Field of the Invention [0001] The present invention generally relates
to tenperature control systens for devices under test. In particular, the
invention relates to a tenperature control systemand nethod for rapid
~tenperature transitions for a device uhder test using hot and cold fluids.
Background of the Invention [0002] Integrated G rcuits or sonetines
referred to as I1CChips are widely used in virtually every electronic

devi ce concei VSWS*TEM%N@) ﬁgpq{lgeﬁyrﬂﬁg( gAPfDOfE r?‘i%gwer go sone

formof testing to ensure’t e‘rntern clircul wired

properly. This teStTR%NﬁfTIOWSmRrD@ff*\g(r?]eE?INﬂqu’E‘STn" test. [0003]

During testing, the TCchipis o nre to as a Device under Test
(DUT). The DUT is nounted onto a PCB having a predeterm ned testing
algorithm and setting. While undergoing testing, the DUT may further be
mai ntai ned at a few predeter mumad JrRPPhRIntoR Setti ngs, whereby the
performance of the DUT is further being nonitored and recorded. [0004]
There have befooNaThopssta)isvdntibn Panddilhi riate duelpéldiise abnttdiesystems for
predeterm ned tenperatures. The DUTs when undergoing testing are inherently
gener ati ng hedavicgndinderyterfealn pprticelar, ghetinvestion élgles tte np égnanenators. couiend
exchangers have been used ft@o di.ssipate the heat fromthe DUIs to help

mei ntain t hendyatem @ad meihody ﬁﬁ@@ﬁwr@w&r@sﬂmﬁls 40 AP Y5E URdtE et jEBE Al so
been use of ther ellﬁgfr.'c cool ers coupled to the DUTs for providing

t enperat ure vl%ﬂi e ué#fd controlling the rate of heat transfer.
Sonetinmes the thernoelectric coolers are used nore as a thermal valve than
a heat pump. 2

Background of the Invention

[0002] Integrated Circuits or sometimes referred to as IC-Chips are widely used in
virtually every electronic device conceivable. During manufacturing of IC-chips,
they undergb some form of testing to ensure that the internal circuitry has been
wired properly. This test is sometime referred to as the “burn-in” test.

[0003] During testing, the IC-chip is often referred to as a Device under Test
(DUT). The DUT is mounted onto a PCB having a predetermined testing algorithm
and setting. While undergoing testing, the DUT may further be maintained at a few
predetermined temperature settings, whereby the performance of the DUT is
further being monitored and recorded.

[0004] There have been various ways for maintaining such DUTs at these
predetermined temperatures. The DUTs when undergoing testing are inherently
generating heat and may heat up to relatively high temperatures. Heat exchangers
have been used to dissipate the heat from the DUTs to help maintain them at
certain temperature levels. In addition, there has also been use of thermoelectric
coolers coupled to the DUTs for providing temperature variations and controlling
the rate of heat transfer. Sometimes the thermoelectric coolers are used more as a

thermal valve than a heat pump.



[ 0005] However, many of these nmethods require relatively great |engths of
time when changing fromone tenperature of the DUT to another.

Furthernore, sone of these nmethods are further l[imted by the self-heating
of the DUT. [0006] It can thus be seen that there exists a need for a
sinple and | ow cost nmethod for a syst2mand nethod for rapid tenperature
transitions for a device under test that can overcone or at |east
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I nvention [0 invention see for rapid
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one aspect, the present enbodi nent provides, a tenperature control system

for provi di nghesphethbdsmpe hather Hodited bs ithd seifhehting af he Wity of electronic
devi ces under test, the tenperature control systemconprising: a hot fluid
subsyst em f or[0pe6d\iit dimiusbéexenfthatitiibraexists hineed for espoplatand dow gostonethed ui d
subsystem for providing a cold flujd at a second tenperature; plurality
of test headsforackstewrandygethod ifon RgIdisRPsTatyrp dragpitipng fang devics) Wder &t o

devi ces under,test close to _at |east ope ..highest t erat.ure.and at | east
one Towest  t ehperaeiresmesEa ot A e diveyaiees pEER kB FHaAher
conprising: a mxer valve for mxing the hot fluid and the cold fluid to
produce a pre-mx fluid having a third tenperature; a fluid jacket for

coupling to the one of the plsumhiairy oPth&€lehtioni C devi ces under test,
t hereby nmaintaining tenperature of the one of the plurality of electronic
devi ces under test by thermal exchange between the pre-mx fluid in the

fluid jacket ,Hobdfvg P prsent | invérilionS 4EkN 8 sy Qi NghdC MR tHoR U Shyid Clempeilaire d
between the fluid jacket and the hot fluird subsystemor the cold fluid
subsystem anamgitione &ata devecetvadpeestt ure sensor for neasuring tenperature
of the pre-mx fluid and for providing at |east one tenperature signal; a
control | er f 0098 cA¢sprdigelynin ane aspesstthopresens ppbpdimentprovigsala leppeiatBach of

the plurality of test heads and.for sending at |east.one.control signal to
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| east one Conéléc%onic devices under test, the temperature control system comprising: a hot fluid
subsystem for providing a hot fluid at a first temperature; a cold fluid subsystem
for providing a cold fluid at a second temperature; a plurality of test heads each for
maintaining one of the plurality of electronic devices under test close to at least one
highest temperature and at least one lowest temperature; each of the plurality of
test heads further comprising: a mixer valve for mixing the hot fluid and the cold
fluid to produce a pre-mix fluid having a third temperature; a fluid jacket for
coupling to the one of the plurality of electronic devices under test, thereby
maintaining temperature of the one of the plurality of electronic devices under test
by thermal exchange between the pre-mix fluid in the fluid jacket, the pre-mix fluid
further being continuously circulated between the fluid jacket and the hot fluid
subsystem or the cold fluid subsystem; and at least one temperature sensor for
measuring temperature of the pre-mix fluid and for providing at least one
temperature signal; a controller for receiving the at least one temperature signal from
each of the plurality of test heads and for sending at least one control signal to the

mixer valve of each of the plurality of test heads; wherein the at least one control




3 signal may be used change the tenperature of the pre-mx fluid by
controlling the m xer valve of each of the plurality of test heads,
thereby rapidly changing the tenperature of the plurality of electronic
devi ces under test. [0009] In another aspect, the present enbodi nent
provi des, a nethod for providing rapi3l tenperature transitions for a
plurality of electronic devices under test, the nethod conprising the

lurality of e et hoc si.
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under test cl@igr VAv@bf k&3S BRSINaGRESE tdse MREd2 tkdrEbyAnsbidly LiRagihg ARE
| owest tenperature; providing a hot fluid at a first tenpéerature and a

second col d fteniperagire af ths @haality tof eleetradivdevices uidagtekthe hot fluid and the
cold fluid in a mxer valve of each of the plurality of test heads to
produce a pr 0089 Hlanpthehaspeetgthe présenienbndimenttpneddes, a methadglor eovipdieg ni xed
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tenperature which in turns changes the tenperature of one of the plurality

of el ectronitempenatireprovidimg athes fluidBitiadirstRempedapire aml ofecohd ciddlidhgsa [ 0010]
A present enbodi ment of the present invention will now be nore fully
descri bed, wiSeRondiemperaiue;t onxie e hoti fud anst thoeeld Wuid ipemikerryatye af each
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accor dance W M}mBQ T f)r%-srﬁi%d ﬂﬁﬁ‘%ﬁ%' ﬁqﬁgﬁécket of each of the plurality of test heads
resulting in thermal exchange between the pre-mix fluid and the plurality of
electronic devices under test; providing at least one temperature signal from each of
the plurality of test heads; and providing at least one control signal to each of the
plurality of test heads; wherein the at least one control signal if for instructing one
of the mixer valves of each of the plurality of test heads to change the pre-mix fluid
temperature which in turns changes the temperature of one of the plurality of

electronic devices under test.

Brief Description of the Drawings

[0010] A present embodiment of the present invention will now be more fully
described, with reference to the drawings of which:

[0011] FIG. 1 illustrates a block diagram of a system in accordance with the present
embodiment;

[0012] FIG. 2 illustrates a flowchart for a method in accordance with the present

embodiment;




4 [0013] FIG 3A, FIG 3B and FIG 3Cillustrates a test jig systemin
accordance wth the present enbodinent; and [0014] FIG 4 illustrates a
kinetic mount of a test head in accordance with the present enbodi nent.
Det ai | ed description of the Drawi ngs [0015] A system and nethod for rapid
tenperature transitions for a pluralitqy of electronic devices under test
is described. In the follow ng description, details are provided to
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the art, ho er "t'ha e rnvention m e prac out su

Some of the Qgﬁﬁkkﬁegﬁymﬁg&ﬁg@mq§§pribed at length so as not to obscure
the invention. [0016] The presenf enbodiment utilizes a test head coupl ed

to each of theo14gl BG. rpillwirgRy iacidseticnietntt 654 tédekicad nafdcesrdirbewitiedhé 0 as
DUT) for maintaining the DUT at a desired tenperature. Furthernore, the
present enbodpmsent embédimenf.or rapid transitions of tenperatures in the
test head fromone tenperature to another. This is achieved by

advant ageously mixing a hot fluid and a cold fluid to achieve a desired

tenperature and by conti ngous unning this pre-mxed fluid into a fluid
acket of the test head reRielidesiabiy OB RES Ay through the fluid
jacket to the DUT, changing the tenperature of the pre-m xed fluid.
However, by running the pre-mxed fluid at a high flow rate through the

39,1kt by ommsieir e oy Al oo i e 1
of fluid flowlagroatrdsies hadddithst isdebctiBediskdthe dollabahg dascriptidinedaailsi awim
change in tenperature (OI) during the tinme duration where the fluid enters
and exits thepbvideditq daskube thytpeetpired pmhodiments Jorsbalbbeppgarenditatane wkidled acr oss
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| [0016] The present embodiment utilizes a test head coupled to each of the

electronic devices under test (hereinafter referred to as DUT) for maintaining the

DUT at a desired temperature. Furthermore, the present embodiment allows for

rapid transitions of temperatures in the test head from one temperature to another.

This is achieved by advantageously mixing a hot fluid and a cold fluid to achieve a

desired temperature and by continuously running this pre-mixed fluid into a fluid

jacket of the test head. Thermal exchange occurs rapidly through the fluid jacket to

the DUT, changing the temperature of the pre-mixed fluid. However, by running

the pre-mixed fluid at a high flow rate through the fluid jacket, the temperature of

the fluid jacket is maintained closely to the desired temperature. In particular, the

flow rate refers to the volume of fluid flowing across the DUT, and is used to

determine the minimum change in temperature (AT) during the time duration where

the fluid enters and exits the fluid jacket. The minimum AT is preferably maintained

across the DUT. Generally, it is desirable to minimize AT so that the flow rate is

generally maximized for the application.

[0017] Each test head further has a mixer valve for controlling the ratio of the

mixing of the hot and cold fluid thereby changing the temperature of the pre-mix



m xi ng of the hot and cold fluid thereby changing the tenperature of the
pre-mix 5 fluid. Rapid tenperature changes may be achi eved by controlling
the m xer valve. Citing the m xer valve as a control nechanismis in no
way intended to limt the scope of the invention but is included for

conpl eteness. Furthernore, the m xer alve can be controlled by a dual rod
air cylinder that produces good controllability at a low cost. The dual
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cold tanks. The hot fluid and the cold fluid are prée-mxed in a m xer
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tenperature. The pre-m xed fluids exit the fluid jacket and are returned
to an arrangebvecanie kottralled by acival tod mikscydinderabitdprodees \gopd contritlability be

| ater returned to the hot and cold tanks. The arrangenent ains to keep hot
fluids separdedevicesmldedyalitodicylindes frpicelhatisasons regtdatery wWhichomakss el i n

bringing the tengﬁrature fof. the fluids either up to or down to the |evel
of the hot t&iPREOLAGT OF HLUYks. In a preferred enbodi ment, the fluid

fl ows throug St 4 eng i al [P re.: hi st.em
there is am of’ﬁnf%ef ht%v{?oﬂﬁ%tglrd_efsﬂggr v(glltl# aﬂh_%lgn S glﬁﬁl%kjmgmélg?ndédr e""ﬁeﬁ‘ﬁ%@? t anks
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switch the flowto. there"is no change in the fluid tenperature, then
one reservoi rthé asii flugd dré ple-mikeddin 4 enitdealot had riresattinoously anksghathe fluid
draining. It is required that the drain time be shorter than the fill tine

so that ther gaclwit bl thaldegised temperatuesrpkhe pramiixechBwids exit ehe. 1yid acdpt andeare
tenperature of the hot and cold fanks are further selectively chosen based
on the known teBiRskiaanAEapgeatent ekhotaereroudapksand galdrgsaryqiptagks ©orRe 14igTs .
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separated from cold fluids, such that less energy is consumed in bringing the
temperatures of the fluids either up to or down to the level of the hot tanks and
cold tanks. In a preferred embodiment, the fluid flows through the system by
differential air pressure. In this system, there is a minimum of two hot reservoir
tanks and two cold reservoir tanks so that when one of the reservoir tanks fills up,
there is an empty one to switch the flow to. If there is no change in the fluid
temperature, then one reservoir tank is filling while the other reservoir tanks are
draining. It is required that the drain time be shorter than the fill time so that there
will always be an empty tank when needed.

[0019] The temperature of the hot and cold tanks are further selectively chosen

based on the known temperature profiles required for the testing of the DUTs.
| This allows a rapid transition of temperatures from one predetermined temperature

to another predetermined temperature.

[0020] The present embodiment further advantageously uses an improved test jig

that minimizes human errors during the mounting of the DUTs to the fluid jackets

of the temperature control systems during the “burn-in” testing.




[ 0020] The present enbodi nent further advantageously uses an inproved test
jig that mnimzes human errors during the nounting of the DUTs to the
fluid jackets of the tenperature control systens during the "burn-in"
testing. 6 [0021] Referring to FIG 1, the tenperature control system 10 in
accordance with the present enbodi mrené conprises a hot fluid subsystem a
cold fluid subsystem and a plurality of test heads 20 for maintaining or

changi gL emhgAs Ut gl 14 1g, B! 3hhhotalc DHTS 1ok ORZRIcEaBMcEliDe, Lest

heads 20 co ses a m xer val ve conmuni cation w t | acket

25. The flui dpi36keht dRbiEMeRCoRPRECE hoi NEEAlduBsyistnt,Ne AV Tukbs Wsystemy be

coupled via a layer of Thernmal Interface Material. The m xer valve 22
recei ves a haindfd pludalitavémigstahdads 20 foe mpeitaihing corachenging tdntefdtutiesl ofiaké ng a
second tenperature and mxes themin to produce a pre-mx fluid having a
third tenperptuatity offBETsrlé-nmix fluid is then received by the fluid jacket
25 which results in_thermal exchange of the pre-mx fluid in the fluid

jac kfet 25hvvi ;moi%é@a@éﬁlﬁdemvads@.wm@mawe&&ﬁw%2 [ FRypHECHoORSYI ) ve
22 .t 0,.djff t, t it hiint fluid
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perform better "at certarn tenperatures as well. such, being able to

control the tRpResat HoeeH BRI Lfirdhembéihile jaa€ lket&id 2hid NEeRe Ndestbhy
advant ageously all ows each DUT 15 to be tested depending on its responses.

[ 0024] The hotmipkrabde sark ysikesmtledn tihetd enpdrcat ar greanint flold dysbgem 1bird
conprises a hot tank 30 for storing and maintaining the hot fluid at the
first tenper aempetatureie Thhpre-mixrfluid s then feaeivedby bgulubbieketi 2Shwhicheesulip uni t
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15.
[0023] By controlling the mixer valve 22 of each of the test heads 20, different
temperatures within the fluid jackets 25 may be obtained. This is advantageous as
not all DUTs 15 have the same characteristics. Some DUTs 15 heat up faster than
others, some perform better at certain temperatures as well. As such, being able to
control the temperature of each of the fluid jackets 25 independently
advantageously allows each DUT 15 to be tested depending on its responses.
[0024] The hot fluid subsystem of the temperature control system 10 comprises a
hot tank 30 for storing and maintaining the hot fluid at the first temperature. The
hot tank 30 is further equipped with a heater unit 31 and a hot tank temperature
sensor 32.
[0025] The pre-mix fluid is running continuously into the fluid jackets 25 and exit
the fluid jackets 25 to be circulated back to the hot fluid subsystem or the cold fluid
subsystem.
[0026] If the pre-mix fluid is above a threshold temperature, the pre-mix fluid is
circulated back to the hot fluid subsystem. The hot fluid system further comprises

a first hot reservoir tank 33 and a second hot reservoir tank 34. The first and



the fluid jackets 25 to be circul ated back to the hot fluid subsystem or
the cold fluid subsystem [0026] If the pre-mx fluid is above a threshold
tenperature, the pre-mx fluid is circulated back to the hot fluid
subsystem The hot fluid systemfurther conprises a first hot reservoir
tank 33 and a second hot reservoir tank 34. The first and 7 second hot
reservoir tanks 33, 34 serves to receive the circulated pre-mx fluid from

the test h . - S 1 |4 fd Ui t '
cord tank 40 FErechrias it il o s oSkl i PN R AGTRGRP oS °

tenperature. {fhescddsbank 40 is further equipped with a chiller unit 41
and a cold tank tenperature sensor 42. The cold fluid subsystem further

conprises a floozt Silildidyabecoldiffuid aubkysfan aodphses acoRitaabl4d for sednyand t ank
44. [0028] Wien the circulated pre-mx fluid is below the threshold

t enper at ur e, méistainggea wpkd flvidiad the setiond demperatora. hdhe alotl fanki4) subrthet em
The first and second cold _reservoir tanks 43 and 44 serve to recei this

pre-m x fl ui CauRpss tvith ¢ chiller yitfbead azgld gy sappargipes ssnsgr ¢ (16 W&t f1uid
subsystem hayi.ng the first and the second hot reservoir tanks 33 4
advant ageous %lglg?mte%ﬁné’i%ﬁ%r@nfeﬁ@ t?xis{] 8‘?15 ﬁ?ﬁ??rvrogstg?l?/g]iz’ A ﬁnsﬁcoréfolkg be
filled from tr@?eﬁ&i?famémfl uid after the test heads 20, while the second hot
reservoir tank 3471s raining pre-mx fluid already in the second hot

reservoir tafIbOZt?[](VWBeﬂ he drtilat@nife-3x TRPEObelfw thdehlEiRIdtempdrikutt, ithe added
into the hot tank 30, the tenperature of the contents of the hot tank 30

may vary depeneinig floid ishdirecedper tht wokl Gfidt Jubsystem.m Rhe fitstiadd asdcted. colhe hot
tank tenperature sensor 32 then serves to nonitor the tenperature within
the hot tank 18rvaif tanke 43 angdf servedo vegeivesthisque-gnie duid fromHbe Hluit meketyini ¢ 31
may be activated to heat the fluid in the hot tank 30 to the first

t enperature.

[0029] Referring to the hot fluid subsystem, having the first and the second hot
reservoir tanks 33, 34 advantageously allows for example the first hot reservoir tank
33 to be filled from the pre-mix fluid after the test heads 20, while the second hot
reservoir tank 34 is draining pre-mix fluid already in the second hot reservoir tank
into the hot tank 30.

[0030] As the pre-mix fluid is added into the hot tank 30, the temperature of the
contents of the hot tank 30 may vary depending on the temperature of the pre-mix
fluid added. The hot tank temperature sensor 32 then serves to monitor the
temperature within the hot tank 30. If the temperature varies too greatly, the heater
unit 31 may be activated to heat the fluid in the hot tank 30 to the first temperature.
[0031] Referring to the cold fluid subsystem, having the first and the second cold
reservoir tanks 43, 44 advantageously allows for example the first cold reservoir
tank 43 to be filled from the pre-mix fluid after the test heads, while the second hot
reservoir tank 44 is draining pre-mix fluid already in the second hot reservoir tank
into the cold tank 40.

[0032] As the pre-mix fluid is added into the cold tank 40, the temperature of the
contents of the cold tank 40 may vary depending on the temperature of the pre-mix

fluid added. The cold tank temperature sensor 42 then serves to monitor the




[0031] Referring to the cold fluid subsystem having the first and the
second cold reservoir tanks 43, 44 advantageously allows for exanple the
first cold reservoir tank 43 to be filled fromthe pre-mx fluid after the
test heads, while the second hot reservoir tank 44 is draining pre-mX
fluid already in the second hot reserv®ir tank into the cold tank 40.
[0032] As the pre-mx fluid is added into the cold tank 40, the tenperature
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of the pre-mX rature sensor
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tenperature varies too greatly, the chiller unit 41 nay be activated to

cool the fl uitdmipsratdre. col d tank 40 to the second tenperature. [0033] In
terns of each of the hot and cold fluid subsystens having two reservoir
t anks. The t vi00333slertomis ofi ek of Hrealmy camd repldativid stbsyetsus| having| toiesresdneoif j r st
reservoir tank to be filled up before switching to the second reservoir
tank, while tieks jThettworeseayajigppk agnecmestadypapgrously Alaws Hstitsh IesEYYT t ank
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is being enptied. Furthernore, there may be a scenario when the total

vol ume of fl withsr bedaingng sudnsptgt em exceeds the vol unme that the subsystemis
intended to handle. The excess fluid may then be drained to the other
subsystem |t[08341 He mppiaed apreviobsly. dhdhekflpidedogh nobechinge tthmpergitier

types of recircul ation schenes may be ilized. [003 The firs
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tenperature
Furthermore, there may be a scenario when the total volume of fluids in one

subsystem exceeds the volume that the subsystem is intended to handle.  The
excess fluid may then be drained to the other subsystem. It can be appreciated by
one skilled in the art that other types of recirculation schemes may be utilized.
[0035] The first temperature, the second temperature, the third temperature and the
threshold temperature may be predetermined and selected based on the temperature
testing profile that is desired for the DUTs. The temperature testing profiles for
the DUTSs usually comprises a few set temperatures within a range of temperatures.
There are usually at least two predetermined set temperatures corresponding to a
highest set temperature and a lowest set temperature.

[0036] The second temperature is the temperature of the cold fluid coming from the
cold tank 40. The second temperature is selected to be similar to the lowest set
temperature of the temperature testing profile. This way, the cold fluid from the
cold tank 40 is always ready for lowering the DUTs to their lowest set temperature
in the temperature testing profile. This is desirable as the time and power required
for further lowering the temperature of a cold fluid is much more than that for

heating of a hot fluid. As such, the cold fluid is always kept at the lowest set



testing profile that is desired for the DUTs. The tenperature testing
profiles for the DUTs usually conprises a few set tenperatures within a
range of tenperatures. There are usually at |east two predeterm ned set
tenperatures corresponding to a highest set tenperature and a | owest set
tenperature. [0036] The second tenperadure is the tenperature of the cold
fluid comng fromthe cold tank 40. The second tenperature is selected to
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testing profile. This Is desirable as the tine and power required for
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heating of a hot fluid. As such, the cold fluid is always kept at the
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cold fluid fromthe cold tank 40 is being used. [0037] The first
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[ 0038] As compared to t e hot fluid is nore easily heated

up to a higheoss)eapesapatee td Gie &€ fluld) tRdEbt i is Mofeheasheegted wpi fo 81 i n
the hot tank 30, a flash heater 50 may be installed in the hot fluid

subsyst em forhlghﬁttdmpermnm/fodluﬂg I agditiorh®athe lgateo uhin @ 1hotthd hoti tdankb8d,ng sent
to the plurality of test heads 20. This may_ be desirable particularly when

pre-m x fluidlas \]n,ep;@r POwmay heeinsialled in & Mv@léééhsysm&f fusther PFVIdIBE ~ t ank

20, nan 2 Leraaulte sTodog 8 BlurslLt ol A phsaler sy, be
be desirable particularly when pre-mix fluid having lower temperatures have been
added into the hot tank 30. In an alternative embodiment, a plurality of Vﬂash
heaters may be utilized. Specifically, if the plurality of test heads 20 operates
independently,.then a flash heater 50 may be coupled to each of the plurality of test
heads 20.
[0039] . The advantage of the flash heater 50 is that it solves the problem of
sudden increases in temperature over the current temperature of the hot tank 30. In
one mode of operation, the flash heater 50 allows the hot tank 30 to be run below
the highest temperature required for the test, and up to maximum temperature of
the fluid that the flash heater 50 can raise to. For example, suppose that the test
procedure requires running at 60°C for 20min and 90°C for 10min. Instead of
having to run the hot tank 30 at 90°C throughout the whole test procedure by
mixing the hot flow with large amounts of cold flow to achieve the 60°C working
temperature, the hot tank 30 can be run at 65°C for 20min by mixing a small
amount of cold fluid to produce the desired working temperature, and then warmed

to 90°C for the last 10min. During the transition from 65°C to 90°C the flash




i ndependently, then a flash heater 50 may be coupled to each of the
plurality of test heads 20. [0039] . The advantage of the flash heater 50
is that it solves the problemof sudden.increases in tenperature over the
current tenperature of the hot tank 30. In one node of operation, the
flash heater 50 allows the hot tank 300to be run bel ow the highest
tenperature required for the test, and up to nmaxinumtenperature of the

fluid that theflagh &E@@rtc?fals%(%h&f% 1i”?ne ﬂlﬁd(m KRRAZSIL bat the
thoefiRe ot ToRa A

test procedure réequires running a mn and
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procedure by mxing the hot flowwth | arge anounts of cold flowto

achi eve the g06a00Crha theeshdl@n@epattuieis iseé niuly tfandecihgcahether theprani65C f or
20mn by mxing a small amount of cold fluid to produce the desired

wor ki ng t enpefhad after, thatedt hdadn2Gvailhbelcireudatedigackdo thethot flaisl subfystem obihé ng t he
transition from65C to 90C the flash 10 heater 50 is used to rai se %J]
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subsystem or subsystem enperature nmay be a
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set tenperature. Mre ‘particularly, the eshol d tenperature may

sel ected to hoabaidwdObetabavihe higthest enRaipetfire hedperalvest8et ttmphaturdir eshol d
tenperature at this selection does not go above m dway between the hi ghest
set tenper at upes4tandin ekampleowé stchseseltatiop ef dhreshold teh@@dairemayxkambier thé such
a selection of threshold tenperature may be when the highest set
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second hot having a temperature of 25°C would then be sent to either the first or second hot
reservoir tanks 43, 44.

[0042] In another example, if the highest set temperature is 40°C and the lowest set
temperature is 25°C, the midwayr between the highest set temperature and the
lowest set temperature would be 32.5°C. As such, selecting the threshold
temperature to 10°C above the lowest set temperature would bring the threshold
temperature to 35°C which is above the midway between the highest set
temperature and the lowest set temperature. In this case, the threshold temperature
with a lower level of 32.5°C is selected.

[0043] The system 10 according to the present embodiment may further comprise
of at least one controller (not shown in FIG. 1) for controlling the circulation of the
hot fluids and for controlling a plurality of valves (not shown in FIG. 1) for
directing the flow of the fluids inside the system. The heater units 31 and the
chiller units 41 may also be controlled by this controller. The controller is further
adapted to receive inputs from the plurality of temperature sensors that may be

installed at various locations in the system 10. Two such examples are the hot tank




reservoir tanks 43, 44. [0042] In another exanple, if the highest set
tenperature is 40C and the |l owest set tenperature is 25C, the m dway

bet ween the hi ghest set tenperature and the |owest set tenperature would
be 32.5C. As such, selecting the threshold tenperature to 10C above the

| owest set tenperature would bring thdlthreshold tenperature to 35C which
is above the m dway between the highest set tenperature and the | owest set

tenperature. tkﬁg%%hﬁg%%@%r _??hgnd: B{eegcrl?ltgnﬁ SRS A Sensht Ub, aTEIﬁP@rﬁtulr@Vel of

32.5C is select e system 10 according to the present enbodi nent
may further cRARrs S®ulPhls@dbelifasgiedooemeitd:’ @k [tefpératire @ plenix! fmidd) for
controlling the circulation of the hot fluids and for controlling a
plurality of hefdreemd(afodr thhoimdividuaFIfiGid Jjckétor25,dsuchcthanghd enfrdlowt dhe t he
fluids inside the system The heater units 31 and the chiller units 41 may
al so be cont ripflivisiga hyalvesod fos|ehelr testrheadc 3t twanld elsojbs gonirphest by dbipt ed
to receive in(g)uts fromthe plurality of tenperature sensors that nay be
instal |l ed at 8PU%s | ocations in the system 10. Two such exanples are the
hot tank 11 t rat ure. sensor an e_gol nk re s r 42.
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that the control of the ndi vi dual m xer valves 22 for each test head 20
woul d al so bepreaiik ritlidis dvitivh tWaald tentafRbd te. tePBrhbdre UTethe AUTS! therfluidul d
then control each of the m xer valves by sending out at |east one control
si gnal to eadgackets arheoupledio. VEHewostrolosigah prayides hasttustipes for dhemdfer vhlwe

pre-m x fluids, which would then affect the te&gerat_ure of the DUIs the
fluid jackette @iethedipsifbud @ad theeokdouidodt aingersterpingdi wEe thatspioyld Pens f or

the m xer valve, tg mx the. . h f.lui,d and the cold fluid at a predeterm ned
ratio that woiPgugsdhe Wﬁﬂ@c@“ghﬁwﬁg ﬂ“—eﬁﬁ? Weﬁ‘%‘f’fﬁvi ng the third

t enper at ur e.

[0045] The system 10 may further comprise a plurality of pipelines or means for
transporting the fluids around the system. Driving means such as motor and
variety of pumps will also be required for driving the fluids through these pipelines.
Use of compressed air may also be used for such driving means and the use of
valves and regulator will also need to be considered. It would be apparent to one
skilled in the art that the present invention may be practiced without further
description to such details.

[0046] Referring to FIG. 2, a method 200 in accordance with the present
embodiment may further start with the step of providing 210 the hot fluid at the
first temperature and the cold fluid at the second temperature. Next the step of
mixing 215 the hot fluid and the cold fluid to form the pre-mix fluid is performed.
The mixer valve 22 of the test heads 20 would receive instructions from the
controller to mix the hot and cold fluids at a predetermined ratio to produce the pre-
mix fluid having a third temperature.

[0047] The pre-mix fluid is then run 220 continuously into the fluid jackets 25
which are coupled to the DUTs 15. The continuous flow of the pre-mix fluid into
the fluid jackets 25 result in thermal exchange between the pre-mix fluid and the

DUTs 15. This way the temperature of the DUTs 15 may be maintained according



[ 0045] The system 10 nmay further conprise a plurality of pipelines or neans
for transporting the fluids around the system Driving neans such as notor
and variety of punps will also be required for driving the fluids through
t hese pipelines. Use of conpressed air may al so be used for such driving

means and the use of valves and regulldtor will also need to be considered.
It would be apparent to one skilled in the art that the present invention

may be practi i: r SCIJ Bt C i
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~enmbodi ment eyl Whhestust art with the step of providing 210 the hot fluid
at the first tenperature and the cold fluid at the second tenperature.
Next the stepoods] Thexplocali?fl of tdse hbals 20| miayl fariert Yeeeqipebdf With demperbimeen t he
pre-mx fluid is perfornmed. The mi xer valve 22 of the test heads 20 woul d
recei ve i nst rygnsarofes defeciing and prevding ¢érhpsraturs signalsiad éhaere-naindluedsiand theii ds  at
a predetermned ratig to produce, the pre- mx fluid having thir

t enper at ure. PHdAFP- Fhe sgs,pegfgpr)@vydpqg 3 & legsbAng Eﬁmpf’éﬁu@o?@aﬁff%‘sq Phto the

fluid jackets,?2 whi.ch.are coupled to the DUTs 15. The continuous fl ow of
the pre-mx ftpﬁ?eat]il??flﬁ)aof%tgie?Pﬁ']@%m}egckets 25 result in thermal exchange

bet ween t he pgagfl el dotrdu @M thd'& st 16 tkn- prd & B AIRESRhAE G Of the
DUTs 15 may E[g r?gr: ntea(%Onerg accord?yr?g 12 to tpﬁe tsﬁeisr S‘teerrpgr ature%of t he
pre-m x fl ui dsopide ¥BitrdlensnRAges td¥achhe@it Nixédealvdshiy df tienst aédds 0. [ 0048]
The plurality of test heads 20 may further be equi pped with tenperature
sensors for dBteesttn ofgpravidingr230ithi atdedseomecantol sigidl gmedch offthd test heads 20 x
fluids and the DUTs 15. The step of providing 225 at | east one tenperature
si gnal from dadengeriofmed. : Bag at ieagtienexnire] signsh mesbe de Hstrucy angag]therfgst
controller of the stem 10 .t hen processes. these tenperature signals to
orovi de cont risds ALRAGER Brehepes BRER-BRY A (HRRAUFD JRANS o5 ehfks ey

heads 20. temperature of the DUT 15.

[0050] In another embodiment, the present . implementation may be further
improved by utilizing a test jig system that minimizes human errors during
mounting of the DUTs to the fluid jackets of the temperature control system 10
during the “burn-in” testing.

[0051] Referring to FIG. 3A, the test jig system 300 comprises a self-contained
testing board 305 adapted for mounting multiple DUTs 15 and a system enclosure
350 for housing the temperature control system 10. The self-contained testing
board 305 effectively comprises a mother board capable of testing rnulﬁple DUTs
15 at any one time. The self-contained testing board 305 is adapted to slide into
and out of the system enclosure 350 like a drawer.

[0052] Referring to FIG. 3B, DUTs 15 that need to be tested are mounted onto the
self-contained testing board 305 and then slid into the system enclosure 350.
Referring to FIG. 3C, compressed air cylinders 320 may be mounted at the bottom
of the self contained testing board 305. The compressed air cylinders 320 may be
used to raise the self contained testing board 305 such that the DUTs 15 engage
with the multiple test heads 20 each corresponding to a DUT 15. While this

example uses air cylinders to engage the test head with the DUT, this is in no way




The step of providing 230 the at | east one control signal to each of the
test heads 20 is then perforned. The at | east one control signal may be to
instruct one of the test heads 20 to adjust or change the pre-mx fluid
tenperature to maintain or change the tenperature of the DUT 15. [0050] In
anot her enbodi nent, the present . inpll@mentation nmay be further inproved
by utilizing a test jig systemthat mnim zes human errors during nounting

of the DUTs t ra

during the "HﬁFﬁag%Fh$2§€% ﬁf%%@%] ?erg@ﬁg %%&gf ékﬁkfﬁ%%ﬁﬁp?%?ig
system 300 copphdcdeD issnli- 16@81t fHeN@dthet ®ShidNJ RARA %darﬁolév@ﬁlﬁ@tﬂ@@ JOTs
mounting nultiple DUTs 15 and a system encl osure 50 for housing the

t enper at ur e ciasteadbdf thy stseheadl®eliniinates ¢hd nendiey thatl tHeasiti vgd aksearbtly B0%e
effectively conprises a nother board capable of testing nmultiple DUTs 15
at any one tuap@recmbév %ﬂqhmdﬁﬁéhmlgné@mhﬁgﬂbbard 305 is adapted to slide

into and out_ of t stem encl osure 350 |ike a drawer 0052] Re err| ng
to FIG. 3B, DORSI St s dns sopRlet eéis#éedr%fﬁrée BN B‘H{/obetﬁ pte
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cylinders 320 nay be wused to raise the self contained testing board 305

such that thewefddbhodfl 303gAgRing/Mht Rethb@il Aeditedny dx@sine haaptgadtbsasthmay
corresponding to a DUT 15. Wile this exanple uses air cylinders to engage
the test headhanetbhert trensbiiffed tohthssalfscantaimal testing b®aiddlénded to linit the
applicability of this design. Mtors, solenoids, etc may also be used to

rai se and | ow8P54lhEharprepeYt tevdiecysteal 30 advantRerointit al}@v%ﬁeé rmﬁgnounﬁ@g ead of
Lhe Lest heads ol pmustes iepiecens i Lhsl L Lest aeghassertlyyove
conpl eted, the. LEVRNSE thHRASHES MBYn,&12ARLiRE fQing board 305. There is an
elimination of operator error when it comes to engaging the DUT 15 to the test
heads 20, as the operator does not need to make a decision as to how tightly
coupled the DUT 15 must be to the test head 20. There are also less alignment
errors since the entire self-contained testing board 305 may be pre-aligned with the
location of the DUTs 15 and the test heads 20.
[0055] One further advantage is the vertical motion of the testing board 305 that
engages the DUT 15 to the test heads 20 results in minimal wear and tear on any
thermal interface material (TIM) that may be used. Compared to the other designs
where the test heads or DUTs swing into place to engage each other, the TIM will
last many times longer in the vertical engagement between the DUT 15 and the test
head 20. |
[0056] The test heads 20 within the system enclosure 350 may further be adapted
to further comprise a kinetic mount. The kinetic mount comprises of at least a
gimbal which results in a consistent application of force and pressure on the DUT
15 when the test heads 20 are engaged and coupled to the DUTs 15. This kinetic
mount also reduces the possible planar movements that may be experienced when

coupling the test heads 20 to the DUTs 15.




wi thdraw the self contained testing board 305 fromthe system encl osure 350
and the DUTs 15 may then be renpved. A handle 310 is attached to the

sel f-contained testing board 305 allow ng the renoval despite any extrene
tenperatures that may have been transmtted to the self contained testing

board 305. [0054] The present test jid4system 300 advant ageously allows for
rapid mounting and disnmounting of the DUTs 15. Furthernore, force on the
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testing boar IS an imnation of operator er

to engagi ng tiig: f4EE okda bphetibl duete 4bPadsh At RS cbhe SPMeaphbredigas thot need
to make a decision as to howtightly coupled the DUT 15 nmust be to the
test head 20.bottoar ef trectest! Issad 1463 Sn de girtieahtdireetionodrgl & the ecehtee of it teat

sel f-contained testing board 305 may be pre-aligned with the |ocation of

the DUTs 15 divdddfbin égthorieendal mane. [ Ypbbingulwe nfisalighmentadihn DAbe 403 apdhe
vertical noti of the testing ard 305 that __engages the DUT 15 tq the
test heads 201015&%9% are; ?Prﬂmﬂ%q? thegre &ﬁa pesafbleo AmoRyt of RIS e Y ace
material (TI t hat, may he .used. Cnfﬁgr to the other designs where the
test heads oy%ﬁﬁ?gﬁgﬂfﬁﬁapﬁﬁ%uﬁngb 4 'gage each other, the TIMw I

last many ti n@gsdh ANGRT HepbRRialef fhhC fhridtl JRAIRHERbNS bR t&RerUTar] Be and
the test hea é%. [0056]p ﬁ%ukest ﬁea5§%20 mft_i% ?%e S gten?enclps%re 350
may further b@addapd pétsort skified thRg ar€ GaBbIISRpartikf fidink theMRUPE of THepriicnet i C
nmount conprises of at |east a ginbal which results in a consistent
appl i cati on adhvémiooe and pressure on the DUT 15 when the test heads 20 are
engaged and coupled to the DUTs 15. This kinetic nmount also reduces the
possi bl e planar novenents that nay be experienced when coupling the test
heads 20 to the DUTs 15. 14 [0057] Referring to FIG 4, the test head 401

is attached to spring | oaded ginbal that rides on a spherical surface 403
such that the center of the sphere is at the




bottom of the test head 401 in the vertical direction and in the center of
the test head 401 in the horizontal plane. Slight angular m salignnent of
the DUT 402 and TIM 404 are conpensated by the | east possi bl e amount of
novenent. This reduces the wear and tear on the TIM404. [0058] It will be
appreci ated that various nodificationd5and i nprovenents can be nade by a
person skilled in the art w thout departing fromthe scope of the present
invention. 15 Cains A tenperature cgg ol systemfor providing rapid
tenperature transitions for a plurality of electronic devices under test,
the tenperature control system conprising: a hot fluid subsystemfor
providing a hot fluid at a first tenperature; a cold fluid subsystem for
provi di ng a cAltmberatude @bnteolsgstend foreploeididgleapid acmperatatd tignsfionse$dr heads
each for maintaining one of the plurality of electronic devices under test
close to at |®aeditonef Ieleghenric dengssr andareteshdthe tErpeRtush ecdngmb stystem
tenperature; each of the plurality of test heads further conprising: a

m xer val ve fOMRHS%¥Enhg the hot fluid and the cold fluid to produce a

re-mx fluid havin .third tenperature; a fluid jacket for coupling to
Phe one of the pi A SisEyelTronp it fudhid 5 453 et Shuey oby

mai nt ai ni ng tenper f . L. i i.c. devi ces
under test gby Fﬁeréraréa &ggfghsg%ggteggtﬁ)vr\ggorﬁ @ﬁ%gﬁglgﬁmli%{tﬂo%l“g&i t:é{r;lﬁj'%%girg’l uid

jacket, the pfghimlity fdfukst hdati§ Bedh hei ManeoMd B0 W8St Plirekityabe dlechetivveen
the fluid jacket and the hot fluid subsystemor the cold fluid subsystem

and at |east duveces engeetat cloge ®eatdeast one hiphes uerpgatuepet @t loase oné 1dvinest
pre-mx temperature;
each of the plurality of test heads further comprising:
a mixer valve for mixing the hot fluid and the cold fluid to produce a pre-mix
fluid having a third temperature;
a fluid jacket for coupling to the one of the plurality of electronic devices
under test, thereby maintaining temperature of the one of the plurality of
electronic devices under test by thermal exchange between the pre-mix fluid
in the fluid jacket, the pre-mix fluid further being continuously circulated
between the fluid jacket and the hot fluid subsystem or the cold fluid
subsystem; and
at least one temperature sensor for measuring temperature of the pre-mix
fluid and for providing at least one temperature signal;
a controller for receiving the at least one temperature signal from each of the
plurality of test heads and for sending at least one control signal to the mixer valve
of each of the plurality of test heads;
wherein the at least one control signal may be used change the temperature
of the pre-mix fluid by controlling the mixer valve of each of the plurality of test
heads, thereby rapidly changing the temperature of the plurality of electronic

devices under test.



fluid and for providing at | east one tenperature signal; a controller for
receiving the at | east one tenperature signal fromeach of the plurality
of test heads and for sending at | east one control signal to the m xer
valve of each of the plurality of test heads; wherein the at |east one
control signal may be used change the lttenperature of the pre-mx fluid by
controlling the m xer val ve of each of the pIuraIity of test heads,

thereby rapidjy changj e . iC
devi ces under test §H%e%$ﬁ rC?enpe?‘gt ?%8%8h?f IP%%%?%ﬁ&d%hﬁﬁ&%gy
wherein the hﬁhqﬁkééQh&%&@yﬁéﬁﬁgaH&M@Rbﬁe§h6tﬂ@kt&ﬁﬂﬁmhﬁykﬂgn&mhﬁﬁﬁﬁt unit,
a hot tank tenperature sensor and a first hot reservoir tank. 3. The

t emper at ur e clintresetvodytahlem of claim 2, wherein the cold fluid subsystem
conprises a cold tank having a chiIIer unit, a cold tank tenperature
sensor and a first cold reservoir tank. 4. The tenperature contr ol systent

of claim1, further conprising a flash heater _ for vi ding ad Q
rapi d heating-to tHee HenP§RIY q%lfrelr SYHER 10 Plﬁmtt?e srein the, | 6o fltﬂgeach

of the plurali f t est heads. ete ture control systemof claim
3, further co%%%‘t U Ty 4 tld ik et Sin bl € obCieal Ry PTREs o
fluid after t I L Lo R rel &4 ds back to the hot fluid subsystemif
the pre-mx f s aHEl% J\fé’ aret 1rﬂa§?d tenperature. 6. The tenperature
control systentof cla|n15, mhereln the hot fluid subsystem further
conprises a second hot reservoir tank. 7. The tenperature control system of

claim6, wher4in tTHee eoipdrafireicontrad wpsga to€ nlafrarl { fuethecammpristresa Hashdwoated col d

reservoir tank. 8. The tenperature control system of claimb5, wherein the
threshol d t etepdrariding additigpa) vepidorating (e thenbotcBpid dapforp maigiag dén i auxer

tenperature.  vesof each of the plurality of test heads.

5. The temperature control system of claim 3, further comprising a fluid return
subsystem for circulating the pre-mix fluid after the plurality of test heads back to

the hot fluid subsystem if the pre-mix fluid is above a threshold temperature.

6. The temperature control system of claim 5, wherein the hot fluid subsystem

further comprises a second hot reservoir tank.

7. The temperature control system of claim 6, wherein the cold fluid

subsystem further comprises a second cold reservoir tank.

8. The temperature control system of claim 5, wherein the threshold

temperature is about 10°C above the coldest predetermined temperature.

9. The temperature control system of claim 1, wherein the first temperature is
not more than 10°C above the highest predetermined temperature if the highest

predetermined temperature is above room temperature.



9. The tenperature control systemof claim1, wherein the first tenperature
is not nore than 10C above the highest predeterm ned tenperature if the

hi ghest predeterm ned tenperature is above roomtenperature. 17 10. The
tenperature control systemof claim1l, wherein the second tenperature is
about the sane as the | owest predeteriri’/ned tenperature. 11. The tenperature
control systemof claim1l, wherein the plurality of electronic devices

under test arg WD(L;T};ee[Q Qraﬁmfs @J)r}trcﬁgﬁ%h %\Aglaﬁﬁslt WB %Bcojﬂa teﬁqﬁ@fauﬂt esting

tenperature contr system o erein t -cont al

board is adapk@bodt@hdine dsithd iovstmedsternfindd i Eﬁﬁlré(ﬂ f contained testing
board to engage the plurality of electronic deV|ces under test to the

plurality of test heads. 13. The tenperature control systemof claim 12,
wherein the lifting means may be conpressed air cylinders. 14. The
tenperature cdntr o]ghesmmt@fe cbatroh gy3tennhefr elpim elacwheseint te plueldyi of  of
test heads further. c i se,a kinetic mgunt having i nba 5. A nmet hod
for providi nFleksnis gﬁﬁ%\‘%ﬁeﬁf‘eét e Janted gp SF&PO%taE‘F@ csing {»036 el ectronic
devi ces under test, the nethod conprising the steps: a) providing a
tenperature control system having a plurality of test heads each for

mai ntai ning ope oftdhgnplebhidle! dohidf s t@rﬁt ?pefaﬁn qu'vfh%&nlﬂqgterselkgéﬁtalﬁéd)seb'; 0

at | east one highest tenperature an east one st tenperature;

provi ding a hedtinglbsbel iabdaptéd toHavé ﬁﬁﬁ@rrﬁéaum BAdh& saLEaaineDlestifd biagd at a
second tenperature; c) mxing the hot fluid and the cold fluid in a m xer

val ve of eachoodngagdee thplpluralitytof décttoast ddvicasisinter testothuclee plyraléety nofx tefst ui d
having a third tenperature; d) running the pre-mxed fluid in a fluid

j acket of eadiadt t he plurality of test heads resulting in thermnal
exchange between the pre-mix fluid and the plurality of

13.  The temperature control system of claim 12, wherein the lifting means may

be compressed air cylinders.

14.  The temperature control system of claim 12, wherein each of the plurality

of test heads further comprise a kinetic mount having a gimbal.

15. A method for providing rapid temperature transitions for a plurality of
electronic devices under test, the method comprising the steps:

a) providing a temperature control system having a plurality of test heads each
for maintaining one of the plurality of electronic devices under test close to at least
one highest temperature and at least one lowest vtemperature;

b) providing a hot fluid at a first temperature and a second cold fluid at a
second temperature;

c) mixing the hot fluid and the cold fluid in a mixer valve of each of the
plurality of test heads to produce a pre-mix fluid having a third temperature;

d) running the pre-mixed fluid in a fluid jacket of each of the plurality of test
heads resulting in thermal exchange between the pre-mix fluid and the plurality of

electronic devices under test;



el ectroni c devices under test; 18 e) providing at | east one tenperature
signal fromeach of the plurality of test heads; and f) providing at | east
one control signal to each of the plurality of test heads; wherein the at

| east one control signal if for instructing one of the mxer valves of
each of the plurality of test heads td8change the pre-mx fluid tenperature
which in turns changes the tenperature of one of the plurality of"

el ectronic deééi cespm{,mgl FathEst Oﬂé@mp}gheéu%%g@gpﬁfﬁé e&%}ghmh%%lmxggg 6 st he

first tenperature 1s not nore than ghest “pr erm ned
tenperat ure ifealii@ndpi ghest predetermned tenperature is above room
tenperature. 16. The nethod of claim 15, wherein the second tenperature is
about the san® asprohidirdgeastt qreedatrel sigrmeth daelrpfihatplurality b tesTheadsret hod of
claim 15, further conprising the steps: g) circulating the pre-mx fluid
back to a hot fl uiwshereibsthe agdeast one eontepl fsigmalifsiah syssueiingopng hk theemper at ur e
control system 18 Th hod of claim 15, erein the pre-mx fluid is
circul ated ba@lvesefe Or?&é‘? PIPF%% Ogﬁﬁ%}iﬁ’ég%%%%eﬁée BFes ﬁulidl [HMECRR S hove a
threshold tenperature. 19. The nmethod of .claim,18 rein the.threshold
tenper at ur e TERB gt R sRnggs 36 FRin R ag Gl b e druhR Sh i AE L

under test.

16.  The method of claim 15, wherein the first temperature is not more than

10°C above the highest predetermined temperature if the highest predetermined

temperature is above room temperature.

16.  The method of claim 15, wherein the second temperature is about the same

as the lowest predetermined temperature.

17.  The method of claim 15, further comprising the steps:
g circulating the pre-mix fluid back to a hot fluid subsystem or a cold fluid

subsystem of the temperature control system.

18 The method of claim 15, wherein the pre-mix fluid is circulated back to the

hot fluid subsystem if the pre-mix fluid is above a threshold temperature.

19.  The method of claim 18, wherein the threshold temperature is about 10°C

above the coldest predetermined temperature.




