THERMAL CONTROLLER FOR ELECTRONI C DEVI CES BACKGROUND 1. Field of the

Di scl osure. [0001] The present disclosure relates to the field of
tenperature control, and nore particularly, to maintaining a set point
tenperature of an electronic device through heating and/or cooling of the
el ectroni c device or conponent, typically while the el ectronic device or
conponent is under test. 2. Background Information [0002] Solid state

el ectroni ¢ devi CEHERMaNQONIRGLLERCHORFSECTRONIMCDEVICESave varyi ng
performance characteristics based on tenperature. Typically, for  exanple,
such el ectronic devices generate heat (Le., self-heat) during operation,
and thus as the internal tenperature increases, the perfornmance
characteristics change. Al so, soBASKEGRYEND ectronic devices may be used
in differeant 18P TReIERLS, Possibly enduring a wide range of tenperatures.
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test temperature, or set point temperature, in order for the results to be meaningful. In other words,

the tester must be able to confirm that certain observed electrical characteristics are atiributable to
factors other than changing temperatures.

[0004] In order to maintain a constant temperature, known thermal control devices are capable of
removing heat, e.g., through a heat sink, as well as adding heat, e.g., through an electric heater. A
heat sink incorporates a fluid having a temperature much lower than the test temperature of the DUT.
A heater is placed between the DUT and the heat sink, and power is applied to the heater to raise the
temperature of the heater face, e.g., to the test temperature required for DUT testing. The heat sink
offsets any excess heating, and also removes heat generated by the DUT during the testing process,
to the extent this self-heating increases the device temperature beyond the test temperature. Power
fluctuations may cause significant and relatively instantaneous self-heating, requiring the need for

the thermal controller to quickly and accurately react to offset the unwanted increase in temperature.



[ 0005] However, the total anmount of power that can be renoved is limted
by the heater itself, which has a nmaxi mum for power density (or Watt
Density). For exanple, if a heater is capable of operating at 500 Watts,
then approximately half of that power may be | ost through the heat sink
into the colder fluid sinply to maintain the test tenperature Thus, for
exanpl e, 250 Watts are required to maintain test tenperature. Then, if
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testing of the DUT. One such device is disclosed in International Application 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-
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SUMVARY OF THE | NVENTI ON [ 0010] Accordingly, the present invention has
been made to overcone the conventional drawbacks of existing thermal
controller systens. In one non-limting exanple, the present invention
provi des an apparatus for controlling a tenperature of a device by
circulating fluid through a heat sink in thermal contact with the device.
The apparatus includes a first fluid source including a first fluid having
a fir@b] ieinpéeatths previsuse adre fllididachiave eech fhatl sdirigipabtespenmhue béforedbelrayi ng
a second tenperature different fromthe first tenperature, and a thernal
chuckoBP#edbl y connected to the first fluid source via a first supply
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fluid source via a second supply conduit. The thermal chuck includes at
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configured such that the flow rate of the first fluid circulating through the heat sink is generally

constant. The at least one valve is further configured to variably control a flow rate of the second
fluid circulating through the heat sink. The thermal chuck may be configured to output the first
fluid and the second fluid to be recirculated through the apparatus.

[0011] According to a second feature of the invention, the apparatus may include a plurality of
return conduits, wherein the plurality of return conduits connect the thermal chuck to the first fluid
source and the second fluid source. When the first fluid source is operable, the second fluid source
is shut-off, and the first fluid flows through the first supply conduit through the at least one valve to
the heat sink before a testing of the device. When the second fluid source is operable, the first fluid
source is shut-off, and the second fluid flows through the second supply conduit through the at least
one valve to the heat sink during a testing of the device.

[0012] According to another feature of the present invention, the device temperature ts generally
maintained at the first temperature, and the first fluid circulates through the apparatus before the

testing of the device to generally achieve a target temperature of the device. Alternatively, the



[ 0013] According to another feature of the present invention, the thermnal
chuck is configured such that the first fluid circul ates through the heat
sink before the second fluid. [0014] In yet another feature of the
non-limting enbodinent, the flowrate of the second fluid directly
affects a tenperature of the heat sink. The flow rate of the second fluid
al so changes in accordance with a change in the tenperature of the device
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flows through the first supply conduit through the at least one valve to the heat sink to generally

maintain a target temperature of the device before the testing of the device. In a second option,

4



[0021] In yet another feature, the thermal chuck is configured such that
the third fluid circulates through the heat sink before the second fl uid.
The flow rate of the third fluid directly affects a tenperature of the
heat sink. [0022] According to a feature of the second non-limting
enbodi nent, the flowrate of the third fluid is generally constant when
the third tenperature is |l ess than the peak tenperature, and wherein the
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met hod may include circulating the first fluid through the heat sink; and
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flui rough the heat sink, and generally maintaining the tenperature of
t he J023} Acabrdideetotanctliet fdatinpef dicse@nd non-limiting embodiment, the target temperature

of the device is the first temperature, and the third temperature is higher than the first temperature
and the second temperature.

[0024] In an additional non-limiting embodiment, the present invention provides for a method for
controlling a temperature of a device in contact with a heat sink. The method includes determining
at least a first temperature of a first fluid, and a second temperature of a second fluid, initiating, at a
generally constant rate, a flow of a first fluid source having the first fluid, determining temperature
data of at least one of the device and the heat sink, initiating a flow of a second fluid source having
the second fluid; and variably adjusting a flow rate of the second fluid to generally maintain the
device at a target temperature. The method may further include shutting off the flow of the second

fluid from the second fluid source, initiating the flow of the first fluid from the first fluid source,



[ 0027] According to yet another feature, the target tenperature of the
device is the first tenperature. [0028] According to still another
feature, the nethod may include increasing the flowrate of the second
fluid when the tenperature data is greater than the target tenperature,
and decreasing the flow rate of the second fluid when the tenperature data
is less than the target tenperature [0029] According to a further feature,
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the nethod may 1nclude conparing the third
device, a temperature of the heat sink, a power density of the device, and a resistivity of the heat
sink.
[0030] According to another feature, the method may include that when the flow rate of the second
fluid is variably adjusted, the adjustment 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 second fluid decreases. More specifically, the 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 fluid decreases. The
flow rate may also adjust 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 rate of the
second fluid decreases. In this regard, as the flow rate of the second fluid increases, the resistivity of

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

sink Increases.



enperature of the third fluid to a peak tenperature, detecting the third
luid at the peak tenperature, shutting off the flow of the third
luid fromthe third fluid source; and initiating the flow of the first
fluid having the first tenperature fromthe first fluid source to
generally maintain the tenperature of the device at the target tenperature
[ 0034] According to another feature of this enbodi nent, the nethod may
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generally maintain the target tenperature of the device. [0036] In still
anot hkeprckeat ure of this enbodi nent, the rret hod may include shutting off
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temperature of the device at the target temperature.

t
f
f

[0035} According to yet another feature of this embodiment, the method may include shutling off
the flow of the first fluid from the first fluid source, detecting the device at the target temperature,
initiating the flow of the second fluid from the second fluid source, determining the temperature data
of the device and the heat sink, comparing the temperature data to the target temperature of the
device, discharging the second fluid at a flow rate corresponding to a difference between the
temperature data and the target temperature, and variably adjusting the flow rate of the second fluid
to generally maintain the target temperature of the device.

[0036] In still another feature of this embodiment, the method may include shutting off the flow of
the third fluid from the third fluid source, detecting the device at the target temperature, initiating
the flow of the second fluid from the second fluid source, determining the temperature data of the
device and the heat sink, comparing the temperature data to the target temperature of the device,
discharging the second fluid at a flow rate corresponding to a difference between the temperature
data and the target temperature, and variably adjusting the flow rate of the second fluid to generally

maintain the target temperature of the device. Determining the temperature data further inciudes
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[ 0038] According to another feature of this enbodi nent, the nethod may

I ncl ude decreasing the flowrate of the third fluid when the tenperature
data is greater than the target tenperature, and increasing the flowrate
of the third fluid when the tenperature data is |less than the target
tenperature [0039] According to a further feature of this enbodinent, as
the flowrate of the third fluid increases, the resistivity of the heat

si nk dnehBsisgshe RAGeAturt BE td @Wideah erferitie dfhthé dedtl sitikd adRGEASRSY driiRe
resistivity of the heat sink decreases. [0040] According to yet another
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whi ch; '{0042 Fig. 1 shows a graph depicting the relationship between
f1 ui dPRRAE IRSWIRY B ot dhedbird dhuigh svhep e dfmperalify dalasisslessy thap e tergst
heat geﬁ@é}g{u%_ el enment; [0043] Fig. 2 shows a graph conparing power

requi renents of thermal controller systens utilizing either a conbined
f 1 ui d0PFHvkcorrdmgdop durthen fetiire ofthirembotonetit.ssithpafiew tetaof the thinddhihinsyeasasm
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| ssi ' rves; , , : : )
di ssi [Bgid] Oﬁgcorcd?ngv tos 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[00431] The present disclosure provides a detailed description that follows by reference to the noted

drawings by way of non-limiting examples, in which like reference numerals represent similar parts
throughout several views of the drawings, and in which:

[0042] Fig. 1 shows a graph depicting the relationship between fluid flow flowing over a heat
transfer element and resistivity of the heat transfer clement;

[0043] Fig. 2 shows a graph comparing power requirements of thermal controller systems utilizing
either a combined fluid flow or a cold fluid flow only to dissipate heat from each system,
respectively;

[0044] Fig. 3 shows a graph depicting the relationship between fluid flow flowing over a heat
transfer element and resistivity of the heat transfer element, as well as representative power density
(heat dissipation) curves;

[0045] Fig. 4 shows an exemplary side schematic view of a thermal chuck of a thermal controller,
according to an embodiment of the present invention;

[0046] Fig. 5 shows an exemplary schematic bottom plan view of a valve of a thermal controller,

according to the embodiment of the present invention;



[0045] Fig. 4 shows an exenplary side schematic view of a thermal chuck of
a thermal controller, according to an enbodi nent of the present invention;
[0046] Fig. 5 shows an exenplary schematic bottom plan view of a val ve of
a thermal controller, according to the enbodi nent of the present

I nvention; 100471 Fig. 6 shows a flowhart of an exenplary nethod for
controlling the tenperature of an el ectronic device, according to an
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f f. t f t est d depi.cting t
ot at 14T Eoa SERETES SKE IS Y ot TRBHH L Pes fhomgepirAlerof

an e|£ﬁbﬁdﬁ1{ytﬁa@@dﬂnﬁ%nﬁﬂdm%%ftﬁé tesspardhiges of fluids used to reach the
tar get tenﬁgrature 0051] Fi and Fig. 10A show a flowchart of an

exenmpl0879] Figt hshowo %wh@ p? is%mﬁeroc@m rodtautan-lhiting fedtarstafdhé dnvgatiorce,
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testing of an electronic device and control temperatures of fluids used to reach the target temperature.
{0051} Fig. 10 and Fig. 10A show a flowchart of an exemplary method for controlling the

temperature of an electronic device, according 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
an 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, granules or any
combination thereof), having the same respective temperatures can be sent through a heat sink,
where a flow rate of the fluid is adjusted to maintain and control a target temperature of the DUT.
As defined herein, “heat sink” means any heat transfer element or device (e.g, resistive heater,
radiator, heat pipe, cross-flow heat exchanger, etc...) structured and arranged to transfer heat to
and/or from an object which it is in thermal contact with.

[0653] As shown in Figure 1 there is a well-defined relationship between flow rate of a fluid
passing through a heat sink and resistivity of the heat sink (i.e., the heat sink’s resistance to thermal
heat transfer). As the flow rate of fluid increases through the heat sink, the resistivity of the heat
sink decreases. In.other words, in a thermal controller system, when the heat sink has decreased
resistivity, the heat sink is capable of dissipating additional power generated from the DUT to
maintain and control a target temperature of the DUT during testing. Thus, DUT power can be
dissipated and controlied at a target temperature by adjusting the flow rate of fluid passing through
the heat sink.

{0054] Figure 2 illustrates a comparison between power requirements of a thermal controlier system

using fluid at a single temperature and fluids of different temperatures being mixed for use in the
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[ 0052] The present disclosure relates to an apparatus and nethod for

regul ating the tenperature of an electronic device, such as a solid state
el ectronic device being tested in a controlled environnent, referred to as
a device under test (DUT). In an enbodi nent portions of a fluid (which may
be any non-solid material, including but not limted to a liquid, a gas,
particul ates, granules or any conbi nation thereof), having the sane
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during testing of an electronic deWPced¥&duces the power consunption of
the thermal controller systemand ultimately increases the efficiency of
the thermal controller device conpared to thermal controller systens
utilizing m xed fl udsredf, vari able tenperatures [0055] Simlar to Figure
1, Figure 3 illustrates rel ati onship between fluid flow rate and
resistivity of a heat sihK,~ BEYHerPS'ds representative power density
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the resistivity of the hgatre%p&tyﬁqh@%@glhgn for determ ning power
density is:
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PD = AT/ R wherein, PD = power density AT = a change in tenperature
of the fluid tenperature fromthe set point tenperature of the DUT R =
resistivity of the heat sink [0056] That is, power density can be
determ ned by a change in tenperature of the fluid tenperature fromthe
set point tenperature of the DUT divided by the resistivity of the heat
sink. hi this regard, the power density curves illustrate that as the
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[0057] Therefore, a system can dissipate more power from a DUT with an increased flow rate or a
larger change in temperature between set point temperature of the DUT before testing and fluid
temperature during testing. In other words, if flow rate is increased, the difference in temperatures
need not be as significant.

[0058] Thus, as an example, for a flow rate of 0.6 L/min, the resistivity of a DUT is approximately
0.15 C/W/em® and using the 200 W/em® power density curve (curve I), the calculated change in
temperature is approximately 30 degrees Celsius (C). Therefore, the change in temperature needed
to dissipate 200 W/cm” of DUT power is 30 degrees C for a flow rate of 0.6 L/min. If the flow rate
was increased to approximately, 1.0 L/min for the same power density curve, the change in
temperature would merely be approximatety 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 W/cm®), the change in
temperature would again be lowered to approximately 12 degrees C. Thus, as the flow rate
increases, the required difference in temperature is lowered to dissipate a given amount of heat
generated by the DUT.

[0059] In view of the conclusions drawn from the collected test data illusirated above, the present
invention is directed to a simplified thermal controller system that utilizes fluid at one temperature
to maintain a DUT at a constant temperature during testing that minimizes energy loss (associated
with fluid mixing), and maximizes cyclical efficiency.

[0060] Figure 4 shows a schematic view of a thermal chuck 500 in accordance with a non-limiting
embodiment of the present invention. This embodiment utilizes two fluid sources (also referred to
as reservoirs), namely a set point fluid source 505, and a cold fluid source 510. The fluid in the set

point fluid source 505 may be set at the same temperature as the fluid in the cold fluid source 510.
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[ 0058] Thus, as an exanple, for a flowrate of 0.6 L/mn, the resistivity
of a DUT is approximately 0.15 C WcnR2 and using the 200 WcnR2 power
density curve (curve |I), the cal culated change in tenperature is
approximately 30 degrees Celsius (C). Therefore, the change in tenperature
needed to dissipate 200 WcnR of DUT power is 30 degrees Cfor a flowrate
of 0.6 L/mn. If the flowrate was increased to approximately, 1.0 L/mn
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receives the cold fluid fromthe heat sink 555 and directs the cold fluid
t hrough the return conduit 520R to be stored at the cold fluid source 510.
The recirculated cold fluid is then recool ed/reheated at the cold fluid
source 510 and may be recircul ated through the thermal controller system
for the duration of the testing of the DUT.



[ 0063] Before testing of the DUT, the thermal controller systemperforns a
set point source operation (i.e., soaking). The set point fluid source 505
initiates flow of the set point fluid such that set point fluid exits the
set point fluid source 505 through the supply conduit 515 and is directed
t hrough the thermal chuck 500 via manifold 550, where the set point fluid
al so communi cates with the val ves 530 and 540. The set point fluid then
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ordlnary skill in the art. [0066] An advantage of utilizing a thernal
controller systemcirculating fluid h&%ing one tenperature (as opposed to
conmbining fluids having different tenperatures) is that |ess energy is

| ost when the fluid is directed to be re-heated/re-cooled at the fluid
sources for recirculation back into the system Uilizing only a cold
fluid during device testing elimnates the need for nultiple heaters and
chillers in the systemto cool/recool, and heat/reheat fluids to be m xed
for use during testing of the DUT. Direct mxing of cold and hot fluids



upon the heat sink 555, and directs the fluid via return conduits 515R
520R (shown in Figure 5) back to the fluid sources 505 and 510,
respectively. Those of skill in the art would readily appreciate that the
adj ust abl e val ves 530, 530R, 535, 535R and 540 nay take any suitable form
of input to acconplish the function of varying the flowrate of fluid (by
droppi ng, maintaining or increasing pressure, depending on the need),
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updat ed tenperature data, and the subsequent steps are repeated as
necessary. However, those having ordinary skill in the art wll appreciate
that when the tenperature of the device and/or heat sink changes, the

val ves 530 and 540 nmay adjust the flow rate accordingly. That is, when the
tenperature data is less than the target tenperature, the anount of fluid



fluid flow rate through the heat sink, and the process returns to step
S704 to receive updated tenperature data. [0074] Wen the tenperature of

t he devi ce and/or heat sink changes, the valves 535 and 540 adjust the
flow rate accordingly. It is noted that either one of the valves, or both
of the valves may be used in adjusting the flow rate of the set point
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i ndicated by the steep curve A). The fluid then either adjusts its flow
rate or is shut-off such that the device tenperature achi eves and

mai ntains the target tenperature (i.e., the set point tenperature) for
testing of the DUT. Heating the fluid to the peak tenperature allows the



[0078] The rapid soak procedure is also known as systemoverdrive. In
system overdrive, the control tenperature fluid is heated above the
desired tenperature of the device to heat the device to the desired

t enperature However, caution nust be taken when perform ng system
overdrive because if the device tenperature exceeds the desired
tenperature for testing, then a system overshoot may occur, and the device
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shut-off, the cold fluid source 510 is operable and initiates the flow of
the cold fluid at the constant flowrate to flow through supply conduit
520 to the heat sink 555 (at step S1013). After a short tine, the set
point tenperature (e.g., 90 degree Celsius) is reached, then, the cold
fluid source 510 having the cold fluid is shut-off (at step S1015). Once
the cold fluid source 510 is shut-off, the set point fluid source 505 is
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CL Al NBat is higher than the set point fluid and the cold fluid. The third supply conduit 815 directs the hot
fluid to a hot adjustable valve 830 that controls the flow of the hot fluid to be circulated through
(e.g., impinged on) the heat sink 535. After the hot fluid is impinged on heat sink 555, the hot fluid
may be recirculated from the heat sink 555, back to the set point fluid source 505. More specifically,
when the hot fluid is recirculated, valve 530R receives the hot fluid from the heat sink 555 and
directs the hot fluid through the return conduit 515R to be stored at the set 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
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What is claimed: 1. An apparatus for controlling a tenperature of
a device by circulating fluid through a heat sink in thermal contact with
t he device, the apparatus conprising: a first fluid source including a

first fluid having a first tenperature; a second fluid source
i ncluding a second fluid having a second tenperature different fromthe
first tenperature; and a thermal chuck operably connected to the

firstodelatiof iSHUI-68 sivdhaha thé R&tISURPoYo&Udilbdes ttabebhf the tHAkal @RetkaTOMo the
connected to the second fluid source via a second supply conduit, the

t her rfeht BRu8RS.i Rstuletiongnar be shastotiordhe st peint epirecgiitde hesiopuit hky tieyPEfow
rate ghalit®)d.dethild dbflyclohdidt 813 M HAAUARCLNORNGRL reRiA ol fRit0ABR! &
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wherei n the, apparatus is Il gured such th whe e first fluid source
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firsthQpeladihay sklliah ehepf ore a testing of the device, the first fluid
flows through the first supply conduit through the at | east one valve to
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t e”p%f%ttHfoﬁngﬁletllléﬁt G8Y4B€until the device temperature reaches a target temperature (i.e., the set
point temperature) that is desirable for the testing of the DUT. In comparison, during the rapid soak
procedure, the fluid having the control temperature heats up to a peak temperature (e.g., 120 degrees
Celsius) in a short amount of time (as indicated by the steep curve A). The fluid then either adjusts
its flow rate or is shut-off such that the device temperature achieves and maintains the target
temperature (i.e., the set point temperature) for testing of the DUT. Heating the fluid to the peak
temperature allows the device to achieve the desired temperature for testing more quickly than when
utilizing the normal soak procedure.

[0078] The rapid soak procedure is also known as system overdrive. In system overdrive, the
contro] temperature fluid is heated above the desired temperature of the device to heat the device fo
the desired temperature. However, caution must be taken when performing system overdrive
because if the device temperature exceeds the desired temperature for festing, then a system
overshoot may occur, and the device and/or equipment may be damaged and may result in altered
results from the testing period.

[0079] In this regard, Figure 10 and Figure 10A show a flow chart of a method for controlling the
temperature of an electronic device before a test using the rapid soak procedure. In step S1002, a
desired or target temperature to maintain the DUT is set. The target temperature may be a set point
temperatui‘e at which a DUT is to be tested (e.g., 90 degrees Celsius). Alternatively, the target
temperature may be a desirable temperature (or temperature range) at which an electronic

component is to function in an operational environment.
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4. The apparatus according to claim2, configured such that the device
tenperature is generally maintained at the first tenperature, and such
that, in the second operation state during the testing of the device, the
second fluid circulates through the apparatus and generally maintains a
target tenperature of the device. 5. The apparatus according to
claim3, wherein the thermal chuck is configured such that the first fluid
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when thenpangdred & he dbhmddempmtud@(:reeaslgsﬂset point temperature) in step S1008. When
the 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 $1024. Once the rapid soak
procedure is shut-off, the cold fluid source operation (as described above) may be initiated at step
S1026.
[0082] However, when the actual/measured 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 temperature is equal to the peak temperature, depending on the system configuration, three
options are available. It is noted that these options operate independently of each other, and not
together. In a first instance, in step S1012, when the hot fluid reaches the peak temperature, the hot
fluid source 805 having the hot fluid is shut-off. Once the hot fluid source 805 is shut-off, the set
point fluid source 505 is operable and initiates the flow of the set point fluid (at step S1014) at the
constant flow rate to flow through supply conduit 515 to the heat sink 555 to maintain the device at
the target temperature until the start of the test (at step $1016). Alternatively, in a second instance,
in step S10138, the hot fluid source 805 continues to direct the hot fluid through the heat sink 555.
More particularly, at least the valve 830 adjusts the flow rate of the hot fluid such that the device is
maintained at the target temperature until the start of the test. In the second instance, the flow rate
adjustment of the hot fluid is similar to the cold source operation described above in that when the
flow rate of the hot fluid decreases, the resistivity of the heat sink increases. However, when the
flow rate of the hot fluid increases, the temperature of the device and temperature of the heat sink
also increases.
[0083] In a third instance, in step S1011, when the peak temperature (e.g., 120 degree Celsius) is
reached, the hot fluid source 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 fluid at the constant
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11. The apparatus according to claim®6, configured such that the flowrate
of the second fluid increases when tenperature of the heat sink increases,

and decreases when tenperature of the heat sink decreases. 12. The
apparatus according to claim3 or 4, wherein the target tenperature of the
device is the first tenperature 13. The apparatus according to

claim4, wherein the second tenperature is |ower than the first

t enpefig\ ¥i€to flow thmug%up]}ﬁls}%oadaﬁ@iz@tta SheARGOGAIL 555 (tapst@;L 810033 Dfer 2.sh¥ferRi N
the first tenperature is target tenperature of the device and the second
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firstfladdosee 608 id @ErmteeztndrlﬁmateWM\m ofﬂﬁt sehpoinefluid Atk chsstap dloablate (at

Conne%et:pegl(sic}) h%o llrrogg}fl lmlilplp y COl’lLélllteS l\élto the }Elerili,ifi gi(ljlk %29 L%(l) ¥naintain the device at the
target temperature until the start of the test (at step S1026). Alternatively, in the third instance, in
step S1015, a temperature (e.g., 100 degree Celsius) less than the peak temperature and greater than
the set point temperature is reached, then, the cold fluid source 510 having the cold fluid may be
shut-off and the set point fluid source 505 may be operable and may initiate the flow of the set point
fluid at the constant flow rate (at step S1017) to flow through supply conduit 515 to the heat sink
555 to maintain the device at the target temperature until the start of the test (at step S1026).

[0084] When the hot temperature is less than the peak temperature, the valve 830 maintains the
constant flow rate of the hot fluid through the heat sink 555 until the hot temperature reaches the
peak temperature (see steps $1010, S1012, S1018). In the event that the hot temperature is greater
than the peak temperature (and the target temperature of the device has not been exceeded), the flow
rate of the hot fluid may be adjusted in step S1022 (similarly to the steps recited in step S1018) such
that the device is maintained at the target temperature until the start of the test.

[0085] As stated above, the disclosed embodiments create more energy dissipation from the DUT,
less energy loss from the system, and faster response times to control and maintain the target
temperature of the DUT. Thus, one result is that the disclosed embodiments enable more rigorous
testing of electronic devices, handling tests beyond the effective 500 Watt limit of conventional
devices, e.g., up to 1500 Watts. Further, thermal control of electronic devices in any environment
(testing and/or operational) is greatly enhanced.

[6086] Although the invention has been described with reference to several exemplary embodiments,
which can be combined in any suitable manner, it is understood that the words that have been used
are words of description and illustration, rather than words of limitation. Changes may be made
within the purview of the appended claims, as presently stated and as amended, without departing
from the scope and spirit of the invention in its aspects. Although the invention has been described
with reference to particular means, materials and embodiments, the invention is not intended to be
limited to the particulars disclosed. Rather, the invention extends to all functionally equivalent

structures, methods and uses such as are within the scope of the appended claims.
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condui t, wherein the at | east one valve is further configured to
variably control a flowrate of the third fluid circulating through the
heat si nk; wherein the first supply conduit includes a bypass
conduit connecting the third fluid source to the first fluid source;
wherein the first fluid fromthe first fluid source is directed through
the bypass conduit via the first supply conduit to the third fluid source
for operating the third fluid sour cdARMRI wherein the apparatus is
configured such that when the third fluid source is operable, the first
quidﬁgﬁéi@émﬁﬂé the second fluid source are shut-off, and, in the first
operation state before the testing of the device, the third fluid is
heated to a peak tenperature as it flows through the third supply. conduit
t hrough t He Aastapperats femeontralling 2t temperaturrealt a dgwige by circulating guidriheough gdieat us
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i s shut - ofd first fivdd fdursd influding adorstrfoed havinge fisblesparatre;i n t he first

operation state pefore the testing of, the device, t first fl.uid ows
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heat (i Rkt {eBfpe@R8Iaal y maintaining a target tenperature of the device.
17. The apparatus according to claiml configured, such that when_ the
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flow rate of the second fluid circulating through the beat sink;

wherein the apparatus is configured such that when the first fluid source is operable, the

second fluid source is shut-off, and such that, in a first operation state before a testing of the device,

the first fluid flows through the first supply conduit through the at least one valve to the heat sink.

2. The apparatus according to claim I, configured such that when the second fluid source is
operable, the first fluid source is shut-off, and such that, in a second operation state during the
testing of the device, the second fluid flows through the second supply conduit through the at least

one valve to the heat sink.

3. The apparatus according to claim 1, configured such that the device temperature is
generally maintained at the first temperature, and such that, in the first operation state before the
testing of the device, the first fluid circulates through the apparatus for generally achieving a target

temperature of the device.

4. The apparatus according to claim 2, configured such that the device temperature is
generally maintained at the first temperature,' and such that, in the second operation state during the
testing of the device, the second fluid circulates through the apparatus and generally maintains a

target temperature of the device.
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19. The apparatus according to claim215, configured such that when the
second fluid source is operable, the first fluid source and the third
fluid source are shut-off, and such that, in the second operation state
during the testing of the device, the second fluid flows through the
second supply conduit through the at |east one valve to the heat sink.
20. The apparatus according to claim 15, configured such that the third
fluid circulitappirhne ugbrdihgtoaiqar B wierdethe tiermhiechieks isi cogfigdred hehdient ithee,

and such_ that the device tenperature js generally maintained at a target
t enpditiifideirculates t ?P.ug“}'ﬁ"@ %?@?5%“6 f&“c%‘g%‘fdr%“‘ii'o claim 15, wherein the
thermal chuck is configured such that the third fluid circul ates through

the heat sink before the second fluid. 22. The_ apparat us accordi ng
to cl ai m 7, Theanpargius actosdiog i tlaim 4.rrenfigwod sush dhasthe fw raie phthe sepogd fluid

di rectl ffects t he heat si nk. 23. The appar at us
accordt(ifie%tl %%eccﬁaaﬁe%p%[rggpgén ?Eﬁgartg k'such that the flowrate of the third

fluid is generally constant when the third tenperature is | ess than the

k t . and that the fl te.of the.third fluid d
e ¢ he. Chi I SpaaEs AU & P BLT sn BT ik TSI Restph af O actold LRSS

The aRRMAIHScalamdediida bRungh 3 the 2npartereair thetdegick.ar get tenperature of the
device is the first tenperature. 25. The apparatus according to

claim 24, wherein the third tenperature is higher than the first
tenperat Urg /0 gpﬂa?&ussfc%8%é t%rg?ﬁ&aé, léBI‘ﬁ'lgured such that the flow rate of the second fluid

changes in accordance with a change in the temperature of the heat sink.

9. The apparatus according to claim 6, configured such that the flow rate of the second fluid
adjustably compensates for changes in the temperature of the heat sink based upon changes in the

temperature of the device.

10. The apparatus according to claim 4, configured such that the flow rate of the second fluid
increases when temperature of the device increases, and decreases when temperature of the device

decreases.

11. The apparatus according to claim 6, configured such that the flow rate of the second fluid
increases when temperature of the heat sink increases, and decreases when temperature of the heat

sink decreases.

12. The apparatus according to claim 3 or 4, wherein the target temperature of the device is

the first temperature.

13. The apparatus according to claim 4, wherein the second temperature is lower than the

first temperature.

14. The apparatus according to claim 1 or 2, wherein the first temperature is a target

temperature of the device and the second temperature is lower than the first temperature.
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15. The apparatus according to claim 1, further comprising:

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

wherein the thermal chuck is operably connected to the third fluid source via a third supply
conduit,

wherein the at least one valve is further configured to variably control a flow rate of the third
fluid circulating through the heat sink;

wherein the first supply conduit includes a bypass conduit connecting the third fluid source
to the first fluid source;

wherein the first fluid from the first fluid source is directed through the bypass conduit via
the first supply conduit to the third fluid source for operating the third fluid source; and

wherein the apparatus is configured such that when the third fluid source is operable, the first
fluid source and the second fluid source are shut-off, and, in the first operation state before the
testing of the device, the third fluid is heated to a peak temperature as it flows through the third
supply conduit through the at least one valve to the heat sink.

16. The apparatus according to claim 15, configured such that 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, in the first operation state before the testing of the device, the first fluid
flows through the first supply conduit through the at least one valve to the heat sink for generally

maintaining a target temperature of the device.

17. The apparatus according to claim 15, configured such that when the third fiuid having
the third temperature reaches the peak temperature, the at least one valve adjusts the flow rate of the
third fluid for generally maintaining a target temperature of the device before the testing of the

device.

18. The apparatus according to claim 15, wherein the first temperature is a target

temperature of the device and the second temperature is lower than the first temperature.
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19. The apparatus according to claim 15, configured such that when the second fluid source
is operable, the first fluid source and the third fiuid source are shut-off, and such that, in the second
operation state during the testing of the device, the second fluid flows through the second supply

conduit through the at least one valve to the heat sink.

20. The apparatus according to claim 15, configured such that the third fluid circulates
through the apparatus before the testing of the device, and such that the device temperature is

generally maintained at a target temperature.

21. The apparatus according to claim 15, wherein the thermal chuck is configured such that

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

22. The apparatus according to claim 17, configured such that the flow rate of the third fluid
directly affects a temperature of the heat sink.

23. The apparatus according to claim 15, configured such that the flow rate of the third fluid
is generally constant when the third temperature is less than the peak temperature, and such that the

flow rate of the third fluid decreases when the third temperature is greater than the peak temperature.

24. The apparatus according to claim 20, wherein the target temperature of the device is the

first temperature.

25. The apparatus according to claim 24, wherein the third temperature is higher than the

first temperature and the second temperature.
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