WO 2009/008836 PCT/SG2007/000419 1 A HEAT TRANSFER DEVICE
FIELD OF INVENTION The present invention relates broadly to a heat
WaneieHEeisice for maintaining a temperature of a device UtfelEP @& Yt
heat generating capability at a prescribed temperature. BACKGROUND
Typically, all high-performance electronic devices are subjected to a 100%
functional test prior .to being shipped by a manufacturer. For example,
high power microprocessor devices are typically subjected to a
classification test tol¢iEmTiINERAN SFER\REIFEIGLNg speed of the
devices- During the classification test, it is important to .keep a
temperature of a die of the microprocessor device at a single prescribed
~ temperature while the power of the device is varied from about 0% to
FIEABOOE 0GB BPMhe power rating in a predetermined test sequence. To
. maintain the die at the prescribed temperature during testing, equipments
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tengelchtoredium is delivered through the TCU to remove heat generated by
test devices such as microprocessors. The cold medium can either be
BA%%% &I&gﬁe flow or two phase flow. A single phase flow medium can
oV at by forced convection without changing its state. Chilled water
TCU technology using the single phase flow is commonly used in
mlcrq@rmesaur testipgfdtigdor ndethanthelpdveer arensithisriedplickagéa’
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power rating in a predetermined test sequence.

- »To maintain- the die at the prescribed temperature during testing, equipments
knowrz as thermal control units (TCUs) have been designed. Generally, a heating |
process is achieved by installing a heater in the TCU. To achieve a cooling process, the

TCU is coupled to a closed loop system whereby a cold medium is delivered through the
TCU to remove. heat genérated by test devices such as mi{:foprooessers. The cold
medium can either be single phase flow or two phase flow. A single phase flow medium

can remove heat by forced convection without changing its state.

Chilied water TCU "techn'ciogy uéing the single phase flow is commonly used in
~ microprocessor testing. 1t is found that the power densities in packaged microprocessor
devices have approached levels of about 50 W/em? to about 100 Wicm?. As the levels of
the microprocessor device power densities increase, it is possible that the single phase
flow technology would reach its limits in terms of testing microprocessors at lower

temperatures.



above-mentioned problems. SUMMARY According to a first aspect of the
invention, there is provided a heat transfer device for maintaining a
temperature of a device under test with heat generating capability at a
prescribed temperature, the heat transfer device comprising; an inlet
flow-duct, an outlet flow- duct; a cortductor block comprising a plurality of
through-holes, the through-holes receiving a fluid from the inlet flow-duct
and qgliveringcthesfidd wtBRru st AN Uk iR disResedHD dhee
respectl e throu H -holes for reducing a cross-sectional area of the

a Pé’éd@@ﬂx)%’}%‘#cﬁﬁg %Fes to improve heat transfer efficiency, wherein the
inserts disposed in the respective through-holes are arranged such that

sURRGRAsert is not restricted to a fixed position with respect to a center of
the cross-sectional area of the respective through-holes. The inserts may
be substantially longitudinal and may be disposed in the respective
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rovides heat transfer insulation between the HT module and the housing
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resPG3dSG 200200 Biff hespedidisctocdipelofmay besubstintalyea of the

:‘es-Ee%%@Q%& (:hcgré@rlses a stem portion and a branch portion, the branch
portion comprising the plurality of through-holes and the stem portion
comprising a surface contacting the device under test. The inlet flow-duct

andthe aistdetlimaydust snpythaisecuiegiiRiBRP ARt RBFEf disposed in the

respective though-holes such that longitudinal axes of the respective inserts are
substantialiy paraliel to the through-holes.

The inlet and outlet flow-duct may be secured to opposite ends of the conductor

block to form a heat transfer (HT) module, wherein heat transfer mainly occurs in the HT

module,

The HT module may be disposed inside a housing, and the heat transfer device
may further comprise a valve dispesed on the housing for removing air inside the
housing and creating a partial vacuum environment around the HT module, wherein the
partial vacuum environment facilitates suspension of the HT moduie in the housing,
provides heat transfer insulation between the HT module and the housing for preventing

condensation on the housing.



the branch portion of the conductor block for facilitating fluid flow through
the through- holes. The heat transfer device may further compri
_ disposed on a surface of the branch portion o%i%@dﬂﬂg or
block opposite u e su ace of the stem portion of the conductor block
contacting the device under test. TRe heater layer may be secured to the
conductor block with a heater fixture, wherein a vacuum seal is disposed
betvibencuvsesserdblonk maxkbanteriansdver rshaped #AE FEEPTRESsfoplem
poflRWiegamayahaiherramps sexacteponieratonepaeingahelspatigcbithtigh-hoies
an§RELElpLbiRck Ion eAswlipbe dsmRerae &l ha Aauiqedinder test

eat transter vicé-may further comprise a controller coupled to the
temperature sensor for maintaining the temperature of the device under
test atdheiepliesehistdrte thp eratelr BovHduct oravolie sasaiethisivripstisesnds of
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controlling power supply to the heater layer and/or by controlling the fluid
w. In operation, fluid may enter the through-holes in a substantially
saturated liquid _state, transitions into a substantially gaseous state under
convgsinesokhrsbiraavitaemde viethemdentast antbeleitsaber tiispught-holes
su'a%‘aée%%t{ﬁ&aﬂ&%mﬁ 9@%%9%,%&@%@&%%@%%&6%@& hhe stem
strength materials for providing st ucéural rl%dft)( apd withstanding high
Pofjerse %ﬂ?égtmglﬁﬁktﬁ%"ﬁ?ﬁ@%%? FReHoGSIRG may be made of
materials with high thermal conductivity for preventing localized
condersalion MyiheRgusingclke threwgtrhalesmachevaignrehior dixure,

il oligws and calumas s, fendysiarpinck: Ihediealiansicr.
evitd ay comprise dghe or more Insert e ements, each insert element
“threading through two or more of the through-holes. The inserts may be
maderef faatetads:nddvibigindl durthal comgitist v tipfarerehiasensgreffective in
inbealdransiased e fenduriguRiaskiuam.RepfiR ainge inegrabcomponent
made of a material . : _ :
The heat traﬁsfer device may further comprise z controfier coupled to the
temperature sensor for maintaining the temperature of the device under fest at the

prescribed temperature.

The controfler may maintain the temperature of the d_evice under fest at the
prescribed femperature by controling power supply to the heatér javer andfor by
controlling the fluid flow.

in operation, fluid may enter the through-holes in a substantially saturated liquid
state, transitions into a substantially gaseous state under conversion of heat from the

device under test, and exits the through-holes ina substantially gaseous state.

. The housing may be made of high strength materials for providing structurai
rigidity and withstanding high pressure spikes _inside the housing.



with high thermal conductivity for providing effective heat transfer. The
inlet flow-duct, outlet flow-duct and heater fixture may be made of
materials with low thermal conductivity for preventing condensation on
respective top channel sections of the inlet flow-duct, outlet flow-duct and
heater fixture. Also disclosed herein is a heat transfer device for
maintaining a temperature of a deyjce under test with heat generating
capability at a prescribed temperature, the heat transfer device
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mprising a plurality of through-holes, the throug es receiving a

comp ! .
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wherein the conductor block, inlet flow-duct and outlet flow-duct form a

heatrfangfendhifdisaadule rndihiedl h mogusids AispRsefhinsileRs in the

hgustintgb aqg the heat transfer device further comprises a valve disposed
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onthe housihg for removing air inside the housing and creating a partial
vacuum environment around the HT module, wherein the partial vacuum
envitbareat tfacditates\atispensiconpfie i mrogiste imdbe BRIKSHEG, each
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enRRRSFRMNABcRREREOHGINGEY skKill in the art from the following written
description, by way of example only, and in conjunction with the

drawings, in which: Figure 1 shows a schematic drawing of a .
crosEIEEANBHAVIBIRFb e &5t 3 andnste dutomral isrtedisah BREckEmmaaterial

witicbigfidhermisl( Gl tinlg treprosipy sfearbematiemtawing of a
cross-sectional view of the heat transfer (HT) module of the TCU of
Figure 1. ’F%'%]ure J';}shows a%cs(y?/hematic drawin% of another cross-sectional
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sedtlohk @f FHgukeflfiow-duct, outlet flow-duct and heater fixture,

Also disclosed herein is a heat transfer device for maintaining a temperature of
a device under test with heat generating capability at a prescribed temperature, the heat
transfer device comprising an iniet flow-duct, an outlet flow-duct; a conductor block
comprising a plurality of through-holes, the through-holes recaiving a fluid from the inlet
flow-duct and deiivering the fluid to the outiet flow-duct; and wherein the conductor block,
inlet flow-duct and outlet flow-duct form a heat transfer (HT) module and the HT module
is disposed inside a housing, and the heat transfer device further comprises a valve
disposed on the housing for removing air inside the housing and creating a partial
vacuum environment around the HT module, wherein the partiai vacuum environment
facilitates suspension of the HT module in the housing, provides heat transfer insulation
between the HT module and the housing for preventing condensation on the
housing.

BRIEF DESCRIPTION OF THE DRAWINGS



Figure 5 shows a schematic drawing of the HT module of the TCU of
Figure 1 placed in contact with a tested device. DETAILED _

- VIEB@RIFEFON The example embodiments described hereff-rifutte/400419
new thermal control unit employing a two phase flow process. A two
phase flow medium experiences a €hange in state from liquid to vapour to
remove heat by latent heat of vaporization. Figure 1 shows a schematic -
drawingoaimerossteeGhiantbrien bé adteattdmsien devicesifithmforentdb a

ondnermal controlunit (TCEN 100, TheFGWHA sommsiras 8 HoyenadAe
which comprises a housing base 104 aqg a main housing body 106

onlyeap@éticeynatien el NaVEA B B4Hed to the main housing body 106.
A heat transfer (HT) module 110 is disposed in the housing 102. The main
hougipgbedyAR6.is Blasadondamebihaids meduial Méesich theshpusifeg
base 104 is plac%d bel (\}/g)rg 18 z'I'nIt [xﬂeg le 110. A portion of the HT

deyieg duiRer T AR E Pousing base 104. A surface 112 of the HT

module 110 is exposed to the surrounding WO 20091008836
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~lowering of temperatures and maintaining at a single set temperature
during device testing. Therefore, it'is important that the HT module 110 is
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wahoBsiisiatianyafam iitsesion of environment heat flux. The heat transfer

- between the environment and the HT module 110 can be advantageously

negated and a controlled vicinity surrounding the HT module_ 110 can tﬁr
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meik ermeisdinbiyigadesirable. As the TCU 100 operates in an open
environment under the existence of water vapours, condensation on the
surfaces of the TCU 100:is an jssue. To pr d i
houdiigy e > BPYRePTRECPTHEC e T r%%ﬁﬁ%ﬁ%@%%%ngﬂ%%ega i?ﬁg el
plaved tainedadthwitiea st ULDGE is drawn out using the check valve 108. By
drawing out the air inside the TCU 100, a partial vacuum environment is

D cﬁ?tbgg ng&ggqlt?;@rior of the TCU 100. With partial vacuum in the TCU

eing an excellent insulator, the surface

The example erhbodiments described herein provide a new_ thermal control unit
~ employing a two phase flow process. A two phase flow medium experiences a change in

state from [iquid to vapour to remove heat by latent heat of vap_on'zation.

| Figure 1 shows a schematic drawing of a cross-sectional view of a heat transfer
device in the form of a thermal control unit (TCU) 100. The TCU 100 comprises a
'housing 102, which compriseé a housing base 104 and a main housing body 106
respectivéiy-. A check valve 108 is attached to the main housing body 106.

A heat transfer (HT) module 110 is disposed in the housing 102. The main
housing b.ody 108 is placed on ‘top of the HT module 110 and the housing base 104 is
placed below the HT module 110. A portion of the HT module 110 protrudes the housing
pase 104. A surface 112 of the HT module 110 is exposed to the surrounding



temperature of the housing 102 facing the surrounding environment is
kept above dew point temperature, which is a factor of relative humidity
vEadoariviept temperature. Condensation on the surfaces tMHSaoRFIN419
110 can also,be advantageously prevented. In addition, during heating
processes, the partial vacuum regin also functions as an insulator to -
prevent any heat loss by the HT module 110. Despite the condensation
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module 110 inside the housing 102. Hard stoppers 114 made of insulation
matepiaspite the condensation prevention method as described above, the housing
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102 of the TCU 100 may not be entirely free of condensation. Condensation may still
"occur due to localized cold regions on the housing 102 due to localized heat transfer
between the HT module 110 and the housing 102. Therefore, a high conductivity
material is used for manufacturing the housing 102 of the TCU 100 to ensure good
. spreading of heat that prévenfs any localized cold regions where condensation may
occur. In one example implementation, an aluminium alloy is used, but it will be
appre(;iated that other high-thermal conductivity materials may be used in different

implementations.

To minimize localized cold regions on the housing 102, it is preferred that any
direct contact between the HT module 110 and the housing 102 is avoided or minimized.
This can be achieved in the example embodiment by suspending the HT module 110



- are clamped between the HT module 110 and the main housing body 106
to reduce heat transfer thus minimizing localized cold areas and to align
WASWHTOHRBGule 110 to the housing 102. In example implentERtatigid/otv41s
low-thermal conductivity metals such as stainless steel or high strength
plastic such as polycarbonate are désed for the hard stoppers 114, but it
will be appreciated that other low-thermal conductivity materials may be
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and the heater fixture 210 to prevent air leaks into the TCU 100. In the event where
fau_i"cy equipment élbng the process line causes a high pressurised fluid flow into the HT
module 110, the housing 102 is designed to act as reinforcement to the HT module 110.
To withstand the preséure spikes during operation, the housing 102 is manufactured with
a high strength material that provides structural rigidity. In one example implementation,
an aluminium alloy is used, but it will be appreciated that other high strength materials

may be used in different implementations.

Figure 2 shows a schematic drawing of a cross-sectional view of the HT module
110 of the TC-U 100 in Figure 1. The HT module 110 comprises a conductor block 202,
an inlet ﬂo‘;v—duct 205 and an outlet flow-duct 206, a heater in the form of a heater layer
208 and a heater fixture 210. The conductor block 202 is substantially T-shaped with a
branch portion in the form of an upper portion 203 having a larger width than a stem



flow-duct 205, the outlet flow-duct 206 and the heater fixture 210 that are
exposed to the open space environment, the inlet flow-duct 205, the
WOtRPRHERRHuCt 206 and the heater fixture 210 are manufadtaFe 000419
materials which are poor conductors of heat. For example, low-thermal
conductivity metals such as stainle&s steel or high strength plastic such
~as polycarbonate may be used. The inlet flow-duct 205 and the outlet
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appreciated by a person skilled in the art, the problem of ‘condensation as
mentioned above does not occur on the conductor block 20% the inlet
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The heater layer 208 is disposed on a surface 209 of the upper portion 203 of the
conductor block 202 opposite to the sun‘a_ce 112 of the lower portion 204 of the
conductor block 202. The heater layer 208 is secured to the upper portion 203 of the
conductor biock 202 by the heater fixture 210 using fasteners 214 and vacuum seal 120.
In the example emﬂbodim.ent, the heater layer 208 is a commercially available flat-type
resistance heater, but it will be appreciated that other heater layer designs may be used
in different implementations. The vacuum seal 120 is disposed between the conductor
biock 202 and the heater fixture 210. The heater fixture 210 is manufactured with
materials which are good insulators of heat to minimize heat transfer. in example

implementations,' low-thermal conductivity metals such as stainless steel or high strength



materials which are tolerable under both high and low temperatures. In
example implementations, viton or silicone are used, but it will be
 VEDRIRYIAREH that other low- thermal conductivity materials &y BEEEYIAL
different implementations. A temperature sensor in the form of a
spring-loaded thermocouple 218 is edisposed in a cavity 220, which'is
substantially in the centre of the conductor block 202. The spring-loaded
pl&%@&ﬁ%q&a&%&@m@@w@mm Apueiieinad copteokerPat Fher low-thermal
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controlling the power supply to the heater layer 208 is coupled to the

heatg! 13 er, 208, OS5 etvaiy/qeRt ek @lﬁgr:éaeé&aﬁuamuﬁwdzﬂews

is coupledto t e |n et flow-duct 205 d the outlet fl uct r
PRSI SCAUIA. QYRR BRI O B P a2
Theassfededee themeotouplo2TE s 10opad shawreremgureryoliss 222. The
Rducian Blocko2tapRf zﬁ%ﬁzsmeﬂwmﬁé&mmmma@mwﬂ;wfsoz and
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ann s 302 are aligned in aé)urallt{{?o rows

m@nitbtoitnth ﬁ@ﬁ?ﬁ@ﬁd@ﬁ’ &fﬂ#@’?ﬁaﬁﬁgcsﬁﬁ}eeﬂ@ dIsPBREHTh IfcPEsvI
tednRafihkesemduaiae binakaRe 2ohsfactorsrasiooting the pratfordigneolor
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t to fluid th h th duct k 2 f
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2@@@4 tansiencoeficiant efyuEbiomdtrisprefieledhat 818 thdaciiisiRpthe
ﬂw gv? eg’ ma”feci%bth‘é’hﬁé?ﬂ@w WIQ( g&@%@%&ﬁﬁ& %WQG%?Q&Y/ 000419 10

e hy meter. However, a smaller Dh poses a problem in

manufacturlng the conductor block 202 with the channels 302 through
convéigioadl shaehiaisgnematic drawing of another cross- -sectional view of the heat

transfer device in the form of TCU 100. As shown in Figure 3, the conductor block 202 of
the HT module 110 comprises a piurality of through-holes in the form of channels 302 on
the upper portion 203 of the conductor block 202. The channels 302 are aligned in a
plurality of rows and &olumns at two sides of the thermocouple 218 disposed in the
cavity 220 of the conductor block 202.

Two factors affecting the performance of heat transfer at the conductor block 202
of the TCU 100 are effective heat transfer to fluid through the conductor block 202 and
the amount of ﬂ.uid delivered through the channels 302 of the conductor block 202. Flow
boiling in channels offers very high heat transfer capabilities. To increase heat fransfer

coefficient of fluid flow, it is preferred that the channels 302 have a smaller Dy, where Dy,



A longitudinal insert e.g. a wire 304 is inserted into the channels 302 of
the conductor block 202 to obstruct.a portion of flow area in ever
YRAANEEHS to reduce a cross-sectional area of the chann%%@@%‘.mm%m
Consequently, a smaller Dh is attained. As such, the total heat transfer
coefficient of the fluid going throughothe channels 302 increases, which
advantageously provides a more effective heat removal by the fluid.

is Gaviedrthicligaitility. tdoponenEtRBHipd RS eiahistbleDhib MpRIEHmne e

cormRRPLIRING0S With the-chuiFRS: 304 tabuficconsmilriterdicmmeigr of the
channels 302 is advantageously proided which results in an ease of
manufacturing the conductor block 202, Therefore, conventiona
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corldatbriigkrithav bfstaakingdhierbaiSiowwated insvehatkuvine S¥ftstivastrea
srdemovAl and-ainkining-AdN e ikashdemeniptareiipiesinainkhe As
Inserts, e.g. wires 304, dis o_seg in wee ﬁelgpe&tlvqh(%hg n%se %Q)%n%(?s 302
Suﬁhé%é‘ﬁaglﬁ@?ttliféf‘%fﬁﬁﬁ?ﬁg 1715 Aot festricted o a fixed position with -
increspeciuch edmiolagbavelt I sdascHORUP HEacHratheat depwral BYcE s
Gividnd Refitsifploanhatnadigdriiectiieness i diend tramsids, Ibebjnsditse.g.
wiSGsgyires 304, are made of ahighythermal.conguctivitymaterialy | Brovided
example Implementations, the inserts e.g. wires 304 may be prqvided as
WhigBp RS dRERR® sy RFECRG: W SEKHRRECRIRSH i otEreior:
cotightitheirmadrhanglcat bityused teratsufrmiurb ¢ha soddvcigiffelpsh 202 of the TCU
1ol &}lﬁm%n@%@agﬁag ?]Jémet@ss&efr%egh mu@taé@c&%;@m _ﬁé@twiéﬁﬁ;@!?andd
preferred to be within the rapge .2mm.to 3mm. As e.a ci
maigiainig, & PERES ntﬁ%‘_’gf?? #v?ttﬁﬁ“&?’ﬁ%ﬁ%” ! ;ﬁ? FIOW C h%f?é]rlg’gﬁgspi%a fy
dismfeaded theascansriveishprralsniligrare amreantl THelsthaligas Rsethés not
redfchiigye akdboeaimpleremiedimentofiesioihaseots ioesidsiantialbf the

reduce the cross:sect 0%, j ] i e
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~ implenoemnatamd, ithbyivertsic dianirereBot maydtherevidedyey e o tAlEngaiva
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bemusoiargiahgg 85 ergg%ténlt:é ure 4 shows a schematic drawing of a

Cross-sec |Ber?al'r{'8p view of the HT module 110 of the TCU 100 of Figure
- 1. One end of the insert e.g. wire 304 is inserted
The diameter of the through-holes and the wires are preferred to be within the

range of 0.2mm to 3mm. As will be appreciated by a person skilled in the art, within 0.2-
3mm, the flow channel is typically referred to as a mini-channe!, which is currently most
suitable for the technique of the example embodiment of using inserts to substantially
_ reduce the crossuséctiona! area. In TCU 100, the diametral ratic of the wire to the
- through-holes is preferred to be within the range of more than 0.7, leading o a reduction’
in cross-sectional area of more than 50 percent and in hydraulic diameter of more than
70 percent. For the same pressure gradient applied, the consequential reduction in fiow

rate is_r'hore than 85 percent.

. Figure 4 shows a schematic drawing of a cross-sectional top view of the HT
_module 110 of the TCU 100 of Figure 1. One end of the insert e.g. wire 304 is inserted



WO 2009/008836 PCT/SG2007/000419 11 into one end of a channel
302, is pulled out from an opposite end of the same channel 302 and is
WseHedeas3an adjacent end of an adjacent channel 302 in &SARePBPIRd
shown in Figure 4, for each row of the channels 302 at each side of the
thermocouple 218 (Figure 3) dispo&d in the cavity 220 (Figure 3) of the
conductor block 202, the threading, of the insert e.g. wire 304 begins at a
inSlRRENEnRRINE 4Rahnaihiol, is: fputihe stibinay aff opptistethodnbieupindignnel

aégw%fms%ngﬁe% A RRENLRY cp@ntaafaeemmm adme@mmw As

_ ermocouple 218 (Figure 3). It wi Ibe ﬁfchaégg‘ Qfdt on Sk'"%%:e
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502 and the surface 112 of the conductor block 202 is achieved by
- means of a% éﬁ“wés (A8 SN Hral %@WQ&%@J&?&W@%&% et@(iCﬁ)o in
’under s an t e exposed surface 11 g stlng ar r1L 502 s
'F§HEﬁNhP'Pﬁ%dd%\ﬁ@§%éf@Ptéqu§ﬁ’2 H%%eﬁée?fé ﬁ% capa[ﬂg%r e§ 502 s
mRAiRER L, thactenpestigr S of.the mef@wméhwwza@qh@%%mds
J%ﬂ&%@%ﬂ-ﬁ%@mopﬂilmwam@ssanbe@maamﬁs&aa@sfamedsfmmgmnm
device under te t50 cond [ nac
T R Blgakza%%t Ye§ 551% 84S contact

passmgt rou e C anneis of the
betwegndtsr dsek Qﬂriaby‘ﬁébﬁ%@f"éﬁherﬁ@fﬁﬁﬁﬂ &E%ﬁﬂﬂ&%fﬂ?ﬁ%& s
abiNbidd Sptesiselefivexedoint(nth shoke).Miw-cuos 805 aieindivateeideyic rovier

t %Pé%}%%%x&%d thrpuah heschay et 3R2ef Figwre 3) of conductor
ock 202

In a.direction as indicated by arrow 508. The fluid within the
channels (302 of Figure 3) experiences a change of state from a

substamtialtyisatundesdisigiuRP3thes toeatsernaaing gPaRlyud 2 EaRRiRinge

temperature of the device under test 502 at the prescribed temperature during a cooling
process, heat that is transferred from the device under test 502 to the conductor block
202 by__'conduction is removed by a cold medium fluid passing through the channels 302
of the conductor block 202 by convection. The fluid In a substantially saturated liguid
state is delivered info the intet flow-duct 205 as indicated by arrow 506. The fluid flows
through the channels (302 of Figure 3} of conductor block 202 in a direction as indicated
bj.( arrow 508. The fiuid within the channels (302 of Figure 3} experiences a change of
state from a substantially saturated liquid state to a substantially gaseous state during
the heat transfer process. The fluid in a sizbstantiai!y gaseous state is delivered out of
conductor biock 202 through the outlet flow-duct 206 as indicated by arrow 510. The
heat is removed from the conductor block 202 by the fluid flowing through the channels

of conductor block 202 by convection. In example implementations, refrigerant gases



the heat transfer process. The fluid in a substantially gaseous state is
delivered out of ‘conductor block 202 through the outlet flow-duct 206 as
THARO4LAE8B3F arrow 510. The heat is removed from the cond &t BIbER00419
202 by the fluid flowing through the channels of conductor block 202 by
convection. In example implementalfns, refrigerant gases WO
2009/008836 PCT/SG2007/000419 12 such as R22, R404A and CO2 are
suseal R22,iRWlHbendSiheoiatsddiut fluidisbmagpiesiatsddhint Hitfereay be used
i RARERAURR R saise a temperature of the device under test 502
during a heating process, the heater layer 208 is switched on to supply
- heat to the device under, test 502. Heat supplied is transferred from the
condlietmissladEemtyes e R HadeTHsst BERdwingchRadg RraasesT the)
hd806rasydes06biechwinone advansagepusiytaohieyesdesiteddestst 502. Heat

- su%meg@t{#aﬂ?f&vemg o hasadlon.Brosess,and adXanaRRPYSlY 502 by

prOV| es rapid heating and cooling. The TCU 100 as described above has
coPdHFNR design which advantageously provides an ease of fabrication
and assembly. All components of the TCU 100 are of simple geometry

whichganree mapufackuasivuihapéapesivlieghpigye sichrddo alssifdiis test
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SI n of the g also ?1

0 makes It easy to mtegarate into test
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atepgegebushnsisiedatiansetorits turibiiity and astiedtilyy. Motapxamgits, offid
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overall performance can be minir nimized throu h.a proper r material

agd qionT 'ﬂ\ssﬁ’a’@fﬁ?gﬁf’a‘f&?%f orive ‘?B@T&gl FesighedCaRaEareg, of the
désit pé theol Gk 1A aligfidigkes mﬁét%@ia@fyﬁﬁl@i%‘?é@@n@%ﬁmnﬂence
the design of the TCU 100 is advantageously reliable. In addition, the

TCU 10015 degianeshlo fe fouptss! Wil aoaliogavalen 19 aebisKRdbe

deswea resultsa e used in test hand ers stems_which require

capRationsBf Fedwagiihanbiling By 18 c?é@ﬂi%’g R 'b"@%?@&&?@&“g
whicla ersarsskiligabim thetaizitrdiastimétoosetal atitons aperd /o be minimized

wPRgifisalions maydaesaadedodheuess BN RISNOOMS ddRRed with
1%‘{)! tfeatures fo ensure ngzd:ty to withstand any high pressure spikes. Hence, the
design of the TCU 100 is advantageously reliable.

In addition, the TCU 100 is designed to be cOupEed with a cooling system to
achieve the desired results and to be used in test handler systems whlc:h require

apphcat;ons of heating and cooling of test devices.

It will. be appreciated by a person skilled in the art that numerous variatidns'
and/or modiﬁcaﬁons may be made to the present invention as shown in the Speciﬁc
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in ali _r'espe'cts to

be illustrative and not restrictive.



embodiments without departing from the spirit or scope of the inventiop@@SGmg? 1000416

broadly described. The present embodiments are, therefore, to be Receiv
considered in all respects to be illustrative and not restrictive.
PCT/SG2007/000419 Received 8 April 200$ 13 CLAIMS i. A heat
“transfer device for. maintaining a temperature of a device under test with
heat generating capability at a prescribed temperature, the. heat transfer
device comprising: an inlet flow-duct; an outlet flow-duct; a conductor
block comprising a plurality of through-holes, the through-holes receiving
CLAMRd from the inlet flow-duct and delivering the fluid to the outlet
flow-duct; and inserts disposed in the respective through-holes for

1. reduciag: 34HEesa80REABharean AL %ﬁﬁ&ﬁ}é’@f?%@_%@ ﬁ%lg%% with heat
' - - Q in the inserts disposed In the
S e R e e eToFes
rest?ﬂ:f@ﬂtf&wa d position with respect to a center of the cross-sectional
are&0P i fagplistive through-holes, 2. The heat transfer device as
claimesbinuclaimbibokvhensprishe insgrsiare SubstagHaly=donituAinglandes
recBingiSRARGLANLESIBSRARLYE thrquabahalesshah mgg&%ﬂadmggc xes, of
the fesperive Mosrs, e subsielaly patale o e frough Foes s
The heat transter device as claimed m claims o or 5 Iz FETRstReFiang arme

of BR FEPIFEVE- HiRiE e SR LIPRING BpFdSsEREEEPie conductor block to
forrwhetstaier dnvsity dismosan bdbfereatratvin theatiravistesrmatahy OCeus

cadhiddit imadweridethe hpakipastordevisssas gaimekinany 908 Lihg

areR@4RABG LA WhRRRthe HT module is disposed inside a housing,
and the heat transfer device further comprises a valve disposed on the
housing for removing air inside the housing and creating a partial vacuum
environment around the HT module, wherein the partial vacuum
environment facilitates suspension of the HT module in the housing, and
provides heat transfer insulation between the HT module and the housing
for preventing condensation on the :

2. The heat transfer device as claimed in claim 1, wherein the inserts are substaniially

longitudinal and are disposed in the respedive through-holss such that iuﬁgi'xudﬁnal axes of

the raspective inserts are substantially paraliel to fhe through-holes.

3. The heat transfer device as claimed in ciaims 1 or 2, wherein the iniet and outlet
flow-ducts are securad to opposite ends of the conductor biock o form a haat transfer (HT)
module, wherein heat transfer mainly ocours in the HT module.

4. The heat transfer device as claimed in any one of the preceding claims, wherein the
HT meduie is disposed inside & housing, and the heat transfer davice further ‘c:ompr':ses a
vaive disposed on the housing for removing air insids the housing and creafing' a partial
vacuum environment around the HT module, wherein the pariial vacuum environment
faciiitates suspension of the HT module in the housing, and provides heat tfansfer
insulation between ;ha HT module and the housing for preventing condensation on the

hbusing.

Amended Sheet
IFEA/ATD

ed 8 April 2008 -
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housing. Amended Sheet f EA/AE,U PCT/SG2007/000419 Receivedh81/5G2007/400419
April 2008 14 5. The heat transfer device as claimed in any one of CiglfiSved 8 April 2008
1 to 4, wherein the conductor bloek is substantially T-shaped and

comprises a stem portion and a branch portion, the branch portion

comprising the plurality of through-holes and the stem portion comprising

a surface contacting the device under test. 6. The heat transfer device as

claimed in claim 5, wherein the inlet flow-duct and the outlet flow-duct are

secured to opposite ends of the branch portion of the conductor block for -

5. facilftagifgaulteiow dabtigPetsEiRrGUGhaRbIes: Pf TRiFeititr dhafBpgbyibe
comictainmedkinsclabstarfiay 6-suether sumprsing:a header dayien dispesedam
ooRcHHRCe-2fdhe HiBRCRRSLID Bt haresn dueinslorkiapResite Bem portion
o %%i[g%?eaoé 1;[rlgae Qgtc%m£ éjcgﬁt'%%fe%% Egggﬂgggr block contacting the device

est. a. The heat trans evice as claimed in claim 7, wherein the
heater layer is secured to the conductor block with a heater fixture,
€. wheTbinraaldownsfer siedicisadisigred! bairieeh wierzio fuuoter islockicingdiies
outng aiter-fixtu eee Yedihaiheabiansiendeyiceasselaipeaddn any-oraREe AbBS:

foralSRiS MR (RAHRERAG8 riRIpERBlEe sensor disposed in the conductor

block for measuring the temperature of the device under test. 10. The
heat transfer device as claimed in any one of claims 1 to 9, further
7. compIs G TRT SIR¥ICE R pHRTT tHe T8ITTH &r Siufte SR PO iSinE ARy
laythelterpstr ature girtiee dévhce bimde merdpatdhba resdhded tenipanatsie the
suticd batheatansier sevicean cigimesk it aayioneotislaimmddodo,
wherein the controller maintains the temperature of the device under test

. at the prescribed temperature by contralli ower supply to the heater

5. |ayel B TREBH AR HoGe Ty HE REA S ATl ey [y
to EraherPHPBRY Sty P SRAFIINES MRTRIT SiFPTHID SRR GItPRERE enasnthe
cotthooteg il esdiha sedsstéxtially saturated liquid state, transitions

S, The heat transfer device as claimed in any one of claims 1 to 8, further comprising =
temperature sensor disposed in the conductor biock for measuring the temperaiure of the

device under fest.

10.  The heat transfer device as claimed in any one of claims 1 to ¢, further compnsing a
controller coupled to the temperature sensor for maintaining the temperaiure of the device

under test at the prescribed tamperature,

11, The heat {ransfer device as caimed in any one of claims { to 10, wherein the
- controlier maintains the temperature of the device under test at the prescribed température
by coniroliing power suppiy to the heater tayer andfor by controliing the fiuid fiow.

12. The heat transfer device as claimed in any one of claims 1 to 11, whersin, in
operation, fiuld enters the through-holes in a substantially saturated liquid state, transifions
info a substandially gasecus state under conversion of heat from the device under test, and
exits the through-holes in the substantially gaseous siate.

Amended Sheet
PEA/AT



into a substantially gaseous state under conversion of heat from the

device under test, and exits the through-holes in the substantially PCT/SG2007/600419
gaseous state, Amended Sheet IPEA(AU PC /SG2007/000419 Redtetied 8 April 2008
8 April 2008 15 13. The heat transfer device as claimed in claim 4,

wherein the housing is made of high strength materials for providing

structural rigidity and withstanding high pressure spikes inside the

housing. 14. The heat transfer device as claimed in claims 4 or 13,

wherein the housing is made of materials with high thermal conductivity

5. for preventing, localzed %eraﬂﬁﬂé@twaa% &h@hegmng hdesird ' J%gaé of high

transfer device as claimed in an 0 14, wherein the
stfezrﬁfauaﬁfwsfagvar%f%ﬂaiﬂ%& AR R o R EGH, R e soics
insidegUttertlock. 16. The heat transfer device as claimed in any one. of

claims 1 to 15, comprising one or more insert elements, each insert

14 elemgntdhreading dbiuah engof merard e tyougheihalehcldind Remade

of nh;gt%%tr!sa Qusa r?rhd% Ce][f'%sa Cc!,g IW ’{J{ﬁr}y wed 1e<§0 1€'&i W:Qa remokh%ﬂ
e of materials wit

iNSerts are m hlg therm%l con UCtIVI or enhancing
housHactive heat transfer. 18. The heat transfer device as clalmed in any one
of claims | to 15, wherein the conductor block is of a single integral
45, COMTpeNaat Magrohavmateriakwita ighrthermak cenductivity fonpsariding

throqgﬁ-%\'% Q%EE@Q? 35 piurality of rows and columns in the conductor block.

18, The heat transfer device as claimed in any Qne‘of daims 1 to 15, comprising one or
more inser elements, each insert siement threading through one or more of the through-

holes.

- 17, The heat transfer device as claimed in any one of claims * to 14, whersin the insars
are made of materials with high thermal conductivity Tor enhancing effective heat transier,

48, The heat transfer device as claimed in any one of claims 1 to 18, wherein the
conductor block is of a single infegral component made of a matenal with high thermal

conductivity for providing effective heat transfer.



