1 A HEAT TRANSFER DEVI CE FI ELD OF | NVENTI ON

The present invention relates broadly to a heat
transfer device for maintaining a tenperature of a
devi ce under test with heat generating capability at
a prescribed tenperature. BACKGROUND

Typical ly, all high-performgance el ectronic devices
are subjected to a 100% functional test prior to
bei ng shi pped by a manufacturer. For exanple, high
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operating speed of the devices. During the

classification test, it is inportant to keep a
tenperature of a die of the m croprocessor device at

FIELD OFAYVENPIOMN;cri bed tenperature while the power of
the device is varied fromabout 0%to about 100% of
the power rating in a predeterm ned test sequence.
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units (TCUs) have been desi gne nera
temperduiess i s achi eved by |nstaII|ng a heater in the
TCU. To achieve a cooling process, the TCU is coupl ed

| osed | oop system whereby a cold nediumis
BAC&&%@d through the TCU to renpve heat generated by
test devices such as m croprocessors. The cold nedlum
her two phase fl ow.
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To maintain the die at the prescribed temperature during testing, equipments

known 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 generated by test devices such as microprocessors. The coid
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.

Chilled water TCU technology using the single phase flow is commonly used in
microprocessor testing. It is found that the power densities in packaged microprocessor
devices have ab.proached levels of about 50 W/cm? to about 100 W/em?. As the levels of
the mickoprocessor device power densities increase, it is possible that the single phase
flow technology would reach its fimits in terms of testing microprocessors at lower

temperatures.



2 Hence, there is a need to provide a new TCU
whi ch addresses at | east one of the above-nentioned
probl enms. SUMVARY Di scl osed herein is a heat
transfer device for maintaining a tenperature of a
devi ce under test with heatﬁgenerating capability at
a prescribed tenperature, heat transfer device
conprising an inlet flowduct; an outlet flow duct;
a. conductor block conprising a plurality of
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The inserts disposed in the respective through-holes may be arranged such that
each insert 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 through-holes such that longitudinal axes of the respective inserts are
substantially parallel 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 disposed on the housing for removing airrinsidé 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,
provides heat transfer insulation between the HT module and the housing for preventing

condensation on the housing.



The HT nodul e may be di sposed inside a housing, and
the heat transfer device may further conprise a valve
di sposed on the housing for renoving air inside the
housi ng and creating a partial vacuum environmnment
around the HT nodul e, wherein the partial vacuum

envi ronment facilitates suspension of the HT nodul e
in the housing, provides heat transfer insulation

bet ween the HT nodul e and the housing for preventing
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The heat transfer device may further comprise a temperature sensor disposed in

the conductor block for measuring the temperature of the device under test.

The heat transfer device may further comprise a controller coupled to the

temperature sensor for maintaining the temperature of the device under fest at the

prescribed temperature.

The controller may maintain the temperature of the device under test at the.
prescribed femperature by - controlling power supply to the heater layer and/or by

controlling the fluid flow.

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

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

The housing may be made of high strength materials for providing structural

rigidity and withstanding high pressure spikes inside the housing.



The heat transfer device may further conprise a
controller coupled to the tenperature sensor for

mai ntai ni ng the tenperature of the device under test
at the prescribed tenperature. The controller
may maintain the tenperature of the device under test
at the prescribed tenperatur® by controlling power
supply to the heater |ayer and/or by controlling the
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The inserts may be made of materials with high thermal conductivity for

enhancing effective heat transfer.

The conductor block may be of a single integral component made of a material

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.

In accordance with an aspect of the present invention, there is provided a heat
transfer device for maintaining a temperature of a device under test with heat
generating capability at a preécribed 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 a fluid from the inlet flow-duct and delivering the fluid
to the outlet 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 diquséd on the housing for
removing air inside the housing and creating a partial vacuum environment around the
CHT module, wherein the partial 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



The heat transfer device may conprise one or nore
insert elenents, each insert elenent threading
through two or nore of the through-hol es. The
inserts may be nmade of materials with high thermal
conductivity for enhancing effective heat transfer.
The conductor bl ock may be gpf a single integral
corrponent rrade of a material with high thernmal
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state from liquid to vapour to remove heat by latent heat of vaporization.

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 comprises a housing base 104 and a main housing body 106
respectively. 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 body 106 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
base 104. A surface 112 of the HT module 110 is exposed to the surrounding



Figure 2 shows a schematic drawi ng of a

cross-sectional view of the heat transfer (HT) nodul e

of the I1CU of Figure 1. Figure 3 shows a

schemati c drawi ng of another cross-sectional view of

the heat transfer device in the formof |CU.

Figure 4 shows a schenmatic glravvi ng of a

cross-sectional top view of“the HT nodule of the I CU

of Figure 1. Figure 5 shows a schematic
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With partial vacuum in the TCU 100 being an excellent insulator, the surface-
temperature of the housing -102 facing the surrounding environment is kept above dew
point temperature, which is a factor of relative humidity and ambient temperature.
Condensation on the surfaces of HT module 110 can also be advantageously prevented.
In addition, during heating processes, the partial vacuum region also functions as an

insulator to prevent any heat loss by the HT module 110.

Déspite the condensation prevention method as described above, the housing
102 of the TCU 100 may not be entirely free of condensation. Condensation may still
occur due to iocalized 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 prevents any localized cold regions where condensation may
occur. In one example implementation, an aluminium alloy is used, but it will be
appreciated that other high-thermal conductivity materials may be used in different

implermnentations.

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



6 environment of the TCU 100. The HT nodule 110 is

designed for fast thermal response involving fast

rai sing and | owering of tenperatures and nai ntaining

at a single set tenperature during device.testing.
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Figure 2 shows a schematic drawing of a cross-sectional view of the HT module

110 of the TCU 100 in Figure 1. The HT module 110 comprises a conductor block 202,
an inlet flow-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



-inside the housing 102. Vacuum seals 116 nade of
insulation materials of |ow thermal conductivity are
used to fill the gaps 122 between the housing 102 and
the HT nodul e 110 to reduce renai ning heat transfer
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The heater | ayer 208 is disposed on a surface 209 of

t he upper portion 203 of the conductor bl ock 202
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of the conductor block 202. The heater |ayer 208 is
secured to the upper portion 203 of the conductor

bl ock 202 by the heater fixjure 210 using fasteners

214 and vacuum seal 120. In the exanpl e enbodi nment,

the heater |layer 208 is a comercially avail able

plagi Such g BoNRADeMHBE ekt 1 Wil beiappigciatechigat other low-thermal

cond@RivieChatefighs titht beOlidab in MFale®f im ARENtSRME IS 1B6 29% disposed
used, in diffe The vacuum se

| enment ati ons.
veriS5 e bl 6EHHT Rat FELR SREOLBnAREL 302 BhOGIE pish Tanguct 205
andtthe du&atfe:w ﬂmottaﬂlﬁeto&i@veni'h@kbgétoﬁlﬂufdl ThelIsRald 1061 &re made of

mat G b i, Bt ik aane T SBpgpires. Th Gxdmote
impiemehiatiens, adtons silicaw blecuswal, bob ﬁdMntheVaptpYed’mé(ﬁltlﬁtSdﬂﬁ‘dﬁ low-

' I .str | astic such
the@? %&gﬁ%lg,? %ﬁge{rgganl? tfjes%% ' Stﬁe ﬁg' g ?m% A0Sy eci at ed
that other lowthermal conductivity materials may be

US @dtenth sz%tfnfee 56 Mor | iAThE oM el ? r%)rmggc%dg? 2tgi%rme})cguple 218 is

di spose et ween the upper por
d'SP@%ﬁ‘i’d[} EteEvith RS wiiginis shblstartially inl the cEhtomeofiibe cokBSticabibck 202,

Theté';bﬁn@-lﬂalﬁ@l tf‘ué%cgbk% 221@6 tébtme%vﬁ)man vﬁ@é?ﬁ:gecogftro idrh The

The seals 216 are mad materi al s
SP""IQdP%CiGQBh%ﬂﬂWéIP'G #38 WG}@F'@'IQS eraperatvrasedfipedexiogrusder test 502 and

feedﬁé(ﬂkﬁﬁlh@térﬁﬁﬂr&m%du%?ﬁenté/ td fPl@ d&ﬁtréﬂelr i Qnﬁleatfo‘?ltrUﬁ:é?%QZ also
preci ated that other her nal

a
mO”E?fﬁ@UEtCPO'iF?'? ikt fiaw Rraughdle BEF medde |1r‘\0dnfpraé|0élaf the pressure,

tempe?ﬁlhr@@ﬁtfﬂiw l%lf\é? and aiso conﬁ‘oFsQiTB&O&tédleIfltg ﬂfe?ﬁe(ﬁteg}pﬁglsgga er for

t gﬁb ded t her nocoupl e
mairy "ﬂ"'ﬁg ﬁe{q}% Hev'ge gu%%fttsﬂtﬁ% tya preserfhed demperature.
The ofnttoher T22nid ld:Otuﬁléd 73] @@)Kwé?rOs'bpthﬁmfrﬁll'ér g4 |aﬁ@‘éqgserv0:r!controller

er nocou an external control
226. 32’5 PORRI SLEP&?Y/??QE’P’J;%?% I‘J‘F}WQPHB’@%BF@OZTBSH*P@%B g heater layer
208 tseonppledtturths hebted lajer 20& THedeseheBicobdlennes feaabiRalTy the

t troll 222.
i e BUBRAT o T BBRIAE TR0 Pt P e Bt o o
flow through the HT nodule 110, in particular the
I t d al .
C e Eeng B TRECRINE BMnd pb Bl Tp gl pwiag e hea
transfegidevieg inithe fqrhmftTQmé@(hm rsbowh it Riguaedy itrmecamndetor blesk 202 of

the I-ﬁorgocﬂﬁe ﬁ@&&ﬁﬁﬁéa@%\?&ﬁrﬁﬂﬂ G fﬁ?é”go nl}oTJ% 111 e r o} t%nge s 3020n

coupl ed
the up@@'emrt@rr Pedwof thﬂ tandugipe bloilfhéoﬁom CBamplsymz)a'eraﬂghed ina
plural%g‘bf &K(s %ﬂﬂtéomnllﬁ{gt Mbesﬂgé’v%?] 17 B ol ple! béjg%h&(ed in the
I's cou eat er IayeP 2
CaV‘tSf%%)é?f\ﬂ@ﬁ egndwaior blorke?0226 for facilitating the fluid
flowis coupled to the inlet rom#duct 205 and the
outlet flow duct 206. Figure 3 shows a
sdnefasipes afestingesrerfampnseof beaidmnster ef thagbnductanblsick 202

of thd 'hlBU hedtaré @ﬂ@&fv@rhe@ﬂférﬁ‘s@eﬂ 16 fﬁjl?ﬁthf&fgmtﬁ’é chgdct%pgtocf‘%OZ and
in Fi t he. conduct or

the afﬁBH?}l"éﬂ‘i'?d’eg%ﬁfﬁﬁ’ F@%@sfathﬁpu?mq'% 90?0@‘ tf'ﬁ P%"Lﬁjﬁtoh @|0é§ 203, Flow
boulfn@ Mcﬁéﬁh&s&fﬁ@%@&h@a RéiE 1RRsfeh apiRbs. PRY ihbRBs HatQfansfer
ﬁ q ¢ g ctor bIo k ZOE The channels 302 are allg ed
coefficigt of Bgow, s Brerissal iR CBRHIMSCA havae STallse Dofwhare D,
the thernocoupl e 218 di sposed in the cavity 220 of
t he conductor bl ock 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 bl ock 202 and the
anmount of fluid delivered through the channels 302 of
t he conductor bl ock 202. Flow boiling in channels
of fers very high heat transfer capabilities. To
|ncrease heat transfer coeff|C|ent of fluid rom; it



10 is the hydraulic dianeter. However, a snmaller Dh
poses a problemin manufacturing the conductor bl ock
202 with the channels 302 through conventiona
machi ni ng. A longitudinal insert e.g. awre
304 is inserted into the channels 302 of the
conduct or bl ock 202 to obstqgict a portion of flow
area in every channel 302 to reduce a cross- sectiona
. .area o chan 302. nsequent | a smaller Dh
s U Al ikincine Moipeter pRaloh Gy Direaca §ipbiRet Bmandiactiing the
condoebi blodkeat? vafh thd ehdrngisogahnggh bsrvegivnaheacangel s
302 increases, which advantageously provides a nore
effective heat renoval by the fluid. Gven the
f | exildpigitudiyal tiosesbnigr @l wird 0Ayisliaekied intoatetobandds 602 of the

conblg SRR B 58 5 Uk 5 LA 98 e o

crogsragelioiad] avga chtheechahtgls i332aGorsesentlf ananaifeacﬁhus |attg|ned As
h f

sucitl @lelctgféﬂ %%%ggaPAerc Eo%ﬁgeontyﬁﬁhg af@'t[(]ﬁ?o'ﬁg Epe{'%g%ﬁ g'fbachannels 302

mcr@ﬂﬁ@ékwmg agivanthgeopsly proddespk trhegtefieotivealhdat gemonal haidhe fluid.

GivdrHhe b QBity % c@r&t}d?mer}@rdgafufl@eitah\é?ertﬂf%ﬁ‘ tH %Hﬁéls Wby lésmg e.g.

nalntalnlng prescrl npera ure urlng
wireg 1§04 a1 ifcfagse én We diprpelsr giothe chprprbs 80P |SrﬁQVﬁ@tageously provided

whidh€ SRRME | Meak Ned¥Re bE rAMIRNAING! IRNGBARHE thBH@tZOQaefl?\erefore
insert is not reStricted to a fixed position wt

conyealignal machining GaRibeusgy 1 manyagiye e e?mmﬂr bleele 80%Pf the TCU

100 mhmsmlngeu@awelfan&aas oTOa:foumghefre&.naa%e rbﬁ’qgval and
serts, e.

ecti venes heat ansfer
maifipPg 30asiPed iedPoErg MUe forunia NG dRRRTE: it yires 304
dispasddein the. rdspedtivanghafnélsHognaet atarged, sd:h&hatnée&:lht Wisert is not
um ni um

BT T YRR Sy T
resphctyle- ¢Hagnahal 3(12oriduturﬁhun byhambemeadf&cﬁwylebe oﬂ&eﬁ Iréhsfer the

. (ffer [ emen
mset%r% 'gﬁ"?%soke ARd" %‘? é%h g}eémﬁlr%qﬂgi"%gg %@? ' example
implgwneftatiorish &er magrs efg. @nr@mﬁOtﬂfcrnsyme phaviddd &s bepper or aluminium
alloy"’Wig&r egh@ﬁ Wﬂlhtpé/ ?[?% & Eﬁgﬁtﬁa;:%ﬂlnérqﬁ ﬂe;rF:?q C%E& C |v eraa{értals may
be uggyl in dfﬁaﬁt?ntcﬂhdﬁmehtatlm ch is cur rent ly rmst sw tabl e

for the techni que of the exanple enbodi nent of using

inserts to substantially reduce the cross-sectiona

ar Eze digmetrrief 109 through-bilesrend dhe wines ereoprefeved ip be within the
rangé R0 bRn? Egﬁ}nnlolﬁg%lr Be gﬁﬁgaﬁfe@%ytaopﬁ?oﬁ"élﬁlwdqn tHaead, AR 0.2-

nor e . to a're
3mmc F'l?s,fgl%@f@ﬁn@waﬁymaéla r@‘eﬂ% feag Agtnishapes! cehieh gragirently most

suitaBisdbAH fécl@‘.@u@hﬁfhe@xaﬁﬁﬁ@eﬁuh@&m@& BeiG Y nsePfo Mb%tantlally

sane pressure gradlent a he consequentla
reduces i E1O5R SEFIoNBbAraeat Ti ﬁQPeihehgzﬁmsgalp@tle htthe Wit t9 the

througRgoRfds Plefd@rd@aakithiDihe rhsgdlst rh&rd 104H 0.7 11853iRto a reduction

posj.te end of the sapme channel 302 and I s inSerted
in Cﬂf%’%?ﬁ“%{m greantt rarg then af perpeak it indiydrvds dagieterof grore than
70 p@a@r& Fénthe Aamelussurd glrad@nt eppliedf BB coRsIhubml Ridubitsh in flow
¢ ﬁgfégpz at each side of the thernocouple 218
rae’fﬁF@% Rf'SM¥sed in the cavity 220 (Figure 3) of
t he conductor block 202, the threading of the insert
e.g. wfe 304 begins, .at startin oint 402, whic
o4 Sa0vs s e Pan vt 4 R aErectond e il 87 gpe HT
moduden d 1@ ntitheal Clart 0@ rodl IFiggirgp 01 Ohe 46d of thiei inderi s gadlif@tents ihserted
the thernocouple 218 (Figure 3). It will be
appreci ated by the person skilled in the art that the
t hreadi ng nethod and/or pattern are not limted to
that as described in this enbodi nrent. Both ends of
the insert e.g. wire 304 are fixed at the starting
poi nt 402 and the ending point 404 by e.g. welding.
The channels 302 and the insert e.g. wire 304 are
encl osed by the inlet flowduct 205 and the outl et



12 such as R22, R404A and CO2 are used, but it wll
be appreciated that fluids nmay be used in different
i mpl enent ati ons. To raise a tenperature of the
devi ce under test 502 during a heating process, the
heater | ayer 208 is switched on to supply heat to the
devi ce under test 502. Heat qgupplied is transferred
fromthe conductor block 202 to the device under test
nduct i ThgnTCU 100 as descri bed
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scope of the invention as broadly descrlbed. The
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tempergture of the @!evuce under test 502 at the prescribed temperature during a cooling
process, heat that is transferred from the device under fest 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 liquid
state is delivered into the inlet 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
by 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 substantially gaseous state is delivered out of
conductor block 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 biock 202 by convection. In example implementations, refrigerant gases



13 CLAIMS 1. A heat transfer device for maintaining a
tenperature of a device under test with heat
generating capability at a prescribed tenperature,
the heat transfer device conprising: an inlet

fl owduct; an outlet flow duct; a conduct or

bl ock conprising a pluraliti2of through-holes, the

t hrough-hol es receiving a fluid fromthe inlet.

sucf!'lla%‘ﬁﬁuﬁhozﬁngn&j@b' ¥:%rds@9 ﬁd?ﬁ \:\1;|I|| B@ gpﬁrguatttgg ti‘%tt'hllj 8& may be used

| ow duct
in d:fferent lmplementatlons

) To raise a temperature of the device under test 502 during a heating process, the
heater layer 208 is switched on o supply heat to the device under test 502. Heat
supplied is transferred from the conductor block 202 to the device under test 502 by

conducfion.

The TCU 100 as described above advantageously achieves desired test
temperatures by using two phase flow process and advantageously provides rapid
heating and cooling. The TCU 100 as described above has a simple design which
advantageously provides an ease of fabrication and assembly. All components of the
TCU 100 are of simﬁle geometry which can be manufactured without special techniques
and tools. This advantageously reduces machining costs. The compactness of the
design of the TCU 100 aiso makes it easy to integrate into test handler systems.

Further, the design of the TCU 100 has encompassed a wide range of
considerations for its durability and reliability. For example, rapid heating and cooling,
which can cause fatigue in materials affecting its overall performance, can be minimized
through a proper material selection. A structural layout of the TCU 100 is designed with
safety features to ensure rigidity to withstand any high presshre spikes. Hence, the

design of the TCU 100 is advantageously reliabie.

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

applications of heating and cooling of test devices.

It will be appreciated by a person skilled in the art that numerous variations
and/or modifications 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 all respects to

be illustrative and not restrictive.



wherei n the conductor block, inlet and outlet
fl owducts forma HT nodule and the HT nodule is
di sposed inside a housing, and the heat transfer

. device further conprises a valve disposed on the
housi ng for renoving air inside the housing and
creating a partial vacuum eh¥i ronnent around the HT
nodul e, wherein the partial vacuum environnent
facilitates suspension of the conductor block in the
housi ng, provides heat transfer insulation between

citAmsHT nodul e and the housing for preventing
condensati on on the housi ng. A HEAT TRANSFER DEVI CE
ABSTRACT A heat transfer device for
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wherein the conductor block, inlet and outlet flow-ducts form a 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 partial
vacuum environment facilitates suspension of the conductor block in the housing,
provides heat transfer insulation between the HT module and the housing for preventing

condensation on the housing.
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A HEAT TRANSFEER DEVICE
ABSTRACT

A heat transfer device for maintaining a temperature of a device under test with
heat genérating 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 re‘céiving a fluid from the inlet flow-duct and
delivering the fluid to the outlet flow-duct; and inserts disposéd in the re'speéﬁve through-
holes for reducing a cross-sectional area of the respective through-holés to improve heat

transfer efficiency.

FIG. 1



