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 device
under test with heat generating capability at a
prescribed tenperature. QKGROUND Typi cal ly, al
hi gh- performance el ectroni c devices are subjected to a
100% functional test prior to being shipped by a
manuf acturer. For exanple, high power m croprocessor
devi ces are typi AaHEAE TRANSEFER ®EVIGESssi fication
test to determne an effective operating speed of the
devices. During the classification test, it is
inmportant to Kkeep a tenperature of a die of the
FIELDIOHRINVENSSON device at a single prescribed
tenperature while the power of the device is varied
from about 0% to about 100% of the power rating in a
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installing a heater in the TCU. To achieve a cooling

process, the TCU is coupled to a closed | oop system
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m croprocessors. The cold nediumcan either be single
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m%o mamtarn fhe 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 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.

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 approached levels of about 50 W/cm? to about 100 W/em?. 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.




Hence, there is a need to provide a new TCU which
addresses at | east one of the above-nentioned

probl enms. SUMMARY | n accordance with a first aspect

of the present invention, there is provided a heat
transfer device for maintainjng a tenperature of a
devi ce under test with heat “generating capability at
a prescribed tenperature, the heat transfer device
conprising an inlet f|OMF duct; an outlet flowduct; a
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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 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,
provides heat transfer insulation between the HT module and the housing for preventing

condensation on the housing.




and the stem portion conprising a surface contacting

the device under test. The inlet flowduct and the

outlet flow duct may be secured to opposite ends of

the branch portion of the conductor block for
facilitating fluid flow thrqugh the through- holes.

The heat transfer device may further conprise a heater
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vacuum seal is disposed between the conductor bl ock

and the heater fixture. The heat transfer device may
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. The controller may maintain the temperature of the device under test at the
- prescribed temperature by controlling power supply to the heater layer 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 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.




el enent threadi ng through two or nore of the
t hrough- hol es. The inserts may be nmade of materials
with high thermal conductivity for enhancing
effective heat transfer. The conductor bl ock may be of
a single integral conponent 4malde of a material wth
hi gh thermal conductivity for providing effective heat
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holgg,qhe 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 outiet flow-
duct form a heat transfer (HT) modute 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 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




transfer (HT) nodule of the TCU of Figure 1. Figure 3
shows a schematic drawi ng of another cross-sectional
view of the heat transfer device in the formof TCU.
Figure 4 shows a schematic drawi ng of a
cross-sectional top view of 5t he HT nodule of the TCU
of Figure 1. Figure 5 shows™a schenatic drawi ng of the
HT nmodul e of the TCU of Figure 1 placed in contact
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DETAN-ER DESCRIPEPNCt r oni ¢ cool i ng, any presence of water
in any formis highly undesirable. As

The example embodiments 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 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




the TCU 100 operates in an open environnment under the

exi stence of water vapours, condensation on the

surfaces of the TCU 100 is an issue. To prevent

condensati on on the housing 102 of the TCU 100, the

HT nodul e 110 is insulated.GAir that is contained

i nside the TCU 100 is drawn~out using the check val ve
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betwaen uhe S¢RIodukd 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

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
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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 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
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conductor block 202 opposite to the surface 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 block 202 by the heater fixture 210 using fasteners 214 and vacuum seal 120.
In the example embodiment, 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
block 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
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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 fluid delivered through the channels 302 of the conductor block 202. Flow
boiling in channels offers very high heat transfer capabilities. To increase heat transfer
coefficient of fluid flow, it is preferred that the channels 302 have a smaller D;,, where D,
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-sw{an% %m?h t%chmque of the example embodiment of using inserts to substantiaily
reduce the cross-sectional area. In TCU 100, the diametral ratio of the wire to the
through-holes is preferred to be within the range of more than 0.7, leading to 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 flow

rate is more 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
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ure 1 placed in contact wwth a device under
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of %% con uct(t)reaockngw éy Q:gr?vetc |c\>/ne onf‘u?cf ?n 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 fluid 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
conductbr 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 block 202 by convection. In example implementations, refrigerant gases
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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.




and tools. This advantageously reduces machi ni ng
costs. The conpactness of the design of the TCU 100
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CLAIMS 1. A heat transfer device for maintaining a
tenperature of a device under test with heat
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gafluid fromthe inlet flow duct and
th’é%ﬁh‘}éﬁlng the fluid to the outlet flowduct: and

inserts disposed in the respective through- holes for
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hr oug I nprove heat transfer €f
substantla y. longitudinal and are disposed in the respective though- holes such that

longitudinal axes of the respective inserts are substantially paralle! to the through-holes.

4. ‘The heat transfer device as claimed in any one of the preceding claims, wherein
the inlet and outlet flow-ducts are secured to opposite ends of the conductor block to
form a heat transfer (HT) module, wherein heat transfer mainly occurs in the HT module.

5. The heat transfer device as claimed in any one of the preceding claims, wherein
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 HT module in the housing, and
provides heat transfer insulation between the HT module and the housing for preventing

condensation on the housing.




2. The heat transfer device as clainmed in claim1,
wherein the inserts disposed in the respective
t hrough- hol es are 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
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rtlon of the conductor block contacting the device
tempegaivre;of Bie device under test at the prescribed temperature.

12. The heat transfer device as claimed in any one of claims 1 to 11, wherein the
controller maintains the temperature of the device under test at the prescribed
temperature by controlling power supply to the heater [ayer and/or by controlling the fluid

flow.

13. The heat transfer device as claimed in any one of claims 1 to 12, wherein, in
operation, fluid enters 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 in the substantially gaseous state.




9. The heat transfer device as clainmed in claimS8,
wherein the heater layer is secured to the conductor
block with a heater fixture, wherein a vacuum seal is
di sposed between the conductor bl ock and the heater
fixture. 10. The heat transfer device as clained in
any one of clains 1 to 9, f Pt her conprising a
tenperature sensor disposed in the conductor block for
measuring the tenperature of the device under test
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ARGt fhe device under test at the prescribed
Sﬁ%ﬁper%ttﬁégo % The heat transfer device as cl ai med

in any one of clains 1 to 11, wherein the controller
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m{&@hgugﬁd(mN 13. The heat transfer device as clai ned
in any one of clains 1 to 12, wherein, in operation,
fluid enters the through-holes in a substantlally

16sat uhatieet trafkrbridevic8t=R, claiined s ahy 8RS of Blafns1 to 15, wherein the
e under conversion of

thl’PP@'ﬁI‘l?ﬂ%t%la%éiv Iﬁ %m]alﬁ{/ gérpws 2R c%IRmfag |ntt|:1% cond uctop bIoE:k
through holes in the substantlally gaseous state. 15
nsfer e as clLaimb5s,. |
Moo B ROPHERISL AP T AENTE TopY SHeCH B AT A, Smising one
or madre nnszdrserémenipr exchdinsgrt stlanurat uhmladmg ghrdugly oa@tr more of the

di ng high pressure spikes inside the housing.
th%%émﬁigyheat transfer device as claimed in clains 5 or

14, wherein the housing is nmade of materials with
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insgey preemade of rastadals with high tbwmabﬁonsiluahlm far enbariding effective heat
tmwgg(eln the through-holes are aligned in a plurality
rows and colums in the conductor block. 17. The
heat transfer device as clainmed in any one of clains 1
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i nsert el ement threadlnP hrough one or nore of
conductor block is of a single integral’ component made of a material with hlgh thermal

conductivity for providing effective heat transfer.

- 20. 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 ouflet 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 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




t hrough- hol es. 18. The heat transfer device as cl ained
in any one of clains 1 to 15, wherein the inserts are
- made of materials with high thermal conductivity for
enhancing effective heat transfer. 19. The heat
transfer device as clainmed in any one of clainms 1 to
16, wherein the conductor HPock is of a single
i ntegral conponent made of a material with high
cdniyeises la val\.@”ldlup‘dsieuidnythbdiouphg\fbld'telh@vefgf SiE iriside th@&busing and
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oqﬁhQMQUmmy of through-holes, the through-holes
receiving a fluid fromthe inlet flow duct and
delivering the fluid to the outlet flow duct; and
wherein the the conductor block, inlet and outl et
flowducts forma HT nodule and the HT nodule is
di sposed inside a housing, and the heat transfer
device further 16 conprises a val ve disposed on the
housi ng for renoving air inside the housing and
creating a prtial vacuum environnment around the HT
nodul e, wherein the partial vacuum environment
facilitates suspension of the conductor block in the
housi ng, provides heat transfer insulation between
t he HT nodul e and the housing for preventing
condensati on on the housing. .




