1 COOLI NG SYSTEM AND METHOD FOR SEM CONDUCTOR RELI ABI LI TY, FUNCTI ONALI TI ES
AND BURN-I N TEST Field of the Invention [0001] The present invention
relates to cooling system In particular, the invention relates to a
system and nmethod for cooling a reliability, functionalities and burn-in
test apparatus for device under test. B?ckground [0002] In the field of
reliability, functionality and burn-in test for sem conductors in batches,
such as m cro-processors, the test equipnment is built in a form of

cabinets with trays where the el ectronic e %Ents are nmpunted thereon for
perforning t h@@&ﬁﬁﬁoﬁ&%&bﬁ@@twm@ BeSEMIIGIONDUHCIOR 1t with

cooling systens or thermal nanagenent systens for cooling the devices
under test (DUT) in operation. The conmon avail abl e cooling systens or

t her mal managemRELKABIENEY, FIANCIONWAL ITHESHANDBi BURNHINGESE| osur e,
fluid-cooling head, or Peltier cooling are wdely used in the

sem conduct or batch testing. [0003] For air-cooling enclosure, the cabinets
are built in a formof conceal ed .eﬁtb' al housi ng the test equi pnent and
DUT. Cooled air is supplied ther&f P’IE) CE?YF\‘/‘PB’% cooling. Such cooling

encl osure gpggral ly "[ﬁg%réﬁﬁt EnveRfbA %la?eﬁdtocé’&lilingg%ypéﬂparlﬁt g, | the SOME

cases, a centralized cooling systemis built to cooled air to nore
t han one taszlentmrga wdents 8 sysse and ondthody farysioting iasreliahibitye funstionalities ahént as
the air fl.owe t he c b| nets and heat may potentially be

accunul ate u%‘tmé?sgggparﬁtiu% %Y’ﬁel}?de[r ®lheat sources, i.e. the DUT, if the

air floww thin the cabin is not sufficiently good. Further, not all
conmponents Wi thin the cabinets required cooling, therefore, wastage of

cool i ng resources. [0004] For flui dBgekgroned system the cabinet for hol ding
the test board and the DUT does not require to be concealed. A cooling

head is proghged foreagh of iN8e reliability, functionality and bum-in test for
semiconductors in batches, such as micro-processors, the test equipment is built in a
form of cabinets with trays where the electronic equipments are mounted thereon for
performing the semiconductor batch testing. These cabinets are built with cooling
systems or thermal management systems for cooling the devices under test (DUT) in
operation. The common available cooling systems or thermal management systems,
for example, either air-cooling enclosure, fluid-cooling head, or Peltier cooling are

widely used in the semiconductor batch testing.

[0003] For air-cooling enclosure, the cabinets are built in a form of concealed
cabin for housing the test equipment and DUT. Cooled air is supplied therein to
provide cooling. Such cooling enclosure generally requires a centralized cooling
apparatus and in some cases, a centralized cooling system is built to supply cooled air
to more than one testing cabinets. Such cooling system is however not efficient as the
air is flowed free within the cabinets and heat may potentially be accumulated at close
proximity of the heat sources, i.e. the DUT, if the air flow within the cabin is not
sufficiently good. Further, not all components within the cabinets required cooling,

therefore, wastage of cooling resources.

[0004] For fluid-cooling system, the cabinet for holding the test board and the

DUT does not require to be concealed. A cooling head is provided for each of the




2 DUT. Fluid runs through the cooling head helps to carry away the heat
generated by the DUT. The fluid-cooling systemal so uses centralized
conpressor where a conpressor is operable to supply fluid flowto one or
nore cabi nets of DUT. [0005] A centralized conpressor is generally bulky
and has high power consunption. It is therefore not scalable with

i ncreased power density requirenent for™ the DUT. Wen the conpressor fails
to operate, the DUT test will have to be shut down until the conpressor is
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sol i d st at eompreksonis apesableeto sdpply ghuidiflbarto aerer mpradabinetsaf@®UT.at i ons. The
Peltier cooler is substantially noiseless cooling systemand it is
general ly mai ntenance free. The effectiveness of the Peltier depends on

t he anmount curren j I on, 4t i can be
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with one a of .1 he present invention, there is. provi a nodyl ar

cool i ng syé@gﬁ‘gor“}ahe‘? éﬁ‘? Sempresser fpily i pRsIdte; thy g tﬁﬂrﬁqqﬁﬂﬁvgstpr%q%"gnent
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under test (DUT) for testing, the nodul ar cooling system conprises a
plurality edmpressor can bectedious deeitorthe darge sisd.i Rerthendipcimpressmeradugss 2 lohd a
nodul ar uni{] ada‘gﬁed to renovably nmount on each tray, wherein the nodul ar
unit is cofh&ti% e[nooqeﬁaémgl urality of cooling heads in a close loop to
provide a refrigeration cycle for cooling the DUT. [0008] In accordance

wi th one enbodi ment, the cooling head may conprise a_ nultiple-tiers
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cooling system and it is generally maintenance free. The effectiveness of the Peltier
depends on the amount of current provider and how well the heat on the hot side can be
removed. It is known that the efficiency of the Peltier cooler is far lower than

conventional compression cycle system.

Summary

[0007] In accordance with one aspect of the present invention, there is provided
a modular cooling system for a reliability, functionality and burn-in test equipment
having more than one tray, each tray is mounted with a plurality of devices under test
(DUT) for testing, the modular cooling system comprises a plurality of cooling heads,
each for cooling one DUT on one tray; and a modular unit adapted to removably mount
on each tray, wherein the modular unit is connected to the plurality of cooling heads in

a close loop to provide a refrigeration cycle for cooling the DUT.

[0008] In accordance with one embodiment, the cooling head may comprise a
multiple-tiers compartment for allowing a fluid flow therein. Each tier of the multiple-

tiers compartment may also comprise channels for providing a fluid flow path.




3 [0009] In accordance wth another enbodi nent, each tier of the cooling
head nay conprise concentrically aligned circular channels fluidly
connecting with each other via diffusing channels. The fluid path nmay
allow fluid to spread fromthe center of the nmultiple-tiers conpartnent.
[0010] In accordance with yet another egbodinent, the multiple-tiers
conpartnent may conprise pins projecting froman inner bottom surface of
the multiple-tier conpartnent. The pins nay be hoIIOM/tubede£p011] In
accor dance[0fP9Ih a f uln henordampe avitheanother embodimhéntgedeh digr v ghef eaalingrhead
conprise a_fluid inlet adapted to inject fluid jntao.the nulti-tiers
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conpar t menf™® 158
possi bl e t beher (adifflsihg chaiels. ThedRa@ bl rhdy alow GG forkbiead ffoad {Herdefilest tier
of the multiple-tiers conpartnment. The fluid inlet may further define a
plurality gf&émultlnléﬁlerwr@narmt-ng fluid. [0012] In yet a further

enbodi nent, the nodular unit nmay conprise a conpressor, a heat exchanger,
and fluid piping. In yet a further enbodi ment, each tray of the test

equi pent [oayolbe nouli eatcotdahceonwithr ysoranothed ukbmbodificht, [ @kl Shultiplestiaror dance
wi th anot her aspect of the present inventign, there is provided
reliabilit§OMPaHRENt JRAY | GOMDEISE MBT ProJFctings O%sarlawsbmms%rﬁa%ﬁgdé?ors,

the appar lg_ggp&jn%eﬁt@en@_a ﬁ@@hgpﬁgib@%oﬁ%‘?uﬁ an one tray, each tray is

adapted for unting a pluralit evi ces under test (DUT); a nodul ar
unit adapted to renovably nount on each tray; and a cooling head for

attaching with each of the, DUT. . The dular..unit .is cannected t he
ol urali ty BOMlool i nolhessatianes, wihgeisrfgcsmbod it Hicroing Bred By ST cycl o
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further define a plurality of orifices for diffusing fluid.

et

[0012] In yet a further embodiment, the modular unit may comprise a
compressor, a heat exchanger, and fluid piping. In yet a further embodiment, each tray

of the test equipment may be mounted with one or more modular unit

[0013] In accordance with another aspect of the present invention, there is
provided a reliability, functionality and burn-in test apparatus for semiconductors, the
apparatus comprises a cabinet having more than one tray, each tray is adapted for
mounting a plurality of devices under test (DUT); a modular unit adapted to removably
mount on each tray; and a cooling head for attaching with each of the DUT. The
modular unit is connected to the plurality of cooling head in a close loop to provide a

refrigeration cycle for cooling the DUT.

[0014] In accordance with one embodiment, the cooling head may comprise a
multiple-tiers compartment for allowing a fluid flow therein. Each tier of the multiple-

tiers compartment may also comprise channels for providing a fluid flow path.

[0015] In accordance with another embodiment, each tier of the cooling head

may comprise concentrically aligned circular channels fluidly connecting with each




may conprise concentrically aligned circular channels fluidly connecting
with each 4 other via diffusing channels. The fluid path may allow fluid
to spread fromthe center of the nultiple-tiers conmpartnent. [0016] In
accordance with yet another enbodinent, the multiple-tiers conpartnent may
conprise pins projecting froman inner phottomsurface of the nultiple-tier
conpartnent. The pins nmay be hollow tubes. [0017] In accordance with a
further enbodi nent, the coolinﬁ3pead may further conprise a fluid inlet

adapt ed t oothef sterdiffiusing chapngls; fleflwid pathiragysalloyyrfuidi tewhread fioghihs cenleht er of
t he mul ti pl [ C ;@ggél t is possible that the fluid inlet is
adapt ed too?féx%,{r@%lﬁplféﬁ{%@é oer?#'rmst tier of the multiple-tiers
conpartment. The fluid inlet may further define a plurality of orifices
for diffusinq fluid. [0018] 1n yet, a further enbodinment, the dul ar unit
may conpri 897181  conplsagerdagesewith e yehAngder smiodimenty ey MYltipletigrs: o
further enpggli t Ubpnend. bsidiR Wik Irtihe ONE Or
nor e nodul a%h%?a;&mBﬁll%e;Pcc sicé?ilg{lsl yr@%étﬁ%hg%%rgl\?\j ngé';r F0019] T%ges\e’:fnv%nti on
wil |l be desunitifiediebgompartnadnt.n®he pinsntayrbg hettbediubsnt s of the present
invention, with reference to the acconpanying draw ngs, in which: [0020]
FIG 1 illustrates a semconductors reliability, functionality and bumin
test systefiohfvi Ng aBeidtdcE Mothi NArB¥SLABId MRS R GRNEE h¥id faP Rther
embodi ment of ~ the present invention; [0021] FIG 2Aillustrates a

schemati c domprisena diid indet mdaptedito imict fluid inde therninlticéersicompartraedsriboni aent  of

th t ] i on...[;0022] FIG, 2B idlustr. henat i ¢ dj i
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modul ar unit in
further define a plurality of orifices for diffusing fluid.

[0018] In yet a further embodiment, the modular unit may comprise a
compressor, a heat exchanger, and fluid piping. In yet a further embodiment, each tray

of the test equipment is mounted with one or more modular unit.

Brief Description of the Drawings

[0019] This invention will be described by way of non-limiting embodiments of

the present invention, with reference to the accompanying drawings, in which:

[0020] FIG. 1 illustrates a semiconductors reliability, functionality and burn-in
test system having a modular cooling system in accordance with one embodiment of

the present invention;

[0021] FIG. 2A illustrates a schematic diagram of the modular unit in

accordance with one embodiment of the present invention;

[0022] FIG. 2B illustrates a schematic diagram of the modular unit in

accordance with an alternative embodiment of the present invention;




accordance with a further enbodi nent of the present invention; [0024] FIG

BAillustrates a partially explored view of the cooling head in accordance
wi th one enbodi nent of the present invention; [0025] FIG 3B illustrates a
top plan view of a base plate of the cooling head of FIG 3A; [0026] FIG

3Cillustrates a top plan view of the m'éddle pl ate of the cooling head of

FIG 3A in accordance with one enbodi mnent of the present invention; [0027]

FIG 3Dillustrates a top plan view of the mddle plate of the cooling

head of FI{Q028A jn a&d6s d%(gcréluWatts anechematiendiogiameraf the meoduler egndttin

olate of FPEOREe witigh i bRl o SpBBERRC V) V2 O osesecti onal

view of a cooling head in accordance wi th anot her enbodi nent of the present
i nvention; 40030] FIG 4B shows the flow of fluid within the coaling head
of FIG 4AJ0024hd [ 00¥I§. BAGillustrates gspartialhs expleredseeweedt thenegolipg dgadiin 5

cool i ng heggcoir%@g% %ﬁlbo%ééﬁtgf{hg%g%?ﬁﬁiﬁg%ﬁgh{mnt of the present

i nvention. taile scr 1 on ne’ with the above summary,
the follow ng description of a nunber of specific and alternative

enbodi nents_are provided_ 1o understand the inyeptiv features of th
present i n{R94%) on. Ilﬂghé illysgrates 3 4o Rlan vievy aB@ﬁelﬂ?aéﬁof%etcﬁ%h%ﬂlﬂe,adl‘?gmver

that this ippgeghl on nmay be practised without such specific details. Some of
the details my not be described at |l ength so as not to obscure the
i nvention. For ease of reference, common reference nunerals wll be used

t hr oughout figur .referring to the or.simlar features
common to {‘#?2&“ gureg‘iG\[NggnS’él]‘lStﬁ}%ﬁai‘%? Pﬁﬂs‘f“?‘ﬁt"igﬁg% @Etﬁjﬂgf r @olng
reliabilit Yead FIG. 3AGNI dcyorditibe RtH ord bmBddBherft oT IR Prddeflt MAeMitm; & modul ar
cooling system 100 in accordance with one

[0027] FIG. 3D illustrates a top plan view of the middle plate of the cooling

head of FIG. 3A in accordance with another embodiment of the present invention;
[0028] FIG. 3E illustrates a cross section view of the top plate of FIG. 3A;

[0029] FIG. 4A illustrates a perspective cross sectional view of a cooling head

in accordance with another embodiment of the present invention;

[0030] FIG. 4B shows the flow of fluid within the cooling head of FIG. 4A;
and
[0031] FIG. 5 illustrates a cross sectional view of a cooling head in accordance

with a further embodiment of the present invention.




enbodi mrent of the present invention. The sem conductors devices to be
tested are herein referred to as devices under test (DUT) 158. The test
system 150 conprises a cabinet rack 152 having a plurality of trays 154.
Each tray 154 is mounted with a test board 156 and each test board 156 is
| oaded with a plurality of DUT 158. Eacp tray 154 further has a nodul ar
cooling system 100 nounted thereon for cooling the DUT 158 on that tray
154. The nodul ar cooling system 100 conprises a nodular unit 102, cooling
heads 104, and fluid pipes 106. TPRiai S@ﬂﬁ%&bllng system 100 is a smal
size cooling system adapted to be easily renovabl e/repl aceabl e from each
tray. The nodular unit 102 is a conpression type refrigerator that

provi des h¢eas2]t r ansf &r liny oiith the abeversemare athe folbowihp dedeeiptios ofiaammber e.  DUT

158. The no ular uni 02 i,s co nected with a plurality coql i ng head
104 via th& fsP%ﬁlfﬂc Vi ‘C%‘G‘VCEQQW dgpenth groprovidag o, and ‘Bﬁénid]&? IMETHEGRdD 104

for renovalplayad tmébtteeﬁthﬁt&tle IR sk 995@3% g8 o él&l?é}fﬁ%ﬁﬁn VeVl T 158

The cooling head 104 is profil to provi anne not show in FIG
t hat al | owthat #fis inyentam mtay) bf: Ipmmlsebdewehouttsuch speoiivi detdilsatSonkhe! thefdefaier ant

Is cycling_fro the n|t 10 | ui d s 106 t.o .t he coollng
hoad’ 104 SV HRLRE fEerbit <1 20 Sossi e vemdont Fie 59 ok RfrBRes; 0034
FIG 2A i | bosiinontréferehcs aliasmld ﬁllﬂb@%e@rﬂ]fbfu gRoutRRY ! figdres Sdleh Refeft t%r’the 200 in
accordance with one enbodi nent of the present i nvention. The nodul ar

cool ing syamees sondacisaprassemmontodhg Aigurehii t 202, an expansi on val ve 203
and a cooling head 204. The nodular unit 202 conprises a housing 205, a
conpressor 206, a solenoid 7 valve 207, a heat exchanger 208 and inner

pi pes 209. [0bBY housi nmzwlus&aadarsémttohaucw@rfamnity, filactidnalitit sndt iendisi ay 154
and sized to contain_the nodular unit's_  conponents. The nodul ar _unit 202
has an i n- 56t sygem kY haxingye - Ipeqhtlalz eeolingn systempHi& in capgordaneeo Nitc 08| t o

the compr CemBodi ifreft 9f e e]%lje%ef& HEAP rﬂﬁs%@ﬁﬁuhlﬁrsadé{)l@sa%Lgfetefst%?Za?éj

conpressor w t an ou an inle nl et
conpr essor hergitrefesredanme deeided ﬁndeh ¢est (PPA) 1581 hditese sy dtym TB0ecompirised a 212 of
the compr ecs:a ?Iliet rac ?( i53 having a plurality of trays 154. Each tray 154 is mounted with a test
board 156 and each test board 156 is loaded with a plurality of DUT 158. Each tray
154 further has a modular cooling system 100 mounted thereon for cooling the DUT
158 on that tray 154. The modular cooling system 100 comprises a modular unit 102,
cooling heads 104, and fluid pipes 106. The modular cooling system 100 is a small size
cooling system adapted to be easily removable/replaceable from each tray. The
modular unit 102 is a compression type refrigerator that provides heat transfer cycle to
remove heat from the heat source, i.e. DUT 158. The modular unit 102 is connected
with a plurality of cooling head 104 via the fluid pipes 106. Each of the DUT 158 has
“one cooling head 104 for removably attaching thereto to withdraw heat generated by
the DUT 158. The cooling head 104 is profiled to provide channels (not show in FIG.
1) that allows refrigerant to flow therein to transmit heat. The refrigerant is cycling
from the modular unit 102 to the fluid pipes 106 to the cooling head 104 and back to

the modular unit 102 via the fluid pipes 106.

[0034] FIG. 2A illustrates a schematic diagram of a modular cooling system
200 in accordance with one embodiment of the present invention. The modular cooling
system 200 comprises a modular unit 202, an expansion valve 203 and a cooling head

204. The modular unit 202 comprises a housing 205, a compressor 206, a solenoid




extended to run through the heat exchanger 208 via the inner pipe 209.
Beyond the heat exchanger 208, the inner pipe 209 is connected to the

sol enoid val ve 207 before it ends with the out-port 218. The sol enoid

val ve 207 is provided to regulate the amount of fluid passing through.
[0035] Still referring to FIG 2A, the gut-port 218 is connected to the
cooling head 204 via the expansion valve 203 and | ooped back to the
in-ports 216. Wien in wused, the nodul ar cooling system 200 is filled with
ref ri ger an¥alve207.raohead exchongen 2Q§nandc&“@FYeP1PFﬁ12%gFl§th%ﬁl,ngtW§ ig adpntefbioant i s
conpressed.d ?Rﬂm ra,20 L. $C g 1 t l.et212.
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by the DUT,|s. absorbe q% cooling gﬁgd,ZO aqﬂ the refrigerant inp the
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refrigerant flowwth the solenoid valve 207, the tenperature of the
can be con206isl ednentetl toethatizipnd @1atdimctdie s The dutlétAld| of the) 0@6preFioG206 Bs
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val ves 223 and two cool i ngshea s 224. To sugport the two cooling heads
iL

224, the nemflslvath taijout-port 218.s The aplereid valvp 28V itiprovided itp regulates the agoant t wo
out-ports .. The. I unit 222 conprises a housing 225, two
conpressorégggg}agﬂgﬂggllhbid val ves 227, a heat exchanger 228 and i nner
pi pes 229. The housing 225 is adapted to renovably nount the tray 154 and
sized to contain the nodule unit's conponents. In this enbodinent,  each of

the conprel83ls 226 Pull gefegingde Bin 2dh.ttheguigprat 2B IS ¢rgmerdeditoothg co
expansi on V- ; . ' 7 0e! .
conpr essor}s{é?ajﬁlzéﬁl [ @nlgghe gﬂgdln?’ll? gzrgwﬁgzno\égén\ﬁglgoﬁﬁieb%?ﬁ? (eigg:ﬁgséﬁ%%%?rr\gﬁ% "rhe
out | et s of usdcthecmngbules saoling?§ seene 200 is filled with refrigerant for the refrigeration

cycle. In operation, the refrigerant is compressed in the compressor 206 and
discharged through the outlet 212. The pressurized refrigerant is condensed in the heat
exchanger 208. The refrigerant is then injected into to the cooling head. The heat
generated by the DUT is absorbed by cooling head 204 and the refrigerant in the
cooling head 204 carries the heat along the fluid pipes 209 back to the compressor 202.
During the refrigeration cycle, by controlling the refrigerant flow with the solenoid
valve 207, the temperature of the DUT can be controlled and maintained at a desired

level.

[0036] FIG. 2B illustrates a schematic diagram of a modular cooling system
220 in accordance with an alternative embodiment of the present invention. The
modular cooling system 220 comprises a modular unit 222, two expansion valves 223
and two cooling heads 224. To support the two cooling heads 224, the modular unit
222 is adapted to provide two in-ports 238 and two out-ports 236. The modular unit
222 comprises a housing 225, two compressors 226, two solenoid valves 227, a heat
exchanger 228 and inner pipes 229. The housing 225 is adapted to removably mount
the tray 154 and sized to contain the module unit’s components. In this embodiment,
each of the compressors 226 is used for supporting one cooling head 224. The

expansion valves 223, the solenoid valves 227 are connected to the compressors 226 in




extendi ng through the heat exchanger for dissipating heat. [0037] FIG 2C
il1lustrates a schematic diagramof a nodul ar cooling system 240 in
accordance with a further enbodi nent of the present invention. The nodul ar
cool ing system 240 conprises a nodular unit 242, a plurality of expansion
valves 243 and a plurality of cooling Beads 244. The nodul ar unit 242
conprises a conpressor 246 for supporting the plurality of cooling heads

244. The co ssor 246 r i nl et..248 and .an.outlet 2 To
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channel ed into correspondi ng nunber of out-ports after passing through the
heat exchanger of the nodular unit 242. [0038] In the above enbodi nents,
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scope of t RePlingrygiem 240kasmrissha madufas unitddese pbuelitaf cxpapsiop yalves 24
expansi on Xﬁd X%hﬁﬁln#ﬂ Adohﬁ G@RHsPE4. d’?%é hRdubP indt B2 Q:E) ﬁgés d }[5}% E
ther, a I ze | eve
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claimng the benefit of and priori ovi si onal "patent application
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And C?avit L nsensi Managenment System For Fluid
Di spl acerre ¥ChRRgRT 8@%“ ‘ﬁiﬂ Rel ated Thereto" are suitable for the
present i nvent i on. [0040] FI G BAillustrates a partially explored view of

the cooling head in —accordance with one enbodi nent of the present
i nvention. [0PB8 cool i iy theaaboggoembodiments, the expansion valves, also known as

metering device, are coiled up capillary tubes that are used for reducing the pressure of
the pressurized refrigerant, with consequential cooling effect for the modular cooling
system. It is provided by way of example only, not intended to limit the scope of the
present invention. It is understood that any type of expansion valve or the like can be

desired for the present invention.

[0039] Further, a small/miniature sized compressor can be used to achieve
small size modular cooling system in accordance with one embodiment of the present
invention. A compressor disclosed in US publication number US2006/0140791
published on 29 June 2006 entitled “Miniature Rotary Compressor and Method Related
Thereto” and the US patent application claiming the benefit of and priority to US
provisional patent application serial number 60/827,681 filed on September 29, 2006
entitled “Orientation And Gravity Insensitive In-Casing Oil Management System For
Fluid Displacement Devices, And Methods Related Thereto” are suitable for the

present invention.

[0040] FIG. 3A illustrates a partially explored view of the cooling head in
accordance with one embodiment of the present invention. The cooling head 300

comprises a two tiers compartment form by a base plate 310, a middle plate 320 and a




conprises a two tiers conpartnment formby a base plate 310, a mddle plate
320 and a 9 top plate 330. The three plates 310, 320 and 330 are adapted
to stack on each other accordingly to formthe two tiers conpartnent
cooling head 300. A bottom surface 319 of the base plate 310 is nade fl at
so that it can have as much surface congact as possible with the DUT. The
base plate 310 is substantially a square shaped plate of at |east the size
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pair of the sem-circular wa 3 about t center of the circular
grooves 312. Each pair of the sem-circular walls 313 further defines two
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head 300 shown in FIG. 3A. A top surface of the base plate 310 has a circular
depression 311 adapted to fit the middle plate 320 thereon. The depth of the circular

depression is substantially the thickness of the middle plate 320. The flat surface of the
circular depression 311 is profiled to provide concentric circular grooves 312, of which
forming circular channels 312 when the middle plate 320 is fitted thereon, to provide
fluid flow paths for the refrigerant. Each of the circular grooves 312 is separated from
another adjacent circular groove 312 by a pair of opposing orientated semi-circular
walls 313. Each pair of opposing semi-circular walls is orientated substantially 90
degrees displaced from the adjacent pair of the semi-circular walls 313 about the center
of the circular grooves 312. Each pair of the semi-circular walls 313 further defines
two diffusing channel 314 that fluidly connecting each circular grooves 312. When
fluid is injecting from the center circular groove 312 (or circular channel) with the
middle plate 320 fitted thereon, the fluid flows out from the center circular channel 312
to the outer circular channel 312 via the two diffusing channels 314. The fluid follows
along the outer circular channel 312 until it reaches the outer diffusing channels 314
that are 90 degrees displaced and flows out to the next outer circular channel 312. The
flow carries on until reaches the outer most circular channel 312 to fill up all the

circular channels 312.




fluid is injecting fromthe center circular groove 312 (or circular
channel) with the mddle plate 320 fitted thereon, the fluid flows out
fromthe center circular channel 312 to the outer circular channel 312 via
the two diffusing channels 314. The fluid follows along the outer circular
channel 312 until it reaches the outer 1gi ffusing channels 314 that are 90
degrees displaced and flows out to the next outer circular channel 312. The
flow carries on until reaches the outer nost circular channel 312 to fil

up all the circular channels 312. 10 [0042] FIG 3Cillustrates a top
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pair of the seni-circular
are defined in a similar manner as the circular grooves 312 of the base plate 310. Each
of the circular grooves 322 is separated from another adjacent circular groove 322 by a
pair of opposing semi-circular walls 323. Each pair of opposing semi-circular walls is
orientated substantially 90 degrees displaced from the adjacent pair of the semi-circular
walls 323 about the center of the circular grooves 322. Each pair of the semi-circular
walls 323 further defines two diffusing channels 324 that fluidly connect two adjacent
circular grooves 322. The outer most circular groove 322, away from the diffusing
channel 324, further provides with through holes 328 allowing a fluid connection with
the outer most circular groove 312 of the base plate 310 when fitted thereon. The inner

most circular groove 322 that adjacent to the inlet channel 325 is a semi-circular

groove.

[0043] FIG. 3D illustrates a top plan view of the middle plate 320 of the
cooling head 300 in accordance with one embodiment of the present invention. In the
middle plate 320 is provided with a plurality of orifices 329 in place of the opening 326
in FIG. 3C to provide resistance to the fluid flow that results in the backpressure at the
inlet channel 325. The fluid exits the inlet channel 325 via the orifices 329 at a lower

pressure. In that, the orifices further improves the cooling at the cooling head 300.




wal I's 323 further defines two diffusing channels 324 that fluidly connect
two adjacent <circular grooves 322. The outer nost circul ar groove 322,
away fromthe diffusing channel 324, further provides with through holes
328 allowing a fluid connection with the outer nost circular groove 312 of
t he base plate 310 when fitted thereon.11The i nner nost circul ar groove 322
that adjacent to the inlet channel 325 is a sem-circular groove. [0043]
FIG 3D illustrates a top plan view of the mddle plate 320 of the cooling
head 300 in accordance with one enbodi nent of the present invention. In the
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top plate g3QnidhleHHEt20. KedoRfingly Idhén the top plate 330 is mounted on the middle
plate 320, the opening of the cooling head in-port 331 is coupled with the inlet channel
325 and the opening of the cooling head out-port 332 is couple with the inner most

semi-circular groove 322.

[0045] In the cooling head 300 assembly, the base plate 310, the middle plate
320 and the top plate 330 are mounted on each other accordingly. An inner fluid path
is formed to provide one-way fluid flow from the cooling head in-port 331 to the
cooling head out-port 332. When fluid flows into the cooling head 300 via the cooling
head in-port 331, the fluid is directed to the inlet channel 325. The fluid further flows
through the opening 326 into the inner most circular channel 312. The fluid flows from
the inner circular channel 312 outwardly to the outer circular channel 312 via the
diffusing channels 314. When the fluid fills up the outer most circular channel 312, the
fluid is forced to enter the outer most circular channel 322 of the middle plate 320 via
the through holes 328. Once the fluid enters the circular channels 322 of the middle
plate 320, it starts filling up the circular channels 322 inwardly until the fluid reaches
the semi-circular groove 322 of the middle plate 320. When the semi-circular groove
322 is filled, the fluid flows through the semi-circular opening of the cooling head out-
port 332 and exit the cooling head 300.




pl ate 320, the opening of the cooling head in-port 331 is coupled with the
i nl et channel 325 and the opening of the cooling head out-port 332 is
couple with the inner nost sem-circular groove 322. [0045] In the cooling
head 300 assenbly, the base plate 310, the mddle plate 320 and the top
plate 330 are mounted on each other accl@dingly. An inner fluid path is
formed to provide one-way fluid flow fromthe cooling head in-port 331 to
the cooling head out-port 332. When fluid flows into the cooling head 300
via the cooling head in-port 331, the fluid is directed to the inlet
channel 32 15004ﬁ]h e f1 uille fcoolitgeheatd| 3fisis comesteghtotthe modelar mgolﬂ%syistwtmirt de

i nner nost ful ar chanﬁ(?el %912 The f.1 ui quf%wws fro t.he ’rcul ar
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head 300 i nodul ar cooling systemin a close |oop
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example, in a fluid heat exchanger, a fluid pipe is provided to pass through the heat

exchanger to remove heat therefrom.,

[0048] FIG. 4A illustrates a perspective cross sectional view of a cooling head
400 in accordance with another embodiment of the present invention. The cooling
head comprises a base container 410 and a cover 420. The base container 410 defines a
cylindrical cavity 411 for containing fluid. The cover 420 is configured to fit on top of
the base container 410. The base container 410 comprises pins 412, 413, a first
partition 414 and a second partition 415. The pins 412, 413 are standing vertically on
the bottom surface of the cavity 411. The pins 412, 413 are lined up in rows and
columns with space. The pins 412, 413 essentially occupy the entire bottom surface of
the cavity 411 to increase the surface areas within the cavity 411 for conducting heat.
The pins 412 are adapted with a shorter length than the pins 413. The pins 412 are
located at the center of the bottom surface of the cavity 411 and surrounded by the pins
413 resulting a center space 417. The first partition 414 is a disc shape plate for fitting
above the bottom surface of the cavity 411. The first partition 414 has through holes
adapted for fitting with the pins 413 and a diameter smaller than the cavity 411. When
the first partition 414 is fitted within the cavity 411, it defines an ring-shaped fluid path
421. The first partition 414 further defined an inlet extension port 416 at the center of




heat | oad carried by the inner pipes extended fromthe outlet of the
conpressor. The heat exchanger may be any heat exchanger comonly known in
the art, which include heat sink, fluid heat exchanger, heat pipe and any
of the conbinations thereof. For exanple, in a fluid heat exchanger, a
fluid pipe is provided to pass through 13he heat exchanger to renove heat
therefrom [0048] FIG 4A illustrates a perspective cross sectional view of
a cooling . c it h . ' of .esent
Cvent | on. St Bibs 4R AABRENENIARR 298 (RIS of aRGPutiETer
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occupy the entire bottomsurface of the cavity 411 to increase the surface
areas within the cavity 411 for conducting heat. The pins 412 are adapted

with a shoygoqs) | engt Biifl haRreIPFIE. 4*&,%&6%@4108%1%%@56 imbpa?%t g A the

center of the bottomsurface of the cavity 411 and surrounded by the pins
413 resul t bidet #38 simidar tophateof4hd topThlatef 330saf F¥4F.t3.t The caviet finghen défises shape

plate for fittin ab e bottom surface of. the cavi . The.first
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fitted within the cavity 411, it defines an ring-shaped fluid path 421.

The first Baga-tiersspolinedepds t her defined an inlet extension port 416 at the
center of 13 the first partition 414. The inlet extension port 416 is
projected on the first partition 414. The second partition 415 is a disc
shaped pl afoesdlavi ng WiranEprdisarigddrefrigeramias infeavddt ivitodthd .codlivg: Bad @00 via
partition ﬁéfi aljo def i nes through hol es adapted for fitting with the pins
413. A centhérinigt 43kes shewarin EIGy dB; the selnigerapyflowds led to(hedalet gxtensionipat hol e
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flow through the pins 412, 413 from the center and fills up the bottom compartment of

the cooling head 400. The refrigerant then passed through the ring-shaped fluid path
421 and flows into the middle compartment. When the middle compartment is also
filled, the refrigerant further flows into the top compartment via the circular hole 422.
Once the third compartment is also filled, the refrigerant flows out from the cavity
through the circular groove 433 and out of the cooling head through the outlet 432. In
the present embodiment, the pins 412 and 413 has greatly increases the surface area
within the cavity 411, thereby improve the efficiency of the heat transfer capability of
the cooling head 400.

[0051] In accordance with a further embodiment, the pins 412, 413 are hollow

pins to further increase the surface area of the cavity 411 for heat transfer.

[0052] FIG. 5 illustrates a cross sectional view of a cooling head 500 in
accordance with a further embodiment of the present invention. The cooling head 500
comprises a base container 510, a middle plate 520 and a top plate 530. The base
container 510 defines a cylindrical cavity 511 having pins 512. The pins 512 are

arranged in rows and columns in space. The middle plate 520 and the top plate 530




[0049] Still referring to FIG 4A, the cover 420 provides an inlet 431 and
an outlet 432 simlar to that of the top plate 330 of FIG 3. The cover
further defines a circular groove 433 that connected to the outlet of the
cover 420. Wien the first partition 414 and the second partition 415 are
fitted wthin the cavity 411, it provid&% a three-tiers cooling head.

[ 0050] When a pressurized refrigerant is injected into the cooling head 400
via the i rhlaeet esttiatly thrsuate ¢onfighfatiod Bs tHehmiddRfplatgS2aahd fHeadp platel 330 dfo t he
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center and pkigd t t The
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the refrig rth ws into the top conpartnment via the circul ar
hol e 422. %égetﬂFﬁ ﬁ#?%#conpartnent is also filled, the refrigerant flows
out fromthe cavity through the circular groove 433 and out of the cooling
head t hrough the outlet 432. In the present enbodinent, the pins 412 and
413 has gr é¥05BY i ncr &Mhids spasific embedimentisdwave ieeiidasaribed @amltlgstmneﬁ 1tt iser eby

i nprove th y of the heat ti fer c b|||t g head
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heat transfer. [0052] FIG 5 illustrates a cross sectlonal vi ew of

cool i ng he&H@BE@n accordance with a further enbodi nent of the present

i nvention. The cooling head 500 conprises a base container 510, a nmiddle
pl ate 520 and a top plate 530. The base container 510 defines a
cylindrical cavity 511 having pins 512. The pins 512 are arranged in rows
and colums in space. The mddle plate 520 and the top plate 530 14 have
essentially the same configuration as the mddle plate 320 and the top
plate 330 of FIG 3A Wen in used, the based container 510 is injected
with refrigerant to absorb




heat conducted fromthe bottom of the cooling head 500. When the based
container 510 is filled, the refrigerant flows to the mddle plate 520 and
then out froma outlet 532 of the top plate 530. [0053] Wile specific
enbodi nents have been described and illustrated, it is wunderstood that
many changes, nodifications, variationsl®%nd conbinations thereof could be
made to the present invention w thout departing fromthe scope of the
invention. 15 CLAIMS: 1. A nodul ar ¢piM® systemfor a reliability,
functionality and burn-in test equipnent having nore than one tray, each
tray is nounted with a plurality of devices wunder test (DUT) for testing,

t he nodul ar, coolyi Eg t 1 Sing: .a plusali of ol i head each
for cooli né’ one %ﬁoﬁg&l@gg&ﬁ%{ng& a an%%&ﬁ%&’uﬁ%fn%n a4 té‘ﬂ‘??" ﬁ'zhnﬁ?/sébl y
mount on eagilipimeayhaviviemetethtlh enéeaklleath trey is mbent6® WARGE Sidraliey hdevidesr al ity
of cooling heads in a close logp to provide a refrigeration cycle for

cool i ng t h&ngsytest DUF), forierdine athe smndnlan goaling YReBCOBIISHE: t 0 claim 1,

wherein the cooli : j i -t e ent for
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claim 2, wherei a neahifartinétradapted e renmsablypieuriti cav each arap awhereint the argdalas e s
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a fluid flow path, 4. The, nodyl ar_ cooling system
accor di ng it if FOReLi e ?rp?léraiew P @P&mg Pﬁﬁéﬂ @oa|$f9f§ IpeRdtoc Boyides s
concentri cald; 7. e panpel s fluidly connecting wth each
ot her via glélf#lgﬁ?ll?\lggﬁeaﬁgls@@v\%gr ein the fluid path allows fluid to spread

fromthe center of the nultiple- tiers conpartnent.. 5. The nodul ar cooling
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comprises a multiple-tiers compartment for allowing a fluid flow therein.

3. The modular cooling system according to claim 2, wherein each tier of the

multiple-tiers compartment comprises channels for providing a fluid flow path.

4. The modular cooling system according to claim 2, wherein each tier of the
cooling head comprises concentrically aligned circular channels fluidly connecting
with each other via diffusing channels,

wherein the fluid path allows fluid to spread from the center of the multiple-

tiers compartment..

5. The modular cooling system according to claim 2, wherein the multiple-tiers
compartment comprises pins projecting from an inner bottom surface of the multiple-

tier compartment.

6. The modular cooling system according to claim 5, wherein the pins are hollow
tubes.
7. The modular cooling system according to claim 2, wherein the cooling head

further comprises a fluid inlet adapted to inject fluid into the multi-tiers compartments

from a center of the multiple-tiers compartment.




tier conpartnment. 6. The nodul ar cooling system according to claimb5,
wherein the pins are hollow tubes. 7. The nodul ar cooling system accordi ng
to claim?2, wherein the cooling head further conprises a fluid inlet
adapted to inject fluid into the multi-tiers conpartnments froma center of
the nmultiple-tiers conpartnent. 16 8. Ifhe nodul ar cooling system according
to claim7, wherein the fluid inlet is adapted to extend into a bottom

most tier @f thenRuhddubhedolifh Sy QERRRLLAB to Etaind 18 WIRFUH Fhe BRI (o1& igyStem
according to claim7, whereinthe fluid inlet defines a plurality of

orifices fedanéd foxtangd ififoa ttomOmostitier afidia naultipledierspmpagtivent.i n accor dance
with claiml1l, wherein the nodular wunit conprises a conpressor, a heat
exchanger, and fluid piping. 11. The nodul ar cooling systemin accordance

Wi th claimol, WTaEehBhaaC bodlindY sydfem taboriRS! tof Qi MENKhdrSinMenfigd Mdth one
or nore nodular unit. 12. Areliability, functionality and burn-in test

appar at us fefinesarmlwsliteftaiises fordiffusingafliidus conpri sing: a cabinet havi ng
nore than one tray, each tray is adapted for nounting a plurality of

devi ces under test (DUT); a nodular unit adapted to renovably nount on each
tray; and 16. co@he mgpoduirctobliig &fstene i Agovdanbe @adiclgim 1,hwhdpblh, theviaydalan t he
nmodul ar unit,is caonnected to the plurality of cooling head in a close |oop
to provi deUBit CRMPTisRsAAoMEKessqre p Beat skchanger, Apd flpid piRIME. 13. The appar at us
according to claim 11, wherein the cooling head conprises a multiple-tiers
compartment for allowing a fluid flow therein. 14. The apparatus accordi ng
to clai m 12]. whdhenmdader froblieg syfent hreacookdanpd evithi cdaim 1,cohqreintaxelntrag @fpri ses

channel s fgr providin fluid flow path. )
the test equlpmegt & mounte% with on€ or more modular unit.

12. A reliability, functionality and burn-in test apparatus for semiconductors, the
apparatus comprising:

a cabinet having more than one tray, each tray is adapted for mounting a
plurality of devices under test (DUT);

a modular unit adapted to removably mount on each tray; and

a cooling head for attaching with each of the DUT,

wherein the modular unit is connected to the plurality of cooling head in a close

loop to provide a refrigeration cycle for cooling the DUT.

13.  The apparatus according to claim 11, wherein the cooling head comprises a

multiple-tiers compartment for allowing a fluid flow therein.

14.  The apparatus according to claim 12, wherein each tier of the multiple-tiers

compartment comprises channels for providing a fluid flow path.

15.  The apparatus according to claim 12, wherein each tier of the cooling head
comprises concentrically aligned circular channels fluidly connecting with each other
via diffusing channels,

wherein the fluid path allows fluid to spread from the center of the multiple-

tiers compartment..




15. The apparatus according to claim 12, wherein each tier of the cooling
head conprises concentrically aligned circular channels fluidly connecting
wi th each other via diffusing channels, wherein the fluid path all ows
fluid to spread fromthe center of the nultiple- tiers conpartment.. 17

16. The apparatus according to claim 1217 wherein the miltiple-tiers
conpartnent conprises pins projecting froman inner bottom surface of the
mul tipl e-tigr %@%ﬁ&ﬁﬁ@tacc&amgﬂheclﬁﬁpﬁ AvHcreRAChE rnﬁ’dlﬂﬂeltférsc&ﬁh

wherein the pins are hollow tubes. 18. The apparatus according to cIa|n112
wher ei n t heompuseasnginse projéuingh érom campinhere dogdoml windadenloft thed aptléplettisr i nj ect
fluid into the multi-tiers conpartnments froma center of the

mul ti pl e- t COPBAEBEL t ment . 19. The apparatus according to claim 17,
wherein the fluid inlet is adapted to extend into a bottomnost tier of
the multiple-tiers conpartnent. 20. The apparatus according to claim17,
wherein thé7f| uﬁheamaé@tua@@qorfb@g@qimm b, iwherein theqring are bgllew tubgsf f usi ng
fluid. 21. The apparatus in accordance with claim 11, wherein the nodul ar
unit conprises a conpressor, a heat exchanger, and fluid piping. 22. The
appar at us 8. acThe dapacatis Tabccﬁdim'gmol%lalwnaaeivme@aﬁhthér&gbhing heddntf@then t h
one or nore nodul ar_uni.t.. mpdul ar .unit for the nodul ar cooling system
i n accor daRMEPYFes |3 %9 llélﬁTGaC@ptedttﬂénjétptéi% into the multi-tiers compartments from a

center of the multiple-tiers compartment.

19.  The apparatus according to claim 17, wherein the fluid inlet is adapted to extend

into a bottom most tier of the multiple-tiers compartment.

20.  The apparatus according to claim 17, wherein the fluid inlet defines a plurality
of orifices for diffusing fluid.

21.  The apparatus in accordance with claim 11, wherein the modular unit comprises

a compressor, a heat exchanger, and fluid piping.

22.  The apparatus in accordance with claim 12, wherein each tray is mounted with

one or more modular unit.

23. A modular unit for the modular cooling system in accordance with any one of

the claims 1-11.




