1 APPARATUS AND METHOD FOR COOLING A SEMICONDUCTOR DEVICE 5 FIELD OF
INVENTION The present invention relates broadly to an apparatus and method for cooling a
semiconductor device. 10 BACKGROUND ‘During electrical testing of a semiconductor device, an
electric current may be supplied to relevant components of the semiconductor device under test. With
15 increasing metal layers and flip chip bonding, analysis of the integrated circuits (IC) on the
semiconductor device can typically only be done frpm the backside of the chip through the silicon
substrate using infrared imaging. It has been noted that the semiconductor device may heat up during

such testing% t rd%ﬁ. [ g @é led. 2 St ooling

method, a co gﬁ%%%ﬁ“’ | @gév%@%@ fﬁ@y [ﬁégltg @ﬁ%sﬁegﬁmggﬁﬁm%cdevice. This
method allows air-gap lens operation. The diam@gjgigdow allows the system to perform the analysis
through the silicon substrate while testing. The diamond conducts heat from the semiconductor device

to an 25 attached copper heat exchanger block. Typically, the heat exchanger uses a cooled liquid or
super cooled air. Another version of this method involves having a small opening on the diamond

Wind0\$to %L%'{-g? égﬁ%%w&ggn Lens (SIL), which can enhance the imaging resolution, to land on
the device. W , e above method, the thermal resistance is high between the cold contact
(diamond window) and the semiconductor device, and between the cold contact and the heat

exchanger block, makingdedifficrdhioh thasebio e istadhe davcr aha highrurenelotRaddition, in

the above method, device Planarity requirements are
a semiconducior device.

10
BACKGROUND

During eiectrical testing of a semiconductor device, an electric current may
be supplied io relevant components of the semiconductor device under test. With
15 increasing metal layers and flip chip bonding, analysis of the integrated circuits (IC)
on the semiconductor device can typically only be done from the backside of the
chip through the silicon substrate using infrared imaging. It has been noted that the
semiconductor device may heat up during such testing due to power dissipation and
may heed to be cooled.
20
In one existing cooling method, a cooled diamond window is used fo press on
the backside of the semiconductor device. This method allows air-gap lens operation.
The diamond window aliows the system to perform the analysis through the silicon
subsirate while testing. The diamond conducts heat from the semiconductor device to an
25  attached copper heat exchanger block. Typically, the heat exchanger uses a cooled
liguid or super cooled air. Another version of this method involves having a smai
opening on the diamond window fo allow a Solid Immersion Lens (SIL), which can

enhance the imaging resolution, to land on the device.

30 However, in the above method, the thermal resistance is high between the cold
contact (diamond window) and the semiconductor device, and between the cold contact
and the heat exchanger biock, making it difficult for the user fo operate the device at a

higher power. In addition, in the above method, device planarity requirements are



2 typically stringent and passive components protruding from the device may have to be removed. In
another existing cooling method, a liquid jet is used to spray a cooled liquid 5 onto the silicon substrate
of the semiconductor device. The sprayed liquid is then collected back to the heat exchanger.
However, this method typically can only be used on an SIL which has sealed optics. Also, this method
can only cool the device to temperatures above 10 degrees Celsius (C). 10A need therefore exists to
provide an apparatus and method for cooling a semiconductor device that seek to address at least
some of the above problems. SUMMARY 15 In accordance with a first aspect of the present

invention, thEYEAY proVRRT ARChpRRISRSOBPYBIIR P REeinedraIn dis SRR MaYRAYRIIGPE chamber

configured femmeeiving a cooling fluid; and a plurality of contact elements comprising
respective first ends disposed 20within the chamber; wherein, during operation, respective second
ends of contact elements contact a silicon substrate of the semiconductor device for transferring heat

generated in the sEnFRBHELEHFHEVFER IS e Sy il 185 Frised itadpaie mEARSh 4R
indepehdenthicadijastalblen subfheiearitaiot elementsimtyy ieviveuritee tpthechiambersinian

spring-loadeg bR G alloRe 205RAE-GE IR GRRTRCHRIEMENIS MG R PEShBFRAN Adg Spective

elastic O- _ . : ,
on an SIL which has sealed optics. Also, this method can only cool the device to

temperatures above 10 degrees Celsius (°C).

10 A need therefore exists to provide an apparatus and method for cooling a
semiconductor device that seek to address at least some of the above probiems.

SUMMARY

15
In accordance with a first aspect of the present invention, there is provided

an apparatus for cooling a semiconductor device, comprising:
a chamber configured for receiving a cooling fiuid; and
a plurality of contact elements comprising respective first ends disposed
20  within the chamber:
wherein, during operation, respective second ends of contact elements
contact a silicon substrate of the semiconducior device for transferring heat
generaied in the semiconductor device to the cooling fluid.

25 The contact elements may be independently adjustable.

The contact elements may be mounied to the chamber in a spring-loaded

type configuration.

30 Each of the contact elements may be anchored on a respective elastic O-

ring.

The contact elements may be fabricated from a heat conducting material.



ring. 3 The contact elements each may comprise a first bulk material coated, at a contact area of
the contact element, with a second material. The first bulk material may comprise copper and
the second material may 5comprise gold. The chamber may further comprise an inlet and an
outlet for forming a continuous flow of the cooling fluid. 10The first ends of the contact elements may
be formed integrally with or be attached to respective cooling fins. The chamber may be
configured to allow inspection of the silicon substrate by at least one of a solid immersion lens (SIL)
and an air gap le ccordance ith a second aspect oé r% resent invention, there is
orovided  system 5 FRE R AR TEEAR] Ik EaTRaeRelTet BH 15 EHRCONERAES il the
system contpritinyaiee cbbhiegappelrateert definedaeand finsteripect. 20 In accordance with a third
aspect of the present invention, there is provided a method for cooling a semiconductor device, the

thod t d I fluid h lurality of
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5  comprise geld.

The chamber may further comprise an iniet and an outlet for forming a

continuous flow of the cooling fluid.

10 The first ends of the contact elements may be formed integrally with or be

attached to respeciive cooling fins.

The chamber may be configured to allow inspection of the silicon substrate

by at least one of a solid immersion lens (SIL) and an air gap lens.

15
in accordance with a second aspect of the present invention, there is
provided a system for inspecting and testing of integrated circuits on a
semiconductor device, the system comprising the cooling apparatus as defined in
the first aspect.
20

In accordance with a third aspect of the present invention, there is provided a
method for cooling a semiconductor device, the method comprising the steps of;
providing a cooling fluid in a chamber;
providing a plurality of contact elements comprising respective first ends
25  disposed within the chamber; and
coupling respective second ends of the contact elements to a silicon
-substrate of the semiconductor device for transferring heat generated in the

semiconductor device to the cooling fiuid.

30 The cooling fiuid may comprise a cooling gas or a cooling liquid.

The cooling gas may comprise super-cooled air.

The cooling liguid may comprise water or diluted glycol.



coupling respective second ends of the contact elements to a silicon substrate of the semiconductor
device for transferring heat generated in the semiconductor device to the cooling fluid. 30The cooling
fluid may comprise a cooling gas or a cooling liquid. The cooling gas may comprise super-cooled air.
The cooling liquid may comprise water or diluted glycol. 4 BRIEF DESCRIPTION OF THE
DRAWINGS 5Embodiments of the invention will be better understood and readily apparent to one of
ordinary skill in the art from the following written description, by way of example only, and in
conjunction with the drawings, in which: Figure 1(a) shows a perspective view of a cooling
apparatus according to an 10 example embodiment. Figure 1(b) shows an alternative perspective
view of the cooling apparatus of Figure 1(a). Figure 1(c) shows a side view of the cooling apparatus of

Figure 1(a)griciistee Hershansaauesssaetipasview of the cooling apparatus about a line A-Ain
Figure 1(c) according to an example embodiment. 20Figure 2(a) shows an enlarged view of detail B in

Figure 1(d). Figure 2(b) shows an enlarged view of detail C in Figure 1(d). Figure 3 shows an
explodéd perspedhivioibwaifta ef therinfeniepadting sB:samisosigactendaehdnesoriiig to an

example embadingnbrdinary skill in the art from the following written description, by way of

example only, and in conjunction with the drawings, in which:

Figure 1(a) shows a perspective view of a cooling apparatus according to an

10  example embodiment.

Figure 1{b) shows an aliernative perspective view of the cooling apparatus of
Figure 1(a).

15 Figure 1(c) shows a side view of the cooling apparatus of Figure 1(a).

Figure 1(d) shows a cross-sectional view of the cooling apparatus about 2

tine A-A in Figure 1(c) according to an example embodiment.
20 Figure 2(a) shows an enlarged view of detail B in Figure 1(d).
Figure 2{b) shows an enlarged view of detail C in Figure 1(d).

Figure 3 shows an expioded perspeciive view of a sysiem for inspecting a

25  semiconductor device according to an example embodiment.

Figure 4 shows a design drawing showing an exploded side view of an SIL opfics
assembly suitable for use in the system of Figure 3 according io an example
embodiment.

30
Figure 5 shows a flow chart 500 illustrating a method for cooling a

semiconductor device according to an example embodiment.



Figure 4 shows a design drawing showing an exploded side view of an S1L optics assembly suitable
for use in the system of Figure 3 according to an example embodiment. 30 Figure 5 shows a flow
chart 500 illustrating a method for cooling a semiconductor device according to an example
embodiment. 5 DETAILED DESCRIPTION Figure 1(a) shows a perspective view of a cooling
apparatus 100 according to an example embodiment. Figure 1(b) shows an alternative perspective
view of the 5 cooling apparatus 100 of Figure 1(a)s Figure 1(c) shows a side view of the cooling

apparatus lggﬁ%}igéﬁé%%%ﬁée 1(d) shows a cross-sectional view of the cooling apparatus 100

about a line Fﬁing to an example embodiment. 10In the example embodiment,
the cooling apparatus 100 is in the form of a circular disc comprising an upper face 110 and a lower

face 120. The uppeifage; LH0ALIRS SoRliagRRPaALS 409 &8993%@5&5%8@/9&&8!' Immersion

Lens (SIL) Qnot showné. For example, as can be seen from Figure 1(a), a recess 102 comprising a

substantialllP&hiCE BRE AP TV K ko HEEE HIhEYS AT A TPH PSR HHEE, HBfIR] testing
operatibn, thectioaiealbapsisrtO00 dipomrhedatesLaec bice shondirg doaicaivpoitite ebtiadSIL. In an

alternate eraBRAEAN! LRING AR QK HARAENEidhE AllaRshs My alobeRAsitionsd dirgelly above the
conical aperture 104, 20As can ea%gen from Figure 1(d), the Ql,J\gpcé)er face 110, the lower face 120 and

a rim 130 of e 8iRG A artts oY t Gy dbife Fafifle AMER ol ChARIBEH A% (% APaBIEBPEoNtaining a
cooling fluick(gredéndiquid). In the example embodiment, an inlet 106 is provided on the top face 110
for injecting the cooling fluid (gas or liquid), e.g. super-cooled air, water or diluted glycol, into the

cham%ar 140, an art1 outlet 25l 108 is g,rovided on the top face 110 diagonally opposite the inlet 106
for removing said LG %SHTPRICFIREENSY dIRnPHBL GRRRIAISCARS, BuiicHRifPBR 8B&cribed in
detail belovirthieirdisiclo8 amigiogtien 198¢hiacenttlecadentiweutatlevt 23 cooting flaidiiadhe example

embodiments 3QIntadditiemn s sasrResaen IR Mgueldraaipu ey Hlicomact elements 112 (herein

interchangﬁgl?l ref rrgg to as contacts 112) are mounted adjacent the lower face 120. In the example
, tne

embodime (BSh et 1A e 2RjGRMER FTEEpERBLAIEHETR o1iR aRotREFSthi8%nabling a
better surfacemuitagct withithtatdigbt silivoal sulsstrate Withsufaregedting dhkiglpdegfeesof planarity.
Preferably, such that, during testing operation, the conical aperture 104 accommodates a

corresponding conical portion of the SIL. In an alternate embodiment using an air-

gap lens, the air-gap lens may also be positioned directly above the conical aperiure

104,

20 As can be seen from Figure 1(d), the upper face 110, the lower face 120 and
a rim 130 of the cooling apparatus 100 together define a hollow chamber 140 -
capabie of containing a cooling fluid (gas or liguid). In the example embodiment, an
inlet 106 is provided on the top face 110 for injecting the cooling fluid (gas or liquid),
e.g. super-cacled air, water or diluted giycol, into the chamber 140, and an outiet

25 108 is provided on the top face 110 diagonally opposite the iniet 106 for removing
said fluid from the chamber 140 during the cooling process, which will be described
in detail below. The inlet 106 and outlet 108 thus enable a continuous flow of cooling
fiuid in the exampie embodiment.

30 In addition, as can be seen from Figure 1(b), an array of contact elements
112 (herein interchangeably referred o as contacts 112) are mounted adjacent the
lower face 120. in the example embodiment, the contact elements 112 are
adjustable independently of one another, thus enabling a better surface contact with

- the target silicon substrate without requiring a high degree of planarity. Preferably,



6 the contact elements 112 are fabricated using a heat conducting material. In Figure 1(b) the contact
area of some of the contact elements 112 are shown as hexagons. However, it should be appreciated
that other shapes, e.g. triangle, square or polygon, may be used in alternate embodiments. 5 Also,
can be seen in Figures 1(b) and 1(d), the contacts 112 in the central region of the lower face 120 have
respective contact areas configured for maximizing contact with the semiconductor device without
covering the aperture 104 where the SIL lands, ang for accommodating the limited mounting space
adjacent to t%% the conical a%)ert re 104 |]p the chamber 140. In the example embodiment, this is

achieved by s/ @Sh S CONtad 15 (AR EEd- YRR e aeParsHR B & akSEh R BigiRe 1(b) and
by positionittPathroomtiagtpuas of saitie cétimkootaaiceit i nEatdRterthemspectivexagtersend where

more spaceg.apilabie ¢as il Seatagndetall imBIoHiRe2(@Nafaelesablyy g iarranggmest helps to
achieve wei t] balance as the 150uter e(%}j ISt |%ally larger than the inner end. Figure 2(a) shows
an enlargeﬁlﬁ%f GeaHB i'@u?éeﬂ ?I’—aﬁ{ﬁ% E?ﬁftschows an enlarged view of detail C in Figure

1(d). IndFigures 2(a)-(b), the same reference numerals are used to identify the same parts compared to

Figures 1(a)- 20(djiso, cAN®EQAaRtRIETHERIS $43anrkl2RuareRretsrahly mpsniesdna spring-loaded
type configuration.cllrg t{p‘e exam I%%gb? Iment, the sgrin -loaded type configuration comprises

anchoring the?Contact slement 1 b AR FERAIEYS-riRga! 28" 2 69P REsdd between the
lower face T2@XHRd neSpEGETRHBLibE FRnicnTsino®a 0208k, wWiththe exeerple tbenboelitrentpthe 0-rings

202a, 202b\argriafictedkiias anesisaatesad s hasinhRerdualico g0 ds,siting loading
or ontact elements a, respectively. , the array of confact elements a, can
f theig t%é I ts 112 J[#A?xb %e t %T?%{?eh ﬁ% f tact el ts112a, 112b

advantageoUsly 2ORFOrMR 10 ARd maiftally JOBE E&ht T Rif LRI NS AARR hohifidE silicon
substrate. Alsbienss dyrtaioeteniaisontaeds 112byihisteash agsidalynfabl matesl deoshavthermally

conductive piglesialSHERAE,CEBDRbAAE GO Rorelaivelyselislmalsiial syeh AsHeld at least

on the cont%cg areas of %he reﬁggctive ottom portions 203a, ZOag) E%in the example embodiment, for

further enhanc?ﬁgrﬁgﬁﬁé\lr?n% conetgg:t%lﬁﬁhné g iggra]%euﬁsﬂ\é% HESAREsRA R iRe. 7
Also, in the agefpiécemBRiiRiny, thispemings2esh "2Bbtof snbieontacigtdmentss1224hd 12b are

disposed wihisrtbecchamhenl 4d saomdhahdiniagQreration, heat is-.conducted from the silicon
substrate to the contact elements 112a, 5 112b and is removed by direct contact with the cooling fluid,

e.g. super-cooled air, water or diluted glycol, present in the chamber 140. The contact elements 1123,
112b thus increastigiieféetive @ud|my soEmrdofigve siliderislbstratgereringofegatier (i a preferred

embodimenghéhe tap BAkiRs 2057, A05A thaceant elementsilizas bianare fumsesintegrally
with or are sefcured tQ respective coolinga . ) )
retérence numerais are used o identify the same parts compared to Figures 1{a)-

20 (d).

The contact elements 112a, 112b are preferably mounted in a spring-loaded
type configuration. In the example embodiment, the spring-loaded type configuration
comprises anchoring the contact elements 112a, 112b on respective O-rings 202a,

25  202b disposad between the fower face 120 and respective bottom portions 203a,
203b.. in the example embodiment, the O-rings 202a, 202b are fabricated from an
elastic material such as rubber or silicone to provide spring loading for the contact
elements 112a, 112b respectively. Thus, the array of contact elements 112a, 112b
can advantageously conform to and maintain good contact even with a surface of a

30  non-flat silicon substrate. Also, the contact elements 112a, 112b, which are typically
fabricated from a thermally conductive material such as copper, are coated with a
relafively softer material such as gold at jeast on the contact areas of the respective
bottom portions 203a, 203b in the example embodiment, for further anhancing the
thermal contact with the silicon substrate of the semiconductor device.



10 fins 204a, 204b, which are also made of a heat conducting material, to enhance the heat exchange
with the cooling fluid in the chamber 140. Figure 3 shows an exploded perspective view of a
system 300 for inspecting a semiconductor device 302 according to an example embodiment. The 15
semiconductor device 302 is typically formed on a silicon substrate together with passive components
304, as will be appreciated by a person skilled in the art. The semiconductor device 302, the passive
components 304 and the silicon substrate togetherymay be referred to as a chip 310, which is usually
mounted on a holder (not shown) during testing. The cooling apparatus 100 is disposed between a
solid 20 immersion lens (SIL) 320 and the chip 310 such that the upper face of the cooling apparatus
100 is adjacent thé&iStL ivHite theciowier kot icoolingabpasadisd 000Sadjatentthedzackside of

the chip 31Q,i{beiexample ppbogiment o fhuis, g RO G-ABRMAIUSAPQ advaniagepysly allows
inspection and an,ag/as of the chgﬁBlO while removing heat generated away from the chip 310. 25

As describé®PEFE0E: BRALESTHY AREArEaR Rerd eXamhEs difeird e aanEddotsly provides
improvéd therZakodntactramdddnddetivitg suekithdintiestbomrat fesistancesisoadvantagedusly

reduced, thezaby &lleninghthg LserieanaraatBecpamisanduston device atiatuighenpawss, Preferably,
the coollngéago%zrgl‘tus in the 30 exam Ie.embodlmentsﬁ?an cool the semiconductor device to
I

temperatur WO EREFo L ndt FEl (R BRI EIH A Hatb%oPHS98 FgRSHRKaf Murthermore,
the passivecpsmgione hiseopréierch pediondinmeed toebepepoietsi Mhe . eXabhpld dmbudifaents. Also, as

the cooling dlaiddsconiainad ythin 19620 INGRRRARAIN S, S Fathet thanheing sarayed Aty the silicon
substrgte, fﬁﬁ?gSI do%gmrg)t eed to have sealed ggtlcs in the example embodiments. Figure 4 shows a
n

design dra BloREPRI SR B 2L SGpHLS S ALERIRLR J06 LRI TOr use in the
system of Figate8-hguoedinty thancekamlédemivedirembeTHdBIL optics assembly 400 comprises an
objective lens 402, received within a lens adaptor 404. The lens adapter 404 is adapted for threaded

engagement with a spring tube 408. A spacer ring 406 is provided for the SIL optics assembly length
distment. ft will DO GUIRIE AR R ECGSHBEr G B0 18 S Gl e Y B GFeRSHSent height,

depending an acd@sireductrifigtaaidon 8PthesSHoujitics issembbxa0Pior differeihSik. difimeters, and

centrigzand piRGSHIG ERAIRY BPRIISAIO R ically ABrRikdNOIdET 4 Is rpvided fartrerdad,
engagement with the sprin%ﬁub 408. Th@SIL holder 410 comprises a raised conical portion 412 for

attachment 5B SHTRINTHE SIO% BRI RS ZRR SARISS) Py F PR S SKEEddHBeST  hbitfer 410 using
epoxy in thikesxaemglectmbedicacP@blindt pakdecapprasiatedstiiitdotinet Bttaslintensuteimmay be

used in diffesgai-@mbadinieRiRrred to as a chip 310, which is usually mounted on a holder (not
shown) during testing. The cooling apparatus 100 iz disposed between a solid
20  immersion lens (SIL) 320 and the chip 310 such that the upper face of the cooling
apparatus 100 is adjacent the SIL while the lower face of the cooling apparatus 100
is adjacent the backside of the chip 310 in the exampie embodiment. Thus, the
cooling apparatus 100 advantageously allows inspection and analysis of the chip

310 while removing heat generated away from the chip 310.

25

As described above, the cooiing apparatus in the example embodiments has
advaniageously providés improved thermal contact and conductivity such that the
thermal resistance is advantageously reduced, thereby allowing the user to operate
the semiconductor device at a higher power. Preferably, the cooling appératus in the
30 example embodimenis can cool the semiconductor device to temperatures below
0°C and does not require the silicon substrate to have high planarity. Furthermore,
the passive componenis on the chip do not need to be removed in the example
embodiments. Also, as the cooling fluid is contained within the cooling apparatus



In the example embodiment, relative movement required during focusing of 20 the SIL holder 410 with
respect to the objective lens 402 is provided by way of the spring tube 408, which includes an
integrated radial spring section 416 forming a hollow cylindrical support for the SIL holder 410 in the
example embodiment. The adjustment set screws 411 on the lens adapter 404 allow pre-alignment of
the SIL 414 optical axis to the objective optical axis. The hollow cylindrical support 25preferably
maintains the alignment during relative axial movegent when focusing. The compression of the
spring tube 408 at and near focus provides a force to eliminate the minute air gap between the SIL 414
and a devicE URAEIBRTBY TH'AL X P T PR RHARIFIGs 826 SiaciRRsI MREdIRE! iorBRYRn at the
interface, thaeaB0O prafes ab paesrimgenemieritaleyerture (NA) reduction. It will be appreciated that the
spring tube 408 advantageously provides a biased support for the SIL holder 410 in a manner such
that shadowing of%he SIL. 414 by the biasing member can be eliminated. 9 It will be appreciated
that the lens adapte? 464 S8WE %98?1'%&@%?%%“’)@3&%@?%?%?‘8ﬁf&'?ﬁﬁ?ﬁ&gﬂﬁi@gﬂﬁ?‘\s and NA
to match thesisgrehdf 300 Adtaise foSpemgrubessse@of difféteme shringstiffigess earcatsopke used.

Increasing hasiiffngss and Busaxidl slakiliy PheERING Ca0RNRRBIRESANS YIMPLAYR Jgpeatable

SIL placement 5 for imaging and probing. Also, while the radjal spring can be formed as a single start
helix spring‘"ﬁ@‘&e%é%%a%ﬂ‘%ﬁé ’é&%ﬁﬁ%%ﬁ?b%ﬁmﬁhﬁé& SRS PR, CepRRRISin be
implementedtin afferentuembodlimanact iy d@desaxia¥istabititytferSinproivin gsepazydbleisIL

placement, ajckimerduceaidsdoadingi-ta fig.Sihehaldes A4dQ,cans08 cutem Brdede holg SILs 414 of
dlffere?)t dlad%eters and thl(%knescﬁ to cater for DUTs_of different substrate thickness. Spacer rings 406
HRJRE RIS He 5850

of difféfent BLR AL SHiGAN EHEEIBR §1d781Ph CRYRSASHREDA 1080 of the lens
assembly; aiftbthnisShalzomisrsssivhcantiifaroe afignetsprivg itgens&tedecus. Furthermore, the spring
tube 408 can preferably accommodate a small angular 15 displacement of the SIL holder 410 relative
to a central axis 418 %tfthe IL %qgcs asse.g:?b ) 40?1 Witgo(gt or with a reduced risk of the SIL holder
410 being "stuck” r&iative YRk DT RB SRS A0 ARIRARMIS T AidithaiRe AR Fay be
levelled dudifg.opéeatidin holdehfs\iecoattaisienay capgaliopr2@ihpbr exaibfereatibguimentthe lens
adaptes 40%@%9%&@@4%@@ a%gmg. tihe 40841 abrsated EomAKIMININD, 40§ Rk jolder 410

is fabricated from stainless stef ecaﬁ.,lL holdtgr can kée made from cogper or brass if thermal
dissipation SRSHGH e STRPRSSPERHIEE THELSrikt RHEATELAR b MBS GHASTATRESS steel to
vary the sprirggraterantrehaeddhcbiffelect etytdsiyeading on application. 25 The SIL 414 material
can be gallium arsenide (GaAs) or silicon (Si) in example embodiments. The choice of material

typically depends on the wavelength. For example, GaAs is typically used for 1000-1200nm
wavelength and S%?&E‘if@@ﬁ?ﬁ%r‘%ﬁ%ﬂ@nﬁ%&é RGO B F RS S U188 d16PSiRadhg at the

centriépoirtherdpleplder 410 with respect to the objective lens 402 is provided by way of the
spring tube 408, which includes an integrated radial spring section 416 forming a
hollow cylindrical support for the SIL hoider 410 in the example embodiment. The
adjustment set screws 411 on the lens adapter 404 aliow pre-alignment of the SIL
414 optical axis to the objective optical axis. The hollow cylindrical support

25 preferably maintains the alignment during relative axial movement when focusing.

The compression of the spring tube 408 at and near focus provides a force to
eliminate the minute air gap between the SIL 414 and a device under test (DUT)
surface, reducing reflection losses and fotal internal reflection at the interface, thus

30  preferably avoiding numerical aperture (NA) reduction. It will be appreciated that the
spring tube 408 advantageously provides a biased support for the SIL holder 410 in a
manner such that shadowing of the SIL 414 by the biasing member can be eliminated.



30hemispheres, used for imaging at the aplanatic point. The piano surface of the SIL 414 can also
been made convex for better conformance to the device surface. 10 The lens adapter 404,
spacer ring 406 and spring tube 408 are fabricated by turning, and the SIL holder 410 is fabricated by
turning and computer numerical control (CNC) in the example embodiment. 5It will be appreciated by a
person skilled in the art that other suitable materials and other fabrication techniques may be used
indifferent embodiments for the respective parts wighout departing from the spirit or scope of the
invention. Figure 5 shows a flow chart 500 illustrating a method for coolin%a 10 semiconductor device

according to an exaidIee AN, BRe'stBp K55, Aesising turl 3 rexraBaem of GRisRIE. At step
504, a plurddinpes ¢ontdctiernemagodicginsmgne dipectivetirstherigsedis Solsdd itz tﬁerai@mber are
provided. Al 3iep AR 1 RRaSHY 8 5RRPIHRELS Sl hfscontari&lements arg truRIAf QA Allicon

substrate of the semiconductor device for transferring heat generated in the 15semiconductor device
to the cooliny fid¥2 Staki? ! iW?b@%ﬁB?SgiﬁféHW%‘E@%ﬁigkmg@ﬁ?fﬁé’%ﬁ%ﬁﬁhrﬂé?@ﬂ?%riaﬂons
and/or modificetiegisgnzay beohizgleAbthe preseatrani@ntjipmasshawridmtbe specificotsrdadiments

without depasting Hiarg the spidtigs $GRReLENS e BtiaR asRipadly 2Rdescrbed (The pygsent

embodiments are, ther%for_e, to be considered in all respects to be jllustrative and not restrictive. 11
CLAIMS SPrings can be implemented in different embodiments to increase axial stability for

improving repeatable SIL placement, and to reduce side loading.

10 The SIL holder 410 can be custom made to hold SiLs 414 of different diameters
and thickness to cater for DUTs of different substrate thickness. Spacer rings 408 of
different heights can be used to adjust the initial offset of the SIL 414 from the par focus
of the lens assembly; and thus the compression and force of the spring tube 408 at
focus. Furthermore, the spring tube 408 can preferably accommodate a small angutar

15 displacement of the SIL holder 410 relative to a central axis 418 of the SIL optics
assembly 400 without or with a reduced risk of the SIL holder 410 being “stuck” relative
to the objective lens 402. Alternatively or additionally, the DUT may be ievelied during
operation to achieve better image quality.

20 In the example embodiment, the lens adapter 404, spacer ring 406 and spring
tube 408 are fabricated from aluminium. The SIL holder 410 is fabricated from stainless
steel. The SIL holder can be made from copper or brass if thermal dissipation through
the SIL 414 is required. The spring tube 408 can be made from stainless steel to vary
the spring rate and thermal conductivity depending on application.

25

The SIL 414 material can be galiium arsenide (GaAs) or silicon (Si) in example
embodiments. The choice of material typically depends on the wavelength. For example,
GaAs is typically used for 1000-1200nm wavelength and Si for 1200nm onwards. The
SIL 414 can be hemispheres, used for imaging at the cenfric point or hyper-

30  hemispheres, used for imaging at the aplanatic point. The plano surface of the Sil. 414

can also been made convex for better conformance to the device surface.



1. An apparatus for cooling a semiconductor device, comprising: a chamber configured for receiving a
cooling fluid; and 5a plurality of contact elements comprising respective first ends disposed within the
chamber; wherein, during operation, respective second ends of contact elements contact a silicon
substrate of the semiconductor device for transferring heat generated in the semiconductor device to
the cooling fluid. 10 2. The apparatus as claimed in claim 1, wherein the contact elements are
independently adjustable. 3. The apparatus as claimed in claim 2, wherein the contact elements 15are
mounted to the chgmber |n r|n EJgaded pe co tion. ratus as claimed in

ea
claim 3, wherein eath 8F§h% Ie?ﬁ%% %A o?é% 33@%@8&0%@% gr%g%gr(ﬁﬁ B05.The
apparatus dsrokgmant!ithelaiin ml@ﬁﬁér‘élnstwﬁmtmbbelmﬁadecmmmatewrﬁnemé herdtatonducting
material. (cNCPinkhe SRPASRIUSBSMadmed in claim 5, wherein the contact elements each comprises
a first bulk material coated, at a contact area of the contact element, 25with a second material. 7.
The apparatus as claimed in claim 6, wherein the first bulk material comprises copper and the second
materidl comprise¥ yalde3aBoTsigsby Ao tisiired in tbkiat Ihatndheirstite b anatesicfarther

and other fabrication techniques may be used indifferent embodiments for the respective

parts without departing from the spirit or scope of the invention.

Figure 5 shows a flow chart 500 illustrating a method for cooling a
10 semiconductor device according to an example embodiment. At step 502, a cooling
fitid is provided in a chamber. At step 504, z plurality of contact elements
comprising respective first ends disposed within the chamber are provided. At step
508, respective second ends of the contact elements are coupled to a silicon
substrate of the semiconductor device for fransferring heat generated in the

15 semiconducior device to the cooling fluid.

it wilt be appreciated by a person skilled in the art that numerous variations

andfor medifications may be made to the preseni invention as shown in the specific
-embodiments without departing from the spirit or scope of the invention as broadiy

20 described. The present embodiments are, therefore, to be considered in all respects to

be illustrative and not restrictive.



comprises an inlet and an outlet for forming a continuous flow of the cooling fluid. 12 9.The apparatus
as claimed in claim 1, wherein the first ends of the contact elements are formed integrally with or are
attached to respective cooling fins. 510.The apparatus as claimed in claim 1, wherein the chamber is
configured to allow inspection of the silicon substrate by at least one of a solid immersion lens (SIL)
and an air gap lens. 11. A system for inspecting and testing of integrated circuits on a
10semiconductor device, the system comprising theg cooling apparatus as claimed in claim 1. 12.
A method fqr. c Réi g a semiconductor device, the method comprising the steps of: 15providing a
cooling qui(ﬁhﬁ% amber; providing a plurality of contact elements comprising respective first
ends disposed within the chamber; and coupling respective second ends of the contact

elements to a silicpn subgfraig.afdhe sereicandusi-sevicaiopranaierringhealgenerated in the

micon r [ the cooling fluid.
20semiconducto g%ﬁgr%tt)%r con%gureg ;or receiving a cooling fluid; and

5 a plurality of contact elements comprising respective first ends disposed
within tha chamber;
wherein, during operation, respective second ends of contact elements
contact a silicon substrate of the semiconductor device for transferring heat
generated in the semiconductor device to the cooling fluid.
10
2. The apparatus as claimed in claim 1, wherein the contact elements

are independently adjustabie,

3. The apparatus as claimed in claim 2, wherein the contact elements

15 are mounted to the chamber in a spring-loaded type configuration.

4. The apparatus as claimed in claim 3, wherein each of the contact

elements is anchored on a respective elastic G-ring.

20 5. The apparatus as claimed in claim 1, wherein the contact elements

are fabricated from a heat conducting material.

8. The apparatus as claimed in claim 5, wherein the contact elements
gach comprises a first bulk material coated, at a contact area of the contact element,

25  with a second material.

7 The apparatus as claimed in claim 8, wherein the first bulk material

comprises copper and the second material comprises gold.

30 Y The apparatus as claimed in claim 1, whergin the chamber further

comprises an inlet and an outlet for forming a continuous flow of the cooling fluid.



13. The method as claimed in claim 12, wherein the cooling fluid comprises a cooling gas or a cooling
liquid. 2514.The method as claimed in claim 13, wherein the cooling gas comprises super-cooled air.
15.The method as claimed in claim 13, wherein the cooling liquid comprises water or diluted glycol. 30

12
8. The apparatus as claimed in claim 1, wherein the first ends of the
contact elements are formed integrally with or are attached to respective cooling

fins.

5 10. The ap;jaratus as claimed in claim 1, wherein the chamber is
configured to allow inspection of the silicon substrate by at least one of a soiid

immersion iens (SIL) and an air gap lens.

1. A system for inspecting and testing of integraied circuils on a
10 semiconductor device, the system comprising the cooling apparatus as claimed in

claim 1.

12. A method for cooling a semiconductor device, the method comprising
the steps of:
15 providing a cooling fluid in a chamber;
providing a plurality of contact elements comprising respective first ends
disposed within the chamber; and
coupling respective second ends of the contact elemenis to a silicon
subsirate of the semiconductor device for transferring heat generated in the

20  semiconductor device {0 the cooling fluid,

13, The method as claimed in claim 12, wherein the cooling fluid

camprises a cooling gas or a cooiing liguid.

25 i4. The method as claimed in claim 13, wherein the cooling gas

comprises super-cooled air.

15. The method as claimed in claim 13, wherein the cooling liquid
comprises water or diiuted glycol.
30



