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Def ormati on Measurenent The present invention relates to systens and

met hodWd @v09smsasuri ng the deformation of objects. It F’§T"§§P'~f’?"8§ﬁ arly
applicable to the nmeasurenent of 5 defqgrmations of small sanples and
conponents, such as mcroel ectronic. packages, MEMs devices and the |ike.

- Packagi ng t echnol ogBystemdand Metheds fordpeformdtiom Mdasunerment| ect r oni cs

i ndustry 'in order to make products nore personal, functional, reliable and
| ess expensive. 10 M croel ectroni c packages are often nulti-Ilayered bonded

" structures, a\?ﬁ??%&géé@%‘}&ﬂbﬂ%ﬁégﬁéﬁgge siéh(fdr?lgi rocgz?;g‘{éds%rfn@ ﬂﬂeb' lity.

Accordingly, st efris have been ope 0 ting

i cr oel ecyémdination of abjecte skt @partioularidepplicaislette tiné neasugembntof hey def orm
These systens generally use optical measurenent technjques,, including Mire

15 i ner f@fomﬁqtg g@znéll ﬁamm‘iz@d P@w&ﬂ% Syﬁhd@ﬁ;ﬁg‘r laefawsnd
proj ectian LLe As6ices BRGKhE k! T e ation an i gital 1mage
et MENS 836

correlati Wever various problens associated with the systens
proposed to da@rgckadies technbligyftizerbderebroaelly &pplied inrtheimicraElectromgics

precautions and the inability to conduct in;?;{é u and ea'#ﬂ-’:éi me ﬂnal yses, to
the 20 lindusteyineiger tymaksifreduets Mergperso s’%@?@ﬁ reliableanddessns to
provi de g H%»I(,gr mat i on neasurenment systenms and met hods, which, in their
vari ous ag(ggc S, are able to provide a nunber of advantages over the prior

art. 1% evied f Microslectasnic packades arccaften multiHayered bonded stucturesfandat i on
25 measurenent system. the. system incl udi ng.an.environnmental chanber w thin
whi ch a ?&dmp@r{%@@mﬁ@ﬁ%@ﬂéﬁwgﬁs'gﬁ'dsgglfﬂ%glgy' to | oad, a source of

i ncoherent | i glcofd@ihglyl VafdIRPSysIEmE i idarseiopde farassling a |

| ong-wor ki ng- di stancé m croscope_for -obtaining speckle inmage information

f r om t hemicioelgatrenie packags degigns iiverdesie dgirmmyee k- hognthayslefamal ysing the
ystem | TERS SyREIEobefily sl dHtol! mieBRURrBRCELMGALE SpBuidiy Mran! cue. A
ver st i | interficronsstvy, djeonietiio Maite technisptasnguoh asshiadowbad projection
Chral DCL coined 15peP 856 a8 Borblalion e digial iRfhde SoldiaddR! | cOTPOnENts or
There are however various problems associated with the systems
proposed to date. These range from the need for vibration damping
precautions and the inability to conduct in-situ and real-time ar.lalyses, to the
20 limited testing regimes-available.
The present invention aims to provfde new deformation measurement
systems and methods, which, in their various aspects, are able to provide a
number of advantages over the prior art.
Viewed from one aspect, the present invention provides a deformation
25 measurement system, ihe system including an environmental chamber within
which a sample under test is mounted and subject to load, a source of
incoherent light for illuminating the surface of the sample, a long-working-
distance microscope for obtaining speckle image information from the
illuminated sample surface, and analysing means for analysing the image
30 information using a digital image speckle correlation technique.
A system in accordance with the present invention is able to provide
versatile and accurate deformation testing of small objects, e.g. microelectronic

packages, MEMs devices, and other small components or smail samples of



0 DEC 200 WD 03/ 093760 PCT/ SG02/ 00058 2 material, e.g. small combdsiDEE 200

structures. Typically, the sanple size can range fromf% ﬁgogpg’e about
0.26 xWR®H%AP to about 61.4 x 81.9 rm2. The inventioR® ?S “exanpl e be

used in stress/stain analysis, thermal o expansion coefficient neasurenents,
thermal conductivity neasurenents, 5 interfacial toughness neasurenents,
and fr act pistefalppagamalhcampositegsingsteresanByipjesily, thensample size£an A@er ent

i ght source, e.g. white I|]j , W,th i e, correl abi | ysi s reduces
thg need fr@mm&amnb@agp%&ghé&ﬁn i%ﬁg@‘?ﬁ‘??”ﬁ%ﬁtx 5@%3@?% be required
€.9. in alaser systGMSHhag rhfdeinhsie YEPhsdFintstrdséidtain dnaljSisCHermialyi de
whole field vii&é '?%s opposgd for e@arrpl e to point or line scanning), can

provi de fggsariicn Lebficint figsueementss thermad conductidiyl measwrementsy eal - ti ne
and in-situ anal ysis of a sarnple. Further, the use of a

| ong- \ior kﬁf;j’faﬂ@ttﬁhﬁ@%scm@@%&"%ﬂ‘tﬁoﬁﬁd frﬁgtqygp,r%qu%pg} UNGNAEPR ar | ong
di st ances ﬁgﬂ%hat for exanple the nicroscope and 15 sanple Gan be spaced
wel | aparﬁ”.‘a s facilitates the use of an environnental chanber, and

al | ows the | erphé askofspdnechdrentlightgousce)eag.swhite Hght, svitht Iage: hanber

exanpl e HeRTelaionanawF i eduRRs e beedr At ertioe RreRap e YRt huight
al | ows B&ﬁ%gg@% fefRifel &, .fintdﬂl%séaeﬁtggﬁmgiﬁgﬁﬂeﬁet&ﬁénrcmlysis.. i magi ng

via an 2 l'ate mrror or the The environment al chanber itself
can pooVidhn provitlet wholedfigld viswstascopposed fos expmple taipeint @5liNQi ¢ hin t he

chanber.. It can enable. anpl e . L.O | ine.g. a
~ oloseq cifsRnEGan Brvide R PralsRY S JmbBes i LR faERRNTRR: | 1 © ¢
s situati Ol}éap_ﬂﬂetmh[ghpy@[ygigﬁﬂatéampmeri ods. 25 Overall, the system can
facilitate the real-tinme, in-situ testin m.croel ect r.oni cth ackaﬁes and
[

the Iike underfusthar Brecuseatia J@Q:Wﬁﬂﬁﬂg .g;‘qfh BeTezABeP Aowsithe MM one or
1o nes bR B Bt it reimatdgchbpaae e oo
cool {5y eheplaican hesspaked well aphttoihis faciliaies| the wseofcan gavigmeatal est i ng
3223; r ?h&Lgr@}%@hﬁg tph&@s gt?g leri’ BLGpAEH 15 LY4Ch diddPwinddviof fieced cool i ng
chamber through which-the chamber may be illuminated. 1t helps to avoid for
example heat irradiation damage to the microscope’s objective lens, and allows
for direct imaging of the samplé surface rather than e.g. imaging via an
20 intermediate mirror or the like.
| The environmental chamber itself can provide a controllable climate for a
sample under test within the chamber. It can enable a sample to fmdergo
various test regimes in‘e.g. a closed environment, and can allow for accurate
simulation of real situations and testing over long time periods.
25 Overall, the system can facilitate the real-time, in-situ testing of
microelectronic packages and the like under accurate loading conditions.
The chambzer may include one or more heating and/or cooling devices so
as to subject the sample under test to thermal loading.
| Preferably, the chamber includes both heating and cooling elements, as
30 this allows the sample to undergo cyclic testing under different heating and

cooling regimes over time, with forced cooling occurring between times of

heating.



heating. 0 DEC 1100 WO 03/ 093760 PCT/ SG02/ 00058 3 The use of headi hoDihd(]
cooling elenents is particularly useful, as R allows a sanple to be tested
under nmw@oy@artéstic circunstances than m ght ot herw sBCBEGIHYMEHse. |In
-one preferred enbodi nent, two heating el enments are placed opposite 5 one
another in the chanber. A pair of cool i%g el ements may al so be pl aced

-opposi te one arﬁ_%ggéee é&%ﬁg‘gccm%“n%]gg’@n@@ ﬁmcgbﬁyﬁ@bfm,r'agﬁater may be

provi ded at the er. the chanber” may have a cool er on
i ts bot t ogows Regdmpleto satdstaf underanorefealiptio siecupstaasas thammiight cool er on
‘a further pair of opposed sidewalls. 10 The. heaters nmay take any suitable
form andothgrwissbeifigpasebe resistance heaters. The coolers may al so take

' any suitable f?,i_gheg,gg@%q%ﬂbowje PeallifeBRRMS br pleed Gpposifiie

cool ers may be Sui eat changers, nount ed on

e.g.
their geappe aholsd ifae ehamber. Aquieof qnicﬂhg,elamnenlsﬁnmplsmgeud@c%annel s
therein to increase the area of the heat, sink. Thle cr}_@nbﬁr g&y ?gbe
conf i gur edppesitsagre apetherdn thechamber and 3 aeplingelgment of PEAFTMAYPe o as
to provide a.he i 0 N RN : Havera coblerish
cool i ng fP[ﬂVbJ}ﬁgét %g%s:eo%fgthgg:ﬁgﬂﬁérhg}hggbassalgaerg&f':\ﬁllta e chanber wall s,

and may ppsBofthino adidtéeos kachek a pair ofupposedesidewall, andod gAgEION 8ui t abl e
20 conduits may connect tae_ harﬁ)er wi th suitable cooling equiprent for the
fluid, shuthesball aiaPPEsediFJewalisThe environnental chanber may al so or

al tergati vely o eforltithfidké arfPRlitable o] dncemay sorerampleie| ude a
it ei Wthin

hum'ci] I er, er e chanber - itself or apart from but connected
.,--~~)to t he chasixtancd heatess.t er being preferred. 25 The ability to provide a

i cr oel et roni N GERER MESAAED (Rl AL bhaeint, anf Rl fol BARPICES. |
thei r conpbrHetleftic dotfleBurTisk toslersmmydeprovidedawith suitalslerhieathuni di fi er .
This may 1 nclude an ultrasonic, exciter cat ed thin a I, o] i ner,
e.g. at texshepgesmed- mauntesoon HIKILTERE;- A &Pﬁ% él%ﬁg'i %‘Se of
the gxCi taLy ifliidé hTAneI8 théreiPlo increase the area of the heat sink.
The chamber may be configured to pass cooling fiuid therethrough, e.g.
chilled water, so as to provide a heat sink for the coéling elements. Circulation
of the cooling fluid may be through one or more passages in the chamber walls,
ahd may pass through the channels in the cooler heat exchangers. Suitable
20 conduits may connect the chamber with suitablé cooling equipment for the fluid,
such as a water chiller.
: The environmental 'c.hamber may also or alternatively provide humidity
“) control, and the system may include a humidifier, either within the chamber
itself or apart from but connected to the chamber, the latter being preferred.
25 The ability to provide a humidity-controlled environment is particularly
useful in testing microelectronic packaging and MEMs devices that incorporate
polymers in their construction.
The humidifier rﬁay comprise an ultrasonic humidifier. This may include
an ultrasonic exciter located within a water container, e.g. at the bottom of the
30 container. By controlling the amplitude of the exciter, different levels of
moisture can be generated and flowed into the chamber.
The humidifier may also include a fan or other device for blowing

resulting moist air into the chamber through a suitable conduit.



moi sture can be generated and flowed into the chanber. The huni did ilerDAGay)p.
al so include a fan or other device for blowng resulting noist air into

t he chawbes/otdisough a suitable conduit. 0 DEC 290. WO S269058

PCT/ SG02/ 00058 4 \When providing humdity | oading, heaters (and possibly
coolers) may al so be placed in the chémer to provi de various humdities at

various diffepent _terg : | Meafdrsqand possibly eoaderd)andy used to
apply isother en P'&gﬁﬁgwlgﬁ%?ﬁ%ﬁy-cont Sol I gd_ envi ronmeniigei n order to

test  e. g8l |RebIEeaH & tife BRxinbesto Providevariaus Rumidies avag i de.
humi dity envitonnments from ,abouthO%to g?’%ﬁ 9 %%@I@ES Yﬁémﬂs
Lﬁgﬁeggttgm?eeraﬁle:?s?ﬂ@ Ilsiﬂﬂﬂ’tlféﬂ FAG Qfeﬁ?ﬁam f ?}-ﬁ?’:@tgt;(r? in t _ﬁechgpb:r,.
hum di ty'@é’ﬂ@oi a ﬁﬁ"@&'&'g$iﬁél!%0§e%’grdrrrllﬂ'lo%thgnr(ggi stive sensor. Pref ér ably,

t he NSQL e placed at the m d-height of the inner chanber, close to
t he Estaégicn%'e,

as tenperature and noi sture nmay. Vv ' These
noni t ori ng deVhe smidifieh anays oy 9@‘6"&‘%9@!’@]&? Egﬁﬁéyk&é%%q\ﬂr@%%m 9B the
t hermal and/o m_di t farstay %m, Sarée used in the automatic
recor di ndbet °g3"1>@g’°wx3§/°§g?ﬁ9‘o‘é cg%%h iorjsra[e reached, e.gra a
particul ar tgrRssIatHbAitoAMYTHEVICES oraytbeeptavided mibe GhaimbRy, SHCR aSAyp) e,
e.g. thermal or noisture |oading, na un ,ﬁpgg to
o ovi de emperahise senser.ag- BBeJoun af e?ﬁﬂm#%lfpy'&%%}“{‘%ﬁ‘%, B, 0 e
system may i ngl . providing a set test regine, so that a
usertO he‘?éf &@eﬁgﬁga%ﬁﬁ%%%egsggsi red | oadi, _?‘ %ﬁil into the controller
and et the pygéribly,the sﬁmowal@lﬂﬂ%@/abﬂﬁ)‘“&; ] ngq"é'ﬂeﬁeasurenent(ts’_ to
I es

Iy de and ded autonaticall ' it di
o Al ambarcipar 0nE oot SArbBle, b inBerdtlrcd Shd MBI b raryTwithyn I

requi reﬁh@igh{masur enent being mssed, e.g. through a user forgetting to
nmake a nhda record at a set tine, tenperature.or o |RBY; S can be
i nportant as TMsmtmi@fiﬁGéiﬁWQ?srWﬁyé\?éi%dgtﬁtp'?ﬁ@%cfggag%‘gﬁ)&?‘%%@_ 'f)r up to
t hr @He__’ rmtp‘te f}ﬁ e;n%l S FGr ﬂﬁﬁﬁ‘&iﬁ{ Rbthd, aAd &P hisodbe used in the aut?matlc
recording of results when set load conditions are reached, e.g. a particular
temperature, humidity or the like.
The loading of a sample, .g. thermal or moisture loading, may be under

automatic control to provide a suitable thermal cycle andfor humidity load test,

20 and the system may include a controller for providing a set test regime, so that
a user therefore need only input a desired loading cycle into the controller and
let the system run. The sysfem may aiso allow required measurements fo be

made and recorded automatically, e.g. at set temperatures or humidities or at
set times in a load cycle, and so reduces the possibility of a required

25  measurement being missed, e.g. through a user forgetting to make a manual
record at a set time, temperature or humidity. This can be important, as tests
may need to run overnight and can also last for up to three months for some-
accelerated load testing.

| Whilst emphasis has been placed on thermal and/or humidity loading,

30 the chamber may also or alternatively allow for other forms of loading, €.9.

mechanical ioadking, and may include suitable means for applying such loads.

The chamber may include any suitable supporis for mounting the sample

in place during testing.



Wi | st enphasi s has been placed on thermal and/or hum dity | oadi rf&,u %tzﬂ@
chanber may al so or alternatively allow, for other forns of |oading, e.g.
nmechani waleslogmdé ng, and may incl ude suitabl e nmeans for BpHPGA2M08°8uch | oads.
The chanber may include any suitable supports for Munting the sanple in
pl ace during testing. 0 DEC 200 WO 03/¥93760 PCT/ SG&2/ 00058 5 The

- environment al _ghamber rslabheprovideed eloged emvironmentt h
substantial ly ﬁW’m@Eﬁ%ﬁ%{;@%\n‘%PﬁFm sury?:(,)undi ngs. duri ng_t esting. The

chanber tv@ip{ glglggtﬁnm@frﬁj ablexchasgeidith the sunPURGINGS WURMGIESURE -t ARy
“transparent to the illum nation Iiaht, I n ordgr aoﬂ)slﬁﬁfabﬂﬁ sanple to be

i || um natohambet toersforedqureferablyinelHEGs CBF QMY v‘\gi;.' may,” Tor “exanpl e,
conprise quartz grystal . € thwipld torbéhe i nsertion of
2Bl drnepareras e RhSGIEfgtcin Ry Roatou e e vent L ng. ai

excha, ge:i“urﬁﬁg‘f&j LRd bBSsvedai Thetwirdovbimvéadows) maycF@@MRlfat ni ght

ot hergli se produce instability in_the Sé)e EI i %qngé'ﬁo igitgrior size
of the cWémM%@l%&@W%m,V@e&aW%ﬁrﬂh ereRtuce probl ens
with air disturhances [ Hiprewehting airebabangs0x50x40
ms. 5ucr$aa1mf?_¥§°35‘6\9f'8@‘g’%& ?&F‘Pg@?@é g?réa'ﬁgef'esti ng spa}cﬁ% whi | st, al so

neet i ng }.Ig@ o TRRELE Rir distursarToestia the chambier thatanight © s- Ct her
si zes inc Ing larger sizes are also however possible, e.g. up to about
200 x 15 idtabiityliodhespeckiBdm@ge8e a chanber size could prevent for exanple

the fhernoel egt ;lhg%g)?giz% the URaRibaid prafetably kepipsmall,isceas tefytheroC. The
Pca

cha r sizes e to both thernal an1d hum di t&.l d.scgggaFrs.
.~ The snal fegidepriblemswithvair disturbanserand iR eﬁﬁ%@bﬁ @%@a!e 0
..Zequilibrium e.g.- et, huni di ty.hevel., i ' Ishhoawitiistadsonst air
20 di stuﬁﬂxﬁ@’é‘g? w§0,§“?'i' aisﬁz‘?)Pé*é#érlseglstu %Xgﬂ?@gﬁbp lrr}glslbnl et port for the
moi st ai '}néé}iﬁ%{meqﬁﬁibnﬁoﬁ%hiréfneht@fmWrele@wmgs packagesheMduce air

di st ur bance: I's also preferred to provide .a _baffl & Jd adj acent

the i nl esizesrincludingdarger sizesAe A9 imt’%é(ef PB%"@?' %.4 “3’. {rye%éﬂdg r?t< % t he

sanpl e. ho $ ent | £ Siealeuldpreveat firlexampledhevacuat ed of
155 2o 1 iR FoaRAeR, chaee

air punpi ng apparatus. A hum dity-c er and a
ther mal  ghafitRiledtsy coolers fioat providiag e tempperatures, e.g. -4E) C. %@0

chamber sizes are applicable to both thermal and humidity load chambers.
The small size also allows the chamber to quickly attain a state of

equilibrium, e.g: a set humidity level, which again mitigates against air

| 20 disturbances. Also, itis preferred to position the inlet port for the moist air in or

near a comner of the chamber, so as to further reduce air disturbance. ltis also

preferred to provide a baffle or the like adjacent the inlet port, in order to prevent

the flow of air directly onto the sample. |
Although not essential, the chamber may be able to be evacuated of air

25  e.g. using suitable pumping apparatus.
A humidity chamber and a thermal chamber may be replaced one for the

other in the system, or for example two or more chambers may be arranged

adjacent one another, .9. on a suitable working table. |
The long-working-distance microscope may take any suitable form. It
30 may provide for a range of working distances from a few millimetres to several

hundred millimetres. When mounted for movement above the chamber, for

example, the long-working-distance microscope may have a working distance

range of from e.g. about 32 mm to e.g. about 315 mm.



other in the system or for exanple two or nore chanbers may be adrlarldd 200
adj acent one another, e.g. on a suitable working table._Th 02/00058

| ong- woWRIi08@g93d60,t ance m croscope nay take any suitable ?%T’% HYP05830 may
provi de for a range of working distancas froma fewmllinmetres to several
hundred mllinmetres. Wen nounted for novenent above the chanber, for

exanpl e, the Ifﬁgm;e{)dgbage Lfetailg indliidesa zopm ceppbaest, $0as 1 APV st ance
range of frome.g. about 32 mmto e.g, about 315 mMm_ 0O %Cﬁ(g 0310937(0
PCT/ SQ02/ heGhRréscopestoniiew cssupelesie cEheiiA {Nache Of JUSTESGG onent, soO
as to allow the njgroscope,to view a sanple on either a macro or mcro

scal e, arﬁfoﬂlﬁie%gghaggr%%&w'ﬁg{‘ or local view Preferably, the m croscope.

al so i ncl udes BR.EIHRE th fibRREosE BRITIHEUdES arepbjeatiet fenscyarepenest from t he
zoom conponent, and the m croscope is prefer it can

abrIH}/ configured so that
be zognedsdpzrately adjustabie fronatheszasgmicamgoneant, 3 theemMCEstP] S ng a .
one-tinme focus. Thu once f,oqu d ' | ] Pintéregtd, and
the m crcﬁf@fﬂi@b%ﬁ?'ﬁbuﬁfgﬁ%y‘ﬁﬁdﬁ é?e’éRF gaﬁg%gleﬁf%?ygh&a e? a?%?gq of the
sanpl e wi tiﬁé'%ah@ﬁé OinkOs Bhie-tite Rtist iTus, enue focussieal; the objestive Irns
measur enment 0 cal and gl obal deformations, of .area%rofrr@ﬁr@%‘ggp that are
of i nt er asin befided,cand:themigreseopst cambe Z9oRIRS IRY JEATEPLA ,
especially in_real-tine The m croscope preferably allows for
a. wi de raﬁ{@@%ih%ampﬂ?wziﬁﬁﬁﬁ@@%ﬁ%t the sanple may be viewed at various
| evelyg of det ahfie-tiie RitRisBing facilitxtes hempadimment ohlocal 23bglebat incl udes a
nunber of TV tubes and objectives enses, . Wi e ] provi de
v a nunber defomatfanscok areas rﬁfé‘rﬁﬁm%rtbf‘ﬂ@retﬁfs'\ﬁ%ﬁég’ @ﬁg%smg%é%‘?ﬁaﬁ he (
7 system can. mg‘ﬁggfgé&oﬁdiﬁgﬁhgﬁoﬁé?%sp&iﬁ #f re-tieny memswemetits. 1X and 0. 5X
Wi

TV t ubes MG or exanmple a 2X or 0Q.25X ob'éﬁctiv%l ns or wwth no
obj ecti ve | ensThefidioscdpe preferably sllows for a wide FARELMAGE 'ﬁﬁﬁ‘é’?' 9Bom

nodul e and the video capera . t eRfdd | mage
pl ane. Ldbakthgsamp e'mal'g%e é‘ﬁ%@%lt gghgrrlé%(%m ; | e@gﬂbflﬁ??qu\féif/\hj | e higher
powey 5 TV dpbsfinicht ! hdsRicrogepef inclatlies a mumber aEFYdubes angobie@VesThe

m croscope Is preferably automatically, control : |
ILI)ensses, evhich may Be awitched to provide & Mol Shirrarihe 2b6hFaRP! Y

working distance ranges over which the system can work. For example, the
microscope may include 2X, 1X and 0.5X TV tubes, for use with for example a
2X or 0.25X objective lens or with no objective lens.

20 The TV tubes provide a link between the upper zoom module and the
video camera, and hold the camera at the correct image plane. Lower power
TV tubes provide maximum field of view, while higher power TV tubes increase
magnification on an associated monitor.

The microséope is preferably automatically controlled, and preferably

25 includes a zoom lens actuator and an objective lens actuator for varying the
magnification and focussing. These aciuators may comprise motors, such as
stepper motars, and preferably also include positions sensors, such ag suitable .
encoders, so as to track the positions of the zoom component and objective
lens component and fo provide feedback control.

30 The speckle patterns observed by the microscope may be recorded in
any suitable manner, and are preferably stored in a digitised form that ‘r'nay then
be suitably analysed.

In one preferred embodiment, the speckle patterns are recorded by a

CCD camera that may be mounted on the microscope. Suitable electronics,



25 includes a zoom|ens actuator and an objective I ens actuator fjog PECYPINY
the magnification and focussing. These actuators may conprise notors, such
as stewpas/iososers, and preferably also include positi dHSU/SEROBYE  such as
suitable encoders, so as to track the positions of the zoom conmponent and
objective |ens conmponent and to provi‘de feedback control. 30 The speckle

-patterns observed by th ] iy JsethegeD damerardatadotaabl e
manner, &HeN é?@%ﬂﬁl@r?ﬁp%@&%@&?h a t((j)it%il tised formthat may then be

sui tably %Sh&mgrmiﬂg_ed enbodi ment, the speckle patterns are
yra

‘recorded canera that may be nounte t | ik n Suitable
el ectroni cs, ThBEanslemayie dm#@bl"ﬂ?vls‘#%égmﬁ[ﬂ‘g‘?ﬂ gﬁjﬂgﬁgﬁ&z‘is an i mage

Cii ¢ bl coprE-oTInE SRRIrRAREEhaRPRE UL Co b e bl e manner

|11 urg nagj sPagWMHd Emarmber emperatirenPrefesal¥c eyt this coul d
causerg p%ﬁ%n%ﬁf%b%opﬁogcﬁpate contro} of 1835@3 t he chanber tenperature.

Pr ef er abjymihditon sbuncensmasmted obiside @ Yut si de of the cgald‘nber.
Preferably, the light ,soyr ' d 6 Heedidectiyooverheadrdfead of
pr%ﬂ&ntﬁgﬂlgﬁ%bﬁrc@# M&thted sdsa lyod

t he envi r onnehF I's alTows the light to be directed straight

t hr ough trfah }bﬁgﬁ talbistaber. anistalosisrtbedight {0.be; diraeted sty PUgN ¢ he
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def or mat thenchamber windows @nddpchirectly [ stance m croscope is
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and 1i5S pgg ﬁ(r)tasbc-l:ﬁ/sitﬂr%%tcﬁﬂ—d?—'bl&li@ defbraiAionspe.g. changes in gray-levels

caused by small out-of-plane deformations can be reduced or eliminated, and

the system can provide more accurate correlation results, as compared fo e.g.

obligue illumination. - - :
Preferably, the light source includes an illuminating device thatis

20 mounted for movement with the microscope, and is preferably mounted on the

microscope. -
Preferably, the light source includes a light ring provided about the

working microscope. .
Preferably, the actual source of light, i.e. generator of the lig
25  from the microscope. This prevents or reduces problems caused by heating of

e.g. the objective lens of the microscope. Thus, preferably, light is channelled
itable output element through a suitable guide, e.g. an

ht, is remote

into a light ring or other-su

optical fibre or the like. The light source may be e.g. a tungsten-halogen white

light source. -
30 The light source may be manually set, or may be automatic

in co-ordination with the other set-up parameters, such as zoom and focus
itable illumination intensity for

ally controlied

control and loading controls, so as o ensure a su

a particular sample and loading regime.



Preferably, the light source includes a light ring provided aboututmeDEC 200
wor ki ng m croscope. Preferably, the actual source of light, i.e. generator
of the Wwioghtoyszses renote 25 fromthe microscope. This pPEVEH2RS reduces
probl ens caused by heating of e.g. the objective lens of the m croscope.
Thus, preferably, light is channell ed®into a Ii ght ring or other suitable

ke The 11 ofrela i . @iativertbithalsamplepsorthile
E‘?{@Bg& ﬂfﬁiwieﬁ%%e BUHIE to fadke Rt o

like. The lig tre . a tungsten-hal ogen white |ight source.
30 The Igﬂﬁémﬁpﬁéﬁi@ngﬁfﬂh@sm@tmmmmaydwe mspepteda thisds peeferabl¥ont r ol | ed
in co-ordination wth the other set-ug_I p%éangttleré feucl—:-]h aﬁfﬁm f ocus
control amtidveddiynmoying thelreicressopg raiel 18an e SaMPIe; §-& TY PUR'REE on ,
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rel at jgve hOuritas 1S WP hrflerosBopd Bhsuiiek fthatethie gampleda suiably tié neAnpiter bV ace
may be i nspect eé. This is preferably achieved by noving the m croscope

rat her t lhe mitrescopplismoved. by providing the mcroscope on a suitable

ositionin ns. Havin ' | .9 I Cr oscope
gnsures thgt t @Qﬁﬁmn&&%}gﬁ?&p&bﬁﬁ@;ﬂﬁgﬁw ow mﬂ?ﬁﬁ?roscope Ps
moved. The, JmV@aRTreforabyralemy zaxip tianelatiomstagenn Whigh ithe MIGIRSCANSNn
stages, wth preferably al so a,z-aéi's tr.agfl aé{ugibrs&?&g Ql&g&}bsrbli he

m cr oscojemaustedbuBack stagedmay ingludegysuliapie,d L PYabre actrﬁ:t&)r, such as
a servo or 10 st . q@@,’@ amigenental i swayew
arraﬁ%e qumﬁﬁwgggﬁé% udeh‘g%gg{aﬁtgﬁxgg?g;\?% h a n ncoﬁer,
N for feedhpgkinslteraposilioe sensorn,stioh asandeperdar; &8 %%‘?E‘Hﬁ‘s% b nnected

t -, Y- d z--st . troll ' i 1 db
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pref er ab%;ﬁ,—,ﬂbﬁé?&@héﬂﬁ tuiPardl ¢oiftidlied byfa tentral cordelope to be altered, e.g.
so that e mcroscope can be held horiﬁ%t al lﬁ ggg’ S{egablg%tﬂbwgtﬂé can
rotate about The mouptinef thermicrasqapson fgeRxs ads RIEIRIaYY 'OV Sheck e

i mag in differ ' p@ o k&rBdcany. ke thusticnicsbscopehearspet em i s

I nt eﬁat Bﬁe&?‘%%%e‘ﬂi‘{"gg‘ﬁ ng equi 'ﬁt)ment , rgsuch as, a tr-fnsi I.flah.t eﬁf ivpsq machi ne
or the | LRt horizontally, and e.g. so that it can rotate about the xy plane.  This allo

the microscope to capture speckle images in different directions, which can be

useful when the system is integrated with other testing equipment, such as a
ténsile testing machine or the like.

20 " The microscope and environmental chamber may be mounted together,
e.g. on a worktable or the like, to ensure that they are accurately registered with

respect to one another. )
) lysed using a (
o The speckle images recorded by the system are analyse using

suitable digital image speckle correlation technique.
25 Preferably, the speckle images are analysed to find the maximum

correlation coefficient C*:

ii[f(xxvy_,) _.?]. [g(x'i :y.j) "§]
i=1 j=1 1)

S S )~ FT o [ U8y, - 2P

=1 j=I =1 j=1

C* (u*, %) =

where f(%,y;) and g(xyy;) are the gray-levels at points (,yp and
30 (XY on reference and deformed sub-images, respectively; and fandg are the

mean values of gray-levels at points (Xi,Yj). and (x;,y’)) respectively.



20 The microscope and environnental chanmber may be nounted toget hked, DEE. 930!
on a worktable or the like, to ensure that they are accurately regist
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anal ysed using a

r @Epewdo3te0 one anot her. The speckl e i mages recor d8ETHFIVHEIE y st
suitable digital image speckle correlation technique. 25

Preferably, the speckle imges are anal¥ysed to find the maxi num
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ers nson, Optical Engl neerin
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peak in the dlstrlbutlo f. equation (1) 5 is sharper than that for t
st andar d ﬂlﬂﬁﬂﬂlﬁg tiePht es greater accuracy in the finding of

coefficient.
parti al

di scl oseddifferériiad nethod ltmngarem aqain oldmagssi(g- ek GRClo

Parti al

D|fferent| .10 Cor I ment al
Mechani csimagg Copelation usging %%S%'é“ &{er a%f Bart !)\I/\)l/éfflegéﬁﬁéal Cross-
corr eleAt | EBnBlfoh" 1A Brutk a¢lal aExgiéﬂrﬁentEBchhamoSeVbl @9, ppcfit-26nt

accuracy an
wthe correl289)on coefficient peak point by a line 15 -search. Preferably,

Jthe algorithm 2 o AGOrtHhPIS USSR, as this
per pendi cul ar I?;(e ﬁﬁ%ﬁ@zﬁ?% (y,v gﬁﬁggﬁthl onsgo¥I t he captured

ort’ conputation tine. The systemthus, preferably, fi

Ij or a m)ﬁﬁg}@ﬁﬁhmm&aﬁmmﬂeﬁhmﬂnumwm compuitinniigec Ahe)e o0, and
eternine uch a se aster _t thod, an
can reduceystera thusRH EWa? 9?%5%%@3@%?ﬁ%ﬂ%k%d Néiﬁ 3%5

faci Lt atiigen  Preferably, the algorithm searches for a maximum peak point along

20

25

30

both the perpendi'culér (x,u) and horizontal (y,v) directions of the captured
images for a maximum peak point from which displacement components can be
determined. Such a search is faster than the coarse-fine search method, and
can reduce the computaitional time by a factor of about 10, thereby fapilitaﬁng
the real-time measurement of sample deformation.

J A preferred cross-search correlation algorithm is disclosed in e.g.
“Nondestructive defect detection in multilayer ceramic capacitors using an
nmproved digital speckle correlation method wrth wavelet packet noise reduction
processmg" IEEE Transactions on Advanced Packagmg, Vol. 23, pp: 80-87,
2000, Y.C. Chen, K.C. Hung and X. Dai (the contents of which are incorporated
herein by reference).

Information on such cross-search correlation algorithms can also be
found in “A new digital speckle correlation method and its application”, J.B. Rui
et al, Acta Mech. Sinica, Vol. 26, pp599-607, 1994, and “Nondéstructive
Detection of Defects in Miniaturized Multilayer Ceramic Capacitors Using Digital
Speckle Correlation Techniques”, Y.C. Chen et al, IEEE Transactions on
Components, Packaging, and Manufacturing Technology — Part A, Vol. 18, No.
3, 1995, pp 677-684 (the contents of which are also incorporated herein by

reference).
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20 the real-tinme nmeasurenment of sanple deformation. A preferred j( DEC 2004
cross-search correlation algorithmis disclosed in e.g.__"Nondestructive
def ect WOtBHPI’6h in nultilayer ceramic capacitors usi ngtaGH> 4P ed
digital speckle correlation nmethod w tj,wavel et packet noi se reduction
processi ng", |EEE Transactions on Advahced Packagi ng, Vol. Zé,ﬁ:[gp. - 80-87,

25 2000, Y.C. Bhasmably, the Hitetetarfay-léwl dathebiainediion ep. i re

i ncorporated herein by reference). Information_or s ﬁh cg)s -.searIch
corr el at | gametzgisrsmdntbed asingl 2 biowdic ﬂ’(’JW“’Ferﬁpalﬂt'ﬂ@\W%{ gl 'c'i%'gcﬁﬂ e
correlation nmethod.and its .applj lon' : | t )

Si ni ca, VB?QW?'@P‘OBﬂ%@gnew,m%gﬂl%ﬁéhgﬂe%géﬂ&? ﬁg’; w@écrg%aan\t@gg?P%ﬁﬁof
- Def ects g Mrial @ldbodiedpi Hi, e difrioral Spiresinterpolatisnrajgaritima,

Speckle C at1on chniques”, Y.C. Chen et al, |EEE Transactions on
ConpofentAK FedersaWVellgsleyn MAKIAR%ct uri ng Technol ogy - Part A, Vol. 18, No.

Ceterence;” ndtmbsubisgping iyeraton MbELIGAIERE pRCs RGN T T B
di screte eWa‘?%éé &égheéé]t@l&égﬁi Be defaraiingd for dnypositdroinrtbe anagesievened
cubic’s

using a Dbi | i ne .interpol ation nethod, Bi CUbEgi;,qs%inne | pt er pol ati on
i s a knothougt thepcharacieristies abthe r@soEding dgVICRHE G V PRABYin e.g. the

text book. Spath H . ."Two.di ' ¥ ' ' | orithms, AK
erer o s et Pt SRS LAl oAU B rag ielelo’ | TR
sub- i XelnfBHASHGS Eéﬁyeerﬁﬁﬂe]seﬁﬁ’ié aﬁe of the ﬁb"biﬁ splinedsterpolation aedhedned for
any position in the inmages, even thq t he char o * .
- re%:/ofdi ngatdeip the eorgela Pﬂé@%ﬁ%@%"@ﬂrﬁiwgﬁé%gﬁﬁ%bﬁﬁ 5%%5.8(1% a(’

7 di screte_qaray- t + W . ixaf cxrivbé iobtainetvween ‘

pi xel s. ?%g%égb%éﬁhflﬁé Fﬁ’?aﬁ'gnasﬁﬁg%%g#gl%on met hod .c|a hel.p the

correl ation afTiersystemipreferably dncludes anentral copirliier eprofJpabRd MG it has

been found, in practice,  that r ' rh8dulee a0bt ai ned.
The syst Hﬂi’"ﬁ\‘%?g? 'T‘ﬂg'lﬂﬁﬁe??(g‘ %g%ﬁr a 'c?@ﬁ’le?'é‘iq_ obmgzg- ordi nating the
var i s Peeﬁiahin@lgnaamél, aZoomind aiwl facus modulermmioagetapivee medilee, a 15
positionling nodul e, a zoom ng and focus ule, an i - ca ul e and
an anal yahg- anpanalysis B}Od'-ﬂ?egg’dﬁ%amg agg’? ﬂ??é‘?e%‘gﬁ?# %ﬁﬁa@f‘ﬁ%@s%e
SYStem  canrun by itself after for example the input of a suitable loading regime. This

can be especially useful when conducting for example accelerated thermal

cycling tests (ATC) over long time periods. These tests may for example take in

20 the region of two to three months to complete 1000 loading cycles (the
minimum requirement for a reliability test).

Further, the system prevents a user from missing test data when for (

example a test is run overnight. |
The system can preferably record position information, and preferably .

25  also magpnification information, for a particular speckle pattern record of a
sample, in order to allow for the simple relocation of the microscope in relation
to the sample when the sample is returned for measurement after re_m::i‘val.
This enables a second speckle pattern to be taken at the same position and
magnification. The two speckle patterns may then be analysed to determine
30  any change in the sample structure, e.g. aﬁer the sample has been exposed to ‘
load in the field.
The present invention further extends fo methods in accordance with the

features of the above systems, and to environmental chambers for use in such

systems
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This can be especially useful when conducting for exanple accel erated
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for the deformation testing of an object, the apparatus including a source of
incoherent light for illuminating a sample under iest, and a long-working-
distance mfcroscope for obtaining speckle image information from the

20 ifluminated sample surface, the image information being analysed using a digital

image speckle comrelation technique.
The use of a long-working-distance microscope allows the system to be

extended to capture images of a sample in a process, for example in a curing

process or in a reflow process.
25 The long-working-distance microscope can be used separately in a

production line (e.g. in a curing or reflow process) to capture images. The
cosvelation software is then used to correlate the images to determine the
deformation.
The microscope can be combined with normal material testing systems,
30 é.g. tensile testing machines and fatigue testing machines, and can measure
the micro- and macro-deformation of samples subjected 1o meqhanical loading.
The use of the environmental chamber is also in itself an important
feature, and, viewed from a further aspect, the present invention provides

apparatus for the deformation ‘measurement of a sample, the apparatus



the sanple. 1.5 The use of the long distance mcroscope is in itseijf D&G 200!
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where f0a,y;) and g(xiy’) are the gray-levels at points (x.y;) and -
(<;y'’;) on reference and deformed sub-images, respectively; and fandg are
20 mean values of gray-(—levels at points (x,y;) and (Xi.Y’}) respectively.

Preferably, a cross-search correlation algorithm is used to find the
maximum correlation coefficient C*. Preferably, the maximum correlation |
coefficient is found by a line search, in which a search is made along both the x
and y directions of the captured images for a maximum peak point for the

25 correlation coefficient. Also preferably, the discrete gray-level data obtained
from the image information is smoothed using a bicubic spline interpolation
method.

Viewed from a further aspect, the present invention provides a
deformation measurement method for determining the deformation of a sampie

30 using digital image speckle correlation, including the steps of:
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i nvention. 10 |j showidlbé woted thet thesairious cootrokfungtiens atthgrsystem; ¢t besed in

the ab t th h t . light e g, f :
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15 and suitable control and correlation software embodying the inventive. concepts

as would be understood by a person skilled in the art.
An embodiment of the present invention will now be described, by way of

example only, with reference to the accompanying drawings. itisto be
understood that the particularity of the drawings does not supersede the
20 generality of the preceding description of the invention.

In the drawings: )
Figure 1 is a schematic diagram of the overall set-up of 2a measurement

system in accordance with one embodiment of the present invention;
Figure 2 is a schematic diagram of the object positioning and control

25 means of the system of Fig. 1;
Figure 3 is a schematic diagram of the long-working-distance microscope

ofthe systemof Fig. 1; = - |
Figure 4 is a schematic diagram of a mini-thermal cycling chamber for

use in the system of Fig. 1;
30 Figure 5 is a schematic diagram of a mini-humidity chamber for use in

the system of Fig. 1; and
Figure 6 is a schematic diagram of the correlation analysis and system

control of the system of Fig. 1.



It should be noted that the various control functions of the systq C?ﬁ %%[
I npl emented in various ways using for exanple a personal conputer o %

| i ke 1gO&AWA93Sel t abl e control and correl ation software n@?

i nventive concepts as would be undersygod. by a person skilled in the art
An enbodi nent of the present invention will now be described, by way

exanpl e only, Wit integrhtets aatomatic, hmrammaﬁeand non-glestgtive m@fq-glgitﬂ'be

gencr al | 1 fmage sreckle coBmAprSImCL o Reiepl LA BlISo FIEIAGT i nga:

Figure 1 bg&éﬁoréfgnce AHiers- c{rBﬁic?}é%kalt;é i ShowR iPFig Treasur enent

systemin one e od| ment of The present invention; Figure 2

is a SChemthTﬂemmdfmbhdesla leng mknmmatameanwrmeo? angsameans of

the systemof Fig Fi a sche %ﬂ)laiam of the
| ong- \ﬁorkﬁﬁ\yﬂmf@?ﬁﬁ%éh ?6 dBﬁB'é"te fOI} 3 W é 6f*Fig. 1; 1 Figure 4 is a

schematic di ag‘;ﬂ&‘rﬁkr@cﬁga'zfs*}ﬁwﬁted%ghé %léh%%ﬁhfréwméﬁsmat he system

of Fig. 1; 30 ure a schematic diagram of a mni-humdity chanber

for use |p05;ﬁmng)a§ipemtaé 55 An illumiaatiordguice Gisimouniediertheiabjiecting am of

thF \C/\?)rr(ejlg?\tg[ggl% Snal ysis and S§Ste%qﬁﬁqr’ﬁ'lf‘ég%fﬁﬁgﬁ'ﬁéiﬁﬁ'@aw Fig. 1. 0 DEC
20 6 of tReTMigEpss tic, non-contact
and non- deslildihent !Eﬁ&h&elds G%ﬁdib suitgBg iSiion Medriso isystem | for

detecting nacro and nicro scale in- plane defornations of a
m cr g0el aspnnacted tmtl'iea'@étube endmmeurrmrgscqpe 2he system | incl udes a

| ong- wor ki ng- |stance rosc | t; jzpunt ed
on a worki ng '?'Qtﬂs@ RS erﬁu(? %t@&%ﬁg@cﬁgﬁﬁt "’3{&%@8 ‘%g’o%a e 4 Vi a a(
t hr ee- di TRATHARMer Pa%d bubjeckal Ripernalendior Ramidityisading. ohhe eesultng i s'

mounted to the objective 1ens end of the mcr sco e 2 |n ord
i |l um nat@farl'ﬂ%ﬁlfm ef the safeple éﬁ@ﬂ?g’ﬁﬁ@mg ﬁ&tbgb‘?'? i mage

acqui si tgg@ @g is 10 connected to the TV tube end of the m croscope 2.
In use 5‘#%% stich as a micro-el ectronic package is positioned within
Thus, a reference speckle pattern may be obtained prior to loading, and

then one or more further patterns obtained during and/or afier loading. These
patierns may then be converted info sets of gray-scale values that can be
compared with one another to determine how the sample has deformed
(Translational movement of parts of one pattern in relation to the corresponding

20 parts of another pattern can be related to in-plane movement of the sample).

The system includes an overall system controller 8 that runs_the test,

collects the results, and analyses the speckie patterns in order to determine the
sample deformation. The controller 8 may for example take the form of a
standard comptlter with suitable control and analysis sofiware.

25 The system 1 can be considered to consist of four main paris: an object
positioning subsystem; an object vision and image acquisition subsystem; an
object loadisig -subsystem; and-a correlation and system control subsystem.
Thése subsystems are described separately.

The object positioning subsystem is shown in Fig. 2, and includes the

30 three dimensional positioning apparatus 5 and a positioning controtler 50
connected to the system controller 8.

The positioning apparatus 5 includes separate X,Y and Z-stages 20, 30
and 40 respectively, and the position controller 50 comprises XY and Z-stage

sub-controllers 51-53.



the chanber 3 and subjected to thermal and/or hunmidity |oading. Thd DEC 200
resulting deformation of the sanple is anal ysed using speckle patterns
obser vewdns/mesmeo ni croscope 2. 15 Thus, a reference speE‘ET’éG?%ﬁ"B@rn may be
obtained prior to | oading, and then or;ls or nore further patterns obtai ned
during and/or after |oading. These patterns may then be converted into

-sets of gray- S%dﬁ é{ﬁ%g@@.mﬁés 63AoR® 2003rna1 esidva positior sensoih22,3hH42
det erm ne- how the sanpl e has def or ned @;iTransI ational novenent, of parts of

one Eat t elroonhgctedltattheiln respective eubf@m?‘ eiisriji-530 This allows thesubre loafj tern
‘can be related to in-plane vement .0 ihcl udes an
overal | sygﬂml%@régﬁ%FO'@%F‘IPD'HE? PogHon élﬁﬁexgﬁn@%—gﬁ%ﬁ%ﬁ?ﬁg}l ré]esul ts, and
anal yses t i fndsfi heaniches lin

y g%gdh%ﬁgqhgﬁné}g@ gibhge ﬁdggggaie pdsRioffrioNth coper®|i

def ormat i controll'er or exanEI e take the formof a standard
conput®r wctdrdance aitheinstractions feoro the gleptrabeeyyrallgiBe. 25 The system 1 can

be considered to consist of_.four i rts: ] LEd ani ng
subsystem an GBPJBICIQSCOPSE MOP%feO@Wﬁﬁ%ﬁas"ﬁ s%lglpéﬁnbﬁa obj ect

| oadi ng s b?}‘g fA'gsel ation and system control subsystem These
subsystenésgér/%tt%c [ fei)éléda

separately. The object positionipg S$J(g5¥stem S
shown in Fig. Thepoditioningisissystam aliowstthe nigrofcepednta) b%@)@ﬁf At Agy

contr ol | csexrddopbabove e S aRin ditaEenstibe S T Sh e Pouitdigionys | o
Z- st ages a%'eY n%@ﬁc{hé@,;iéaém elsanspli aneitietdreapirs foi bmanalysed] | er 50
conprises X, Y an

Z--stage sub-controllers 51-53., 1 0, DE 3/ 093760
PCT/ SG92/ 00058lt afso aliows 1oscops 440 “@Wﬁ“ﬂ?%fdﬂo'&ﬁ'%e%ﬁ)t i on
sensor 22,32 C | oVif the Rhafber@ ad entheS3. This
al | ows tk@agﬁgl%péﬁﬁpﬁo{"ﬁei}ésﬁg%@qgﬁzgﬁﬁ IoelI the position of the X Y and
Z- st ages #@a‘dl the sampletslbeanalyseder to provide accurate positioning of the

m croscope 2, in 5 accordance,wth ins i : ontroller
8. The micros C-Ub%"?lelci"ﬁlﬂfh?% BAge ﬁ@Q@&%bg%b}HL%%‘%ﬁm F@l%g
appangt U mi inkiudesithedorig-Wotlng tistapes inicassicope 2 ttisy dueninaidrodevicks,
m croscope 2 to be |ocated at any .
and the image acquisition mearis 7.

The microscope 2 includes a zoom module 60 and a focus module 61 for
separately zooming and focussing the microscope 2 under control of a zooming
and focussing controller 80 through the use of stepper motors 81,82 and

20 position sensors 83,84 for feedback control.

In order to vary its magnification range and working distance, the
microscope 2 includes replaceable TV tubes 62 and replaceable objective
lenses 63. As an example, the various combinations of TV tube 62 and
objective lens 63 may provide the magnification ranges and working distances

25 shown in Table 1:



desi red hei ght above the environnental chamber 3 (i.e. in the z-di 8eBECopp4
10 depending on the size of the sanple and the area size al ysed. It
al so alWoWwg03Ae@ m croscope 2 to nove to any desired. poi rﬁ%lf(ﬁogﬁﬂégx-Y pl ane
depending on the location of the sarrpl.@tl n the chanber 3 and on the area
of the sanple to be anal ysed. The obje vi sion and inmage acquisition
subsystemis shown in Fig. 3, 15 and includes the |ong-working-di st ance

m croscope 2, the illunmination device and the inage acquisition neans 7.
The m croscope 2 includes a zoom nodi@dedo and a focus nmodul e 61 for
separately zoonmi ng and focussing the mcroscope 2 under control of a

zoomi ng _and focussi ng controller-80-throwghtheusgof St I DT OT 3 :
81, 82 afd 20 posi{ion seﬂ@?ﬂrs 83, 84 for fggj‘%ack coptrol. IN order to]vary
its magnification doE KT IO Of S, ange, Hige [0 cLeacopp 2Higte! udes
repl ace#@bl e TV tune d P®M ageabT e objlectiVe |enses 63] As an|

exanpl e| U3 591T0) Nag2.gns [of 66 t ufje 6@6and| oBRektiye I@¥s 6: may
provi de thgb magnl fication ranges gnd worki g di stanges 25 shown in T4ble
1: 1 9 DR@1E0ein)D 03/ 093760 PCT/ §C- 02/ 000458 16 Taple OX 0j5X1.0X2.H h

LowH ghtoutiablows—871g82-07297%3:1223%¢70. 900560 (P1%3m6 | 516
No Lens
(89 mm)
2.0X 26 260 53.66 56 103.2 1032 (
(32 mm)
5 (Figures in brackets are the corresponding Working Distances)

(The table is based on a %” CCD camera and 13" monitor)

The microscope 2 can thus zoom into or out of the sample under test so
as to measure macro or micro deformations, and to either provide a global view

10 of the sample or a more jocalised view of a particular area of interest.

The microscope 2 allows for a one-time focus of the sample. Thus, once
focus is achieved by focussing module 61, the microscope can zoom into and
out of the sample using zoom module 60 without affecting focus. This provides
for quick and simple zooming into areas of particular interest in the sample, -

{

15 especially during real-time analysis and viewing.
The iliumination device 6 comprises an objective ring light 91 which is a

' part of a general lighting unit 90 that also includes a light generator 92 and a
fibre optic cable 93 for coupling light from the generator 92 to the light ring 91.
The intensity of the light may be varied by a user turning a control knob
20 94 to a suitable position. The light is then conducted by the fibre optic cable 93
to the objective ring light 91 from which it illuminates the sample in the
environmental chamber 2.
Having the light generator 92, e.g. a tungsten-halogen generator,
remote from the microscope 2 prevents problems with the heating of the
25 objective lens 63, whilst having the light ring 81 on the microscope 2 provides



1. 0X12. 81282626053. 66516 No Lens (89 nm) 2 1032 103 2. 0X2626053. b&s&EC 380!
mm (Figures in brackets are the correspondi ng Wrking D stances (The table
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cabl e 93 for caqupling Ij fromt r at ) j 91. The
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sanpl e i nhbiveverralso bermonnetteditaithe systenpgontrgflar§for ﬁﬁﬁ'cﬂgggﬁp A e g.

a tungstep- hal ogen genera renote fromthe m croscope 2 prevents

pr obl ens &PFH"?&@" 5(?”8&%#5%.6 25 objective lens 63, whilst having the

lightyging 91 gy rhBanfihg tinsilominatiopr device§ dh theDRICratOpe\A) roovesEnt ©f
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def ormat i being erm ne
position.
The speckie pattems produced by the sample under test and imaged in -

15  the microscope 2 are recorded by the image acquisition means 7, which may
comprise a CCD camera 71 and an image card 72. The CCD camera71is
connected to the microscope 2 via a mount coupler 64, and the image card 72
digitises the CCD image and sends it to the central control 8 for processing.

A sample loading subsystem is shown in both Figs. 4 and 5. The first

20 subsystem is used to apply a thermal load to a sample, and the second is used
to apply a humidity load to a sample.

Referring firstly to Fig. 4, the sample loading subsystem comprises the
environmental chamber 3, a load (in this case temperature) controller 120, and
a water-cooling chiller 130.

25 The chamber 3 includes an inner chamber 100 within which is mounted a
sample S, a pair of resistance heaters 101, three thermoelectric coolers 102 (on
opposed side walls and the bottom of the chamber 100), and a thermiocouple
temperature sensor-103.

The inner chamber 100 is surrounded by heat insulating material 104,

30 such as ceramic cotton, and has a quariz glass window 105 through which the
sample S may be illuminated and the speckle patterns produced by its surface
observed.

The temperature controller 120 is connected to the central controller 8,

and activates the heaters 101 and coolers 102 in order o produce the required
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arrangenment also allows the mcroscope 2 to be nounted directly Jb@)v@f{fr@ﬂlg
sanple in a straight-line manner. Generally, the illumnation intensity
will beweds/ossdéiual |y via the control knob 94 and kept RCEHHROPPue for an
entire test run. The generator 92 couli however, al so be connected to the
systemcontroller 8 for setting and ch ﬁgi ng illum nation where necessary.
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Bath i geand rawen sondy@ 5735 133, JrEYRNG USRI IOUIRIRAIP, L 07T ' oc

to a sanm, r@r?iﬁ tRBfekéhalifts absodiatid/with kath&f the toalers 402 ipanp! e.
Referri nga%l"} stly %tg)péfg. 4, the sanple |oading subsystem conprises the

envi r onmeonda¥ ta beoldbemaandita pravide @ sink for tha bealdajsen fam de WO ol | er 120,
and a vvaterrw?ooJ" g chiller 130. 25 The chanber 3 includes an inner
chanber 1‘6@ i -whi ch is nounted a sanple S, a pair of resistance

heat qps 101, tReRerindAGWISIFig!5,ithe dumhiditg stbgystem issiesred side wal s and
the bott f the chanbér 100), and a t le t t 103.
The i nner. chares SHBDSIEM Sl Fit gt HoteteR biF 2 @H@Wﬁé@#ﬁnﬁf‘”go

h ' ' whi ch th
such as a?ﬁBoé‘r qu‘ tggnﬂwggd haagere 1842 Héﬂﬂic%&ﬁlé’!eﬁiﬁé@hﬁﬂé seheergbawhi ch the

sanpl e S ey be el ‘and the speckle patterns produced by its
surface et insudatinglinatariahy 04 zndg 2 queriz glagsewindow 1@5.connected to the

orfer "t o° or oodeaepdn mefibeldt BB M G opR bR URYE0, 1

't enpegs at yhe shibsysiem inclates AIAIdIiA0l5Cthatdelivers edoibyair e thesimmer 103 (whi ch

chamber 100 via a conduit 151. Also, the load controller 120 is in this case a-
humidity controlier, which controls the humidifier 150 to provide a desired
'humidity load as entered into the central controller 8, and as monitored by a
humidity sensor 152 for feedback control and the like (which is mounted at

20  about the mid-height of the inner chamber 100). A further heater 101 is also
supplied in the base of the inner chamber 100.

- The humidifier 150 includes a high power ultrasonjc exciter 153 located
at the bottom of a water box 154'.‘ Moist air is produced through the vibration of
water in the water box 154 by the exciter 153, and is blown into the inner

25 chamber 100 by the electric fan 155 through humidifier port 156, conduit 151
and chamber port 157.

Although ot shown as such in the drawings, the chamber port 157 is
preferably provided at or near a corner of the inner chamber 100, so as to
reduce air. disturbances about the sample S to a minimum. Air disturbances.

30 might distort the speckle patterns imaged by the microscope 2, which could

(

adversely affect the results of the deformation analysis.
A baffle (again not shown) may also be provided adjacent the chamber

port 157, so as to prevent the air from passing directly towards the sample S.
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(again not shown) may al so be provided adjacent the chanber port 157, so
as to prel83WxxB0dil} from passing directly towards the sanple S_ 0 DEC 200

WO 03/093760 PHIL §i&4id 98Pand humidity load chambers 3 may be replaceable one
with the other in the working table 4, or may be provided one adjacent the other
ifi the table 4. ‘

20 The correlation and system control subsystem, which is embodied in the
central controller 8, is shown in Fig. 6, and comprises five general modules.
The chamber control module controls the environment chamber 3, and
the thermal cycling and/or humidity load. It can be used to generate
temperature and/or humidity loading profiles, to monitor temperature and/or
25  humidity levels, and save actual test regime data, e.g. temperature and/or
humidity level histories. '
'fhe stagé control module drives the XYZ franslation stages, and can be
used to search an object, and record and recall the position of an object.
The microscope control module is used to automatically zoom and focus
30 the object. The lens and TV tubes used, and the corresponding working
distanc;e and magnification, may be displayed by the module.
The image acquisition module captures, saves and displays the image of

the object.
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i mage acqui si t1on nodul e captures, saves,and .dj e e of the
obj gct Ot%@EmerogiiIh instructions Bh Wher to record spec!gé “fr%&gé, &.§Cat &9

20

25

30

joadings or at set times. |
The system then runs automatically, with the controller 8 instructing the

- temperature andlor‘humidity controller 120 accordingly.

The system also allows a user {o examine the whole surface of the

sample, and to move fo, and zoom down to, a specific region of interest and
view that area on a local scale, the results being shown in real-time as the

sample load and/or viewing scale changes.
The environmental chambers allow the samples to be tested under

regimes similar to those that they will experience in use, and allow for

accelerated thermal tests and the like to be simply carried out.
The -positioniﬁg subsystem is able to record the posiﬁon of a sample and

of a particular view, so that an initial speckle pattern may be obtained for a
particular a;'ea of a sample of interest, and then the sample removed and
subjected to loads and the like in the field. The sample may then be retumed to
the measuring system, which can recall the microscope position (and
magnification), and so can accurately provide a speckle pattern for the same
area as the original speckle pattern. These patterns can then be compared,

and changes in the area of interest noted.
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of captured i mages, calcul ates the deformation, and visualizes

measur enens/ouwsmoe. g. three ways, such as a contour Ilné’CTf§G§2"ﬂﬁ’Oﬁ$ot and/ or
a di spl acenent vector inage. The syst.eéﬂjrray provi de a 2-D contour plot for
UV field displacenent, x,y direction rmal strain and x,y plane shear

-strain; a 3-D é‘é@%?él@r %@énélgﬁs WilVbki gtliilptirrend efoemations af fhe sampda,i on
an ane

normal strain hear strain; and/or, a 2-D vectc%q’graph for
UV fiel degi Snéwandrﬁratmfmmaigont Be tlg@m deformiaiipds CAHESRYI & ati on nodul e

567 tuar o, irarsIaWRIE) MoRerET e L e S b gk S de ol V' £ e O

overall, in orgg f ﬁaftﬁﬂjiﬂ‘n%tdé%aﬁ§§fthe%réﬁﬁrﬁge%pé&k@cc&r&hﬂomermysssn| c

package is place e appropriate environnental chanber t he. gl ass

W ndow 1Qﬁsenswdmtgécmaumhatamwnbuhmedng&ﬁandtrhﬁlwﬁﬁ@ oftbepbieghis

m croscope i s positioned t e the area st,

and a sw&l-&blits'!‘lﬂd’ﬂ#&er'@@&% "F’ge‘ftf?éﬁ @Fdﬁ?ﬁ%ﬂéﬁg gggtlﬁi‘e centra%

control | 3{ Qgﬁtﬂé%bféﬁﬁéa of YahHBAT iy Sevels Hh elifférent ﬁmntsdorsﬂwbu:afaceages
e.g. at a{ Skt I'ngs or at set timesS. The systemthen r&&enauto 50 _rfally,

wi th the cont r@hidefornativi ofiibeisampladhis paimghangeanan NG

controller 120 accor 0 Th Y. tHem&ym ne the
whol e surdigital 'Wg?@ecg%rﬁe atéc?{h% % Cf?%&@eathége %(I? hgigo%mac?om a specific
regi qg. Ofcohgfa%%é cnglfhl amagés tnh@d@maemmtmmaeame esults being
shown in re tinme as the sarrpl e | oad and/.or |evmtg81 scal e changes. The

envi ronnﬂmgedmﬂﬂerrgfﬁemqu mpleleforugti- \nger 25 regines
simlar to th S%@{ﬁﬁ,gépg%gﬂah Wi&ﬁ%&id}cﬁﬁmm@d bPthd eame

accel erated th@ e to be nply carried qut. The
posi ti onipaghts itbamsmgel of thé lobjeich boticbefore md@mrtkpamn@f Aésgw $haind of a

t I ti.al, df
bar 1 cul PPTFGAIS I nmede sHoosil R Bsk AETRRE Ot BANITC 0T %,
subj 95 ethdrdseARAMPBIS pesitibk S(y) hethiliniabe ditar dafaphatiorgan ben be

returned to neasur i ng system which-, can recg‘%J the [foscope
posi t i on pedeimeddgset At WS%Wg%e%Hﬁ‘"Q&ﬁ?%? on &P b speckl e

pattern for the sane

31y - Flo[g6y' ) -]

i=l j=I

C* () =——
JZZU(xi’yj) f] ZZ[g(xl’y ) g'_.lz
i=1 j=1 i=] j=1
20 where C* is the correlation coefficient; (X)) and g(x’.y’) are the gray-

levels at points (x,y;) and (X3,Y’) on the reference and deformed sub-images,
respectively; and fand g are the mean values of gray-levels at points (6.y) and
(X',Y}) respectively.
According to the principles of probability and statistics (see e.g. “A new
25 digital speckle correlation method and its application”, Acta Mech. Sinica, Vol.
26, pp. 599-607, 1994, J.B. Rui, G.C. Jin and B.Y. Xu), if the two random
variables f(x,y;) and g(x,y’) are related, the correlation coefficient distribution of
the above equation has unimodal character and approximate symmetry.
In order to reduce computational time to meet the requirements of real-
30 time measurements and to improve measuring accuracy, a cross-correlation
method is used in the present method to find a peak for the coefficient. Details
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area as the original speckle pattern. These patterns can t-hen be-&&ﬂlﬁ&dﬂﬂ‘
and changes in the area of interest noted. C WD 03/093760 Pg 1' / SG02/ 00058
21 Genewaloby937¢the anal ysis will be of in-plane def or matFOHECBhe sanpl e,
e.g. stress and strain information, as é?ese def ormati ons correspond to
transl ati onal nmovenent of parts of the Speckle inmages recorded. Wth regard

- to the detgighs cRissléralation Methoaaeasbe durel indiNoadestructivendefests 5 itsel f,

if an object Is illumnated with white light and if th .@H Lace f the
obj ect i s detentionsin muﬂda}@ma@@m@rﬁﬁﬂﬂcft@ﬁ ¥ing gRdmprved digialSpegde; age) |

boi nt o on corBais medOtL T MR IREE PO R eRdaR bR R GHE L AEEE © | hrce.

and the prigldlinsion Abdaicd PasiaRing. 23 cop. 86- 87j 2000,Y.Co Ghg,ur e t hese

patterns, dlgltlsetheman 10 conpare the digital eﬁg bn order to
det er n5nekhﬁy\Huhg anthﬁd@ali(ﬂ\ﬁecwﬁaﬁw\’éméhtaéeﬂwgaf g€ BYges to sanpl e
def or mati on igital 1 mage speckle correlation, a search is conducted of

t he sane ’?f@fﬁ"ﬂ‘%e1 n an image of the object both before and after |oadi ng.

Assumi ng that TF.& ﬂincﬁsié ,Of this Tross-8orrektion afgdrithm lsfto searqghi oo tise wfoﬁllee
i mage prior to I ng, then searching of it{s IL.tion %Lymé in the
i mage aft eftlmqbeﬂkmtqlmihemfmndlﬁ'é'ﬂf &Y e ) direelipry f then dlo i mges using

I f
coer 11 ci chprzaritar ( gf XEflegiap iy mepbmiEpBakpointif Rimaghom AHiew .
and (49 ,a.shgga@niém dophistreeTts upay) dﬁtﬂv(xm)dcambendehegannedrespectlvel y; and f

d t I f t
espect vel y. Tbesmaraona) chatbqrsaegtaiden Baln prd bR Yrouiie oy

7 (see e.g. %rﬁ%dlﬁﬂftna%@é& bréy-RlePastalie M@@@bkmmaye@wemrets in

applicati Sinica, Vol . 599-607, 1994, J.B. ,
GC Jin mstdr@WithNo)gray#e\zdimfpmnahqrmbgmg/a\raﬂabl%%em@en Rix§lsa g cg'és%r V')

cquat  on rOHKEDEP e BTHBES Ca AE 15 SnaBls ey ke BIs 1d B8 0V,
redugg coimekiined ®ir ai'ﬂyfﬁbsitibminﬁhehﬂneges,qlhercbmtesg:ﬂy—leuall data@htained
e uscd [ fromiegpheseRD FaTRER S SnePIE iR Hioyle SoR3S IpHoR *Doc ot o
2U) method. The use of the bicubic spline interpolation method allows the
correlation algorithm to find a more accurate position for the correlation
coefficient C*, and it has been found, in practice, that an accuracy of 0.01 pixel
20 can be obtained.

The present invention may be applied to measure in-situ macro- and
micro-scale deformation for small amounts of materials and small components
as they are subjected to thermal and/or humidity loading.

The invention may be used to monitor for example real—time crack

~ 25 propagation of film/substrate bonded systems; to investigate displacement and
strain singularity fields around crack tips in bi-material bonded systems; to
characterise fracture teughness for various (thin) films used in microelectronic
packages; to analyse interfacial toughness for various polymer/inorganic bi-
material bonded systems; to determine residual stress caused by different

| 30 packaging processes, €.g. a curing process or a reflow process; to measure the
coefficient of thermal expansion (CTE) for small amounts of materials and the
global CTE for microelectronic packaging components; and to determine the
thermal conductivity for small amounts of materials involved in microelectronic

packages.



0 DEC ' 00 %/O 03/093760 PC 1/ SC02/ 000SS 22 of the cross-correl atilof BEC hp
may be found in Nondestructive defect detection in nultilayer ceramc
capaci t wigso3mse37sg an i nproved digital speckle correl atiRET/SEAZNG30 t h

wavel et packet noise reduction processijig", |EEE Transactions on Advanced
Packagi ng, Vol . 23, pp. 80-87, 2000, Y< Chen, 5 K C Hung and X Dai (the
.contents of whi-pl, ?&ehpﬁ@gﬂ-&{.ﬁérﬁﬂin@ﬁr\rﬁtfﬂc&ﬁmdﬁﬁ@feﬁ‘m@stin heaehirisd,pl e of
this cross-correlation algorithmis to search on the profile of the peak
al ong t-he @griensile testing xchiney,)fatigue testing machinke and/opsieemiesting i zont al

Gspl acemamecibmpansneasue i TeTaich e Sinfibenet Hsesh il o - 2°
operat i 0“%{,%@@ %&%g}du@; RbIEE H(;rag, :tﬁﬂgséigﬁeaa& aflowitheé Aiticdtopiriphés are

such t hat ray-lev al ned eckl'e 1mages are discrete-in
nat ur e5 Wited rother tsoriZoeitalldirection rwith adjustdble rebation itbthe Xeplaven theels. In

order to provide sub-pixel .processing, angd to enahl e gray-lLevel,values to
be 15 det ﬁwﬁ@@nwwaﬁy%aygfpﬁm ﬁaﬁﬁgerp J@%?*Fﬁé”lﬁ'&g ?%?-I evel
dat bt ai . : } i i cubi [
ata o a'spggaménrég@ggg@m{g@%gg%ﬁémmmﬂéh@ddma BAd3h@i cubic spline

i nt er pol af the bicubic spline interpol ation nethod
al | ows t hdefararatiehadeternmineddyi theroormelatiordsefiwaree accurate position for the
correlation coefficient . ..and it has been foun ' r ' an
accuracy of 0. Wh%? gem'-"'_'f';g Wﬁﬁ cpmmgh mﬂsﬂﬁﬂ?ﬁﬁ%&@&‘éﬁ\e@r ﬁf\#e%ﬁ&gﬁﬂg%b be
appl Ifkji tpefl}%%abtb%drﬂr&hwénﬁﬁﬁWateﬁapltesﬂhg,riﬁcmmgecﬁaia@tmmn éfor smal |
anounts of materrals”and small conponents as the#are subjected to thermal

+ and/ or hurieghapicabppestiesratvariausimptatials especialy on iMReIMENSor  exanpl e

real -tine_crack 25 i on:- Qfe f] éﬁﬁ,ﬁ isystens; to
i nvesti gaV‘@a&PEedpﬁgg{’ﬂE&g%é\%P&'sot%rng l’r{lffg{ngu gi‘?{a?/s ?gﬂgg I'zt)r/ound crack tips
i n bi - mat gridroblckoofRS Packnges; mbnbtoltrirateaats,atjcheas‘hkaasibureompm ankdor
various (thin) filns used in njcroelectroni ckages: )
i nterf ac§$eqféﬁﬁﬂ$n8§§mﬂfawp%&forﬂﬂ% ?'i"‘iﬁ ﬁ"ﬁb‘i‘iﬁfﬁét@}ﬁé?‘éﬁ‘&nded
syst s, &9 fiigtieTelR, bASAIPAmMBUNESST MateiRls Siid dhidiicopnporithtspanagi ng
e.g

processes, . a curing process or a reflow process; to, meaﬁare tEe
coef f i ci ecanstanttioad testsca gaAmsepriestsTen snaall amountseinatesialy andsmall s and
the gl obal r mcroel ectroni c packagi ng conponents; and to determ ne
the gl obgl CIRhe!

It is to be understood that various alterations, additions and/or

odifications may be made to the parts previously described without departing
20 from the ambit of the present invention.



thermal conductivity for small anounts of materials involved in 18 DEC 2004
m croel ectronic packages 6 DEC 20f WD 031093760 PCT/ S&2/000,"5 23 The
syst em WenBe933ebi ned with conmon material testing nach'f%%‘,;omg‘.ba. tensile
testing nachines, fatigue testing nachbges and/or creep testing machines,
to measure the deformation of a speci nen under mechanical | oading. For
exanpl e, aLlaithger nmay be designed to allow the nmicroscope to be 5 held in
the horizontal direction, with adjustable rotation in the xy plane- The

| ong- di st ance-wor ki ng m croscope can then be focussed on the surface of.a
speci men, speckl e i : { e

def or mati on de!:'er m g@&@ ? ﬁgﬁ%ﬁ%@?@%ﬁ?ﬁmﬁ@%ﬂ%%&"ﬂ?ym th
conmon  NBkeAvirehmeatd chambes Withirs whidhea sgisipderunder tes0isomousted] aind ' Carry out
various material testing, including: characterisation, of chani, cal
proper i esubjectterloadsa spuEsS of 'EPOQ%SBE‘@ﬁﬁ r %HF“'T'?W'?H g}?e%‘fr%ﬁgﬂhe

measur enepy Wﬁ’;ec gqiﬁ)ig_woﬁd{d_ﬂﬁﬁ,ﬁfgnrﬁic %So?;&t folfBb iﬁiﬁb%gé&](@ iHRehe N

ni croel ectP Kages.,” nono such as™tensl on, conpression
and sheajnfoasdtion fomshelilurimated samplensurfade andzarilysing meangionent s;
cyclic tests, 15 e.g. fatigue tests, on %gg‘l anount s, of mak%rials and
smal | conpoalsing the image ienaation ygingadigtal nage spegile coUEAton, oy |
anmount s o{ cﬂﬁfq‘[ilfei als and small conponents. It is to be understood that
various altera Irons, additions and/or nodifications may be made to the
part ggprevi ously described w thout departing 20 fromthe anmbit of the

et or mat | on meksur cReReYESSt Shpiald. SpEref iR ErlAPHHenel dpviter & 27 &

chanber vighdid chhinEr, BarPfRiRicsRERIndodstherintrarperient®® the Whjminating | oad, a

source of 1ncoherent light for illumnnating the surface of the sanple, a
| ong- wor Kigh§- di st ance mi croscope for obtaining speckle inmage information
fromthe illum nated sanpl e surface, and anal ysing nmeans for analysing the
i mage information using a digital inmage speckle correlation

15 3. The system of claim 1 or 2, wherein the chamber includes one or

more heating devices.

4. The system of claim 3, wherein the heating devices are resistive

hieating elements.

20
5. The system of any preceding claim, wherein the chamber includes

one or more cooling devices.

6. The system of claim 5, wherein the cooling devices comprise

25 thermoelectric cooling elements.

7. fhe system of any preceding claim, wherein the chamber includes
a cooling device at its base, a heating device at each of a pair of opposed side
| walls, and a cooling device at each of a further pair of opposed side walls.
30
8. The system of claim 5, 6 or 7, wherein the system includes a

source of cooling fluid to provide a heat sink for the cooling devices.



technique. 10 2. The systemof claim1, wherein the environnental *]cﬁa%@rzm

Is a closed chanber, and includes a wi ndow therein tr Lo the

i 11 um ¥00FB3740 ght . 15 3. The systemof claim1 or 2, q’@&ﬁ@f‘{e“?@&'ﬁ%e chanber
includes one or nore heating devices. o4. The systemof claim3, wherein
the heating devices are resistive heating elenments. 20 5. The system of
- any precedi ng @, ai mThehsystém aftanyopransding ickaimy adiereipribe @nvirepaendal i ng

devices. 6. The systemof ¢laim5, wherein t.he cooljng. devices conprise 25
_t her moel eghambet psovides PB’H@& gontiol, mwb?é?'ﬂﬁb%ﬂ%tﬁ{}g W@@?&%g claim

wher ei n tﬂggﬁaﬁ er includes a cooling device at its base, a heating
devi ce at Of a pair of opposed side walls, and a cooling device at
each of a further pair of opposed side walls. 30 8. The system of claimb5,

6 or 7, wherein the_systemingludes a source .,of cgoling fluid to provide a
heat shnk for fifle chﬁi%t%\ﬂ%&@m %W%@‘%’B@%ﬁ?ﬂ?%ﬁeﬁ@i‘} S@2/ 00058
preceding claim wherein the environnmental chanber

25 9. The
provi des Hﬁ%%éﬁ@ﬂmoigl retgl , and wherein the systemincludes a humdifier.
10. The systemof claim9, wherein the humdifier conprises an ultrasonic

"ol uties. one b1 moTBe PYSES of S0V BT, ARy PhETei 4% ShambRT ifdaERS
10 12 _. TBﬁeﬁYﬁb‘?@l@%%ﬁé%cﬁ’s%rMﬁbﬁh@ﬁé‘%ab%ﬁtt@éﬁrﬁp[e@onpri ses a

t enper at ure sensor. system of Claim 11, wherein the | oad sensor
conprfigses a 15 humi dity sensor.

12.. The system of claim 11, wherein the load sensor comprises a

temperature sensor.

13. The system of claim 11, wherein the load sensor comprises a

15  humidity sensor.

14.  The system of any preceding claim, wherein illumination of the
sample is substantially normal to the plane of the sample in which deformation
is measured.

20
15.  The system of any preceding claim, wherein the microscope is

mounted such that its optical axis is substantially normal to the plane of the

,: ) ) sample in which deformation is measured.

25 16. The system of any preceding claim, wherein the microscope

includes a zoom component

17. The system of claim 16, wherein the microscope includes an
objective lens component separately adjustable from the zoom component, and
30 the microscope is configured so that it can be zoomed into or out of an area of

interest in the sample using a one-time focus.

18.  The system of any preceding claim, wherein the microscope

includes a plurality of intefchangeable TV tubes and objectives lenses.
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14. The system of any preceding claim wherein illumination of thé Us%fpl
S substantlally normal to the plane of the sanple in formation
measur et %9}3 690 15. The system of any precedi ng cl ai m%mg;iﬂg? 8‘%

m croscope is mounted such that its opgical axis is substantially nornal
to the plane of the sanple in which deformation is neasured. 25 16. The
system of any preceding claim wherein the mcroscope includes a zoom )
conmponent 1-7. he t g'é) | ai . rel -he.ni.c C udes an
obj ective | ens1 ﬁ%ﬁ%ﬁe Sfaﬁ%%é‘%&ﬁ'@@sﬁﬂ"}‘%ﬂﬂégﬁ‘g '98 .and
30 the miﬁ{mmﬁoﬁ%@aw%@&dﬁ@aﬁpe&l@m n&ﬁmati@nnﬁbyﬁ:ﬂéeeut Of an
area of interest in the sanple using a one-tine focus e system of
any precddimg claim wherein the microscope includes a plurality of

i nter %Bangeabl e TV tubes and objectives lenses. 1 0 DEC 200 \ % O 03/ 093760
PCT/ S€02/ 000-58 26 19. The system of any preceding claim wherein the
system incl udeg, i nnﬂ@syﬁsm éféﬁwgre@seamg di&im, r\ﬂﬁ‘érbﬁi 1M HRESGHKiRcluBBESy
information in digitised form ]ystemo any preceding claim

wher ei n 3D opmerm fonobtairivg specde inwgeriaformation: ai ni ng speckl e i mage
i nformation. 21. The system of any preceding claim wherein the |ight

source 10 includes an illunination device nounted for novenent with the
m croscope. 221, Thel'h%Yéys@@rﬁffaiwyprﬂbéélﬁgldlwnﬁWéfme&hémghﬂsélh%el i ght source
i ncludes an illum nation device nounted on the m croscope. 15 23. The

syst #n oincludasna llumination gdewiceimoynted;for meveend withdbe ceicroscopeves | i ght
froma rempte |ight generator via a fibre optic cable. 24. The system of
claim?2l1l, 22 or 23, wherein the illumnation source is alight ring ¢
provi ded abou2i heThersystem of anyysepeding @ladh, whaeeinythe dighbfotasg pr ecedi ng

cl ai wherej n t he stem i,ncl udes
m mcludes an lﬁu ination device mounted on the microscope.

15 23. The system of claim 21 or 22, wherein the illumination device
receives light from a remote light génerator via a fibre optic cable.

24. The system of claim 21, 22 or 23, wherein the illumination source
is a light ring provided about the working microscope.
20 | |
25. The system of any preceding claim, wherein the system includes
3D positioning means on which the microscope is mounted

o

26. The system of any preceding claim, including a central control for -
25 automatically controlling the environment in the environmental chamber in

accordance with a set load regime.

27. The system of claim 26, wherein the central control monitors the
load on the sample, and obtains speckle image information for the sample at a
30 setload.

28. The system of any preceding claim, wherein the microscope is
automatically controlled, and includes a zoom lens actuator and an objective

lens actuator for varying magnification and focussing.



- nmaxi mgn corr el at i @ (ERG4§

3D positioning neans on which the m croscope is nounted 26. The szit -COf 1
any preceding claim including a central control for 25 autonatitall 200
cont r ol MO/PHEO envi ronment in the environnmental chanbefCTHCZE8Fr dance
with a set |oad reginme. 27. The syst’emﬁ claim 26, wherein the central
control nonitors the 1oad on the sanpl’e, and obtains speckle i mge
information for the sanple at a 30 set |oad. 28. The system of any

precedi ng cl ai :&9 wherein the mcroscope . is. autaomatjcally contro and

includes a zoordd-ensThR SYRIEBY OfATY RiecEBNgtiRiT: WherRi hiersysialn 'Fﬁ“‘ieﬁ%r 2i ng
magni ficatiy ai‘@gnifr&CfHF%d&%in@%ﬂo\%ﬁ@%%dﬁﬁ@n%&?&a sﬁfjjﬁégimom 29.

The systeniof any preceding c rern em’I ncludes "a =~ c¢entral

control f dimeé ahendipagkichmayesinforamationds obgiindd, emid fon cohtralling'thee at the
ti me when speckle inmage information is_obtained, and for contralling the

g C ¢ -
ni cr osBopdnictpscepanta relym i adesordgd pesitionandinggpification ta obtaindurtherain
further ' ' tion. 30. The system of any preceding claim
wherein t 'gggﬁ'%grﬁ'?ggﬁﬁn%gggﬁ{)ﬂ?orn&tion is analysed to find a nmaxi num
correlation coefficient C: M1 EBv(xi'yj) fJ[g( 10 C* (u*,v* i=1 j=11 mn
r{ 7mn i=1]=11i-1j-1 where f(x;,y;) and X":,y' p) are the
gray-l evel s at 3Boi ntfbesystempf apy P‘%&ec;“{'s P%‘mo%ﬁéﬁ'@rt@g(%eﬁ'ﬂﬁ INFIR ned
sub-i nmage [ : ; ray-l evel s at
poi nt s (xomEaRRE afeed b Hind &Rt cofatiof ehBfiRicnt 3220 1 22 S 55
wherein a cross-search correl atgoa, algorithmis used tg find the maxi num

correlation coefficient C: 32.. 4W§§isfﬁmﬂP[Ef’%¥i:%%O§a.r 31, wherein the
i 4L SN s a—line_search, in which a

>3 Tetet.y) - 2P

i=l j=1

ain

ﬁ:[f xisyj)_]]z.

i=l j=1

“search is made al ong both t

where 1(x,y;) and g(x;,y’;) are the gray-levels at points (x,y;) and
(x',y’j) on reference and deformed sub-images, respectively; and fandE are
mean values of gray-levels at points (x;y;) and (¢;,y’j) respectively.

15
31. The system of claim 30, wherein a cross-search correlation

algorithm is used to find the maximum correlation coefficient C*.

32. The system of claim 30 or 31, wherein the maximum correlation

) l 20 coefficient is found by a line search, in which a seafch is made along both the x

and y directions of the captured images for a maximum peak point for the

correlation coefficient.

33. The system of any of claims 30 to 32, wherein discrete gray-level
25 data obtained from the speckle image information is smoothed using a bicubic

spline interpolation method.

34. A method for deformation measurement, the method including the
steps of placing a sample to be tested within an environmental chamber,
30 - illuminating the surface of the sample with incoherent light, obtaining speckle
image information from the illuminated sample using a long-working-distance



-and y ‘directions of the captured inmages for a maxi nrum peak poi nt fp@ DEE 2
correlation coefficient. 33. i he. systemof any of clains 30 to 32,
wherein discrete gray-level 25 data obtained fromthe speckle i mage
information is -snobothed using a bicubic spline interpolation nethod. 34. A
met hod for deformation neasurenent, the nethod including the steps of
placing a sanple to be tested wi thgn an environnmental chanber, 30 -

illumnating the sufface . e W thokngaker@nbitibhghtand obt ai ni ng
speckl ENCORERE Wb Pasaroe i ARaBh e I%anlr;lbarll? i gt us?n% a

| ong- WehkiyEigg tesiage nfdrendbEC obBinedi usingsa digtahifase sPREKEAFRAIIEETPR under one or
nore | oad conditions, and analysing the inage information obtained using a
di gi t at®SPRGY® speckl e correlation technique. 35. A method for deformation
measurenent as clainmed in claim34, wherein the environnental test chamber

i ncl udes an i nner, ch er in whc 1Sty n i i ndow that is
t r anspapPent Atpethed @ﬁﬁg@WﬂE"rrﬁﬁs&%r@%?age |(?1‘d"%1 %('aa"ﬁ?sdt?’ﬁ%em?agmport for the

sanpl e endffinchRl @Y chasber intludtslianyinheradhamperdarvhigho theap@nPery a  t her mal
and/or humdity | oading. to the s : Rrtheaéqr gation
measur é}?é'ﬁ'ﬁdaéX‘E’Pdg?”nfﬁ'ﬂg|Sﬁr66\sa?rﬁ{]§@hl\?m'ggtg}gnég%ﬁ&ggg%d; atus for the
def or NBgAHRR fhiemkisaghph, aR0 tiediat tnd/sr leurpitlity ledding tecang felr 2RPINS fncl udi ng a
sour ce of incoherenl_li?gfd.t fo isla]l'n;é'ig nati ng a sanple under test, and a
| ong- wieRT# @nelios PYRIEY 'Pgé%@}?e I obt ai ni ng speckl e i nage i nfor mati on
fromthe illum nated sanple surface, the inmage information being anal ysed
using a digital ] e _speckl e ¢ ks Qi NUSIMEI4, dherein BBt hod for
2= def or mefi orA%@Qﬁ‘r{gaﬁaﬁP"gé'oglrﬁ?aﬁg’éérlﬁ%lrﬁ%%gﬁﬁrbgﬁ!ﬁ wherern an . a paratus for
7 the defspaiaus dor teadeforematih testing ebap| abjact i epiRiyyed, then@PPARNYar at us
i ncl udj ng ,an envi ronnental av ot Whkghne GriePhastUastes test is
nmount eﬁc'ﬁﬂ'"%sae?mﬁcesSU'PEQ%(S?&!]%@E ér_’@rﬁ'“‘?t?‘%ght_ foP_i | [ 'uni nat i, ntﬂ the surface
of t hejong-awing-distanceaminezatopé fr obtaining sRRFKIEJBRRE Hfrmalen fRMYPfat i on from
the illum nated S hfmbfiti0Beihg 2AaNBdd 0sindei aigitainal ysed using
a di gi't"éﬂ""? gsgmf;?)egg@%%e' (%{re aet?10n t('achnilq%e. gg{ A net hod for
def or niatage speckdescoretatint technigl&i med in either of clains 36 or 37, wherein

the apparatus for the deformati on nmeasurenent of a sanple includes a

source of incoherent tight for illumnati t he gurf . sanpl e, and
means 3%or A method for deforgr]nation measurement as c[%\%necs] n claim ﬁf%vh%t'elﬁ Qﬁ mp

apparatus for the deformation measurement of a sample is employed, the
apparatus including an environmental chamber within which a sample under test is
mounted in use, a source of incoherent light for iluminating the _’surface of the
sample, and a méans for obtaining speckie image information from the illuminated
sample surface, the image information being analysed using a digital image speckle

correlation technique.

38. A method for deformation measurement as claimed in either of claims 36 or
37, wherein the apparatus for the deformation measurement of a sample includes a
source of incoherent light for illuminating the surface of the sample, and means for
obtaining speckle image information‘from the illuminated sample surface, the image
information being analysed using a digital image speckle correlation technique in

which the speckie image information is analysed to find a maximum correlation

coefficient C*:

-
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-obtalnlng speckl e inmage information fromthe illum nated sanple suff@qgC yii
the image information being analysed using a digital image speckle

correl ation technique in which the speckle image infornmation is analysed
to find a maxi mum correlation coefficient C-: AVENDED SHEET | PEAIAU '1
OHC2{ 29 C. where f(x;,yj) and g(x'j,y') are the gray-levels at points (x;
y) and (x';,y"j) on reference apg deformed sub-images, respectively;, and
f and g are nmean values of gray-levels at points (x;,y;) and (X';,y"])
respectively. 39. A nethod for defornation measurenent as clainmed in claim

38, wherein a crossg@?@ Jal)g(y]lthm is used to find the

maxi mum correl ation A nmet hod for deformation

measur drbti’ 4 g ratm 58 o ,,w Wherern the nmaxi mum correl ation
coef ficient |s f g:py(xa ngjée hépgyxv\@l)@hg]ﬁ search is made along the
per pendi cul ar arldg I"zon dire he captured inmages for a

maxi mum peak point for the correlation coefficient. 41. A nmethod for
def ormati on neasurenment as clainmed in claim38, 39 or 40, wherein discrete
gray-level data obtained fromthe speckle imge information is snoothed

using @?%lrqug{,)canﬁ *‘.ﬁ@ ér@tﬁ% @%b@éde%t%ﬁd’t‘@&, y1)43?nd ﬁ.,?ﬁbﬁrréﬁtema measur enent

nmet hod def ormat i_on of t al
speck|mcbdﬁfmedtwwasmrmeﬁye%@%w&g a'fe mﬁ 'W?Sh g%@"g'lévg I@SZ

i nf or ngtj, LMY (@F tsedipackl e i mages of the sanple; snoothing the
gray- Ieyﬁﬁgﬁﬁ e |n(foyw$t§%n Ugl ng a bicubic spline interpolation nethod,

and determ ning the position of a correlation coefficient peak for the

ilgBEgAﬁlA I O, nefModSIPALIDARhtBh aNedstitherit TRROSaimat o ki (8, WhbieirDa SHEET
cross-search correlation algorithm is used to find the maximum correlation

coefficient C*.

40. A method for deformation measurement as claimed in claim 38 or 39,
wherein the maximum correlation coefficient is found by a line search, in which a
search is made along the perpendicular and horizontal directions of the captured

images for a maximum peak point for the correlation coefficient.

41. A method for deformation measurement as claimed in claim 38, 39 or 40,
wherein discrete gray-level data obtained from the speckle image information is

smoothed using a bicubic spline interpolation method.

42 A deformation measurement method for determining the deformation of a
sample using digital image speckle correlation, including the steps of:

obtaining gray-level image information of two or more speckle images of the
sample;

smoothing the gray-level image information using a bicubic spline

interbolation method; and
determining the position of a correlation coefficient peak for the images from

the smoothed gray-level image information.
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