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APPLI CATI ONS [0001] This Application clains priority benefit fromU.S.
Provi si onal Application, Serial Nunber 61/406,060, Filed October 22, 2010,
the disclosure of which is incorporated herein by reference in its
entirety. BACKGROUND |.Field of Invention [0002] This invention is in the
field of defect |ocalization analysis of seniconductor devices and
calibration apparatus and nethod for such defect |ocalization.

LOCK IN THERMAL LASER STIMULATION THROUGH ONE SIDE
OF THE DEVICE WHILE ACQUIRING LOCK-IN THERMAL
EMISSION IMAGES ON THE OPPOSITE SIDE

RELATED APPLICATIONS

[0001] This Application claims priority benefit from U.S. Provisional Application,
Serial Number 61/406,060, Filed October 22, 2010, the disclosure of which is incorporated

herein by reference in its entirety.
BACKGROUND
1. Field of Invention

[0002] This invention is in the field of defect localization analysis of

semiconductor devices and calibration apparatus and method for such defect localization.

2. Related Art

[0003] During design and verification stage of semiconductor devices, it is
important to test for various defects or problematic areas of the chip design that may lead
to defects. One class of defect§ are those causing localized heating of the chip. During the
testing stage, it is important to identify such defects. One method for identifying localized
heating defects is called Lock In Thermography (LIT). A current product available from
the subject assignee, DCG Systems, Inc., of Fremont, California, uses this technique and is
called ELITE™. The term LIT refers to a non destructive technique that detects very small
heat variation across a sample, using a lock in amplifier. The system identifies and
“localizes” i.e., provides the location coordinates of, defects causing localized heating

inside the chip.



2. Rel ated Art [0003] During design and verification stage of sem conductor
devices, it is inportant to test for various defects or problematic areas
of the chip design that may lead to defects. One class of defects are those
causing |l ocalized heating of the chip. During the testing stage, it is
inportant to identify such defects. One nethod for identifying |ocalized
heating defects is called Lock In Thernography (LIT). A current product
avai l abl e fromthe subject assignee, DCG Systens, Inc., of Frenont,
California, uses this technique and is called ELITETm The termLIT refers
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improperly filled TSV may lead to device performance degradation or even malfunction.
Accordingly, new and improved techniques and apparatus are needed to assist in testing

such devices.
SUMMARY

[0006] The following summary is included in order to provide a basic
understanding of some aspects and features of the disclosure. This summary is not an
extensive overview of the invention and as such it is not intended to particularly identify
key or critical elements of the invention or to delineate the scope of the invention. Its sole
purpose is to present some concepts of the invention in a simplified form as a prelude to

the more detailed description that is presented below.



under st andi ng of sone aspects and features of the disclosure. This summary
is not an extensive overview of the invention and as such it is not
intended to particularly identify key or critical elenents of the invention
or to delineate the scope of the invention. Its sole purpose is to present
sonme concepts of the invention in a sinplified formas a prelude to the
nore detailed description that is presented below. [0007]According to
aspects of the invention, controlled anount of heat is injected into a
stacked die using a |light beam and the propagated heat is nmeasuring with a
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activating the heat source at the lock-in frequency f1 and activating said thermal imaging



[ 00010] According to yet further aspects, a nethod for testing a device
under test (DUT) is provided, conprising: situating the DUT onto a test
bench; illum nating a defined spot on one side of the DUT; obtaining a
thermal inmage of the other side of the DUT;, and, analyzing the therm
imge to thereby characterize the thermal propagation of heat within the
DUT. Illumnating a defined spot nay conprise delivering a series of |aser
| ight pul ses at a frequencyfl, and obtaining a thermal image nay conprise
obtaining a series of inmages at a frequencyf2. The method nmay .further

[ h i Zi f i esfl d £2,. wh in f f2 i t
ot GORem atets ety /s ey oS, oo CROHSR conpri se
focusi “glo&ll& ﬁ&{}xieﬁc? Cﬁ ftré%ﬁék §igﬁal ISR 16ekPh asiRE lifR dowlePatt Mithilid aldcken DUT.  The

may | ncludes a

defi ned spo | east one through-silicon via (TSY), and the
met hod nfagqueniyt /B eniggeo signal se thedegkainitheymehisnagingrsystem; whereingthe lRck-#t er ence

thermal jmage tQ.there i nvestiga [ i TS\ g] may
further %‘Eﬂ?'g?‘fydg ‘%@3%%%@6%5‘“85 fa %gf%re{rhglrrlli%%d‘g? raehgleéltgpz]’f' ?ﬁéekr)(?rwa lgrﬁgg%gati on of
heat Wi tyufte\nidyl ufpriséyaegcithtioh beurEd FeceiBip Ae IDESORIRTEGN /i FZESIDRAVW NGS

00011] G h t d feat f the inventi | d t f
Lo ot cHiatsmerates Pt afer (AN Brertss g Pt dnee g e RIS g

draw ngsy; h%ea%gg%% REn@PREARINIhakE DAL ahd)@n dBjeativedehsdosinghe pulsand t he
draw ngs provides various non-limtin exanpl es of various enbodi ments of
t he i nvelasdr dight heainaimto the definaddacasipns hbe ksl tetma IRAHEE SYHIOTEY The

accorrpan%qi nqq. drawin s,c\/\/%iach are incorporated in and constitute a part of
this speddHTisseR SHA@MST Aty vari ous enbodi ments and, together with the

description, serve to explain and illustrate principles of the invention.

The drawi ngs are intended to illustrate major, features,of t npl ary
enbodi nelf091Ph a dhergrdingioryet W%P?Ctsfﬁénéég%ﬁoﬁ&u%ﬁ%derY(lﬁe uPlﬁf: r%%ed to
depi ct exfir¥) it Safvidel, MfmAfingalinRiRete M SnidQ test ®bddht RnthaidRSi defisedf t he
depi ct ed&gljg)rrléﬁts and g}ﬁe}, dtéﬁel_r e?gér)e, not drawn to scale. }LOBBJFBL@ gure 1
i || ust r aspes omonesitroef the MU To bbiaining sthemral dmags s gfherside of the ; and,

analyzing the thermal image to thereby characterize the thermal propagation of heat within

the DUT. Illuminating a defined spot may comprise delivering a series of laser light pulses
at a frequency f1, and obtaining a thermal image may comprise obtaining a series of
images at a frequency f2. The method may further comprise synchronizing frequencies f1
and f2, wherein frequency /2 is at least four times higher than frequency f1. The method
may further comprise focusing the series of pulses into a predefined depth within the DUT.
The defined spot may includes at least one through-silicon via (TSV), and the method may
further comprise comparing the thermal image to a reference thermal image to thereby
investigate faults in the TSV. The method may further comprise assembling a reference

database of thermal propagation of heat within various layers of the DUT.

BRIEF DESCRIPTION OF THE DRAWINGS

[00011] Other aspects and features of the invention would be apparent from the
detailed description, which is made with reference to the following drawings. It should be

appreciated that the detailed description and the drawings provides various non-limiting



arrangenment for testing |IC device. [00014]Figure 2 shows the result of the
experiment for an 8-die stack. [00015]Figure 3 illustrates an embodi ment
for testing the DUT after the thernal propagation characteristics have been
est abl i shed. DETAI LED DESCRI PTI ON [ 00016] Enbodi nents of this invention
enabl e thermal defect analysis using a mcroneter spot size heat source and
create calibration nethods for IC s and stacked dies analysis. According to

enbodi ments of the invention, light source, such as laser, |aser diode,
etc. hs gsed to generate local heating inside the die. The |ocal heating

i s studied usin e.g., thermal em ssiaon inmage, acquisition fr t he

opposi t ee@méeS@? varyais gmbodimgoty pf }h&d&YﬁnﬂP%Q"h‘ ’éhiﬁg n‘k‘% afasren@) i nvention,

t he Iockc'isphernal | aser stinmulation is conbined along with the lock in
thermal em ssion to study the |IC design.

[00012] The accompanying drawings, which are incorporated in and constitute a
part of this specification, exemplify various embodiments and, together with the
description, serve to explain and illustrate principles of the invention. The drawings are
intended to illustrate major features of the exemplary embodiments in a diagrammatic
manner. The drawings are not intended to depict every feature of actual embodiments nor

relative dimensions of the depicted elements and are, therefore, not drawn to scale.

[00013] Figure 1 illustrates an embodiment of the invention showing an

arrangement for testing IC device.
[00014] Figure 2 shows the result of the experiment for an 8-die stack.

[00015] Figure 3 illustrates an embodiment for testing the DUT after the thermal

propagation characteristics have been established.
DETAILED DESCRIPTION

[00016] Embodiments of this invention enable thermal defect analysis using a
micrometer spot size heat source and create calibration methods for IC’s and stacked dies
analysis. According to embodiments of the invention, light source, such as laser, laser
diode, etc., is used to generate local heating inside the die. The local heating is studied

using, e.g., thermal emission image acquisition from the opposite side of the die.

[00017] According to embodiments of the invention, the lock in thermal laser

stimulation is combined along with the lock in thermal emission to study the IC design.



One technique works from one side of the device and the other techni que
fromthe opposite side simultaneously and synchronously. [00018] Accordi ng
to one enbodi nment, |aser pulses (e.g., 1340nm wavel ength or any wavel ength
above 1064nm which is the silicon bandgap) are directed at a given

| ocation of the IC at a given |ock-in frequency, thereby causing |ocalized
heating inside the IC. The optical system i.e., objective lenses etc., can
be used to focus the beam at any depth inside the IC. The heat is detected
fromthe opposite side by the thermal, e.g., infrared (IR), canmera. The
thermal canera is also operating in a |ock-in node. The canﬁéa oper ati ng
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fact tha [ k-in node enabl es nmuch hi gher
sensitivity. [00019] This techni que can be used for the calibration process
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the phaclBtRadEry erthi B Tan bs hEIH! R S iBio B ey o e PR, Tt rat s an
enbodi mepropatibhgirdupti@nticked ¢ibaid sigciivally the phase shift analysis. During

traditional LIT testing, the excitation source is a power supply applying electrical signal to

the IC. The localized heat is generated inside a stacked die because of a physical defect,

and is detected at the IC’s surface by the LIT system using a thermal sensor. The heat

wave propagating through the various layers of the IC has a phase shift with respect to the

power supply phase. The amount of phase shift will depend on the type of materials

between the defect and the surface and the depth of the defect inside the IC. However,

generally the correlation of the amount of phase shift to the type of material and defect

depth is not known. Thus, in the prior art it is difficult to determine the depth of the defect

within the IC.

[00020] Embodiments of the inventive method utilize injecting controlled heat on
the stacked die and measuring it’s heat propagation with the thermal camera, so that it can
be used to calibrate the phase shift from a given stack layer. This can be repeated for each

die in the stack to generate a reference for future testing. This can also be done by



arrangenment 100 for testing |IC device under test, DUT 105. The arrangenent
100 includes a test bench 117 that supports the DUT 105, an optical heat
source 110 position to illumnate the DUT 105 from one side thereof, and a
t hermal inmagi ng system 150 positioned so as to image the other side of DUT
105. The optical heat source 110 utilizes a light source 112, e.g., a

| aser, a |aser diode, etc., to deliver a predeterm ned anmount of energy
into a selected location inside the DUT 105. In the illustration of Figure
1, the light source 112 delivers pulses of light to a scanner 116, each
pul se being of a set duration and intensity cal cylated to deljver the
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which are caused by defects or faulty design of the DUT 105. For example, electrical test

signals can be applied to the DUT 105, while performing thermal imaging of the surface of



[ 00025] Figure 3 illustrates an enbodi ment for testing the DUT 300 after the
thermal propagation characteristics have been established. DUT 300 is
stinmulated by electrical excitation signal 330 at frequencyfil generated by
el ectrical excitation source 305. In one exanple the excitation signal 330
is a square wave having anplitude voltage equal to the DUT' s operational
voltage, e.g., 1.2 V, and a lock-in frequencyfO The frequencyft of the
excitation signal is set and varied by frequency sel ector part 320, of
processor 315. A sync signal 335 is output fromthe processor 315 and sent
to the excitation source 305. The sinpl est arrangenent is to set. the sync
signal 3beDAT | ¥ Bislecicabigesiant woull Cisa grer's Ihnopie ot Gpa.apish

frequenc Y : ; I iddad yeermspelr ce 305
to gener A R B e B ooy G A | R
camer a 3the presisedenth vbths dafsct VthintlpddUdf108el ect ed area of the DUT 300. The
frame rate of camera 310 is usually but not exclusively set to be higher
than the frequencyfO Here it is set to at |east four tines higher than

f requencyodd23jThi s Figat atshews tha fesalt 96 abexpeeimehtefdr iy 8-die stackoffhe eatvesest i ng
equi pnrent. (ATE), i1.e., the ATE send he .drive signal he and at the
sanme ti ndigesrd “%rafert%&élb@f*‘bﬁ%ﬂse Y%?‘Eqafémc%ﬂ‘t‘einﬁ}’ ?@%agh%gtgﬁgyﬁré pese

[ 00026] WMS%Q@b@ﬁ§e‘d90@lﬁb§hﬁ?%f§evi&é§%a% soifdr kfudt@Beat edl y excited by
excitation source 305, while the frequencyft of the excitation signal is
vari ed according to the sync signal 335 provided by the frequency sel ector

320. Thi | es bett er C I b fod E ot spot's
| ocat i on@ogggﬁci al (‘SFOII‘(#l%g taé‘ﬁgﬁﬂewag’??ezggf S?et‘e‘gf‘?°gﬁ’l?h3hk%rﬁ‘?%"fﬁ§9‘f§| 120(?? ronic
(cjie;/i ce. H{fl.gbe% if(?ﬂlﬁ?é l{oﬁalizﬁﬂi\@ %tfziem@ti?é ffyg(mte%@hdiih‘gom‘éta).onumg fabrigitiog) e phase
ata poin ut rather enables otti enfire respagnse curve on
noni t or fﬂbgsvﬁék_?ith@d‘%"#@ S@PHW?’@ pF‘&’%Bﬁ‘gg‘i B’E}E\‘?%“C{é’ﬁg}ﬁq ‘é'gte'?‘%r'? REF ¥hal ysi s,
3 uch as l.%ﬁé@ dohlidi A diQuiR@l bighall!NARY S4id ifladyTES ¥ hédts keboletested) aait
i ssipatioh within the DUT. Notably,” as can be appreciated, unlike standard

debug newhbidereassubsresistasi of the VBV, crrging resueed peyfieraance g files ofdbecKpsul ati on
of the dgvic thi nni;r [ ' | dp of

i gure ScopraeRalt S8 e 137 BRHR R Sl B E B hhondalel Tl

[ 00027] Fgyat fromesdeticoeniomratitation sapod 1120 CRiletef@tj apnordingitden embedimeited di e

i ntegrated devices, .e.g., .a system.,.n-package, ,a second fact of. influence
has to b¥ thelyFyas: th‘?ﬁg‘f‘ﬁ‘ﬂf’n &% l&éfnégegttgag’é? h?tﬁé’oﬁ?ﬁ O%epsé(fe Ocp%léei %lle’on have
to propagal.gerhfdrRbGhohohiicil BMke HBéideavhéRYehdimaPerfissio tdm&@, noul d
conpound, die attach tape, etc., each having different thicknesses. As a

consequeprsisiondé preimaeatheshrfageeofaha die. Heat psgragatippsyithip 4 peapetly sYWteRY di es of
the def i;ve .devi ce t [ t | nhagqgwut al so
the t he(reﬁ% ’ ‘ﬁli"f: Eﬁ%nf%ensef]%snaglt%ﬁlr?nsc %gﬁéﬁéﬁﬁg@ e%gftgﬁgg%ﬁ{%gar@lﬁ lvva\./es

gener at eghdat tehotif Bqopopagativn weslowkres heatsiadsferaf laviee, ist,dbérmiabinege ¢s pass

addi ti Onf%llinterna itt(\avrolu sién?%/ear gefgc?i%q"gelq to thermal waves

[00025] Figure 3 illustrates an embodiment for testing the DUT 300 after the
thermal propagation characteristics have been established. DUT 300 is stimulated by
electrical excitation signal 330 at frequency f0 generated by electrical excitation source
305. In one example the excitation signal 330 is a square wave having amplitude voltage
equal to the DUT’s operational voltage, e.g., 1.2 V, and a lock-in frequency f0. The
frequency fO of the excitation signal is set and varied by frequency selector part 320, of
processor 315. A sync signal 335 is output from the processor 315 and sent to the



generated at hot spots which are close to the device surface. This behavior
can be used for the determ nation of the hot spot depth by cal culating the
t heoretical phase shift over a certain frequency range for different hot
spot positions. On the other hand, using the system and nethod di scl osed
herei n, one can generate a database of thermal propagation characteristics
of different layers or different devices and use the database as a
reference to deci pher defect depth of a tested device. [00028] As can be
understood fromthe above, disclosed enbodi nents enable the use of Lock-in
Ther mography for quantitative and non destructive 3D |ocal.ization of hot
Spots I ecitainneontced0by Toq HmpIeFCHIRNSETIL FuP Sl tbF SYEFIEapis 3o 7S Mg cam

el ect 1 o, deu) feRinolFi Y Bl AARGLR MELURS ol 1B RARbYSEn @6 kndiod  equency

and the p eterm ne ased on the characterization of
t her mal @rableageitdtion sburca/303 tolgsndrats thecklentri¢at excitation signad 830 atffrgagencai0be done

for the ca wher . hot ot L,s.burie nder i eFd er of
unknown gﬂi ﬁ?l‘@%r?%a\ﬁ&; 4554 afsr?ép ilgggagg]s o5 llleocge%saﬁ%(ﬁltgﬁerqﬂl)gg r%&)drerp ggrﬁhlgﬁknom
nunber OfatdifRamefaSi106s @uaBy bitapkedhgdivelydeyiode. highee thdh sied fosmenmt/Dod enabl es

| ocalization in all three dinmensions of buri ejg tﬁ)‘t spot.s eveag u‘i?der a thick
| ayer of Hasul ig setdapiderstiiour Himes bigher thabireayicrcy i 1 1soPRRIAR 64N 43P of system
n paCka%d?eﬁ%$9'aB%ﬁf0H{a?eﬁ t&@fﬂg‘éqllﬂgmmﬁm,%eﬁmm RYerfsdiM ddveaidnaploase shi ft
di fferences, aFlow ng the exact determ nation of the defective die through
t he packtg®UDeshittlke e tmrschdnoyiggernignahie the Fentroderand ths cameadked di es
with conplex thermal properties, constructing a database of thermal
propagation characterization can enabl e exact |ocalization of defects in
such conpoezefevi cwah thehetuprifFigires, the DUITr300gs mpdatedipeycited hyeheisgionesul t s

for hot spot depth calculation is enabled b i scl.osed epbodi rent s.
[ 00030] | %0%&?&953‘”5'@ the éfgﬂ'éftl%bg) ‘Iifﬁlé\? e tafé%%é? I%iﬁ&“?‘i%‘i‘fﬂf%@@%%ﬁ bed
herein a%igncﬁl]g%S g&bﬁ{e&i}% gl'gel &t §LelebioR B0, PAiS bifa¥ledh befidtahainise aitdratmy be

i mpl enen ny sui e conbi nation of conponents. Further, various

types of idgatiferatibn pla oo spottidosation, esascidlly itsdspth (.o Zeditestiomvitimgben t he

Spoci al | e ru TRt bR e B pE S G- B0t Ah AR, pRaE AR Tuet

[ 00031] Th&in besethbr dnablenploamghhsehieresp@se tirve dn imnited 3251 dteving thar ti cul ar
exanpl eséntire response curve enables further analysis, such as curve fitting to better understand the
time-resolved heat dissipation within the DUT. Notably, as can be appreciated, unlike
standard debug methods, such as OBIC, LVP, TREM, etc., which require de-capsulation of
the device and thinning the backside of the chip, with the setup of Figure 3, the test is done

without having to de-capsulate the chip.

[00027] For three-dimensional hot spot localization inside of stacked die integrated
devices, e.g., a system-in-package, a second factor of influence has to be regarded.

Thermal waves generated at the hot spot position have to propagate through different
material layers, e.g., silicon, mould compound, die attach tape, etc., each having different
thicknesses. As a consequence, depending on the axial hot spot position at different dies of
the defective device, not only the distance to the device surface but also the thermal
diffusion length is changing. Therefore, thermal waves generated at hot spots at lower dies

inside of the stack have to pass additional material layers compared to thermal waves



which are intended in all respects to be illustrative rather than
restrictive. Those skilled in the art will appreciate that many different
conbi nati ons of hardware, software, and firmvare will be suitable for
practicing the present invention. Mreover, other inplenentations of the
invention will be apparent to those skilled in the art from consideration
of the specification and practice of the invention disclosed herein. It is
i ntended that the specification and exanpl es be consi dered as exenpl ary
only, with a true scope and spirit of the invention being indicated by the

following clainms. CLAIMS 1. A systemfor apalysis of a device upder test
(DUT), cansrated a4 dot Sci’ofsé%}t“’lb%”ﬁelr?s?%"gﬁg]?)"d‘fetsuf %e'ﬂ}ﬁbe?‘a‘”or cagp l?‘?é‘as?éjgoéur ce
pOsi t i ONglQeflfthi ERGhoRREMATUARL28hg BRERGYetlcal phabddi b¥&d spot on

t he DUT %htfo.% girlliggfsﬁ?nd(zﬁﬁier e%?t; gt t her mala‘gj %ragi n(g)\“?stystﬁehr?lE oSi ??égnedpso as to
i mage t heerpihiequengerange fotdiffesantihot spot posisions nPn Blelodler hand, Yeing H§ sai d heat
source to deliver the presgribed n n L ot put

si gnal f 15 "b%dgn?th%cfwg‘flosle(rargarlehng 03%#3%“9‘%? éag%@es etrlr%rgl% F%r}ﬁgl 3 , a/her ein

sai d heaghas@uirisgccaipfférettdayerd orgliffersttdetiees Sid ubb thesipmbasmash refemhner @,

wherein said |ight source is | aser |igh _
decipher detect deptﬁ o%atested%ewce. ght source

[00028] As can be understood from the above, disclosed embodiments enable the
use of Lock-in Thermography for quantitative and non destructive 3D localization of hot
spots i.e. generated by electrical structures or defects inside of electronic devices. The
relationship between the applied lock-in frequency and the phase shift can be determined
based on the characterization of thermal propagation in various tested devices and layers.
This can be done for the case where a hot spot is buried under a single material layer of
unknown thickness and for the case of a hot spot buried under an unknown number of dies
inside of a stacked die device. The disclose method enables localization in all three

dimensions of buried hot spots even under a thick layer of mould compound.

[00029] Furthermore, different die layers of system in package architectures could
be measured, showing significant phase shift differences, allowing the exact determination
of the defective die through the package. Despite the non-homogeneous material stack of
stacked dies with complex thermal properties, constructing a database of thermal
propagation characterization can enable exact localization of defects in such complex
devices. The method of acquiring and analyzing these results for hot spot depth

calculation is enabled by disclosed embodiments.

[00030] It should be understood that processes and techniques described herein are
not inherently related to any particular apparatus and may be implemented by any suitable

combination of components. Further, various types of general purpose devices may be
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4. The systemof claim2, wherein said controller activates the |ight
source at a lock-in frequencyfl, and activates the thermal inmagi ng system
at a lock-in frequency/2. 5. The systemof claim4, wherein |lock-in
frequencyf2 is at least four tinmes higher than | ock-in frequencyfl. 6. The
systemof claimb5, wherein said thermal inmaging system conprises an
infrared canmera. 7. The system of claim®6, wherein said heat source further
conprises: a novabl e stage; an optical scanner coupled to the novable
stage, said optical scanner receiving output of said |light source and

directing the output to a specified spot on the DUT; and, an obj ective |lens
f ocusi ngu%eﬁé“ arsopsianceopitlythg t?q‘ih‘“gi)@‘“csF‘f‘lPeé’d‘eﬁeﬂbt It Payialse PFRYE advanageausPst em f or

anal y Si S tr@ctqgéqﬁﬁﬁ&'gkﬂ)% attls®S E)ex(fmr the B sképls ABscriBed R3tinbench to support

t he aser 1 ght source operating at a | ock-in
frequencyfl and position to deliver a pulsed |laser |ight beamonto the DUT

from One[O%OC}ﬁ] t herﬁ%fﬂresent invention has been described in relation to particular examples,
which are intended in all respects to be illustrative rather than restrictive. Those skilled in
the art will appreciate that many different combinations of hardware, software, and
firmware will be suitable for practicing the present invention. Moreover, other
implementations of the invention will be apparent to those skilled in the art from
consideration of the specification and practice of the invention disclosed herein. It is
intended that the specification and examples be considered as exemplary only, with a true

scope and spirit of the invention being indicated by the following claims.
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a lock-in thermal imaging systemoperating at a |lock-in frequencyfi and
positioned so as to image the other side of DUT;, and, a controller
activating said heat source at the lock-in frequencyfl and activating said
thermal inmaging systemat the |ock-in frequencyf2. 9. The system of claim
8, wherein the controller outputs a | ock-in frequencyft trigger signal to
said lock-in laser light source and outputs a | ock-in frequencyf2 trigger
signal to said lock-in thermal inmaging system 10. The systemof claim?9,
wherein | ock-in frequency f2 is at |least four tines larger than |lock-in

frequencyfl. 11. The system of claim8, wherein the lock-in laser |ight
source céhﬁﬂﬂ§es: an excitation source receiving said | ock-in frequencyfl
trigger signal and generating pul sed | aser |ight beam a scan unit
receiving and directing the pulsed | aser |light beamonto a defined | ocation

on the PUT; afdystem fatanelysis v8a Heviee ndenishtr{UTHecopuirisg: | aser |i ght beam
onto the defined, ocation. 2 e systemof claim11l, wherein the lock-in
t her mal inagf%8g§§§?%ﬁfggﬁfpﬁgggﬁgn infrared canera. 13. A nethod for
testing a devi ket st posigivh t4 G8liVEr a presqitied amguntsifienaty fgp obadizBUIpa@nt o a
test bench; illum nating a defjned spot on one side of the DUT
on the DUT from one side thereof;
a thermal imaging system positioned so as to image the other side of DUT; and,
a controller activating said heat source to deliver the prescribed amount of energy

and receiving output signal from said thermal imaging system.

2. The system of claim 1, wherein said heat source comprises a light source.
3. The system of claim 2, wherein said light source is a laser light source.
4. The system of claim 2, wherein said controller activates the light source at a lock-in

frequency f1, and activates the thermal imaging system at a lock-in frequency /2.

5. The system of claim 4, wherein lock-in frequency /2 is at least four times higher

than lock-in frequency f1.

6. The system of claim 5, wherein said thermal imaging system comprises an infrared
camera.
7. The system of claim 6, wherein said heat source further comprises:

a movable stage;
an optical scanner coupled to the movable stage, said optical scanner receiving
output of said light source and directing the output to a specified spot on the DUT; and,

an objective lens focusing the output onto a the specified spot on the DUT.
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obtaining a thermal inage of the other side of the DUT; and,

analyzing the thermal inmage to thereby characterize the thermal propagation
of heat within the DUT. 14. The method of claim 13, wherein illumnating a
defined spot conprises delivering a series of laser |ight pulses at a
frequency/i. 15. The nethod of claim 14, wherein obtaining a thermal inmage
conprises obtaining a series of images at a frequency f2. 16. The nethod
of claim 15, further conprising synchronizing frequenciesfl andf2. 17. The
met hod of claim 16, wherein frequency f2 is at |least four tinmes higher than
frequency/i. 18. The nethod _of c¢laim 14 her conprising focusing the

series of puldéwtsm iy agalysiegbe devacs ‘H’Qﬁ‘(tﬁéﬂﬂbﬁhﬁﬁ"fr}%‘sﬁ@’r. 19. The net hod of

cl aim 14, V\hq@%trbeﬁ&emQ%l;dpﬁqem; includes at |east one through-silicon
via (TSV), and further conprising conparing the thermal imge to a

r ef ﬁr ence t her loek-in lasaydightosoutve operptingatad pekgin feequenayy’s apdpesiiontsy.  20. The
met hod of .cl ai m,14,. further rd Si d .ef erence dat abase of
her el 15 BaUBUT e bR RY e DER, BaR e P thefbof?, O BT
a lock-in thermal imaging system operating at a lock-in frequency f2 and positioned
so as to image the other side of DUT; and,
a controller activating said heat source at the lock-in frequency f1 and activating

said thermal imaging system at the lock-in frequency /2.

9. The system of claim 8, wherein the controller outputs a lock-in frequency 11 trigger
signal to said lock-in laser light source and outputs a lock-in frequency /2 trigger signal to

said lock-in thermal imaging system.

10.  The system of claim 9, wherein lock-in frequency 12 is at least four times larger

than lock-in frequency f1.

11.  The system of claim 8, wherein the lock-in laser light source comprises:
an excitation source receiving said lock-in frequency f1 trigger signal and

generating pulsed laser light beam;

a scan unit receiving and directing the pulsed laser light beam onto a defined

location on the DUT; and,

an objective lens focusing the pulsed laser light beam onto the defined location.

12.  The system of claim 11, wherein the lock-in thermal imaging system comprises an

infrared camera.

13. A method for testing a device under test (DUT), comprising:
situating the DUT onto a test bench;

illuminating a defined spot on one side of the DUT;

13



obtaining a thermal image of the other side of the DUT; and,
analyzing the thermal image to thereby characterize the thermal propagation of heat

within the DUT.

14.  The method of claim 13, wherein illuminating a defined spot comprises delivering

a series of laser light pulses at a frequency f1.

15.  The method of claim 14, wherein obtaining a thermal image comprises obtaining a

series of images at a frequency 12.

16.  The method of claim 15, further comprising synchronizing frequencies f1 and f2.

17.  The method of claim 16, wherein frequency ;2 is at least four times higher than

frequency f1.

18.  The method of claim 14, further comprising focusing the series of pulses into a

predefined depth within the DUT.
19.  The method of claim 14, wherein the defined spot includes at least one through-
silicon via (TSV), and further comprising comparing the thermal image to a reference

thermal image to thereby investigate faults in the TSV.

20.  The method of claim 14, further comprising assembling a reference database of

thermal propagation of heat within various layers of the DUT.
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