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A NOVEL FLUORESCENT AND PHOTCEM SSI ON APPARATUS AND
METHOD FOR SUBM CRON | C FAI LURE ANALYSIS 5 FIELD OF
THE | NVENTI ON The present clained invention relates to
the field of sem conductor device fabrication and
processing. Mire particularly, the present clained 10
invention relates to a nmethod and apparatus for
failure analysis of integrated circuits. BACKGROUND
ART Phot oem ssi on m croscopy (PEM has been wi dely
used in nodern 15 integrated circuit (1C) failure
anal & 3N GVE DL UORMYCHE N A AWDNPHOTIORMISS IO APPARATUS
caner a{NBt MEH ODf FaQRcOUIB&MI R ICPEM Y REAN ASIVIIS
prior art systenms nornmally only detect optica
em ssions wth wavel engths ranging approximtely from
vi si bl e to near infrared. Therefore, conventional PEM
L3} ive to non-heat-rel ated
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| aboratories to deal with heat-rel ated defect

istegrtedvircddisever, the spatial resol ution of | RPEM

is limted by the wavel ength of the infrared |ight

| RPEM uses. More specifically, because the infrared

AR ROEND ART

Photoemission microscopy (PEM) has been widely used in modern

integrated circuit (IC) failure analysis. Due to physical limitations of the
camera/detector of a conventional PEM system, such prior art systems
normally only detect optical emissions with wavelengths ranging
approximately from visible to near infrared. Therefore, conventional PEM
systems are more sensitive to non-heat-related integrated circuit failures
such as, for example, junction related defects, gate oxide related defects,

ete.

As a complimentary technique, infrared photoemission microscopy
(IRPEM) was developed by different companies and/or failure analysis
laboratories to deal with heat-related defect isolation. However, the spatial
resolution of IRPEM is limited by the wavelength of the infrared light
IRPEM uses. More specifically, because the infrared array of a
conventional IRPEM system has a 1.5 micron to 12 micron spectral

response, the spatial resolution for long wavelengths is poor. Such a
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conventional |IRPEM systemhas a 1.5 mcron to 12

m cron spectral response, the spatial resolution for

| ong wavel engths is poor. Such a 1 limtation is

especi al | y di sadvant ageous as the critical dinensions

of integrated circuit (1C) features shri'nk toward to

I mcron and snmaller. In yet another prior art

approach, liquid crystal (LC) analysis has 5 been

el ay@edisass patiatigatisndwaakadeatnt v eharaitical gihecimuoe.
LC anal ysis has been used with great success for hot

spiverated eocigr(IdL fdatgrasGhrial wrerddnal yuiwnsantcamaher.
1980's. However, due to its binary thermal response,
LC anal ysis does not provide crucial information
rel ated_t.o ' ' I : :

et ookt Yipriaiet BApRBk, oSl Mo BrapOuay Shaif Ree
RBa ¥iipSoyed & &0 ebdrBintiesl BMutdgnlgsiscictRique. daY bElysis
operating voltage associated with deep subm cron

thes haah agyd Wi gitae sticceshbrrtes pect detectitmiduaingdtsiailure
(e.F.‘insufficieng spatial and thermal resolution) OE

vanlysissines e 80 sydowuner, dee foaits hiraryileyapkresgonss, LC
sonetines perfornmed usi.ng pultiple separat

B8RVt IosR dot Ay v are i e e el D, e dharmatly si
Ssthiblifbn E@ﬁ%g?é?t gyo g](iebt 88FediC M&lehGer@ th& %%H&'S?ﬂ%ﬁfi\rﬁﬁw LC

?ysten1|n or ect a non-heat-relate

tahlydisds aldochmited byaheexdngior, inalgvitecijeoating lvalt ggb
defect, a gate oxide related defect, etc. Next, the
sasreiat@l wdth Heep subpepedeshootogyti®er failure anal ysis
using a 20 conventional LC analysis systemto scan,
for exanple, for hot spots. The wuse of multiple

di scr ﬁ{l‘g tS Y5t gégﬁ)eét?vglim%atﬂoﬁQ?é.g.t imuﬁfo%}{tagp%tifa? bhyre

anal ysi
thermal resolution) of various prior art systems, IC failure analysis is

sometimes performed using multiple separate conventional systems. As
an example, failure analysis 1s first performed on an IC using a
conventional PEM system in order to detect a non-heat-related IC failure
such as, for example, a junction related defect, a gate oxide related defect,
ete. Next, the same IC is then subjected to further failure analysis using a
conventional LC analysis system to scan, for example, for hot spots. The
use of multiple discrete systems (e.g. at least two separate failure analysis
systems) has significant disadvantages including inconvenience,

substantial cost, reduced throughput, and the like, associated therewith.

Thus, a need exists for a method and apparatus for performing
failure analysis on an integrated circuit with submicron critical

dimensions more efficiently. A further need exists for a method and




systens) has significant di sadvantages incl uding
i nconveni ence, substantial cost, reduced throughput,
and the like, associated therewith. 25 Thus, a need
exi sts for a nmethod and apparatus for perform ng
failure analysis on an integrated circuit with
subm cron critical dinensions nore efficiently. A
further need exists for a nethod and 2 apparatus which
dFSrabhlewBRABeAeR@ AeWtcaGPRhREr Jaor perferinh fiure
anal ysis for both heat-rel ated and non- heat-rel at ed
atefledt $oropothmehhragtat aud nonfieat-relniadhdafects eguan indegrated
the use of nultiple separate failure analysis )
gyarkbrathost requinpgithessed graltinie SRR B Gtk
appar at for .5 perf.orm.ng fail anal ysi
REET ar Bl BOHLG e HE ot A TBPAGAT Bh X054 at us
ﬁ?&nﬁiﬁg BREME NAGES ANsh §0teaPhten et WhRetdIS theduaBed
roughput and accuracy associated with prior art
ARPhppChes eapl Bl digve mekts phé deeparaidt totheerdduoahl
failure anal ysis systens. 3 SUMVARY OF | NVENTI ON The
fhresglmuti andeatduoacypagspciided avitte phiot ash appyisghes e playing
performng failure analysjs on ﬂn.inte rated circuit
R P8 RFRTEAS RODYET AR [Fa Y TReRRA SIS SHEE%ef i cient | y.
The present invention also provides a 5 nethod and
appar atus whi ch achi eve the above acconplishnment and
whi ch can performfailure analysis for both
heat -rel ated and non-heat- related defects on an
integrated circuit without requiring the use of
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mul tiple separate failure analysis systens. The
present invention further provides a nethod and
apparatus for performng failure analysis on an 10
integrated circuit wherein the nethod and appar at us
achi eve the above acconplishnments and do not result
in the reduced throughput and accuracy associ ated
with prior art approaches enploying multiple separate
SOMMARY GF INAIENTEOBNal ysis systens. 15 In one
enbodi ment, the present invention is an apparatus
conpr¥isd arpsant inventigamrpyvides srmefdpd epdppparatus for

non-heat-related integrated circujit. defegts., In this
S e LUE R EIBPELL T S PETERI SR he L BT o
P . i r i n - | . N r
STRHFRELLR 1O ARLERI NNt b ks
SEANIaR® pipafatius WHItR Gehiced the Botd8cdhhipdishpent iz 20
to provide a single integrated fault detection
apphr atruperdoah fothate anedydiedor botdl aaddelatetl ahé non-heat-
non-heat-related_integgated circuit defects, are

wrdatedidafrds cpam i tempiehcigs iy vathont syruiriag the yse of
d ti t it hout i i Ci
Iggitzélg ﬁ%&?&%ﬁﬁ%g@ﬁ%‘é\gﬂﬁﬁ ustyﬁéé%%sr. : h!lé: lp{']e% en p ﬂ%eg%@érﬁg%)er

Séparate approa
gﬂ?ﬁ&?esaaﬂ E’né%h{i‘& LnARIpRGaEStua T poMaRhRGESiafe LhRlyReSERh
nvention will no doubt becone obvious to those of
ot eiragsd cioliik whepeinhdheantthafiten diparagshchéad thhabove

followi ng detail ed description of theigfeferred
arbuglishntestyhind klo aataepplt istthareduded thirenghanit gusl

ggcg\é\gcr;gasfslogi%%gf Wial EELF ErtDaEpS};g'g!agl-gsoe}'np oyiLEEmuf%iI%NS%%arate

conventional failure analysis systems.

In one embodiment, the present invention is an apparatus
comprising a first portion for detecting non-heat-related integrated circuit
defects. In this embodiment, the present invention further comprises a
second portion for detecting heat-related integrated circuit defects. In the
present embodiment, the second portion is integrated with the first portion
to provide a single integrated fault detection apparatus such that the heat-
related and the non-heat-related integrated circuit defects are detectable
using only a single integrated fault detection apparatus without sacrificing

the accuracy of each portion comparing the separate approaches.

These and other objects and advantages of the present invention will

no doubt become obvious to those of ordinary skill in the art after having




The acconpanyi ng draw ngs, which are incorporated in
and forma part of this specification, illustrates
enbodi ments of the invention and, together with the
description, serve to explain the principles of the 5
invention: FIGJURE 1 is a schematic view of an FPEM
systemin accordance wth one enbodi nent of the
present clainmed invention. 10 FIGURE 2 is a flow chart
%a@ﬁ?@maeﬁ gﬁaﬁa@earae@@ﬁ%&@ep ﬁlé’\’gl)_ td1e:2B8 enRBRAHEARN hich
of the present clained invention he draw ngs

rmed diustehted inrthe hiasiodeskraivg 6gusdzoul d be under st ood
as not being drawn to scal e except if specifically
noted. 6 DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS

Ref erence will now be made in detail to the preferred
enbodi nents of the invention, exanples of which are
illustrated in the acconpanyi ng draw ngs- Wile the

invention will be described in conjunction with the 5
preferred enbodi nents, it will be understood that they
are not intended to limt the invention to these

enbodi mrents. On the contrary, the invention is

i ntended to cover alternatives, nodifications and
equi val ents, which may be included within the spirit
and scope of the invention as defined by the appended
claims. Furthernore, in the follow ng detailed
description of the 10 present invention, numnerous
specific details are set forth in order to provide a
t hor ough under standi ng of the present invention.
However, it
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will be obvious to one of ordinary skill in the art
that the present invention may be practiced w thout
these specific details. In other instances, well
known net hods, procedures, conponents, and circuits
have not been 15 described in detail as not to
unnecessarily obscure aspects of the present
invention. Wth reference nowto Figure 1, a schematic
BReENFIEACRIPOICR P I TN R AWINCOEN Ssi on ni croscope
system 100 1 n accordance wth one 20 enbodi nent
of t HEhpraseniarstiag degwinpeemthidnaireirchgwratddnint ied form a
present invention, the novel FPEM system 100 uses
pattyof dhis spesifisption; hstratenembagimentDoldipgnyenton ggd,

detect both heat-related and nop-heat-r.el .ated fects
Eage i ghigh Cap APTCATPH B GPTTE BT B SR PHAP LGB vi 1y
{Nan:ags been possible with conventional systems. The
present detailed description will begin with 25 a

di scussion of the physical structure of the present
FPEM system 100. The present detail ed description

wi | | FIEARBeL fsoh kcwanaty viewdpfsauEBES syftemhia accordance
operation of, theogresent Fng,sy tem 100. 7 PHYSI CAL
SHRUTFUREb e mEnE bR PREseRPE) ?%?@MHﬁWQ-present FPEM
system 100 is well suited for subm cron and deep

subm cron VLSl (Utra Large Structure Integrated

ar C%"K%Uﬁﬂdz M Ske® <|(h\é%£ ¥t .ls%blg %Eﬁt}ﬁﬁé‘d W BecoRlAEAHEH one
Nni 1 Ke

Crcuit) ftailure analysis. conventi ona
appbdiacdhe f whé phesmplcyimed| invpktdorsyst ens such as, for
exanple, a PEM systemto detect non-heat-rel ated

defects and a separate

The drawings referred to in this description should be understood

as not being drawn to scale except if specifically noted.
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LC system or | RPEM system to detect heat-rel ated
defects independently, the present FPEM system 100 is
able to performnultiple kinds of fault 10 isolations
(e.g. heat-related and non-heat-related) for failure
analysis with one common hardware setup. Hence, the
present FPEM system 100 elim nates the need for

mul tiple separate failure analysis systens. Hence,

N _‘fg" ERRRR SRR OB fer from the

reduceatrnrough assoclated wth prior art

appr oReResHRPIOYsW e Mdd Bl 8@ Rataé prdbreadnviendiasals of
failure analysis systens. Wth reference still to

Bhg itventionasxanplesarfwitdeh aFPEMSyetednin 100 accrmparieng

PEM conponents_and al so provides an effective )
Azoviaes oV hide fhe duentogrville fessribed iacay ugstiar pvith the

detecti.on.. Furth FPE t 100 h - i

e e, T E R S AR 50 et o

Ez%h& 7 i&xﬁéﬁmﬁ't? Y dh¥ddiMehRaOA Ghd e&mg\%u €Be i MBtion is
ey advantage of the present FPEM system 00 is that

WideRdODky c&ie Stconasea)) fodDicaioes andrdimitalsyist emmidOmMay be

detects defects whether they are heat or non-heat
ﬁz%edladri]@ﬁwztﬁﬁEme syisit emd100peadidbe proantinesad delinaddstitieng

of the tenperature profile 25 iginating fromthe
aeperded Gpmps.| §urthsemoes dn d fetyape ﬁ%a‘g%ﬁgﬂ%scf%’tm of the
erformfault isalatio bot h. o~
persstbayeitiony aBHAbbE BPR N F I R s e 0B ORRL ho
%%@@@H%%Po&%@l CHBSRLIQNRAS thERREAIR iBYSIRITE . H8wWWWdh it
eference still to Figure 1 and FPEM system 100, the

RENbepbyidue o ohe biierdineyestdll imthentrit shaivtte presettdpeention

because it anplifies |ow |eyvel , .
may be practiced without these specific details. In other instances, well

ltnown methods, procedures, components, and circuits have not been
described in detail as not to unnecessarily obscure aspects of the present

invention.

With reference now to Figure 1, a schematic view of a fluorescent and
photoemission microscope (FPEM) system 100 in accordance with one
embodiment of the present claimed invention is shown. In the present
invention, the novel FPEM system 100 uses only one visible light slow-scan
CCD camera 124 to detect both heat-related and non-heat-related defects at
higher spatial resolution and thermal sensitivity than has been possible
with conventional systems. The present detailed description will begin with
a discussion of the physical structure of the present FPEM system 100. The
present detailed description will then be followed by a discussion of the

operation of the present FPEM system 100.
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photon em ssion in biased sem conductors through a
process of 5 anplification, integration, and inmage
processing. The basis is PEMis the detection of weak
(often 6-8 orders of magnitude | ower than the human
eye can detect) photon em ssions fromthe surface of
a biased integrated circuit. A photon is the |ight
emtted when two different species of charged
particles neet in a sem conductor. The source in a
sem conductor is electron flow
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el ectron palr reco ati on

(ag9Nhirpa SkarteRMienexed dinett) Byiludewndpeibarislise
t hose mechani sns are interband reconbi nati on and 15

comtveabianal amroadhiesatlich. emnltognbalmmlfr eygaisretchors, ifer an
allowable transition of the elec gfl{omth
é e
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representing I rrght and heavy hol es, durl ng dynam c 20
GonRdichs ¢ag, havttdldted endutisrehtatprebsted} fortfadnsd bnalysis with
occur between these bands providin ]Fhotons of | ow
mcg:ym@zba@d@aﬁ)e sethh Heateer Erecieresqriy FPEM ﬁsg%mewﬂ and

FPEM t 1 t th
il o Sl D0 0
AL R B A o
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conventional failure analysis systems.

With reference still to Figure 1, as an overview, FPEM system 100
includes PEM components and also provides an effective isolation technique
for the heat-related defect detection. Furthermore, FPEM system 100 has
higher spatial resolution than conventional IRPEM systems and better
thermal sensitivity than LC techniques. One key advantage of the present
FPEM system 100 is that with only one slow-scan CCD camera, FPEM
system 100 detects defects whether they are heat or non-heat related. FPEM
system 100 also provides for measuring of the temperature profile
originating from the defect. That is, FPEM system 100 allows users to
perform fault isolation on both heat and non-heat related failures in one

system, thereby saving time as compared to conventional separate systems.
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that is diffraction-limted to 0.3 mcrons. Wile the
tenperature resolution 9 is conparable to that

avai l able on IR systens, the spatial resolution is
much better. The FM techni que of the present FPEM
system 100 provides inproved spatial resolution by

i magi ng of a tenperature-dependent fluorescence at
612 nanoneters instead of the 1.5 to 12 mcron

em ssion 5 ranges used by IR techni ques. The FM
techni que of the present FPEM systeminvol ves coating
a sanplth tefersened aid tovfigura If indbFEE&Eatsterari@Oetird HEM
based thin film(e.g. europium ) .
pénsionydftthiefirasand deyatinnewpe eyl eppdleecepserif)amplifigs low level

on exposure to UV, light, .emts te rat ur e- dependent
pholgrcabisnpe. i Heprbssiieaniiclamn BIOHERE PRETEAH s used
bec . i 0t C 1St :
APRHREOL, trkBerabila) BB ALY bEo@IARRCIEE TR PEM is the

319 6f wabRI(bté1e6-8 dYdES: shaekhitedd lower EHATAhbasinidneeye
best fit for tenperature-dependent fl uorescence

cadttent)ypleltan iemisdienst Eopethat arécerdpgdasehintegmied circuit.

tenperature. That is, conpared o a conventjqnal |C .
Ao ifethd Hehpm s RRPa GEOGHTeTat spedenet hogpd particles

system 100 .provi des .15 nore accurat.e i solatio f h

&8t BB R e BRNBe 3 Aol AR ke lol e
' i WhEREM Y aiemnd & tSemmyijsedidefi

%119(% %@%@%ﬁlﬁgﬁﬁsﬁggﬁggm whi ch i sg%adapt ed tojhav%a am *

sanpbedd@4dr caupbethent. n@hetd-rfvhie ekictrionalcollgkt with the

instrument 106 is also coupled to sanple 104, 20
Irvles medultingdk the agleasoaf 4 phptan: HERis psegsseds elsogalled

TRt HRIE SRR e T
two mechanisms, those mechanisms are interband recombination and
intraband recombination. Interband recombination is an allowable
transition of the electron from the conduction band to an open energy state
in the valence band. When the transition occurs, a photon is emitted.
Intraband recombination occcurs as the energy band for holes in silicon is
actually two bands representing light and heavy holes, during dynamic
conditions, with hole current present, transitions occur between these

bands providing photons of low energy (<1.0 eV).

With reference still to Figure 1 and FPEM system 100, the FMI
(fluorescent microthermal imaging) portion of the present invention
provides the ability to create thermal maps of integrated circuits with a
thermal resolution theoretically limited to 0.001°C, and a spatial resolution

that is diffraction-limited to 0.3 microns. While the temperature resolution
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al so includes an ultraviolet |ight source 108 and a
visible source 110. The wultraviolet light source 108
and the visible source 110 are both directed towards
a dichroic beamsplitter 105. An IR filter 116, an
ultraviolet shutter 25 114, and a source 'switch 112
are di sposed between ultraviolet source 108 and

di chroic beamsplitter 105. Source switch 112 is al so

i SpOsLELRALWRED avilA1HbE RGNS, 10e apaili whsloitonieam
splitter 105. Additionally, a UV lanp 10 shutter
drickdrettbts Ths KU pEthdi(IU@ avhe poesest FPEM spgenplippeesles
of the present plication, UV source 108,, vis bIe
iropraved FRaal Fesp iticey by, TBAL g R TRAFL RIS dePerdent Ly

h 114, h
B b SRR ) S
fad S rus@:@ %wmﬁhﬁﬁués Ohe S Eélﬁﬁ%:cﬁle' JfGhE pS@IEhE FPEM

por h reference still lgure 1, in the

Wﬁ@@ﬁhv&l%ﬁ/bmmg mshhle 16 suathde twidhn at fhldire:scmgt catpeadh-
to thermal chuck stage 101, notor controller 128 is
hasd houflledes conpunethemgltaiioresespate apfertad us BygdA)

120 In the nbo nt c u 30, is

Heipraen eoeha s Lohen amar IoBoeR R ohBAPTbr 132,
Q‘ao Selg((:) WQ:e' T tgg'ﬁrgyegﬁttge?%ogigm?é% ':Ji'tllgf"]z)@ 1 usé‘da?&‘raﬁse of its
%}Hf)éx%%ufg bHﬁac@é@tﬁQdeh@ss%paE@fﬁtlan c‘h%ﬂactgﬁétlcs
purposes of the present application, CCD canera 124
atdl]londliiyc ahd olﬁhmf@&dmme 126 ecpepificsidy, dl‘uT’nghas &he best fit
i nspection portion". Furthernore, for pur poses of

quéepms@m‘reﬁspwd%*@|fbﬁ’fefé96ﬁ%ﬁ‘é¢nffllgbyle Hbfhe temperature
g.’:glgg:i?{ rggrerrgpmp%mgeaﬁgqremﬁggtCiff?,gctrogﬁ)ﬂalrg& t&g%oﬁs’gﬁkﬁr}sﬁ %
technique, the FMI technique of the present FPEM system 100 provides

more accurate isolation of hot spots with clear and precise imaging.

Referring still to Figure 1, the present FPEM system is comprised of
a thermal chuck stage 101 which is adapted to have a sample 104 coupled
thereto. An electrical test instrument 106 is also coupled to sample 104.
Thermal chuck stage 101 is further coupled to a temperature controller 102
and to a motor controller 128. FPEM system 100 of the present embodiment
also includes an ultraviolet light source 108 and a visible source 110. The
ultraviolet light source 108 and the visible source 110 are both directed
towards a dichroic beam splitter 105. An IR filter 116, an ultraviolet shutter
114, and a source switch 112 are disposed between ultraviolet source 108 and
dichroic beam splitter 105. Source switch 112 is also disposed between

visible source 110 and dichroic beam splitter 105. Additionally, a UV lamp

10
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pur poses of the present application, conmputer 130 and
nmonitor 132 conprise a "nonitoring portion". 20
Referring again to Figure 1, in FPEM system 100, an
interference filter 122 is coupled between optica

m croscope 120 and CCD canera 124. Optical m croscope
120 is disposed to selectively receive optical signals
from sanple 104, fromvisible source 110, and from W

SOUr. . . i i
AR LS MY SLETL R OEf e e

§9%'1!1&1%i0319_@v ¥ohirebhes sasihtesclkts 153MP &td0416, @rdtation filter
optical mcroscope 120. Although such specific

tdRpPoViehtistearidd comfrcgewdth a2, @Y dampoibnéigridmiviehd 15,
present enbodj nent, the present inventjon is. well
dishrag beamapliptergl $on ene 10 irgaseRcedi e %coﬁpfé%onent s
as well - a e _configuration of the conmponents. More
i%ﬁﬁ%ﬁ%ﬁﬁighgﬁo?ﬁg’%%%%%Fic arrangement and type of

el ements, the present invention is conprised of a
single integrated system (i.e. FPEM system 100) which
al | owgrithseiferehoe piah frofigfradl, in tlsopaseonFBRMositsherd 10@atn
and non-heat related failures in one sgstenl t here

fsédriitimg tp s epupieshisaibeameb et maags bh |m%féﬁaw§ff@11§ry128 is
aul t ti ., The foll ow [

AR CPRHIER o U STo b e (o iR PR DR 2P ™ fPg aasient
ERENk %ltt%%(fja(r%gli %é()?isl (%Ju gﬁ%ﬂamrh RobbBerSYRS £ td he

=
principle an od o Mi1s used to anal yze
monitor 132. As shown in FPEM system 100 of Figure 1, camera controller

126 is also coupled to both UV lamp shutter driver 115 and to CCD camera
124. For purposes of the present application, CCD camera 124 and optical
microscope 120 comprise an "optical inspection portion". Furthermore, for
purposes of the present application, computer 130, camera controller 126,
and motor controller 128 comprise a "controller portion”. Also, for
purposes of the present application, computer 130 and monitor 132

comprise a "monitoring portion”.

Referring again to Figure 1, in FPEM system 100, an interference
filter 122 is coupled between optical microscope 120 and CCD camera 124.
Optical microscope 120 is disposed to selectively receive optical signals from
sample 104, from visible source 110, and from UV source 108. As shown in
FPEM system 100 of Figure 1, dichroic beam splitter 105 is disposed between
UV source 108, visible source 110, sample 104, and optical microscope 120.
Although such specific components and configurations are recited in the

present embodiment, the present invention is well suited to varying the

11




non- heat related failures/defects. For the

heat-rel ated defeats, the present 5 FPEM system 100

uses a chemical filmwhich is applied to sanple 104 to

detect the heat related defect using a fluorescent

m crothermal inmaging technique. In one énbodi nent,

the chemcal filmis a mxture of EUTTA, PMVA

(pol ynet hyl net hacryl ate) and MEK (et hyl et hyl ket one) .

%{%Ber SHDkASE 80cdnOndedntd ShivelRx6ithatchefighmtimnd¢ thour ce
8 (as regulated by UV 10 shutter 114 and source

&m@mnﬂsﬂ.ZMoﬁa dmgerthint tleare thadypecHid ifreagemant apd type of

excitation filter 118), the cheqa g fil.mconverts the
Hementre tbe aressnbynYaREIONGECERPESEH oF arigpale fpiper¢et fystem

L i L ALY IREA e

Ef‘% cg‘?ﬂ?ﬂ? 1404 Afufls QH @k %{@L%ﬁm tﬁ@i‘ébﬁzts%ﬁfzrﬂgotﬁme as

I'mis transparent 15 inherently and is
@&ﬂﬁfﬁ@d@ﬂb@nﬁ&ﬁlmﬂ kageranf fasbingdtectiddsymemg. dhe following
phot oresi st spinner. A thinner and nore uniform./layer
dotpiled idescripgimer wilk sowedisass operationf the pyersnd &R |S&5Fffem
can penetrate such a transparent film w thout
&% enuation, it is suggested that sanple 104 be coated
W th f|In1before analysis is both isolation are
performed. It is noted that attention should be 20
paid to overdrive a bit in order to achieve reliable
contact between probe tips and bondpads during
probi ng on wafer |evel sanple. Wth reference still to
Figure 1, the generated fluorescent light having a
peak energy of about 612 nanoneters is detected by the
sl owscan 25 CCD canera 124. In the present
enbodi nent, sl ow scan CCD canmera 124 is the common
detector to capture both photoem ssion and fl uorescent
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13 signals. In one enbodi nent of the present

invention, a 16 bit slowscan CCD canera is enpl oyed
to ensure the sensitivity of FPEM system 100. More
specifically, during operation of the present FPEM
system 100, 5 both PEM and FM processes are enpl oyed
in a single integrated system (i.e. FPEM system 100)
to detect both heat-related and non-heat-rel at ed
defects. As nmentioned above, during operation, W
source 108 is used for fluorescent excitation.
Conput er 130 in conjungyirEatrifonpt or control ler 128
and canera controller 126 controls the novenents of

t her @l thed sakeh) tisd poecibld amh thethsboDBEM &l useddo osedyre

120, respectively. That is, during Q@EM g§7 sour ce
soi-heht 1elated| foduies/dnieatsy Foghle hedfnt %é@ t%dge(?éﬁsg?nt
ts t I SSi t.h f d. al | o he Vi si
Frai oo DGRt SERFeR T g bassTEndy STk b ©
ggt%,lcﬁw %en'ﬁéatlf 1{5?%'3? %f{%@tlglﬂgng ehioetRBEemidrbl i mal 2 a80E

i on are pulled out for nornal

Yécﬁhh{@e. | i:0bke 4Sbbameimg s cheraakbiinnie atthixtfud bf Eafiga,
of optical em ssions reach CCD canera 124.
PMMAeiprbimes thelméthgetshetePEM ABBE, (nafithilethidkploam. When

litt 105 i I db tical, m
nieeief bl Disht ¥ Gtion: ey Cienree YOsgRE reeafed o BV,
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g?ﬁﬁ%iqmt&aﬂﬁf) At hbdherafal(f18] cd2ReHeent B8hOFenerated by the

etection). Continuing with the discussion of the
apRb@tdnamnile APENS sysflemed®@f lightiof mpealhal #ivt fbde,
visible light source 110 is utiljzed to get_the nor nal
nanometers. In the present embodiment, the UV light'is direct towards
sample 104 by dichroic beam splitter 105. This kind of film is transparent
inherently and is coated onto the surface of sample 104 using a photoresist
spinner. A thinner and more uniform layer typically generates better
results. As photoemission can penetrate such a transparent film without
attenuation, it is suggested that sample 104 be coated with film before
analysis is both isolation are performed. It is noted that attention should be

paid to overdrive a bit in order to achieve reliable contact between probe tips

and bondpads during probing on wafer level sample.

With reference still to Figure 1, the generated fluorescent light
having a peak energy of about 612 nanometers is detected by the slow-scan
CCD camera 124. In the present embodiment, slow-scan CCD camera 124

is the common detector to capture both photoemission and fluorescent
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i mage for overlay purpose. After obtaining the inmge
for overlay purposes, 25 the present enbodi nent,

adj usts source switch 112 such that it passes only W
i ght and bl ocks visible light. Wien in FM node, FPEM
system 100 inserts IRfilter 116, excitation filter
118, interference filter 122, and 14 dichroi c beam
splitter 105 into the optical path to ensure that

g fHikCirg %‘ne\ééntgﬁ%‘iéﬂ b0 ANEs 4R 189S, NB8 bRNYwishen

uorescence o 2 nanoneters reaches CCD canera

A2hH. caiir i5 BRGLdyieaab leysuleRhbiseheitivity®f FPREMegtstem BOGCk
heat from UV source 108. Excitation filter 118 all ows
only W light (cut off 5- at 390 nanoneters) to pass

through. Interference filter. 122 .is used nsure
et Negio SRR Ar R BPYRUoB AT JE REPLbP IR GR e 100,
i QX 6 : : _
LR L R R e
¢ LOPPEAR sPe6S b 1B T BiEh Hehaf-Beeteal arsiang-Redidrd] aad
nmeanwhi | € al l ows as nmuch fl uorescence as i s possible
ddedie. Nsanshiibhelatbore] QuBER oparsion, 1D sowrge tI08rimsed for

during FM node, Wshutter 114 of FPEM system 100 ii
Byorehrentiexeidiativn. h Compusanil 3@ o coriuneligumy ttomoggsontroller

canera 124 to avaid t ende xposure of t

149,8RQ S2RRTA F91] ﬁ?qkeﬁok%sﬁ%&m?s ey mé’%%?%’“%‘%f}%%m% chuck
li gh e ; heHpk es et
SrEE0L SR BIEIM Gl IO T e Blcly DR 8 @k ing
RefvetdokiBOscdirid kwiteh tthe bipes ahé OV BEhREM BYstcentd 005 (e.g.

the fina phot oem ssi on and/ or fl uorescent .
piesentshranwhissivagderenfbapt ebews sbe yggsible light from visible
source 110 to pass therethrough for normal imaging. Both inferference
filter 122 and excitation filter 118 are pulled out for normal visible light
imaging such an ensure the full range of optical emissions reach CCD
camera 124. Furthermore, during the PEM mode, dichroic beam splitter
105 is replaced by a normal optical mirror (not shown) to reflect the visible
light from visible source 110 onto sample 104 (for normal imaging), and to

also allow the photoemission to pass through and reach CCD camera 124

{for photoemission detection).

Continuing with the discussion of the operation of FPEM system 100,
during the FMI mode, visible light source 110 is utilized to get the normal
image for overlay purpose. After obtaining the image for overlay purposes,
the present embodiment, adjusts source switch 112 such that it passes only
UV light and blocks visible light. When in FMI mode, FPEM system 100
inserts IR filter 116, excitation filter 118, interference filter 122, and

14
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conputer 130 and are then available to be displayed on
monitor 132 in real tinme. After such inages are
obt ai ned, those imges can then be overlaid 20 onto a
normal optical imge for defect |ocalization.
Additionally, FPEM system 100 allows al1 of the

i mges to be saved into, for exanple, the hard disk
(not shown) of computer 130 or onto various other

d%tb% %go% E%lﬁé@l@%m Ohe ¥HitAYth 06 BRESe thhSSufficitnt UV

erature controller 102 is used

e‘k@itﬁ@ér{] had o %ﬁﬂﬁleechéeénly\/ﬂh@ flleesmhce bl stmygeetbd,
a desired 25 tenperature. In one enbodi ment, FPEM
réa{ﬁﬂiee 160D @aimech d8és Mirecpriibarlly.dBt filtemEle it te @éock

whi ch dtob 104 (dev |
mpgﬁogg&wﬁ%%géﬁ@%gﬁﬁﬁ%@&ﬁwiaé aibg ohiy e g o
th ts f
ReBOl e Forr g aigy Bl Bb-ERRNEE 1225 Hido
RELFLHEEED cénégng@%e&e@vé@n &DyQH@ﬂﬁBh%@Géz{fﬂfgthff t he

esent invention is shown. In step 202, the present

a@iﬁ?&dhﬁ@@lﬁr arovidestar sarpleagile. §s taudichntie Oeamezplitter 105,
circuit) for fault detection of both heat-relﬁpe% an
inoefldveats meicht &Y 1idt estrossible onderthe sHEdcapoAEnPien Ve

mbodi h
Prmy S Alaws A5 heh fuoREe s dt maanb i AR S REEA to
c‘r‘gﬁ c%g%eg ﬁ,‘;f 240 MRS E RN §PC Eh%?lg Rt oldMRIUNIsHBERN gt

iment, a photorésist spinner is used t

Biek s 40 abmis bj;ﬂeh@am&@mlﬁl ﬁr%hu%tammmmmmfmn
m croscope is used to check for fllmquallté@l In a

Saseavizerte avhil eftehded sxmstreaefadedtusrsscenafitng (nefcdosme of

Is used to_wash out the fil
sample 104 to UV light. As a result, F%]sl&dsystem 100 of the present

embodiment prevents potential film “bleaching”.

Referring still to the operation of FPEM system 100, the final
photoemission and/or fluorescent microthermal images are processed by
computer 130 and are then available to be displayed on monitor 132 in real
time. After such images are obtained, those images can then be overlaid
onto a normal optical image for defect localization. Additionally, FPEM
system 100 allows all of the images to be saved into, for example, the hard
disk (not shown) of computer 130 or onto various other storage media in any
of various formats. Also, in FPEM system 100, temperature controller 102
is used to maintain sample 104, via thermal chuck stage 101, at a desired
temperature. In one embodiment, FPEM system 100 includes electrical test

instrument 108 which is used to bias sample 104 (device) electrically upon
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filmcoating step is repeated. The filmis then baked
for approxinmately 15 15 mi nutes at approximately 130
degrees Cel sius, and sanple 104 is now ready for

anal ysis. At step 204, the present enbodi nent anal yzes
the sanple for non- heat-rel ated defects using a PEM
processi ng nmet hod enpl oyed by single 20 integrated
FPEM system 100 of Figure 1. At step 206, the present

i ¥e8Sehl}e PRERL & heklyhede ddvaleatiats faili
%%%ggﬁﬁgﬁéﬁﬁgggnégﬁf1%$ocessing neghod(anloyed b;ulng

&ini@etien. i nt egrat ed FPEM system 100 of Figure 1. In so
doi ng, the present invention 25 allows users to
performfault isolation on both heat and non- heat

lated. fail ' t t " savj j e
e ORI ETEBCCBRY AACTONE > SObRBE e hared
tens, ' £ ' _
BB A S P B e B o R S T ster

o 3Re ippb RO nSshdeinbaUpFoviddshh Sahplecle@n andhtegraiall circuit)
di mensions nore efficiently. The present invention

Rl Soulp detkction of bbthrbedtonland andpmrahesd-ralsitecthdefesfise s

the above acconplishnment and  which can rform.
fgntigned aheyey dn o0 GMIgEIHEN, S PETSSPE H“’&Egoﬂ &ﬁghs%?-

| at ed_def i A CJ r Ui b
fleion T PR LSETBE R e Reupi A nplitia e e
gﬂ&le}é%!rﬁ IﬁY&Btﬁ{%glaTqﬁxag{r?gs%@hnidﬁéenIﬂ 8fe bribbhghent, a

rovides a ne and apparatus for performng failure
PRGYSH S @t itQuseate geah athifbirmcfiint ontsenmpla 194eA normal
nmet hod and apparatus achi eve t he above
optical microscope is used to check for film quality. In a case where the
film is not adequately coated, acetone is used to wash out the film and the
film coating step is repeated. The film is then baked for approximately 15
minutes at approximately 130 degrées Celsiug, and sample 104 is now ready

for analysis.

At step 204, the present embodiment analyzes the sample for non-
heat-related defects using a PEM processing method employed by single
integrated FPEM system 100 of Figure 1.

At step 206, the present embodiment analyzes the sample for heat-
related defects using an FMI processing method employed by single
integrated FPEM system 100 of Figure 1. In so doing, the present invention
allows users to perform fault isolation on both heat and non-heat related
failures in one system, thereby saving time as compared to conventional

separate fault detection systems.
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acconpl i shnments and do not result in the reduced

t hroughput and accuracy associated with prior art
approaches enploying nultiple separate conventiona
failure analysis systens. 15 The foregoing
descriptions of specific enbodi nents of the present

i nvention have been presented for purposes of
illustration and description. They are not intended
to be exhaustive or to limt the invention to the
precise forns disclosed, and obviously many

modi flheat itengreaent inaention previgesea Hpﬂb@g prd dnparaiyntions
t he above teaching.. The enbodiqgnts re. ho§Fn.and 20
RGP dE W CORRAN S i PTh R A1 BRBTAH FHERE Pl a SE b

t he inventi.on [ . Cinj l: [ :
ALY EA RO BB 18 B BROLARRIIRI b provices o
HbdtdaZgnd ngpaxﬁwsnwh% and eVt Ousove rHeosh prBlBent hhd
various nodifications are suited to the particul ar
Wﬁﬁhaﬁﬂt;ﬂﬁdrai Bdlurktanadysinfoeriogy hehtarelatedd audpen-hept-
the i nvention be defined by the Cains, a nded h t
whated Wefactsomn aguntagraiedscircpit ‘GE%WB‘Q%?”‘E&&‘%S?%“H =0

integrated faul.t detecgti.on ar at. us d |

REHEOP GFBEEE SHLROHAREE YOr Q‘%w%%%% ySftib ogthor
del 86l S megldd L8 ns SRRt hige £Ail@re dkYsiBOhtAON
I@F“%%?%@%ﬁ%b @%?%bﬂon-ﬁzatﬁgglatedginteé?ategmcircuit
Hefaatat cipngh ¥hsaannte posthbd antl appaeitastichipvs ahel above
heat-rel ated integrated circuit

accomplishments and do not result in the reduced throughput and
accuracy associated with prior art approaches employing multiple separate

conventional failure analysis systems.

The foregoing descriptions of specific embodiments of the present
invention have been presented for purposes of illustration and description.
They are not intended to be exhaustive or to limit the invention to the precise
forms disclosed, and obviously many modifications and variations are
possible in Iight of the above teaching. The embodiments were chosen and
described in order to best explain the principles of the invention and its
practical application, to thereby enable others skilled in the art to best
utilize the invention and various embodiments with various modifications
are suited to the particular use contemplated. It is intended that the scope
of the invention be defined by the Claims appended hereto and their

equivalents.
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defects, said second portion into-grated with said
first portion to provide said single integrated fault
det ecti on apparatus such that said heat-related and 10
said non-heat-related integrated circuit defects are
detectable using only said single integrated fault
detection apparatus. 2. The single integrated fault
detection apparatus for detecting heat- related and
non- heat -rel ated i nt egr at@dABIScuit defects of Caim1l
wherein 15 said first portion is adapted to_ perform
phot derd siighnintiegrased Suylt deiEmyion pRPRRtES & datecding heat-
(1C) failure analysis,. 3. The single integrated fault
obTa PGP O B R T g e BTG O Ets S R
non- heat-related integrated circuit defects of Caiml
TR EF'E 20 said second portion is adapted to perform
fl uora%%brmﬁ Fatdeei@ly id1RgbAthdabvelatéditggatet circuit
circuit failure analysis. 4. A single integrated
detudts; @led ecti on apparatus for detecting heat- rel ated

and non-heat-rel ated_integrat g ciriuit_defect , .sald
apparategend PeTE@HE dgterying spel Beabraletedpbearpishcircuit

I on, id.switchabl.g |i. . ' .
e oSBT SR MOl PUE G B0 i
YRR LGB HSRocb i PMbara AL b 00 (010 oo 20 0

ptica nspection portion for detecting both
h8atonaleat edlaantintegratsd bieaiit defeatseare ditegableading only
circuit defects, said optical inspection portion
ol isoegi¢ yntegupsbe danld detdetion apppTatkabl e |i ght source
portion;

9. The single integrated fault detection apparatus for detecting heat-
related and non-heat-related integrated ecircuit defects of Claim 1 wherein
said first portion is adapted to perform photoemission microscopy (PEM)

integrated circuit (IC) failure analysis.

3. The single integrated fault detection apparatus for detecting heat-
related and non-heat-related integrated circuit defects of Claim 1 wherein
said second portion is adapted to perform fluorescent microthermal

imaging (FMI) integrated circuit (IC) failure analysis.

4. A single integrated fault detection apparatus for detecting heat-
related and non-heat-related integrated circuit defects, said apparatus

comprising:
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a controller portion coupled to said optica
i nspection portion for selectively controlling
nmovenment of said optical inspection portion; and a
nonitoring portion for displaying said heat-rel ated
and non-heat- 10 related integrated circuit defects,
said nonitoring portion coupled to said optica
hnfpectlon portion, said single integrated fault
etect| - ' ; i i
cet G A ARRET L SO RL UL S SR IAL LB Bosichorcion
aahedd to S RtE areraetiaatialilalcsrbd graanlengsifet sienigl foult
Integrated fault detection apparatus. 15 5. The
(%%?gkf;hmwﬁgmaﬂed rault detecti on apparatus for
etecting heat- related and non-heat-relate
't egrontial Fpeei T BETEE 6 GRLecing o GFr e antpon-

SWi t b | i ght [ i . .

NPt e et Ber T COpup astetib Al GRIR pEaReaR nostion

O%Q‘Eaﬁ !cg]‘}}gl'e&% %yﬂdtQQWhgﬁl\éi}?ﬁ s6QkRIRetibR; said
"'traviol et and s

t I'ight source aid visible light
sour (aeqonﬁﬂﬂidr @eirt@ﬁi_ totepledvid edid ngtidelvinspectioor portion for
selectively allowi.ng transm ssion of said |ight of

sshictivebstanétling sievagient of Keideariicaligitpegsons POTHE; and
et ot T RGBE Por ST ST o RASEar £ Afppd nonheat-
Jefilieg ri%%e%gat%id rgdlfe A8EAST $:i@hn itk RgpoMieh&lobpled to said
aptical inspection portion, said single integrated fault detection apparatus
configured such that both said heat-related and said non-heat-related
integrated circuit defects are detectable using only said single integrated

fault detection apparatus.

5. The single integrated fault detection apparatus for detecting heat-
related and non-heat-related integrated circuit defects of Claim 4 wherein
said switchable light source portion comprises:

an ultraviolet light source;

a visible light source; and

selective switching devices coupled to said ultraviolet light source
and said visible light source, said selective switching devices for selectively
allowing transmission of said light of said desired wavelength

therethrough.

6. The single integrated fault detection apparatus for detecting heat-

related and non-heat-related integrated circuit defects of Claim 4 wherein
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said single integrated fault detection apparatus is
adapted to detect said non-heat-related integrated
circuit defects using photoem ssion nmicroscopy (PEM
integrated circuit (1C) failure analysis processes. 5
7. The single integrated fault detection apparatus for
detecting heat- related and non-heat-rel ated
integrated circuit defects of daim4 wherein said
SHidgi1d Ditegrat@thdipabiecel apph@bubippalaated to detadoptiéd
to detect said heat-related integrated circuit |
wlef-kedtsralistedgntégrategisdentit diefectst hangaihotoaraiging LRVPICOPY
i ntegrated circuit élC?_failur? anal ysi s processes. 10
@EM) dearsded sirepitEet [raeaalyet RECESSid

non- heat-related integrated circuit defects using a
single integrated fault detection apparatus, said

et hod FRIBLLE RleditediePSdabitid afitahiad f8 dlecting heat-
integrated crrcuit for non-heat-related integrated 15
flldtetidnddefehtst-tedited iatdpratet pentt defeah of 4ildins Ungherein
integrated fault detection apparatus;_and_ b) )
smidsinglniptagrated Egrihdetgcidon enparatey isretapied Fadeiget said
integrated circuit . defects usi.ng_.a second portion qf
BTl RO B RS RS WRTBELP TS ap BT el ch
t hat. saj eaf - t ] on- -

imigeanf ST SRt Sl B B EE R
only said single integrated fault detection

apparatus. 9. The nethod for detecting heat-rel ated
and rionAheethod dbadedctingnbentr el etdd cindovintherdfeedatsdusi ng

a single integrated fault detection .
integrag ircul i i eleemtegrated fault detection

ed circuit defects using a sing
apparatus, said method comprising the steps of:

a) analyzing an integrated circuit for non-heat-related integrated
circuit defects using a first portion of said single integrated fault detection
apparatus; and

b) snalyzing an integrated circuit for heat-related integrated circuit
defects using a second portion of said single integrated fault detection
apparatus such that said heat-related and said non-heat-related integrated

circuit defects are detectable using only said single integrated fault

detection apparatus.

9. The method for detecting heat-related and non-heat-related

integrated circuit defects using a single integrated fault detection

apparatus as recited in Claim 8 wherein said step a) comprises:
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25 apparatus as recited in Caim8 wherein said step
a) conprises: 20 analyzing an integrated circuit for
non- heat-related integrated circuit defects using a
phot oem ssion mcroscopy (PEM portion of said single
integrated fault detection apparatus. 5 10, The net hod
for detecting heat-related and non-heat-rel ated
integrated circuit defects using a single integrated
f aul tandBlAet harntappRaditmitfor @di-hed-lent@l ahtegBated
wherein said step b) conprises: analyzing an ]
dintégdefeed whing ai photoymiselan- miirascedy i(BEhﬁ e of Faidi t
def ects using a_ fluorescent mcrothermal inmaging (FM)
%@glﬁilé‘?ﬁ%ﬁt%}gfa&h defeetiofy PRPALHEYr at ed fault detection
21

appar at us.

10. The method for detecting heat-related and non-heat-related
integrated circuit defects using a single integrated fault detection
apparatus as recited in Claim 8 wherein said step b) comprises:

analyzing an integrated circuit for heat-related integrated circuit
defects using a fluorescent microthermal imaging (FMI) portion of said

single integrated fault detection apparatus.
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