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Recently a new phenonmenon has been discovered that can also be utilized in
test and debug of sem conductor devices. Wth the shrinking of the size of
new devi ces, the devices are made "l eaky" so that el ectron-hole

reconbi nation occurs during the static off state of the device, leading to
photon (-1R) em&sdfly a ks p8Ehsshiibd DL BRSA%IASHES UGN Uhe decr eases.
That is, this eﬂmmmﬂﬂﬁﬂedﬂlhf’ XM sigbubsef feiideandiicibodeeatdsy as devi ce
generation prdgn@s%@ssmwnywﬁthwleﬁ@ye@hdm @&Lﬁcﬁ@evwseéréor debug and

test of sem cERBUEL Stauclj(%@g eFQifré ead] gertSiljested to use
digital imagi %ﬁ-@f& &n@é’s% %chk 'JEH Q&gj& fﬁéc‘}eﬂg St ons over
the die | ayoutTha id)Vveaski gabﬁowhstrﬁ:l’h ekereatsreenl its@ifohofs prb-was suggest ed

to al so overl alfqr#wdéyats@%@C%aehe%wreerwe?tssméﬂh@wmmg@%o det erm ne

whet her the eﬁi;%?ﬁyﬁ?é@é’:n:sle 1;61—:1;16 1l-legeln gsglﬁo use ﬂ?nual
met hodol ogy w@ﬁlagﬁﬁgsgw%§ dRatL REE$aBYs bFBH 0 %&hge in two
di fferent | ogiosek theatiesagndt NSSﬂffwdtr@tW(whhﬁf eldiserry asliophset at e has

changed. For fore It ¥y mgg9send & aHﬂ A ¢achelsviegie overl ay
met hodol ogy, ﬁﬁ@a&?ﬁdy JETELIEd S Igﬂ*ﬁfgﬁiﬁﬁ STAERE static Logic

St at e | magi ngwks Advans adySidibs@nadechneloghesindDan&licRin el man, Steve
Chen, and Bonahfﬂgradokqucapsmmdnﬁgsbéammg Ivehe’zt&éi_thﬂteenwatc»mnal Syrrposi um
for Testing aftiEdiFsghenasd: For suomp infrppationyy PR, which is

e eader is directe

i ncor porated BEEES By S BT T AR TN G N B LIt e 7 ASGAn B8 under st ood
from the abovesdesticasivonandsied zepub:laxﬁat ROBodMalhRinl, Beevdrage overl ay
techni que may qi:eﬂt apghidgtnagtteadoy IHJpeeeqimgssfrgllmweZ%'ﬂibet%— and becones
more diffi cuI ‘%%@X%hgéﬂﬂa 970 We A7 L@%ﬁd@ ySecyne snal ler and
denser _ That ;,éferg Eo L nBges.qverlay 'ne od07 00y Fequires the ability to
obtai n an i mage Aof csubé eidenitobeisbi analsevé Hascrifrouamnidatisedlevi ces and

em ssi ons nayPpEligationg giyhilisethd Pmﬂg@aeﬁed?brereoaMQﬁFolmas’uhﬁmmdl ng noi se.

digu C
Mor eover, phofBfk éjﬁaé‘?&if LEg 0. Heéiu ﬁm@ 53@3%17 cal JRtEfbIenon, so
conpari son of sh{fgeSalisibgsé tHNGn 8 8E AL By TRIEtREQYISIS, €' T oneous
concl usi on unkessiréhthe aAbgayite oo-bam e tregerofuwghialdstresatutpsuf f i cientl y
| ong exposur eSALPEE] ?nBX Cp%‘?‘l“ﬁ? tepraise F’P@OrP?)\%I?“%Uf ficiently
| arge nunber Bl RENCENEESS fon £l QeVIdiS a8t SR Tl Sl osel y packed
with newer gesgsdl s®BSmMMANESH 6F Rnadse Bing e -0H SEHAR ateatd on t echni ques
can only be nuade ipravide| egatqe@wsofconhélseqnssmmsscahebenlasel & ed and
accurately |i ﬁkbﬁ‘t}nﬁg Gt‘f‘Fé aﬂé‘iﬁ‘ flﬁgﬁfggg;e@j Y JORE RIS T Sinilar
i ssue appl i eSpaheLasery ot PSSR TSUCh Y5t one must
resol ve whi ch dew aevmsgdt tshealmduhat I::Dﬂ;elljﬂ pdikereitigetredvéaser | i ght

However, as d5§11 tinse adpefitial usheold8msicryisgion Ketetior dsciiner eases,

maki ng |t very, Iifgfgﬂ! ° 52% he devi ce
that emts thglé hgm%ggﬂﬁaiﬁsa %ﬁil&e&-@%@%ﬁﬁaﬁf £n=a Ey, em ssi ons

f rom nei ghbor sg stheti eesercnbermivse repdiveaiv ahkﬂ@élct:h@us@slttmag system
thereby furt h8os inc’a;‘h rﬁﬁec E’ lr%leﬁ aﬁl? g"?ﬁea%

eIlSl ev1ce

modul ati ng de{LEeT: oni Gk xm %%sgn) éﬂ&gﬁfagv @@ds to
i mproved st at i@ &S t@Might o dma KBSt 1aBBH Boctiint AktilibniDy] SOI at e t he

emtting devi eedssions Ifrpmrld@ughb@rerm@é‘ex @gxtelsglq pptibel sai ednduct or

i ndustry pur sgz?rfsg’d‘ﬁl%ﬂre bd g'étﬁf
SO 1 ﬁ{ € €1l lﬁ 1

i ﬁﬁmmc Tﬁaﬁ};eofo decr ease
design rul es 18aSE6 M.’J.pr

gélgﬁegﬁ for debug and
testing beconm&olmﬁkeam Aging d;lﬁtﬁneasabiaeeanél ehlmendgfdetveaést y of resolving
em tting/ nodul akt rgdekets | eesbm{ogmsseﬂl\rbd SeSUNMAdRCﬂirIrmduS‘lrrh’e follow ng

summary of -t PRETNGERUNL HE TR, LEUEBE L) o*ﬁ;ﬁg“‘éfb Si ¢
under st andi n ng@&r&oaﬁg%g t@g WeELSALs |iglrahs’l'h| S summary
is not an extleassatﬂew:@rmse@ifﬁfcuhheofmse,mir@e nsodlilaking S not

i ntended to @ariceswhartyepdbmd-fy key or criti cal eI enents of the
invention or to delineate the scgpa@iiAfe i nvention. Its sole purpose is
to present sone concepts of the invention in a sinplified formas a prel ude
to the nore det@hketlesors puromarhatf ithe pnesetribedisbeldwded in Vari ous
embodi ment s o4 osR Vééﬁ%ﬁ@t@ﬁtwpﬁegﬁr%ﬂﬁ%@@ FHEANS T BIPIIBIA ng faulty or

he inven

mal f unct i oni NgoeNEGES s ie Ay bALEHT AP ds Ghdctltd 5s LM Bl @LLaeaki ng, faul ty
device refers to a device that failed to assune the required | ogical state;

whi | e mal functioning device refers to a devi ce that assunes the proper

| ogi cal state, but its performance (€ g., speed, threshold voltage, etc.)
deviates fromthe required perfornance Enbodinents of the invention may be
applied to various em ssion mcroscopy systens, such as static em ssion and
dynam c em ssion, or used as a stand-al one system Accordi ng to various
aspects of the invention, an IREMinmage of an IC is obtained. The eni ssion
intensity at each em ssion site is neasured/cal cul ated. The cal cul at ed
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t he pl ot of Flug'in photon emission collected from a device under test

(DUT) is described, the system comprising: a first input

receiving image signal correlating to the photon emission

collected from a selected area of the DUT; a processor receiv-

ing the image signal and determining emission intensity for

each device within the selected area; a storage having refer-

ence intensities stored therein; a comparator comparing each

of the determined emission intensities to a corresponding

reference intensity; and, an output circuit outputting the com-

parison results.

Amn optical tester for testing a semiconductor device under
test (DUT) is described, the tester comprising: a collection
optics for collecting photon emission from the DUT; a sensor
for sensing the photon emission from the collection optics
and generating an emission signal; a processor receiving the
emission signal and determining emission intensity for each
device within the selected area; a logic state module deter-
mining a logic state for each device; and, a storage storing the
logic state of each device together with a corresponding test
vector.

An optical tester for testing a semiconductor device under
test (DUT) is provided, comprising: a collection optics for
collecting light from the DUT; a sensor for sensing the light
from the collection optics and generating a collection signal;
an input for receiving CAD layout of the DUT; a calculator
for calculating emission intensities for each device ofinterest;
and a comparator comparing the calculated intensities to ref-
erence intensities.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application
publication with color drawings will be provided by the
Office upon request and payment of the necessary fee.

The accompanying drawings, which are incorporated in
and constitute a part of this specification, exemplify the
embodiments of the present invention and, together with the
description, serve to explain and illustrate principles of the
invention. The drawings are intended to illustrate major fea-
tures of the exemplary embodiments in a diagrammatic man-~
ner. The drawings are not intended to depict every feature of
actual embodiments nor relative dimensions of the depicted
elements, and are not drawn to scale.

FIG. 1 is a schematic diagram illustrating alternative
embodiments for systems according to the invention.

FIG. 2 is an emission image from an area of interest of a
DUT.



FIG 9 is an
transi stors,

pl ot of a neasused signal

illustration of a part of a sem conductor chip, having three
A, B, and C closely spaced thereupon, for explaining an
enbodi ment of the subject invention. FIG 10 is a plot of the point
spread function of the three transistors A, B and C depicted in FIG 9,

si mul at ed accor dikf§. §Qs aL1erRedL AR @f ad RE 1SS LOSF the im/dnG 11 is a 3-d

froma |l ocation having three transistors arranged
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transi stors i refalreamrantibng sem conductor chip, as sinulated in devel opi ng

the subject inyefitfohls B piat F’é“%tot‘;?{?gﬁm’t‘gf:@?ggﬁ%ta e(lg@lgcllf‘ﬁ‘?qcﬁsur ed in FIG
ve

13. FIG_ 15 de-;ggiggs?ﬁaﬁ &gﬁﬁlﬁfﬁg{ a process to reso

The emi ssi on

accordi ng to an EHboslisrentroed sédeon wrehtin: ofIFGG.X6 depicts a CAD | ayout

design for t
illustration

S &RE-ELN fukd

for elim nati nposistoggihs B ad 6hdepicted in FIG. 9, simulated according

to an embodiment of the invention.

FIG. 11 is a 3-d plot of a measured signal from a location
having three transistors arranged as illustrated in FIG. 9, as
simulated in developing the subject invention, according to an
embodiment of the invention.

FIG. 12 is a plot of a cross section of the measured signal
overlaid on an ideal point spread function plot.

FIG. 13 is measured signal of emission from maultiple
transistors in an area of a semiconductor chip, as simulated in
developing the subject invention.

FIG. 14 is a 3-d plot of the signal measured in FIG. 13.

FIG. 15 depicts a flow chart for a process to resolve the
emission according to an embodiment of the invention.

FIG. 16 depicts a CAD layoutdesign for the chip area of the
image of FIG. 13.

FIG. 17 provides an illustration of three error functions
plotted against the intensity, for explaining the sigma feature
of the invention.

FIG. 18 depicts a flow chart for eliminating misregistration
errors according to an embodiment of the invention.

FIG. 19 is a schematic diagram illustrating alternative
embodiments for systems according to the invention

Table 1 illustrates an example of determined intensities
compared to reference intensities;

Table 2 illustrates an example of calculated intensity con-
verted to a logical state for each device;

Table 3 illustrates an example of the various states that may
be assumed by the three transistors shown in FI1IG. 9.

Table 4 illustrates an example of a tabulated display;

Table 5 illustrates an example where the weighted results
are referred to as pooled;

Table 6 illustrates an example of a decision table;

Table 7 illustrates an example of tabulating a run on the
entire area shown in FIG. 1.

DETAILED DESCRIPTION

Various embodiments of the invention provide methods
and systems for identifying potential defective devices in an
IC, by measuring/calculating the intensity of photo emission
from the devices. Notably, in the prior art photon emission
was observed manually to make a determination of emission/
no emission and compare the determination to the expected
result. If a particular device is expected to emit under certain
logical state and no emission is observed, the device was said
to be defective. While such an analysis is beneficial to identify
faulty devices having “killer” defects, i.e., defects preventing
the device from functioning at all, it fails to detect malfunc-
tioning devices having ““soft™ defects, i.e., cases where the
device functions, but improperly, e.g., assumes the requisite

h @? '%anéﬂlslﬁﬁetii?mféa’ pLa ffg}igondflc@r ql?ipg:] ovi des an
%zﬁ%%zémmggﬁ}ﬁfﬁiﬁ%ﬁ@ﬁé% i

5
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sity, for
a flow chart



errors according to an enbodi ment of the invention. FIG 19 is a schematic

diagramillustrating alternative enbodi nents for systens according to the
invention Table 1 illustrates an exanple of determ ned intensities conpared
to reference intensities; Table 2 illustrates an exanpl e of cal cul ated

intensity convgpedit Q.a hegiigalnStAlLuhor8258 deVl €Qample, HDI € 3
I 1l ustrates anhexatmber&f chhiRelvag i @UEnSE&E@SbIVAbLWIRYhBes@sigdutred by t he
t hr ee transi stiovsnshowmabtesd€GecGon pdliogh Ispf gistfectisenddiikiganpl e of a

. ctS. . .
tabul ated di sptEg=is agrsIabalr?o§ th! lt%%%r al es.an examl.g whers,ihe wei ght ed
resul ts are rehehiiahd s3ocdQQ fibe HABLELEA L sl batESwal exapl e of a
deci si on t abl emission abh ®efresblwist sptiesitan. X anplpsefbleabuliabt ng a run on
he entire aredi®hthe dayifg Gorgesponding to each observed emission.

However, for advanced devices having very small critical

dimensions and very dense layout, optical means may not

provide the resolution necessary to identify each emitting

device. Various other embodiments of the invention provide

methods and systems for resolving light emission from

closely spaced tramnsistors. The embodiments described

enable resolution beyond what is possible with optical sys~

tems. That is, the optical system’s resolution is limited by the

wavelength of the light used to image the transistors, which,

in semiconductor devices, is limited to infrared light due to

the silicon’s optical transmission characteristics. Various

embodiments described utilize point spread function of the

optical system to resolve the emission. The point spread func-

tion emulates the emission as a combination of point emitters,

based on the linearity property of the light. Once the emission

is resolved, the results can be used to identify defective

devices.

FIG. 1 is a schematic diagram illustrating an embodiments
for systems according to the invention. In FIG. 1, DUT (De-
vice Under Test, e.g., an IC) 160 is undergoing testing by, for
example, receiving test vectors 142 from tester 140, such as
an ATE (Automated Testing Equipment or Automated Testing
and Evaluation). Alternatively, the DUT may be provided
with simple power-on signal or simmple clock cycle signal. The
DUT may be mounted onto optical tester 100, such as an
IREM or time resolved IREM, e.g., EmiScope® available
from Credence Systems of Fremont, Calif. Generally the
optical tester 100 would include an x-y-z stage 120 for navi-
gation over the DUT, a beam manipulation optics, BMO 135,
consisting various optical elements, such as lenses and/or
mirrors, and scanning mechanism, such as a laser scanning
microscope 130. The elements are generic and not pertinent
to the embodiments of the invention.

By the use of the above noted testing elements, photon
emission is collected from various areas of the DUT by, e.g.,
fiber optics 134, and is sensed by photon sensor 136, such as
an avalanche photodiode (APID), a low light camera, etc. Of
course, other elements or arrangements may be used for col-
lecting the emission. A signal acquisition board 150 may be
coupled to the sensor to receive and condition the signal ofthe
sensor 136. The signal is then applied to a processor 170, such
as a specifically programmed PC. As shown, the processor
170 may also be used to control the various elements of the
optical tester 100. Additionally, trigger and clock signal may
be provided from the tester 140 to the signal acquisition board
150 and/or the processor 170.

F1G. 2 depicts an emission image obtained using the opti-
cal system shown in FIG. 1. The particular image of FIG. 2 is
of a selected area of a DUT. The image may be displayed on
the monitor of processor 170 using, e.g. image editing soft-
ware as described in the above cited Bockelman et al., publi-
cation. However, as can be easily seen, it is very difficult to
decipher which device corresponds to which emission. More-
over, projecting the layout over the image and manually deter-
mining which device is in the proper state is tedious and
difficult to perform, as the emissions many times overlap.
Also, such an investigation may only help in identifying
inoperative devices, but fails to detect devices that operate,
but not to the required performance parameters.
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Al so, such an investigation may only help in identifying inoperative
devices, but fails to detect devices that operate, but not to the required
per formance paraneters. To provide inproved detection ability,



In FIG 3, an area bounded by broken line 330 nmarks |l ow intensities where
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i nvention, 0Ng&r: h'&ld)@h@ﬂél&b&ﬁehﬁgﬂlﬁﬁeﬂoﬂﬁhﬁ@{bﬂ theyoaee conpared to
reference intensities and the deviation is investigat ed An exanple is
shown in Table 1 and referred to as anal og node. Table 1 includes a cell
name columm, in which each cell under8investigationis listed by its name
in the dat abase e.g., LEF file. The next colum is transistor nane, which
may al so be obtai ned fromthe LEF file. The next colum is Test Device
Intensity, in which the calculated intensity of each transistor is

tabul ated_ The next columm is a Reference Device Intensity, in which the
corresponding reference intensities are tabul ated. These nmay be obtai ned




According to a further enbodi nent of the invention, the cal cul ated
intensity is converted to a |ogical state for each device. This is
illustrated in Table 2 and referred to as digital node. Table 2 includes
Cell Nanme colum in which the name of - each cell of interest is tabul ated.
The next col UMlic$, T&HmPEMLE o b0 kL1 £ alrehl abad 4@k 6 State is
tabul ated. The.dbHH thsk @a&h%wa,ed 2y abslermnee the dhecead cul at ed
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this illustrakhoining be noit gnekting I@tt,waidyoanmermbaﬁseﬁemggnadhe\m th a random
nunber gener agbtctise be‘a?nﬁhﬁgt; l?é‘f*@g"r?ﬁ’lr?é‘ tﬁﬁ%tg%g 2SAs can be
seen, the si gRdl SILII SRS, Fy Al 108, AEAL e SRaAl W, HPAtot St ter, mainly
due to noi se k&rrhfiecnySdreemitieicef Hé&ln%eﬁt&h&dfoanﬁlﬁaensg}&re cl osely
spaced, it |srhiéwtlcmapeléfmn@dﬂiauhntfr%ﬂ@t@ansﬁtqrs light. FIG 12 is a

plot of a crogsEISedd P gt pet %3% 1 al gé’r"PFg‘g Ho&n i dea poi nt
Qs

ate
spread functi @Al eitfans’ ‘%—@ﬁ%@i WSt& ahBal IGHbtY in
resol vi ng t he aeBinSiBd humber Ebfreraldr nseddas iheddsicgighodde Birbssi on from
mul tiple trans‘?%tswrsall ﬁxsawrabeaﬁw ahS@ngle%in@ﬁ&rGrfrem pre whédle FIG 14 is a
3-d plot of t It SRERHEREL EIS. W GUE TS Wl Ilar examl e
the signal hage egv@h rRGstoDbnits 13 ﬁc& REHhlsSio Lefbt SR Esodahe appear ance
of a real neasured si gnal_ The follow ng provi des exanpl es of how such a
signal can be resol ved. FIG 15 depicts a flow chart for a process to

resol ve the emission according to an ®nbodi ment of the invention. The
process begins at Step 1500 where the CAD design of the area under
investigation is obtained. The CAE) design for the chip area of FIG 13 is
depicted in FIG 16, where the layout of various devices is shown with
respect to an arbitrary (x,y) Cartesian coordinates. Wien, as in this
exanpl e, the area of the chlp |ncludes clusters of closely spaced

g~ p— 4



When. the best fit is obtained, the mninumdeviation is calculated at Step
1540. For this step, any known nethod for cal culating the deviation between
the two curves may be used. For exanple, the known | east square or ordinary
| east square nethod nmay be used to obtain the best curve fit and the

M ni mum r esi dualtisel o@Shthghdistk8aMigdaNi alvephia The dLaata seiake net hod
assunes t hat mea@f@n:@tx@:amad@wﬂmdpmvalbqtludstrmgrqif@@d@ydnitng to one
enbodi nent of rleh%lﬁlﬁgéhfl%lsst% noi sei}ggl jﬁ,l S. as uned ngt. 1o be randomy

4

di stributed, %ﬁ%ﬁoﬁéﬁ géﬁ%l“%@%d fﬁ"ﬂ SRk xiciarﬁute@‘?ﬁelf For

exanpl e, t he 8k ok -af pRACHF IBAHIERE Ghataselnin Imy} bes assuwnedst 0 equal to
the square romamhutmmlﬂ@deml Smeenlmemlaneldebuntté“ﬁs:ht—y | at each
poi nt rmay equ e A q’@nw 4 Pchtizop I"Té”@n Squar e
analysis is uq,gglo ntgeﬁcf’ 8enerar’f‘§ tﬂe Sl e f88d TR This enbodi ment
isin the form EQG 15fdel’rﬁctsme‘f<ﬂw|dﬁdr5 fbhe pRasisad fdabmlcmey and la. is
the expect ed IetlltliE,SHS?II y0€<|>rd—3n tPSHE) nslmiilmqt@ @ﬁélenmwtsqua}ﬂe@l (N=IE-to',

Tabl e 4 as t Clijy, T e s,tepf:f oHEE @veaﬁle N b&at sanpl ed

poi nts: tChi SaeioM &¢v£~e/s Bs 24 Aswananreb;@eundereai edblitrarreGoupber  of

sanpl ed poi nt S*&agsibe WF‘G@]“F@ -chs ¥} fds srcameries thea %)Rfmatl on, as
Cequl e by HESAHR FEIHE: R STAL-SUERISA LT, det er i nea
whet her there a8 FRES shakes, e lgalsﬁuf %y&ﬁ@»kdn—hﬁ@,ret:ﬂ@lgléQCess
circularly reusoos 1t6c105t 1620. Ahpfargh|fopftettiveg $$ atlestdthireSbaen cal cul at ed,

according to difde ﬁPh EPrBcEss iy ¢ t bfﬁ' ;Iff"lif process A,
wherein at St ?ﬁ‘ 5’23’; eﬁaﬁﬁbﬁfﬁ AhLeshe tﬁastﬁgl ected as the
correct statesy {&nlﬂueae&btc;bxcsah&u rahadcémuleashswmmsaarm@r t he

sel ected stat ena@rpnwsxdredoﬁgwaﬂlusrﬁisca?l cheghawhngim mransesedr enits

| i ght. Accord‘;ﬁ%: Yornsrinkin aiBHicherts DeneeisrBtess A5reEdtEs “accor ding to
process B, whi ChySEAL] ps %ﬁxﬁ@ o e eabherahaticecpnakabi ity of
each state is fealicelgpibate oﬂ:ﬂwaey:cb@tlh fhieoDeasededrednoh $B8can be

i mpl enent ed a§5&0crfé§9ne€|¢€c¢éyomh HeSF| fyal aHepEeheorprious dpjyace el ati ve

probabi lity o?ﬁ?&i%‘ﬁ’s&ss t E’ﬁg@i@fﬁgéﬂfﬂ‘op r&ﬂgﬁﬁfg devi ati on

obtained in Stneg §1te,alt k Sitde ires sy ive used to

cal cul ate these&lcaécnv:esm@bablslﬂrbya th&ckibr tiSgepS2Odeaitaent , t he
Chi - Squar e di seld Peﬁar‘s‘t%é 5%‘? F’§ ?déﬁﬂlrea?]?[?‘?cbutl onis
used. O cour §§E5-h0ER TRERHE 058 e° - iﬁg‘ﬁl‘gf%m@wésr §Lh the

Chi - Squar e di slﬁéglgibht s1afe kREoel 81 Taﬁl %bD.PsP whd thedriplistrssbut i on i s

not ed as t Fdi €0.0.0Phdorabalsescardetatgiioy a1 ébIOD netSt ep 1555 and may be

di spl ayed for t Frré’ed‘féfﬂltt‘%g §E‘?§f1 gﬁep eI OFIRERY to generate
the neasured Sigbalie A0 & @J@pﬁ@y in Table 4.
It shoul d be sgidz0edHik aitelatcdrhlb& ﬁéﬁpmﬁ@nup laCﬂirrﬂaiaJes wyay be omitted
fromthe cal cmea@tll‘e)ﬂsr segrhia e mPl‘ﬂI?}EFFII tt"l’i@“h‘h"?ﬁﬂlb’ﬂ gre of Step 1540

the best curvE@sff i PEEpPR e H S S‘?l ﬁiﬁ&é S stor is set
to a negati veb\é,aiasn chBabaRards @@ps;v aléraal eed GtmYRG.BENON- physi cal ,
Le., the transhsisviredaignainOnewat ©r do ang inatatakivider sary thdfhe exanpl e

shown in Tabl &ntensityf of cpRb TAPEEIUT HIRS| 5t BF CQ bg %c;f}? Wre-in FIG. 9,
with the possﬁﬁltg 54 gﬁjjﬂgﬁe 37 HtAors c'rfoafe‘gf F&te the
intensity val uesvhaMankessstiChangebdintll th8anbastutd He{iﬁltichﬁnﬂﬁasured

si gnal has beealcaﬂhte@/zecsfﬁtpels‘!mel?&bes‘é sfex, "angakuewof melHeod fitensities, tA.,
tB, and tC fgrlgdetre rsHer g ¥ SPdE fBi° EUEYESERRL I state. The
i e oLl A RS A UBLE S Sl o S ACcibe seen (1

t hi s exanpl e, nlik@miteh St lasIdtQﬂ; % fhahiden fdeshtishattbe BRSstve conpare a
PSF of no en savare metthocaaﬁeasmset@aS? b ash omn bridisirgnitedn t he ot her

hand, the besEIFRETYE: PEACT8Esh ‘6$Pa T oanHq 111)
oreover ¢ here SR e g P SR BT (0 26 and
0. 25, respect exvelrp)f.ecathenhehaied c&ttafploﬁﬁtng:bafmesmﬁnaayo sgenl that both

states may prEl'lsﬁe1514111%\!1%B Ie’qma?lflt evla¢49<§lrs I%?Gﬁnn‘mm\ﬁéﬁ 1n¥€6¥$l§thte (111) the

O, a / c
a non-physi caEu%o cah & ﬁl'il@i@Dé/r% odlt,a&iail,gl ﬁtae lity

cal cul ati on as noted above Addltlonally the F-Distribution strongly favors
state (101). Therefore, it stands to reason that the correct solution is
state (101). Taking a step back,” tlHe resulted statistics shown in Table
4 actually make sense fromthe physical point of view That is, due to the
linearity property, two closely spaced emtters would produce a signal that
woul d add up to generally |ook |Iike a wi dened PSF curve o f a single
emtted centrally situated between the two emtters. Consequently, at
certaln resolutlon both states (101) and (111) My seemto fit, as both

— i~ p—



cl oser resolution, the resulting signal of the two emtters will have a dip
at its center (i.e., between the two peaks of the two individual emtters)
This is why in order to fit state (111) the intensity of the mddle

transi stor had to be adjusted to a negative nunber, i.e., to generate the
dip in the m dei e1 hohg facte IDCHK %@%eégﬂeﬁoﬂitéﬂs%%%nhhﬁtlstt@% actual state
is indeed (10le Eea@aarﬁ{teﬁﬁtya@ I Sy, tadanotibahechbid |£q1iurednegat| ve
intensity val u@’sr—é&enﬁot’hpmveﬁhe berrsipgtivape i Sledob @i timé dewizor | ncr ease
the confidencelPh: g@%rf‘?qﬁ?llg Ebl’lléggsamﬁﬂl F-gh SUPmALCG i RFto a further
enbodi nent of tcﬁe invention, further pr cesSing ng s perfornmed to obtain

i ncreased confi dencE™SATHe S8 ect ed state. Accor di ng to this enbodi nent,
once the proce§’§| b‘P o dgrstpod, she opsheeed! fompded glcdntseermpbea, a wei ght ed
sumis obtai neﬁfj‘ RE% f rc‘i’%ﬁ?feﬁé’plrﬂf‘ﬁné‘ﬁ‘c?ﬁ‘uﬁ? TSHETFLERYI ti ng
probability of e@@@t&&agﬁSrAfb&%@@ Pl Bedi SvHdthUstHAL ade ibrlahh@sS, Where the
wei ght ed r esul toscalcalatef mrd.eid sioo ths ooé&dc1r§ular®<aﬁwxe$ b fgepnt ensi ti es
for transistorl®20 Hr 2l afl Hieptirias B%V‘? heepreiaplatedyaefordden State and then

sumed As can RESEEU:A b SaB) §sgv ik Cihct né‘ﬁéﬁé AT RE M ed

intensities ofsdleaesist biesAradtsthicaThaetnitghsrculvan Hhahcaf transi stor
B. This suppor@’snflh@rc@mhﬂsﬁtﬂﬂwlatate hﬁepwrlrieeltasgratneilpgtn@i@@
According to a ]hll,li At ’%ﬁnfﬁ]%&gest fit PSF

curve is obtai &gﬂsaasvéfﬁcg?ssﬁsa’éf@ee 4 f,l %&ﬁéprdcesfflagcﬁ%{aeggth of this

sol ution. Thi &svaéluelatsdca:bfaebxheé,ebatlsl uxt ansl #hewn ba Tables 4 and
5 as tSigA , tisp ?‘@éﬁsﬁ‘ eosspigee \flﬂéﬁé e&‘FPtWIPustratl on, wherein
hree. or or  f uch TS S £ AN ALk R0 BB UG R nfensity.
The m ni ma i ndueaka dch6s &ﬁ%e%é@mdy Be uskh thé’@e\ﬁ%\ler as can be

seen, the cur \ﬁeveafprplb@bﬂiti/ iAcébatibar td are telmabo@ﬁneut vehel Ehitheref ore, the

| east error sdtt3RgfisErRe = 2 11 P d’aﬂ’f‘ggléis?ég%:s%farhfgﬁé?n ?@inty than
that obt ai ned HREREULY LS ARABUTEn S dabh i1t feq si gma val ue
shown. in Tablwes m—m@ﬁ:‘lﬁutlbﬂ1§ hesel hatihast. Tﬂﬂerésang;arettbeusatg&a val ue is,

the | ower the éo‘%ﬁelpdﬁﬁ,%anﬂl@e bzmérfpﬂ%ee% %:;va#;% cafpreoadhes t he

intensity val l&%@lf@f@ hE ﬁg%g@ﬁéﬁo CASYIREL RPBhsMy val ue.
Mbr eover, When tHensugi®VabiealX DR el ARSI, SYadikgubbe i ntensity
val ue at that rstsfee caimed fhexrtkiedowptionsFbor examile, iffarritde state (111)

in Table 4, tHBesTYRE la\f%grlgi%fg?tetpr éﬁéps‘tbtf)rrbE?} PErYR diiee eh@ineds intensity
val ue for thatyST3LE: “iﬁfétaqgﬁﬁfg%faﬁf@i&ea‘f@éoi iaﬁ gt qiLobabl e. A
simlar indi catii¥isas abe onee knhittcrh anpaed . ‘the sigma val ue
for transistor B ek P ﬁtﬁia’nntlhe’fﬂelle Uedorﬁhenbr¢vtwasﬁﬂan5| stor B,

i ndi cating thdf¥e; a? ‘é@’?l’f’giﬁi% I?rStE‘Ses aveﬁ‘fé‘l"i‘abl e.

in ens values

According to &bl 8¢ Qie ich%hé DMEALRE si@nde Hagl Qi able is
constructed ara@hpas\essﬁmmﬁh tige t‘hesuUSET valbie eRaipiwecobitBuchaatBabl e i s

depicted in Tasl%etG: fn e?&bl&éalesmfcge“(ﬁél vceded nfeensdaty salegtad gna of each
transi stor ar &3 fodte AT B VATOE, Balic: (y&aﬁﬁt@ PRt at i ve
probabi ity tHat thderirAR6, Sk e LonPhreS P &b 8nal Goprese@nied in the
table. This caneébﬁenddrﬁegnel Sglg)ov%?ga@dnwgomh@rom p@b@bh%thm t he

)]

F-Di stri buti o?<gbt&Y LaiesdOdeapd(d sy Pflsire- 6, t he
g’l d dlStI'l?’l%‘:lOn is 1m1 ar g]glrfct{l S atfﬁ ct ed

probabi ity tfeatzéga@aﬁc‘fr;‘ ACES AT Sniish Ol Al
intensity i s kegh and vatbhsthedsgeiayt eht SnSdgimly Slanulsaﬂufleﬁul ts can be

seen for trangigverecfoThtatef(dld) thhEbsystiematray Sllt:sgfeBaWée@Psl on, called

bl ended verdi {22 MerdEEsdrs A &ﬁ"ﬁ:‘%ﬁé‘ phypicaf solytting hand, while
the cunul ati Ve ped abglwdmagaﬁ&a@g haosirgtf&lglgf mbeadigible, its
sigma i s nmuch statgh(aron)halrhetrtefond;tlemamgs tEFh&I’asf:)ﬁl’ﬂ],atlﬁhel sottieghl y unlikely

that transisté&f A gs é‘ﬁ’t%ﬁélo P}e System rra | ssue a decision that it is off
If one wi shesagfag { éﬁ?‘; A ;nggvnﬁ%ﬁ ci ded verdi ct
as illustrat edulentd a]a em@eaﬂr@/\@ysf,en@vead deld Ss 4 one takes
transi stor B toowe prpdude 2 sisnadahat lratulidt &id mipersgéyeradlwBrak f ai nt as
conpared to A TloAe dh%?@cf%’é(? rsm$1|‘F€ a%cb?%‘éltr?ﬂl’éﬁ??f val ues for
these exanpl egi@e%;i@g DDl TR celililane, Lh Sl Usbiih a random
nunber gener agehefLne agenﬁnﬁd mgptdmevaamemgﬂaaeemn%xsgcfvw@er antensity of
the sinulation is shown in Table 6 under "Actual Value." As can be seen,
the weighted intensities closely match the actual intensities used for t he
si mul ati on. The bl ended verdi ct ‘cdh be tailored to particul ar situations
and to provide different "levels of confort."” One may take a conservative
approach and force a decision only when the probabilities are very high,
with very | ow signma and cl ear decision. Conversely, one may chose a rel axed
criteria for the blended verdict. According to one exanple, for a
particular transistor the verdict is declared only if the probability of




FIG 19 is a schematic diagramillustrating an enbodi nents for systens
according to the invention. In FIG 19, DUT 1960 is undergoi ng testing by,
for exanple, receiving test vectors 1942 fromtester 1940. The DOT nay be
pl aced on optical tester 1910, such as, e.g., Em ScopeC8) or Ruby(r),

avai | abl e fromiBeE r2634L888, Afe RBMBRL siddhi Ir RN AL N b Ren@Rt i cal tester
1910 woul d i nchasgea aip x¢ ytsz;eﬁtage.e:l.,ng}mf@m hauwwgapedids oY eie tvhe DUT, a beam
mani pul ati on -dpCivisluaBlEritgss). Idgads stidhip geddrdaditopeiecdll leithaent s, such as
Lenses and/or HETRIS,. aE SERIENIIREIERLST, STECd S d3at scanni ng

m croscope 193@ct 1herRkENRAL S-AlrRIGRACH  RBMhdtah1 BRkLiB&Hk-LQ t he

enbodi ment s of(1tdie. Theerforemccordiytd igolise epibddlien alxovegacted testi ng
oo O R e g e e e e sy, oo, iber
optics 1934, ARGALSOABASEY Do ulidd erbhaRhadOab me Yaloasoansaval anche

phot odi ode ( ARRkr proveddigitis G rdne@t8 othail gltaadelubshtieABe board 1950
may be coupl ednttbetsietegedstatet &;ce@éin&t;:aﬂﬂs gmqih@ﬂrmt kecsitgaal of the
sensor 1936_ BYE-SEYAA °f & Ched *alipPrmpIetrea 1o doesloai=t 97t Such as a
speci fical |y RROGA0TERM RronibishOUR calh) G Re0 GaSs SO 40 s ol SO be used
to control theraetiioiBtde speiceghe vhidighpdd eadulisestaefddddio Addi tional |y,
trigger and clm?flkleéi gﬁapxm‘gﬁetgimrd%é% if;@mr?hgl;sr@sftf’eﬁrqgnﬂ-to t he signal
acqui si i on bALEE, S HIE B RSB SH pbC SRREBENRD 1o one
enbodi ment of ifigs IJIVEeARLERerst REaREAC eSS RE:dHO hE Vi€l REa€B¥FSSI ON

det ect ed by t hearopittiogalB- tl@sit evyurk8is itBe perfdnsiet Byatatist andeakone system
1900, whi ch né;‘]a‘?e‘si(r’(rhﬁgéﬂentfe in the formof specially programmed general

d
pur pose. conputyelnedl; APBSL LeAL Y. CRRSEITIEEEL A WAr QL sof tware
and/ or firmanadicthe wmktangdeatonerrsyss eodQo8. ahse waukasnsade intensity
eval uati on t o heeeiy siene @a@llitt_i]v shad ol Takries Bonmichg ad evigeegSigs. descri bed
above. The ac@fi% Eff#nd 3 ﬂlgg6g§g%§;ﬁr§fh;§ tzggﬁtamtﬁiﬁ?ﬁrﬁg ocessor 1970
to the opticalsi§i dlﬁa&?al 2L thbelLes ferpgisyét@rﬂ . The system
1900 t hen obt alosevhe a€Abnltey@eh, die tlne <[ pldt 11 onAbher GARD at abase 1946,
vi a CAD i nput °fgouveTife yyetpict 900 leanterfey $‘6W§i9&‘rﬁﬁlg¢tefihfé0m ocesses
i ol osed her &4t B ADe et HERH SN EORULIBLT o et anot e
enbodi ment, thebsyshemd a0t isSeLon£41Ghedai raglreaeﬁ ¥nd QakdeGispr ocessor
1970. I n suchtaechseer tthe CADAMoEt MAbsqr ewhaedbier ghgbhe vEARE dat abase 1940
to the procesSRPIisyre e Al Youe Ditialoaia sasttainty in embodi ment
of the resol Vigld ;SuaLad ValT, hatBaLh bBeh OO et SRle Al aRa, Sy St em or
i ntegral |y toréhedpreee IS exddhple Seireher statd (of 11 hegabel eant s nay al so be
used for the BigeasvalyegiargasistaBiimjaghieygher fitsulotgngd valbd unct i oni ng
devi ces. The st e 0o Ao SO B et are
coupl ed to corigiabGalEe BROMISIER SL BNALS than0bBSFeiBhelEiksn. The opti cal
signal input %8f2ofindaridietaCAB. |iaydciting phit kB64irapesicpvidotedtt 0 t he bus

1905 and pr oviF@sitier & gnarrditdet he hus. Al sqQ, an out put 1922 provides the
output of  ho AT AU LBl COE R T BEe b I E G et e mon for,
a printer, etexakplerahhen heafleqserpidagdan taserd hadabes 8] the t he system
1900 nmay i ncl ydEshtgbinmtenspryeel fsimeta ofi cgeharannostor30€ shhyagvngenerates t he
poi nt spread fff ﬁ;’@ﬁ;ﬁg;@ﬁi‘"ﬁhaﬁ@ﬁ%ﬁﬁ‘”;%“@%i@ggt%a%ﬂé’ct ed states_ A
conparat or 19886 QERABE 1dRE o i g%t?}zg oSG D ab Ay 14

éfeto t he opti cal
si gnal obt ai nedfiswimithen bhpiihed302abR 4e8s shobeenginnBobdTdbrecei ves t he
out cone of vaPfi 6%?? P%’a’llm’i@ﬁsggh@ﬁﬁwéﬁ ippnot veverar Padsaefldirent s of the

a. (188

system 1900 aBi R AR g ol F@ﬂ%gﬁg{ﬁ.ﬁ;@e@gﬁm A statistics

engi ne 1916 peyiebiEmhieiskat! HuseStidll ddital e atdr@its, wach as the

Chi - Squar e, Chiandissérs ButangnC Brelist.r Chuthomthet hanad whiei des t he out put
to the decisi ﬁtH“éH Pﬁépigl_{?ﬁﬂl??’téﬁ%gﬁﬁﬁ‘ﬁf‘?fo% lengit 0199@1 fates on the
PSr 15 Seek g AREE (1A ORI S AL AT e 2 CAD af e
1924 provi desiséakiz0dksci e hdisnatres de: |*fidign the drayaué, and
iteratively cicayvsee: eprprisfuy anvapdoride AR rdli¢t gt grapetliin t he smal | est
error i's obtaAble ot RELERY ST e b, L e PR GAD 0 INTRAT oo di nat ee.
VEMOry 1918 np¥uhfirkGed ADiod 08 A/GED QU A1 e ERD s Lo SLah frdiatag. Memory 1918
may i ncl ude neaniey fakeheioexsiesgy2SRhadthinaopthifed/iBy isoasild+ ansi st or
geonetries. Notably, according to aspects of the invention, the |ogic state
for each transistor is determned (e.g., using the nethods described
above), and the state is autonmatical |13 stored in nenory 1918, together with
the test vector operating during the imaging The state can then be conpared
agai nst stored reference val ues obtained, either fromknown good device or
agai nst ot her expected value, e.g., based on theoretical calculation or
sinmulation. Alternatively, the states obtained for several devices can be
used to set the proper state_ As can be understood, any of the el enments of
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‘1. A method for detecting defective transistors in integrated circuit (1C)
usi ng photon em ssion, conprising: obtaining an infrared em ssion

m croscopy i mage froman area of the I1C, determning intensity values to
provi de determ ned intensity of em ssion fromeach transistor present in
the area of theohCustd al Ridlibheh8rANGead QRS rr GRLhEeSPONdhBY to each
transi stor; compael Thecaokhsadgter mredityrifshsisippullaticnis gspondnng ref erence
intensity. TableThunder idg-tokl Yhired” 13s wherts setthebhstwpisgitedonpari ng
conpri ses pl ot;@%;ggg IFlaetler Mateh thatssrt yisgsitst wred f©6rtPEspondi ng
reference i ntenspl¥ piendedyeddier 1EL B0 Ch &) Waec bUk LhGLLERUPr i sing
cal cul ating a dddefpréeidrt dignshhp <RAIMNEBR Rlh it iDL debpiakdad intensities
and t he ref er engscrniensiapipesach and forkzea nmbtdieibrobnty avhe:3, theurt her

conpri si ng detreewakilAgea agaxsrniiat oWl gegevat diem4 rod elverl i near

rel ati onshi p. Sec‘s’S’n' .Vrféfﬁé’dogfnn&?%FﬁPﬂforﬁﬁfé}_ ‘G’?ﬂfggﬁﬁ for each

: I
. : lended verdic CCOT™ to one or . .
det er mi ned i nt RSty daeibill;b tedRULA,AY (FHOI LI ARE Ur el ati onshi p
and conpari ng t-desidewiadihg in the tBa~ THRXleNY Rvadd avald proiviisity of. 6. The
met hod of cl aiirb&ing i thee o fiFmpuates ifgrording to another example, the
number of states having a probability that is at least half the
probability of the most likely state is counted. If the number
is larger than the number of transistors in the tested area, no
decision is issued.

The process of FIG. 15 was run on the entire area shown in
FIG. 13 iteratively, using the random number generator to
introduce noise. The results from one of the runs are tabulated
in Table 7. Notably, the developed system is fully automated
and performs the calculations discussed above to resolve
emission from each cluster of transistors. In this particular
run, the system automatically provided an ON/OFF decision
for 17 out of the 22 transistors. As can be seen from Table 7,
the system’s estimated intensities closely match the simu-
lated intensities for all of the transistors for which the system
made an ON/OFF decision. In fact, even for transistors for
which the system did not provide a decision, for four out of
five transistors the intensities were very close to the simulated
intensities.

As can be seen from the description so far, the methodol-
ogy provides calculated intensities for each transistor, regard-
less of whether the transistors can be resolved optically. The
calculated intensities may be then used to investigate soft and
hard faults in the IC, as illustrated above. Moreover, by per-
forming this analysis on several IC’s and generating func-
tional average of the intensities for each device, reference
values may be obtained for use in testing other IC’s. The
functional average may be a weighted average, a list of medi-
ans, or any other functional averaging chosen.

According to another embodiment of the invention, the
system also takes into account possible misregistration of the
CAD layout to the device under test (DUT). FIG. 18 depicts
a flow chart for eliminating misregistration errors according
to an embodiment of the invention. According to this embodi-
ment, once a geometry is selected at Step 1800 (correspond-
ing to Step 1510 in FIG. 15), an iterative analysis is performed
as follows. At Step 1810 a CAD layout alignment withrespect
to the DUT is chosen. Then the analysis as described with
respect to FIG. 15 is performed at Step 1820 and the results
are stored. At Step 1830 it is determined whether another
alignment should be chosen. That is, the system is pro-
grammed to select a predetermined number of alignments of
the CAD. This can be done by storing preset moves in the x
and y direction so that in each iteration the CAD design is
moved a predetermined amount in the x-direction, the y-di-
rection, or both. If at Step 1830 it is determined that another
alignment needs to be checked, the process circularly reverts
to Step 1810. Otherwise, the process proceeds to Step 1840
where all of the calculated pooled Chi-Squared valaes are
compared, and at Step 1850 the CAD alignment resulting in
the lowest pooled Chi-squared value is selected as the proper
alignment and the results from this alignment are used for
resolving the emission.



for each determned intensity assigning a |logical state of "one" or "zero".
7. The nethod of claim6, further conputing obtaining reference | ogi cal
states and conparing the assigned |logical states to the reference |ogical
st at es. 8. The method of claim11, further conprising: assigning a first

threshol d; for eaeh §bvanshdPlendierdihping andiddigienceshaisgen the
det er m ned i nteasist Yorasdstches nheterdingetd nbhensiveytiodetiarmai ng, whet her t he
di fference i s IPEloRPOReisiuprdereohng dhsiine gy for fexegurde seemiainag t he

transistor as‘Syis %@gﬁiﬁéﬁféﬁﬁvﬁ%ﬁ%25;?;5 FThe *ﬁ%}@d of claims,
further conpriashilgblassdANHREGAS $aeand ol d;char @@%Qr 1i@nsi st or
havi ng a di f f eheppeicaboyaet 121DIwstld hrdslielt, x-coapaaganyoeddodi f f erence to

t he second t hng@??ggg@?rg{e]aﬂféoggf‘fpnca e ewlﬁ'éP?\@PttWéal%d t hr eshol d,
desi gnati ng t Bg 50k AT ST AP =A%y QBEE AT Vb bi MR udet /il deikEansi stor.
10. The net hodc&hinsd doscpRl 8330 .CRh £ Ulcth ERG dridtirid/arCORBE| Ses:
obt ai ni ng a Cé&Briiggoute tdie eindbddigrsitstaditbeppeseritnin t he area of the |G

By the use of the above noted testing elements, light is
collected from wvarious areas of the DUT by, e.g., fiber optics
1934, and is sensed by light sensor 1936, such as an avalanche
photodiode (APD), low light camera, etc. A signal acquisition
board 1950 may be coupled to the sensor to receive and
condition the signal of the sensor 1936. The signal is then
applied to a processor 1970, such as a specifically pro-
grammed PC. As shown, the processor 1970 may also be used
to control the various elements of the optical tester 1910.
Additionally, trigger and clock signal may be provided from
the tester 1940 to the signal acquisition board 1950 and/or the
processor 1970.

According to one embodiment of the invention, the pro-
cessing to resolve the emission detected by the optical tester
1910 is performed by a stand-alone system 1900, which may
be implemented in the form of specially programmed general
purpose computer, or specifically constructed hardware and/
or software and/or firmware. The stand-alone system 1900
also performs the intensity evaluation to determine faulty and
malfunctioning devices, as described above. The acquired
and conditioned signal is sent from the processor 1970 to the
optical signal input 1902 of the resolving system 1900. The
system 1900 then obtains the CAD layout of the DUT from
the CAD database 1946, via CAD input 1904. The system
1900 then follows any of the processes disclosed herein to
resolve the detected emission. According to yet another
embodiment, the system 1900 is constructed integrally to the
processor 1970. In such a case, the CAD layout is provided
from the CAID database 1940 to the processor 1970.

The callout in FIG. 19 illustrate an embodiment of the
resolving system 1900, whether it being a stand-alone system
or integrally to the processor 1970. Some or all of these
elements may also be used for the intensity analysis to inves-
tigate faulty and malfunctioning devices. The system 1900
has a bus 1905, to which various elements are coupled to
communicate and provide signals to other elements. The opti-
cal signal input 1902 and the CAD layout input 1904 are
connected to the bus 1905 and provide the signal onto the bus.
Also, an output 1922 provides the output of the various cal-
culations and determinations to, e.g., a monitor, a printer, etc.
To enable the processing as described herein, the system 1900
may include a point spread function generator 1906 that gen-
erates the point spread function of the transistors and the
various selected states. A comparator 1908 compares the PSF
from the PSF generator 1906 to the optical signal obtained
from the input 1902. A decision engine 1912 receives the
outcome of various calculations performed by the various
elements of the system 1900 and provides an output for the
resolving decision. A statistics engine 1916 performs the
various statistical calculations, such as the Chi-Square, Chi-
distribution, F-distribution, etc. ad provides the output to the
decision engine 1912. A transformation engine 1914 operates
on the PSF to seek the best fit to the optical signal. Addition-
ally, a CAD aligner 1924 provides various CAD coordinates
to align the CAD layout and iteratively calculate error for
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.generating a spread function for the transistors froma point spread

function (PSF) of the optical

system conputing the intensity of discrete

l i ght em ssion of each transistor by conparing the spread function to |ight
signal of the em ssion imge. 11. The method of claim 10, further
conprising: detgidisicRgDalfdhahtd ¥nlf usd adR1RIBLRAtLE PbtaiRach com
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e compared against stored reference values obtained,
either from known good device or against other expected
value, e.g., based on theoretical calculation or simulation.
Alternatively, the states obtained for several devices can be
used to set the proper state. As can be understood, any of the
elements of system 1900 may be provided in the form of
hardware, software, firmware, or any combination thereof.
Moreover, it should be understood that all of the elements of
system 1900 may be implemented by a single processor
executing specifically designed software code.

The present 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 inven-
tion disclosed herein. Various aspects and/or components of
the described embodiments may be used singly or in any
combination in the plasma chamber arts. It is intended that the
specification and examples be considered as exemplary only,
with a true scope and spirit ofthe invention being indicated by
the following claims.



12. The method of claim 11, wherein conparing the conbination spread
function to the light signal further conprises performng a | east square
m nim zati on operation on the conbi nation spread function. 13. The
met hod of claim 11, wherein conparing the conbination spread function to

the |ight signal ThynhbesticRBsinnss iperformng a Chi-Square m nim zation
operati on on t hel.cambtdhakl for depéants defetivetransidcord heidveghaddof claim 1,
further conprisiragitd&Cemsing photagkroabsisacenipnsi@@ch cal cul ated intensity;
storing the cal cwtaﬂ@@gs%rapefr%@%me?Slwntrﬁlqreémwym@geafrem anr espondi ng
test vector. cagfd hﬁBIt va(fl ai r@rl Si i.ng conpari ng

fur
each | ogi cal sta‘fle gﬁmmo ntens’ %gg&ﬁ%a%s ﬁ {%:;ﬁ'ﬁtfw ag,ﬁgtem for

i dentifying mal fungg ty transi stor: usi ng oton em ssion
collected from aotskam&@ Méﬁéndeeﬁ{teﬁahgr)qorﬁ@ﬁaﬁicﬁhggb @dH trsh-i nput
recei ving i mage sigsw@ir; correlating to the IR photon em ssion collected from
a selected area QﬁmphemB‘léJth @?tgrme@%%uﬂene’éﬁmpﬂgeﬁnenmfm gnal and
determ ning em s nFﬁ ’%’ tran5| st or WI thin the selected
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area; a stor agce | mn ed t I@é’g fEFEHI"8 conpar at or
conpari ng eacr}eg o f"ii%;éﬁ I nt %t Ies to a corresponding
reference intenss t"Nhe ﬁibtﬁaamﬂclghﬁw @E Rk MG nlhen16enRald son results.
linear relationship between all of the determined intensities
and the reference intensities.

4. The method of claim 3, further comprising determining
a maximum allowable deviation from the linear relationship.

5. The method of claim 4, further comprising:

for each determined intensity, calculating deviation from

the linear relationship and comparing the deviation to
the maximum allowable deviation.

6. The method of claim 1, further comprising:

for each determined intensity assigning a logical state of

““one’ or “zero”.
7. The method of claim 6, further computing obtaining
reference logical states and comparing the assigned logical
states to the reference logical states.
8. The method of claim 1, further comprising:
assigning a first threshold;
for each transistor determining a difference between the
determined intensity and the reference intensity;

determining whether the difference is below the first
threshold and, if so, designating the transistor as suspect
inoperative transistor.

9. The method of claim 8, further comprising:

assigning a second threshold;

for each transistor having a difference above the first

threshold, comparing the difference to the second
threshold and, if the difference is below the second
threshold, designating the transistor as operative but
malfunctioning transistor.

10. The method of claim 1, wherein calculating intensity
comprises:

obtaining a CAD layout of the transistors present in the

area of the IC;
generating a spread function for the transistors from a point
spread function (PSF) of the optical system;

computing the intensity of discrete light emission of each
transistor by comparing the spread function to light sig-
nal of the emission image.



-17. The systemof claim 16, wherein said output circuit conprises a nonitor
di splaying a plot of each determ ned em ssion intensity against a
correspondi ng reference intensity. 18. The systemof claim 17, further
conprising a second input receiving CAD | ayout of the DTJT and wherein said

storage further 1aaw%%wbgqlgiggilqglfu§ﬂl@}goh%rigg%h transi stor stored

therein. - 13ethEin?yS ephhlity ¥Bid@ coh®ifhtioRdl chdl 8688sor further
assigns a | ogi cal pstAticn EOnRAIngekRENE REGkrh il SNsthidk ANfleGRIMAres the
assigned | ogi cal sisab@;to0 the expected |ogical state. 20. The system of

claim 16, furthesr 6MbIThe P13 IcT ABRPESAbIRA NG s:F ecei ving the em ssion
intensity for eacBefeMitfify aRGnESLRAIMNESGad fuRGtical state for each device,
and further storiggnifigin@eheabnBiahfoaNPpréad Fih€sPRNEIAE 11/t vector in
the storage. 21sighh t& NsdreBy Ubtalrbamed@r ankielistreté heregoiipar at or
conpares the | ogi c sfah@sfonchom thaR3ifisdstob0 an expected | ogi cal state.
22. An optical sekteihgfthe stA8cbRtbihation IepndgehekndeWst errdder test (DUT),
conpri sing: a col tiectriuerstaridambimatien) | ecting infrared photon em ssion
emtted from traslecsihgrithe weddltingdntalstieedf staess @rrédp>ddihg ta sensor for
sensi ng t he phot otheetrusitane domabindtéo.ol | ecti on optics and generating an
em ssi on si gnal 12aTheanedsat of ebdiy il hgwiHeee BNt esipaning gracomnd det er m ni ng
em ssi on i nt ebidtiod spreadcinnictionstostherlight dignat hietset cotpdisasea; a | ogic
st at e nodul e petfermingndeastlsqpace stiaimifagioreapératicansh giarom-
bination spread function.
13. The method of claim 11, wherein comparing the com-
bination spread function to the light signal further comprises
performing a Chi-Square minimization operation on the com-
bination spread function.
14. The method of claim 1, further comprising:
determining logical state for each calculated intensity;
storing the calculated state together with identity of a cor-
responding test vector.
15. The method of claim 14, further comprising comparing
each logical state to a reference logical state.
16. A system for identifying malfunctioning and faulty
transistors using IR photon emission collected from a device
under test (DUT), comprising:
a first input receiving image signal correlating to the IR
photon emission collected from a selected area of the
DUT;
a processor receiving the image signal and determining
emission intensity for each transistor within the selected
area;
a storage having reference intensities stored therein;
a comparator comparing, each of the determined emission
intensities to a corresponding reference intensity;
an output circuit outputting the comparison results.
17. The system of claim 16, wherein said output circuit
comprises a monitor displaying a plot of each determined
emission intensity against a corresponding reference inten-
sity.
18. The system of claim 17, further comprising a second
mput receiving CAD layout of the DUT and wherein said
storage further having expected logical state for each transis-
tor stored therein.



a storage storing the logic state of each transistor together wwth a

correspondi ng test vector. 23. The tester of claim22, further
conprising a state conparator conparing the |logic state of each transistor
to an expected Iogic state. 24. The tester of claim 23, further

compri sing: ref ef “ét%%%' (o 28, LALSOS] Ly aGRIRRLAL G fgPar | N0 each
of the determgg% Imﬁé Qi QQcQsZtacﬁgdétg ﬁﬁ%agn@a[;ﬂié grence
intensity; an %QQBe%‘sE@iéd%@é‘l $thflded léaﬁsgué 25. The
system of claimgg, further conprisinge afgoqm&or dIS aying a _plot of each
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18

device and determining a logical state for each device, and
further storing the logical state and a corresponding test vec-
tor in the storage.

21. The system of claim 20, wherein the comparator com-
pares the logic state of each transistor to an expected logical
state.

22. An optical tester for testing a semiconductor device
under test (DUT), comprising:

a collection optics for collecting infrared photon emission
emitted from transistors within a selected area of the
DUT;

a sensor for sensing the photon emission from the collec-
tion optics and generating an emission signal;

a processor receiving the emission signal and determining
emission intensity for each transistor within the selected
area;

a logic state module determining a logic state for each
transistor;

a storage storing the logic state of each transistor together
with a corresponding test vector.

23. The tester of claim 22, further comprising a state com-
parator comparing the logic state of each transistor to an
expected logic state.

24. The tester of claim 23, further comprising:

reference intensities;

an intensity comparator comparing each of the determined
emission intensities to a corresponding reference inten-
sity;

an output circuit outputting the comparison results.

25. The system of claim 24, further comprising a monitor
displaying a plot of each determined emission intensity
against a corresponding reference intensity.



