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The subject invention relates to test and debug of
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which elements emit photons. It was suggested to also overlay the state of each device
over the IREM image to determine whether the emission means a “1” or “0” logical state.
This manual methodology was used to investigate defects by imaging a device in two
different logical states and observing whether the emission state has changed. For more
information on this phenomenon and the image overlay methodology, the reader is
directed to Infrared Emission-based Static Logic State Imaging on Advanced Silicon

Technologies, Daniel R. Bockelman, Steve Chen, and Borna Obradovic; Proceedings
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makes it more difficult to isolate the emitting devices.

[0006] In order to enable progress in the semiconductor industry pursuant to
“Moore’s Law,” designers will continue to decrease design rules and increase device
density. Therefore, the need for debug and testing becomes increasingly indispensable

and the difficulty of resolving emitting/modulating devices must be solved.



makes it nore difficult to isolate the emtting
devices. [0006] In order to enable progress in the
sem conductor industry pursuant to "More's Law, "
designers wll continue to decrease design rules and
i ncrease device density. Therefore, the need for
debug and testing becones increasingly indispensable
and the difficulty of resolving emtting/ nodul ati ng
SUMMARY nust be sol ved. 3 SUMMARY [0007] The
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measur ed/ cal cul ated. The calculated intensity is then
pl otted agai nst reference intensities, i.e.
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plotted intensities would lie in a given range within a straight line, regardless of the
absolute value of the intensity of each device. However, for devices that exhibit an
abnormal emission, the plot would result in an easily observable deviation from the line.
This may be caused by a soft defect, such as early or late switching of the device, a
statistical fluctuation of the device’s fabrication process parameters, or by a “killer”

defect, such as a short or open circuit.



absol ute value of the intensity of each device.

However, for devices that exhibit an abnornal

em ssion, the plot would result in an easily

observabl e deviation fromthe line. This nmay be

caused by a soft defect, such as early or late

swtching of the device, a statistical fluctuation of

the device's fabrication process paraneters, or by a
[001Q]l | er " Acceflivgttq y@w@her aspeets Qﬁthetin@nti@péh\e @ilquinigd intensities

of %%{%’éﬁﬁoﬁ)‘c% fiﬁ\gcr:] o5 u%g{hg te\r}lﬁ‘% (ﬁs ﬁ gle t%lflgtlgg Then a

cog¢latigh i9kaldeluied @gainst adibuladion ol fbfdeﬂdedﬁ(ﬁnsi’ﬁiesam\ tlhEéstSld is set to
abul ated. ,.Then a correlation is cal cul at [nst a
K& BRI BRIOY Ofrem ctleu i oSlafipe SEnTAes ot g%’HEﬂg iy

set to nake a determ nation of when a cal cul at ed

correlation signifies an abnormality. [0011] According
[oqu ]y et f Amchfémg & pdurthenpspiehie of thednventien, theealculated intensity

'I (3= ¢ e n n

s 4 R o piiloh 1 qefal S0, B SEA U BECTFL B
lodiex stawh atthdnaabidited hidbdonipaibed hiret tabhdativargfacfedneaglapicsit

t abul ati on of ce. l ogi cal _ states. Furt er nor e,
Stafefie i’-*v%mmafeew%@:? o 10gkcsltsgatﬁﬁgay be ugeddp adjp-ig-die comparison

fasﬂioﬁ“t& Qetellt SnARABRHifOdbvick &S Thi® PnaS/(Be @6&@&% comparison within an
nmal unCtlonlng devices. This may be done as a

IC wdhep thersayn repieatirigrpagiars, such whisre mpmpwy 1&; er foe perparisgn between

(13 9n (14

dlt‘ge?%n&\zée’r%] ng ﬁlgéc%zn n@ BEEQ{?X ﬂleo%éltogﬁath&k{'&&gg %x&?g& test

vegbdrat es are automatically stored for every test
vector. [0012] According to further aspects of the
invention, the intensity calculation is perforned
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[0013] According to further aspect of the invention, when the emitting devices are
too close to be able to resolve optically, the point spread function methodology is used to
resolve the emitting devices. The best fit is performed for each on/off state for all
configurations of the devices that are within the observed, but unresolved emission. The
variance of the best curve fit for all of the configurations is used to assign probability to
each state. Generally, the best fit, i.e., smallest variance would immediately lead to the
correct solution. That is, the best fit would indicate the correct state of each of the

involved devices, thereby indicating which devices emit and in the process providing



too close to be able to resolve optically, the point
spread function nmethodology is used to resolve the
emtting devices. The best fit is perforned for each
on/off state for all configurations of the devices
that are within the observed, but unresolved em ssion
The variance of the best curve fit for all of the
configurations is used to assign probability to each
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correspondi .reference_intensity. [.0015] A system
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[0016] An 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
determining a logic state for each device; and, a storage storing the logic state of each

device together with a corresponding test vector.



[0016] An optical tester for testing a sem conductor
devi ce under test (DUT) is described, the tester
conprising: a collection optics for collecting photon
em ssion from the DUT;, a sensor for sensing the
photon em ssion fromthe collection optics and
generating an em ssion signal; a processor receivVving
the em ssion signal and determ ning em ssion
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intensities to reference intensities. BRIEF
DESCRI PTI ON OF THE DRAW NGS [ 0018] The acconpanyi ng
[0Gf&WM NS Thk BRp&iyEng MERiRS! whieK aﬂeﬁnéﬂ?ﬁorﬁt@&‘ #i dddWoistitute a

part of this speC|f|cat|on exenpl he enbodi ment s
pabf thisesppeibication, ¢xemphify ba embdeilmentsgéﬁhﬁememm invertien and,
SCI. | O J ael i L 0. . .
to %ﬁmle?] \éVltg :illees&g?r%lﬁﬁ% e%]\\% t§ ?Q%l%lp%n?ﬂgxsg?dgﬁlhélgfeg Pté the invention.
The disevinkechré intdndedi &t iflasteatampjor fehrmdswfelse ©deniplaey ensbodimanty in a
enbodi prents in_a , di agrammat | The dr.awi.n
diogfogRE MG ALt dEvBEHFETOLPERJS] PABIELOGrY apisap actua
emBORARNAGIOF RIANE dhﬁératdny 8f fhk ABHEicQ @&n%tst HR1 HeRbtChSsh to
el enents, and are not drawn to scale. [0019] Figure 1
scals a schematic di agramillustrating alternative
enbodi nents for systens according to the invention.
[0020] Figure 2 is an em ssion imge froman area of
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sysgrpiAcsomedo ther ip¥ehtioRart i1l ustrating an enmbodi nent of
the i nvention.

[0020] Figure 2 is an emission image from an area of interest of a DUT.

[0021] Figure 3 is a plot according to an embodiment of the invention.

[0022] Figure 4 is a flow chart illustrating an embodiment of the invention.

[0023] Figure 5 is a flow chart illustrating another embodiment of the invention.

[0024] Figure 6 is a flow chart illustrating yet another embodiment of the

invention.



[0023] Figure 5is a flowchart illustrating another

enbodi nrent of the invention. [0024] Figure 6 is a

flow chart illustrating yet another enbodi nent of the

invention. 7 [0025] Figure 7 is a 3-d plot

illustrating an ideal point spread function em ssion

of a single point emtter, as sinulated in devel opi ng
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a S{qgﬁeeéotqutaet I nr %s]tc s&&gﬁ%& in @eve{f‘or]i) On mhg glrﬂ)géj ter’renﬁ:&l p, havi ng

t her eupon, for explaining an enbodlnent of the

ject inventjon. [0028 gur e .1s pl ot of the

[00RRInt spFisEr § Gﬁﬁ?%ﬁe‘a\"l‘tqqéhetm‘?té)é%f ?121 stors A, B

and C depicted in Figure 9, sinulated according to an

enbodi ment of the invention. [0029] Figure | is a
[002d pl ot Fighred iseadlustrdtion gmawqf@memlqoagmt@rmhlm hoyipg three
tra s’lstgrss s; AlB aa[nglt(,zgposg’lygggc%? % eug8{n, floi é‘kz)bz[u?ihg gn el%bgdl?‘llélfl)tno’f the
sutsjet divédhtign.t 0 an enbodlnent of the invention. [0030]

Figure 12 is a plot of a cross section of the neasured

signal overlaid on an ideal point spread function

[odé t. [Oﬁ?g%}e i9 urp%tl)@tueqmﬂﬁ@,s&a@ﬂlnﬁmmth@ﬁqr&ma%%@& A,B
romrrultl e transistors in an area of

ang Erdepisted it F gurechispnulated g¢aprding togan; qmbm‘mré of the inveation.
subj ect invention. [0032] Figure 14 is a 3-d plot of
the signal neasured in Figure 13. [0033] Figure 15

[00Rg)i ct s HighteoM i hdrd ploosf Bmpasemdsignbbfroraadbeation having three

em ssi on ccordi ng.to_an enbodi nent, of t e |n entj.on.
RS TR 26 BB FIGU SEADH MRS n dELSIGnE U SREe

1n\/él?ﬂ1(5h ARRIRS t&zﬂﬁarﬁ%ﬂﬁerﬂ%f theligehBort 3. 8 [0035] Figure
7 provides an illustration of three error functions

plotted against the intensity, for explaining the

[OOQCJ'di ma f efi ngteel 20fs atpvoq o'fQ\éFogg Le%ﬂ(m of the measured signal overlaid on an

ideal point spread function plot.

[0031] Figure 13 is measured signal of emission from multiple transistors in an

area of a semiconductor chip, as simulated in developing the subject invention.
[0032] Figure 14 is a 3-d plot of the signal measured in Figure 13.

[0033] Figure 15 depicts a flow chart for a process to resolve the emission

according to an embodiment of the invention.

[0034] Figure 16 depicts a CAD layout design for the chip area of the image of
Figure 13.



[0036] Figure 18 depicts a flow chart for elimnating
m sregistration errors according to an enbodi nent of
the invention. [0037] Figure 19 is a schenmatic di agram
illustrating alternative enbodi ments for systens
according to the invention. DETAILED DESCRI PTI ON
[ 0038] Various enbodi nents of the invention provide
met hods and systens for identifying potenti al .
[0038lect i vEigiey/ ] Eprovides amillugration ofiueawrrardinstibouplati¢drgainst
ns It hoto SSI fromthe devices.
thﬁ\l&‘%&%‘?’@ O P %H]én%)tlh St éPB gw eh ntl Ton was observed
manual |y to make a detern1nat|on of en1SS|on/no
ssion_and conpare the nation to the expected
[0038)yi t . Fieuge Pdapicas dewe %‘“‘ gemi'@“&?ﬁé &lgaglﬁtaat@mefmrs
aclABBE to SELHRIdIbAGE 4Rlinsdn@bg. and no emission is
observed, the device was said to be defective. Wile
such an analysls is beneficial to identify faulty
i ces ving, .tkiller". defec .ec .
1068, ent i RESHE &t icdarte e n BlslaiapugfRLFF bvqdiments for
sydtéhs sccbalingetoalid inn@dtfounct i oni ng  devi ces having "soft"
defects, i.e., cases where the device functions, but
I mproperly, e.g., assunes the requisite |logical state
D]_@I:IAILED@)’ES(ERMW manner. For exanple, the threshold
for tunneling is unacceptably |ow. The subject
i nvention enables detection of both "soft" def ects
"Kkil ]
[O?f#:il owi né/%r %usscer botﬁlr%%nt:{ %fqﬁg nvetﬁ on{} oV d% ﬁj%g}%% ‘Iidmdo%/stte{}lg for
1deﬁt1f}|lnmtdﬁﬁtﬂefﬁﬂd/efdeﬁcémﬁ af d&G,dS/ mb&nﬁng/btﬂcu&ﬂﬁrfgﬁh@mtmiw of
be resolved ssi bl e :
PhpIGERTTSIAp fFoRt Bebres 2 eg?tﬁ@gplaﬁ'aﬁ Pfgorta&p hBGEn S e observed
maRlAIRSto ke 'ﬁ'Qi‘éFeYlﬁfnatloﬁ of erﬁgéié‘rﬂﬁ@gm@,%h af® c&ﬁ‘lydr@ﬂer ery
smal’l critical dinensions and very dense | ayout,
deigpmingtion torcepesied rondt. Bagartivslar Heviewis gkpaciedrio emit under
n t I
CCIQ%%?] ?orgi?’c%[n%até %ndi g? lInleSl¥)fl ?Sa &;}ﬁl\g/ghmtfl% ﬁ&/ 1c%e\¥és dsgl' Xi%% ggfséé%\ﬁed
Wisilessuelivan arilysisels béneffioigl tol idghify &nl@sileﬂnes‘ Ha@mgC‘ikﬁEe’f (}efects ie.,

aced tra ors enbodi descri bed enahle 9
defr%g% BrEyeRye tg% %’r‘u‘é? m?‘“}"%“"ﬂa‘% §§n§F & f&ﬂst 19 SSI5Eh ‘Baﬁ unctioning
deﬁye%tlﬁmg «Jdretdelisees, 1.OCcRB Whék t&y&bemctlaﬁss BhtitipRdpeti§, e.g.,

limted by the mavelength of the light used to i nmage
assumes theaeasiisitedegical whatecht in an irregular manner. For example, the threshold

for tunneling is unacceptably low. The subject invention enables detection of both “soft”

defects and “killer” defects.

[0039] In the first part of the following description the inventive method and
system will be described for the cases where the emission can be resolved optically, i.e.,
it is possible to identify the device corresponding 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 transistors. The embodiments described enable



in sem conductor devices, is |imted to infrared |ight
due to the silicon's optical transm ssion
characteristics. Various enbodi nents described utilize
poi nt spread function of the optical systemto
resol ve the em ssion. The point spread function
enul ates the em ssion as a conbi nation of point
emtters, based on the linearity property of the
relengion beyomdevtiah s p@nsiels ivoth dpticalsysseae dThat e theawptital system’s

ent i def devi . 040] .Fi gur e.
respfigR $ b e TR WVl SRR ¥ g G4 RSt e ghriafl eien
in §ediicondatierBevi@sciolighited td mﬁhfeﬁ ligﬁV@Ith (ﬂib sdﬁdﬂ)nf'_si opues 1,

DUT. ((Devi ce Under Test e, g,.,
AT PR B Fn oV BIPUS P@Pocewssﬁtﬁ r*escrlPek%telme mgint gread
fuﬁéﬁﬁﬁ Bf fhe bfidcal 58 BSe&dlvelthl em3NfoR. a%e Bint &kEad function

(Automated Testing Equi pnent or Aut onmat ed Testing and
emBlagdsiibe m:s;lon g™ eambinationeif y’omt hlelttbtsrbmsi oh éhqalrmnlfdemperty
of ? tllﬁ f %qh ow%%gr? l{]sbr% rmuhtthg (rﬁesgllrggpaneoe \fsg&:a ro 1{1 r}sﬁﬁf% Hefective
de&&& such as an IREM or time resolved | REM e.g.

Em Scope(r) avail able from Credence Systens of

Fremont, California. Generally the optical tester 100

[oo¥py! d | nPig’dgzel A1 s¥homdAicHifeen 1RRrh@ anr@lYBogﬁfﬁén@é“foiWy‘?sfems
thé DUT, a beam mani pul ation optics,” BMO

accmdmg ot the gnventidnoUs Figype 1.d2UT éDemUQderélI@eme as an Ep)skod) is
un?ergélgg tersntqu & %dr e%nlg [%Cl%[;‘er}v{ﬁg é%? 9(%%&' 30 frgllilnccestésl 46 such as an

ng mc oScop el'enment’s

AT@(mﬂjtmﬁat%?desmag aqeprenmﬁAatamatb& Testiripamd rmalusmm‘) t he
of the above noted

t th
Al{e@éﬁ?ﬂﬁﬁ? Q.[Ug“ 351 bi)%reﬂs‘?d gvs SUNRJR Ppwer-erpsignal ppgmpleglock

cyé{@&gﬂéls THE 9@31“ l‘ﬂﬁy B@ﬁde Bito oBti€hl tester 166, sQBH ACh IRBH or time
IS sense ot on sensor 136, such as an

resab/ad HMee.gh Emé:pcxpd@ ayiRbje frem |Caodantgy Syst@mefrFaememtc :
Ca&omlg ofﬂ%r:ﬁe%%lly t‘ﬁh ?htlca fIEp E i) \95%3 ﬁﬁcﬁ'ﬁ‘&e&'ﬁ%ﬂ% g u?%g t1 l148 ed

or co m SSi on

na\kigairod olBthebyJ 1be bea phadipularioh lmptnsSeBMID 188, obﬁﬂﬂirtgelaﬂﬁﬁh

Opte %ICFQIS%?,I Stég'le il%le %glﬁ f ]1(:5{110?& %g ) E%Q)E}Eq]ég g%ecTatl]n?sxg I S%ri'l as a IEISGI'

scaﬁﬂﬁg 'rﬁlbl%é’édﬂ 1307 PRY AEMEds - eteérlosi?ﬁ%t pdriifenR tPBESSOr
may al so be used to contro t he varlous el enent s

embﬁdlmetsoﬁthece‘rentlelst er 100. Additionally, trigger and
clock signal may be provided fromthe tester 140 to
the signal acquisition board 150 and/or the processor

[oauAQ. 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 (APD), a low light camera, etc. Of
course, other elements or arrangements may be used for collecting the emission. A signal
acquisition board 150 may be coupled to the sensor to receive and condition the signal of
the 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.
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10 [0042] Figure 2 depicts an em ssion inmage obtained
using the optical system shown in Figure 1. The
particular imge of Figure 2 is of a selected area of
a DUT. The image nmay be di splayed on the nonitor of
processor 170 using, e.g. imge editing software as
described in the above cited Bockel man et al.
publicati on. However, as can be easily seen, it is
very difficult to deci pher which device corresponds to

000 B R Sl RSB RSR s S18h,

shdwein@igaen. S[habmlbﬁlalt mﬁigs dSFigaek Misfof b G&lbdted arepef 4 DUm The
as the en155|ons ti nes over Al so,. such

image Bt hegtnlens ﬁﬁ;theolﬁpwqx@f aqu?ﬁsde%Wp 78 iagp E4iteg ve
sofgﬁéﬂe G€8esctibld ih M sbolOcitllmsckeldRN EAS phib@datiOR. el[r-léﬁl@ve]r Didtcan

not to the required performance paraneters
be pasdwscm;, itipyesy difficidt teahclpheramwh deyicegorespndgtotwhich
nts of e |
emi e MRS B bt gy A o b UE Pl ng R B Blhing,
whidhtdenize is)ﬁndl&t operiaitd ¥ redio abé diffiadt ﬂolpeﬁfbi;tn, as the emissions
conventi o asurenment and/or cal er, )
magy tmss, a"%{E‘Pc 59, SYBRRYNYeSUEAYOR Mgy r?ég’%e@&) Eiﬂiga Wpg jpoperative
de\h&% SR 'EATR tb GE@&%eWées BESHEFRTB O n R ikhie E‘écﬁl i b¥rformance
cal cul ati on may be used |nterchangeab y herein. Sone
pargpe®ist i ¢ exanpl es of calculating em ssion intensities
are provided further below Wile the intensity
cal cul ati on exanpl es shown bel ow are especially
[00x#3)ef i ci Bb provideiimptoved detecivon abliity ectdrding ys trabodimams vf the
rresol ve the em ssion opticall hey .can be e oyed .
Su %Féf""ﬁ%“%ﬁle HIpE ‘BTeF‘g‘ ré?‘ﬁﬁ e\)(l‘iér‘se‘?“tt%méeﬁlr ghssion
int& Rty B&e@RhitcR ¥y BERML Yibshy Joqoéﬁﬂonﬁm@%u@ﬁwhmnam chl@gtion
are” al so determ'ned for corresponding devices of a
manedresodneg:ad q@nsiFieney is arvinseineth rconsequenthabe Eermnigiansito
[ rd C n I.es
mep R EoR) BRHY o G sed BAERGE HBLR" Sbhl
spedfﬁc&lxmmpl%d of Gﬁlcﬁﬂkﬁintgieﬁﬁssidmf intehsitiédte proeidet dunthelk bélbwd While
nst t he cal cul ensities of a refefF
thedlét\e;p%té( caLe\H atlgg(m eq ngﬂg W, gte gqpﬁﬂﬁléy beneficial in c1rcumstances
whaEQHé $yistehl dakinot! r@so’l:\P&Hé @m%sﬁoﬂ %pﬁCaﬂ?' tﬁeﬁ@afnr t%se%}ﬂ&gﬁzdtj&t as
iI'ntensities of the devices o
weWua&arelremnfrte@pewhsretthﬁ grhigsipmeanhsi qntleﬁlyotﬁsolved
correspondi ng devices froma reference. Each point on
the plot represents an intensity
[0044] Emission intensities are also determined for corresponding devices of a

reference IC. This can be done using an IC known to operate properly, a functional
average of intensities from several IC’s, using simulation, etc. The determined intensities
of the DUT are then plotted against the calculated intensities of a reference device. An
example is shown in Figure 3. Specifically, in Figure 3 the x-axis corresponds to the
intensities of the devices of the DUT, while the Y-axis corresponds to the intensities of
corresponding devices from a reference. Each point on the plot represents an intensity
value for a device of the DUT with respect to its corresponding reference value. As can

be seen, the values generally fall on a straight line 310. Notably, even if the DUT overall
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value for a device of the DUT with respect to its
correspondi ng reference value. As can be seen, the
val ues generally fall on a straight line 310. Notably,
even if the DUT overall 11 performance does not match
that of the reference, the difference would nostly
effect the slope, but the relationship would still be
linear, at least to a first degree. [0045] In Figure
pefornzancades noomatth thd yf the obferentd, e d3Gremmrkauld omstly effect the
intensities ere the | en3| ue i 5 very close
slopg, (o hespfdenshibpesuld FibERGRE ot feos fa ¥ et Brafhitied 1o
i gnore these val ues when deternmining the |inear

relatlonshlp r:fresented by line 310. _From the plot
[0@451Fi gur &n Biguser3, p arsa Spyrdel by Sepken dpe 83Q matks oy Httergms

wl%k -t %xﬁeexglﬁx VALER \fef)g%settla?hé ﬁ(ﬁ&q vl eT éf%s 1Pre%%19mended to

tensity ue it 1s a so clear t
igrdm/them values ethen determining, the Heear mﬂmoeshlle representedby bme 310.

t ha hoto em Ss '
Frop ot ket s bt coft RS ebio=BR stk pEiB st bl laggydiom
théigtc@F fefliohsHApTs I(h | Frofl@Mé ffensity 0ABY R lis alid@edk dhat tHeale@ide
|ntenS|t%wof the em ssion does not match the intensity

funstigas i8¢ themrelgranehroyidaan indicatien hatghpipnpyssionis Féﬁe&Feé om
tm@’aawse Jullal fhdegY| {h%%lft%ﬁ&ﬁs {8t é}ﬁ@ag?ww@et&&m&m i 8vi&.

pot é as a defect as
qumvéno theecabelaohdestenmty afghiecdmisdien dees petinaidh ﬁ@rlﬁt@nsmmieected

Consequent | urther, inyesti of the perfor
o g oot anshiog o beRIors oY M ER SESRoRTH e proper
logitA) ¥iae, 1} p6RAtAE s 8FEe edbfan ad iicpeifhime dbey ndt htatdhabe
to enable eaSé identificatiaon of potential defectiye
ag

" exprotadgesformancer qquqn;,ly, rthgdﬂyqspgmlé)moy the pegfermance of the

ch%@@kﬁﬁ&ﬁ 170 may performthe calculations internally
nply provide a list of suspect devices

requiring further |nvest|gat|on. For exanple once the

ensi t .determ hed fo
oI To! | b Rlob o Eiaet §EAL < Do Rea of SocmPrindr/ e peer o
en&Bl@@@lfy 1deﬂhﬁ§dtféﬁ$)mg@te&m deftb@ve dehRes: ONkerpathvely, dr&iditinally,
cal cul at e acceptabl e deviation from the |inear

the-eongellesIdAmyy nsriorm thegalculstigny iatemally god simphyproyideiadistief
su%ﬁg&l@u% ngﬁulhng fHRRE invESi ﬁ?fr{?l For €4 E’Q}ﬁ%e tlﬁhﬁteh alues

nge o tensities may He I gnor ed o avoi d 1 nc |ng
aredetesmined Goicthe DRET, thenmmatrolla| 130 icampdrfoomanuvet fiteso s fr'm,dme

bl igtion h det d
ingoy 5 AR B D "EBR CBHEI T WAL RGP AG 267eREBE deFigtfh from
thd IiRat teNEiBfishi[E loRthe@0&ptable deviation may be input manually by the user. As

explained above, the lower range of intensities may be ignored to avoid including noise.

Once the linear relationship and the maximum allowable deviation have been determined,
controller 170 then checks each entry whether it deviates from the linear relationship
beyond the maximum allowable deviation. If so, the controller 170 adds that device to

the list of suspect devices.

[0047] An example of a process according to an embodiment of the invention is

shown in Figure 4. In Step 400 an image of the area of interest is obtained. In Step 410
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beyond t he maxi mum al | owabl e devi ation. If so, the
controller 170 adds that device to the |ist of

suspect devices. [0047] An exanple of a process
according to an enbodi ment of the invention is shown
in Figure 4. In Step 400 an inmage of the area of
interest is obtained. In Step 410 12 the intensities
of the emi ssions at each site is determ ned. Then the

the intepsisies ofgbe ernigsibes atghdt si‘reds degeriminad. Then thefintensiies may be

tensities at Step 4 ti
Pl ey o5 el i prle 20 Rt Qo8B S 3BRl aeTpon by
thd lb}f-pzfs@ laﬁuﬁau gﬁt S&pEso &@tufve ld'lt biﬂcﬂbﬁé@i i8 g&férlmdads obtain a linear
relatl onshi p between the cal cul ated, and, r r
relptignship; befveesn the catsuigiedang r CRIGIE AR IHETAEET o § > 4 maximum
dePBliG 1%8Btairfelil differ Wcaqﬁheﬁ%%dcﬂ B stittfal @Viastiod @Ql@ﬁlgtlon or by

eviation cal cul ation, or by manual entry of
manselrentrgiof Beayerd 30 Sémﬁodacladm peint’s digiageedtndles lmat fetationship

LB b FAEP SR b FBELBHs e

allawhislemsibeis\dtiettoithe @@lpl@d 11§tpwhf¢ﬁ ispropided tol thstiser wfﬂte}h%ﬂs
provided to the user at Step 460. [0048] Wile the
expl anation provided above relates to an "integrated”

[0648]Ut | ONxyhileRhd Bdlanktiéh OIS h@ov@frelﬁt@ﬁd 4B GRe@dd” solution,
detern1n|ng suspect devices is done by the controller

in m*aothofaﬁalms ofithg imagespd detemiodg Siuspesmlcss iseloapputhepntroller
t
17g|ogh1§ 1m§§sj§% 9 erngi 6(9 ¥ shglﬁ?i bg %gpa?gr{t tl?a& Fﬁ%ge !I}_]%er n§ l;ngg gﬁ

or ’exanpl e enera
pedornid bl ¥ standalonbesysraci Fdreﬁduhp’lem gtgbamfmnbulﬂ mhfam?ﬁ] 110,
t he. |nv§ﬁmygat|ve operatjons after, receivin %gf . .
mayrheFReR PGHY SEREFBINPR IO BEPITE YV FRUEAEYS OPFTafGns st receiving
thd ﬁﬁrgg $oRE coRtFyIIFan0 Q/fa 18fe 10B1 @'ﬂﬁsf R rbptsehéhyl iB@8r 6ff OM
the system 100 to the stand al one systen1f such as,

trahsferring the iniage from the systean] 00/4arhe stard 3lpnessypiem, llﬁswb as, but

ol FFBPL LS8, gy, AL SR g ety s coron

or Flash Megi@teed or stand al one, The CAD |ayout may be
used to determ ne the |ocation of em ssion. The
system whether 110 or controller 170, obtains the

[061% | ayoRTe LH1eUT Wildthef 1T R iCAR @&%%d:hﬂﬁe ‘MeCAD

i nput 04 For exanple, the CAD | ayout inf ormati on
layorimaybeé ustd tadet@ming the locatipmetenyissin hBiegestews whether 110 or

co%\.h qlfélg 117(5] %l)%ﬁ%%%he Bnglgyou? Sf the PAPE gr Raké éA\ﬂ &Jﬂébgsee ﬁﬁﬁb via

CAD input 104. For example, the CAD layout information may include a LEF file
(Library Exchange Format) which includes the device’s coordinates within each cell,
whether it is an N-channel or a P-channel and/or whether detected emission corresponds

to a logical “0” or logical “1”.

[0050] According to another embodiment of the invention, once the intensities
have been determined, they are compared to reference intensities and the deviation is
investigated. An example is shown in Table 1 and referred to as analog mode. Table 1

includes a cell name column, in which each cell under investigation is listed by its name
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whether it is an N-channel or a P-channel and/or

whet her detected em ssion corresponds to a | ogica

"0" or logical "I". [0050] According to another

enbodi ment of the invention, once the intensities

have been determ ned, they are conpared to reference

intensities and the deviation is investigated. An

exanple is shown in Table 1 and referred to as anal og
in thedlatabdsapé.g., LEF ifike | Tidewxtbeodwhih isrteamsistoo hame which may alko be

ob el fof e s S1 By ST iy DV afifoe

calchlgfd iigbmity dRBEh tilabistor Fadbuidied T negbiourmieh o Referehde
LEF file. The next colum_is Test Devicge InteFS|t¥ Th
(SR

Deyjee dhfensify, ingieh ths ceesparding refSrenpe ItgRitigsasn@pulats
a{ya(J%LHb?atu‘?eq froh{ an\};@fé{l] vﬁﬂﬂol’fﬂﬁbﬂoﬁ ggoﬁ { efr&ih %%oll&%%h GfIC’s, from

enS|ty, I n e corre |ng ref erence
SIerlatems etei &he bstecolwiulists the coffblatien ofrthcy cdlenlatd intensily forthen

refa En%e Ipnlbmani(i%rlr%l%g%m lﬁ s E{ﬂﬁg efrl#]ié nggt?lg] of Fa%mstﬁ? Igftl gg‘{ %{gs by
a veB) lafledidrgiA. anstrhlﬁgm&h@stl pibeally i Ilmil@m&Iatbard ﬁllhh:el e., failure to
reference. In the particul ar

aspamedbs ensteet Isgirtafs. H0 s odher pnl ""Up §t°é§°'b‘§/ JoP g Bravsﬁtg?f N2 shows
75‘Kar ai {x 98#kh d-Ebiaﬁoﬁfﬁ{ag 's%nff?%tsoﬁ) HeRRadIny tﬂlﬁﬁdrﬁélflﬁ%a& the

ure, . e. [dre"to assune he correct
refhmgta:arsltcatcelat@nnetmu@tmm thanelse ki¢lesodo rﬁhls edse thipvalue should

pr%zg@&%eééﬁo%% ?[F’eslasgf /te%)nirqglg Esﬁs"tlll%mld ?I Sas eg %epetthg n
intéldies falﬁf @bﬁdﬂﬂl& ndfe lfﬁlﬁl , Get the &éi/l?]tmném&]rﬁdvﬂﬁt hﬁrlewlargl\tehe

noi se_| eve o.in this case this valu aqul d
thugshlsLior Jropes FIBFHISEE: DYPER I8l B¢e signife e gﬂﬁr% Thgrefore, by
setﬁﬁ%{vl'o eﬁ?éshfidfvgfueé: € ﬁwﬁ’@%ﬂ? iddgify §JH £aakd &fed € above

noi se | evel e déviation is sonewhat bel ow a
gi ven threshold for pr oper functlonlng, but not so

as t ni f ilure. T '
0083 Thr cBip S iatoRtieg ol Pl s Buae LBRLER
Fidues 5. defep '580 afh Qﬂ@k]of Frelir @CEIRteRECIO I‘oHiah@dt At 8tep 510 the
e e o
to Qtréyeféﬁges afd obBhiREY. SAGSENS30 &ith B8rQRtidns 8HRpdre®D epﬁrsf he

evices of I1nterest are calculated. At Step 520 the
threshiotde| Iﬁtheco;nerelatmm isboveghefirsh Bweshaldee. ebtalamﬁe&ﬁ?%, the devisp is

corr.e .on 1s
indisaBR BF aFOPehS o Bpk &1 SETBE e I ofhe B 5 gorelaion s
belotir thé ik thresBold, in 180540 8O Yorrdlitonde voraparedto a second threshold.

If the correlation is above the second threshold, e.g., above 20%, the device is listed as

suspect for soft defect as Step 545. On the other hand, if the correlation is below the
second threshold, the device is listed as suspect for hard defect at Step 455.

[0052] According to a further embodiment of the invention, the calculated
intensity is converted to a logical state for each device. This is illustrated in Table 2 and
referred to as digital mode. Table 2 includes Cell Name column, in which the name of

each cell of interest is tabulated. The next column is Test Device, in which the calculated
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indicated to be properly functioning at Step 535. On

the other hand, if the correlation is belowthe first
threshold, in Step 540 the correlation is conpared to

a second threshold. |[If the correlation is above the
second threshold, e.g., above 20% the device is

listed as suspect for soft defect as Step 545. On the
other hand, if the correlation is below the second

logihstets hsaﬂauulatbﬂ].eTHeldgtnestatsisldbt.aimd tygefermpe tot thé oalciated intensity

and st AR srom a> FUERCsy PO RR Siiio il e b 1 o

“0, STIROSMME [sttBéh édm;ﬁrédcwhsﬂb aStRtdact asvieasiio 8 heoftical Maius. As
is illustrated in Table 2 and referred to as digital

carypgiteen, TR Hligparticylan exgwpledas sysianidepifisdiesistes Biasartentally

fadf@e of each cell of interest is tabul ated. The next
colum is Test Device, in which the calculated 14
logic state is tabulated. The logic state is obtained

refer nce cal cul ated.intensit .an e.lef ..
O04310S o B fibile F Pt tenBis R bbioniBRf o frsehtion.
In Stef 600, £8st¢r0@G ab WAEEs ‘inkérréPated t0 dbtaibhiailad ‘&Ic&)rs SIntSteps 610

gggared either to a referencg denge or
and adayledipgnpgiigrsofinare (e.gn Yidd Aseist Matl?hl%ffﬁlélrMF@aq ar

Bf Whﬁo %, Qmeédiineﬂxt Eﬁdoﬁﬁteﬁﬁgﬂvﬁa%[e @&n@dencem of San

otentlally aulty Figure 6 illustrate a
Jossy Caldfemiacis cmghrw@tetddo asceémb@bh seamrhaif lochiéon anddaidenify the

rilyfs 6 PER PR IR sFaefsgAieRty © Ry PG IR bl

an §th&@0 aht opticas @}fstdﬁa iRy OBtath a batkglotUndBidge tand/aemiskiah liage of
from Mentor QG aphicsTM of W1 sonville, e on, oOr,

theps BTN it e pEstade- A OHFE LR dvRnsiiss T ggisgion is
calgﬂhﬂefio 'E”St%g) 650 31;21 [ SalRE 8Dl RBAR&T, .81 thelcBRuBEARmission is

ain oca ion an to’identify the faifure state. In
corStegipd 830logicel ‘ftor £&] anslythe eatud is compirgd tetdie erpacted logical value.

In é&;g ?g@?%rgﬁ (?ﬁ%llf %}q%lglsgs %g)tg%a%eéia gl'ha{Tlal 395 Cé-lligﬁatgg Entgn%lty is either

plotte@gecadhparddo refoiensd wluddlds digubdee af)@del U Stept6a0 ehe 1AL of
Step 640 the |ntenS|t|es for each em ssion is

SUS@S‘Ft@SYlﬁ?Se‘éIPmM editQ fedse- di gi t al anal ysis may be
perforned, i.e., the calculated em ssion is converted
to a Iog|cal "1" or "0" and the value is conpared to

[0a54} expebttefiondgnewishiftad trecmbadim@tiepfl thé Mvanticrrarblinge

rfor d Tha
calp R TyeR G L PR g Pl Bvoblifp ETafthbide rovee e
emitBhdl@Sviced S FItuECUBSETd plod MRistratthgQin€ifedd pOint sp@eddi faictioh
emission of a single point emitter. Figure 8 is a cross section of the plot of Figure 7. '
That is, for an optical system without further electrical aberrations and system noise, the

signal obtained from a point emitter should appear as shown in Figures 7 and 8.

[0055] Figure 9 is an illustration of a part of a semiconductor chip, having three
transistors, A, B, and C, closely spaced thereupon. In operation, these transistors may
assume any of the states illustrated in Table 3. For example, in state 1 none of the

transistors emits light, while is state 2 only transistor A emits light. Figure 10 is a plot of
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suspect devices is provided to the user. [0054]
Attention is now shifted to enbodi nents of the
i nvention enabling calculation of intensities even
when the optical resolution is insufficient to resolve
the emtting devices. Figure 7 is a 3-d plot
illustrating an ideal point spread function em ssion
of a single point emtter. Figure 8 is a cross section
thefointisprepd @tncﬁén &1 the ttereértransiktvas Aj B,and @rdegictadp'n IFegire 9.
urther .el ectrica erra and
inG3RRtaEf Hrobteshis Sebfignch SERuRan B it JERrEME oo
trafdTbtbe BinS R loﬂ “GiPP@ay msn HAOIY dnfittiig@y hesentittdigdight, and not
[0055] Figure 9 is an illustration of a part of a

necestRriEbPRINE inghe elgrtpicallygpndyrtive opgon- tsfrnaiﬁgtil\getsaqt% Infactgps

dlseﬁg@e&b&k QeRic%niRiGEla réfé@ﬁl?% ¢ eltx‘ané?ﬁ&ﬁ@tele@ﬁ?rcaﬁ)hﬁo%e
transi st ors may assu any o e states Il lustrated

conductiedh | MoR@ovétothe azaofithe fering “@t”airé‘emltmg’@emﬁn tsHntended to

inQ T BB g B mebton by Bk "o o1 Vot 15

the poi nt spread function of the three tranS|stors A,

nd C depicted in Figure 9. Incidental
[OQ oughobitgutenjlgis aés%Pliog@ﬁ %rﬁeasa@ﬂérsa?h@oraﬁ 1?%80% Bitingthree
traﬁﬁgt&rs%ﬁ'ﬁﬁg%_dtagJlﬁ,lstrﬁ&@ﬂﬂ:xgﬁx%@ ) As {1R8trath th@fs{gnaIIT?Xctually a
nmean 71t 1s emt or not emttlngilg
sinmdated sigua sdtdira tayddee nmgb¢rrgen¢retoe heedtfor mabdhycutgamwﬁo\tbe

s, DS B0 AL i e B8 Lo hEF AP BB Yy

du€loaisel ifi el systai@n The&ﬁdbl,(wheﬂ&he isBerefire cld%élylﬂ;pﬁ:eﬂ,f it fsthard
terms "on" or, "emittin herejn is intended tq :

to yepiveiwbichitighsistpremisthighin FigHEs 1or 1s ABiRTICAR FEo8S F5clioR eHbe
LOROPL I byerlafPAPin fabDpSifit sheddSFufetidn Pide! PhisPlotlso illustrat

nwneasuﬁgﬁ sY%hgf H6n1aﬂlbc%#?onuhavpgg th rgg() 50 Hustrates

thetdiﬁ'msltxstrmewlung&wg@dsw illustrated in Figure 9. For
this illustration, the signal is actually a sinulated
signal with a random nunber generator used for

[0057] r oduCFiggren3i is thebsiired §1§lﬁtl oférgissibn frée raalfiplRaransietors in an

t he si gnal dlffers fromthe ideal signal aof poi nt
areg of ¢ ﬁ@ww%wmy ipgtyhile BigHisi I¢ds p A-4 et ofyfhg dgral measured in

FlgHEeL T 190 Bhis PG ﬁlr]&alzn:ﬁ)ﬁ:nﬁie%@ﬁ%ﬁha%rb%ex{:il%?altéﬁ ﬁl&qgﬁ?{hfu'll&
'S ar to resolve W transi stor emts I’
repﬁbzgcartbe appeamnee of otealoheasusd signalks eldeifoltovoing ptoe'ldes examples of

asured signal er]jaid on an i dea point spread
hO\PIaHC "‘f%ﬁnazfz%}nt.’e r‘?ﬁc?ige ot also illustrates the

difficulty in resolving the em ssion.

[0058] Figure 15 depicts a flow chart for a process to resolve the emission
according to an embodiment of the invention. The process begins at Step 1500 where the
CAD design of the area under investigation is obtained. The CAD design for the chip
area of Figure 13 is depicted in Figure 16, where the layout of various devices is shown
with respect to an arbitrary (x,y) Cartesian coordinates. When, as in this example, the
area of the chip includes clusters of closely spaced transistors, in Step 1505 the area is
broken to smaller, more manageable areas along these clusters, as illustrated by broken-

line rectangles 1600, 1610, and 1620. An area for testing is selected in Step 1510 and for
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[0057] Figure 13 is neasured signal of em ssion from
multiple transistors in an area of a sem conduct or

chip, while Figure 14 is a 3-d plot of the signa
measured in Figure 13. For this particul ar exanple,

t he signal has been sinulated, but it faithfully
replicates the appearance of a real neasured signal.

The foll ow ng provides exanpl es of how such a signha

eachaselcoted mw@hw@@sisto@@ﬁe]ideﬁtiijad andithe &.ism'f possilde $thtosvisclsgentbled.

t di
NoigHiy, By R gIng et RS uiieh st B8 riRue SHiRER B g im
nedds@P cdfser iae CalélgionCARed@BH 9 The makidtundsig@ofihe Elusters, i.e.,
i nvestigation i s obtained. The CAD deS|tgen for the ch|

thegpggmym gy af ti@swgorwpsh@taé&ust% g de irame%@tosi%@ the
poWNer YB¢ht Mevices is shown wth respect to an
prdc |tra(1)r37r¥x y%*%%rtew an coordi nates. Wen, as in
th| s exanple, the area of the chip incl udes clusters

cl osel ransi st o a
[o¢581%, °6 el BB 1SS BRIt kb fincidh O5FDis trfialel Fohe
gedrﬁa@eoﬁt?élﬁév%eg an e gtdgbbﬂ&étﬁdﬂrtg%tgb% 08 Oﬂaﬁ?n?tivblyﬁthe PSF for all

rect angl es 161 and 1 An area for testin
of the Véwécqewe eomagteies oag bg calqula eérbe%ef@ag Fo %SetPé’t‘:‘ﬁé §?ea
llbfapye ltnrsﬁa?é S4s8 at SfpY 5'15‘%'3)%;;& pSF @&%sg&?dlﬁ%t%tth@éeometry of the

possi bl e states Is assenb breaki ng
arep lselectedm Step b5 ¥rimbdlestedcin &Qpeﬁsl 5 ftcmethq dtbtﬁéy 4t Step dp2@a state
is sltel;egieg &ﬁ% %t?/t EﬁS 1 elﬁgnﬁ hs]t rgll.llg’gpe§+ b et??e se[]Fcte setgtgl B l e%ital %Fe if

thetdien sFRxtedha thisehensistors aligned &ta(Hilsnghﬁd'J af) scswrcinusé erample of
et.erm ne accor

b
Figge .far 'gszgf%ﬁﬁate[ eyBfn ke Reblag é‘&oPl wﬂkt?f-‘égcesﬁ?dq 50 for the
sec()Héi‘&taie%(( B{%ﬁ)etés cal cul ated for the geonetry of the

devices’in e area selected in Step 1510.
Alternatively, the PSF for all of the various device
metri can..be I for
[O(gﬁ)gSF | If%er raerglir/lt.mg %a(ﬁgﬁ%gcll gélﬁ gsstggn & n%%?&qoilgelrggashn%d lgﬁlald’m

SteP353C.0AT S18p 53 Mthdi” iiatrgdwed td the @[SFtsh @s toasbedin the best fit to
sel ectgd in SL 1510 .i s sfel ected in r@ﬁ? 1515 from

theypgasyred, signal. Thts stgpesan be performed psie ajfarnudp arbwferativeln

sea%hﬁ% fbP# %uqtﬂﬁlei; t%%t évéulﬂ‘t‘és‘iﬂt% th%q)egyﬁttbgﬁveﬁﬁ kiROESHC fSh&édfected

For exanple i f he area selected has th ree
staterand hiesactnally aieagm@bmgrml alnséssagice, the geal isto nzibimize theetrer

exa I e of Sadoll [
betxflg% e Luive é’f Eg%‘éﬁ?efﬂg thg ect%{' ate. ané tt}b %al?rga V\Qf éfrhetvy]ag to
do this iteratively is to vary the intensity of each tran51stor that is defined to be “on,” i.e.,

emitting, for the selected state until the calculated PSF best matches the measured signal.

[0061] When the best fit is obtained, the minimum deviation is calculated at Step
1540. For this step, any known method for calculating the deviation between the two
curves may be used. For example, the known least square or ordinary least square
method may be used to obtain the best curve fit and the minimum residual set as the
minimum deviation. The least square method assumes that errors are randomly

distributed. However, according to one embodiment of the invention, the noise level is
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second state by (1,0,0), etc. [0060] The resulting
calculated PSF is then conpared to the neasured signa

in Step 1530. At Step 1535 a "noise" is introduced to
the PSF so as to obtain the best fit to the neasured
signal. This step can be perforned using a formula or

by iteratively searching for a multiplier that woul d
result in the best fit between the PSF of the selected

assitreet] @ottodbetrireloady distribptedelas watbel wirghgdd. to the intssetyoalue itself.

t he al,is to.m nim t h
Foppapthic st B Pl riiapaed dt Boinf e B B b Gurig e
sqPrdRRt of B tewfited @ata Seind Né.Sth ety Vat dach poinPmupbyual /-
intensity of each transistor that 1s defined to be

I . "Igwrefore, ascordingrtp on¢ egbodiment; the Ghé Saware analysig is uspdtingtead.

U T T LR BT, B,
is the vieasurahintehsiCpartiUl: i thel expectst érﬂensit@{i,]e., IF81), drdils isshepoise
o BTN TR A S B B O,

TabRaSds tERISA! Lsuima oI i fériorin@a dlerIAdAiBber BB thle B InRe
used to obtain the best curve fit and the m ni num

residual set as the mninmum deviation. The | east
square nethod assu th err are randomy

di stri but ed. Fbmev%r%kbc?%gﬂiggﬁi% one enbodi nment of
the invention, the noise level is 17 assuned not to be

randonly distributed, but rather correlated to th
Asican Bp gvgeystma the number of sampisd pointseanebe ‘taﬁsg kY prgyidg fine or

Coa?ﬁﬁibp%&%bﬁcﬁg agéhﬁi{%%g?’icﬁﬁr iUiRA. to equal to

square root o sured data point, i.e., the
intensity | at each point may equal | |. Therefore,

ordin nbodi ment,, the I Squar S|

ORGAL "Ry a3 SRy e e SEVRPE ARl B
and, if o, eiEtppcieseditcuiaslyiréveitd @ $©p M520. Mfall bE}he/stabés hatebeenl M

is the neasured intensity and IE is the expected
caleaigdsacegrdmg te one pmpadimept dhe\progess REOCRSls dgcording i QCRA

_ ( . . : ; .
SRR BByt e I P TR bkakon e
The interasity ozlculsted forfeacntransisiae fort the selentdskstato s prayigedsas an

. poi.nts, i1Sq.= E (UM~ E)/ can be under 0

ind RO SR sl Y kCordlnE R SRR B SpAR, P pocess

prdcét a6¢ordiag &b Socéxd B, Whick®targat S@E 1580 ivhetskhbyelthe probability
particul ar. appl.ication. .

of each state is calculated. Of course, both processes A and B can be implemented as a

cross check on the final selection.

[0063] The relative probability of each state may be calculated from the resulting
deviation obtained in Step 1540. Various known statistical methods may be used to
calculate the relative probability. According to one embodiment, the Chi-Square
distribution is used, while in another an F-distribution is used. Of course, both may be
used, as shown in Table 4 wherein the Chi-Square distribution is noted as tChiDist and

the F-Distribution is noted as tFdist. The results are tabulated in Step 1555 and may be
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[0062] At Step 1545 it is determ ned whether there are
nore states to calculate and, if so, the process
circularly reverts to Step 1520. If all of the states
have been cal cul ated, according to one enbodi nent the
process proceeds according to process A, wherein at
Step 1547 the state having the smallest error is
selected as the correct state. The intensity

disphalyed faartthechistoto detecthine venih stateis et likely te gérgtatetdic sreasused

. 1S pfovide n. indication of .whji.cgh,transistor

sggf PP aite S Blpard bl KaeRa i Tita: rent . o ne
process proceeds according to process B, which starts

Step 1550, .where the rel ative probabi]i of each
o84 s ltshpeld pepeticed at abiissiep, B@l-hhsﬁfca@iéégn% Ogenped
fronfhe Qﬁcblﬁfi’ér%ggg% %@nﬁﬁ’e, 3 durin@ 3% GRGEoRBf SRE th@ﬁlle best curve

sel ection. [00 The relatrve probability of each
fit & obtainedayhdneandatendityaf euy franpintartiesat ésahedatiye vales; ithat panticular

bt ai ned in ep.1540. Vari n tati stical
s e Rocpieel B BERa SRR %I BhiR and o
abgorede@bi | ity. According to one enbodi nent, the

Chi -Square distribution is used, while in another an

F-distribution is used. O course, both may be used,

[0685]S NOWNTh e xbARNIEsHHWANE TEBIR 418 for GRY thRYUAMSIstor layout as shown
distribution is noted as tChi Dist and the

in Figie<}, mithithé possible stasescilusieatadriniTable 3THier pachystatesthg intensity

S R Bl S ol

Thaetheraése fithalusaEshy @ebnsisieg 0] tB, And € foreheh wansistor was
| at ed di spl i s.,.shown in Tapl.e ¢ 0064

recoRH o eh PRIRIEERPIE RERe minimpmdeyiatgn ﬁ%%ﬁ-eﬁﬁ?@eﬁ%?hown as

tCH8L. URS cABle R6n AhistekImple! MEWORE de@hGeH RdARS firsERhte, as we
exanple, if during the calculation of Step 1540 the

compare ad B\ nofeinission veibit ainersyreghsignabshomingenisstign.oPn dhpyother
ha&g{, g%goleﬁttac%(/ig'tﬁn §Sesﬁ’10$v§ & b%ﬁgs%tle%cl OY?'«!lr‘lﬂe(’l 1 f)h ?\}Im@ﬁ\;e&,' th&! bﬂf-
y be renoved as non-physical, i.e., the

squataindisteibation iasignilanfor beth stdtey (9.28mdd OIS, regpeedvdig). STherefore, at
0065]. The exanpl hown in Table 4 is for. the .
ﬁrsﬁ Hﬁé@é {EmaysPer e g%fﬁ States JRYHERR' 20 UEhG VY s@ﬁ‘tW't However,
forlstfe Q9 ?E’Jh@ kBesBHitiRRndityl 098 Fk 8& th B nd@Hive value 955 AL Mrhis is
state the intensity values have been changed until
a nphrphyrden] sélintion thathay beegmevediduringrih¢ piehabiivealcyletpe geppoted

ab(];/%? %cféﬁl%]nal?f %ﬁe -Hi éltriglﬂloﬁestrg %E&oks@tﬁg %f d B.efherct:fg‘re, ft I%tands

and or‘’each transi stor
to reason that the correct solution is state (101).

[0066] Taking a step back, the resulted statistics shown in Table 4 actually make
sense from the physical point of view. That is, due to the linearity property, two closely
spaced emitters would produce a signal that would add up to generally look like a
widened PSF curve of a single emitted centrally situated between the two emitters.
Consequently, at certain resolution both states (101) and (111) may seem to fit, as both
would generate a widened PSF curve of a single emitter. However, at closer resolution,

the resulting signal of the two emitters will have a dip at its center (i.e., between the two
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recorded for each selected state. The m ni num
deviation in this exanple is shown as tChiSq. As can
be seen in this exanple, the worst deviation is for
the first state, as we conpare a PSF of no en ssion
with a neasured signal show ng em ssion. On the other
hand, the best deviation is shown for both states
(101) and (I 11). Moreover, the Chi- squared
peakisaf ithegwoi individgalsinpittera). Fhas islydtytin thhrr msﬁt(ﬂt%l lanthe intensity
. 25, herefore firs ance
of el TRRRSPH (¥ b adS6R NG Remallonimied 18 ARFGr e v
in thelniddien Thisdue \idreased the coifidefice thathAg adult statedis indeéd (101).
|ntenS|tg of tB was gﬁ% 1o a nggatlve val ue (-755.47).
Thetgfare, agcording i, apa digman,egative w:&?n%yawes e pptgaioved,
buttafHeP Bsei§ coHRRAR ﬂlérééée o Hi@dnco th @8 ﬁﬂgﬂ}e&lec?ela‘%ﬁltlon
Additionally, the F-Distribution strongly favors state
(101). Therefore, it stands to reason that the
rect IR 1 0066] ..Taki ste
10687 3% b e e b Bt GOtk RRbndf e bridelhing i
peﬁcltmeﬂltb ysbtﬁﬁllﬁﬁcreas‘éd senﬁdeﬁm inhiee giyceddaaite. pEddEding tothBW.

IS, to the lineari propert t cl osel y
“&B&Eé’&t Qﬁ?et BPOCHRShEP S:l‘gﬁ’ﬂ% ‘SaFOgipgﬁ‘Féiyfof hE eq}&ﬂﬂraa, &dd
we‘x’éhtécpsuﬁle'@ Sbatred f&&ﬁgsdlhﬂf(ﬁl aking! if@H8cbuRIhe Q%K%tg%olﬁblhty of

single enitted central |y Situated between
eacéﬂmtatc eAs exanmlp ssaifjusirptadyin Tablede whanerﬁher ‘e@ght@d reshlthae meferred

to § LRa Y &arrg)ncg tl((]el éé}gsﬁ@é’ foF ?rg 1sttor tA! oy mﬁﬁlr%?{g@ byt thvé'OUI d

nerate a w creo a SIng
prdH@deeasf, caeli state@aé then asimingti @9 can bdreeen esmm ﬂ,gaf&r thaal

of .the t mtters hav S ter
opgration € the Bg‘ﬁﬁié’ﬁenﬁﬁ‘ésf’ a“f??toﬁ%g@ g’f‘ﬁ? iﬂﬂh ary thatiefi

trafdRSL BT This sUpPodts ke d@ﬂb’luklﬁn Baflfle chRedt! 'sfateﬁts gi|).(111) the
intensity of the nmiddle transistor had to be adjusted

to a negative nunber, i.e., to generate the dip in
dd| J . N t
o 7ol § Bt QARG PO FROPESORS OBk e rsr

cure @xobthing, b oalas i datulatedo dndiend the segaith vfthisbritsn.t Yhis value
. values are not r.enoved, rather used to confir.m.or

1 ‘i“‘ﬂ‘c‘ﬁiJ hereln sigma ang,if is ghonaain ﬁaﬁeﬁé‘ 4“5 Slté‘ggeTSé%‘% &gd tSigC.

Fi %%9& pt IB@OIdes 40 S acidR C\Qﬁéilélﬂ Ghrk® eﬁoxf fdﬁéti%ﬁé 1€ m@o%m treOf

he invention, further processing is perforned to
plogibd against therintarsity. dbaMitierciadicate thedeasepreent bel, the hess fit.

Ho@%&&r b% (s’eetnh{h% cuxs)gg)?gioﬁ ms’ fl ?t%? ﬁ‘leéi Iﬂleat Bf &%&esﬂ nﬂw?efore

s conp or "a'set ar ea;
theVlﬁ«isgéﬁcﬁdoBlﬁml scﬂeam:t o edrvieds i$ hﬁugl&lr Géritadity tlﬁﬁkhit@btdiﬁeﬂ
ﬁoglcc%(r)\lf'lenltl t Gf‘s rrngg’sldl'et iis rr1e ecte8 ?1? t Iels%gn}/a value shown in Tables 4 and 5. In
these tables, the larger the sigma value is, the lower the confidence. Also, when the
sigma value approaches the intensity value, it indicates high uncertainty in the intensity
value. Moreover, when the sigma value exceeds the intensity value, the intensity value at
that state cannot be relied upon. For example, for the state (111) in Table 4, the sigma
value of transistor B is higher than its intensity value for that state. This confirms that

state (111) is not probable. A similar indication can be seen in the pooled values, i.e., the
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each state. An exanple is illustrated in Table 5,
where the weighted results are referred to as pool ed.
For exanple, the intensities for transistor to are
multiplied by the probability of each state and then
summed. As can be seen in Table 5, after this
operation the pooled intensities of transistors A and
C are much higher than that of transistor B. This
sigmapabretfor trimsisto fcis highentham thie wdightedbintepsity eftteansistos B,

infiakineb i< e oRLesE G P MBS Obtai mea, 5

value is calculated to indicate the strength of this
solution. This value is called herein sig and if i.s
Rwn i nAvetsdiag toangieer smbedimsnpol the @V@*ﬁ}on@gge%%% dles
cotist@bfed ]?,11(? %IQE&Yéqu $hellel. | Ad %Eaﬁ'lgﬂé Sfsuch &b i dESIERE in Table 6.
error tunctrons 11, 12, and 13, are plotted against
In tabte 6, thcemeghtyd infmesityrand sigma nfi¢ach trengister dre showne rAdslitionally,

i.e. . th st fit. r an . K :
for gt sl Coptinive b AP el Gy S B Py elchfe and
prekbte@inGhetablel Mid @ask der, @fg., 39l adting thesel obabilith fothe F-
curve 13 i.s of higher certaint

I V¢ .S 0 h bt al
DS bHARA AN S A8 GEReP P B b A0 ORI i
trat(%%tgxeA ?@%ﬂ SV:e ﬂ@pérlﬁislts“pr%gtteﬁ (ient%rﬁity the %gaﬂ(ﬁjﬁﬁﬁﬁargéhﬁlan its

er t ma-val ue s, ower t confi dence.
sighlas Gimiltransults ean bé spam fardtansistappr dhetgéose,tthresyisigmanay isyue a
val ue, it .indicat Lgh uncerfai gy 10, t ' ' .
deg}gf’ﬁ’e‘%all%l?lg% e ’etﬁattgtﬁaél %5“."5% a{}g uaéé g%{ c(lglzt § Q{tlﬁeg Rhhd while
thd diﬁrﬁﬂk&ivg prdba})wieydthtaheanisi@toe Bsik by isnedt uegligible,tikaignst iatraich
.cannot._be relied upon. For exa , for the state
highen thyn jtp infepsity. her¢fqge, §i1§wgh‘).‘(/wgﬁlséy grat frangiebgrdy isongnd the

syﬁérﬂ?’rﬁiﬁ' i§st1@ﬁ dbdiSioh MaEAN 4fY. MBhe Kidhes tolRabonsthwtife, tdiyitem
confirms that state (111) is not érobable. A simlar

mayrishue at nndecisiad vendics aeiluptratechio Table e dHeragvgasven ifétis t he

0.si.g value for transistor.B,] ' ] .
ndioEany Aeerob PP PR iidef it Y BleobiBPR g+t s
cofnpPsred B8 £AGd Oy Asalogel caflidrsthe fieaduded iBtensitywahes fatthese examples

[ 0069] According.to another enbodi nent of the .
W@F%%‘éﬁ‘f%”i}’&‘ﬂalfﬁ’dd’ééf%‘illétﬂf’% 418 @ FANdORHGTheT RnEERIef o generating

thég{o?s%.e 8 GndiSe L2 ikERity oMt AlRLiSn RfshsWk th Patl@®lifider SActual
epicted 1n Table 6. “In table 6, the weighted

Valuet e Asicaty basedn she waigbted dutensitiasatnsekytnegichythe agthaliptensities used

ditionally, for each transistor the cunul ative
ﬁ“ﬁﬁ%ﬂHW%WPPy that the transistor is on is calculate and
presented in the table. This can be done, e.g., by

[06317('*0%i ng tlll?e gllgn erdov%?d?(i:tlciartl %e itari]logetgieto Ez:lrticular situations and to provide
different “levels of comfort.” One may take a conservative approach and force a decision
only when the probabilities are very high, with very low sigma and clear decision.
Conversely, one may chose a relaxed criteria for the blended verdict. According to one
example, for a particular transistor the verdict is declared only if the probability of the
transistor being in the “on” state is twice as the probability of it being in the “off” state.

According to another example, the number of states having a probability that is at least
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Distribution obtained in table 4. As can be seen from
Table 6, the probability that transistor Ais onis
very high and its predicted intensity is high and nuch
larger than its sigma. Simlar results can be seen
for transistor C. Therefore, the systemmay issue a
deci sion, called blended verdict, that transistors A
and C are on. On the other hand, while the cumulative
half treyabbability of thaimdst biedy stbteris ®untedoif the nwoberrielgkgegitiah ¢he

pivtmbabiley of thamast i siors _
e SRR G gl 5 AR ERRBP) AP Fanst stor B is

on and the systemnay issue a decision that it is

If one wishes to be conservative, the system nma
IOQ‘Isﬂue i TOBROE 8 64 F TRk F 28N T HSsanffe WP HOWRBF 18ues 13

itefd1VE) q{smgqxﬁﬁmh&g nﬁm'bér Qﬁﬁﬁ' 't(? ﬁl%db(fe L. TR RSults from one

transi st e on, ear that |tS|ntenS|ty
of the rmmaye fahilated ais Taldgﬁpaiowlx, thealexeldped sysiomris fudly automated
| ues for

asur.ed | h
anGRerfosf ' Al FRRY S TetraBPS esoly R it £ cluster of
trai?51§t61@ d QbR BRI LG QI fiied @Etefn@utcgﬁﬂﬁﬁl&lj pmglded b]leONM)BE decision
'noi se free" |nten5|{)e of the S|g¥é tion i.s shown

for lﬂ “opi Bl 160 62 {FARFHOrsAGS G bE 32D oM Tahle dfhe Bestesid fStimated
intdR 8 tcﬁ)gczlg ma‘?d?ﬁg& ki lﬁéﬂﬁ%%tlg@f& Bl bhe %ﬁéiﬁbrs for which the

I ntensities use he simul ation. [0070
systoetre m}hdd av ONAOEF defaiﬂorbelmfasctl evea dort teangigtors oo w: rch the system did

oo OB T P A% S PR Ple by groe o

thefsfﬂhﬁlatea lﬂeﬁitﬁson only when the pr obabl lities are very
high, with.very |ow sigma and cl ear deci sion.
Cbnversely, one may chose a relaxed criteria for the

@ nded XEEsH G seeARORTHE BECHPLHANS faXRTREtBodolSYy p’i‘ovxd?s

ticular transistor the verdict i$ declared onl
calmldetef;b nratmstnels ifaryeadlf trartsistort negardless efr whethen ghej trangisters c@n '‘be

oSy il TR sy BB RE ik k% b ARGt {fong

hardffagitsdh @ Ih]abld iigsteatg aboadi Moteoveh 8y pelfor&tmg ﬁ&sﬁlal&ﬂls on
hal f the probablllty of the no L1 kel ta
severh bt e@nd peneraime fndtiopaliayerags gidne frﬁ%ﬁlt%éﬁ ior cAeisiceof

ref%&ﬁébﬁiaﬂeghﬁ I oB{h?neH?&t 1RE ifeSithg StRerds. STHRFuhPiohd 2Y&Hge
5rocess of Figure 15 Was run on the entire
maybea vtighied average gulist of Bedians onanyeshgr, funetiong) averegingshiesen.

nunber generator to introduce noise. The results from
one of the runs are tabulated in Table 7. Notably,

[00733 devehogrding ysirthcr smbodihi¢énesfttheriulvettion, the system also takes
into account possible misregistration of the CAD layout to the device under test (DUT).
Figure 18 depicts a flow chart for eliminating misregistration errors according to an
embodiment of the invention. According to this embodiment, once a geometry is
selected at Step 1800 (corresponding to Step 1510 in Figure 15), an iterative analysis is
performed as follows. At Step 1810 a CAD layout alignment with respect to the DUT is
chosen. Then the analysis as described with respect to Figure 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 programmed to select a predetermined number
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and perfornms the cal cul ati ons di scussed above to

resol ve em ssion fromeach cluster of transistors. In

this particular run, the system automatically provided

an OV OFF decision for 17 out of the 22 transistors.

As can be seen from Table 7, the system s estimted

intensities closely match the sinulated intensities

for all of the transistors for which the system made
of aﬁgr@dn@%Ff thkeCAEL. offihis kcan beaddne bestaming preset moeds i thes andry

pravide a decis

digihongp o dion g ARG binf\ed3Pris g oGt in

the&Cx-@fEctiof, thé Zﬂhﬁbﬂiﬂﬂ ot B6ih) MaeB&ht188G it if @didlinodshatanother
seen fromthe descrlptlon sqg far, the nethodqgl o

aligpraent geeds t@ he éhﬁcls%de ¢he; m?@ﬁ%wfq%%lwrswﬁé e fitep rlﬁh%u éths*lese
thd g@ersgkxﬁ)%éec@ tlﬁﬁf ?ﬂl%'cﬁfcgfa&d‘ggeleﬁ@hl-@ﬁ%&d’@ﬂues
I ca he c ate

|ntenS|t|es be then used
ard @pnpavels hncgeaISee;sh&SO tleen@A Dradigometurbsudtinigrin tthee\owe}t pagled Chi-

b A0S B08 S IR S aR AL BT g v

us@VRF Ag6lvitlg thdiémissibensi ties for each device, reference
val ues may be obtained for use in testing other IC s.

The functional average may be a weighted average, a

[6'{1§t of ﬂr%b%grs Qth 10%&?&{& fINRGAERNAl enR ARG Br systems

sen. ccordi ng to anot her "enbodi ment of the
ac¢andiegta tha inviehidors yIstl“&gnraﬂ%,d)lﬂEH@é() isiuntlergeing drsting by, for

xR RSBkt o 5o P el n

opEife kdstek 99105 kiidH a39¢. 5 NBmiIScdp ey ios Ruby Waﬂim@ermaD@G IS(jhstBlgs of
to an_enbodi ment. of the |nvention. fCOI‘dI

ng to this
FrameiidFatiemia. dprnerally dasorpticahtester 1940 woulduigelygde ) Xy zsiags 1920
fo&&glfgraﬁérpgv@ HRODU®, 2b&ih thari ?ul‘aﬂorF 619%5 %l@l@ 1933 ncon51st1ng various
ative analysis I's performed as | ows. St ep
opfi&il Oleane@A uch o lﬂlsqlangfnnmmorw antl sca@sprgcmeo&l@mﬁmesumzrs ¢ laser

chosen. Then iS as descri ct to
s BB (580 peeians Sp e Fesd Ton Bt RO ¢
emo@infenf Fdhe ilVentlogp 1830 it is determ ned V\,het her

anot her alignnment should be chosen. That is, the

systemis programmed to select a predeterm ned nunber

[087"?5(}Of al pINENSr e 4006 teg—tlmgsel&ﬁéht? FigHOB Goléted from

rong p eset noves in the x and |rect|on so that
variouseeas of therRIUT by, ¢ pefiAbptesiGh, ansl isrenneedl by light sensor 1936,

ot st st PuSIRBRA (A PP 7 il o S Lpespisiviny
bo&ﬂdﬂ@S@ﬁﬁS/'b@ lcoupled to the sensor to receive and condltlon the signal of the sensor
1936. The signal is then applied to a processor 1970, such as a specifically programmed
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.

[0076] According to one embodiment of the invention, the processing 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
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al i gnnent needs to be checked, the process circularly
reverts to Step 1810. Otherwi se, the process proceeds
to Step 1840 where all of the cal cul ated pool ed
Chi - Squared val ues are conpared, and at Step 1850 the
CAD al ignment resulting in the | owest pool ed Chi-
squared value is selected as the proper alignnent and
the results fromthis alignment are used for

coﬂhﬁﬁ;tei ot fgcificell pconssuaed ha[rﬁ)@iré]and?bgwf@vai@aﬁdéoré'lrmware The

mati ¢ di I tr.at,
staB g AioReysiest AR PR e GBS s RoATan Biogsraing gaultsgpd
malt%ﬁgldn&gl{fédﬁ%% Qk B&cliB&d 4Hd9e.DYhe zfcghlrecﬁéiﬂlmh@moﬁwgﬂél RGent
test vectors 1942 fromtester 0. The DUT

b
frop1 the pepcessor bilite she qpiiselsignabinput 1902 pf the resglvgng system 1900.
ThE?%sﬁ%ﬁ?%d%Fr%btﬁ“?%e( D%S%h} 8’1*% DUT%:?S% éx&ta%%aééﬁ%

ornr a. neral e opt1 tester 1910
vian®ADdnput d Dort eTleersyxtemn- 1908 ttlwgefotl@m)anyfcrf theao¢agsetsidénalosedeherein

o feafar BeideGoGE AN Qeneie lpByAsiir SROIATEN: rg s 1900

is R REedThicERIIS to HRGre&RMON| I, TRGHeHY iR, tBUICADASYGL is
| aser scannln% m croscope 1930. The el enents are

proyédedrfram ths A dajgbaseil fdhto theprosessorliBdi nent s of the

i nvention. [0075] By the use of the above noted

testing elenents, light is collected from various
[0G7Mas of ThérealDUlintiigure 19 illusfratoen embodioent &3us regoldingsystem

3 STy i SRR e AR R ARSI some o

all ¥ HHebSélEhents map arsd bé 954 fobihe Rtesity phAdsié @ ihhatigae &alty and
to receive and condition the signal of the sensor

maifgsgioningedeyicghal hg systemel P08 E?ﬁff 3 l%'as 1995 dopyiiehewasigns ilsfﬂents are
co@'i&f]toac%m%@gc%g Jnd&%\llae Q eleflents’ Ih§|8 1 sibid input

rocessor al'so De use to contro vari ous
1962 amiethe €AdY layouténmip tl Pehire cemteeted 19O bup\d aﬂdmm\hée the

Lt d Kk d
sigpley e S Aboroun s Beyare P CUr Goih Mg Sacutatons
and@ &l indtidRAs BY, 06 25M6nith8 Arinkd?0ct6] THemubdlecih® grdcessinpens
embodi ment of the invention, the. processing to resolye

describedbhareis; e sysiare 4 PQmAY inclyide g point spreadsiipefonqgsneratog 1906

o B T oy 4B S A0 el s
A genyaradr mOB pompareQﬂled’tSWm the RSF geperaiof i1 864 loyhe optical signal
obgpﬁ)gatfrrolrjnct e mpu? EéﬁarAe dgcqg(/)r? erznglr?ef 1t9vi9rrgce%/ré94h%rou clogne &\&rious
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. Additionally, a CAD aligner 1924 provides various
CAD coordinates to align the CAD layout and iteratively calculate error for various CAD

alignments until the smallest error is obtained, thereby selecting the best CAD alignment

coordinates.
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st and- al one system 1900 al so perfornms the intensity
evaluation to determne faulty and mal functioning
devi ces, as descri bed above. The acquired and
conditioned signal is sent fromthe processor 1970 to
the optical signal input 1902 of the resolving system
1900. The system 1900 then obtains the CAD | ayout of
the DUT fromthe CAD dat abase 1946, via CAD i nput
[0078)4. ThMempsy £M81UB0be irsed by tid amsuselymets tohstore data. Memory
ocess di scl osed .her ei n the detected .
19 PEE B i oGy oo PSR OiHHE Ter o e gGometies
Nofab$y, @6ot8APto dspectOOhé i Er@tibn] ﬂie&@gxa lsthty: ﬁnOeat:hl &anmstor is
processor 1970. In such a case, IS

detsvw%(@eg fustve themethads %eét:ralk?ésa@o@wdttbe ftﬁté lﬁ%@e%tscally
4 T I
R R L
statearian @}wa bstcamparad agminﬁ y@t@mef@rericcn ngtsmhtqimtdo eithes from known
or 1970 se. el e
o] &R hedid Prer iReRivalitiad wndf GLrEoBIaM e Blonre
sinfufiatiohy AdRehativ@ly, ftlddﬂ Sthfe® Obtaiped e fiserSal dEhleewauae isdX9Bet the
has a bus 1905, to which v? oys el enents gp co pled

Proper $@AmAF 630 e warsirdany ot fegiiements Stifeno

prolifed WP IHeGam Sf 1BR@Vark,Bkyarel g%w@t@dortaﬁg C%Rnaﬁ&rpﬂ'kreof
i nput 1904 are connected to the bus 1905 and provi de

Mar¢nver, i sgnalld bgmmdersthed thatall ¢f the clemmnts of pwtenlm may be

lmﬁglingli)tﬁ(? ﬁ%?, Flgﬁ C%gsgtlg axecuﬁnwecn?%gllycc?esi%%eg %OfRN %e %(?({é
enable the processi ng as described herein, the system
1 i nclude, a point spread functi ener at qr

[00y "t e Ryeveat wyediondas E%ﬁnrﬁscgmea relali98 {4 BAIBHE he

exaltrﬁop%ks WhlcRae ﬂ%dé&‘ﬁ aYIQFEép@é@ 1S54 Brak®dive frﬁﬁ&%han Bstrictive.

arator 1908 conpares the PSF fromthe
Th@e@rséﬂlad ar the 906vitl appreeciatehat ozdny sliffrent combtnatlwmffhamware
ot B ST F nPRBHOE s BB LR e

otheimpdétfergdtine of the ivehtien wilbhecappaRitioansbe pkitivd thethe amn from
out put f?r the resol ving decision. A StgtlSthS engi he

conguieratign of e ipecififation apdpractiqenf the ipyeption diseloggddicreps Various
aspetts AndSr doifofiits SEHa H@scrlgai erﬂ’ﬂ)cﬁfnﬁbﬁk’ fa9Be used singly y or in any

F-distribution, etc. ad provides the output to
conpleipat&ingn tlmﬁasnei chamber aitst Mizim diftended thao theespeyfifeation md

exagﬁg? S?alec%g?qg?{t$ SS %ggﬁphr\é ﬂ%%e V%/ltﬁ h%‘&g%? tgleraln S rlptl%tgﬁ invention
beipg dicated byakid UswirgARimeor dl nates to ali gn the CAD
| ayout and iteratively calculate error for various CAD

alignments until the smallest error is obtained,
thereby selecting the best CAD ali gnnent

25



coordi nates. 24 [0078] Menory 1918 nmay be used by the

various elenents to store data. Menory 1918 may

i nclude nmenory area for storing PSF library for

various transi stor geonetries. Notably, according to

aspects of the invention, the logic state for each

transistor is determned (e.g., using the nethods

descri bed above), and the state is automatically
CIsAIM®d in nmenory 1918, together with the test vector

operating during the imging. The state can then be

ai.nst.stored reference va obt

- or ¢ Ranshod i ihEire BhBhvesons Mot S R onsing photon
emﬁ%ﬁqu@qnga@ue e.g., based on theoretical calculation

or sinulation. Alternatively, the states obtained for

s evebtainingapjcptssicdmage fragen aren ofdke Gie  proper state.

7505 AR THEHRR) Rafles &blo ke Jm AT ol S Rom
eachalevina peesertt i thwarea of dre I&ny conblnatlon thereof

Mor egver, ig shoul d gg under st ood t all of the

el eAEAPIESPletnes DENEENEPTHEDONE 10,58 ed by a

Si NGrpaping eadhSdfer@iRAUAteRity 36 Géfl*résb&ﬂilhg/ reft@&ncg MRehsity.

software code. [0079] The present i nvention has been

described in relation to particular exanples, which

2. ar erh heMdedr Lilinfl ) e?e‘if?ﬁ?et&eipltdgggﬁghxll#*e &Is%ms";?f)&i%'%%h

than restrictive. ose sk
deteqnpn@tmtmsty drainsnisngoratsfdndimgmefesmodintasitpns  of
hardware, software, and firmvare will be suitable for

practicing the present invention. Mreover, other

3. | npTRS®Bhad bPE1gind2, fhhl@erlcempﬂhhgealwhﬂmguﬂuﬁﬂmmmhsmlo
those skilled in the art from consideration of the

betwgartalt picthe desermined ipteasitippanddhe refrencetgRsitiss- di scl osed
herein. Various aspects and/or conponents of the
descri bed enbodi nents may be used singly or in any

4. conbhevatthod of clainhd, fptthm wamphsing detemminmg almaximuinrallewdbld

he..s eC|f| n and exanples be considered as
dev&?x@mﬁog? 91&: WFV re g

"Rt rue scope and spirit of the
i nvention being |nd|cated by the follow ng clainms. 25
CLAIMS 1. A nmethod for detecting defective devices in

5. i nt Begrmetbed ef ¢laig 4, fprtleyr compriginghot on

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;
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em ssi on, conprising: obtaining an em ssion imge from
an area of the IC, determning intensity values to
provi de determ ned intensity of em ssion from each
device present in the area of the IC obtaining
reference intensity corresponding to each device;
conparing each determned intensity to correspondi ng
reference intensity. 2. The method of claiml, wherein
t he fateegh ddvicealkeEamining « dififerensebetptot the defewaiod intensity and the
petern{neg_intensity agai nst its correspondi ng
PP B8 nt ensity. 3. The nethod of claim2, further
CONMAktemhiRthgGitletiel tel differandeiiBabw tied fidst BRShol andef swgen
all of the determined intensities and the reference
designaging thejdsyice 2s suppect iROPABHVOICWideai m 3, furt her
conprising determ ning a nmaxi num al | owabl e deviation
fromthe linear relationship. 5 The nethod of claim
9. 4, fThe tiethod obnlgimh §; fugtherfcompeising: det er mi ned i ntensity,
cal cul ati ng devj at | fromthe linear relationship
anda%%ﬁﬁg% %ﬁm¥h§“ﬁ@393tion to the maxi num al | owabl e
devif@teaéidevite hhttiag ARifiereh@fabeveth&itst tHreshblig tomparing the
ising: for each determ ned intensity assigning

conpr
diff%@jnﬁe 19 the fgaond greshgandoft thesiffgrenceris belae haseRt Breshold

dest itng fhe d‘chE Q?Bp&ﬁm%hﬁglf&%iﬁhiﬂg Rgvit&f erence | ogi cal
states an

conparing the assigned |ogical states to
the reference |l ogical states. 8. The nethod of claim

1, rther .c rising. . assigning.a first threshold;
1055 1hf mbfiod SEEBIm &' erein BRRMARPE MR R S e
t heobl@in@igd OAD hydue bBirdnsistorsiprckat inf hé area ot theilQt ensi ty;
. determ nj ng mhether,th? difference_ is below the first
t hr 815EAtiAE 3 saread fungtion foy dhg tansistoryrem @ Redsprgag fuinction (PSF)

0f§ﬁ%¥ﬁ&ﬁ5%ﬂg@erative device. 9. The nethod of claim 8,
urther “conpri si ng:
computing the intensity of discrete light emission of each device by comparing

the spread function to light signal of the emission image.

11.  The method of claim 10, further comprising:
determining a plurality of state combinations, each combination comprising
unique mixture of states of the devices;
for each of the plurality of state combinations:
generating a combination spread function;
comparing the combination spread function to the light signal to thereby
obtain an error and discrete intensity of emission from each device;
selecting the state combination having the smallest error as the true state
combination;
selecting the resulting intensities of states corresponding to the true state

combination.
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assigning a second threshold; for each device having a
di fference above the first threshold, conparing the
difference to the second threshold and, if the
difference is below the second threshold, designating
t he device as operative but mal functioning device. 10.
The nmethod of claim1l, wherein calculating intensity
conprises: obtaining a CAD | ayout of transistors

12pr e Shnmethvdtdielaan d 4, whertineomn@aringsthe cambinggicn spprad dehction to

functio r the transistars froma poi.nt .spread ..
the GhE i) e FOphioed Rararptih e a et parh ffligRoR Reretion on the
comBIn@nsh épreddifudtioar et e |ight em ssion of each device by
conparing the spread function to light signal of the

em ssion imge. 11. The nmethod of claim 10, further

13COMRE Sefifbd oFelafth Th ,n\ivfégeiﬂ cgingﬁl"ﬁ{g. thy c&ﬁbiﬁgtﬁ;nﬁsgread function to

conbi nat 1 ons, each co I nati on conpri S|.r]g. I que .
thentightt sigaal dartlstr aompriss petfermieg a €bisSqdape mérdmizatibn pprzation on the

uralit f. state conbi nations: generating a

coggﬁﬁﬁﬂbﬁ¥gﬁfgﬂ?@3d function; conparing the combination

spread function to the light signal to thereby obtain

an error and djscrete intensjty of em ssion from each
14gevThe methodof clafy 1t Rgthet comprissigbi nat i on havi ng t he

Sﬂahkt@ﬁﬁinﬁ,{gn&gicﬁ%tawﬂﬁr AR aRLALA intEAHy! nat i on;

selecting the resulting Intensities of states

cor sesipg Hi calgulatedistate togetberswish wlentity b neréspondigg tegtxvector.

The nmet hod of claim 11, wherein conparing the

conbi nation spread function to the light signa

15f ur trhe megodRf cBEs 1pSufthérton@rising eadpariglsatielogical state to a

m ni m zation operation on the conbination spread
refeigaeq logisal state. The met hod of claim 11, wherein

conparing the conbination spread function to the

light signal further conprises perform ng a Chi-Square
161 niAndystami fonidentéfiyingi nealfumntiorieg and faulty devices using photon emission

collected from a device under test (DUT), comprising:

a first input receiving image signal correlating to the photon emission collected
from a selected area of the DUT;

a processor receiving the image signal and determining emission intensity for
each device 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

intensity.
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conmbi nation spread function. 14. The method of claim

1, further conprising: determning |ogical state for

each calculated intensity; storing the cal cul ated

state together with identity of a corresponding test

vector. 15. The nethod of claim 14, further

conprising conparing each logical state to a

reference | ogical state. 16. A systemfor identifying
18.mal Thasytstenns fdaimnkd, fuathlet yonmisisingesseosidigpyghedeonng CAD layout

of GIT} St E b S fbrddr e VS S oS bugf T dch device

stofth&biat i ng to the photon em ssion collected froma
sel ected area of the DUT; a processor receiving the
I mage signal and determning em ssion intensity for

19.eaCl?h9§)é{eﬁ?ow1§im l?il, mgre&egaﬁgﬁrt@ s83rQRrthe? asthi dHs 3960iba alo

reference 1ntensitres store erein;, a cohparator
eachalepeamined irtersity afid tdmepaies the assipndd gicabstan to e enpdctaddegical
to a corresponding reference intensity; an output
St rcuit out putting the conparison results. 17. The
system of claim 16, wherein said output circuit
con&ri ses a nonitor displaying a plot of each ..
20det Eherystem eiralaigi Kn fyrteespmArs g LHE MagPiag Mmadylsgrerivige the
emﬁs@fo riﬁ@l‘fs?tg i UaBiN3Vide ana%et’%’nin}— l%?ﬁﬁl%ﬁ%t;@?or%h@i dBvicé,; and
urther conprising a second I nput receiving CAD | ayout
furtifer $theindAHE lagich! vheranil A comegposdiog tagevector iththe stozageng
expected | ogical state for each device stored
therein. 19. The system of claim 18, wherein said

2101 OFRS SRfenf S dldIRI202ShE@HRSha chfipira@t cahpires thelogiastdle of each
determned intensity and conpares the assigned | ogical

degeeoantegpeckad legiptstad | ogi cal  state. 20. The system
of claim 16, further conprising a state nmappi ng nodul e
recei ving the

22.  Anoptical tester for testing a semiconductor device under test (DUT),

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 determining a logic state for each device;

a storage storing the logic state of each device together with a corresponding test

vector.

23.  The tester of claim 22, further comprising a state comparator comparing the logic

state of each device to an expected logic state.

24.  The tester of claim 23, further comprising:

reference intensities;
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em ssion intensity for each device and determ ning a
| ogi cal state for each device, and further storing
the logical state and a corresponding test vector in
the storage. 21. The system of claim?20, wherein the
conparator conpares the logic state of each device to
an expected |l ogical state. 22. An optical tester for
testing a sem conductor device under test (DUT),
conpniirgensity camparhioe cormpaningachoef the deternlihesodnisgiompintensities to
em ssi on fqon1the DUTI: a sensor for sensing the photon

a cgmegngpglﬁgf? SRR ect i on optics and generating an
en 4 bapusiitloutpattigAeesmiparib@tRbulisng t he emi ssion
signal and determ ning em ssion intensity for each
device within the selected area; a logic state nodul e
det o . - s

2 orrae e T e & A SRR PSRN Giglaicl AoRfRach

deteonined pmisdion gntersity agaiest aeorrespandinp ecfereseeaintensitye| ai m
22, further conprising a state conparator conparing
the logic state of each device to an expected | ogic
state. 24. The tester of claim 23, further conprising:
reference intensities; 29 an intensity conparator
conparing each of the determined em ssion intensities
to a corresponding reference intensity; an output
circuit outputting the conparison results. 25. The
system of claim 24, further conprising a nonitor
di splaying a plot of each determ ned em ssion
intensity against a corresponding reference intensity.
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