1 NONDESTRUCTI VE AND NONCONTACT ANALYSI S SYSTEM BACKGROUND COF THE

I NVENTION 5 Field of the Invention The present invention relates to a
nondestructive and noncontact analysis systemfor anal yzing and eval uati ng
an object, such as a sem conductor wafer, in which an electric current is
i nduced when being irradiated with a Iibht beam having a gi ven wavel engt h,
and nore particularly relates to such a 1o nondestructive and noncont act
anal ysis systemincluding a SQU D (Superconducting Quantum I nterference
Devi ce) photoscanning m croscopic nethod using a SQUI D magnetic sensor,
for the anal ysNONDESTRUGTEVE ANES NONCOMTAC T AN ARSY SESeSYSTENI S
Presently, nondestructive and noncontact analysis systens having a SQU D
magneti ¢ sensor have been researched and devel oped to be put into

practi cal g% Fﬁﬂﬁty ' ﬁgﬁﬁ% bi t ng sem conductor wafers. Such a

pri or art]%§§:(§B uc |J@Fgﬁég c-@ @%ianalysis system includes a system
control unit having a mcroconputer, and a | aser beam 20
generati on/ nodul ati on apparatus operated under control of the system
cont r ols urffield dfithe lmgantidneam gener at i on/ nodul ati on apparatus has a | aser

beam generator/ ulator, and a, reference signal generator., For exanple,
the | aser beam ge PEgseRbdnYention gelatesi s aanen ctixg ey dpneentask
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the reference signal is output as a nodulation signhal fromthe reference
signal géwemtheving at Igéveac ovasteiengtint andl moey ipaetioflatiferdlatsertobsach a
generator/ nodul atgr, such that the |aser beamis mpdyl ated in ordance
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gener at or/ ul at or
method using a SQUID magnetic sensor, for the analysis of the object.

Description of the Related Art
15 Presently, nondestructive and noncontact analysis systems having a
SQUID magnetic sensor have been researched and developed to be put into
practical use for analyzing and evaluating semiconductor wafers.
Such a prior art nondestructive and noncontact analysis system
includes a system control unit having a microcomputer, and a laser beam
20 generation/modulation apparatus operated under control of the system control
unit. The laser beam generation/modulation apparatus has a laser beam
generator/modulator, and a reference signal generator.
For example, the laser beam generator/modulator contains a fiber
laser device for generating and emitting a laser beam, and an acoustic optical
25 device for modulating the emitted laser beam. The reference signal generator
generates a reference signal composed of a series of regular pulses, and the
reference signal is output as a modulation signal from the reference signal
generator to the acoustic optical device of the laser beam generator/modulator,

such that the laser beam is modulated in accordance with the modulation signal.



fiber. Namely, the nodul ated | aser beamis introduced fromthe | aser beam
generator/ nodul ator into the optical unit through the optical fiber. The
optical 5 unit includes an optical |ens systemfor focusing the nodul ated

| aser beam Nanely, the nodul ated | aser beamis focused and emtted from
the optical unit as a nodul ated and focused | aser beam The nondestructive
and noncontact analysis systemfurther includes an X-Y stage, and an

obj ect, such as a silicon wafer, to be analyzed and 10 evaluated, is
detachably nounted on the X-Y stage. Note, the silicon wafer has a

plurality of seni cHmdiasenbeaini genepaticigmiodantipnoshpaestut kdscebas atheptiéall’ st age
has a central gpeni ng formed therein, and the silicon wafer is irradiated
with the nydticptiedlysanpesded o lases dreape ganeratorimogduletnasthreughy ag ronticel
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nondestructi ve and noncon anal'ysi's systemis provided with a magneti sm
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Interference Device) magnetic 25 sensor, and a troll'i ng/ processing
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magneti c sensor, to the SQUI D controlling/processing circuit, in which
wafer is irradiated with the modulated and focused laser beam, which passes
through the central opening of the X-Y stage. The X-Y stage is moved along an
15 X-axis and Y-axis of a rectangular X-Y coordinate defined with respect to the X-
Y stage, such that each of the semiconductor devices on the silicon wafer is
scanned with the laser beam. During the scanning of the semiconductor device
with the laser beam, an electric current or OBIC (Optical Beam Induced Current)
is induced at a spot area of the semiconductor device, which is irradiated with
20  the scanning laser beam, and the OBIC generates a magnetic field (magnetic
flux).

To detect the magnetic field, the nondestructive and noncontact
analysis system is provided with a magnetism detection apparatus which
includes a SQUID (Superconducting Quanfum Interference Device) magnetic

25 sensor, and a SQUID controlling/processing circuit containing an FLL (Flux
Lock Loop) circuit. The SQUID magnetic sensor is controlled by the SQUID
controlling/processing circuit, and detects the magnetic field to thereby produce

a SQUID signal in accordance with an intensity of the detected magnetic field.

Namely, while the semiconductor device is scanned with the modulated and



the series of SQU D signals are suitably processed to thereby generate a
magnetic field signal. 5 The nondestructive and noncontact anal ysis system
is also provided with a signal extraction circuit containing a two-phase
type lock-in anplifier. Wile the magnetic field signal is input fromthe
SQUI D control ling/processing circuit to the signal extraction circuit, the
reference signal is input fromthe reference signal generator to the
signal extraction circuit. 10 In the two-phase type lock-in anplifier of
the signal extraction circuit, the sanme frequency conponents as those of

t he ref er efocesei psal beang wsdrie’ WFSQUIDwIghdle aregduced hndbdtkit divth thénd are
sui tably pé ocessed and output fromthe si g_nal extraction circuit as a
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signal extraction circuit as a magnetic field intensity signal.

The magnetic field intensity signal is fed to the system control unit,

15 and then is successively converted into digital magnetic field intensity image
data by an analog-to-digital (A/D) convector included in the system control unit.
When the scanning of the semiconductor device concerned is completed, a frame
of digital magnetic field intensity image pixel data is produced based on the
successively-converted digital magnetic field intensity data, and is stored in a

20 random access memory (RAM) included in the system control unit.

The nondestructive and noncontact analysis system is further
provided with a personal computer associated with a TV monitor. The frame of
magnetic field intensity image pixel data is fed from the system control unit to
the personal computer, and is suitably processed to thereby produce a magnetic

25 field intensity video signal, whereby a magnetic field intensity image is
displayed on the TV monitor in accordance with the magnetic field intensity
video signal.

In general, the magnetic field intensity image, which is obtained by

using the SQUID photoscanning microscopic method, is called a SQUID



on the object to be analyzed and evaluated, with no relationship to a size
of the SQUI D magnetic sensor and the di stance between the SQUI D nagnetic
sensor 5 and the object. Note, usually, the spatial resolution power of the
SQU D mcroscopic inage is on the order of subm crons. The SQU D

phot oseanning m croscopic nmethod is usétl to detect a distribution of

I mpurity density on a bare silicon wafer, as disclosed in literature

"SQUI D Phot oscanni ng: An | magi ng Techni que for UDN of Sem conductor io

Waf ers and Devi ces based on Phat omagnetic Detection”. reported in "I EEE

Tr ansact i anirostopip imege, Supk s apatalctdselution. pbiver Af thdSQPUID Z0Rtoscdpic 1, P.
1162- 1167, by Jorn Beyer, Dietmar Drung and Thomas Schuring. Al so, the
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sem conductor device. ) .
Also, the SQUID photoscanning microscopic method is used to

measure a diffusion length of small carriers in a diffusion layer formed in a

15 silicon wafer, as disclosed in JP-A-2003-197700.

Further, the SQUID photoscanning microscopic method is used to
analyze and evaluate semiconductor chips or devices, produced in a silicon
wafer, using SQUID microscopic images, or magnetic field intensity images
derived therefrom, as disclosed in JP-A-2002-313859.

20 In the above-mentioned prior art nondestructive and noncontact
analysis system using the SQUID photoscanning microscopic method, a
magnetic field intensity image derived from a semiconductor device is
frequently compared with a magnetic field intensity image derived from another
semiconductor device, with the two semiconductor devices being identical to

25  each other. In this case, if the two semiconductor devices are good products, the
magnetic field intensity images cannot be distinguished from each other. On the
other hand, if one of the semiconductor devices has a defect, the magnetic field
intensity image derived from the defective semiconductor device is different

from the magnetic field intensity image derived from the good semiconductor



Neverthel ess, in the prior art nondestructive and noncontact analysis
system it is difficult to distinguish the difference between the defective
and 5 good nmagnetic field intensity inmages, as stated in detai

herei nafter. SUMVARY OF THE | NVENTI ON Therefore, an object of the present

I nvention is to provide a nondestructi¥ve and noncont act anal ysis system
using a SQUI D photoscanning 10 m croscopic nethod, which is constituted
such that an analysis and an eval uation of an object, such as a

sem conductor wafer, can be nore accurately carried out in conparison wth

the prior deviceanddstdl uetd yewhich trendefetiaetisanal theidefepBicesomicéndidier
obj ect of the present invention is to provide a nondestructive and
noncont actdeafh%ﬂ-ysi s nmethod performed in the aforesaid nondestructive and

15 noncont act analysis,system ..l n _accordance W th an aspect of th resent
“nvention, there MEVEERER theritedt MOAFEicy b BBReantet Al ¢
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noncont act “anal’ysis system a |i1ght beam generation/ nodul ati on appar at us
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object, and the nodul ati on of the nodul ated and focused |light beamis
carried out with a nodul ation signal synchronized with a reference signal

conposed g es. A a magnetism detection apparatus
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detects a magnetic | ( generated by an electric current
i nduced by irradi atfigpgfokdle afbioBfdct Wof r‘thbhﬁrémﬁwiﬁ%&ﬂicﬁﬁ%f%;@%@idd gt 25
r

beam to thereby produce 'a nmagnetic field signal. A signal e action
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areas of the object, which are irradiated with the nodul atted and focused
| i ght beam Another object of the present invention is to provide a nondestructive
and noncontact analysis method performed in the aforesaid nondestructive and
15 noncontact analysis system.
In accordance with an aspect of the present invention, there is
provided a nondestructive and noncontact analysis system for analyzing and
evaluating an object. In this nondestructive and noncontact analysis system, a
light beam generation/modulation apparatus emits a modulated and focused light
20 beam to thereby irradiate the object, and the modulation of the modulated and
focused light beam is carried out with a modulation signal synchronized with a
reference signal composed of a series of regular pulses. A a magnetism
detection apparatus detects a magnetic field, which is generated by an electric
current induced by irradiating the object with the modulated and focused light
25  beam, to thereby produce a magnetic field signal. A signal extraction circuit
extracts a phase difference signal between the reference signal and the magnetic
field signal. An image data production system produces phase difference image

data based on the phase difference signal.

Preferably, the nondestructive and noncontact analysis system further



The image data production system may include a gradation 5 conversion
system for converting gradations of the phase difference inmage data in
accordance with a predeterm ned gradation characteristic. The
nondestructive and noncontact anal ysis system nay conprises an inmage

di splay system for displaying a phase d1 fference | mage based on the phase
difference i mage data. 10 The nondestructive and noncontact anal ysis system
may conprise an image display systemfor displaying a phase difference

i mage based on the phase difference imge data together with a referenti al

phase di ffc&nﬁpn'msi aeggenhiagesystan thae\scons lthie whegar eithr gee hestuléted Pk e
di fference_ inmage data, whereby the phase difference inmage can be conpared
with the rigraseshlightibegrnde thpreby fnsvee a spsics phglectriheumenid et spatoreascofind
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on previously-prepared referential phase difference image data, whereby the

phase difference image can be compared with the referential phase difference

15  image.

The nondestructive and noncontact analysis system may comprise an
image display system for displaying a phase difference histogram based on
phase difference histogram data which is produced from the phase difference
image data.

20 The nondestructive and noncontact analysis system may further
comprise an image display system for displaying a phase difference histogram
based on the phase difference histogram data together with a referential phase
difference histogram based on previously-prepared referential phase difference
histogram data, whereby the phase difference histogram can be compared with

25  the referential phase difference histogram.

According to the present invention, the signal extraction circuit may
extract a magnetic field intensity signal from the magnetic field signal by the
signal extraction circuit, and the image data production system may produce a

magnetic field intensity image data based on the magnetic field intensity signal.



difference inage data, respectively. 5 The nondestructive and noncont act
anal ysis systemmay further conprise an imge display systemfor

di spl ayi ng respective magnetic field intensity and phase difference imges
based on the magnetic field intensity 4nage and phase difference i mage
data together with respective referential magnetic field intensity and
phase differential imges based on previously io prepared referenti al
magnetic field intensity inmage and phase difference i nage data, whereby
the respective magnetic field intensity and phase difference inages can be
conmpared wi th the Thef pomdestrattive gné moacbntattanaiysn sistgmandyoagsrise an

di fference i mages., The nondestructive and noncontact anal ysis system may

further 15NagsHITRIAE syvtemning displapngp mysnesia field inicapitynymage red pabese e
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detecti on apparatus includes a SQU D
ditference images.

The nondestructive and noncontact analysis system may further

15 comprise an image display system for displaying respective magnetic field

- intensity and phase difference histograms based on magnetic field intensity

histogram and phase difference histograms which are produced from the
magnetic field intensity image and phase difference image data, respectively.

The nondestructive and noncontact analysis system may further

20 comprise an image display system for displaying respective magnetic field

intensity and difference histograms based on magnetic field intensity histogram

and phase difference histogram data, which are produced from the magnetic field

mtensity image and phase difference image data, respectively, together with

respective referential magnetic field intensity and phase difference histograms

25  based on previously-prepared referential magnetic field intensity histogram and

phase difference histogram data, whereby the magnetic field intensity histogram

and the phase difference histogram can be compared with the referential

magnetic intensity histogram and the referential phase difference histogram,

respectively.



(Superconducting Quantum I nterference Device) magnetic sensor to detect the
5 magnetic fields generated in the object by each of the electric currents.
In accordance with another aspect of the present invention, there is

provi ded a nondestructive and noncontact analysis nethod for anal yzing and
eval uati ng an object, conprising the st&zps of: emtting an nodul ated and
focused light beamto thereby irradiate the object, the nodul ation of the
nodul ated and z o focused |ight beam being carried out with a nodul ation
signal synchronized with a reference signal conposed of a series of

regul ar pul ses; ddtrefdrably, sheragodilated dncelfdcusetii fht begangr améeed s an
electric current jinduced by irradiating the object wth the nodul ated and
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met hod further conprises the step of scanning the object wth the
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currents at spot areas of the object, 20 which are irradiated with the
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with the referential phase difference image. _

with the modulated and focused light beam, fo thereby produce a magnetic field

signal; extracting a phase difference signal between the reference signal and the
15 magnetic field signal; and producing phase difference image data based on the
phase difference signal.

Preferably, the nondestructive and noncontact analysis method further
comprises the step of scanning the object with the modulated and focused light
beam, to thereby induce a series of electric currents at spot areas of the object,

20  which are irradiated with the modulated and focused light beam.

The phase difference image data may be subjected to a gradation
conversion processing such that gradations of the phase difference image data
are converted in accordance with a predetermined gradation characteristic.

The nondestructive and noncontact analysis method may comprise the

25 step of displaying a phase difference image in an image display system based on
the phase difference image data.

The nondestructive and noncontact analysis method may comprise the
step of displaying a phase difference image in an image display system based on

the phase difference image data together with a referential phase difference



The nondestructive and noncontact analysis nethod nmay conprise the 5 steps
of : produci ng phase difference histogramdata fromthe phase difference

i mage data; and displaying a phase difference histogramin an i mage displ ay
system based on the phase difference histogram data. The nondestructive and
noncont act anal ysis nethod may conprise’the steps of. produci ng phase
difference histogramdata fromthe phase difference f o inmage data; and

di spl aying a phase difference histogramin an i nage display system based on
t he phase difference histogram data together with a referential phase

di f f er enceintigst bagednohasredioms]ypprepacads rgfepsreiahrpddse afiffessice almageadsta,

di fference Bi%¥0 am dat a, wherepy the phase difference histogramcan be
conpar ed WVRRrePKabe phasediferengenimageqcay by spmparadswalrthmrefesentipd phase
nondest r ucg.i contact anal ysis nethod may conprise the steps of:
extractindﬁg%ﬁgg%gyﬁggfield intensity signal fromthe magnetic field

signal; and producThegnsRiERahtevd hed HohdtnRRsiahdlysiBgetdatRaPessile thde
magnetic field intensity signal. The nondestructive and noncontact
anal ysiss nsiepsodi:merpducimgr plese tdiffere2e dtispgraim dlasp faym rihe phasg defférendé el d
intensity image and a phase difference, jimage .in an inmage display system
based on tlﬁ'é"‘&%a%ét apd f(ﬂﬁ?slﬁymﬂt%li@?ﬁ"y dﬂ%écﬁéﬂﬁow In AR PReES dpldser ence
| mage dat .Y e t al ysis nmethod nay conpri se
t he stepq%?E%?gg%%g@%gkﬂg%%%?pﬁggnﬁigﬁgﬂ%gﬁ%?égki!ntens!ty and phase
difference 25 i nupesndiaieegudivé ARl NBAREAE ahbBAE MBilRAShAY chiilpeiRe @ phase
difference inage data together with respective referential” magnetic field
i ntensi ty sderp pfiaeducingfphasn chifferenge hittageun alatyp fimwi dis phase difference
referential magnetic fiel intensity 1 e and phase.difference,imge
dat a, Wher'BHESt &Pganﬁﬁ‘iéﬁﬂgaﬂpgl HPp ?#é‘h&%ﬂgyc‘? MRSy 1R 1A BRAES disPIer ence
i mage can ' e ent | o f | Lty
o o SRHSNALEt W Baklatet RO ARSI T LAY
nondest r ughiage differereec didtagtanatadsydi 6n NpiRvshsipyrepardd i :2ferbhigal phase
difference histogram data, whereby the phase difference histogram can be
compared with the referential phase difference histogram.
15 The nondestructive and noncontact analysis method may comprise the
steps of: extracting a magnetic field intensity signal from the magnetic field
signal; and producing magnetic field intensity image data based on the magnetic
field intensity signal.
The nondestructive and noncontact analysis method may comprise the
20  step of displaying a magnetic field intensity image and a phase difference image
in an image display system based on the magnetic field intensity image data and
the phase difference image data.
The nondestructive and noncontact analysis method may comprise the
step of displaying respective magnetic field intensity and phase difference
25  images based on the magnetic field intensity image and phase difference image
data together with respective referential magnetic field intensity and phase
difference images based on previously-prepared referential magnetic field
intensity image and phase difference image data, whereby the magnetic field

intensity image and the phase difference image can be compared with the



step of producing magnetic field intensity hi stogram data and phase
difference 5 histogramdata fromthe nagnetic field intensity inmage data
and the phase difference inage data, respectively. The nondestructive and
noncont act anal ysi s nethod may conpri s% the step of displaying respective
magnetic field intensity and phase di f f@rence hi stograns based on the
magnetic field intensity histogram and phase difference i o histogram data
together with referential magnetic field intensity and phase difference

hi st ogr ans based on previously-prepared magnetic field intensity histogram
phase di f frefemntalhimmpoetiafieldtintensiveriatgetdiel thrgreferentitl @hdse diffsrehty

hi st ogram and t he phase difference hi stogram can be conpared with the

ref er ent i dM3ABLgFRSPPEIYEIY-ensity hi stogram and the referential phase

difference 15 hi I ectiyely. BRIEF SCRI PTI.ON OF THE W NGS
The above obj ect ;tllgeg %@hrgeers{‘ﬁgﬁ@‘é%%‘%‘ywﬁf@"g%ﬂﬁé}ﬁ SETagthed TR EPLPESE the  om
the descrigpép Q& & B o1V 3 K 1 | 20
r i ngs. e o uSIAR i QR ol Ty AOE Ak nd PHATD Aerpce
nondestsr uchistogramddata ofromn tlae tmagreetig sfislds ystrsityadmageli duga tandt e phesent

I nvention, . .in which a silicon wafer is analyzed and evaluated; Figure 2 is
a bl ock di‘ggf%&?ﬂcﬁfm&g%déﬁaeﬁ?%ﬁ‘tw@y unit included in the 25 nondestructive

and noncontact an ' ] ' | Q....L: Figure .3 IS a view
conceptual 'y showﬁl%éé@%gﬁgﬁgs&?%@dﬂ%@é\}g@rﬁgnaygge@gwgg Igé%ﬁ fprize the

modul at i orgeep GiTallispliting RgpRiHve hria@hetié G&ASidtndiyIRal, ph¥eCRiff@Elce
produced in the nondestructive and noncontact analysis system shown in Fig.
1; 11 Fi gurstogrdmgs hasddeon tenmegoetid figldsintamisity histogeamniand pmsadifféranedhi ch  a
sem conduct.or chip,on the._ silicon fer, | s scanne i th a nodul ated and
focused | JuBioskm d3tR; tagether gw rpa‘iv}%i?ni“ﬁ trﬂ%gnf?@ﬁd&m HRENYEY A RARONt act

anal ysi s sypfofiics "RMbIrimE' Based’ on previously-prepared magnetic field intensity
histogram phase difference histogram data, whereby the magnetic field intensity
histogram and the phase difference histogram can be compared with the
referential magnetic intensity histogram and the referential phase difference

15 histogram, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

The above object and other objects will be more clearly understood

from the description set forth below, with reference to the accompanying
20  drawings, wherein:

Figure 1 is a block diagram of an embodiment of a nondestructive and
noncontact analysis system according to the present invention, in which a silicon
wafer is analyzed and evaluated,

Figure 2 is a block diagram of a system control unit included in the

25  nondestructive and noncontact analysis system shown in Fig. 1;

Figure 3 is a view conceptually showing relationships between a
reference signal, a modulation signal and a magnetic field intensity signal, which
are produced in the nondestructive and noncontact analysis system shown in Fig.
L



5 Figure 5 is a view conceptually show ng a frane of nxn magnetic field

i ntensity image pixel data, which is stored in a random access nenory
(RAM included in the systemcontrol unit; Figure 6 is a view conceptual ly
showi ng a frane of nxn phase difference inmage pixel data, which is stored
in the random access nenory 10 (RAM ilhcl uded in the system control unit;
Figure 7 is a view conceptually show ng a one-di nensional map, which is
stored in a read-only nmenory (ROM included in the systemcontrol unit,
and which is used to subject the phase difference inmage pixel data to a
gradati on conver siligugy 4 ies siew coilegtiglly ehSwving @skdmikg eaagenim afhich
personal conputer included in the_ nondestructive and noncontact analysis
syst em shdwsemgcardgetor : clEp qan ghe Ailiconawiaker isnsepmaed cwithed anoditlaiedi and i mage

which is C b d on.a frame of tic field intensity i pi xel
data deri \Bfrggg#ler(f)gﬁssr %gg}ine thll??b 1%%?8‘1%%?‘?%3 d’é\ﬂdggquWeF?ﬁ‘g%X’@%H%gFa r eal
magnetic f4flykid &fststaishywhFg i ch i s produced based on a frame of
magnetic field intensity inmage pixel data derived froma good

sem conduct or devikigureFb garaevikwOdonsepiual Bakhphamea dirdhe refnmeni mageetwhi ch i s
pr oduced l;tasgd, on,a frame of phase difference jnage pixel data derived
from the diIfdaigngity dmagerpizel gatas sHiiehiaRtese WediT@BIOM; agRess TOBNPE a r eal

phase diff ' - WA ' d..based on a frame of phase

differ enc_e@‘ﬁglgznépllﬁge \c,i\g]te%%%?rf %@?@ﬁ%ﬁ%’t he aforesaid good sem conductor
devi ce; Figure 11Aibsred6r Rak VRgnebhsefthally shmﬁﬂglé ¥rthS IFORMA WaheD 1S 12
pr oduced fdr—x(?ﬁ?rthe frame ofedjr%g:etlc fireld intensity inage pixel data
derived fdifferance infageepi ,euthicle is estored nicu thico ramtborn caccefd guemodylB i s a
real magnet. l.el.d. ipntensity histogramwhich is produced fromthe frane
of mdﬁeti@%llﬁclpﬁ?‘g%ﬁmfﬁ%ﬁo Qlamitiat 4 deri ved

Figure 7 is a view conceptually showing a one-dimensional map,

which is stored in a read-only memory (ROM) included in the system control
unit, and which is used to subject the phase difference image pixel data to a
gradation conversion processing;

15 Figure 8 is a block diagram of a personal computer included in the
nondestructive and noncontact analysis system shown in Fig. 1;

Figure 9A is a real magnetic field intensity image which is produced
based on a frame of magnetic field intensity image pixel data derived from a
defective semiconductor device;

20 Figure 9B is a real magnetic field intensity image which is produced
based on a frame of magnetic field intensity image pixel data derived from a
good semiconductor device;

Figure 10A is a real phase difference image which is produced based
on a frame of phase difference image pixel data derived from the aforesaid

25  defective semiconductor device;

Figure 10B is a real phase difference image which is produced based
on a frame of phase difference image pixel data derived from the aforesaid good
semiconductor device;

Figure 11A is a real magnetic field intensity histogram which is



5 fromthe good sem conductor device; Figure 12A is a real phase difference
hi st ogram whi ch is produced fromthe frame of phase difference inmage pixel
data derived fromthe defective sem conductor device; Figure 12B is a real
phase difference histogramwhich is prg uced 10 fromthe frame of phase

di fference image pixel data derived fr t he good sem conductor devi ce;
Figure 13 is a flowhart of a main routine executed in the system control
circuit of the nondestructive and noncontact analysis system Figure 14 is
a flowhart of an inmge production routine executed as a 15 subroutine in
t he mai n rpotuces GonFite fikde Bf goagnetis ficldaintdiswyhimdgeopixel Watandededd ne

executed in the personal, conputer of the npondestructive and noncont act
anal ysi s s@%‘f‘éﬁf agﬁasqi&gl@fe@tlyg seigondugtEfevicest a hi st ogr am product i on
routi ne executed rQuti [ . MRd_n, T I.ne 0f Fig. 15, .20

DESCRI PTI ON CF TH@E@FEH%E_% E&&l%ﬁeﬂd r‘&%‘?lé}ﬁ_cl?ésﬁ"ér%ig‘g’g“ih th 3, an
enbodi mentprofuced Hode Hid Biaiie/ 81 MhnefieNGAA! MednsAfeinyHeSpiSP UG aageddi ng to
the present invention will be now ™ expl ai ned bel dw. I')I'he nondestructi ve

and nodcorfrettthagabg semicopsluetaridevicsed t o anal yze and eval uate an obj ect,

such as a silicon fer o be anal,yzed.and eval.uated, in . which_an
el ectric current iFﬁg‘i’Wd ds\ﬁné??rf 8§ qlﬁg%?ﬂlpﬁt gfograny whichdg preduesd Not e,

(pti cal - BInhE driRE SERRCLtferchi b pG! Wh6 G hab SRl ©
noncont actsegiiedniictorsysticn conprises a systemcontrol unit 10, which is

constituted as a mcroconputer as shown in Fig. 2. Nanmely, the system
control unit 10 i Adguget2d is enteadiphase ckifsrange UnstogtadPuyhich A praduesld- onl y

remor ylo( R%mlt%% gzrnesct) rphgge dfterence Ffrrn%gg apqgelaﬂgta derived from the good

semiconductor device;

Figure 13 is a flowchart of a main routine executed in the system
control circuit of the nondestructive and noncontact analysis system;
Figure 14 is a flowchart of an image production routine executed as a
15  subroutine in the main routine of Fig. 13;
Figure 15 is a flowchart of a main routine executed in the personal
computer of the nondestructive and noncontact analysis system; and
Figure 16 is a flowchart of a histogram production routine executed as

a subroutine in the main routine of Fig. 15.

20
DESCRIPTION OF THE PREFERRED EMBODIMENTS
With reference to Figs. 1 to 3, an embodiment of a nondestructive and
noncontact analysis system according to the present invention will be now
explained below.
25 The nondestructive and noncontact analysis system is used to analyze

and evaluate an object, such as a silicon wafer, to be analyzed and evaluated, in
which an electric current is induced when being irradiated with a laser beam.
Note, as already stated hereinbefore, such an electric current is called an OBIC

(Optical Beam Induced Current) in this field.



5 constants, a random access nenory (RAM 10OC for storing tenporary data,
an input/output (1/0O interface circuit 10D, and two anal og-to-digital
(AID) converters 10E and 10F. Al so, the nondestructive and noncont act
anal ysis system conprises a | aser beﬁg]agener ation/ nmodul ati on apparatus 12
including a | aser beam 1o generator/ ulator 12A, and a reference signal
generator 12B. In this enbodinent, for exanple, the | aser beam

generator/ nodul ator 12A contains a fiber |aser device for generating and
emtting a |l aser beam and an acoustic optical device for nodul ating the
em tted | aser bearfhéThmndestenctivee and gnedicontmn eamdlysis 12Btganecaipeses a
reference signal RE-S conposed of a series of regular 15 pul ses, and

out puts a SYSHI spRisel Wi E&l wihiohds cgnstiutesas s rierospripytar adshpwa ivrigt he

I b / I 2 1. h ' ' ith.th

o gnal RE s, g e R e 1P AREN BT R ptce g Enli G T
modul at i on (A gRakeddPoMy MediBoryt *EROMZGIOBG%P gﬁiﬁﬁfgatvafibﬁpdp&log}ﬁﬁs 14fy and
the reference 20 signal generator 12B are connected to the /O interface

ci rcui 5 10Dnstanés, ar mnddmi-smesu nwenoryoRAb) WIC festoyiageampordryalataydrt  10.
The | aser .beam gener ation/ nodul atjon, a ratus 12 further includes _an
opti cal uﬂPPuq]@%PBbtﬁ@ I1§1te(§§‘ﬁﬁe€’cr§‘ﬂltt E8ﬁas@?dsb‘é‘éﬂn Qj@#\%’éﬁ‘é?gf%daﬁ@br 12A
t hrough a Lcal 1 dd D, which is synbolically and conceptual |y

i1 lustrat gbéﬁ%h?% ]Ig%gﬁlé mely, the nodul ated | aser beamis introduced

fromthe |aser beamsoggiRescHdREfriBid AP hoddohthdttMalies SPftéBadontides 2 C
through the optical fiber 12D. The optical unit 1Z2C i ncludes an opti cal

| ens syst dasdrobennr uginempticidmeddlatiane dippheates  b2aimclidingl y, laser bedmi at ed
| aser beamis focused.and egnmitteqd fromthe ogtical unit ééB as_.a podul at ed
c

and f 0Qus PPV MOGLIAIRA 224 ARel # sTefareageiEnalageyeraty epltaihes,
e e, fr By OHETSUE AR R IOTARLARS: 8 T

further conprises a i'con waf er,
to be analfirezdlasid deeival foat@terdttgdatid &naibling MoLRECBean, thd an Ycshaie 14

'n Fg. 1’Opttirc]:?tl Sfflielxriic%OPor modulating the emitted laser beam. The reference signal
generator 12B generates a reference signal RE-S composed of a series of regular
15 pulses, and outputs a modulation signal MO-S to the acoustic optical device of
the laser beam generator/modulator 12 in synchronization with the reference
signal RE-S, to thereby modulate the laser beam in accordance with the
modulation signal MD-S.
Note, the laser beam generator/modulator 12A and the reference
20  signal generator 12B are connected to the I/O interface circuit 10D, and are
driven under control of the system control unit 10.

The laser beam generation/modulation apparatus 12 further includes
an optical unit 12C optically connected to laser beam generator/modulator 12A
through an optical fiber 12D, which is symbolically and conceptually illustrated

25 in Fig. 1. Namely, the modulated laser beam is introduced from the laser beam
generator/modulator 12A into the optical unit 12C through the optical fiber 12D.
The optical unit 12C includes an optical lens system for focusing the modulated

laser beam. Namely, the modulated laser beam is focused and emitted from the

optical unit 12D as a modulated and focused laser beam MLB, which is



5 wafer to be analyzed and evaluated is indicated by reference SW The X-Y
stage has a central opening forned therein, and the silicon wafer SWis
irradiated with the nodul ated and focused | aser beam MLB, which passes
through the central opening of the X-Y stage 14. The X-Y stage 14 is
novabl e al ong an X-axis and Y-axis of a4 io rect angul ar X-Y coordinate 16
defined with respect to the X-Y stage 14, such that the silicon wafer SW
is scanned with the | aser beam MLB. To this end, the X-Y stage is

mechani cal ly associated with a nechani cal scanning system 18, and the
mechani cal syastsdmiallyyiand doategtanlly ildustratediaFig. 14 and t he nechani cal

scanni ng system 18 is conceptuyal |y represented by a broken arrow BA in Fig.
1. 15 The nechani cEhe Berdesitagtivg abd poaepriacianalyims sestpmdurther ep@prises dri ve

notors fo | - Y e 14 al,ong the X-axis and,Y-axis qf the
rect angul ae{rIl gzy E@%%Pﬁél’ ?lgiﬁde%%,%_?%f’ ’dS‘E%Sg % ph lgf’Pi‘?fa%F’i ebﬁtﬁn@h?ear riven
by a dri V%’V&ﬁ%&ft@(ﬂﬁ achably § ,drﬁe@lbﬁ][@l%e%-‘lﬂ%@fge ?@.ntlgloi\;“\}g?‘;ll,ttﬁ@ SY&EM

control unit 10. ile the'silicon wafer SWis Sscanne t he nodul at ed

and 20 f ozafeedo bassalybedand#ialBated is éndiested fhyalefatnécSHIr TRnXs Y(sBBIC) are
I nduced at. spot areas of the silicon wafer SW which are irradiated with
the scannifi§ 2 %’é?ai openiRgNpEned Heresl And the F@C@néﬁ‘ﬁf?ﬁ Ve lhriradiaed @ity ates a

magneti c fi.gl net 4 I , i LS C I r ) by an
open ar o EpUFRANE fodlstilaE bt S hEF GRS b RAhE 2BBEE, o7,
t he magnetd njﬂ%bm-ﬁtb@ggqadestructive and noncontact analysis system
I's provided with a magneti sm detection apparatus 22 which includes a SQU D

(Super conducting Qe Isteger fldr snowvdbld abing magXeaiis mehS6GaxiB26f af HTS
(H o Temeratin s, SRPresniuet ! N0 LYBE 09 8. SRNR ¥ sage sy 15
Caser s PR T SO R e SEBEBa ROU SEUE A o |
sensor 22AX4$ stgetis alechahibyly hesoS@tbDwitionineohinibgl OGRS SyE@NE 18 Catid  22B,
and detects the magnetic field MF to thereby
the mechanical association between the X-Y state 14 and the mechanical
scanning system 18 is conceptually represented by a broken arrow BA in Fig. 1.
15 The mechanical scanning system contains two respective electric drive motors
for moving the X-Y stage 14 along the X-axis and Y-axis of the rectangular X-Y
coordinate 16, and these electric drive motors are driven by a driver circuit 20,
which is operated under control of the system control unit 10.
While the silicon wafer SW is scanned with the modulated and
20  focused laser beam ##MLB, a series of electric currents (OBIC) are induced at
spot areas of the silicon wafer SW, which are irradiated with the scanning laser
beam MLB, and each of the electric currents generates a magnetic field
(magnetic flux) MF, which is conceptually represented by an open arrow
illustrated by a broken line in Fig. 1.
25 In order to detect the magnetic field MF, the nondestructive and
noncontact analysis system is provided with a magnetism detection apparatus 22
which includes a SQUID (Superconducting Quantum Interference Device)

magnetic sensor 22A of HTS (High Temperature Superconducting) type, and a
SQUID controlling/processing circuit 22B containing an FLL (Flux Lock Loop)



5 produce a SQUID signal SQ S in accordance with an intensity of the
detected magnetic field M. Nanely, while the silicon wafer SWis scanned
with the nodul ated and focused | aser beam MLB, a series of SQUI D signals
SQ S are produced and output fromthe SQU D magnetic sensor 22A to the
SQUID controlling/processing circuit 3 B, in which the series of SQU D
signals SQS io0 are suitably processed to thereby produce a magnetic field
signal M--S. Although not illustrated in Fig. 1, in reality, the nagnetism
detection apparatus 22 is covered with a magnetic shield to thereby
protect i tcifounin Noteethei HiSmpeaS QDN atagaefic abasorNameytects hneey anihsi ty
of the environnental . nmagnetic field is on the order of pT (mcro-tesla),
it shoul d Bagpediflield degsiy et less dhate} pdf(pico-tesklo- t esl a) before the

magneti sm detecti us_ 22 n |y operated., T

nondest ructi ve angﬂ'heg%@@cfnaﬁlgﬁgﬁ%%gg/?éﬂ 'i\ésc ?@‘gﬁ?)‘folw ggﬁ SQUIP o

si gnal extdogiolame/ptdcesdihg Srciftl ' i 7in
anplifier. As i@ﬁ%gpar génltgf%r S%Flﬂlg&rh?ﬁ dﬁﬁtiﬂ%héa%ﬁgﬁgﬁﬁ%ﬁgﬂgfgﬁl M-S
i s 20 isnputrofincer tHEUBUIgnal 030+ D lih iangdplance sdatingn dhteasity oZ 2Be tdetddal si gnal

extraction circuit 24 the reference signal RE-S is_input fromthe
r ef er ence BRAGHAIC gélﬁém-orﬁa@?@: tkenthessifran veader aViisrscannpediiwitipthe | n t he

t wo- ph - | hd ' | t | ' hto 24, th
sane 11 equibEitaldibid PRy 1Adel ety MERS WP B SOBID et ol ofyg' "
extract ed grogntdd ande@nphi ¢rdrhehd SQUIB nMpnlticaftchsaF @23Vith apkysoLeessed

and output fromthe sighal extraction circuit 24 as a nmagnetic field
i nt ensi ty @ingiedling/priceSingeinchiy AMhean whivd, therseriee afvE8QPhBssghalp SO k- i n

o oD P SRS o AR o0 sl FELED T 0veney
o e el ence, Sl TSyt H3HE0L S QA A kB A
concept ualdppashang2r 8l edvicted Wils abehpeeic thild eb ahenrd9 protatdt ¥ Sn t he
nodul ation signal M3 S, and the magnetic field intensity signal

environmental magnetic field. Namely, since a density of the environmental

magnetic field is on the order of uT (micro-tesla), it should be reduced to the

15 order of nT (nano-tesla) before the magnetism detection apparatus 22 can be

stably operated.

The nondestructive and noncontact analysis system is also provided
with a signal extraction circuit 24 which may contain a two-phase type lock-in
amplifier. As is apparent from Fig. 1, while the magnetic field signal MF-S is

20  input from the SQUID controlling/processing circuit 22B to the signal extraction
circuit 24, the reference signal RE-S is input from the reference signal generator
12B to the signal extraction circuit 24.
In the two-phase type lock-in amplifier of the signal extraction circuit
24, the same frequency components as those of the reference signal RE-S are
25  extracted from the magnetic field signal MF-S, and are suitably processed and
output from the signal extraction circuit 24 as a magnetic field intensity signal
MFI-S. On the other hand, in the two-phase type lock-in amplifier, respective

phase differences between the extracted frequency components of the magnetic

field signal MF-S and the corresponding pulses of the reference signal RE-S are



5 MFI-S. As shown in Fig. 3, the magnetic field intensity signal MFI-Sis
conposed of the frequency conponents which are extracted fromthe magnetic
field signal M-S in accordance with the reference signal RE-S, and each of
the frequency conponents features a phase difference with respect to a zo
correspondi ng pul se of the reference sﬂ@nal RE-S. In Fig. 3, a phase
difference between a frequency conponent of the magnetic field intensity
signal MFI-S and a correspondi ng pul se of the reference signal RE-S is
representatively indicated by reference A . In short, the phase difference

si gnal PDRdefedtsd andpmspat frbnt e signalsedtuiotion @haie 2didsf £ hhasediffdicdet ween
the extracted frequency conponents 15 of the magnetic field signal M-S and

t he correﬁ&ﬁﬁ]ipw-ﬁul ses of the reference signal RE-S. Note, in Fig. 3,

al t hough the frequyenc onponent 5, of . t he net i, c ield intensi.ty signal
MFI-S are expedi e&ﬁg@% ‘rél g&??e&’t“éaélyaéhgw%%ﬁg%mb#uﬂsegj’ﬁ gen %ﬁ&ﬁ?@%{‘%

pul ses, i nigRAREE, tHdRolhRUBER a‘IMBO%- by
regul ar reé%angul af pul ges. Nama?%h, both' t ehE% teﬁiggigﬁgﬁtt%ﬂg%ﬁ%gép

di f ferenceMFAD. of the frequency conponents of the nmagnetic field intensity
signal MFI-S mght vary in accordance with the spot areas of the silicon
wafer SW which k% showaditafess & the mpagnetignhieldgintersity sigasl NEI-SaAs | s

apparent f e th netic,field intensi sj,gnal 5 MFI-S
and the ph%g@dépgfogrté%?ge%g%g%ﬁfyﬁﬂgmgr hich #1e Wﬁﬁfﬁhéxgﬁ %’%&Pag% % acti on
circuit 245d19 sidil MBIRLRT AMDrdlldeGonN thd RifereheE s?%l%l REX 9hd ehén sy aiem
control unit 10. In this enbodinment, the silicon fer SWhas a plurality
of seni cdivipenoy chinpoacets fdefuresdat ipdaeondiffordnee serthc ordpedtortodeni ce is
17 produced in eagh of . the §1hi p.areas., In order tq_analyze each _of the

sem cdfducostespRRiEgPulse of QegeiiirRee %\'ngflgl moBdig: éd2 Ahasy ddfreecs aser
e WS ke ) Sy AR DR R CROSER L PP £ %
I'S a corresponding pulse of the reference signal RE-S is representatively indicated
by reference A¢. In short, the phase difference signal PDF-S is composed of the
consecutive phase differences (Ap) between the extracted frequency components
15 of the magnetic field signal MF-S and the corresponding pulses of the reference
signal RE-S.
Note, in Fig. 3, although the frequency components of the magnetic
field intensity signal MFI-S are expediently illustrated as a series of regular
rectangular pulses, in reality, the frequency components cannot be represented
20 by regular rectangular pulses. Namely, both the amplitude and the phase
difference (A¢) of the frequency components of the magnetic field intensity
signal MFI-S might vary in accordance with the spot areas of the silicon wafer
SW, which are irradiated with the scanning laser beam MLB.
As is apparent from Figs. 1 and 2, the magnetic field intensity signal
25 MFI-S and the phase difference signal PDF-S are input from the signal
extraction circuit 24 to the respective A/D converters 10E and 10F of the system
control unit 10.
In this embodiment, the silicon wafer SW has a plurality of

semiconductor chip areas defined thereon, and a semiconductor device is



5 representatively indicated by reference CA, and the chip area CAis
scanned with the | aser beam M.B al ong a zigzag arrow AW Note, reference
SS indicates a scanning start position, and reference SE indicates a
scanni ng end position. Also, note, reference SD 1 indicates a first
scanning direction in which the chip d7ea CA is scanned with the |aser
beam MLB when noving it in the right io direction (Fig. 4), and reference
SD2 a second scanning direction in which the chip area CAis scanned with
the | aser beam MLB when noving it in the left direction (Fig. 4). Wiile

the chip aireduéal iia sactnef the t thiphardagserbaateMiB analyhe esbaryfi fige manner
as shown in Fig. 4, the magnetic field intensity signal MFI-S 15 and the
phase di f fsemuiperdusiteindevicesritis scaunasdewith ibe m d and foenssddagsribeaiyi t al
magnetic fjelgd intensi .data MFL and 8-bit digital, phase differencg data
Poe byt HULES 5B crRnpich 1B % Srafning Planfit ah chodeneayR RSP RSB o of ¢ he
chip area F oppletke r §MeLOf ciflp Pl diQi #al ety igid
intensity I%%%%lga%l %Iﬁgé?é ?/II%%J i sé)pgggu%ﬁg Sbglge orslmté%g Wzagelf s
successi vakpresemativelydn8icaidd loy gifeince@iyneindaht ichipdarcn R s soanded svitFl , and

Is stored in the RAM 10C of the systemcontrol _unit 10, as caonceptually
shown in thedases beam MLB glongatzigzagnswrowsAW: aloty refarengs 8Sdndisatasent | t he

magnetic fj [ nsit.y i mge an the ' rea CA is conposed of. a frane
of rcn | netganaipgeRRGabtioh B Rt SE Indbals 1 skGuiiE R RaflioRer | s
defined asARp, AYRS d&Rrende VB! YRdihtes faEﬁfs@rgéﬁﬁHh%\éﬁrebﬁan%%ﬁieh tﬁegﬁgi I C
field intensity data MFl. Simlarly, when the s€anning of the'chip area CA
is conpl etawels GA ifsrsomaned Withithe diaggrt hearphsH B divhdre meovdag i itreigethei xight dat a

PDF,j is pr.oduced based n the successively-converted 8-bit digital phase
di f f erléncéL%'P&fJQHF@Fg- @m&nﬁsm%@?’é?eeé nA seeotdafganom e dire¢ions s plvste 81 r ol

i ng. 0 ARGCE AT rebp DR Fich o Bocht Beatt MU \IpERRRREL L FCHL B e

of a framajigdction(Figralge pi xel data PDFIJ, and each of these inmage pixel
data PDFij is defined as an average value of the consecutive ten digital
phase difference d&hidere chip area CA is scanned with the laser beam MLB in the

scanning manner as shown in Fig. 4, the magnetic field intensity signal MFI-S
15 and the phase difference signal PDF are successively converted into 8-bit digital
magnetic field intensity data MFI and 8-bit digital phase difference data PDF by
the respective A/D convectors 10E and 10F.
When the scanning of the chip area CA is completed, a frame of 8-bit
digital magnetic field intensity image pixel data MFI; is produced based on the
20 successively-converted 8-bit digital magnetic field intensity data MFI, and is
stored in the RAM 10C of the system control unit 10, as conceptually shown in
Fig. 5. As is apparent from this drawing, in this embodiment, the magnetic field
intensity image on the chip area CA is composed of a frame of mxn image pixel
data MFI;, and each of these image pixel data MFI; is defined as an average
25 value of the consecutive ten digital magnetic field intensity data MFIL.
Similarly, when the scanning of the chip arca CA is completed, a
frame of 8-bit digital phase difference image pixel data PDF;; is produced based
on the successively-converted 8-bit digital phase difference data PDF, and is

stored in the RAM 10C of the system control unit 10, as conceptually shown in



5 1n this enbodi nent, before each of the inmage pixel data PDFij is stored
in the RAM 10C of the systemcontrol unit 10, it is subjected to a
gradati on conversion processing, using a one-dinensional map, as
conceptually shown in Fig. 7 by way of exanple, which is previously
defined and stored in the ROMI10B of tRe systemcontrol unit 10. As is
apparent fromFig. 7, for 1o exanple, when an imge pixel datum PDFij
represents a phase difference A4 of - 180, it is converted into an inage

pi xel datum PDFij featuring a black level "255". Al so, when an inmage pi xel
dat um PDFiFigt 6préessripparenp ffiase this fdrew g ¢heghasef differdriceiimage ovehe etip nt o an
I mge pixel datum PDFij featuring an internediate gray |evel "128".
Further, viHes(dhis alggeompeesd oba mxpdpragedarixel datph R, and gaght of ence

A4 of +180, jt.is converted int o an.d e pixel datum PDF,j featurin a
whi te 1 ovelesisnizd B el B R, dp AR IS AL EiermB€ bilie Bhlle P REFAT um

PDFI J,  r eph Qie@ndliphdsd ARTfRERE A4 Pigr ence Ac of -180, may be converted as
featuring the “white | evel "000", and the inage pixel datum PDF1l

representing a phdsethi®@mbiddimert)ceefore efichr b&0thei snapenperel etitaPDBaiur i ng

the black |evel K "255". As shown in Fig. 1, the naondestructive and
noncont actStawd] sitle RyM dRG §fftbﬁtﬂ¥ége%r‘6\ﬂt@§diw 19, dt gersybiested doput er 26

associ at ed, W [ . in Fig 8 the onal conput er
26 conpr | sdtitorodteriBH hBEestle, WL el dinbhiond pabel EO 3R
storing Vajhodusin?BigdroBY aidy aPexamBis afhich id p&@ﬂeﬁﬂya@eqﬁl%a ARMBoyed FAM 26C
for storing tenporary data, and an input/output (170 interface circuit
26D. The TwerRoM dOB 28 the systamectmtbltunit 6. nAsris @pperss drodAigt Ay dogh t he

I/Ointerface gircuit 26D. The personal_conputer 26 contajns a hard, di sk
drive B6E PHMRIFS Y 7y 21 IMAgE aixgl Siugg D PHRSERIS 5 Bleass shHerepae wii 9les

various dafgne0ty 1GoRfldthitl RO gﬂzemgfrg@ggrfg%@ggghad%ﬁ RGE and

al so reads thé various data from ard : _ _ hard di sk
drive 26E.“254P't dso, When RRiS@pE phad datik PIIE; tepresehiRVd PleshediffBrenck eypoar d

30 and a nmouse 32 which are connected to the m croprocessor 26A through
the 1/0 i mid% ks einverted inomn Mhagk pinsd datig PDE; featuring an intermediate
gray level “128”. Further, when an image pixel datum PDF;; represents a phase
15 difference A¢ of +180°, it is converted into an image pixel datum PDF;; featuring
a white level “000”.

On the contrary, if necessary, the image pixel datum PDF;,
representing the phase difference Ad of -180°, may be converted as featuring the
white level “000”, and the image pixel datum PDF; representing a phase

20 difference A¢ of +180°, is converted as featuring the black level “255”.
As shown in Fig. 1, the nondestructive and noncontact analysis
system is further provided with a personal computer 26 associated with a TV
monitor 28. As shown in Fig. 8, the personal computer 26 comprises a
microprocessor 26A, a read-only memory (ROM) 26B for storing various
25 programs and constants, a random-access memory (RAM) 26C for storing
temporary data, and an input/output (I/O) interface circuit 26D. The TV monitor

28 is connected to the microprocessor 26A through the 1/0 interface circuit 26D.
The personal computer 26 contains a hard disk drive 26E for driving a

hard disk 26F. The microprocessor 26A writes various data on the hard disk 26F



5 used to input various commands and data to the m croprocessor 26A, and a
nmouse 32 is used to input a conmand to the m croprocessor 26A by clicking
the nouse 32 on any one of the various comand itens displayed on the TV
nonitor 28. The frames of nxn inmage pixel data MFl;j and PDF;J are fed from
the to systemcontrol unit 10 to the Egrsonal conputer 26, and are
tenporarily stored in the RAM 26C of the personal conputer 26. The

m croprocessor 26A suitably processes the franes of nxn i mage pi xel data
MFI, and PDF,, to thereby produce video signals MI-VS and PDF-VS, a
magnet i ¢ fthedugh thedmsdtdisk deiye 26d)dind glbaseadsi theevaeione datmg@natkes daspl ayed
on the TV r 28 in_accordance 15 with the respective video signals

MFI - VS an Flgﬁtﬁ dhroyghethehagd diskdedve 26Emdrrihrigthedrereonal scommwer1 26yl PDF, J

be st . and._x ingt i Sk 226Fq.: iif . Fi 9A
e 98 shauoviRr e NG oaFa 1l £, Rl 357 Wt o) RRAEEKe G e
whi ch ar e dicgoprarestod 26 thrdvyg ey %/Q)" i&faddiré@ONED. CThé ?dg‘}bo%% ymgensity

i mage shown in Fig. 9A is derived froma defective sem condlctor device
produced iused tei inpubrvaratiercofisBEndsaaddt deta rtagthet micrbprdcdssont 261 ayd iarage

shown in Fig. 9B is derived froma good sem .conductor vi ce produced in
the sane @8’1‘?%&11 rtoRpyt %gom%dotﬁetge AHEHProsEssar gg‘étbyt Hickiag tha i ve
and good l.capduct [ . i.cal . r, .ang h a
a'ze or 6 AR IPUE iy 85 BN EubAF bhiifand TR NS ool TG 0
and 9B, theoniesELti ve magnetic field intensity i mages shown in Figs. 9A

and 9B are distinguished from each other at |ocal areas indicated by
arrows DT 1 and G he frameso§ moin ithaged piretidataldEl amd BBFgetre Ved Somi denduct or

150 161 qudem borlabib ) B b Reniotid s Giopn Bre woralieaOit Ty - of
i o _ _ _
g6 Showie RBl 208, GBI 2R, D, Proroblfe B fo chiibfyee

sem condugirocessee \the fraraed ofhmxphasegeligikelr dae MPRgend VR, itd fhiegebyl0B i s
derived fromthe
produce video signals MFI-VS and PDF-VS, a magnetic field intensity image

and a phase difference image are displayed on the TV monitor 28 in accordance
15 with the respective video signals MFI-VS and PDF-VS. Note, the frames of
mxn image pixel data MFI; and PDF;; may be stored and reserved in the hard

disk 26F, if necessary.
Figures 9A and 9B show two real magnetic field intensity images by
way of example, which are displayed on the TV monitor 28. The magnetic field
20 intensity image shown in Fig. 9A is derived from a defective semiconductor
device produced in a silicon wafer (SF), and the magnetic field intensity image
shown in Fig. 9B is derived from a good semiconductor device produced in the
same silicon wafer (SF) as mentioned above. Note that the defective and good
semiconductor devices are identical to each other, and have a size of 6 mm x 10
25 ~mm. Asis apparent from a comparison between Figs. 9A and 9B, the respective
magnetic field intensity images shown in Figs. 9A and 9B are distinguished from
each other at local areas indicated by arrows DT1 and GD1. Namely, it is found
that the defective semiconductor device (Fig. 9A) has a defect at the local area

indicated by the arrow DT1.



s aforesaid good sem conductor device. As is apparent froma conparison

bet ween Figs. 10A and 10B, the phase difference inmages shown in Figs. | QA
and 10B are al so di stinguished fromeach other, at |ocal areas indicated
by arrows DT2 and GD2. Nanely, the deggctive sem conduct or device (Fig.
10A) has the defect at the |ocal area“Yndicated by the arrow DT2. O
course, the local area 10 indicated by the arrow DT2 is the sane area as
indicated by the arrow DTl in Fig. 9A Note, the four real inmages shown in
Figs. 9A and 9B and Figs. 10A and | OB were obtained under the conditions

that a spot di anetRigues IDAeand OBl sifoed two dedloshise diffaeace hoagedvbB way 10 m
and that a frequency of the_ 15 nodul atiogn signal MOS is 100 kHz.
Conpar i ng Hfeantaeiviicty are displayed om the hgmenyands. | hhephase dikferaace oB

with the I.ffer eq} es. -sh in Figs. I and 10B.. th xi stence
o ' the. qenapet sHoprcinBiEe LD RIE Betel Semcnt ¥ evtid Rl T
recogni zedidyive, @ﬁdﬁh@@a% difeEeAeS ithABY 9Rowhan Fig. 0B PR ibhe btk
intensity 20 ifmages. mely, by using the phase difference I nages as shown
in Figs Xidresaidd gbOB, samicosdypdesideivecet o Asris appareat dromanatompardsvh

eval uate the sepniconductaor. devjces produced i.n the silicon wafer S in
conpar i sorPeRVES! F1gs- 1&‘§§EdvW%‘:éh%Hh§5Q¢%gf%ﬁ%§ﬁéma€e$ slagwn im Eégts il P anthges
are utiliz Of:Les S It t ' S r 1L wWas, found that the
respecti veﬁ%gwgﬁgge&% érﬂ{egr?c{é}?n{og%{c\%peéﬁ{e{’h%{ ﬁ)r%ggﬂlgeggylhglﬁﬁ%gn%ﬁég%‘fs t he
magneti ¢ fiyep Qindi&DBﬁ'NMﬁe%, Al 4éfe81i 6O kEMsRMAAL g dwic%e@:ig.f mﬂfhwﬁﬁf ence
signal RE-S are influenced by the existence of the defect in the

sem conductetectdéthe docad rmdearindicated dor the arepwdd€dt Ofeocerses tlen beeabfardshe

defect. in.the sem cqonduct or vice in conpari,sqn with the magnetic field

i nt ensiPt y lgaﬁﬂffﬁrﬂx-  ATFQW| lﬂﬁh‘lﬁ & SR HERES m&ca@ée@sabeyﬁrra%ﬁ et ¢
field intensig¢y histogram and a phase difference histogrammay be produced
based on th®& Tespective frames of nxn i mage pi xel data MFIjj and PDF;j,

and may be di spl apesteothet foar rdal ifmipies @hod. inTRigspOACMRE DBrarf Figse 10AONet i c
field intensity and phase,
and lgB were obtained under the conditions that a spot diameter of the
modulated and focused laser beam MLB is 10 um, and that a frequency of the
15  modulation signal MO-S is 100 kHz.

Comparing the magnetic field intensity images shown in Figs. 9A and
9B with the phase difference images shown in Figs. 10A and 10B, the existence
of the defect in the defective semiconductor device can be more clearly
recognized in the phase difference images than in the magnetic field intensity

20  images. Namely, by using the phase difference images as shown in Figs. 10A
and 10B, it is possible to more accurately analyze and evaluate the
semiconductor devices produced in the silicon wafer SW, in comparison with the
case where only the magnetic field intensity images are utilized.

In short, from the inventor’s research, it was found that the respective

25 phase differences between the frequency components of the magnetic field
signal MF-S and the corresponding pulses of the reference signal RE-S are
influenced by the existence of the defect in the semiconductor device, and more

clearly represent the existence of the defect in the semiconductor device in

comparison with the magnetic field intensity signal MF-S.



s difference histograns may be carried out in the personal conputer 26.

Figures I | Aand 1 1 B show two nagnetic field intensity histograns

produced based on the magnetic field intensity i mages shown in Figs. 9A and

9B. In these histograns, when 8-bit ingge pi xel data MFlIjj is equivalent to
wh

"000", it represents a white |evel; 8-bit image pixel data MFIjj is i0
equi valent to "128", it represents an internediate gray |evel; and when
8-bit imge pixel data MFIjj is equivalent to "255", it represents a bl ack
|l evel . As is apparent froma conparison between Figs. | 1A and 1IB, the

respective magnet ila thisi ehbodintemnsif thycdssaityp g magneticefield Shiengity aieseramom each
ot her at sections encircled 'b};? circles DC 1 and GC 1. 15 Figures 12A and
12B show tad pHhase odiffesencec hiskagramgimays bpriveduesl besedk @nothet resppetiee

di fference..}j hown in Figs, . 1 nd .1 In thes I St ogr.ans,. when
8- bi t img‘gaxg"?%fnixaq éfnﬁﬁi:?}xﬁqsdaéaq@ﬁ@]a?ilaé‘rﬁ‘tpﬁgijf "“fi‘(yibf‘:[‘]1 &}%‘i off the
represent s Maniter |28V el ThaveeBd&tRint of 'BeemAl : . hyal ent
to "128" (A4 =0), irt repreééweiﬁts anni I’cl)t rei‘rﬁrgred?gﬁicg?%&llgﬁﬂtya%éﬁ%g%@&bit
i mge 30 plietendatast®f¥ains mapbeicaaliahout in the pbisofia) domp@@) 26i t represents’
a bl ack | evel. Aﬁri S apparent from a.conparison between Figs. 12A and 12B,
the respective pHagwred; klifeprdcd BhrBewgmaninagnstigifiald igiensie distegranesach

ot her at ' cl e Lr s 1 and DC22: and 1,and 2.
By usi ng ARGCHREE A Ine Srlbheft fal Julily e SR u AR AT O R0 5A e
12B, it i 9WOSH feSe HAstBBF@nACHHERIEDY AlREYFRePASCNATIAL & duldfalent to
sem conduct or devices produced in the silicon wafer SW "in conparison wth
the case 067 e ibrepreserts nagwhitecleviek! ovlient &rlsit t ynaped ppledsdatdi MEReice

i mges as _shown in Figs, 9A and 9B and Figs,. 1 OA and | OB are utilized.

Fi gur 6913 eélﬁbwigf& [y ol\g?ﬁarlf TgPresenty 4 PEGWI% atex gAY kel andyavhen 8 bit 10A of
the syste . | h %€ ' { Lhsrouttne is
started V\hrﬂg%%te elgéﬁio[ﬁ%éegvglrzﬁcl%%\%l Fl\ggrll%ltn%n?osﬁt ai(;:['tije g%g?@éiasggﬁgﬁée%IT s&%b red
ON. At st eppdddi front aiconipanisbAbREv¥IEFRS! 1 BA 26a1NB)thORSpaithRmasRdtic si gnal

is received fromthe personal conputer 26. Note, after a silicon wafer (SW
to field intensity histograms are distinguished from each other at sections encircled
by circles DCI1 and GCI.

15 Figures 12A and 12B show two phase difference histograms produced
based on the phase difference images shown in Figs. 10A and 10B. In these
histograms, when 8-bit image pixel data PDF; is equivalent to “000” (Ad=-
180°), it represents a white level; when 8-bit image pixel data PDF;; is equivalent
to “128” (A¢p=0°), it represents an intermediate gray level; and when 8-bit image

20 pixel data PDF; is equivalent to “255” (A¢p=+180°), it represents a black level.
As is apparent from a comparison between Figs. 12A and 12B, the respective
phase difference histograms are distinguished from each other at sections
encircled by circles DC2; and DC2,; and GC2; and GC2,.

By using the histograms as shown in Figs. 11A and 11B and Figs.

25 12A and 12B, it is possible to more accurately analyze and evaluate the
semiconductor devices produced in the silicon wafer SW, in comparison with the
case where only the magnetic field intensity and phase difference images as

shown in Figs. 9A and 9B and Figs. 10A and 10B are utilized.

Figure 13 shows a flowchart of a main routine executed in the CPU



5 be anal yzed and evaluated is mounted on the X-Y stage 14, when a conmand
for feeding the scanning operation start signal to the systemcontrol unit
10 is input to the personal conputer 26 by nmanipul ating either the
keyboard 30 or the nouse 32, the scang' ng operation start signal is fed
fromthe personal conputer 26 to the ?stem control unit 10. 10 Wen the
recei pt of the scanning operation start signal is confirmed, the control
proceeds fromstep 1301 to step 1302, in which a positioning operation for
the silicon wafer (SW is executed by suitably driving the nmechanical
scanni ng shA emtidsydtamedontrod cirbinp 18: eloteCMe excdutionsofl the anainabatine (SW i s
posi ti oned suc Ejgﬁt a scanni ntq start position fS,S) on the chip area (CA
15 is irradtdedwhanihe pordestyciive and apacendaciswalysiswistem ispaweredi®in, - at

t 1303, it i i whet her itioning operation. has. been

Completod.” hen (hENkh T36E, IRl ARRORE! b ST BREAH VAR RARET | |
trol pr 3 i b Ghi a4
B Ut b T B e e e 28y ot AL EHAR WERATSIT® ot e
T e e 7 en docmand foxn
ase di rence. i nage .pi xe ata ,J 1n e SY.

f:) ont rol urﬁ%f’glllﬁ,th%‘:glﬁaa& OpRratogsstart s1gnad) te ﬂwsmvn@pngﬁiﬁﬁnelo Roput t he
i dat d i j i | : - ai i i ] e ence
L onge 9% FoPERCHESLAN ESUDLRT MW by iRl AFc T UcShbalt 0 SCHE S
pi xel dat andide 32,ahd sc@fixﬁﬁ%)ggiereﬁfcﬁl dtefl sighdl he fRP oAl fle FERBAKIVordSutbhr ough

the I/Ointerface circuit ~of the systemcontrol unit 10. At 'step 1306,
it is deteltnotbd sybterheonterdomiitet).chi p area (CA) to be scanned renains on

the silicon wafer . Wen.there is another chip area (CA) on th
silicdd waf er (sw‘f"ﬁ%éh%&?ﬁem of the, ARG Qs 1oL ATt sigeeliia conbigmee 23
conprisin t 3 i oA . e_ 0t -.chip
aren | ( Cayng Etirol Hockfust b SeGORSQ1 A P02 Wwhict A pRMEBRART C

and focused Taser - heam MB (Stap 15050 & Trams of men mebnety oo e o
and focused | aser eam ste :

intensity mﬁﬁy@iqﬁl seanning system 18. Namely, a chip area (CA) on thegsilicon wafer

(SW) is positioned such that a scanning start position (SS) on the chip area (CA)

15  is irradiated with the modulated and focused laser beam MLB. Then, at step
1303, it is monitored whether the positioning opération has been completed.
When the completion of the position operation is confirmed, the
control proceeds from step 1303 to step 1304, in which an image data production
routine is executed to thereby produce and store a frame of mxn magnetic field
20 intensity image pixel data MFI; and a frame of mxn phase difference image
pixel data PDFj; in the RAM 10C of the system control unit 10, as shown in Figs.
5 and 6 by way of example. Note, the image data production routine will be
explained in detail with reference to Fig. 14 hereinafter.
At step 1305, the produced frames of mxn image pixel data MFI; and
25  PDF; are fed to the personal computer 26 through the I/O interface circuit 10D
of the system control unit 10.
At step 1306, it is determined whether another chip area (CA) to be
scanned remains on the silicon wafer (SW). When there is another chip area

(CA) on the silicon wafer (SW), the control returns to step 1302, and the routine




5 data MFI;, and a frane of nxn phase difference i mage pi xel data PDF, on
the other chip area (CA) are produced and fed to the personal conputer 26
(steps 1304 and 1305). On the other hand, at step 1306, when no chip area
(CA) to be scanned remains on the silicon wafer (SW, the control returns
to step 1301, in 1o which it is noni t 68 ed whether a further

scanni ng-operation start signal is received fromthe personal conputer 26
to anal yze and eval uate another silicon wafer (SW. Figure 14 shows a
flowchart of the inmage data production routine which is executed as a

subr out i neconmpridieg stpl41 3612 toh&3MRiinagaititaxeeutedoViNaimelyithe othley chip afda St ep
1401, an initialization is carried out. Nanely, counters c, i and | are

i ni tializd§Alon the siligen atafes (SNDIis aesitioned suele thatia scanningdsta positionand a
scanni ng- dickectign i.ndi cati fla DE is .i.nitiali o "0.. te, as

ool af nod oy i AR 8% (R s Wradtes Sl i Pig et B Fooutsd Bisef 2 e
with the IIRa8f NPER i | S hr ¥ : j ng of
"0" is gi vﬁebﬁ to thgsﬁigégg?gl’:?egﬁg{,esé\%en t%eééglﬁﬁ% fgér;lgelaﬁ:lgbn ﬂlgla?g nsr?gld W th
the | aserddteMFILBd a ftdee 9 anxa phasediffigrenés anbgopixeDataPEE;tdmtheof " 1"

is given to the flag SDF. At step 1402, an 8-bit digital magnetic field
i nt ensi ty 9theigehigaaram(CF9 ape produecd and ded tothe persangl competercld (siens Then,

at step 1 lowing calculation is carried out: SMFI - SWMFI + M
At step 13‘%’3’:4 ag{rzlie%i@t digital phase difference image datum PDF is fetched
fromthe AlID conveni ahe Ither TARA, ablsteyf 2B04AGhent RS é@%g @y R 24 is
subj ected to a gradation conversion processing, using the one-dinmensional
map shown scandyrentaing o, thatsiliteepwifdq S Whethé abohtrol nguas! towtep 1801 m
carried out:., SPDF - SPDF + PDF At st 1407, it is nonitored whether a
count Wumhichs i e mopired }yggther a b er scanning-operation start signal (133

received from the personal computer 26 to analyze and evaluate another silicon
wafer (SW).
Figure 14 shows a flowchart of the image data production routine
which is executed as a subroutine in step 1304 of the main routine shown in Fig.
15 13.
At step 1401, an initialization is carried out. Namely, counters ¢, i
and j are initialized to “0”, variables SMFI and SPDF are initialized to “0”, and a
scanning-direction indicating flag SDF is initialized to “0”.
Note, as explained with reference to Fig. 4, when the chip area (CA)
20  is scanned with the laser beam MLB in the first scanning direction SD1, a setting
of “0” is given to the flag SDF, and, when the chip area (CA) is scanned with the
laser beam MLB in the second scanning direction SD2, a setting of “1” is given
to the flag SDF.
At step 1402, an 8-bit digital magnetic field intensity image datum
25 MFI is fetched from the A/D converter 10E. Then, at step 1403, the following
calculation is carried out:
SMFI < SMFI + MFI
At step 1404, an 8-bit digital phase difference image datum PDF is
fetched from the A/D converter 10F. Then, at step 1405, the fetched datum PDF



5 has reached "9". Since c=0 at the initial stage, the control proceeds
fromstep 1407 to step 1408, in which the count nunber of the counter c is
incremented by "1". Then, the control returns to step 1402, and the
routine conprising steps 1402 to 1408,is repeated until the count nunber
of the counter c has reached "9", i 24unt|I t he respective variables SMF
and SPDF have reached the suns of the 10 consecutive ten magnetic field
intensity data MFI and consecutive ten phase difference data PDF. At step
1407, when it is confirnmed that the count nunber of the counter c has

reached " 9, subjected o raolgraslationectsnviersiom sprepeskifngz usings ttlep ohédimensionahi ch

the follow n al cylatignps are carri 15 MFl;J SMFI 110 PDFi 1l -

SPDFI 10 Ndﬁ%gﬁﬁo‘éfﬁ m?f%j ﬁilaeﬁi t shep éﬁ‘%ﬁﬁ@ follawingrqakaatien icastied agE val ue

of the CongﬁFL&_IS/ﬁ?Fe_'_n thltaI magnetic field intensity data M-l obtained
C

fromthe  nagneti leld intensity signal MFI-S, and an inmage pixel datum

PDF; J is defined 24t @spau0avieiaadnitatedwhbiieha oansaambey 61 HRcIIMMGS
di fference data PDF obtained fromthe phase difference signal PDFS. At

step 14510 hastigacladt¥r. Slmmdc?rmet theer inatidlestag@ivithe awdtrBPPFoceeds framestert 0 " 0"

Then, S 1411 r.m ned whet her e scanning-directio

i ndi cati ngf‘ﬁc} 1‘4@8 ﬁ&h@ ourgmumber @ttﬂg@oggpr_@ nqrﬁ@eppﬁd%w
stage, the2 BA T 4

noni t or ed et er aﬂ C@{J@{o@ﬁ%ﬁﬁgfé %n 24%%3#& ﬁles} a%njer é(g[g hgl n@’“étgﬁ's Not e

as is apparddiof I4O® ikirgscateburildhé coumﬂhulﬁwmebéuﬂteﬂ WHag resthelin®ge
pi xel s included in a horizontal line of each of the frames of m netic

field intdrsiumil éhﬁjrqspa@é'edvartaéﬁ@mSMHIrmgbgPDqu reafipR] the. suads of thee i =

h | h ds  f 1412 1413 '
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control relifeRsicbQasi PPF1402, and the routine conprising steps 1402 to 1414
is repeated until the count nunber of the counter ¢ has reached "ni', i.e.
until the At step 1407, when it is confirmed that the count number of the

counter ¢ has reached “9”, the control proceeds from step 1407 to step 1409, in
which the following calculations are carried out:
15 MFL; < SMFI/10
PDF; < SPDF/10
Namely, an image pixel datum MFI; is defined as an average value of the
consecutive ten digital magnetic field intensity data MFI obtained from the
magnetic field intensity signal MFI-S, and an image pixel datum PDF;; is defined
20  as an average value of the consecutive ten phase difference data PDF obtained
from the phase difference signal PDF-S.

At step 1410, the counter ¢ and the variables SMFI and SPDF are
reset to “0”. Then, at step 1411, it is determined whether the scanning-direction
indicating flag SDF is equal to “0” or “1”. Since SDF=0 at the initial stage, the

25  control proceeds from step 1411 to step 1412, in which it is monitored whether a
count number of the counter i has reached “m”. Note, as is apparent from Figs.
5 and 6, “m” represents a number of image pixels included in a horizontal line of
each of the frames of magnetic field intensity and phase difference images
(MFT;;, PDFy).



5 respective in imge pixel data MFl,j and PDF;j, included in the

hori zontal lines of the frames of magnetic field intensity and phase

di fference i nages, have been obtained. At step 1412, when it is confirned
that the count nunber of the counter i _has reached "nf, i.e. that
respective two first horizontal |ines &b I mage i 0 pixel data MIjj and
PDFjj have been produced, the control proceeds fromstep 1412 to 1414, in
whi ch the scanning-direction indicating flag SDF is changed from"0" to
"1". Then, at step 1415, a count nunber of the counter j is increnmented by

"1", and, at step Sidd®i=0 &t the inwvial sagedthelventrel ptdiredd Hidin septian?2 sedp t he
counter j has reached "n". Note, as Is apparent fromFigs. 5 and 6, "n" 15

r epr esent sl 3nimydrclythe eeuriorumbartafi theiceyater ids ieksamientedalon “4F. (hens r ames
f tic field int it h di ff . :J 1j

Wnen't he B rphefisuEnSE wieb B0, Rad e fnunk SoMiEiRnE domn 1902 iR 148k 1 i

proceeds fpEed %ﬂtii—ﬂiﬁﬁcélﬁlﬁﬁg@b%‘l&ﬁ thé:' dounter ®Bhd ?éa%ﬂe&’ﬁﬁ’? %.;e. %lﬂﬁ% ‘rf]ig%‘ nt

nunber (m of the counter | een decreased to

controls 2Gegpetieeas iags pixel H4tbMFlpand PTIF;| hehaisdih the ibgizontkl lihes ebunt er
I is decrenented by "1". Then, the control returns fromstep 1418 to step
1402, to thedramgs 91):( Fepgretic igeld dnjsasity \aadsphasa dliffsrance imges, e been nage
pi xel dat aob'@%f% and PDF,j. Note, during the production of the two
respective's 8%d horizontal [Iines of i mage pi xel data MFljj and PDFj 3,

the control skips A¢ g@psi£R, 1afidn lif is ZonFieRd 1thhe thOeaHs sudiber Bt the Al

step 1417, when it is confirmed that the count nunber of the counter i has
been decr easetertidas@tachede'mt,hat thataespontive spechiisy hoseomabllines o onagd

|l i nes of image,pi data_M:=1j1 and PDFjj. haye_ been produced, the control
proceéds %h @fﬁ%éiﬁhnmqa BDHichaveshasn prodysed Hbe rontoh RregegdelifFam stem

ndcat 0 o 09,5 RS kgl Al P 3) Padddl
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incremented by “1”, and, at step 14186, it is monitored whether the count number
of the counter j has reached “n”. Note, as is apparent from Figs. 5 and 6, “n”
15 represents a number of the horizontal lines included in each of the frames of
magnetic field intensity and phase difference images (MFI;, PDFy).

When the count number of the counter j has not reached “n”, the
control proceeds from step 1416 to step 1417, it is monitored whether the count
number (m) of the counter i has been decreased to “0”. If j > 0, the control

20 proceeds to step 1418, in which the count number of the counter i is
decremented by “1”. Then, the control returns from step 1418 to step 1402, to
thereby produce two respective second horizontal lines of image pixel data MFI;
and PDF;;. Note, during the production of the two respective second horizontal
lines of image pixel data MFI; and PDF;;, the control skips from step 1441 to

25 step 1410, because of SDF=1.

At step 1417, when it is confirmed that the count number of the
counter i has been decreased to “0”, i.e. that the two respective second horizontal

lines of image pixel data MFI; and PDF; have been produced, the control

proceeds from step 1417 to step 1419, in which the scanning-direction indicating



5 control returns fromstep 1421 to step 1402, to thereby produce two
respective third horizontal |ines of inage pixel data MFI,3 and PDF,j.
Not e, during the production of the two respective second horizontal |ines
of image pixel data WMl ;j and PDF;J, Ege control proceeds fromstep 1411
to step 1412, because of SDF=0 10 At “step 1416 or 1421, it is confirned
that the count nunber of the counter | has reached "n", i.e. that the chip
area (CA) concerned has been conpletely scanned with the nodul ated and
focused | aser beam MLB, the control returns from 1416 or 1421 to step 1305
of the nmuiftag 8D iseclmhged fiom Fily.to 187, Tenfiagstep 1205 thsveoant! monbdaof of a
mai n routine executed . in the mcroprocessor 26A of the personal conputer

26. At st dperovmterijiis;mciemaniest by ‘Wheendratastep dAL, ftds meritersdrubetheior

feeding a ' ' tart . sian Q.4 he systemcontrol unit 10 is
I nput to tﬁ%%@ﬁ#ﬁ&%ﬁ%{:@; g:&c’ﬁ%%ré)g}gﬁg%%bﬁﬁia?i‘ng ei ther the keyboard 30 or

the mouse 32. 20 WyaBntthe domR¥irunilerobf iRecsihngttal HgedhingacRaaend ki
confirmed, the control proceeds from 1501 to step 1502, in which the

scanni ig aatml retursst from siegnkd2 i © stepd 408, théhesyisy produwettwal raspettivid (see
step 1301 of .Fig. 13). At step 1503, it is nit gred whet her the personal
conput er fﬁlrdr}é‘%&%@ lings Pgélg’ég?iméelf fataeMEdg aﬁi@nppﬁ&geNQF@(éiu% thavr : |
and PDFj j : t 3 i . f _Fi 13).
hen the 5030 oF e R EIVEAR Stodfd hortde@ RSt SR i Birebdly 7 om

the syst erMEONEAQIPDIY, tthd Qonirdl pRstebdsBdm shp PN iPbtepr PRSEGRchiRdBt ep
1504, in which the franes of inage pixel data MFIF, and PDFjj are stored

in the RAMDREE).0of the personal conputer 26. 27 At step 1505, it is

it d wheth [ I spl ayi d di spl ayi re ctive
Tmgnetc tierd i ndhsebyaeon Rl §ik corbaed gt SRt abie of 28
IS | tt ' : LWyl .aLl ' d 30
or the. mououns TYRE JRRCASNEY, O MY APIUHY 460 NEA) FGCerhOf na Yo"

completely scanned with the modulated and focused laser beam MLB, the

control returns from 1416 or 1421 to step 1305 of the main routine shown in Fig.
13.
15 Figure 15 shows a flowchart of a main routine executed in the
microprocessor 26A of the personal computer 26.
At step 1501, it is monitored whether a signal feeding command for
feeding a scanning operation start signal to the system control unit 10 is input to
the microprocessor 26A by manipulating either the keyboard 30 or the mouse 32.
20 When the inputting of the signal feeding command is confirmed, the control
proceeds from 1501 to step 1502, in which the scanning operation start signal is
fed to the system control unit 10 (see step 1301 of Fig. 13).
At step 1503, it is monitored whether the personal computer 26
receives two respective frames of mxn image pixel data MFI;; and PDF;; from
25 the system control unit 10 (see step 1305 of Fig. 13). When the receipt of the
frames of mxn image pixel data MFI; and PDF;; from the system control unit 10
is confirmed, the control proceeds from step 1504, in which the frames of image
pixel data MFT;; and PDF;; are stored in the RAM 26C of the personal computer
26.



5 command is confirnmed, the control proceeds from 1505 to step 1506, in

whi ch respective video signals M-I -VS and PDF-VS are produced based on the
frames of inmage pixel data MFI;j and PDFjj. Then, at step 1507, a nagnetic
field intensity inmage (as shown in Fia. 9A or 9B) and a phase difference

| mage (as shown in Fig. 10A or 10B) a é di spl ayed on the TV nonitor 28 in
accordance 1o with the video signals MFI-VS and PDF-VS. Note, if necessary,
only one of the magnetic field intensity inmge and the phase difference

i mage nmay be selectively displayed on the TV nonitor 28. At step 1508, it
i's nonitored whet erstep 150898 iéaﬁ@ﬂsdreﬂiwi@th@fmhﬁaié dispidydig 0gmintehd r anes
of inmage pixel data Ml ;, and PDF;,, on the hard disk 26F is is input to

t he ni cr ofPbéisplaying smpbotiveamiagnetae finld atensity andephasy differanGoimagesion nouse

cont 1o priBEdehB R85 it 1 ThS i ERu oqS At SF TRan Pl et Sither B i xer
data M, ke386afdDBD; orfiR HRKEBON Wiken Rk din hﬁ%zﬁﬁ thé‘riﬁ}égé &i'éfllagfﬂ di sk

driver 26E° 20 At step 1510, it is nonitore her a referen | mage
di spl ayi ngonuaandigl coufirmed; thayiontroh prafeede fitanall SOGagestep 1508, ihvivhivhi t or 28
Is input to the m croprocessor _ 26A by manipul ating either the keyboard 30
or the noJswpestive vigrasignals ME-dreare éDE-P«f&g@eimommed oarthe Tipsaes

i cond devi g, d_j i ous) y. si
Fram of ifagates 2Bl (RS MRV pad3e0Rur o hracoae GREN' Bl Rk, G
the ref er qifendi iiﬂ%@@ (4 %Hb@MiSiﬁ%lii‘gQ :92‘@9% 9B)SarfOR ipha s difrdrbficd ﬁﬁ&é@ (as

proceeds from15 10°to step 1 I ch the “corresponding frane of
i mage pi xehodat m Fig. riéaddof 10B) tahe dispralyadi ek tREEV Dh@mifor 28 irshegrdad® a

i deo signal. i roduced_b d aon the r frame, of i nmage pjxel ta, and,
at stel;s9' %5*1131,1 'ﬂ%\eﬁdﬁaéagnaés ﬁnglegw@al @Fﬁﬁg- Nale, i Reeassarg gkyenpp erv 28
it 28 ] W ygG ' | [ when
oo 1o 2 SRR IRRY ol S PrRHaRT dMeRes AL mal T SIATRLS
conpar e t hiispl@lieben thed TO@66R0t 280e, di spl ayed at step 1507, with the

referential 'phase difference inmage, as shown in Figs. 10A and 10B by way
of exanpl e. At step 1508, it is monitored whether an image data storing comman

for storing the frames of image pixel data MFL; and PDF;; on the hard disk 26F is

15 input to the microprocessor 26A by manipulating either the keyboard 30 or the
mouse 32. When the inputting of the image data storing command is confirmed,
the control proceeds from 1508 to step 1509, in which the frames of image pixel
data MFI; and PDFj; are stored on the hard disk 26E through the hard disk driver
26E.

20 At step 1510, it is monitored whether a referential image displaying
command for displaying a referential image on the TV monitor 28 is input to the
microprocessor 26A by manipulating either the keyboard 30 or the mouse 32.
Note, the referential image is derived from a good semiconductor device (see
Fig. 9B or 10B), and is previously stored as a frame of image pixel data on the

25 hard disk 26F. When the inputting of the referential image displaying command
1s confirmed, the control proceeds from 1510 to step 1511, in which the
corresponding frame of image pixel data is read from the hard disk 26E. Then,
at step 1512, a video signal is produced based on the read frame of image pixel

data, and, at step 1513, an image is displayed as the referential image on the TV



5 At step 1514, it is nonitored whether a histogram producing conmmand for
produci ng respective histogramdata fromthe frames of imge pixel data
MFl;j and PDF;f is input to the mcroprocessor 26A by mani pul ating either
t he keyboard 30 or the nouse 32. Wen hge i nputting of the histogram
produci ng command is confirned, the cokfrol proceeds from 1514 to step
1515, 10 in which a histogram production routine is executed to thereby
produce magnetic field intensity histogramdata and phase difference

hi stogram data. Note, the 1inmage data production routine will be expl ai ned
i n detai | mohitor 28 énaccerdaacEivgth thidprueineed afidezr sighbl. sFep ex&hple, iwhers

noni t ored whet her a _hi stogram di splaying 15 command for displayin

r espect i vethadgivaential imagg lﬁmﬁh%ﬁet@lféfﬁlcﬁﬁmedﬁﬂﬁd?@ﬁ@e to, icgnwf%l%w on the

TV noni t or | $k Nput he 41 ¢r QRr oC (o] A b ni pul at.i,ng, ei t her
t he keypoaprlﬁaé‘éo&ﬁer%ﬁc& fss "4BbEYRRLA RER 1300 it P isaereRlial By,
di spl ayi najigfererRBdmage CANHoWTES: Fighel (0 8hd QDB PHAS T e&ﬁﬁl@éﬁﬁ to step
1517, in which respective video signals for the nagnetic field intensity
and 20 sphase di f f ekerstep Hiddpgk aiss mametoped dubetieb as ddstogranhe pfahess d

hi stogram data. _Then, at step 1518, g magnetic fjield intensity_ histogram
(as shown GoFEaRd t?’i/l?r% ucing gpspaclive IypegEam; date feemethsi Bamgs £ Mags hown

e vi'deo 1Ay EndE WER) Frd VAR BUFPRER LRGmIofoBRRebr 76h o) BBARIARIRE L'
hi st ogr amesittipits keghdardBy of thdinctse MAONWid fHeelrbuliitige0F the hitksdragf am and

the phase difference histogram may be selectively displayed on the TV
moni t or 2§rofacingcesyaand isscordfireped] Budcontroli proneatst foommd] Setohstep 4 Shbst ogr am

d i. . d f i th i i hi st t t he hard
Grek b 1B hicR E TG etan pe Bl sbBtadts SRTS Rheay TP S BRI ho
keyb d : : i: i | St t
eyboar @el@ﬁg&e{h@tﬁ‘éﬁ?@g@?ﬂ{cﬁéﬁﬂﬁnﬁa@@ 1%%5&2@%8&&%% shegeamdat a

storing conman ontrol proce [9t0 step 1520,

i n whi ch tihegei &t greductiaharoatife Siidlr e exslairiddeinhdutsll drigk réfefericbrtoudp. t he
hard di sk driver 26E. At step 1521, it is nonitored whether a referential
hi st ogram 14 hereinafter.

At step 1516, it is monitored whether a histogram displaying

15 command for displaying respective magnetic field intensity and phase difference
histograms on the TV monitor 28 is input to the microprocessor 26A by
manipulating either the keyboard 30 or the mouse 32. When the inputting of the
histogram displaying command is confirmed, the control proceeds from 1516 to
step 1517, in which respective video signals for the magnetic field intensity and

20  phase difference histograms are produced based on the aforesaid histogram data.
Then, at step 1518, a magnetic field intensity histogram (as shown in Fig. 11A or
11B) and a phase difference histogram (as shown in Fig. 12A or 12B) are
displayed on the TV monitor 28 in accordance with the video signals for the
magnetic field intensity and phase difference histograms. Note, only one of the

25 magnetic field intensity histogram and the phase difference histogram may be
selectively displayed on the TV monitor 28, if necessary.

At step 1519, it is monitored whether a histogram data storing
command for storing the aforesaid histogram data on the hard disk 26F is input

to the microprocessor 26A by manipulating either the keyboard 30 or the mouse



5 di splaying command for displaying a referential histogramon the TV
nmonitor 28 is input to the mcroprocessor 26A by mani pul ating either the
keyboard 3 0 or the nouse 32. Note, the referential histogramis derived
froma good sem conductor device (see gi g. 11B or 12B), and is previously
stored as histogramdata on the hard dPsk 26F. WWen the i nputting of the
referential histogramdisplaying |o command is confirmed, the control
proceeds from 1521 to step 1522, in which the correspondi ng hi st ogram data
is read fromthe hard di sk 26E. Then, at step 1523, a video signal is
produced b¥seWhen thbenputing bif sholyistograiatdata stotingadonsiand isl&@dirnged)itlsd ogr am
I s displayed as the referential histogramon the TV. nonitor 28 in

accor danc ecoitEoh progeeds bipme daly it stspst in fgHch Hee histagsamadata arastorgd 15
exanpl e, ep. t r l.al histogr | §..8 e difference histogram it
I's possi mﬁ}eﬁ%g‘%{%ﬁ?ﬁgg%%}é@ @?ﬂ@%ﬁ%‘ée%@'ogr am displayed at step
1518, with the refergsy i B21IPNASE AnbhRSRAC WNIREL a GEFFEAM) hiktbg@m  12A
and 12B by way of exanple. At step 1525, it is nonitored whether- an i mage
renovi ig obisplayicig @dnthend fendisplayingerafersptial/kidtdgramesn thedl Yrmbaisdrdf ans
fromthe TV . nonitor 28 is input t he m.croprocessor, 26A_ by ni pul ati ng
either thdS k@%daﬂﬁe %CWPIQ(}?@SOTr%ﬁC}% faygaamwléﬁngw@i%ﬁmlfqma&n?@ R& théyage
renovi ng [ ' : raql fro . p
1526, 1 n HDUR $hieNgfe e felbfensal ReitRly § aoREHTH A SHIRADADED ¢ e
TV noni t ordeddce @oe Magel 1B or H2‘H)?aﬂ@ﬁ§?fb@|io&@m§tﬁr§d a8 tistbEran® data ey he

nonitored to determ ne whether any of the various commands is input to the

m cr opr ocdsgdrdisk6XF. anWhenhthe inputiingwoft they referentiabrimstograra  displayingd, t he
di | ' ' t. ,Fi h | hart of
Che i By ogioamaRa EDRBTE DS AonEe! RPRAS SR d ot SSb 4 S2ehmbTNTL | 1
t 1515 ' i [ [ : f ti
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of the respectiv ensity an er ence hi'stogram
data, 256 I528queridee sigfalkd Pductd based onbd rethHistsgyhmaddata 2@, dtrsegpienci es

PDQK( 000, 1%%%, é'h'istggri’m ?snc%sglggc)ad gg ?hedr%ffciarréggaii ITis%o?g?am ol\lq t%ggf\c}fm(tn?i?orpfg sonal
in accordance with the produced video signal for the histogram data. For
15 example, when the referential histogram is a phase difference histogram, it is
possible to compare the phase difference histogram, displayed at step 1518, with
the referential phase difference image, as shown in Figs. 12A and 12B by way of
example.
At step 1525, it is monitored whether an image removing command
20  for removing the displayed images and/or histograms from the TV monitor 28 is
input to the microprocessor 26A by manipulating either the keyboard 30 or the
mouse 32. When the inputting of the image removing command is confirmed,
the control proceeds from 1525 to step 1526, in which the displayed images
and/or histograms are removed from the TV monitor 28.
25 Namely, in the personal computer 26, it is always monitored to
determine whether any of the various commands is input to the microprocessor
26A, and, when the inputting of a command is confirmed, the corresponding

processing is carried out.

Figure 16 shows a flowchart of the histogram production routine



5 conputer 26. At step 1601, an initialization is carried out. Nanely,
counters i and j are initialized to "0", and the 256 frequenci es M~Qk( OO0,
001, ... 254, and 255) are initialized to "0". At step 1602, the pixel
datum MFljj is read fromthe RAM 26C. _jo Then, at step 1603, a frequency
MFQk, corresponding to a density (gradé ion) level k of the read pixel
datum MFljj is read fromthe RAM 26C. For exanple, when the read pi xel
datum MFljj features a density level "122", the frequency MQL22 is read
fromthe RAM 26C. At step 1604, the following calculation is carried out:
15 MFQk+- MAGichis Akeattep ad 6GEbrautinesnrstey 1 Hr%edf thieanbir romtine shownunifeg. of t he
=0 at the initjal stage, the _control

counter i reached "nmf. Sinc .
proceeds flrgt;ﬁﬁg’éee Or &JG(IEO@BC%QIE theogspechivarnagnatisdield dptenpityrsad pbase he

counter 1 Jd:8.] b "Jeg . trol returns to 1602,
and the rodafﬁefﬂééﬁ%?ﬁ%&%ﬁrﬁg&’ast?@%g f{?&%gﬂg%%]g\/@%@m, %O"r-e;?%‘a_f"éd%ﬁﬁi{?st%e _
count nunifesquehcied PIIQURD 86 i_zfnagq‘1 -5 26d18€fined th theRAM DAL df th8PelsoRGE Pi xel

data MFljj included inthe first horizontal Iine (j=0) has beén read from
t he RAM 260mputes2®p 1605, when it is confirmed that the count number of

the counter i1 has, reac "in', .the control . proceeds from 1605 to 1607, in
which the 25 courftlefeR qgglsr%%@cltlﬁlbzat’@n.ls’Pﬂg}#%’%t- gﬁ@ﬂeﬁyﬁ%‘ﬁmﬁsﬁ@ﬁ

noni t or ed ehiigli Udgt»» "Rey t § has reached "n"__Since
j=0 at the‘%?nl t glIZé(sitCtggﬂ? ’t#}éli con??élﬁ%ﬁ?@g}e&gsﬁﬁ 0% 0l -1 B0t &9 %p
1609, in Jhitahzedheo €@unt nunber of the counter j is increnented by "1 ".
Then, the control returns to step 1602, and the routine conprising steps

1602 to 31 1606 i Ak sigpal@ll,ihei pixchdatonnViFiyibecadifiahethcolAMr26Chas
205 b e P87 et MRS RSB RSh, § Rkl eb o o0,
1605, wheneyd] ¥ 8f BeltiPikell &ithm' IS AHad WoRGhe HAM'96C. For example,
when the read pixel datum MFI; features a density level “122”, the frequency
MFQ),,, is read from the RAM 26C.
At step 1604, the following calculation is carried out:
15 MFQy « MFQ, +1
At step 1605, it is monitored whether a count number of the counter i
has reached “m”. Since i=0 at the initial stage, the control proceeds from step
1605 to step 1606, in which the count number of the counter i is incremented by
“1”. Then, the control returns to step 1602, and the routine comprising steps
20 1602 to 1606 is repeated until the count number of the counter i has reached
“m”, i.e. until the image pixel data MF];; included in the first horizontal line
(j=0) has been read from the RAM 26C.
At step 1605, when it is confirmed that the count number of the
counter i has reached “m”, the control proceeds from 1605 to 1607, in which the
25  counter i is reset to “0”. Then, at step 1608, it is monitored whether a count
number of the counter j has reached “n”.
Since j=0 at the initial stage, the control proceeds from step 1608 to

step 1609, in which the count number of the counter j is incremented by “17.

Then, the control returns to step 1602, and the routine comprising steps 1602 to



5 counter i has again reached "m', i.e. that all the inmage pixel data MIII
i ncluded 1in the second horizontal line {j=1) has been read fromthe RAM
26C, the control proceeds fromstep 1605 to step 1607. Nanely, the routine
conprising steps 1602 to 1609 is repeaaed until the count nunber of the
counter j has reached "n" (step 1608);"i.e. until the frane of inmage pixel
data MFljj has been conpletely 1 o read fromthe RAM 26C. Note, when the
readi ng of the frane of imge pixel data MFlI;j is conpleted, the 256
frequencies MFQk formthe aforesaid histogramdata for the magnetic field
i ntensity I60ges repEatdgd untikthes teyntifif8hbembthe ¢olrdercbhés remeted ffat” fskep count
nunber of %%% 15 c%ﬁnter ] has reached "n", the control proceeds fromstep
1608 to 16HW5)i ke-whtd fhe image Bixs! dataj MEL; meludedip the'seconsbhemnieonaldine

frequenci es_ ( ] 255) are initialized to "0". At
step 1611%435%&%??%%?%%%39@%%@% fromthe RAM 26C. Then, at step
1612, a frequency ADGep to3,ewBeRdt N8 doAf@mEANHat ¥hé PRHRMMYer gOHevVel K

of the read pixel datum PDFI'j is read fromthe RAM 26C. For exanple, when
the read piousterddtasrageibFreacheht' n’eseathdealdithy ithegepixel d3ta, Mg ifdledpdency

MFQL33 is .read from.the RAM 26C. At. step 1613, the follow ng calculation is
carried od{l:tﬁle P’?S'@PIH -erqﬂe@’rlm%(l?ﬁ hgs Hei‘gf@,m the ﬁé%@dh@&om& her a
count nu t C t i h (1 IS ] = 1. Lnitial
stage, th é%%'{drs o] 8%1r %gée sp 5f troogné tfeﬁgﬁc’lg%fl %’g eﬁ%fS?orﬁhnéﬂgc*%%e
count nunbieg020tb 1609 is eeiéared infibtheWuAFBAH®Er BY the dountdricths felchddoni ol

returns to stef 1611, and the routine conprising steps 1602 to 1606 is
repeat ed gtepl 16083, ceuwntilnthetizamofoftinmgeqineledate M3, henbhed camplettly i . e.

until the | e piXx DFjj included in the first horizontal |ine
(j =0) Was e Oﬁﬁﬁmﬁ e RAM 26C. At step 1614, when it is confirmed

that th t h i W
pr gceedg 1(‘: (r)(l;nm 1232@ (t?[(%’ %hf%l, ﬁ}enfé\%mﬁ ro';f ;%Qq%ﬂ[ﬁga&hﬁgagé%lxeﬁ s Wfijoks

completed, the 256 frequencies MFQy form the aforesaid histogram data for the
magnetic field intensity image (MFI;).
At step 1608, when it is confirmed that the count number of the
15 counter j has reached “n”, the control proceeds from step 1608 to 1610, in which
the counter j is reset to “0”, and the 256 frequencies PDQyo00, 001, ... 254, and 255) 4T€
initialized to “0”.
At step 1611, the pixel datum PDF; is read from the RAM 26C.
Then, at step 1612, a frequency PDQy, corresponding to a density (gradation)
20 level k of the read pixel datum PDFj; is read from the RAM 26C. For example,
when the read pixel datum PDFj; features a density level “133”, the frequency
MFQ,33 is read from the RAM 26C.
At step 1613, the following calculation is carried out:
PDQy < PDQ + 1
25 At step 1614, it is monitored whether a count number of the counter i
has reached “m”. Since i=0 at the initial stage, the control proceeds from step
1614 to step 1615, in which the count number of the counter i is incremented by
“1”. Then, the control returns to step 1611, and the routine comprising steps

1602 to 1606 is repeated until the count number of the counter i has reached



5 counter i is reset to "0". Then, at step 1617, it is nonitored whether
the count nunber of the counter j has reached "n". Since j=0 at the
initial stage, the control proceeds fromstep 1617 to step 1618, in which
t he count nunber of the counter j is iggremsnt ed by "1". Then, the control
returns to step 1611, and the routine nprising steps 1611 to 10 1615 is
repeated until the count nunber of the counter i has reached "m' (step
1614), i.e. until the imge pixel data PDFjj included in the second

hori zontal line (j=1) has been read fromthe RAM 26C. At step 1614, when
it is confimTrede.tinail theeincagenpixelndatr POIF;t ineludeduint the firdddsrigatal lireached
"nm, i.e. that all the |inmage pixel data I-J>DFjj i ncluded 15 in the second
hori zont aI(]‘FQ)rlbaS(}}eﬁll)fe%ﬁOHb@?Ré%zﬁ%mthe RAM 26C, the control proceeds

fromstep 1614 to 1 l.y,. . ther outi ne nprisin teps. ,1611 to
1618 i s repeat ed d%{ S{épt g%ﬁ%oﬁﬁgg%%ecpngmeﬁeth%ﬁﬁ? éSPuP{ nggl%reéa%&? "n
(step 1617%ounterq-hadeadhelihent tBEBoRiol progeedd 6 HlPPIEld, iRdhibeaR:
conpletely read fromthe RAM 26C. 20 te, when the reading of the frane
of image pionaterdasaef®ipj“t’s Thanpt stepd] 61 hdt Bomanitemd ntieter PR&cofinr m t he
af oresai d hi stogrfa data for the  phase difference image (PDFIJ). At step
1617, wherymbgro ctg]?lPPWhtSEIJ {l?l%feaf; ddbunt nunber of the counter j has

e 8 A n L BEMY AR S RS RE BB L 301
moved Wi t R 3ae8! il Ghidle tipesthat @inBédof GeeashtbAs ef iRgameiMed b «iher eby

scan the silicon wafer SWw th the | aser beam M.B,” t he scanni ng ‘operati on
may be caflkingthooontnyl rehirhe to dtepl Hiltli, agd tthe rowtser chreprisingBtepst IoFlepect to

h o LSl R o TR Pl LS R Lol et 20°
fﬂgog'efgghlgla%%@@ beint} X8l §02 EDF MilcrlRaA AnE Peeor Rz o AdHRed 1 1
(i=1) has been read from the RAM 26C.
At step 1614, when it is confirmed that the count number of the
counter i has again reached “m”, i.e. that all the image pixel data PDF;; included

15 1n the second horizontal line (j=1) has been read from the RAM 26C, the control
proceeds from step 1614 to step 1616. Namely, the routine comprising steps
1611 to 1618 is repeated until the count number of the counter j has reached “n”

(step 1617), i.e. until the frame of image pixel data PDF;; has been completely
read from the RAM 26C.

20 Note, when the reading of the frame of image pixel data PDF; is
completed, the 256 frequencies PDQy form the aforesaid histogram data for the
phase difference image (PDFj)).

At step 1617, when it is confirmed that the count number of the
counter j has reached “n”, the control returns to step 1515 of the main routine

25  shown in Fig. 15.

In the above-mentioned embodiment, although the X-Y stage 14 is
moved with respect to the modulated and focused laser beam MLB to thereby

scan the silicon wafer SW with the laser beamn MLB, the scanning operation may

be carried out by either deflecting the laser beam MLB with respect to the silicon



5 of the video signals MFI-VS and PDF-VS may be carried out in the system
control unit 10, if necessary. Simlarly, although the nmagnetic histogram
data are produced in the personal conputer 26, the production of the

hi stogram data nmay be carried out in gge systemcontrol unit 10, if
necessary. Further, in the above-nentidned enbodi nent, although the silicon
io wafer SWis nmounted on the X-Y stage 14, a sem conductor device or chip,
diced fromthe silicon wafer SW may be nounted on the X-Y stage 14.
Finally, it will be understood by those skilled in the art that the

f or egoi ng wafee SVWtorarcamsbinhtiqgn ef drer mdvembotlo fibet X- Y staghandythe deflectigh t hat
vari ous chgltge ang nodi fications may be nade to the present invention

wi t hout 83%‘3( giY58-t he spirit and scope thereof. 34 CLAIMS 1. A

- ob; et compri i ig: g eppuRait B3Rl AREE eV B iR T
emts a wqmms@ndmma&eﬁrddge@d i@mé@oﬁéllgroﬁﬂpigbf D8R Solil&igP ect,

the nodul ation of said nodulated and focused Iight eam bei ng carri ed out
with asmodef tie videsi ggedls MYRMS andzROFwW Shmayrled eariedkeosi gmahe cystensed of

magnet | o fGOBNY i g ey c QURALY ARPONER ShOBEERENG DIt SRIAGE by
irradiati i j 1 i f Welaks to
t her eby p&%&ﬁ'@%éaa&brrglgﬁ}g{ %’t‘lr Fe‘?‘ggéﬁr%ﬁ{ea@%??gﬁgﬁ‘ Og?t&fs g%ﬁ%%&cﬁﬁr%%w Y t hat

extracts aehased dut fiethengstesi enakol WLt IEannsdsdaryef erence signal and said
magnetic field si %nalg and an i mage data production systemthat produces

phase difference enaije thiatahobageehtimned agnibpdiagentdiatthengndbe siijend . 2.

Fur t el CoNBEr <8 Wais HOUBEn PRGLE Xt omiAMal o8 SREUP R EviGe o Sipd

Curront s Gped BSpHARSHCAMNaRENY) ARy e MM L TREEY eai 0

nodul at ed and focudgally, it will be understood by those skilled in the art that the
foregoing description is of preferred embodiments of the system, and that
various changes and modifications may be made to the present invention without

15 departing from the spirit and scope thereof.



20 light beam 3. The nondestructive and noncontact analysis system as set
forth in claim | or 2, wherein said inage data production systemincludes
a gradation conversion systemthat converts gradations of said phase
difference inage data in accordance wiith a predeterm ned gradation
characteristic. 25 4. The nondestructivé and noncont act anal ysi s system as
set forth in any one of the preceding clains, further conprising an inage
di splay systemthat displays a phase difference i mage based on sai d phase
difference inmage data. 5. The nondestructive and noncontact analysis system
as set forth in any one of the predéDAIMSc| ai ns, further conprising an

I mge di splay systemthat 35 displays a phase difference i mage based on
sai d phase difference inage data together with a referential phase

di fference i e e n. previousl y-pr red referentjal ase difference
i rage dat a. gvlg Tr{gqiodﬁggt&&hvcet Ia(}‘i mgﬂﬁﬁﬁgﬁ?gg{s %ﬁ”{/‘sf%‘ Yt &% et
forth in %luﬁﬂﬁ%&;'eétbgoﬁbﬁgﬁ%i: ng clains, further conprising an inmage

di spl ay systemt hat (Ji spl ays a phase difference histogram based on said

phase difference iahgkt badat gendratidghenohratimt apgedrats thadembn aombdalatahal ysi s

system as set forth._ i ny one of the preceding clains, further conprising
an i mage cﬂngpf%}‘s%‘gélﬂgh%?%tt' empiEadaty theelieeh themohdaten ofgakin based

id | £ ' ] f tial .ph
a1 1 or encarpuled SE FEGsMIms b h bhRRCLalRa i s ChEiEM o ig0R"
di f f er enceynoRERi£Z Rith 8 refdiendioigRdtdongidskd oAt 6P RiAtAr R1@dsySi S system
as set forth in any one of the preceding clains, wherein said signal

extraction circuita magneitins deteclion rapgasttus that eletbctans emagreyic digdavhictom sai d
magnetic f.ield si | b aj d signal, extracti.on circuit nd sajd i mge

dat a &Poddétgeaﬁfaé%@&ﬁ%?@aﬁtcee e@d&ﬁﬂ??‘ﬁgyfq@ﬂ@tﬁnﬂt wid jobjeqt i Séga
based on ' ' | | i Lign ructhve and
noncont actsrﬂ gﬁlg ys P%Hsii/bgpée% lg%ﬁtg}eetgﬁg #r) tﬂhélé%’ @{’anu%ﬂe a&{l&gﬁbﬁ{&ﬂ@@hgﬁggﬁ sing an
i mage display systaeridnabtextiasfibaysircuiimaganetkeadts ed phase difference signal

between said reference signal and said magnetic field signal; and

an image data production system that produces phase difference

15 image data based on said phase difference signal.

2. The nondestructive and noncontact analysis system as set forth in claim
1, further comprising. a scanning system that scans the object with said
modulated and focused light beam, to thereby induce a series of electric currents
at spot areas of the object, which are irradiated with said modulated and focused

20 light beam.

3. The nondestructive and noncontact analysis system as set forth in claim
1 or 2, wherein said image data production system includes a gradation
conversion system that converts gradations of said phase difference image data
in accordance with a predetermined gradation characteristic.

25 4. The nondestructive and noncontact analysis system as set forth in any
one of the preceding claims, further comprising an image display system that
displays a phase difference image based on said phase difference image data.

5. The nondestructive and noncontact analysis system as set forth in any

one of the preceding claims, further comprising an image display system that



20 intensity image and a phase difference i mage based on said nagnetic
field intensity imge data and said phase difference i mage dat a,
respectively. 10. The nondestructive and noncontact analysis system as set
forth in claim@8, further conprising an i mage di splay systemthat displays
respective nmagnetic field intensity ard phase difference i nages based on
said magnetic 25 field intensity i mage and phase difference i nage data
together with respective referential magnetic field intensity and phase
differential inages based on previously-prepared referential magnetic
field intelisplays ianpigseadiffeptiaseimalidd basednor saithghastatfferédce Thege data
nondestructive and noncontact analysis systemas set forth in 36 claimS8,
further cdngethsr mithed relemusialphpsendifforencenimage based pnayreviaushepreapaeed
magnetic fjield Jntensi and phase difference histograns based on said
magneti c rFfeéfglﬁqﬂgghﬁgerF%%@aﬁ? aﬂi?fase di fference i nage data,
respectivel y. gl2ThEhprdesdestvelsid ﬁﬁn@d}ﬂa&%ﬁ%@i@‘é%t@@a&y&tSfoﬁ}isﬁleéﬁl)ﬁs set
forth in 5 claim@8, further conprising an I nmage di splay systemtha

di spl ays raepef thesprecedmgetlaims,i Rirther rioenising andinttigef displagesyiesh abanns
based on s icl magnetic field intensity imge and phase difference inage
data, respishlpyepyphasg difisesncgi higtogrampbaseden r svidr phase diffosenrst ineagy el d
intensity %‘Eéj phase difference histograns based on previously-prepared
referential rnmagnetic field intensity histogramand to phase difference

hi st ogr am i magesThé honHB@niAnEesid HEhdIMRaANhaDRRE SPHIAGT 2O f¥8hSin em as
set forth in any one of the preceding clains,”~wherein sald nodul atéd and
focused | iggiet ob8enpicsediogi ¢labus,afirtheneompaising andniageudisplalyasasterbehat f r om

said |ight, beam ner atj.on/ nodul ati on apparatus. 15 14, The nondestructive
and ndHcorﬂlSa‘ﬁ?YSaﬁg’ﬁ%q 1 %@Wﬁ@%@?%&g‘f RTisAL se shHfersmee fage datadi ng

ai e . ; . . \ D
Csuper condoEghe SAHE ARIRFCABE (e iR AR, bR SiCpRvldE o
said rrflgnqiréparéd@éi@sergﬁmph@deedifﬂ‘eﬁeﬂdaenﬁ@bedéta.by each of said electric
currents.

8. The nondestructive and noncontact analysis system as set forth in any

one of the preceding claims, wherein said signal extraction circuit extracts a

15 magnetic field intensity signal from said magnetic field signal by said signal
extraction circuit, and said image data production system produces a magnetic
field intensity image data based on said magnetic field intensity signal.

9. The nondestructive and noncontact analysis system as set forth in claim
8, further comprising an image display system that displays a magnetic field

20 intensity image and a phase difference image based on said magnetic field
intensity image data and said phase difference image data, respectively.

10. The nondestructive and noncontact analysis system as set forth in
claim 8, further comprising an image display system that displays respective
magnetic field intensity and phase difference images based on said magnetic

25  field intensity image and phase difference image data together with respective
referential magnetic field intensity and phase differential images based on
previously-prepared referential magnetic field intensity image and phase
difference image data.

11. The nondestructive and noncontact analysis system as set forth in



20 15. A nondestructive and noncontact analysis nethod for anal yzing and
eval uating an object, conprising: emtting an nodul ated and focused |ight
beamto thereby irradiate the object, the nodul ation of said nodul ated and
focused |ight beam being carried out \gll th a nodul ation signal synchronized
with a reference signal conposed of a 95 series of regul ar pul ses;
detecting a magnetic field, which is generated by an electric current

i nduced by irradiating said object with said nodul ated and focused |i ght
beam to thereby produce a magnetic field signal; extracting a phase

di f f er enceclginyrfyl fubieneempsizing maf Enagecdisplaynsystandtha? displaysegspettive fi el d
signal ; and rodug(iﬂr?:l hase differe | mge, data based, on sajd phase

di f f er enc Mg %@Een?’f% andihase Bctfgm%‘: histograme asedt on sakl peeaetitet hod

as set for I | LiSi o i he object with
sai d nodul%%lgdﬂtaeﬁéﬂl?%g%%%édw{lgﬁ%}ﬁ gfgge?rl]@tdg%ﬁg?%bg&&}ﬁ%%ya series of

el ectric currells Hie apnlestirtve tind hbecoMh@CAnalydis Gys@ne as’ §eddodtheth Wi t h
sai d nodul ated and focused |ight beam 17. The nondesStructive and

noncontsactclaina |8y sfusthee choprising en iteagehdisplaycswitem 1that dispbaysivhespectives ai d
phase difference |} e data i jected to a to gradatjon conyersjon
processi ngmggi%q%lct ﬁgﬁgi&t%gyl @ﬁs‘%%%egﬂ tﬁg%n%i’ﬁ’?eé ehsaid magechmiigldr e
converted ;i hq%%c i r:m ned a ' h .S c. 18.
The nondesllk.1 Fét?gg \(/ae dE%%Mrﬁﬂéﬁ?égffg%%ggy@%%ng%ﬁbgégédgeg‘ef?ﬁf gé@ﬁﬁ |Irnl“§ﬂ%/ one

of the preaesshctigeclefdrontiall maphetic ¢eibintehdiey dhéphayé MiffarepbeI8stepfangy ence
15 image in an image display system based on sai d phase difference image
data. 19. based esrpreviougbt-preparasdrafoneatial @@gn@tmﬁyzbfmtmtyohusmrmambrt hin
any oge of, .cl ai f.urt her conprising displaying a phase

15 18
di Ff erdnc R erFﬂcea#\l%T%%@lm%ﬁ?ay system based on said phase difference
| mage data togef "ehe nbhiéstdictivt Gh8HIRbnRABAEIPSE GERAFSs LOPRTHPASAH, On

previ ousl y- prepar ed
one of the preceding claims, wherein said modulated and focused light beam is
emitted as a modulated and focused laser beam from said light beam
generation/modulation apparatus.

15 14. The nondestructive and noncontact analysis system as set forth in any
one of the preceding claims, wherein said magnetism detection apparatus
includes a SQUID (Superconducting Quantum Interference Device) magnetic
sensor to detect said magnetic fields generated in the object by each of said
electric currents.

20 15. A nondestructive and noncontact analysis method for analyzing and
evaluating an object, comprising:

emitting an modulated and focused light beam to thereby irradiate the
object, the modulation of said modulated and focused light beam being carried
out with a modulation signal synchronized with a reference signal composed of a
25  series of regular pulses;
detecting a magnetic field, which is generated by an electric current
induced by irradiating said object with said modulated and focused light beam,

to thereby produce a magnetic field signal;

extracting a phase difference signal between said reference signal and



20 referential phase difference image data, whereby said phase difference

I mge can be conpared with said referential phase difference i nage. 20.
The nondestructive and noncontact analysis nethod as set forth in any one
of claims 15 to 19, further conprising 2isp|aying a phase difference

hi stogramin an i mage displ ay systen1b3 ed on said phase difference inmage
data. 25 21. The nondestructive and noncontact analysis nethod as set forth
in any one of clainms 15 to 20, further conprising displaying a phase
difference histogramin an inmage display system based on said phase

di f f er encesatdggnetat ficld sigealhendwi th a referential phase difference

hi st ogram based on previously- prepared referential phase difference inmage
data. 38 22. The rsnduang phatc dtimenasomagedas basea g pad phapp differenes forth
i n any one f claims 15 to 21, further conprising: extracting a magnetic
field inten%|ty signal fromsaid magnetic field signal; and 5 producing
magnetic fi el d@. ntRRshéivddstragveahd AasRmtan falwidaetbd Gs ddtefofthi i ensi ty
signal . 23. The nondestructive and noncontact analysis method as set forth
in cla maam flift fether copmprsing shiaspingy ithe abjectgwethi saidi edalulated rarid y

' d | ff ' ' | di, spl b d

i 0 magndPPELRe i Deab R HehY Jiuen goctist A1 Srs s PTMA SE SOMTELAEe

| mage dat g %ﬁ‘ecg%ﬁgﬁ%ﬁégﬁ%di&feh‘@?iﬂ?@ﬁdﬁﬁ&&@g{eﬂ%d%%hé@[]§ fiapd as set
c?aljm 2, furt I'Sp C 1%

forth in er conpri'sing ayl ng respe e magnetic field

intensity and 17phade doideztrantes iamdgesndoasad @alysdd tethadeki set fogthdin
intensity i mage and phase difference image data together with respective
ref er ent i allaimaddeor d 6 iwhereds shidk phader differangsh amegeli datarie rsubjdchalyés Dased

on previousl|y-prepared referential etic fjeld i.ntensjty i e and
ohase Wi f (EEpOFas Pmrsion; Brocessing such dateEwadations, of 34t RBRse AIENShal ysi s

t hod : f h . i 2 c i Si i - avi netic
(Tela) oo dffiee Batan drdl VAR Hn Adtotdfloct TR | 21 iddBieRIR MadafBRO
magnet i ¢ fohatattéridtensi ty i mage data

18. The nondestructive and noncontact analysis method as set forth in any

one of the preceding claims, further comprising displaying a phase difference
15 image in an image display system based on said phase difference image data.

19. The nondestructive and noncontact analysis method as set forth in any
one of claims 15 to 18, further comprising displaying a phase difference image
in an image display system based on said phase difference image data together
with a referential phase difference image based on previously-prepared

20  referential phase difference image data, whereby said phase difference image can
be compared with said referential phase difference image.

20. The nondestructive and noncontact analysis method as set forth in any
one of claims 15 to 19, further comprising displaying a phase difference
histogram in an image display system based on said phase difference image data.

25 21. The nondestructive and noncontact analysis method as set forth in any
one of claims 15 to 20, further comprising displaying a phase difference
histogram in an image display system based on said phase difference image data
together with a referential phase difference histogram based on previously-

prepared referential phase difference image data.



20 and sai d phase difference i mage data, respectively. 26. The
nondestructi ve and noncontact analysis nethod as set forth in claim25
further conprising displaying respective nagnetic field intensity and
phase difference histograns based on Sﬁgd magnetic field intensity inage
and phase difference inage data togetHe&r with respective referenti al
magnetic field 25 intensity and phase difference histograns based on

previ ously-prepared magnetic field intensity and phase difference inmges.

22. The nondestructive and noncontact analysis method as set forth in any
one of claims 15 to 21, further comprising:
extracting a magnetic field intensity signal from said magnetic field
signal; and
5 producing magnetic field intensity image data based on said magnetic
field intensity signal.

23. The nondestructive and noncontact analysis method as set forth in
claim 22, further comprising displaying a magnetic field intensity image and a
phase difference image in an image display system based on said magnetic field

10  intensity image data and said phase difference image data.

24. The nondestructive and noncontact analysis method as set forth in
claim 22, further comprising displaying respective magnetic field intensity and
phase difference images based on said magnetic field intensity image and phase
difference image data together with respective referential magnetic field

15  intensity and phase difference images based on previously-prepared referential
magnetic field intensity image and phase difference image data.

25. The nondestructive and noncontact analysis method as set forth in
claim 22, further comprising displaying a magnetic field intensity histogram and
a phase difference histogram based on said magnetic field intensity image data

20  and said phase difference image data, respectively.

26. The nondestructive and noncontact analysis method as set forth in
claim 25, further comprising displaying respective magnetic field intensity and
phase difference histograms based on said magnetic field intensity image and
phase difference image data together with respective referential magnetic field

25 intensity and phase difference histograms based on previously-prepared

magnetic field intensity and phase difference images.



