NONDESTRUCTIVE AND NONCONTACT ANALYSIS SYSTEM BACKGROUND OF THE
INVENTION 5 Field of the Invention The present invention relates to a nondestructive and noncontact
analysis system for analyzing and evaluating an object, such as a semiconductor wafer, in which an
electric current is induced when being irradiated with a light beam having a given wavelength, and
more particularly relates to such a ro nondestructive hind noncontact analysis system including a
SQUID (Superconducting Quantum Interference Device) photoscanning microscopic method using a
SQUID magnetic sensor, for the analysis of the object. Description of the Related Art 15 Presently,

nondestructive an iS S ' UID.magnetic sensor have been
researched and dM&ﬁﬁmﬁ@é %m%&m&@m %ﬁjgtsr\:@aé\émiconductor
wafers. Such a prior art nondestructive and noncontact analysis system includes a system control unit
having a microcorgajter, and a laser beam 20 generation/modulation apparatus operated under

control of theBsY&tEAREHIII M THEHISEY Bda @Bheration/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
acousticsoptitatl25tithddafontnuodulating the emitted laser beam. The reference signal generator

generates a reference sjgnal composed of a series of regular pulses, and the reference signal is
output as a moduIationi?@%&?rﬁﬁ)?ﬁttﬁéﬂ(&fg}gﬂcée fgRt e%é?aﬁ%%%‘éoﬁggc YR GEVice of the

laser beam gengiatorireculatararsuehHal Hiedasenaarmdsonedy ated inaccerdiapaayvi the
modulation signal. 2 The laser beam generation/modulation apparatus also has an optical
wafer, in which an electric current is induced when being irradiated with a light
beam having a given wavelength, and more particularly relates to such a
t¢  nondestructive and noncontact analysis system including a SQUID
(Superconducting Quantum Interference Device) photoscanning microscopic

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 fo the acoustic optical device of the laser beam generator/modulator,

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



unit optically connected to laser beam generator/modulator through an optical fiber. Namely, the
modulated laser beam is introduced from the laser beam generator/modulator into the optical unit
through the optical fiber. The optical 5 unit includes an optical lens system for focusing the modulated
laser beam. Namely, the modulated laser beam is fpcused and emitted from the optical unit as a
modulated and focused laser beam. The nondestructive and noncontact analysis system further
includes an X-Y stage, and an object, such as a silicon wafer, to be analyzed and io evaluated, is
detachably mounted on the X-Y stage. Note, the silicon wafer has a plurality of semiconductor chips

or devices produced thﬁ?@@a%gﬁgééglasé%c%ﬁ@g%%{g%%r&m%%{&eg]§Beﬁ%gq N ﬁ_}iwgafilicon

wafer is irradiated with the mo eam, passes through the central
opening of thmX-Ypstaajéy ThadktestagelisandeadapnyandiimcdnlstandbYeagh ahaoedtahgular X-Y

coordinate defined wijth respect to the X- Y, stage, such that.each, of the semicpnductor devices on the
silicon WaferF eg'ca\ﬁ‘?é‘ﬂ%\}ght e%%%ﬁﬂ@ﬁlni?%ﬂriﬁﬁameIgcgﬁﬁﬂ%lﬁqhg oAt dice with
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of the semiconductor device, which is irradiated with 20 the scanning laser beam, and the OBIC
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SQUID (Superconducting Quantum Interference Device) magnetic 25 sensor, anda
controlling/prscesshdylcitediscdhtaming RsdFlbiefFlux Lock Loop) circuit. The SQUID magnetic sensor

is controlled by the SQUID controlling/processing circuit, and detects the magnetic field tq thereby
roduce  SQUID Sgnbl T SOROHALHEE ISRt B SO CReR g EBE e el whit
the semiconducirdevigeds seanaedolyjtrtheuobduatekilithn wafer, to be analyzed and

10 evaluated, 1s detachably mounted on the X-Y stage. Note, the silicon wafer has a
plurality of semiconductor chips or devices produced thereon.

The X-Y stage has a central opening formed therein, and the silicon
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 thé 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 Quantum 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



focused laser beam, a series of SQUID signals are produced and output from the SQUID magnetic
sensor to the SQUID controlling/processing circuit, in which the series of SQUID signals are suitably
processed to thereby generate a magnetic field signal. s The nondestructive and noncontact analysis
system is also provided with a signal extraction circylit containing a two-phase type lock-in amplifier.
While the magnetic field signal is input from the SQ@ID controlling/processing circuit to the signal
extraction circuit, the reference signal is input from the reference signal generator to the signal
extraction circuit. 10 In the two-phase type lock-in amplifier of the signal extraction circuit, the same
on rlts as.those of the ref rgﬁe%%ﬁgsnal are extract&'d from the ma%?etic f'ﬁld signal,
m

frequency C%%}REG% d3CT QCain, a %EH'IF? O 19118 ar%)m HCEA a1 %111 F(,Q F G .
and are suita Yy processed and output 1ro Signal extracton circuit as é%]ﬁ % Intensity

signal. The riggnHTicieichiniensity signatiis 0O Ihe systeligopiaiaselhg 1806 therwaisHccessively
converted into digital magnetic field intensity image, data by an analog-to-digital (A/D) convector
included in th&°sy&af It WEH ThaTscaHHARY bf ihecssssit oI bB RS BEBH e fed is
completed, a,{rama; ofdigitgbmagnetic 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
memoryS(RAM) includedlis thenslesiens tonmoduninToetagndestyaitivesanl nondentpordaded)sis

system is fur, rovj ' rsgpal.-computer. associated with a TV manpitor. The frame of
magnetic fiefgﬂ%{te%sg%ﬂgnpa%%%ﬁt& %aﬁ%gcl‘éu egrgrgar%\%lg s%/gt‘g m pc%?‘ﬁ?o?sﬂjneitﬁ‘[%c he paelpé%ln%aefr'computer,
and is suitablyjpifechesad tmthier éleydpsaghatd aimagnete?th SObieEn sitnridén sipralewheareby a
magnetic field intensity jmage is. displayed on.the TV monitQr in accqrdance with the magnetic field
intensity vidE3%En4. #}egégh%\‘@ AHGReGE Fi ié%n@f%ﬁ%ﬁe?%ﬂ?&h%% gy the

reference signal generator to the signal extraction circuit.

10 In the two-phase type lock-in amplifier of the signal extraction circuit,
the same frequency components as those of the reference signal are extracted
from the magnetic field signal, and are suitably processed and output from the
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



using the SQUID photoscanning microscopic method, is called a SQUID 4 microscopic image, and a
spatial resolution power of the SQUID microscopic image depends upon only a spot diameter of the
scanning laser beam projected on the object to be analyzed and evaluated, with no relationship to a
size of the SQUID magnetic sensor and the distanc[F between the SQUID magnetic sensor s and the
object. Note, usually, the spatial resolution power of the SQUID microscopic image is on the order of
submicrons. The SQUID photoscanning microscopic method is used to detect a distribution of
impurity density on a bare silicon wafer, as disclosed in literature "SQUID Photoscanning: An Imaging

Technique for UDN 8f ScemiconducEir to Wafflars anld tDevices bas%dggn ggﬁt‘ﬁﬂa&?etic Detection”,
reported in TRER SRR 40 SR Bpf%%léuﬁ%sr%oun%%ﬂjv?t‘wl S, .Ef A, EIR?SP.LT,CP.
1162-1167, bydesndBsyeds RistmanmBrungpandibheenascdahuritgnAlsg, e SRR pheteseanning
microscopic method js used to measure a dijffusion length of small carriers,in a diffusion layer formed

ina 15 silicOMWHALIESHIscRssaRdy zst Arsb g et entedo WithtRer tHdigesbip hbiigepiniig
microscopic Grethies! 15 41564;L0s Y 26 AMHELUANRMS SENCORIYR IR ENIATORABKCES siRduced in a

silicon wafer, using SQUID microscopic images, or magnetic field intensity images derived therefrom,
as disclésedandipha-2002c31388%¢e 203nahy, absvennsatiowsdiption apovoridedtriistivedihoncontact
analysis system using. the S ULD([ph tosc ing mli)croscoIPic method, a magnetic field intensity
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image derived from a‘'semiconductor device is “frequently compared with a magnetic field intensity

image derived from andther SsgriiCopductec deviee, withdheobvo sestiicdnduciaddeyidesbeing identical
to 25 each other. In this case, if the two semicon%uctor, evices are googi produgts, tlhe magnetic field
g%é er, as disclose

intensity imaBss LAY BE UGN RIS HORP L EATGREICBh in literature
“SQUID Photoscanning: An Imaging Technique for UDN of Semiconductor

10  Wafers and Devices based on Photomagnetic Detection”, reported in “IEEE
Transactions on Applied Superconductivity”, U.S.A., March, 2001, Vol. 1, P.
1162-1167, by Jorn Beyer, Dietmar Drung and Thomas Schuring.

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 tmage 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



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 5 device at a local area at which the defect exists in the
defective semiconductor device. Nevertheless, in the prior art nondestructive and noncontact analysis
system, it is difficult to distinguish the differencesbetween the defective and good magnetic field
intensity images, as stated in detail hereinafter. SUMMARY OF THE INVENTION Therefore,
embodiments of the present invention seek to provide a nondestructive and noncontact analysis

system using a:5QUHY pheteseaaningwilig ageopittathne, whieh isccansitutegisychdhat an analysis
and an evaluation of an object, such as a semiconductor wafer, can be more accurately carried out in

comparison wiRviRe prior art nondestructive and noncontact analysis system. Further, embodiments of

the present invention\ggekia ROvideepRandestiviiive and RRNeentaatRNaNsiIMsHad, performed in

the aforesaid nondestructive and noncontact analysis system. In accordance with a first aspect of the

present inventidaiffirsietisdivovmith shadingestradiriesndhsoiderise rahanrddyseins fisihnalyzing
and evaluating, gajq&taggg%ogﬂg(gh@dmy pggmagtgperation/modulation apparatus that emits a

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 composbelgmmﬁi%ﬁoﬁﬁg@@ B @ magnetism detection apparatus that detects a

magnetic field, which is generated by an electric current induced by irradiating said object with said
modulated and focusBattifhtehearmbodiimensbyabrobleceresenagmetivtiield ssighhah apsiyidd extraction

ciret that extiact - Ree SHRRES A ARS8 HIRECasTBA! HE el agnete feld
’ microscopic method, which is constituted such that an analysis and an evaluation of
an object, such as a semiconductor wafer, can be more accurately carried out in
comparison with the prior art nondestructive and noncontact analysis system.

Further, embodiments of the present invention seek to provide a
nondestructive and noncontact analysis method performed in the aforesaid
nondestructive and noncontact analysis system.

In accordance with a first aspect of the present invention, there is provided a
nondestructive and noncontact analysis system for analyzing and evaluating an object,
oomp'risin.g: a light beam generation/modulation apparatus that emits a modulated and
focused light beam to thereby irradiate the object, the modulation of said modulated
and focused light beam being carried out with 2 modulation signal synchronized with
a reference signal composed of a series of regular pulses; a magnetism detection
apparatus that detects 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; a signal extraction circuit that extracts a
phase difference signal between said reference signal and said magnetic field signal;
an image data production system that produces phase difference image data based on
said phase difference signal; and 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 light

beam.



an image data production system that produces phase difference image data based on said phase
difference signal; and 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 light beam. 6 The image data production system may include a
gradation conversion system for converting gradagions of the phase difference image data in
accordance with a predetermined gradation characteristic. The nondestructive and noncontact
analysis system may comprise an image display system for displaying a phase difference image
based on the phase diffgteneeaipage gatdudiiennendastiastivelade narcartitactanatysia system may

comprise an image.glisplay.sysieon o dispiaying phase slferenorege basedian iy Phase

difference image data together with a referential phase difference image based on
previously-preparéff PEaRSA SR AL ehtraRIeeiRTa e aGiRkTERY the phase difference image can

be compared with the referential phase difference image. The nondestructive and noncontact analysis

system may comprise anrinageieispiawsyatemdisplaying aphasatitierensahistosram based on
phase difference histo ram l%ata which_is nocﬁuced frorﬁ%the(ﬁllgiase differenc% rréggoenq%a. The
r e

nondestructive and HONCOMACE 2 nsgﬁ)%igggysftggn%yrlﬁlgyaff er co%ﬁ?@% lg}laﬁ%aés isplay system for

displaying a phaséht#iftetEfieensrstigesfiaBased on the phase difference histogram data together with a
referential phase difference histogram based on previously-prepared referential phase difference

histogram data, whereby;iie phase Alferenng Nisiegiam canbecomraledy it paetgrential phase

difference histogram.
g Z:il;ma':,ge display system for displaying a phase difference image based on the

phase difference image data together with a referential phase difference tmage
based on previously-prepared referential phase difference image data, whereby
the phase difference image can be compared with the referential phase

difference 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

mage data.

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

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, and the
image data production system may produce a magnetic field intensity image
data based on the magnetic field intensity signal.



According to the present invention, the signal extraction circuit may extract a magnetic field intensity
signal from the magnetic field signal, and the image data production system may produce a magnetic
field intensity image data based on the magnetic field intensity signal. 7 The nondestructive and
noncontact analysis system may comprise an image display system for displaying a magnetic field
intensity image and a phase difference image basged on the magnetic field intensity image data and
the phase difference image data, respectively. The nondestructive and noncontact analysis system
may further comprise an image display system for displaying respective magnetic field intensity and
phase difference MageyBasiairbie tRBC IR SeiRfeRMRYSIISRYSIFRgB R PRakEE offel@Age image
data togethersplish syspectvedefedgintos magnetic fisld intenrafyimagephase giffercatirrénages based
on previously-prepared referential m ic field intensity .image and phase difference image data,
amereby e TaE e B R g B e B i
the referentit#nERsREEEVAM intensity and phase difference images. The nondestructive and
noncontact analysis system may further comprise an image display system for displaying respective

magnetic field intesity apdahas Ciffersne Msiaorams.Rased on magneyedield iensity istogram
and phase difference his ograms which are prodquced‘? m thie magnetic fie (fin?enﬁty image and
phase diffefBAgR RFRRY drgeredoediseRy mhd sRorabQruageeiadisthIansty afrty $835¢stem may
further comgiffeecate inhagesdisiey sysiesmmiar césiplagagrrsRestingeagnetihiiedd dHsesaiy and
difference hi r nma ic field in ity histogr phase.difference histogram
data, Which%i%%r%gﬁpgggﬁgf%? the rr?ragggrég%%gf%ergﬁ%%j#]iéftytﬁiﬁég%%r%ﬁ %h‘gseer%#f_e?gr]c CnIdr'ff:’f%lge data,
respectiveA fsEEtHRIr WREse frseq, O chspuiniaRiepRIGE flefarpiidsmpaneticpfakk iaifasince
histograms ikagroea8 previtisiraiepmiads aiesenirropagnetissielsive magnetic field intensity

and phase difference images can be compared with the referential magnetic field

intensity and phase difference images.

The nondestructive and noncontact analysis system may further 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 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 intensity image and phase difference
image data, respectively, together with respective referential magnetic field intensity and
phase difference histograms based on previously-prepared referential magnetic field
intensity histogram and phase difference histogram data, whereby the magnetic field
infensity histogram and the phase difference histogram can be compared with the
referential magnetic field intensity histogram and the referential phase difference
histogram, respectively.



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 field
intensity histogram and the referential phase difference histogram, respectively. 8 Preferably, the
modulated and focused light beam is emitted as a modulated and focused laser beam from the light
beam generation/modulation apparatus, and th@ magnetism detection apparatus includes a SQUID
(Superconducting Quantum Interference Device) magnetic sensor to detect the magnetic fields
generated in the object by each of the electric currents. In accordance with a second aspect of the

present invention, thefesisaprovigechanandestaugiivesaneeRopeantactanadysis meihindated analyzing
and evaluating an object, comprising the steﬁ)_s of:. emitting an modulated and focused light beam to
I

thereby irradiats tFREBHSE SR FABY IR oM OHERTIDRTY SREIMHTMS B LY HGRPBEY: Bi¥ing carried

out with a mogﬁgati%gﬁi,g{;%sy@gtgamgeda\y}gtm@d@fe{@]g@egigr@l SoMPOSSdRiaoaeiiamef regular
pulses; detecting a magnetic field, which is generated by an electric current induced by irradiating said

object with safduarsduatetswergnesciisairay hnpaRsHe totheredy pletcdle niaggnstic fifddsignal;
extracting a palé@ﬁ% iéfﬁ{@lqggbiggp | between said glersnessignal and said magnetic field signal; and
se di i

producing ph erence image data based on said phase difference signal. Preferably, the
nondestructive and Horcontdwtcanaiifsissesetidots pastdrtheaprisaseinvatisiaphsre sapiingefe object with

the modulated, and RGBS INPEAuBGIERY AR $616R.AT ARSI QUiehi glxppot areas of

the object, which are “irra the mo and focused lighit beam. The phase difference
image data mayjbe, subjgctedgate graghatitneottieg sionmprodessingds st ighidzonsoof the phase
difference image data ar 0 ver%ad in accogi

nondestructive Sa hBFESAtY ea%éﬁ%iéhrenrélt%ougélrﬁ(gnyvgggr%?%%% ﬁ%%@gﬁ%g r&%@ti@] ERaigeteristc: The
being carried out with a modulation signal synchronized with a reference signal
composed of a 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 said magnetic field signal; and
producing phase difference image data based on said 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, 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 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



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 9 imagebased on previously-prepared referential phase
difference image data, whereby the phase difference image can be compared with the referential
phase difference image. The nondestructive and noncontact analysis method may comprise the 5
steps of producing phase difference histogram data from the phase difference image data; and

displaying a piigse glllgenge &mgtfsnnglﬁgg@aim&%ﬁéﬁ%g%@ﬁ ORHELANING ROasflTerence

histogram data. The nondestructive ontact ana ethod may comprise the steps of
producing pheisereliffetien phhistdgifanedatafrogs the flaserdiffereheathiotimagfedataalapbladésplaying a
phase differe histogram in an image display system based on the phase difference histogram data
together with %Fé}(é%%@la%%ase difference histogram based on. previously-prepared referential phase

difference histogram daracwibaerRyrthei phasd difference histggrasmeam fe nepmpraredivdtinghe

referential phase difference histogram. 15 The nondestructive and noncontact analysis method may

comprisé thé'&RegafoPreduciagnghassaditbaen dystossiyrsiial from the maassediiamcsignal; and
producing magneticyield INEngityIMAGe daiaRasadrrihe-magnelis,figk M%ﬁgﬁﬁ@ Jaghe

nondestructive and noncontact analysis method may comprise the” 20 step of displaying a magnetic
field intensity ystayetanddopHasepdiaker dniderimag bistognaimalgéadisplay system based on the magnetic

field intensity image da%%qgoﬁggs%l% 1Vgi£§1ec{

%%%%&@%%? éjr?a%}sis method may comprise the
steps of: producing phase difference histogram data from the phase difference

10 image data; and displaying a phase difference histogram in an image display
system 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 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
n an image display system based on the magnetic field intensity image data aﬁd
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



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 magnetig field intensity image and the phase difference
image can be compared with the 10 referential magnetic field intensity image and the referential
phase difference image, respectively. The nondestructive and noncontact analysis method may
comprise tHefei@Hiar Preaeimbelddieestrisnpanansuhriseiprentiat aean Fillsrrcaiffargfce
histogram despebiivanthe magnetic field intensity image data and the phase difference image data,
respectively. The nondestructive and noncontact analysis method may comprise the step of displaying
respective magnetic field intensity and phase difference histograms based on the magnetic field

intensity histogramnBoPHESEUSiHEr @REARTBRIASPAatSID GeRtRadWTRY eTeiRPatnP &R GE field
intensity anstqhrsey difigreniecibistpgsasits hesaon iRyt hhase predvagnredigrieldinensity
histogram iffer istogr . r t tic field.l ity histo and the
phase diffe&%ﬁizﬁs@a a%nﬁégfép éﬁ?gg@;ﬁé%itﬁgt}ée re?(reqr@gﬁ;})g]%%é&rﬁ%?éi?e J‘Fr%@%ws%?ﬁstog ram
and the refé?&pREIVPhase difference 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 [ ‘?%‘&ﬁﬁggﬁuto%&@ea%c%ﬂé’@rﬁé@?%ﬁég\%‘rg‘ﬂ?et%ﬁﬁé@: cglig#{ége%sﬁ %t%&?%? diagram of

an embodiment of a nondestructive and noncontact analysis system according to the present
invention, i ARG "Sfieettiveafeqaseisdigicantensityandiesp difference histograms based on

the magnetic field intensity histogram and phase difference histogram data together with
referential magnetic field intensity and phase difference histograms 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 field intensity histogram and the referential
phase difference histogram, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

The above object and other objects wili be more clearly understood from the
description set forth below, with reference to the accompanying 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
nondestructive and noncontact analysis system shown in Fig. 1;

Figure 3 is a view conceptuaily 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. 1;



Figure 2 is a block diagram of a system control unit included in the 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 sh@wn in Fig. 1; 11 Figure 4 is a view conceptually
showing a scanning manner in which a semiconductor chip on the silicon wafer is scanned with a
modulated and focused laser beam which is generated in the nondestructive and noncontact analysis
system shown in Fig. 1; 5 Figure 5 is a view conceptually showing a frame of mxn magnetic field

intensity image pixel daig, whighds, SFURAIR EREAN A666TEMERABLRANIREUded i the system
Fm

control unit; Figure 6 is a view conceptually showing a frame of mxn phase difference image pixel
data, which & sesaeebirdthigamsdiomatdbss sy decRIAMY fslad ed i therspsteliebritad! unit;

Figure 7 is a.yiew ceptyally showing a one-dimensional m which is stored in. a read-only
memory (R %ﬁ%ﬁ%@g‘% irlll5 ﬁ%n SysS éﬁgc%nﬁﬁl%%ﬁggaﬁ%%cﬁ(%dl%g@%ﬁéét%&gt eggﬂra%gg?difference
image pixel datdytsises gradatbhoveomndrgion processing; 15 Figure 8 is a block diagram. of a personal

computer included in the nondestructive and nonconfact analysis system shown in Fig. 1, Figure 9A is
oTeal mgnetic fild S Miyd AHEh SOBIEBIRD SLOOHTh & AT O REhat i ensit

image pixel grta darivasg {roma dpieelive.semigaprustatsievice; 20-kiglye MR dsa rerirgnetic field
intensity image which is produced based on a frame of magnetic field intensity image pixel data

derived fron{ B/Ag¥ddrsdndednadbeos éeresontrol unit;

Figure 6 is a view conceptually showing a frame of mxn phase
difference image pixel data, which is stored in the random access memory

10 (RAM) included in the system control unit;

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 1mage 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



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 dgvice; Figure 11A is a real magnetic field intensity
histogram which is 12 produced from the frame of magnetic field intensity image pixel data derived
from the aforesaid defective semiconductor device; Figure 11B is a real magnetic field intensity
histogram which is produced from the frame of magnetic field intensity image pixel data derived 5

from the goggeriaonductticdaviag: owiaskfids Relgahibase ditiesenge fistaaiamamvied is
produced from the frame of‘ghase difference image pixel data derived from the defective

semicondudisradifcatarngate doRGH vereampeRREGHREEIEE Histogram which is produced io from the
fi-ame of phase diﬁerepfﬁ%}@aﬁ%piﬁeladq%%p%ig ef&gnhma %‘P&ﬁ '}ﬁg r %\{Lq?;igigure 13is
Ine

a flowchart of a main ro executed In the system control circuit of the nohdestructive and
noncontact pralysisisystemtheidgummt4os mignatharf effamimege prodgetioxebutie éxevated as a 15

subroutine :? the ggin rcgjtine.of FiF%i 3; Fi?%ure.15 is a flowchart of a main routine executed in the
persongl c ﬁ?ﬁﬁlt SHH HoHtedt %% d%Foncontact analysis system; and Figure 16 is a flowchart

of a histogram productigaeutine\exeautes] ashaesubifertineimifio fpai hiine Qf figddsd0
from the frame of phase difference image pixel data derived from the defective
semiconductor device;
Figure 12B 1s a real phase difference histogram which is produced
10 from the frame of phase difference image pixel data 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 1s used to analyze

and evaluate an obiect, 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 heremmbefore, such an electric current is called an OBIC

(Optical Beam Induced Current) in this field.



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 ysafer, 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.
13 The nondestructive and noncontact analysis system comprises a system control unit 10, which is

constituted as a microcpRPUIEH ASFREWRINRIS- fodamsly. tg.systenaoatiolupit1dgcldes a

central processing unit (CPU) IOA, a read-only memory (ROM) IOB for Storing various programs and
5 constants,sayimaeaiaotasstnh8 muhyclRia MY1IOCi fed gtodimgitenponprytataas shnwinpatfagtput (1/0)

nterace iroit N0 A0 ATAIRT HOTRLAR) SRS ETSL R

5 20010, Ao the,
nondestructive and noficontact analysis system comprises a " laser FelhY geﬁer%t}gﬁ} H?ition

apparatus 12{dcludingail-asigr heamoto JRE@MioriHBdutatostbdy angtdiefeseneasignatgenerator
12B. In this embodiment, for example, the laser beamlggienerator/modulator 12A contains a fiber laser

device fr g&RERHNG:hPEARIRACE sSSP HBaRY, Eha i d86udhe Bpns HawRE By f8auiting the

emitted lasefheamuibie refereneesional gauaratorgisB geaerales %{a@g%@&i%%a'@ﬁﬁ

composed of a series of regular 15 pulses, and outputs a modulation signal MO-S to the acoustic
optical deviceosvarerfas8EBBsh $Bnerator/modulator 12 in synchronization with the reference signal

RE-S, to thereby modulge thg 13561 PRI A SRIFRBRE IR g R 00 S 1983 MRS

laser beam generation/modulation apparatus 12 including a laser beam

10 generator/modulator 12A, and a reference signal generator 12B. In this

embodiment, for example, the laser beam generator/modulator 12A contains a

fiber laser device for generating and emitting a laser beam, and an acoustic

optical device for modulating the emitted laser beam. The reference signal

generator 12B generates a reference signal RE-S comiposed 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 1is focused and emitted from the

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



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, thg 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 fY§eraieain Fdsnseatarlly Bivittatedbiiighd - optical unit 12D as a modulated and focused
laser beam MLB, which is 14 symbolically and conceptually illustrated in Fig. 1. The nondestructive

; ich s 14 syr | conceptua . ;
whfer 16 b6 anaiyiLh AR STEIUASILTC HEteahaih MaeREs e O B EEs SR L2 o

wafer to beS#28y?8d 3Kt 28Vt Sisindicatsiitirrariiinde Boerahesd vdageivated central
opening forgeesthssyainumistibe SEOCN viater BWiFiyatigiedwdtn herenadpénsed pnrd ioeiised laser
beam MLB ' ses. t ' t -Y st T - 4is
movable ol S ARy E) RESETLTSIHIBOR) e KA T E o AR G 1o he

X-Y stage ae@iphanatiRestifenvafarer B\ idradiainsenithidhenrsuatest ant NoBsed 18fe end, the

X-Y stage issneckiaioatichassseated ightite natharisatiagaimaoksy dage 18, and the mechanical
association between the X-Y stage 14 and the mechanical scanning system 18 is conceptually

represented by a broken arrow BA in Fig. 1. The mechanical scanning system contains two respective
electric drive motor§§ak-&iaeg ek MoxeRi 3lana R HRXIX 2pds ard syl Aieeemiirdahgular X-Y
coordinate ¢éorandiheseietiastiiwith e gactarsrar ¥ -adristagebiasdeiverac ey Biidnwhitth &operated

under Com@éaq{ntgc? Wﬁtemec?ﬁépl QQH%LB. To this end, the X-Y stage is mechanically
associated with a mechanical scanning system 18, and the mechanical association
between the X-Y stage 14 and the mechanical scanning sysiem 18 is conceptually
represented by a broken arrow BA in Fig. 1. 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 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.

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



While the silicon wafer SW is scanned with the modulated and 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 ggen arrow illustrated by a broken line in Fig. 1. 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 conteqlling{ProgsRsingeCickl 998 sentainingambht Gheok-oah Lagpida wlisuinMgte, the
a

HTS type SQUID magnetic sensor can dete very small magnetic field density of less than 1 pT
(pico-tesla). TTREBQU fEidalgnsty séhewtrthan iskbirsieteblathe SQUID controlling/processing

circuit 22B, and detectsthe ic fleld MF to_thereb produce ID signal SRS+
accordance with an int?rﬁﬁs?tyr%@@delpe% Ie%/hr%aa%a%%f}crfi)g%s%llks. I\?é)r%%f)?,fgwhrjﬂ%ﬁhqﬁ gili%(@'@vfg‘er SWis
scanned with¢herofindyijatedt ssiddfetussd 1ase rdmehdedisB theseries of SQENDNIignalthSQbS are
produced and oytput fr SQUI etic sensqr 22A tq the SQUID . controlling/processing
Ciouit 255, FERANEN DR ST SO S B a1 G AR BROLSoSb RS SarEkspronuce a
magnetic fielghsignalVif=R. Bithoughngtilusisatehin Figoh i 4eaitywha naanesisw dEtegion

apparatus 22 is covered with a magnetic shield to thereby protect it from an environmental magnetic

field. Namelyhehdatedanditiospise danarderaantyl LiBagnatid ekl i§@|wﬁé @'@@rls;fsﬂo%i@m-tesm), it
should be redyced.toyt .508{g8{ b ({hae”%“égt‘rj:ﬁ%bﬂé’&ﬁéﬂ% ‘?“Eﬁlé{’%eﬁiiﬂ ”sj@\lf’ﬁgus 22

can be stably operated. The nondestructive and noncont&ct analysis systém Is also p
controlling/processing circuit 22B, in which the series of SQUID signals SQ-S

| 10 are suitably processed to thereby produce a magnetic field signal MF-S.

Although not illustrated in Fig. 1, in reality, the magnetism detection
apparatus 22 is covered with a magnetic shield to thereby protect it from an
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 iput 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
MFT-S. On the other hand, in the two-phase type lock-in amplifier, respective
phase differences between the exiracted frequency components of the magnetic

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



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 circui{@4. 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 typg:lach-imansnlier iospasiive phass giieisncasdgtvweensthemdiacietidresiiency
components of the magnetic field signal MF-S and the corresponding pulses of the reference signal

RE-S are 16igeab88dand output from the signal extraction circuit 24 as a phase difference signal

PDF-S. Figure 3 conc%a%?]‘]éxtli ??.%WF; %th&%?gtwg%ig}gﬁgéﬁr%%é@n@JeRFB-él.éggemodulation

signal MO-S, and the m nsity signal 5 MFI-S. As Shown in Fig. 3, the magnetic field
intensity sigraiASE-5 ibempodeldodthe fredddhey combiremzanbich fark] erteasied Sromlthe
magnetic fijl{ji: ignal MF-S in accordance with the reference signal RE-S, and each of the frequency
compor15ent jf res a phase difference with respect to a io corresponding pulse of the reference

signal RE-S. In Fig. 3, aphasevdifferepice betleemadieduefieyicompenientiiae magretig field
intensity signal MFI-S and a corresponding pulse of the reference signal RE-S is representatively

indicated by 9B1BRSAECA G EHBIENRE HHASOHHETSHBECEigHE PHRCE S BompdsamasrREC
consecutivephase HiffefgRces (At BrMwGaN Jhe kacied feausRty 90mMRORERTEd8IPHigdnagnetic

field signal MF-S and the corresponding pulses of the reference
frequency components features a phase difference with respect fo a

10 corresponding pulse of the reference signal RE-S. In Fig. 3, a phase difference

between a frequency component of the magnetic field intensity signal MFI-S and

a corresponding pulse of the reference signal RE-S is representatively indicated

by reference Ad. In short, the phase difference signal PDF-S is composed of the

consecutive phase differences (A¢) 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 arcas 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 -



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 thessilicon 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 RIPFEERA/eMERCD O HACIIIFHERMRe '8y SidRh CorRdYTMiEAY Ff 1R ERRHERIAKSHR the silicon
wafer SW hisviaeallitadiycahreenitoniciiciotuthipdasna sodating thtlke teaim aidafseaxmap@uaior device is

17 produced ' eac semi r ices, itis
scanned w%ét%j ﬁf@dﬁ%?eﬁg?%%%@%%é%%,i%@ﬁﬁﬁ%&fg\ r E?(?ﬁr%\%é : Wﬁrﬁ%ﬁ% af(}ﬁagn ner as
conceptual P ghERASPRIE SR BaNREPVihiEi§PEShE B nEisp et Xs Bis B Sifidorflthfer SW is
representativelyhipdicsdeticby refaread e/ AhansbdhbeaimphiiBaalcAgia staanedraitiive Naser beam MLB

along a Zig%@%%ﬂé’é’%ﬁ\édw% d %T:A‘”{gﬁé?ﬁﬁ s?a?tig%ﬁ?oﬂ?,saﬂds?%%ﬂge%@ ﬁrﬁﬁé&@‘a %EQnFﬁﬁ rence SE

indicates a scanning end position. , hote, reterence SD1 indicates a first SC@””'F‘QH ction in
which the &P BREHEANSSARIRPIRIBIRSEL A HRART M\ ATBRATREHHEHIR thevhightdfrection (Fig.
4), and refetripcr&DRA0isecamtkgcitnthg EisectoannE e rabifngre i Ghie isgscainseidrwith the

laser beam (| e mevigt tebe el dieclign ol WhE RGIRALRR Ghisseapned with

the laser beamn MLB in the scanning manner as shown in Fig. 4, the magnetic Intensity signal
MFI-S and 8%8i8dathitfie fasricPsRin A PN 4re iR dda iR SRR &gt & B-bit digital magnetic
field

While the 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 and the phase
difference signal PDE-S are successively converted into 8-bit digital magnetic field
intensity data M1 and 8-bit digital phase difference data PDF by the respective A/D
convertors 10E and 10F,

When the scanning of the chip area CA is completed, a frame of B-bit digital
magnetic field intensity image pixel data MFl; is produced based on the successively-
converted 8-bit digital magnetic field intensity data MFI, and is stored in the RAM IOC 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 pixet data MFly, and each of these image pixel data
MFi; is defined as an average value of the consecutive ten digital magnetic field intensity
data MFI.

Similarly, when the scanning of the chip area 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



intensity data MFI and 8-bit digital phase difference data PDF by the respective A/D convertors 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 successively- converted 8-bit digital magnetic
field intensity data MFI, and is stored in the RAM 10f 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 value of the consecutive ten digital magnetic field

intensity data: . Simj i TaTeNcls ' i g f 8-bit
digital phase% e%r'er?érsgiiﬁgég)e%{¥ gﬁglﬁ(}j@tﬁﬁggﬁ; IS pr%zc%g;g}@aglgzdﬁ (%1%1%%?%%22%%@3 c%c%%néerted 8-bit
digital phaseadiffetehie dstac PDPosattds storae o the RAMAGCHof thdaty $Bi; centehohibf0, as

conceptually shown in 18 Fig, 6. js.apparent from this drawing, the,pha ifference image on the
chip, ron CAEE T O e R e DR AL AR FOET Sl ireath b HiEo mage
pixel data PR isdefingd asdif@wiaoéavalPpRf the consecutive ten digital phase difference data

PDF. 5 In this embodiment, before each of the image pixel data PDFiJ is stored in the RAM 10C of
the systém control unit 1, i STYeaReRS abgiatatontctvehsionprscaisRlgiHGNGAE; 18

one-dimensignakmag, A% CRICSPLYIALY ShANN .Fish T-B% Ay ofeXpmple.Whish is ipviously defined

and stored in the ROM 10B of the system control unit 10. As is apparent from Fig. 7, for io example,
when an imagegikisind acnmePDRE]j pepeesEng aphgse diffedénsmyidnet Mg, isiscorapttedyinto an

mage pocl i FRER oIS Besklnyel SRt e peldaum D
{in-termediatethe ROM 10B of the system control unit 10. As is apparent from Fig. 7, for
10 example, when an image pixel datum PDI; represents a phase difference A¢ of -
180°, it 1s converted into an image pixel datum PDFj; featuring a black level
*255”. Also, when an image pixel datum PDF;; represents a phase difference A
of 0°, it 1s converted into an image pixel datum PDF;; featuring an intermediate
gray level “128”. Further, when an image pixel datum PDFj; represents a phase
15 - difference A¢ of +180°, it is converted into an image pixel datum PDFj; featuring
a white level “000”.

On the contrary, if necessary, the image pixel datum PDFy,
representing the phase difference A¢ of -180°, may be converted as featuring the
white level “000”, and the image pixel datum PDFy 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/0) interface circuit 261). The TV monitor

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

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



gray level "128". Further, when an image pixel datum PDFij represents a phase 15 difference A4 of
+180, it is converted into an image pixel datum PDFij featuring a white level "000". On the contrary, if
necessary, the image pixel datum PDFi" representing the phase difference A~ of -180, may be
converted as featuring the white level "000", and thgimage pixel datum PDFii 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

microprocesaar, 26 AdeAROMMMETRTy 6ROMY2AE ok Riering \arions 28Aearamsang eonstants, a

random-access memory (RAM) 26C for storing temporary data, and an input/output (I/O) interface
circuit 26D. Tk A6 Imidmirogh28his lvodnéisle ditty th2Ghicrbprieassbe 26 tndugimthettOigtsrface

circuit 26D. The personal.computer 26 ains,a hard disk drive .26E for driving a_hard disk 26F. The
microprocesgg?\é)gi Whtes \?ar%g%%aaré?ﬁtﬁg%a%%%%i 18" %ﬁ?ﬁu%ﬁtﬁglﬁgﬁﬁtﬁ@dr & 26E, and
also reads thaivesinus«iata ftem theohatd tikisk Q6 thraughirarharddiskithkives26bafdifhds, the

personal computer 26 is provided with a keyboard 30 and a mouse 32 which are_connected to the

micropréces¥8FS4A HRSTgFARRWC fTaRaRdscABdi HED T HEk T RIT 2P s e |42 tehdt various
commands apddatai9hRNIESORIAAES AL AGAn@RY A MONTBREIeNERd LAIRRULIA.CATpAGNd to the

microprocessor 26A by clicking the mouse 32 on any one of the various command items displayed on
the TV moniwn28. 3heciranias oftnxd ithageasizaisdatarvirRdndPBb Fdispiied fromtiee 1% system
control unit 1Iolt -%hgé}bersonal computer 26, and are temporarily stored in the RAM 26C of the

Monito : .
personal computer 26." The microprocessor 26A suitably

The frames of mxn image pixel data MFI;; and PDF;; are fed from the
16 system control unit 10 to the personal computer 26, and are temporarily stored in
the RAM 26C of the personal computer 26. The microprocessor 26A suitably
processes the frames of mxn image pixel data MFI; and PDFy to thereby
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 fieid
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 cach other, and have a size of 6 mm x 10
25 mm. As is apparent from a comparison between Figs. 9A and 9B, the respective
magnetic field mtensity images shown in Figs. 9A and 9B are distinguished from
each other at local areas indicated by arrows DT1 and GDI. Namely, it is found
that the defective semiconductor device (Fig. 9A) has a defect at the local arca

indicated by the arrow DT1.



~ processes the frames of mxn image pixel data MFI; and PDF;1 to thereby 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, maybe 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 showngi, fig: PBAS:dlerives LesA§RCKk seRHGROdHARICHEY ISR AR KGR iy the same
silicon wafer (SF) as mentioned above. Note that the defective and good semiconductor dévices are
identical to exchxathots andivdvera diselafyedron 0P8 monieris Appahenphave difterepadson
between Figs. 9A and 9B,.the respective ;magnetic field intensity i s shown in Figs. 9A and 9B
are distingu SRR S ath it b o A R B T8 e s foune

that the defedtivie semi¢ahdystiasdldvitar¢hig. BA)dmstvdefaet aighd (I dkadesvintigatadthy the arrow
DTI. 20 Figures 10A and | OB show two real phase difference images by way of example, which are

displayed orftREFInaAREr SEPIRNPHEISE difiefice dMalbe SRBANTH KIETLOA ROGSEWom the
aforesaid defReHRPETRICONINGIRN HRYIGR-HIthibeinfass differanes dMAYR ANPYWR IN F)0ad@B is

derived from the 5 aforesaid good semiconductor device. As is apparent from a comparison between

Figs. 10A. anfifome th@%ﬁ’é@é’@ﬁéh@ﬁkémﬁfa@é@hsmmﬂ,iﬁﬂﬂg%l@ﬁ@aﬁdﬂiﬁBtadet&{s@fmﬁmguished
rom eoch o Splmesoindieid ey BEASIUSRE domerehedelssieys
course, the Idefdcareathe local area indicated by the arrow DT2. Of course, the local area
10 indicated by the arrow DT2 is the same area as indicated by the arrow DT1 in
Fig. 9A.

Note, the four real images shown in Figs. 9A and 9B and Figs. 10A
and 10B 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 [0B, it 1s possible to more accurately analyze and cvaluate 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.



to indicated by the arrow DT2 is the same area as indicated by the arrow DTl in Fig. 9A. Note, the four
real images shown in Figs. 9A and 9B and Figs. IOA and 10B were obtained under the conditions that
a spot diameter of the modulated and focused laser beam MLB is 10 m, and that a frequency of the
15 modulation signal MO-S is 100 kHz. Comparing 4he 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 an it i i ratel | te.
semiconductor devices%i@(%c&éiéiqgatag%(ﬁégn%%?&%%ﬁ%@n% gg@g?&%ﬁgi@é@gﬁﬁgﬁe only the
magnetic fielthihtensitysiendgésrane aithizenimshor yfroe phednvedtbeasad searthy; itewpsdiound that the

respective hase differences between the frequen ponents of the magnetic field, signal
VS and B LB g RO O L B BTG AT e B o ALy s Hrece of
the defect inIhe semicendistordayvigeoanetimererciaarhhiepresentithe existense shdhelatect in the

semiconductor device in, comparison with the magnetic field intensity signal MF-S. 21 In this

embodirﬁent@ifﬁ%‘%‘é%%g?%%ﬁw ﬁ’@l&%@@sﬁ?ﬂi@tﬁ@r%%’é‘@ﬁ%@if?@rence histogram may
be produced based on {g,[gspe¢iive \iiames aidaxnimags Axeldaia Mhkaed ARk o« Algkmay be

displayed on the TV monitor 28. The production of the magnetic field intensity and phase 5 difference
histograms megdusashivisgdonirtthenprgsohal teldpuengey Higagss Shavand [BighoWAwodnagnetic

gf]'g Intensity SIG0raMePRGUEES AR AN Ngiadnglic lied insirmages shonminbios 9A

“000”, it represents a white level; when 8-bit image pixel data MFI; is

10 equivalent to “128”, it represents an intermediate gray level; and when &-bit
image pixel data MFIj; is equivalent to “2557, it represents a black level. As is
apparent from a comparison between Figs. 11A and 11B, the respective magnetic
field intensity histograms are distinguished from each other at sections encircled
by circles DC1 and GC1.

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 PDFj; is equivalent to “000” (A¢=-
180°), it represents a white level; when 8-bit image pixel data PDF; is equivalent
to “128” (Ap=0°), it represents an intermediate gray level; and when 8-bit image

20 pixel data PDF}; is equivalent to “255” (A¢g=+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



9B. In these histograms, when 8-bit image pixel data MFI1j is equivalent to "000", it represents a white
level; when 8-bit image pixel data MFI;1 is 10 equivalent to "128", it represents an intermediate gray
level; and when 8-bit image pixel data MFI;j is equivalent to "255", it represents a black level. As is
apparent from a comparison between Figs. 1IA and,11B, the respective magnetic field intensity
histograms are distinguished from each other at sections encircled by circles DCl and GC 1. Is
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;1 is

equivalent to, {000 (A4~ it en jte l; when, 8:hit i ixel xS
equivalent tocl)d)gz%f a%gg@fﬁé;?%gn% %‘ﬁﬁﬁ@fmgg%t%%a% e“%‘l"gm‘%ﬁ % %ﬁégrgaeﬁéo pixel
data PDFy isenttdaidniitoH2 b6 (Adrud8a) st deprasentsca hiatkdsvetstén is pppaned {dn a
comparison between Figs. 12A 1128, the respective phase difference histograms are
distinguished from eacks b b GLcildh & SRLRLR BRI S BRI LT hnd GC22.

By using theigiﬁé@famsf?&ﬁhﬁw?éasﬁmc&ﬁp@ra@r@@ angtEigFic?d SAfaRahig, ﬁitsiwmésible to
more accurately analyze and evaluate the semiconductor devices produced in the silicon wafer SW, in

comparison WAL Zsskang e el tsairagirdionde iNeR sitgsntipndsan differaneeninies as
h in Fi Fi " _ . f .
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the system-control circ e execution of the main
routine is stéotefiavperstite@lnondgsitectRe bhydmengurtdot@ratisis fysteryisopoivéfechOreAt step

1301, it is monitored, whether a scanning-operation start signal js.receiyed from the personal computer
26. Note, ARV hcn DErer QPG B GH A b RO S 1o HoaN R SR biage 14,
when a comerl ¢ system control unit 10.

10 When the receipt of the scanning operation start signal is confirmed,
the control proceeds from step 1301 to step 1302, in which a positioning
operation for the silicon wafer (SW) is executed by suitably driving the
mechanical scanning system 18. Namely, a chip area (CA)} on the silicon wafer
(SW)} is positioned such that a scanning start position {SS) on the chip area (CA)

15 15 irradiated with the modulated and focused laser beam MI.B. Then, at step
1303, it is monitored whether the positioning operation 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 PDF;; 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 herematter.

At step 1303, the produced frames of mxn image pixel data MFI; and

25 PDFj; 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



feeding the scanning operation start signal to the system control unit 10 is input to the personal
computer 26 by manipulating either the keyboard 30 or the mouse 32, the scanning operation start
signal is fed from the personal computer 26 to the system control unit 10. 10 When the receipt of the
scanning operation start signal is confirmed, the cagtrol proceeds from step 1301 to step 1302, in
which a positioning operation for the silicon wafer(?SW) is executed by suitably driving the
mechanical scanning system 18. Namely, a chip area (CA) on the silicon 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 AATME bty @t seps 243 JLig,maniiared wheihenineiposiianiog nctation has

been completed. completiono sition operation is confirmed, the control proceeds
from step 130Q3Ath @teihd 3{4k;dn whikh &8Whag e ostaopmt stiorthao utines imexe ctiedposthereby

produce and stare a frame of mxn etic field 20 intepnsijty ima ixel data MFI11 a frame of
mxn phase éﬁ é%’céﬁﬁn 8 ﬁi%al ggf@ﬁﬁ#?#%@%%ﬁﬁﬂé% df‘ﬂ%ﬁl%@%eﬁ%%ﬁél%s ﬂﬂ‘% Tas shown
in Figs. 5 andfbwiay pfiepampie), Noreathe inagedata areductieniravinsiwilibacexplained in detail

with reference to Fig. 14 hereinafter. At step 1305, the produced frames of mxn image pixel data MFh,
and 25 PDrptMEd 8 pERBRATTERIpUISRSS thiBlgRch e RirRkdatR PO Hithe system

control unit 19, A1 sfiap 1306¢dUS dFteyningdNnaiherANRINGLRR:RIRA ﬁ%&ezécg{g@%d remains

on the silicon wafer (SW). en'there is another chip area (CA) on the silicon wafer ( , the control
returns to stépBead dd3d e routine 23 comprising steps 1302 to 1305 is again executed. Namely,

e e chiparea (A oo SleoR e (S ISR i ik  seneny Bt posier
£ scanned remains on the silicon wafer (SW), the control returns to step 1301, in
10 which it is monitored whether a further scanming-operation start signal is
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 c, 1
andj 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 SDI, 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 17 is given
to the flag SDF.
At step 1402, an 8-bit digital magnetic field intensity image datum
25 MEFT 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 14035, the fetched datum PDF



beam MLB (step 1303), a frame of mxn magnetic field intensity image pixel 5 data MFI; and a frame of
mxn phase difference image pixel data PDF;j on the other chip area (CA) are produced and fed to the
personal computer 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 (%XV), the control returns to step 1301, in io which it
is monitored whether a further scanning-operation start signal is 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 st iti I to "0",
variabies SN R EL L TG SR A IDE SRR L SUAUEDHANESE 2
initialized to ﬂﬁﬁp wamm@@aﬁ)emwm sefpredioe thé il bhwihercthentitipaisa {GA&)d 2ats scanned

with the lase th t scanning direction SD1, a setting of "0" is given to the flag SDF,
and, when t anned with the laser beam MLB in the second scanning direction

SD2, a setting of 1 Isgwg@ t@ztbe flags SRInidtstend4er an-8uhit digliaemapnriicdigigintensity
image datum 25 MFl is fetched from the A/D converter 10E. Then, at step 1403, the following

calculation iSearsaehsdt “SMESEECF Mt thestisialsingss B iceniel prrcsedimErmRcETmage
datum PDF iy detghe §at|oﬁ QRS AP EONYRIE L HAR Hser %&c%f?eoc%%ﬂ?mi%%i SiRhemhSRUMR DR 24 s

subjected to a gra convérsion processing, using the one-dimensional
“1”. Then, the control returns to step 1402, and the routine comprising steps

1402 to 1408 is repeated until the count number of the counter ¢ has reached <97,
1.e. until the respective variables SMFI and SPDF have reached the sums of the

10 consecutive ten magnetic field intensity data MFI and consecutive ten phase
difference data PDF.

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 MFL; 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 PDFj; 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 1s determined whether the scanning-direction
mdicating 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 Iine of
each of the frames of magnetic field mtensity and phase difference images
(MFT;;, PDE).



map shown in Fig. 7, and, at step 1406, the following calculation is carried out: SPDF E- SPDF + PDF
At step 1407, it is monitored whether a count number of the counter ¢ 5 has reached "9". Since ¢=0 at
the initial stage, the control proceeds from step 1407 to step 1408, in which the count number of the
counter c is incremented by "1". Then, the control returns to step 1402, and the routine comprising
steps 1402 to 1408 is repeated until the count nugaber of the counter ¢ has reached "9", i.e. until the
respective variables SMFI and SPDF have reached the sums of the 10 consecutive ten magnetic field
intensity data MFI and consecutive ten phase difference data PDF. At step 1407, when it is confirmed

that the count nurH&iEdT O tedital Hanss thexesrieeh prosredsdrrose dddd TR 4631107 to step
1409, in whickhiefaboningresde Waliensanecalsiedratiensal blij4®. SWHA/1h8 3R] et piDF/10
Namely, an i e.nixel ij is _defi of the .con tiv digital
magnetic f%?%%e%%@iﬁ?a Fpﬁgtéélﬁ%%éﬁﬁgt%tegg%aggﬁ%%% ?llgfg ?ﬁtée%?§$§§ ﬁgﬂ&% g%"?ngnd an
image pixeNHEWREH PHE) FHERhe 29 BedRAVBTade valtictbe HesrRasiy¥BcttHRasRbIfhseldifference
data PDF ofarjned FOR), thelphas e diféchenzensignadPEI kS fahmiepldignéie tauntesrsignd the

variables SQ{J]%I %QgesffB%%S l@%@%ﬁwﬁeb@@ﬁbbﬁ% égp 1411, it is determined whether the

scanning-direction indicating flag Is equal to 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 reachegtem4NDtevias iR apparimidiomabipe. colmnchombe’ oeessniste nuwaer of image

pixels '“C'”.Peea%ﬁ%aa"m“”E8.”ﬁ§%.‘.§bes8£cﬁ\?§ﬁm%fﬁ&? s ahmaspeicleidieasiyed phpse
difference ma}ges (MFIij, PDFij).
PDF; have been produced, the control proceeds from step 1412 to 1414, in which the
scanning-direction indicating fiag SDF is changed from "0" to ™". Then, at step 1415, a
count number of the counter | is incremented by "1", and, at step 1418, it is monitored
whether the count number of the counter j has reached "n". Note, as is apparent from
Figs. 5 and 6, "n" represents a number of the horizontal lines included in each of the

frames of magnetic field intensity and phase difference images (MFl;, PDF).

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 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 Mil; and PDF;. Note, during the production of the two respective
second horizontal lines of image pixel data MFl; and PDF;, the control skips from step
1412 to step 1415, 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 MFl; and PDF; have been produced, the control 'proceeds from step 1417 to step
1418, in which the scanning-direction indicating



25 Since i=0 at the initial stage, the control proceeds from step 1412 to step 1413, in which the count
number of the counter i is incremented by "I". Then, the control returns to step 1402, and the routine
comprising steps 1402 to 1414 is repeated until the count number of the counter ¢ has reached "m",
i.e. until the respective m image pixel data MFIjj and PDF;, included in the horizontal lines of the
frames of magnetic field intensity and phase diffesgnce images, have been obtained. At step 1412,
when it is confirmed that the count number of the counter i has reached "m", i.e. that respective two
first horizontal lines of image pixel data MFljj and PDF;; have been produced, the control proceeds
from step 14393BF F1chapeRmhiEmng” tedhniiterifd Sifm fifrélfc MM § Ay simbes RGeS m 0" to "1".
Then, at st¢psliddieranealiby NUMGeT, Gft thercodpiettjissineiemantedtby ihe andnah eieged 416, it is

monitored Wg%@ﬁ@épengggg&ﬂ%@ r of the counter j has reached "n". Note, as is apparent from Figs.
5and 6, "n' representjs a number of the horizontal lines included in each of the frames of magnetic

field intensity and phase difference images (MFI,;, PDFj). When the count number of the counter j has
not reached "n", thgteartielcqioceadsdramisiaplibjthastept ¥4adhdtisnmenitosactov hathes the count

number (m the ¢ i r "0 A > ontral 1o step 1418, in

which the cﬁ%&t %%pm%gefrqg# tﬁtee&g&%ﬁel[g ??ggi%ﬁ%)dn%%% tg’;) 'rf(%'?%?gﬁ,%@ %ﬁ%@?&?@%{ rom step

1418 to ste|"248 28 FripM I ASIURR T b Pl it tRe EHPRUAYRT: 6htRP IMES es PR iel data MFI;
and PDF;. Netieoclaring:thsf pragdeglicn chith®FNaihdIPRE]\Be speadldietantaotnetpfimage pixel

data MFIjj qggtgpf&zt’kbeef%téoﬁ%@_szgpm step 1412 to step 1415, because of SDF=1. At step

1417, when 1tIs 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 MFIjj and PDF;; have been produced,
the control proceeaissteant stemi 4471totSteporidd@dithuthieh dbenseanaged tectoontdicaiing 26

reached "n", i.e. that the chip area (CA) concerned has been 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.

Figure 15 shows a flowchart of 2 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

' ‘s‘c',anni_ng' operation start signal- to the system control unit 10 is input to the

_ / mic‘ropf'ocessor 26A‘by mani'pdiating either the keyboard 30 or the mouse 32. When the

| inputting of the signal feeding command is conﬁrmed, the control proceeds from step

16801 to step 1502, in which the scanning operation start signal is fed o 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 MF1; and PDF- from the system control unit
10 (see step 1305 of Fig. 13). When the receipt of the frames of mxn image pixel data
MF1; and PDF; from the system control unit 10 is confirmed, the control proceeds to step
15604, in which the frames of image pixel data MFl; and PDF; are stored in the RAM 26C
of the personal computer 28.



flag SDF is changed from "1" to "0". Then, at step 1420, the count number of the counter jis
incremented by "1", and, at step 1421, it is monitored whether the count number of the counter) has
reached "n". When the count number of the counter j has not reached "n", the control returns from
step 1421 to step 1402, to thereby produce two respective third horlzontal lines of image pixel data
MFIjj and PDF,j. Note, during the production of the,two respective third horizontal lines of image pixel
data MFI; and PDF1, the control proceeds from step 1411 to step 1412, because of SDF=0. At step
1416 or 1421, it is confirmed that the count number of the counter j has reached "n", i.e. that the chip
area (CA) concerridd st BE66H chnmplerelytatethetetiith aneirefuldisrlaying feeuyeandstr beam MLB,

the control e@ym&&%éé&ﬁ@ﬁ;b@aétw fiel@Rniakinpbie phask reHERm eh eyt lig tAs iigure, 15

shows a flowchx?rt % a mal tlne executed in I%g r‘%ICI’O rocs sor %E‘)A f the ersg%l computer 26.
or 5 in e micro roce e ke
At step 1501 R honitorat he hera amm Ing a stanning operatlon start

signal to, tHESYRERT @é’ntﬁﬂt%mtheori@qttlpgtqbtheelmmﬁwa@mp%mem@mm igher the

keyboard 30xatrHheoreess ﬁ&h\/éteenme tIliness thevaisnatigesting aasyaapdisieniigned, the
control proceedétf)'p%ste 15 1to 502,.in hICh th scannin (])pd%rat start l is fed to

the system cgntrol unit ig 455 scted - o‘%q:zltaelfﬁmﬁf s?tetmf§83° Ism e& whethét the
personal compuitét sEretdives mn@&p@@ﬂvetﬁ@ﬁemmkaﬁﬁtm@ pm@tgd% MEBJa#ith RDF;; from

the system &%@iﬂéﬂén&@ kPageStad shthkm O Fig. 1) WWhen)thrrespipsf thafeamesmehitoxn image
pixel data . and PDF; from lr?ee system co téﬂ élo "SFngf{/ the controﬁgroceeds to step

1504, in whic h’ Ty Parfjnagge tNlma e p| ?3§tﬁ ; are s ore ‘ien the RAN 2687 6f the
personal ccmemért%.mgwgéeld.tsmenﬁ!tz mtﬂ@t@oﬁé@ Mem@smwdfﬁe'@e%smagmmmmnd for

selectively displayed on the TV monitor 28.

Af step 1508, it is monitored whether an image data storing command for storing
the frames of image pixel data MFI; and PDF; on the hard disk 26F is 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 ptoceeds from
“step t508 to step., 1509, .in which the frames of Emage_ pixel data MFi; and PDF; are

- stored on the hard disk 26F through the hard disk driver 26E. | |

At step 1510, it -Es monitored whether a referential image disp-iayihg eommand 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 hard disk 26F. When the inputting of the referential
image displaying command is confirmed, the control proceeds from step 1510 to step
1511, in which the corresponding frame of image pixel data is read from the hard disk
26F. 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 referenfial image on the TV



displaying respective magnetic field intensity and phase difference images 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 image displaying command is confirmed, the control proceeds from step 1505 to step
1506, in which respective video signals MFI-VS and PDF-VS are produced based on the frames of
image pixel data MFI; and PDF;. Then, at step 156y, a magnetic field intensity image (as shown in
Fig. 9A or 9B) and a phase difference image (as shown in Fig. 10A or 10B) are displayed on the TV
monitor 28 in accordance with the video signals MFI-VS and PDF-VS. Note, if necessary, only one of
the magnetiecieliRf igenBigcratanh dvithe thhayediffederidedniigieimbyroexaametivéignitisiayed on the
fTV monit;)rraf’eré{t@uelmabée&sitds;im'tarméwa@tmﬁa@] me;g&&ta&twiﬁrﬁmh ﬂt@dﬁ@éﬁoringztge
rames of i e pixel data MFl': and PDF:; e hard di - |S input ta.the microprocessor 26A
oy manipul SR (R KL o BT 05 lr ar e T AT S R Bt storing
command iSheiffaes the cantrdPBracwar sTeamstep 1508 to step 1509,, in which the frames of
image pixel data MFI;; and PDF;; are stored on the hard disk 26F through the hard disk driver 26E. At

step 1510; it is mopitored é‘l{i‘ her a referential image displaying command for displaying a referential
age on the TV AUSeh 20 it R Cr B LEC DA B0 b ERP e keyboarc

30 or the mMPQSECY [esRective hiFtagrataffiedemdhadiaraested imadgaiesdatectiitiane Pdtvice (see

Fig. 9B or 19Rw@ng {ePraviopelyestaretbasanamnaiafigaseepikel idgtban thedrand disks6F. When
the inputting.of I}e referential. image displaying command is_confirmed, the contrgl proceeds from step
1510 1 tog 1D TE SR T B R o G TR B Tt b AR ik

26F. Then, RPSes9s P! $%ikIc® Sgtrmlsteprddifcetht bRt anhistossam Papruecpimaybngiitel data, and,
at step 1513xeuigaage iseisplayredasdhmagienantimidmagmeary thestbyra® memitahd8dnaagcordance
with the progluced videg sianal.Ear RAERIE WISe ERISERR! DRSS IhiLeNasR.slganee image.
it is possible to compare the phase

detail with reference to Fig. 1_6 hereinafter.

At step 1516, it is monitored whether a histogram displaying command for
displaying respective rhagneti’c field intensity and phase difference histograms on the TV
. monitor 28 is input to-the microprocessbf 26A by ma‘nipulatihg gither thékey_bo‘ard 300[ '
the mouse 32. When the inputting of the histogram displaying command is confirmed,
the control ‘proceeds from step 1516 to step 1517, in which respective video signals for
the magnetic field intensity and phése difference histograms are produced based on the -
aforesaid hisiogrém 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 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



difference image, displayed at step 1507, with the referential phase difference image, as shown in
Figs. 10A and 10B by way of example. At step 1514, it is monitored whether a histogram producing
command for producing respective histogram data from the frames of image pixel data MFI and PDF;;
is input to the microprocessor 26A by manipulating either the keyboard 30 or the mouse 32. When the
inputting of the histogram producing command is ggnfirmed, the control proceeds from step 1514 to
step 1515, in which a histogram production routine is executed to thereby produce magnetic field
intensity histogram data and phase difference histogram data. Note, the histogram production routine

will be expléhedhan degdnryitingetelen bisteoEn d8helwinartermmeastels to1BMeds o AROFEH whether a
histogram qisayiRorepmetandsiy 6lisriayipaoaspesitvemagsebestielshtatensigoantphasge difference

histograms,on q%JYBﬂQnitoﬁ iﬁaip%%gitsﬁo theérné processor 26A by manipulating either the
en

keyboard SBaér & frouse 32, e m%ﬁYtlng of the histogram displaying command is confirmed,

the control proceeds from step 1516 to step 1517, in which respective video signals for the magnetic

field intensity and phaep tiifarensenbistogkamseare prasuestidasasopinilmspdgrepsadithhistegram data.
Then, at st 518, a ma Intensity histogram (a wn in Fig, 11A.or 11B) and a phase
%)r IS 583 9 %'St,oféﬂno?n 5}98?\2%1 dﬁors%;ia mﬁ"{ﬁ:gw micraprocessor

tic fiel
difference histogra !?gsasé}:%vr\?ﬁ{l‘r% g splayed on the monitor 28 1n accordance

with the vidé@fsighamansriptngnaigiestiosidieyirarsisl) Hidthh a8eugRiarendietpisey rafreniate, only one
of the magngitegfigidiintrnsiy histoarasrardHiephagerdifekencrbdisiggram snagbe sedegtively
displayed on the TV manitor 28..if necessary. At step.1519. it i itared whether a histogram data
ctoning conE Yy e ce SRl e Sk e Tt e

microproceiigrentish H§tegEaTh diskiAy s the N AR RdF aitnedo A cPRB ok Broceess NemMetaPe inputting
of the histogsamidaiastmng isammand isaesfomety theesatrolaieseedsifoammieardaiskto step

1520, in W@%‘&tt}%ehrgsﬁ%aew f@? & rv(?d%%)rs‘ieéjngﬂéhperoduced based on the read hisfogram data,
. and, at step 1524 a histogram is displayed as the referential histogram on the TV monitor
. 28 in accordance with the produced video signal for the histogram data. For example,
~ when the referential histogram is a phase difference histogrém, it is possible to compare
‘-‘the_ phase difference histogram, di_sp’liéy.ed 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 for rémoving
the displayed images andfor 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 step
1525 to step 1526, in which the displayed images and/or histograms are removed from
the TV monitor 28.

Namely, in the personal computer 26, it is always monitored fo 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



hard disk 26F through the hard disk driver 26E. At step 1521, it is monitored whether a referential
histogram displaying command for displaying a referential histogram on the TV monitor 28 is input to
the microprocessor 26A by manipulating either the keyboard 30 or the mouse 32. Note, the referential
histogram is derived from a good semiconductor device (see Fig. 11B or 12B), and is previously
stored as histogram data on the hard disk 26F. When the inputting of the referential histogram
displaying command is confirmed, the control proceeds from step 1521 to step 1522, in which the
corresponding histogram data is read from the hard disk 26F. Then, at Ster% 1523 aFVide signal is

produced DYNER SredReYiES AR AcHRIENGA SIRD, e & TeonanIStRR A R EidhETed %s the
referential histagiantherpthéutibmoniter résacihecoragmaties it thtepsihd aod dhbirteodiffgisatdor the
histogram r &, i{y ferential histogram ig Qﬁh@é@,@ﬁé@g@@@histo ram, it is
possible toﬂgégﬁbga%g% ?ﬁe phas .%r%ﬁge& W?té?’rérﬁfﬂ?ds%%yed at step 1518, with tﬁgocr)’eogérential
phase differemee imdaje da8nsionimzls260 Atdrr PEIEPRY GRDBEdfnple. At step 1525, it is
monitored whether an image removing command for removing the displayed images and/or

histograms from the TV itor 28.is.input to the .microprocessor ;‘lgﬁ . ' %q i g-geimer the
keyboard 30 or thé?r%%ﬁg&. %hnétﬁaF é)“?ﬁﬁﬁt ?ﬁaegf?fﬁ%é E\%Eﬁgé . ’_ré:mO\tnf%'c%ﬁJw%an ﬁﬂs (l:onfirmed, the
control protedishoireSediaBepcesdtiiiis6:in whichsthargisfialized imayes and/or histograms are
removed from the TV monitor 28. Namely, in the personal computer 26, it is always monitored to

determine whether an%)?%ai various _cgmma is ingalljdt ]%o th%h@i%r%sss%%A and. when the

inputting of a confhah fittk?ﬁé%i’f?h A4n Ién'?jiﬁg prcﬂ%@ssmg is carried ouﬁr\‘-'iegnu?tee% shows a

flowchart oft 698, listeguanty MbGetionrespindigDtoghitsmid etaradetidradenad inbienesd steg) 1515 of the
mhain r%‘?#”@a&hﬁ"fwri?EEi&a%l?jfroh#oﬁ?‘eg@mhQ@Q@&t%fﬁhﬁe\wﬁéﬁ)%w@a@@%ﬁﬂ@tﬂﬁ{d\gﬂﬁﬁnsny and
phase difefence NItoaral daa, 55 E9SIIES WEK0R.09hm A2RARIEED) 2nd 256

_ - At 'étep 1604, the following calculation is carried out:
CMFQeMFQ+1 -

At ét‘ep 1605, it is monitored whether a count number of the counter i has
reached ‘m”. Sincé i=0 at the initial stage, the control proceeds from step 1605 to step
1608, 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 1602 to 1606 is repeated

until the count number of the counter i has reached “m”, i.e. until the image pixel data
MFI; 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 step 1605 to 1607, in which the counter i is reset
to "0". Then, at step 1608, it is monitored whether a count number of the counter | 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 "1". Then, the control returns

to step 1602, and the routine comprising steps 1602 to



....254, and 255) are defined in the RAM 26C of the personal computer 26. At step 1601, an
initialization is carried out. Namely, counters i and j are initialized to "0", and the 256 frequencies
MFQKk(000, 001, ... 254, and 255) are initialized to "0". At step 1602, the pixel datum MFi;; is read from
the RAM 26C. Then, at step 1603, a frequency MRQK, corresponding to a density (gradation) level k
of the read pixel datum MFI; is read from the RAM 26C. For example, when the read pixel datum MFI;
; features a density level "122", the frequency MFQ122 is read from the RAM 26C. At step 1604, the
following calculation is carried out: MFQk <- MFQR + 1 At step 1605, it is monitored whether a count

number of the;6RuRIRAAS! FERASARt BbuRiRGRIG Yted it aRgnbeaRmg AieoRads from step

1605 to step 1606, in‘'which the count number of the counter i is incremented by "1". Then, the control
returns to stépUfg02¢ anttthéhroutiagecpimpriditg SEps insdadedlie0b issaspadidoriaatitahdivount
number of tzim nter.i has re h(;ﬁ 'y 'ghe image pixel data MFI; included in the first
horizontal li gi%?%g’g%%%ﬁ‘fe%a rghrr?t%e‘n‘%% B6C. At step 1605, when it is confirmed that the

count number of the catinteephasOeashed "n'istiesiinmelprbaeatis frommstephbed tof 1667, in which
the counter i is reset to "0". Then, at step 1608, it is monitored whether a count number of the counter

jhas reach&QURerdifias pegis ’Eﬁ%‘%ﬁ | StagkS tHeAE S BasE R TR & Midpdnsleded 1609, in
which the cqurhBuRRIdONShe SRUNEHE IS0 RIS R4 dLirotheRe tRE 82NIER relTaSH iR step 1602,

and the routine comprising steps 1602 to 31 1606 is repeated until the count number of the counter i
has reachedffegste grasosien. c aittiltthatinabeldixeNaare Al ansiutiag iecmpssiegnsteriizontal line

O e b 1D 0 SO R Y SPT Pl p ggep aumer o
(step 1608), i.e. until the frame of image pixel data MFI; has been completely
10 read from the RAM 26C.

Note, when the reading of the frame of image pixel data MFI; is
completed, the 256 frequencies MFQ, form the aforesaid histogram data for the
magnetic field intensity image (MF;).

At step 1608, when it 18 confirmed that the count number of the

15 counter | has reached “n”, the control proceeds from step 1608 to 1610, in which
the counter j 1s reset to 07, and the 256 frequencies PDQiogo, 001, . 254, and 255 are
mitialized 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 PDF; features a density level “133”, the frequency
MFQ)33 is read from the RAM 26C.
At step 1613, the followmng calculation is carried out:
PDQy <« PDQ, + 1
23 At step 1614, 1t is monitored whether a count number of the counter i
has reached “m”. Since i=0 at the mitial 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 1s repeated until the count number of the counter i has reached



in the second horizontal line 0=1) has been read from the RAM 26C, the control proceeds from step
1605 to step 1607. Namely, the routine comprising steps 1602 to 1609 is repeated until the count
number of the counter j has reached "n" (step 1608), i.e. until the frame of image pixel data MFI;l has
been completely io read from the RAM 26C. Note, when the reading of the frame of image pixel data
MFI,jis completed, the 256 frequencies MFQk fors the aforesaid histogram data for the magnetic
field intensity image (MFI;j). 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 tRe-256rbiiericResrm¥eIqaEd; Boanciyts iadeefEsh hdzaniakine 10 s hedtep 1611,
the pixel datuw faRhésRameiom the RAM 26C. Then, at step 1612, a frequency PDQK,
corresponding to a density (gradation) 20 level k of the read pixel datum PDF,j is read from the RAM
26C. For example, when the read pixel datum PDF,j features a density level "133", the frequency
MFQL33 is read frbntiRe 1AM WERD AdSRaR¥ETEY, W ORcwHE CHObRIiBh e vRErdtaP DK E-
PDQI, + 1 26afb&iem tl cinisonsoiesed Whedies astaustigisbenoidheneaisniaet | Ragseached "m”.
Since i=0 aj the, initial s rol 614 to 15, in which the count
number of toe %o%%?’i%%%ég%@?ég Bﬁ/gﬂ%g-%ﬁiﬁn,{ﬁi%%n%%ﬁ&%ﬁg Ft)gjfs(?{leepbfgélly f éﬁasthe routine
comprising '€@$€41602 to 1606 is repeated until the count number of the counter i has reached 32
"m", i.e. until the image pixel data PDF; included in the first horizontal line Q=0) has been read from

the RAM 26C. At giep.1034; WaSAbIS 6RBT AR et NS SOUOHBHTIRS A1 #hS,SQup R ENRS
which the count number of the counter j is incremented by "1". Then, the coniro! returns
to step 1611, and the routine comprising steps 1611 to 10 1615 is repeated until the
count number of the counter i has reached "'m" (step 1614), i.e. until the image pixel data
PDF; included in the second horizontal line (j=[) has been read from the RAM 26C.

At step 1614; when it is confirmed that the count number of the counter i has

- again reécﬁed "m", ie. that all the image pixel data PDF; included in the second

horizontal line (jﬂj has been read from the RAM 26C, the conirol proceeds from step

1614 to step 1616. Namely, the routine comprising steps 1611 to 1618 is repeated until

the count number of the counter | has reached "n" (step 1617), i.e. until the frame of
“image pixel data PDF; has been completely read from the RAM 26C.

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
(PDF3).

At step 1617, when it is confirmed that the count number of the counter | has
reached "n", the control returns to step 1515 of the main routine 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 beam MLB, the scanning operation may be carried out by either
deflecting the laser beam MLB with respect to the silicon



reached "m", the control proceeds from step 1614 to 1616, in which the counter i is reset to "0". Then,
at step 1617, it is monitored whether the count number of the counter j has reached "n". Since j=0 at
the initial stage, the control proceeds from step 1617 to step 1618, in which the count number of the
counter j is incremented by "1". Then, the control ret4rns to step 1611, and the routine comprising
steps 1611 to 10 1615 is repeated until the count number of the counter i has reached "m" (step
1614), i.e. until the image pixel data PDF; included in the second horizontal line Q=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 reached1or 44 (pal alhihsmragecpivel dalo BRF) nclydad i the.segend raganialine 0=1)
has been read from the RAM 26C, the control proceeds from step 16147to step 1616. Namely, the
routine compristhg ktegrsbe6aNG 1518 is repeated until the count number of the counter j has reached
"n" (step 1617), i.e. untijﬁ?e frame of image pixel data PDFE;; has been completely,read from the RAM
26C. Note, when the re ﬁ'?gi r%\% gr%%‘%]ﬁ%{ Oélee %i%%é]tiélﬁﬁﬁz;ﬁg}%% I@?Sd/,yﬂ‘?@ J88 guencies
PDQk form theraforgsaidi msipgwsmeaia dainthel phase giierenteimagtefPBFe AtstrR&L7, when it
is confirmed that the count number of the counter, | has_reached "n", the control returns to step 1515 of

the mair’ roufihe@po(iAeh Bgnals Mithe snane- ohediEbdRIiRERE IS U T XNEige 14 is
moved with E%?Rﬁﬁtﬁﬁi'thﬁ)mPﬂHL%E%%%ﬂ%ﬁ%ﬂéﬂ%ﬂ%ﬁ%@ggr{hy‘&ﬁ pdhereRy-3cam s plicon wafer

SW with the laser beam MLB, the scanhing operation may be carried out by either deflecting the laser

beam MLB witiedesgdontdhthpesiivan] 8gmpater 30V treapeothisination dfitHs shgremetrtaftiay X-Y stage
o e S SN B O cmbocmert. o
Further, in the above-mentioned embodiment, although the silicon
10 wafer SW is mounted on the X-Y stage 14, a semiconductor device or chip,

diced from the silicon wafer SW, may be mounted on the X-Y stage 14.

Finally, 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.



s of the video signals MFI-VS and PDF-VS may be carried out in the system control unit 10, if
necessary. Similarly, although the magnetic histogram data are produced in the personal computer
26, the production of the histogram data may be carried out in the system control unit 10, if necessary.
Further, in the above-mentioned embodiment, although the silicon io wafer SW is mounted on the X-Y
stage 14, a semiconductor device or chip, diced fréfn the silicon wafer SW, may be mounted on the
X-Y stage 14. Finally, 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. 34 CLAIMS 1. A
nondestructive and noncontact analysis syste zing and evaluating an object, comprising: 5
a light beam generation/modulation apparatus that emits a modulated and focused light beam to
thereby irradiate the object, the modulation of said modulated and focused light beam being carried
out with a moduldtionssigeakdesitetitunizew withametere noakisgiasysmposad oiaysengsavtregular
pulses; a mag utai1 m dete(%ioeré aggl%ral%% that detects a magnetic field, which 10 is generated by an
electric currént in uc%grf)y | ractj"latlngpsalél%bject with said modulated and focused light beam, to
thereby produce a magrigintfietdraigeatratsigial eiitadtampipavitibahexisadts a phahdalifterence

signal between said reference signal and said magnetic fjeld signal; an image data production system
that producé8 tf&ggs&fi[fé?%h% ewiﬁ?aﬂé%%a Mgg@%ési&%w&éetgﬁfé?@ aé‘iaﬂa‘?f scanning
system that,geanaihie ahiees Wb sagHnedulated maddacusedlight eammiqitherely dnduge a series

of electric currents at spot areas of the object, which are irradiated with
synchronized with a reference signal composed of a series of regular pulses;

a magnetism detection apparatus that detects a magnetic field, which
10 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; .
a signal extraction circuit that extracts a phase difference signal
between said reference signal and said magnetic field signal;
an image data production system that produces phase difference
15 image data based on said phase difference signal; and 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 light beam:.

2. The nondestructive and noncontact analysis system as set forth in claim

20 1, 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.

3. The nondestructive and noncontact analysis system as set forth in any
one of the preceding claims, further comprising an image display system that

25  displays a phase difference image based on said phase difference image data.

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
together with a referential phase difference image based on previously-prepared

30  referential phase difference image data.



said modulated and focused light beam. 2. The nondestructive and noncontact analysis system as set
forth in claim 20 1, 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. 3. The nondestructive and noncontact analysis system as set
forth in any one of the preceding claims, further céﬁﬁorising an image display system that 25 displays
a phase difference image based on said phase difference image data. 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 together with a FORRMRIFTHELE QiR ROB SIS Y Sh Praigidua sstelearadnamieferential
phase differ, ffﬁ@égﬁr' : h i 3 I m as set forth
in any one ffﬂtﬁg) precedigr?gacllla%?néé?%fa-r%’h%@rg%ﬁ%iﬁ?&gg@%%gp%gﬁg%%%ﬁg@? displays a
phase difference histogram based on said phase difference image data. 6. The nondestructive and
noncontact analysis system as set forth in any one of the preceding claims, further comprising an
image display system that 5 displays a phase difference histogram based on said phase difference
image data together with a referential phase difference histogram based on previously-prepared
referential phase difference image data. 7. The nondestructive and noncontact analysis system as set
forth in any one of the preceding claims, wherein said signal extraction circuit extracts a to 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. 8. The nondestructive and
noncontact analysis system as set forth in claim 7, further comprising an image display system that
displays a magnetic field 15 intensity image and a phase difference image based on said magnetic
field intensity image data and said phase difference image data, respectively. 9. The nondestructive
and noncontact analysis system as set forth in claif? 7, further comprising an image display system
that displays respective magnetic field intensity and phase difference images based on said magnetic
field intensity 20 image and phase difference image data together with respective referential magnetic
field intensity, and phase, differengial images based qgn previously-prepared referential magnetic field
intensity imgé%’ d phadass BRI AGLOEERD 1R seAeMonaRistfhave Srisiencsritartanalysis
system as sgisfprth in 25 claim 7, further comprising an image display system that displays respective
magnetic field intensity and phase difference histograms based on said magnetic field intensity image
and phase differénceliftagensiesiruetipectivéiponeontastnarrlpsisustiienants sehdontadnanmslysis

system asset forth | laim. 7, furt Cﬁm%r' ing an image display system that displays respective
magnetic figge?négn%g%rr%ae cﬁipegeﬁggﬁétograﬁsggénsgﬂ 6%%53%3%1&%& ic :Ie]?ﬁ i %ﬁ%@ﬁ%age and
phase differémpinirnagphdatadiffspactivdigtdgoatheavethorespdpivastefidféntabtnpgagtiddivld intensity
and phase diffegﬁge histograms 5 hased, on previously-prepared referential magnetic field intensity

histogram al%§<bHdse entre HEtETAR I m kS e1 2 HHETRBREIesHE Ehd RREONtAS analysis
system as sgichaddR atpanal ot ler-RIRIGIAG: daififovRergipsaidamodulated and focused light

beam is emitted as a modulated and focused laser beam from said light beam 10
generation/modufatiohiphapdgiructive and noncontact analysis system as set forth in any
one of the preceding claims, wherein said signal extraction circuit extracts a
10 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.
&. The nondestructive and noncontact analysis system as set forth in claim
7, further comprising an image display system that displays a magnetic field
15 intensity image and a phase difference image based on said magnetic field
intensity image data and said phase difference image data, respectively,
8. The nondestructive and noncontact analysis system as set forth in c¢laim
7, turther comprising an image display system that displays respective magnetic
field intensity and phase difference images based on said magnetic field intensity
20 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.
10. The nondestructive and noncontact analysis system as set forth in
25 claim 7, further comprising an image display system that displays respective
magnetic field imtensity and phase difference histograms based on said magnetic
field intensity image and phase difference image data, respectively.

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



13. 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 15 electric currents. 14. A nondestructive and noncontact analysis method for analyzing and
evaluating an object, comprising: emitting an moduigted and focused light beam to thereby irradiate
the object, the modulation of said modulated and focused light beam being carried 20 out with a
modulation signal synchronized with a reference signal composed of a series of regular pulses;
detecting a magneticg[ield, which is generated by an electric current induced by irradiating said object

with said m&tiBed AREHEEUIIMGPINSe 4 [ TASR s B otide™ thahEaR! AR SERRALIFS extracting
a phase diffgignca signalibRivaen, it r@fﬁ@eﬁ@esia@@%%aﬁl%a%@w &%ﬁtiﬁéj%@é@ﬁ%iﬁa”d

producing phase difference image data based on said phase difference signal. I5. The nondestructive

and noncontagnaialyisnagetind abass fbiffeienceciamees datatheestmeipvising togatiningwith object with

id modul f d light b £z by, ind ' f electri ts at spot f
e objoct AMERANE e N A o S AR, lierene TR itecive

the object, w wi modu
and nonconbastdnalysisvimibbdmssattbtféreiailmiznedd fhereirsdid phasgdifesadce image
data is subjected t 1 o gradation conversion processing such that gradations of said phase
difference irﬂ%ﬁ%%%@eta%cg LA RA%ance with a predetermined gradation characteristic.

12, The nondestructive and noncontact analysis system as set forth in any
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

10 generation/modulation apparatus. |

13. 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

15 electric currents.

14. 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

20 out with a modulation signal synchronized with a reference signal composed of a

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;

25 extracting a phase difference signal between said reference signal and



17. 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. 18. The nondestructive and noncontact analysis method as set
forth in any one of claims 14 to 17, further comprising displaying a phase difference image in an
image display system based on said phase differedde image data together with a referential phase
difference image based on previously-prepared referential 20 phase difference image data, whereby
said phase difference image can be compared with said referential phase difference image. 19. The
nondestructive and noncontact analysis method as set forth in any one of claims 14 to 18, further
comprising d agnstimbsldfiraiah@@istogram in an image display system based on said phase

difference image data-gadRiThe mawieRtuelite fdongavactanaar MeMadaragheh in any

one of claims 14 to 19, further comprising displaying a phase difference ogram In an image display
system basétgbil said phase difference image data together with a referential phase difference

histogram based viouslysprepared referential phase difference image data. 38 21..The
nondestructive an 'ncr)}?clgn géﬁa%ﬁ@%%svr%é%o ggcsé? ?gﬁhapna%ﬁ)l/s 6ﬁ%t8¢;§§ﬁn§ei4??5%§0‘,nfurther
comprising: dairaclidg fumbgnesiisiidingensiynsignalicombsaid magneiddiatehdignal ands

ondestruotIEIARE HSHLAREEEs oAy LR BEE e SEt30 th i i TP BRhABRe cisplayimg
a magnetic figdthiiRRsibhittage 3d BaiirsaHiIRERCRIMALE A ATINREE iR pYsystem based on
said magnetic field 10 intensity image data and said phase difference image data.

16. The nondestructive and noncontact analysis method as set forth in
claim 14 or 15, wherein said phase difference image data is subjected to a

10 gradation conversion processing such that gradations of said phase difference
image data are converted in accordance with a predetermined gradation
characteristic.

1I7. 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.

18. The nondestructive and noncontact analysis method as set forth in any
one of claims 14 to 17, 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 referential

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

19. The nondestructive and noncontact analysis method as set forth in any
one of claims 14 to 18, further comprising displaying a phase difference
histogram in an image display system based on said phase difference image data.

25 20. The nondestructive and noncontact analysis method as set forth in any
one of claims 14 to 19, 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.



23. The nondestructive and noncontact analysis method as set forth in claim 21, 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 intensity 15 and phase difference images based on previously-prepared referential magnetic field
intensity image and phase difference image data. 28 The nondestructive and noncontact analysis
method as set forth in claim 21, 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. 25. The nondestructive and noncontact analysis method as set

forth in claim 24,2fhrthygli“"c8mﬁ5}§%(3i§ﬁl%é‘?@gﬁéaﬁié‘ﬁ?é@ﬁéti@%ﬁqrﬁ%ﬁ%ﬁt ihpRse

difference hisfegrpens RaseAen saidmrgnetigdifithintensity image and phase difference image data
together with respective referential magnetic field 25 intensity and phase difference histograms based

on previously-prepared¥tiagHagca fiskimttnsigldntisnagy digaxdnbeimsadsnNeNDE SIERUCTIVE
AND NONC%;{I}P{IA"% dANALYSIS SYSTEM ABSTRACT In a nondestructive and noncontact analysis
system for analyzing and evaluating an object (SW), a light beam generation/modulation apparatus
(12) emits a modulatepraduciagusedtigtit Hrddi B o tiegehinitradiaie thesabjestagti}, and the
modulation %E\I;’e modulated and focused light beam is carried out with a modulation signal (MO-S)
synchronize% (RSB St ignal (RE-S) composed of a series of regular pulses. A magnetism

detection apparatus (22} cdptaeissa-neaaetiadielddMnavhichhis genarater by anelggiic gHrrent

induced by irradiating the object with the modulated and focused light beam, to thereby produce a

magnetic filERyRdL (MElsy. omgrisiesFHsabY ecairmaanesia diedd Anpasibiditesencadignal
(PDF-S) be}yy)gg@ &@ﬁéﬁ?&@'ﬁ%ﬁ@ﬂ?%@ﬁﬁ%@ﬂ%ﬁ@% system based on said magnetic field
10 intensity image data and said phase difference image data.

23. The nondestructive and noncontact analysis method as set forth in
claim 21, 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 intensity

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

24. The nondestructive and noncontact analysis method as set forth in
claim 21, 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.

25. The nondestructive and noncontact analysis method as set forth in
claim 24, 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.



magnetic field signal (MF-S). An image data production system (Fig. 14) produces phase difference
image data (PDF;) based on the phase difference signal (PDF-S). FIG. 1

39

NONDESTRUCTIVE AND NONCONTACT ANALYSIS SYSTEM
ABSTRACT

5 In a nondestructive and noncontact analysis system for analyzing and
evaluating an object (SW), a light beam generation/modulation apparatus (12)
emits a modulated and focused light beam (MLB) to thereby irradiate the object
(SW), and the modulation of the modulated and focused light beam is carried out
with a modulation signal (MO-S) synchronized with a reference signal (RE-S)

10 composed of a series of regular pulses. A magnetism detection apparatus (22)
detects a magnetic field (MF), which is generated by an electric current induced
by irradiating the object with the modulated and focused light beam, to thereby
produce a magnetic field signal (MF-S). A signal extraction circuit (24) extracts
a phase difference signal (PDF-S) between the reference signal (RE-S) and the

15 magnetic field signal (MF-S). An image data production system (Fig. 14)
produces phase difference image data (PDFj) based on the phase difference
signal (PDF-S). |

FIG 1



